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SECTION 1
BASIC LINEAR REGULATOR THEORY

A. THE IC VOLTAGE REGULATOR
The basic functional block diagram of an integrated circuit voltage regulator is

shown in Figure 1-1. It consists of a stable reference, whose output voltage is VREF,
and a high gain error amplifier. The output voltage, Yo, is equal to, or a multiple of,
VREF.The regulator will tend to keep Vo constant by sensing any changes in Vo and
trying to return it to its original value. Therefore, the ideal voltage regulator could
be considered a voltage source with a constant output voltage. However, in practice
the IC regulator is better represented by the model shown in Figure 1-2.

In this figure, the regulator is modeled as a voltage source with a positive
output impedance, Zoo The value of the voltage source, V, is not constant; instead,
it varies with changes in supply voltage, Vcc, and with changes in Ie junction
temperature, Tj, induced by changes in ambient temperature and power dissipation.
Also, the regulator output voltage, Yo, is affected by the voltage drop across Zo,
caused by the output current, 10. In the following text, the reference and amplifier
sections will be described, and their contributions to the changes in the output
voltage analyzed.

B. THE VOLTAGE REFERENCE
Naturally, the major requirement for the reference is that it be stable; varia-

tions in supply voltage or junction temperature should have little, or no effect on the
value of the reference voltage, VREF.

The Zener Diode Reference
The simplest form of a voltage reference is shown in Figure 1-3a. It consists of

a resistor and a zener diode. The zener voltage, Vz, is used as the reference voltage.
In order to determine Vz, consider Figure 1-3b. The zener diode, VRl, of Figure
1-3a has been replaced with its equivalent circuit model and the value of Vz is
therefore given by (at a constant junction temperature):

Vcc - VBZ
VZ = VBZ + IzZz = VBZ + ( R + Zz ) Zz (1)

where VBZ = zener breakdown voltage
Iz = zener current

Zz = zener impedance at Iz
Note that changes in the supply voltage give rise to changes in the zener current,
thereby changing the value of Vz, the reference voltage.
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The Constant Current - Zener Reference
The effect of zener impedance can be minimized by driving the zener diode

with a constant current as shown in Figure 1-4. The value of the zener current is
largely independent of Vcc and is given by:

Iz = V13EQI (2)
Rsc

where VBEQI= base-emitter voltage of Ql
This gives a reference voltage of:

VREF= Vz + VBEQI= VBZ+ IzZz + VBEQI

where Iz is constant and given by equation 2.
The reference voltage (about 7 V) of this configuration is therefore largely inde-
pendent of supply voltage variations. This configuration has the addjtional benefit
of better temperature stability than that of a simple resistor-zener reference.

Referring back to Figure 1-3a, it can be seen that the reference voltage
temperature stability is equal to that of the zener diode, VR 1. The stability of zener
diodes used in most integrated circuitry is about +2.2 mv/oe or = .04%YOC(fora
.6.2 V zener). If the junction temperature varies lOOoe, the zener, or reference,
voltage would vary 4%. A variation this large is usually unacceptable.

However, the circuit of Figure 1-4 does not have this drawback. Here the
positive 2.2 mv;oe temperature coefficient (TC) of the zener diode is offset by the
negative 2.2 m v/oe Te of the VBEof Ql. This results in a reference voltage with
very stable temperature characteristics.



The Bandgap Reference
Although very stable, the circuit of Figure 1-4 does have a disadvantage in that

it requires a supply voltage of 9 volts or more. Another type of stable reference
which requires only a few volts to operate was described by Widlar1 and is shown in
Figure 1-5. In this circuit VREFis given by:

VREF= VBEQ3+ 12R2 (4)

VBEQI- VBEQ2 . .
12 = RI (neglectmg base currents)

The change in VREFwith junction temperature is given by:

a VREF= a VBE3+ {a VBEQI;1a VBEQ2}R2

It can be shown that,

a VBEQI= aTj K In II

and a VBEQ2= aTj K In 12

K = a constant

a Tj = change in junction temperature

li>h

Combining (5), (6), and (7)

R2 II
a VREF= a VBEQ3+ aTjK (RI) 1n12

y
VBEQ1



Since aVBEQ3is negative, and with II > 12, In 11/12 is positive, the net change in
VREFwith temperature variations can be made to equal zero by appropriately
selecting the values of II, RI, and Rz.

c. THE ERROR AMPLIFIER
Given a stable reference, the error amplifier becomes the determining factor in

integrated circuit voltage regulator performance. Figure 1-6 shows a typical diffe-
rential error amplifier in a voltage regulator configuration. With a constant supply
voltage, Vcc, and junction temperature, the output voltage is given by:

amplifier open loop gain

input offset voltage

open loop output impedance

R RI R = feedback ratio (f3 is always~ 1)1+ z
output current

true differential input voltage

AVOL=

VIO =

ZOL =

ZOLVIO)- -- 10AVOL

f3 + 1AVOL

1 Rz
Vo =7f(VREF± VIO) = (VREF± VIO) (l + RI)

The output voltage can thus be set any value equal to or greater than (VREF± VIO).
Note also that if AVOLis not infinite, with constant output current (a non-varying
output load), the output voltage can still be "tweaked in" by varying RI and Rz,
even though Vo will not exactly equal that given by equation 11.

Assuming a stable reference and a finite value of A VOL,inaccuracy of the
output voltage can be traced to the following amplifier characteristics:
1. Amplifier input offset voltage drift -
The input transistors of integrated circuit amplifiers are usually not perfectly
matched. As in operational amplifiers, this is expressed in terms of an input offset
voltage, VIO. At a given temperature, this effect can be nulled out of the desired
output voltage by adjusting VREFor 1/ f3. However, VIOdrifts with temperature,
typically ±5 to 15 f.Lvrc, causing a proportional change in the output voltage.
Closer matching of the internal amplifier input transistors, minimizes this effect, as
does selecting a feedback ratio, f3, to be close to unity.



2. Amplifier power supply sensitivity -
Changes in regulator output voltage due to power supply voltage variations can be
attributed to two amplifier performance parameters: power supply rejection ratio
(PSRR) and common-mode rejection ratio (CMRR). In modem integrated circuit
regulator amplifiers, the utilization of constant current sources gives such large
values of PSRR that this effect on Vo can usually be neglected. However, supply
voltage changes can affect the output voltage since these changes appear as
common mode voltage changes, and they are best measured by the CMRR.

The definition of common mode voltage, VCM, illustrated by Figure 1-7a, is:

V I = voltage on amplifier non-inverting input

V2 = voltage on amplifier inverting input

V + positive supply voltage

V - = negative supply voltage

In an ideal amplifier, only the differential input voltage (V I - V2) has any effect on
the output voltage; the value of VCM would not effect the output. In fact, VCM does
influence the amplifier output voltage. This effect can be modeled as an additional
voltage offset at the amplifier input equal to VcM!CMRR as shown in Figures 1-7b
andl-8. The latter figure is the same configuration as Figure 1-6, with amplifier
input offset voltage and output impedance deleted for clarity and common-mode
voltage effects added. The output voltage of this configuration is given by:





VCM
Vo = AVOLVi= AVOL(VREF- CMRR

VCM
Vo = (VREF- 5JRR)

{3 + 1
AVOL

VCCVCM= VREF-2

It can be seen from equations (14) and (15) that the output can vary when Vcc
varies. This can be reduced by designing the amplifier to have a high AVOL,a high
CMRR, and by choosing the feedback ratio, {3, to be unity.

3. Amplifier Output Impedance -
Referring back to equation (9), it can be seen that the equivalent regulator output
impedance, Zo, is given by:

Zo = ~Vo = ZOL
~Io {3AVOL

This impedance must be as low as possible, in order to minimize load current
effects on the output voltage. This can be accomplished by lowering ZOL,choosing
an amplifier with high A VOL,and by selecting the feedback ratio, (3, to be unity.

A simple way of lowering the effective value of ZOLis to make an impedance
transformation with an emitter follower, as shown in Figure 1-9. Given a change in
output current, ~Io, the amplifier will see a change of only ~Io/hFEQIin its output
current, 10'. Therefore ZOL in equation (16) has been effectively reduced to
ZouhFEQI, reducing the overall regulator output impedance, ZOo

D. THE REGULATOR WITHIN A REGULATOR APPROACH
In the preceding text, we have analyzed the sections of an integrated circuit

voltage regulator and determined how they contribute to its non-ideal performance
characteristics. These are shown in Table 1-1 along with procedures which
minimize their effects.

It can be seen that in all cases regulator performance can be improved by
selecting A VOLas high as possible and {3= 1. Since a limit is soon approached in
how much A VOLcan be practically obtained in an integrated circuit amplifier,
selecting a feedback ratio, {3, equal to unity is the only viable way of improving
total regulator performance, especially in reducing regulator output impedance.
However, this method presents a basic problem to the regulator designer. If the
configuration of Figure 1-6 is used, the output voltage cannot be adjusted to a value
other than VREF.The solution is to utilize a different regulator configuration known
as the "regulator within a regulator approach." 2 Its greatest benefit is in reducing
total regulator output impedance.



VREF

10 • Vo

(-)

R2

VoCHANGES EFFECT CAN BE
SECTION INDUCED BY MINIMIZED BY SELECTING

Vcc 1. Constant current-zener method
2. Bandgap reference

Reference
Tj 1. Bandgap reference

2. TC compensated zener method

1. High CMRR amplifier
Vcc 2. High AvoL amplifier

3. f3 = 1

1. Low VIO drift amplifier
Amplifier Tj 2. High AvoL amplifier

3. f3 = 1

1. Low ZOL amplifier
2. High AvoL amplifier

10 3. Additional emitter follower output
4. f3 = 1



As shown in Figure 1-10, amplifier Al sets up a voltage, VI, given by:
R2

VI = VREF(1 + Ri) (17)

V Inow serves as the reference voltage for amplifier A2, whose output voltage, Yo,
is given by:

R2
Vo= VI= VREF(1 + Ri)

Note that the output impedance of A2, and therefore the regulator output impe-
dance, has been minimized by selecting A2's feedback factor to be unity; and that
output voltage can still be set at voltages greater than VREFby adjusting RI and R2.

IWidlar, R. J., "New Developments in IC Voltage Regulators," IEEE Journal of Solid State Circuits, Feb. 1971,
Vol. SC-6, pgs. 2-7.

2Tom Fredericksen, IEEE Journal of Solid State Circuits, Vol. SC-3, Number 4, Dec. 1968, "A Monolithic High
Power Series Voltage Regulator."



SECTION 2

SELECTING A LINEAR IC VOLTAGE REGULATOR

A. SELECTING THE TYPE OF REGULATOR
There are five basic linear regulator types; these are the positive, negative,

fixed output, tracking and floating regulators. Each has its own particular charac-
teristics and best uses, and selection depends on the designer's needs and trade-offs
in performance and cost.
1. Positive Versus Negative Regulators.

In most cases, a positive regulator is used to regulate positive voltages and a
negative regulator negative voltages. However, depending on the system's ground-
ing requirements, each regulator type may be used to regulate the "opposite"
voltage.

Figures 2-1a and 2-1b show the regulators used in the conventional and
obvious mode. Note that the ground reference for each (indicated by the heavy line)
is continuous. Several positive regulators could be used with the same input supply
to deliver several voltages with common grounds; negative regulators may be
utilized in a similar manner.

If no other common supplies or system components operate off the input
supply to the regulator, the circuits of Figures 2-1c and 2-1 d may be used to regulate
positive voltages with a negative regulator and vice versa. In these configurations,
the input supply is essentially floated, i.e., neither side of the input is tied to the
system ground.

There are methods of utilizing positive regulators to obtain negative output
voltages without sacrificing ground bus continuity; however, these methods are
only possible at the expense of increased circuit complexity and cost. An example
of this technique is shown in Section 3.

2. Three Terminal, Fixed Output Regulators
These regulators offer the designer a simple, inexpensive way to obtain a

source of regulated voltage. They are available in a variety of positive or negative
output voltages and current ranges. The advantages of these regulators are:

a) Easy to use.
b) Internal overcurrent and thermal protection.
c) No circuit adjustments necessary.
d) Low cost.

Their disadvantages are:
a) Output voltage cannot be precisely adjusted. (Methods for obtaining ad-

justable outputs are shown in Section 3).
b) Available only in certain output voltages and currents.
c) Obtaining greater current capability is more difficult than with other

regulators. (Methods for obtaining greater output currents are shown in
Section 3.)
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3. Three Terminal, Adjustable Output Regulators
Like the three terminal fixed regulators, the three terminal adjustable reg-

ulators are easy and inexpensive to use. These devices provide added flexibility
with output voltage adjustable over a wide range, from 1.2 V to nearly 40 V, by
means of an external, two-resistor voltage divider. A variety of current ranges
from 100 mA to 3.0 Amperes are available.

4. Tracking Regulators
Often a regulated source of symmetrical positive and negative voltage is

required for supplying op amps, etc. In these cases, a tracking regulator is required.
In addition to supplying regulated positive and negative output voltages, the
tracking regulator assures that these voltages are balanced; in other words, the
midpoint of the positive and negative output voltages is at ground potential.

This function can be implemented using a positive output regulator together
with an op amp or negative output regulator. However, this method results in the
use of two IC packages and a multitude of external components. To minimize
component count, an IC is offered which performs this function in a single package:
the MC1568/MC1468 ± l5V tracking regulator.

5. Floating Regulators
If the desired output voltage is in excess of 40 volts, a floating regulator such

as the MC 1566/MC 1466 should be considered. The output voltage of this regulator
can be any magnitude and is limited only by the capabilities of an external
transistor. However, an additional floating low voltage input supply is required.

B. SELECTING AN IC REGULATOR
Once the type of regulator is decided upon, the next step is to choose a

specific device. As an aid in choosing an appropriate IC regulator, a Selection
Guide is contained in Section 17.

To provide higher currents than are available from monolithic technologies, an
IC regulator will often be used as a driver to a boost transistor. This complicates the
selection and design task, as there are now several overlapping solutions to many of
the design problems.

Unfortunately, there is no exact step-by-step procedure that can be followed
which will lead to the ideal regulator and circuit configuration for a specific
application. The regulating circuit that is finally accepted will be a compromise
between such factors as performance, cost, size and complexity.

Because of this, the following general design procedure is suggested:
1. Select the regulators which meet or exceed the requirements for line regulation,
load regulation, TC of the output voltage and operating ambient temperature range.
At this point, do not be overly concerned with the regulator capabilities in terms of
output voltage, output current, SOA and special features.
2. Next, select application circuits from Section 3 which meet the requirements
for output current, output voltage, special features, etc. Preliminary designs using
the chosen regulators and circuit configurations are then possible. From these
designs a judgement can be made by the designer as to which regulator - circuit
configuration combination best meets his requirements in terms of cost, size and
complexity.





SECTION 3
LINEAR REGULATOR CIRCUIT CONFIGURATION

AND DESIGN CONSIDERATIONS

Once the IC regulators, which meet the designer's performance requirements,
have been selected, the next step is to determine suitable circuit configurations.
Initial designs are devised and compared to determine the IC regulator/circuit
configuration that best meets the designer's requirements. In this section, several
circuit configurations and design equations are given for the various regulator
ICs. Additional circuit configurations can be found on the device data sheets (see
Section 18). Organization is first by regulator type and then by variants, such as
current boost. Each circuit diagram has component values for a particular voltage
and current regulator design.

A. Positive, Adjustable
B. Negative, Adjustable
C. Positive, Fixed
D. Negative, Fixed
E. Tracking
F. Floating
G. Special

I. Obtaining Extended Output Voltage Range
2. Electronic Shutdown

H. General Design Considerations
It should be noted that all circuit configurations shown have constant current

limiting; if foldback limiting is desired, see Section 4C for techniques and design
equations.

A. POSITIVE, ADJUSTABLE OUTPUT IC REGULATOR
CONFIGURATIONS

1. Basic Regulator Configurations
Positive Three- Terminal Adjustables

These adjustables, comprised of the LM 117L, LM 117M, LM 117, and
LMI50 series devices range in output currents of 100mA, 500mA, 1.5A, and
3.0A respectively. All of these devices utilize the same basic circuit configuration
as shown in Figure 3-IA.

MCl723(C)
The basic circuit configurations for the MC I723(C) regulator are shown in

Figures 3-3A and 3-2A. For output voltages from = 7 V to 37 V the configuration
of Figure 3-2A can be used, while Figure 3-3A can be used to obtain output
voltages from 2 V to = 7 V.
MC1569, MC1469

Figure 3-4A shows the basic circuit configuration for the MC1569, MCI469
regulator Ie. Depending on VIN, TA, heatsinking and package utilized, output
currents in excess of 500 mA can be obtained with this configuration.



2. Output Current Boosting
If output currents greater than those available from the basic circuit configura-

tions are desired, the current boost circuits shown in this section can be used. The
output currents which can be obtained with these configurations are limited only by
the capabilities of the external pass element(s).

Vin
lM117l

VoutlM117M + Vo
lM117
lM150

IAdj + R1
240

Adjust +
Cin Co
0.1 p.F 1 p.F

+ CAdi
R2

+ 10 p.F

• Cin is required if regulator is located an appreciable distance from power
supply filter .

•• Co is not needed for stability, however it does improve transient response.

t CAdj is not required; however, it does improve Ripple Rejection

Vout = 1.25 V (1 + :~) + IAdj R2

Since IAdj is controlled to less than 100 ..,A, the error associated with this term
is negligible in most applications.

Figure 3-1 A - Basic Configuration for Positive, Adjustable Ouput
Three-Terminal Regulators



Pin Numbers Adjacent to Terminals are for the Metal Package.
Pin Numbers in Parenthesis are for the Dual In-Line Package.

(12) 8 6 (10) RSC
Vln Vo +15V
+20V (11 )7 10(2) 220 ISC=30rnA

MC1723
1 (3)

(6) 4 (MC1723C)

R3 5.1 k 12K R1
2(4)

(5) 3 100 pF

0.01 IlFICret 9 (13) 10k R2

(7) 5

-=- -=-
RSC ~ 0.66V. 10kO<RHR2<100kO

ISC •

R3 ~ R1 II R2 ; O';;CREF"0.1IlF

R2 = V:~F (RHR2) ,.,~ (RHR2)

Pin Numbers Adjacent to Terminals are for the Metal Package.
Pin Numbers in Parenthesis are for the Dual In-Line Package.

6 (10) RSC
Vo +5V

10(2) 220 ISC=30rnA

1 (3)
3.6k R3

2 (4)

9(13)

InF

I-=-

+Vln
+10V (11)7

(6) 4
R1 5.1k

MC1723
(MC1723C)

Cret R2

0.011lF I
RSC ~ 0.66V ; 10kO<RHR2<100 kO

ISC

R2 =~ (RHR2) ~~1VV(RHR2); R3=R1 II R2'lTAEF
O';;CREF ';;0.1IlF



MCl723(C)
To obtain greater output currents with the Me 1723 the configurations shown

in Figures 3-5A and 3-6A can be used. Figure 3-5A uses an NPN external pass
element, while a PNP is used in Figure 3-6A.

+Vin 3

+10 V

6

9

3k R1
8

RSC

1.2 U, 1/2 W
MPS 6512
or Equlv

+Vo

+5 V
ISC =.5 A

Vo
R2 = 6.8 k; R1 =(-- -1) R2'" (2VO -7) kU

VREF 06
CN = 0.1IlF; CC;;' InF; RSC "'IS'C

See Section 3H for General Design Considerations

Values shown are for a 15V. 500mA I regulator using a MC1569 R on a 3° C/W heatsink at T A up to +70° C

01 RSC

1.3U
1/2 W

Vo
+15V

ISC=·5A

RSC'" 0.66V . 10kU<R1+R2<100kU
ISC '

R2= V~~F (Rl+R2)"'~~ (R1+R2)

O';CREF';O.lIlF ; R3"'Rl II R2

Selection of 01 based on considerations of Section 4

See Section 3H for General Design Considerations

Value. shown are for a 115V. 500mA I regulator using an MC1723CL (unheaUlnked) and a 2N3055 on a

6·C/W heatsink for TA up to + 70°C



MC1569, MC1469
Figures 3-7A and 3-8A show typical current boosting configurations for the

MC1569, MC1469 using an NPN and a PNP series pass element, respectively.
3. High Efficiency Regulator Configurations

When large output currents at voltages under approximately 9 volts are
desired, the configurations of Figures 3-9A and 3-lOA can be utilized to obtain
increased operating efficiency. This is accomplished by providing a separate low
voltage input supply for the pass element. This method, however, usually ne-
cessitates that separate short circuit protection be provided for the IC regulator
and external pass element. Figure 3-9A shows a high efficiency regulator con-
figuration for the MCl723(C), while Figure 3-lOA is for the MC1469, MC1469.

2N3791
or Equiv

01 ASC
VO=+12V

.91 fl ISC = .75A
1/2 W

6(10)

10 (2)

MCl723
(MCl723C) 1 (3)

Al 10 k
2 (4)

100 pE

9 (13) A2 13k

5 (7)

-= -=

(5) 3

O.lItEJCAEE

0.66v
ASC '" ISC; 10kfl<A1+A2<100kfl ; 0 C;;CAEE C;;O.lItE

A2 = VS;E (A1+A2) '" ~~ (A1+A2) ; A3~Al II A2

O<A4C;;VSEON(01) /5mA

Selection of a 1 based on considerations of Section 4

See Section 3H for General Design Considerations

Values Ihown are for a 112V, 750mA I regulator uling an unheatslnked MC1723CL and a 2N3791 on

• 4°C/W heatsink for TA up to +70°C



R2=6.8k; R1=(~-1)XR2 '" (2VO-7) kG
REF VBE (a1)

CN=O.lIlF ; Cc" InF ; RSC"'~ ; O<R3<;;lcEoo~a1)

Selection of Q 1 based on considerations of Section 4

See Section 3H for General Design Considerations

Values shown are for a 5V. 5A regulator using an MC1469 R regulator on a 20° C/W heatsink with
a1 mounted on a 0.9°C W haatsink for TAMAX=+700C

+Vin
+15V +10V

ISC=3A

11
Vo

R2=6.8 k ; R1=( VREF -1 )xR2"'(2VO-7) kG;CN=O.lIlF;CC"lnF

R ",o..6V ;0<R3<;; VBEon (all
sc 'SC 12mA

Selection of Q 1 based on considerations of Section 4

See Section 3H for General Design Considerations

Values shown ara for 11OV. 3A I rllgulator ualng an MCl469 R unheaUllnked with alan a 0.5° C/W

heatsink for T AMAX = +70'C



RSC

.62U
1 W

MPS6612 or
Equivalant

10 (2)

1 (3)

2 (4)

9 (13)
R1 2 k

5 (3)

R2 5.1 k·

CREF J 0.11
lf -= J,nF
Pin Numban Adjacant to Tarmlnels ere for the Metel Peckege.
Pin Number. in Parenth •• l. are for the Dual In-Line Package ..

RSC",,0,.6V; R",,01·66V ;10 kU<R1+R2<100 kU; R2=VVO (R1+R2)""V
7V

O(R1+R2)
SC bMAX REF

O""CREF""O.l,,F; R3""Rl II R2; Selection of 01 beaed on consideretions of Section 4; See Section
3H for generel design consideretions

Values shown for e m::I!l regulator using an MC1723CL unheetalnked end e 2N3055 on e
10·C/W heataink for T A up to +70·C

Vlnl

+7V

Vin2 3

+10V 9
3.0 k 6

R1 8

6.8 k R2

Vo O.V
R2-6.8k.; Rl=(VREF .1)xR2""(2VO-7)kU; CN-0.1I'F; CC •• lnF. RSC"",SC

R"'O,.6V .i Selection of Q 1 based on considerations of Section 4
bMAJ\

Values shown ara for a 15V. 6A~ regulator using an MC1469R on a 26·C/W heetalnk end 01 mounted on e
1·CIW haatalnk for TAMAX - + O·C



B. NEGATIVE, ADJUSTABLE OUTPUT IC REGULATOR
CONFIGURATIONS

1. Basic Regulator Configurations
MC1563, MC1463

Figure 3-lB illustrates the basic circuit configuration for the MC 1563,
MC1463 negative regulator Ie. Output currents in excess of 500 mA can be
obtained depending on input voltage, heatsinking and maximum ambient
temperature.

0.11olF
Cn

3 Can

+ Co
3.3k RA 10

9 IolF

-6.2V
ISC=126mA

Vo
Vo

RB=6.Bkn ;RA=RBX("V"RE,;1 )~(2IVol-7)kn

CN=O.1IolF ; Cc > InF ; RSC "" ,1.4VSC

MCI723(C)
Although a positive regulator, the MC I723(C) can be used in a negative

regulator circuit configuration if the superior regulation and performance capa-
bilities of the MC1563 are not needed. This is done by using an external pass
element and a zener level shifter as shown in Figure 3-2B. It should be noted that
for proper operation, the input supply must not vary over a wide range, since the
correct value for Vz depends directly on this voltage. In addition, it should be
noted that this circuit will not operate with a shorted output.
2. Output Current Boosting

Figure 3-3B shows a configuration for obtaining increased output current
capability from the MC1563, MC1463 regulator by the use of an external series
pass element(s).



(12) 8 6 (10)

(11) 7-= Rl 12k -=
2 (4)

(6) 4
MC1723

(MC1723C) +
10~F

(5) 3

VO·-15V
2N3055
or Equlv

IVol>10V; 10kOC;;R1+R2C;;100kO; R2- VI~~(R1+R2)~~~I(R1+R2)

VZC;;IVINI-VSE(al )-3V; VZ>!VINI-1VOI-VSE(al )+6V

Selection of a 1 based on considerations of Section 4
S••e Section 3H for-General Daslgn Considerations

Warning: Do not Ihort circuit output

Valu •• Ihown are for a 1-15V.750mA! regulator uling the MC1723CL with al mounted on a
20

0
CIW heaUlnk at T A up to +70

o
C. (DO NOT SHORT CIRCUIT OUTPUT)

+ Co

3.3 k RA
100

1N4001 or Equlv 4 9
/IF

MC1563
CR1 7 MC1463 8

Cc InF 5 6

2N3771 ISC-2.5A
or Equlv Vo

Vln RSC 01 Voa-5.2Vdc

Vo 1AV
Rs-6.8kn; RA-RsxlvREF-11"'C2IVol-7lkn;Cc;;'lnF; RSC'" ISC

CR': add ona diode in lerl •• with CRI for eachadditional ba•• emlner junction In compollte 01

Selection of a 1 baled on considerations of Section 4
See Section 3H for General Dellgn Considerations

Valu_."hown ara for a 1-5.2V. 2.5A I.regulator ullng an MCl463R (unheatsinked) with 01 mounted
on a 1 C/W heatslnk for TA up to +70 C



C. POSITIVE, FIXED OUTPUT IC REGULATOR CONFIGURATIONS
1. Basic Regulator Configurations

The basic current configuration for the positive three terminal regulators is
shown in Figure 3-1C. Depending on which regulator type is used, this config-
uration can provide output currents in excess of 3A.
2. Output Current Boosting

Figure 3-2C illustrates a method for obtaining greater output currents with the
three terminal positive regulators. Although any of these regulators may be used,
usually it is most economical to use the I ampere MC7800C in this configuration.

DEVICE 10 2
VIN Vo

MC78LXX O.1A
MC78MXX O.SA

CIN Io.33J.lF
MC78XX 1.0A
MC78TXX 3.0A cOT.

- 3 -
-=

CIN: required If regulator is located more than a few ("'2" to 4") inches awey from input supply
cepecitor; for long input leeds to reguletor, up to 1J.lFmay be needed for C, N' CI N should be a
high frequency type capecitor

CO: improves transient response
XX: these two digiti of the type number indicate nominel output voltage.

See Section 3H for General Design Considerations
See Section 17 for available device output voltages

See Section 15 for heatsinking

VIN
Input

! 'SC(01)

2N6049 _
or Equiv

R: used to divert IC regulator bias current and determines at what output current lavel 01 begins

. VBEON(01)
conductlng.O<R<;;I-----

BIAS(IC1)
R ~ 0.6V I I ISC ~-I-- j' SCTOT= SC(01)+ SC(IC1)

SC(01

Selection of a 1 based on considerations of Section 4
See Section 3H for General Design Considerations

Values shown are for a 15V. 5AJ regulator using an MC7805CK on a 2.5
0

C/W heatsink and 01 on a
1°C/W heatsink for T A up to 70 C.



3. Obtaining an Adjustable Output Voltage
With the addition of an op amp, an adjustable output voltage supply can be

obtained with the MC7805C. Regulation characteristics of the three terminal
regulators are retained in this configuration, shown in Figure 3-3C. If lower output
currents are required, an MC78M05C (O.5A) could be used in place of the
MC7805C.
4. Current Regulator

In addition to providing voltage regulation, the three terminal positive reg-
ulators can also be used as current regulators to provide a constant current source.
Figure 3-4C shows this configuration. The output current can be adjusted to any
value from = 8 mA (IQ, the regulator bias current) up to the available output
current of the regulator. Five volt regulators should be used to obtain the greatest
output voltage. compliance range for a given input voltage.

Output
Vo

O.33jlF I
Constant

Vo Current to
Grounded Load

V,N
Input

Va t:.v'
'O=R""+'IB; Current Reg t:.IO=~+t:.IIB

VO+VO+2V';;V,N':;;35V

See Section 3H for General Design Considerations



5. High Input Voltage
Occasionally, it may be necessary to power a three terminal regulator from a

supply voltage greater than VIN(MAX)(35V or 40V). In these cases a preregulator
circuit, as shown in Figure 3-5C may be used.
6. High Output Voltage

If output voltages above 24 V are desired, the circuit configuration of Figure
3-6C may be used. Zener diode Zl sets the output voltage, while Ql, Z2, & Dl
assure that the MC7824C does not have more than 30 V across it during short
circuit conditions.

60V

A1

VIN-30
A1=(--,-:s)xhFE01; VCE001;;>VIN

See Section 3H for General Design Considerations

Values shown for VIN=60V; 01 should be mounted on e 2°C/W heatslnk for operation at T A up to
+700C. IC1 should be appropriately heatsinked for the package type used.

A1
5.6K

1/2 W

Values shown are for al48V ( 1AJregulator; 01 mounted on a 10° C/W heatsink and IC1 mounted on a
2° C/W heatsink for T A up to +70° C.



D. NEGATIVE, FIXED OUTPUT IC REGULATOR CONFIGURATIONS
1. Basic Regulator Configurations

Figure 3-10 gives the basic circuit configuration for the MC79XX and
MC79LXX thre,e terminal negative regulators,
Output Current Boosting

In order to obtain increased output current capability from the negative three
terminal regulators, the current boost configuration of Figure 3-20 may be used.
Currents which can be obtained with this configuration are limited only by the
capabilities of the external pass transistor(s).

~!..Q.
MC79XX 1A
MC79LXXQ.1A

1

CIN: required if regulator is located more than a few inches (""2" to 4") away from input supply
capacitor; for long input leads to regulator, up to 11lF may be required. CIN should be a high
frequency type capacitor.

CO: improves stability and transient response
XX: these two digits of the type number indicate nominal output voltage. See Section 17 for

available device output voltages

ISCTOT
--Output

Vo

1ISC(lC1 )

XX= 2 digits of type number indicating output voltage. See Section 2 for voltages available
R: used to divert regulator bias current and determines at what output current level 01 begins

VSEON(Ol)
conducting. 0< R< I-S-IA-S(-I-C-l)-

ISC TOT=ISC(Ol )+ISC(lCl)
R _ 0.6V

SC-ISC(Ol)

Selection of Q 1 based on considerations of Section 4

See Section 3H for General Design Considerations

Values shown are for a 1-5V, 4A I regulator using en MC7805CK on e 1.5° C/W heatsink with 01
mounted on a 1° C/W heatsink for TA up to 70° C.



2. Current Regulator
The three terminal negative regulators may also be used to provide a constant

current sink, as shown in Figure 3-30. In order to obtain the greatest output
voltage compliance range at a given input voltage, the MC7902 or MC79L03
should be used in this configuration.

+10
Constant Current
From Grounded
Load

( Vo
VIN 3 MC7902C 2 R~ or

MC79L03A,C \
~, Vb

/

I,·OI'F ----. I,·OI'FliB

. VIN;;'·35V for MC7902C -=-
VIN;;'·30V for MC79L03C
VIN<;VO+VO-2V

Vo
10=R'"+IIB

6VO
Currant regulation, 6IO=R +611B

See Section 3H for General Design Considerations

E. TRACKING IC REGULATOR CONFIGURATIONS
MC1568, MC1468

Figure 3-1E shows the basic circuit configuration for the MC 1568, MC 1468
Dual Tracking Regulator. The outputs of this device are internally set at ± 15Y.
(The output voltage can be externally adjusted with some accompanying loss of
temperature performance; see device data sheet, Section 18.) This configuration
is capable of providing up to ± IOOmA of load current, depending on operating
conditions and package style chosen. If greater output currents are desired, the
current boost configuration shown in Figure 3-2E can be used.

It should be noted that in this configuration, when the positive output of the
MC1568, MCI468 drops below approximately 14.5V, e.g. during a short circuit,
the negative output will not drop proportionally. Instead, it collapses to = OV. This
can create a latch condition, depending on the type of load.
MC1563IMC1569

If a "true" tracking regulator configuration is desired, the MC 1569, MC 1469
can be used in conjunction with the MC1563, MCI463 as shown in Figure 3-3E.

In this circuit, the MC1563, MC1463 sets and regulates the negative output
voltage, while the MC1569, MC1469 acts as a balancing amplifier to regulate the
positive output voltage. The magnitude of the positive output voltage is equal to and
tracks the negative output voltage. Since the MC1569's amplifier inputs are at
ground potential, its case (or pin 10) is connected to a negative voltage to allow
sufficient amplifier common-mode operating range.



Pin numbers adjacent to terminals are for the G and R suffix packages only. Pin numbers in parenthesis
are for the L suffix package only. Pin 10 is ground for the G suffix package only. For the R package.
the case is ground.

+20V
+VIN
-VIN
-20V

,
::T'Cin

r--;
-'- '-= TCin

1.5nF~g~~:Gnd 10 (1)

S(12)C1
Compen (-)

Sense(-)
+ C4

1.01'F

-Va
-15 V

RSC-
C1 and C2 should be located ascloseto the deviceaspossible.A 0.1 I'F ceramic capecitor (Cin) may
be required on the input lines if the device is located an appreciable distance from the rectifier filter
capacitors. C3 and C4 may be Increased to improve load transient response and to reduce the output
noise voltage. At low temperature operation. it may be necessary to bypass C4 with a O.1,uF ceramic
disc capacitor.

R +~0.6V R _~0.6V
SC -ISC+; sc -TS2'

Pin numbers adjacent to terminals are for the G'and A suffix packages only. Pin numbers in
parenthesis ara for the L suffix package only. Pin 10 is ground for the G suffix package only.
For the A package, the case is ground.

ASC+

0.3n
2W

VCC VO+Sense (+) 1 (3)
Compen (+)

MC1568 (1)1.5nF
MC1468 Gnd Case

Compen (-)
VEE VO- Sense (-) (12) 81.5nF

(8) 5 (10) 6 (11) 7

1.0/olFV
+

47 02
ASC-

Input (-) 0.3n
-20 V 2N3055 2W

or Equiv

-15Vdc
-VO

A
_0.6VSC----

ISC-

Selection of 01 based on considerations of Section 4
See Section 3H for General Design Considerations

Values shown are for a I±15V ±2AJ regulator using an MC1468R on a 2
0

C/W heatslnk with
01 & 02 mounted on a 1"C/W heatsink for TA <:'70

0
C.



Vln

+20Vdc
Vo

+16 Vdc

22 k 9 MC1563 8
MC1463

InF 4
(NegetlveVln Rse 7 6

-20 Vdc Reguletor)
5.6 5

Vo
-16 Vdc

Velues shown ere for a 1±16V. ±250mA I reguletor using en MC1569R and

MC1563R mounted on e 3·C/W heatsink for TA 0;; 70·C

F. FLOATING REGULATOR CONFIGURATIONS
If an output voltage exceeding 40V is required, the MC1566L, MC1466L

floating regulator can be used, as shown in Figure 3-1F. Although a standard
regulator (MC1569, MCl723, etc.) can be used to regulate output voltages above
40V, by the use of level shifting techniques (see Section 3G), the output voltage
of these configuration is not adjustable over a wide range, as is the output voltage
of the MC1566L. In addition, the MC1566L has several features which are not
available elsewhere:
1. Output voltage adjustable to zero volts.
2. Output voltage and current capabilities limited only by choice of external series
pass element.
3. Internal current limit amplifier for excellent current regulation and sharp cross-
over between constant voltage and constant current regulation modes.

Note that an auxiliary supply is used to power the MC1566, MC1466. This
supply must be isolated from the main supply voltage since the MC1566 "floats"
on the output voltage. (For a complete description of the MC1566's operation,

. consult its data sheet, in Section 18.)



Constant Voltaga:
For constant voltage operation, output
voltage V 0 is given by:

Vo = (lref) (R2)
where R2 is the resistance from pin 8 to
ground and 'ref Is the output current of
pin 3.
The recommended value of Iref is 1.0
mAde. Resistor R 1 sets ,the value of Iref:

I 8.5
ref =A1

where R 1 is the resistance between pins
2 and 12.
Constant Current:
For constant current operation:
(a) Salect Rs for a 250 m V drop at the

maximum desired regulated output
current, Imax.

(b) Adjust potentiometer R3 to set con-
stant current output at desired value
between zero 8n~ Imsx'

If Vin Is greater than 20 Vdc, CR2, CR3,
and CR4 are necessary to protect the
MC1466/MC1566 during short-circuit or
transient conditions.
In applications where very low output
noise Is desired, R2 may be bypassed
with Cl (O.ljlF to 2.0jlF). When R2 is
bypassed. CR1 is necessary for protec-
tion during short-circuit condition •.
CR5 is recommended to protect the
MC1466/MC1566 from simultaneous
pass transistor failure and output short-
circuit.

Pins 1 and 4 no connection. C +

10~FI
275V -=-

The RC network (10 pF, 240 pF. 1.2 k
ohms) is used for compensation. The
values shown are valid for all applica·
tions. However, the 10 pF capacitor may
be omitted if fT of Ql and Q2 is greater
than 0.5 MHz.
For remote sense applications, the posi-
tive voltage sense terminal (pin 9) is
connected to the positive load terminal
through a separate sense lead; and the
negative sense terminal {the ground side
of R2 is connected to the negetlve load
terminal through a separate sense lead.
Co may be selected by using the rela-
tionship:

Co = (100 jlF) IL(max), where IL(max)
is the maximum load current in amperes.
C2 is necessary for the internal com pen·
sation of the MC1466/MCl566.
For optimum regulation. current out of
pin 5, IS, should not exceed 0.5 mAdc.
Therefore select Ql and Q2 such that:

I
~<;;0.5mAdc

where: Imax = maximum short-circuit
load current (mAdc)
~1 = minimum beta of 01
l32 = minimum beta of Q2

Although Pin 5 will source up to 1.5
mAdc. is > 0.5 mAdc will result in a
degradation in regulation.
CR6 is recommended when Vo > 150
Vdc and should be rated such that Peak
Inverse Voltage> Vo.

Q 1 & Q2 selected on the basis of considerations given in Section 3

See Section 3H for General Design Considerations

Values shown are for a 10 to 250V, 100 mAl regulator using an MC1466L with Ql III Q2 mounted
on a 10 C/W neatsink for T A <;;70·C.

tlL +
Vo

o to
250Vr-



G. SPECIAL REGULATOR CONFIGURATIONS
1. Obtaining Extended Output Voltage Range

As mentioned in the previous section, the output voltage capability of an IC
regulator can be increased by using a level shifting technique. In these circuit
configurations, the IC regulator is powered from a low voltage supply and its
output is shifted by a zener diode to control the base of an external pass element
which regulates the high voltage output. A typical configuration is shown in
Figure 3-1G for an MC 1569, MC 1469. This technique can be used with any
adjustable output regulator so long as the Ie pin voltages, currents, and differ-
entials do not exceed device data sheet specifications.
2. Electronic Shutdown

Occasionally, it is desired that the regulator have an electronic shutdown
feature with which the output voltage can be reduced to zero by an external signal.

Vin(1) =

110 Vdc

Vin(2) = 1N4001 ,.,l30 Vdc 3
or Equiv

R2

9
~

",JV1
4 I

6

(
MC1569 InF -
MC1469 5

43 k

t lRA

V1
8 7

\ V1 R1

6.8 k 2 10
0.11lF \ '0'JRS

-
0.6V hFE(Q1)x[V,N(1)-VOl

RSC"'- ; R3"'-------; VZ1=VO-V1;
'SC 'SC

3.5V<V1«VIN(2)-3.0V); R4<V1 x ~FE(Q1)
SC

RS=6.8k; RA~~2xV1}-7Jkn; VO"'V1 [1+~~1

Selection of Q1 based on considerations of Section 4
SeeSection 3H for General Design Considerations

Values shown are for a J1OOV(80mAI regulator using an MC1469G on a 30
0

C/W heatsink
with Q1 mounted on a 1 C/W heatsink for TA";;'70

0
C.



MC1569 and MC1563
These regulators have internal electronic shutdown circuitry. To activate the

shutdown feature, a ImA minimum, WmA maximum current is applied to pin 2 of
these regulators. This current may be the output of a logic gate or buffer or other
external circuitry. This feature can be used to obtain thermal shutdown when the
regulator's junction temperature limit is exceeded, as shown in Figures 3-2G and
3-3G; to latch the output when a short circuit occurs, as shown in Figure 3-4G;
or to remotely shut down the regulator during standby periods in battery operated
equipment.

IN3826
or

Equlv

IN3826
or

Equlv



RgC +Vo
(+10 V)

+
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+ Co

I1

.

oIlF

+Vin (+15V)
11 k

10 +

or Io.
1IlF

Case -

Push t-;;il
Re-Start

Figure 3-4G. MC1569 Automatic Latch Into Shut·Down When Output Is Short Circuited with
Manual Reset

MCl723
Although the MCI723 does not have internal electronic shutdown circuitry,

this feature can be added externally, as shown in Figure 3-5G. This technique
can be used with any externally compensated regulator Ie.

H. GENERAL DESIGN CONSIDERATIONS
In addition to the design equations given in the regulator circuit configuration

panels of Sections 3A-G, there are a few general design considerations which
apply to all regulator circuits. These considerations are given below:

1. Regulator voltages - for any circuit configuration, the worse-case voltages
present on each pin of the IC regulator must be within the maximum and/or
minimum limits specified on the device data sheets. These limits are instantaneous
values, not averages. They include:

a. VINMIN
b. VINMAX
c. (VIN - VOUT)MIN
d. VaMIN
e. Va MAX
For example, the voltage between pins 8 and 5 (VIN) of an MCI723CG must

never fall below 9.5V, even instantaneously, or the regulator will not function
properly.



2. Regulator Power Dissipation, Junction Temperature and Safe Operating
Area

The junction temperature, power dissipation output current or safe operating
area limits of the IC regulator must never be exceeded.

Pin Numbers Adjacent to Terminals are for the Metal Package
Pin Numbers in Parenthesis are for the Dual In-Line Package

BV CEO(Q1 );;'VO

VCESAT(Q1j<;;;1.0V @ Ic=1mA

3. Operation with a load common to a voltage of opposite polarity - In many
cases, a regulator powers a load which is not connected to ground but instead is
connected to a voltage source of opposite polarity (e.g. op amps, level shifting
circuits, etc.). In these cases, a clamp diode should be connected to the regulator
output as shown in Figure 3-IH. This protects the regulator, during startup and
short-circuit operation, from output polarity reversals.
4. Reverse Bias Protection - Occasionally, there exists the possibility that the
input voltage to the regulator can collapse faster than the output voltage. This could
occur, for example, if the input supply is "crowbarred" during an output overvolt-
age condition. If the output voltage is greater = 7V, the emitter-base junction of the
series pass element (internal or external) could break down and be damaged. To
prevent this, a diode shunt can be employed, as shown in Figure 3-2H.

Figure 3-3H shows a three-terminal positive-adjustable regulator with the
recommended protection diodes for output voltages in excess of 25 volts, or high-
output capacitance values (Co> 25 f.LF, CAdj> 10 f.LF). Diode 01 prevents Co
from discharging through the regulator during an input short-circuit. Diode O2
protects against capacitor CAdjfrom discharging through the regulator during an
output short circuit. The combination of diodes 01 and O2 prevents CAdj from
discharging through the regulator during an input short circuit.
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SECTION 4
SERIES PASS ELEMENT CONSIDERATIONS

FOR LINEAR REGULATORS
Presently, most monolithic IC voltage regulators that are available have

output current capabilities from 100 mA to 3.0 A. If greater current capability
is required, or if the IC regulator does not possess sufficient safe-operating-area
(SOA), the addition of an external series pass element is necessary.

In this section, configurations, specifications and current limit techniques for
external series pass elements will be considered. For illustrative purposes, pass
elements for only positive regulator types will be discussed. However, the same
considerations apply for pass elements used with negative regulators.

A. SERIES PASS ELEMENT CONFIGURATIONS
Using an NPN Type Transistor

If the IC regulator has an external sense lead, an NPN type series pass
element may be used, as shown in Figure 4-IA. This pass element could be a
single transistor or multiple transistors arranged in darlington and/or paralleled
configurations.

In this configuration, the IC regulator supplies the base current (18) to the pass
element, Q2, which acts as a current amplifier and provides the increased output
current (10) capability.

t 18(Q2)



Using a PNP Type Transistor
If the IC regulator does not have an external sense lead, as in the case of

the three terminal, fixed output regulators, the configuration of Figure 4-1 B can
be used. (Regulators which possess an external sense lead may also be used with
this configuration.) As before, the PNP type pass element can be a single transistor
or multiple transistors.

VCE(02)

~

"8"

t '8(02)

This configuration functions in a similar manner to that of Figure 4-1 A, in that
the regulator supplies base current to pass element. The resistor, R, serves to route
the IC regulator bias current, bIAS, away from the base of Q2. If not included,
regulation would be lost at low output currents. The value of R is low enough to
prevent Q2 from turning on when IBIASflows through this resistor, and is given by:

o < R::;; VBE ON (Q2) (4.0)
IBIAS

B. SERIES PASS ELEMENT SPECIFICATIONS
Independent of which configuration is utilized, the transistor or transistors that

compose the pass element must have adequate ratings for IcMAX,VCEO,hFE,power
dissipation, and safe-operating-area.

1. IcMAX- for the pass element of Figure 4-1A, IcMAXis given by:
1cMAX(Q2)IcMAx(Q2);:: lOMAX- IBMAX(Q2)= lOMAX- ---- (4.1)hFE(Q2)

For the configuration of Figure 4-1 B:

IcMAX(Q2);:: lOMAX+ IBMAX(Q2) (4.3)
(4.4)



2. VCEO - since VCE(Q2)is equal to VINl(MAX)when the output is shorted or during
start up:

3. hFE - the minimum DC current gain for Q2 in. Figures 4-1A and 4-1 B is
given by:

IeMAX(Q2)@hFEMIN(Q2);:':I VCE= (VINl(MIN)- Yo)BMAX(Q2)

4. Maximum Power Dissipation, PD(MAX)and Safe-Operating Area (SOA) -
for any transistor there are certain combinations of Ie and VCEat which it may safely
be operated. When plotted on a graph, whose axes are VCEand Ie, a safe-operating
region is formed.

As an example, the safe-operating-area (SOA) curve for the well known
2N3055 NPN silicon power transistor is shown in Figure 4-2. The boundaries of the
SOA curve are formed by the ICMAx,power dissipation, second breakdown and
VCEOratings of the transistor. Notice, that the power dissipation and second
breakdown ratings are given for a case temperature of +25cC, and must be derated
at higher case temperatures. (Derating factors may be found in the transistors' data
sheets.) These boundaries must never be exceeded during operation, or destruction
of the transistor or transistors which constitute the pass element may result. (In
addition, the maximum operating junction temperature must not be exceeded. See
Section 15.)

C. CURRENT LIMITING TECHNIQUES
In order to select a transistor or transistors with adequate SOA, the locus of

pass element Ie and VCEoperating points must be known. This locus of points is
determined by the input voltage (VINl), output voltage (Vo), output current (10) and
the type of output current limiting technique employed.

In most cases, VINl, Yo, and the required output current are already known.
All that is left to determine is how the chosen current limit scheme affects required
pass element SOA.

NOTE: Since the external pass element is merely an extension of the IC
regulator, the following discussions apply equally well to IC reg-
ulators not using an external pass element.

1. Constant Current Limiting

This method is the simplest to implement and is extensively used, especially
at the lower output current. levels. The basic curcuit configuration is shown in
Figure 4-3A, and operates in the following manner:

As the output current increases, the voltage drop across Rsc increases, propor-
tionately. When the output current has increased to the point that the voltage drop
across Rsc is equal to the base-emitter "on" voltage of Q3 (VBEON(Q3», Q3
conducts. This diverts base current (lDRIVE)away from Ql, the IC regulator's
internal series pass element. Base drive (lB(Q2»of Q2 is therefore reduced and its
collector-emitter voltage increases, thereby reducing the output voltage below its
regulated value, VOUT.The resulting output voltage-current characteristic is shown
in Figure 4-3B. The value of Isc is given by:

I VBEON(Q3) (4.7)
SC = Rsc
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By using the base of QI in the IC regulator as a control point, this configura-
tion has the added benefit of limiting the IC regulator output current (lB(Q2»)to
IsdhFE(Q2),as well as limiting the collector current of Q2 to Isc. Of course, access to
this point is necessary. Fortunately, it is usually available in the form of a separate
pin or as the regulator's compensation terminal. *

The required safe-operating-area for Q2 can be obtained by plotting the VCE
and Ie of Q2 given by:

where

and

VCE(Q2)= VINI- Vo - loRsc = VINI - Vo

IqQ2) = 10

Vo VOUTfor 0 :!S 10 :!S Isc

10 Isc for 0 :!S Vo :!S VOUT

(4.8)
(4.9)

(4.10)

(4.11)

*The three terminal regulators have internal current limiting and therefore do not provide access to this point. If an
external pass element is used with these regulators, constant current limiting can still be accomplished by diverting
pass element drive. See Section 3 for circuit techniques.



The resulting plot is shown in Figure 4-4. The transistor chosen for Q2 must
have an SOA which encloses this plot, as shown in this Figure.

Note that the greatest demand on the transistors SOA capability occurs when
the output of the regulator is short circuited and the pass element must support the
full input voltage and short circuit current simultaneously.

ICMAX

"- """ / PassElement SOA

"".. \c:e_
•• N \::J 0
0_
•. 0
0-.. '" \~.5!
"0
0

ISC :
I
I
I
I
I

VIN1-VOUT
Collector-Emitter Voltage

VIN1 VCEO

log VCE(Q2)

2. Foldback Current Limiting
A disadvantage of the constant current limit technique is that in order to obtain

sufficient SOA the pass element must have a much greater collector current
capability than is actually needed. If the short circuit current could be reduced,
while still allowing full output current to be obtained during normal regulator
operation, more efficient utilization of the pass elements SOA capability would
result. This can be done by using a "foldback" current limiting technique instead
of constant current limiting.

The basic circuit configuration for this method is shown in Figure 4-5A. The
circuit operates in a manner similar to that of the constant current limiting circuit,
in that output current control is obtained by diverting base drive away from Q I
with Q3.

At low output currents, VAapproximately equals Vo and VR2is less than than
Vo. Q3 is therefore non-conducting and the output voltage remains constant. As the
output current increases, the voltage drop across Rsc increases until VAand VR2are
great enough to bias Q3 on. The output current at which this occurs is IK, the
"knee" current.



VCE(Q2)

~

ISC IK

Output Current

'0
Figure 4-5B. Foldback Current Limiting

The output voltage will now decrease. Less output current is now required to
keep V A and VR2 at a level sufficient to bias Q3 on since the voltage at its emitter has
the tendency to decrease faster than that at its base. The output current will continue
to "foldback" as the output voltage decreases, until an output short circuit current
level, Isc, is reached when the output voltage is zero. The resulting output current-
voltage characteristic is shown in Figure 4-5B. The values for RI, R2, and Rsc
(neglecting base current of Q3) are given by:



VOUT/Isc
Rsc = VOUT IK

(1 + VBEON(Q3!- Isc

R2
Rl + R2

VBEON(Q3)
Isc Rsc

VOUT
IDRlVE

where VOUT= normal regulator output voltage

IK = knee current

Isc = short circuit current

IDRlVE= base drive to regulator's internal pass element(s)

A plot of Q2 operating points which result when using this technique are
shown in Figure 4-6. Note that the pass element is required to operate with a
collector current of only Isc during short circuit conditions, not the full output
current, IK.This resuts in a more efficient utilization of the SOA of Q2 allowing the
use of a smaller transistor than if constant current limiting were used. Although
foldback current limiting allows use of smaller pass element transistors for a given
regulator output current than does constant current limiting, it does have a few
disadvantages .
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Referring to Equation (4.12), as the foldback ratio, IKllsc, is increased, the
required value of Rsc increases. This results in a greater input voltage at higher
foldback ratios. In addition, it can be seen for Equation (4.12) that there exists
an absolute limit to the foldback ratio equal to:

IK VOUT
(ls2 MAX = I + VBEON(Q3/or Rsc = 00 (4.15)

For these reasons, foldback ra!ios greater than 2: I or 3: I are not usually
practical for the lower output voltage regulators.

D. PARALLELING PASS ELEMENT TRANSISTORS
Occasionally, it will not be possible to obtain a transistor with sufficient

safe-operating-area. In these cases it is necessary to parallel two or more transis-
tors. Even if a single transistor with sufficient capability is available, it is possible
that paralleling two smaller transistors is more economical.

In order to insure that the collector currents of the paralleled transistors are
approximately equal, the configuration of Figure 4-7 can be used. Emitter bal-
lasting resistors are used to force collector current sharing between QI and Q2.
The collector current mismatch can be determined by considering the following:

From Figure 4-7,

(4.16)
(4.17)

---------------,
+,C2 i
-----, I

I I
: I "Jv"I.. -ION

"' ....'1
I
I

~
~
I
I
I

+IC1



Assuming lEI = leI and IE2= le2, the collector current mismatch is given by,

IC2 - lel_(~~~t V2 - VI ~V
IC2 - (~~) V2 V2

~VBE
V2

. ~VBEpercent collector current rrusmatch = ----v;- x 100%

From Equation (4.20), the collector current mismatch is dependent on ~
V~". and V2. Since ~ VBE is usually acceptable, V2 should be 1.0 V to 0.5 V,
respectively. RE is therefore given by:

RE = 0.5 to 1.0 V = 0.5 V to 1.0 V = 0.5 V to 1.0 V (4.21)
leI le2 1c/2

E. TRANSISTOR SELECTION GUIDE
As an aid in selecting an appropriate series pass element, the following

selection guide has been included.

VCEO Vce( •• tl IT Po
Device and Polarity Voha hFE Ie Volt. Ie MHz Watt.

NPN PNP Mln MIniMa. Amp. Ma. Amp. Mln Ma. c.••
0.3 Amp

MJE3440 250 40/160 0.02 0.5 0.05 15 15 77
MJE3439 350 401160 0.02 0.5 0.05 15 15 77

0.5 Amp

2N5655 250 301250 0.1 1.0 0.1 10 20 77
2N5656 300 301250 0.1 1.0 0.1 10 20 77
MJE340 MJE350 300 301240 0.05 20 77
2N5657 350 301250 0.1 1.0 0.1 10 20 77

1.0 Amp

TlP29 TlP30 40 15175 1.0 0.7 1.0 3.0 30 221A
2N4921 2N4918 40 30/150 0.5 0.6 1.0 3.0 30 77
TlP29A TlP30A 60 15175 1.0 0.7 1.0 3.0 30 221A
2N4922 2N4919 60 301150 0.5 0.6 1.0 3.0 30 77
TIP29B TlP30B 80 15175 1.0 0.7 1.0 3.0 30 221A
2N4923 2N4920 80 301150 0.5 0.6 1.0 3.0 30 77
TlP29C TlP30C 100 15175 1.0 0.7 1.0 3.0 30 221A
2N3738 2N6424 225 401200 0.1 2.5 0.25 10 20 80
TlP47 250 301150 0.3 1.0 1.0 10 40 221A
TlP48 300 301150 0.3 1.0 1.0 10 40 221A
2N3739 2N6425 300 401200 0.1 2.5 0.25 10 20 80
TlP49 350 301150 0.3 1.0 1.0 10 40 221A

2.0 Amp

2N3583 2N6420 175 401200 0.5 5.0 1.0 10 35 80
2N3584 2N6421 250 8180 1.0 0.75 1.0 10 35 80
2N3585 2N6422 300 BJ80 1.0 0.75 1.0 10 35 80
2N424O 2N6423 300 301150 0.75 1.0 0.75 15 35 80

2.5 Amps

BU205 750 2/ 2.5 5.0 2.5 7.5 10 01



VCEO Vce( •• t) IT Po
Device Ind Pollrtty Volt. hFE IC Volt. Ie MHz Witt.

NPN PNP Mln Mln/Mlx Ampo MIX Amp. Mln MIx CI ••

3.0Ampo

MJE520 30 251 1.0 25 77
MJE31 MJE32 40 251 1.0 1.2 3.0 3.0 40 77

2N3867 40 40/200 1.5 0.75 1.5 60 6.0 31
2N3868 60 30/150 1.5 0.75 1.5 60 6.0 31

MJE31A MJE32A 60 25/ 1.0 1.2 3.0 3.0 40 77
MJE31B MJE32B 80 25/ 1.0 1.2 3.0 3.0 40 77
MJE181 MJE171 80 50/250 0.1 0.9 1.5 50 1.5 77
MJE31C MJE32C 100 25/ 1.0 1.2 3.0 3.0 40 77

3.5 Amp

2N3902 400 30190 1.0 0.8 1.0 2.8 100 01

4.0 Amp

2N5190 2N5193 40 251100 1.5 0.6 1.5 2.0 40 77
2N6037 2N6034 40 750/15K 2.0 2.0 2.0 1.0 40 77
MJE3300 MJE3310 40 1000/ 1.0 1.5 1.5 20 15 77
2N6121 2N6124 45 251100 1.5 0.6 1.5 2.5 40 221A
2N3054A 2N6049 55 251250 0.5 1.0 0.5 3.0 75 80
2N6122 2N6125 60 251100 1.5 0.6 1.5 2.5 40 221A
2N6413 2N6415 60 40/250 0.2 2.5 4.0 50 15 77
2N5191 2N5194 60 25/100 1.5 0.6 1.5 2.0 40 77

2N374O 60 30/100 0.25 0.6 1.0 3.0 25 80
2N6294 2N6296 60 750/18K 2.0 2.0 4.0 50 80
2N6038 2N6035 60 750/15K 2.0 2.0 2.0 1.0 40 77
MJE3301 MJE3311 60 1000 1.0 1.5 1.5 20 15 77
MJE800 MJE700 60 750/ 1.5 2.5 1.5 1.0 40 77
2N6123 2N6126 80 20180 1.5 0.6 1.5 2.5 40 221A
MJE3302 MJE3312 80 1000/ 1.0 1.5 1.5 20 15 77
2N5192 2N5195 80 20/80 1.5 0.6 1.5 2.0 40 77

2N3741 80 30/100 0.25 0.6 1.0 3.0 25 80
2N6295 2N6297 80 750/18K 2.0 2.0 2.0 4.0 50 80
2N6039 2N6036 .80 750/15K 2.0 2.0 2.0 1.0 40 77

5.0 Amp

MJE200 MJE210 40 451180 2.0 0.75 2.0 65 15 77
2N4232A 2N6313 60 25/100 1.5 0.7 1.5 4.0 75 80
MJElloo MJE1090 60 750/ 3.0 2.5 3.0 70 90
2N4233A 2N6314 80 25/100 1.5 0.7 1.5 4.0 75 80
2N6233 225 251125 1.0 0.5 1.0 20 50 80
2N6497 250 10n5 2.5 1.0 2.5 5.0 80 221A
MJE51T 250 5/ 5.0 2.0 5.0 2.5 80 221A
2N6234 275 25112.5 1.0 0.5 1.0 20 50 80
2N6498 300 10n5 2.5 1.25 2.5 80 5.0 221A
MJE52T 300 5/ 5.0 2.0 5.0 2.5 80 221A
2N6235 325 25/125 1.0 0.5 1.0 20 50 80
MJ3030 325 2.0 3.0 125 01
2N6499 350 10n5 2.5 1.5 2.5 5.0 80 221A
MJE53T 350 51 5.0 2.0 5.0 2.5 80 221A
BU208 700 2.25/ 4.5 5.0 4.5 4.0 1.25 01



VCEO Vcelutl tr Po
Device .nd Pol.rlty Volts hFE Ie Volts Ie MHz w_

NPN PNP Mln MinIMax Amps Max Amps Mln Max Cue

a.oAmp

TIP41 TIP42 40 15/75 3.0 1.5 6.0 3.0 2.0 221A
TIP41A TIP42A 60 15/75 3.0 1.5 6.0 3.0 2.0 221A
TIP418 TIP428 80 15/75 3.0 1.5 6.0 3.0 2.0 221A
TIP41C TIP42C 100 15/75 3.0 1.5 6.0 3.0 2.0 221A
2N5758 2N6226 100 251100 3.0 1.0 3.0 1.0 1SO 11
2N5959 2N6227 120 20180 3.0 1.0 3.0 1.0 1SO 11
2N5760 2N6228 140 15160 3.0 1.0 3.0 1.0 1SO 11

a.oAmp

2N6300 2N6298 60 7SO/18K 4.0 2.0 4.0 4.0 75 80
2N6055 2N6053 60 7SOl18K 4.0 2.0 4.0 4.0 100 11
2N6043 2N6040 60 1K110K 4.0 2.0 4.0 4.0 75 221A
MJ1000 MJ900 60 1000/ 3.0 2.0 3.0 90 11
2N6301 2N6299 80 7SO/18K 4.0 2.0 4.0 4.0 75 80
2N6056 2N6054 80 7SO/18K 4.0 2.0 4.0 4.0 100 11
2N6044 2N6041 80 1K110K 4.0 2.0 4.0 4.0 75 221A
2N6045 2N6042 100 1K110K 3.0 2.0 3.0 4.0 75 221A
2N6306 2SO 15n5 3.0 0.8 3.0 5.0 125 01
2N6307 300 15/75 3.0 1.0 3.0 5.0 125 01
2N6308 3SO 12/60 3.0 1.5 3.0 5.0 125 01

10.0 Amp

2N6383 2N6648 40 1K120K 5.0 2.0 5.0 20 100 11
2N6384 2N6649 60 1K120K 5.0 2.0 5.0 20 100 11
MJE3055 MJE2955 60 20/100 4.0 1.1 4.0 2.0 90 90
MJE3055T MJE2955T 60 20/100 4.0 1.1 4.0 2.0 90 221A
MJE4340 MJE43SO 100 SO/ 10.0 0.5 5.0 1.0 125 340
MJE4341 MJE4351 120 SO/ 10.0 0.5 5.0 1.0 125 340
MJE4342 MJE4352 140 SO/ 10.0 0.5 5.0 1.0 125 340
MJE4343 MJE4353 160 SO/ 10.0 0.5 5.0 1.0 125 340
2N5877 2N5875 60 20/100 4.0 1.0 5.0 4.0 1SO 11
2N3715 2N3791 60 SO/1SO 1.0 0.8 5.0 4.0 1SO 11
2N5878 2N5876 80 20/100 4.0 1.0 5.0 4.0 1SO 11
2N6385 2N66SO 80 1K120K 5.0 2.0 5.0 20 100 11
2N3716 2N3792 80 SO/1SO 1.0 0.8 5.0 4.0 1SO 11
2N5632 2N6229 100 251100 5.0 1.0 7.5 1.0 1SO 11
2N5633 2N6230 120 20180 5.0 1.0 7.5 1.0 1SO 11
2N5634 2N6231 140 15/60 5.0 1.0 7.5 1.0 1SO 11
MJ413 325 20180 0.5 0.8 0.5 2.5 125 11
MJ423 325 30190 1.0 0.8 1.0 2.5 125 11

12.0 Amp

2N6569 40 15/200 4.0 1.5 4.0 1.5 100 11
2N5989 2N5986 40 20/120 6.0 0.7 6.0 2.0 100 90
2N5990 2N5987 60 20/120 6.0 0.7 6.0 2.0 100 90
2N6057 2N60SO 60 7SO/18K 6.0 2.0 6.0 4.0 1SO 01
2N5991 2N5988 80 20/120 6.0 0.7 6.0 2.0 100 90
2N6058 2N6051 80 7SOl18K 6.0 2.0 6.0 4.0 1SO 01
2N6059 2N6052 100 750/18K 6.0 2.0 6.0 4.0 1SO 01



VCEO Veal oat) fr Po
Oftlce end Polerlty Volts hFE Ie Volts Ie MHz Wetts

NPN PNP Mln MiniMa. Amps Me. Amps Min Me. Ce ••

15.0 Amp

2N6486 2N6489 40 20/150 5.0 1.3 5.0 5.0 75 221A
2N6487 2N6490 60 20/150 5.0 1.3 5.0 5.0 75 221A
2N3055 MJ2955 60 20nO 4.0 1.1 4.0 2.5 115 11
2N5881 2N5879 60 20/100 6.0 1.0 7.0 4.0 160 11
2N6576 60 5OO/5K 10.0 4.0 15 120 11
2N6488 2N6491 80 20/150 5.0 1.3 5.0 5.0 75 221A
2N5882 2N5880 80 20/100 6.0 1.0 7.0 4.0 160 11
2N6577 90 5OO/5K 10.0 4.0 15 120 11
2N6578 120 5OO/5K 10.0 4.0 15 120 - 11
2N6249 200 10/50 10.0 1.5 10 2.5 175 01
2N625O 275 8150 10.0 1.5 10 2.5 175 01
2N6251 350 6150 10.0 1.5 10 2.5 175 01

1•. 0 Amp

2N5629 2N6029 100 25/100 8.0 1.0 10 1.0 200 11
2N5630 2N6030 120 20180 8.0 1.0 10 1.0 200 11
2N5631 2N6031 140 15/60 8.0 1.0 10 1.0 200 11

20.0 Amp

2N6282 2N6285 60 750/18K 10.0 2.0 10 4.0 160 01
2N5303 2N5745 80 15/160 10.0 1.0 10 2.0 200 11
2N6283 2N6286 80 750/18K 10.0 2.0 10 4.0 160 01
2N6284 2N6287 100 750/18K 10.0 2.0 10 4.0 160 01

25.0 Amp

2N5885 2N5883 60 20/100 10.0 1.0 15 4.0 200 11
2N5886 2N5884 80 20/100 10.0 1.0 15 4.0 200 11
2N6338 100 30/120 10.0 1.0 10 40 200 01
2N6339 120 30/120 10.0 1.0 10 40 200 01
2N6340 140 30/120 10.0 1.0 10 40 200 01
2N6341 150 30/120 10.0 1.0 10 40 200 01

3D.OAmp

2N5301 2N4398 40 15160 15.0 0.75 10 2.0 200 11
2N5302 2N4399 60 15160 15.0 0.75 10 2.0 200 11
MJ802 MJ4502 90 25/100 7.5 0.8 7.5 2.0 200 11

SO.OAmp

2N5685 2N5683 60 15/60 25.0 1.0 25 2.0 300 197
2N5686 2N5684 80 15/60 25.0 1.0 25 2.0 300 197
2N6274 100 30/120 20.0 1.0 20 30 250 197
2N6275 120 301120 20.0 1.0 20 30 250 197
2N6276 140 30/120 20.0 1.0 20 30 250 197
2N6277 150 20/120 20.0 1.0 20 30 250 197

~
e'SE"""~(TO-Z25ABJ

(TO-127

Type)

~~~
CASE 1.03 CASE 3-04 (TO-204M)
(TO-204M) CASE S4-05 (TO-J TYPE)

(TO-3) CASE 197-01





SECTION 5
LINEAR REGULATOR CONSTRUCTION

AND LAYOUT

An important, and often neglected, aspect of the total regulator circuit design
is the actual layout and component placement of the circuit. In order to obtain
excellent transient response performance, high frequency transfstors are used in
modem integrated circuit voltage regulators. Proper attention to circuit layout is
therefore necessary in order to prevent regulator instability or oscillations, or
degraded performance.

In this section, guidelines will be given on proper regulator layout and
placement of circuit components. In addition, topics such as remote voltage sensing
and semiconductor mounting techniques will also be considered.

1. General Layout and Component Placement Considerations
As mentioned previously, modem integrated circuit regulators are necessarily

high bandwidth devices in order to obtain good transient response characteristics.
To insure stable closed loop operation, all these devices are frequency compen-
sated, either internally or externally. This compensation can easily be upset by
unwanted stray circuit capacitances and lead inductances, resulting in spurious
oscillations. Therefore, it is important that the circuit lead lengths be short and the
layout as tight as possible. Particular attention should be paid to locating the
compensation and bypass capacitors as close to the IC as possible. Lead lengths
associated with the external pass element(s), if used, should also be minimized.

Often overlooked is the stray inductance associated with the input leads to the
regulator circuit. If the lead length from the input supply filter capacitor to the
regulator input is more than a couple of inches, a O.OI-I.O,uF high frequency type
capacitor (tantalum, ceramic, etc.) should be used to bypass the supply leads close
to the regulator input pins.

A typical good circuit layout is shown in Figure 5-1 for an MC1569R
regulator circuit configuration.
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2. Ground Loops and Remote Voltage Sensing
Ground Loops

Regulator performance can also suffer if ground loops in the circuit wiring
are not avoided. The most common ground loop problem occurs when the return
lead of the input supply filter capacitor is improperly located, as shown in Figure
5-2. If this return lead is physically connected between the load return and the
regulator circuit ground point ("B"), a ripple voltage component (60 or 120 Hz)
can be induced on the load voltage, VL. This is due to the high peaks of the filter
capacitor ripple current, iripple,flowing through the lead resistance between the
load and regulator. These peaks can be 5 to 15 times the value of load current.
Since the regulator will only keep constant the voltage between its sense lead and
ground point, points "A" and "B" in Figure 5-2, this additional ripple voltage,
VLEAD, will appear at the load.

This problem can be avoided by proper placement and connection of the
filter capacitor return load as shown in Figure 5-3.
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Remote Voltage Sensing
Closely related to the above ground loop problem, is resistance in the current

carrying leads to the load. This can cause poorer than expected load regulation
in cases where the load currents are large or where the load is located some
distance from the regulator. This is illustrated in Figure 5-4. As stated previously,
the regulator circuit will keep the voltage present between its sense and ground
pins constant. From Figure 5-4 we can see that any lead resistance between these
points and the load will cause the load voltage, VL, to vary with varying load
current, iL. This effectively lowers the load regulation of the circuit.

This problem can be avoided by use of remote sense leads, as shown in
Figure 5-5. The voltage drops in the high current carrying leads now have no
effect on the load voltage, VL. However, since the sense and ground leads are
usually rather long, care must be exercised that their associated lead inductance
is minimized, or loop instability may result. The ground and sense leads should
be formed into a twisted pair lead to minimize their lead inductance and noise
pickup.



3. Semiconductor Mounting Considerations
An area of regulator construction which frequently does not receive proper

attention is the mounting of the semiconductor power devices. Improper mounting
of the external series pass transistor(s) and/or IC regulator, if in a power type
package (TO-3, TO-66, TO-220, etc.), can result in higher than expected case
to heatsink thermal resistances (for thermal information see Section 15) or worse,
mechanical damage to the package.

Most problems associated with mounting can be avoided if the following rules
are observed:
1. The mounting surface should be flat, smooth, free of deep scratches or burrs,
and free of paint, varnish, anodization, or oxidation.
2. Always use a thermal joint compound at the mounting interface (Dow-Corning
340, etc.)
3. Mounting holes should be no larger than those on the semiconductor package;
and should be free of burrs or chamfers.
4. TO-3 and TO-66 style packages can be torqued down to the torque limit of the
mounting hardware.

Examples of TO-3/TO-66 and TO-220 (Case 221A) mounting techniques
are shown in Figures 5-6 and 5-7, respectively.

Figure 5-6. Mounting Details for Flat·Base Mounted semiconductors (TO·66 Shown). When not
using a socket, machine screws tightened to their torque limits will produce lowest thermal
resistance.
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SECTION 6
LINEAR REGULATOR DESIGN EXAMPLE

As an illustration of the use of the material contained in the preceeding
sections, the following regulator design example is given.

Regulator Performance Requirements
Output Voltage, Vo = + IOV ± .1V
Output Current, 10 = lA, current limited
Load Regulation, :s; .1% for 10 = IOmA to 750mA
Line Regulation, :s; .1%
Output ripple, :s; 2m V p-p
Max Ambient Temperature, TA :s; + 70°C
Supply will have common loads to a negative supply

1. IC Regulator Selection: Study of the available regulators given in the selection
guide of Section 17 reveals that both the MCI723C and MC1469 would meet the
regulation performance requirements. Both regulators must be current boosted
to obtain the required 1A output current A rough cost estimate shows that an
MC 1723C1 series pass element combination is the most economical approach.
2. Circuit Configuration: In Section 3, an appropriate circuit configuration is
found. This is the MC 1723 NPN boost configuration of Figure 3-5A.
3. Determination of Component Values: Using the equations given in Figure
3-5A, the values of CREF, Rl, R2, R3 and Rsc are determined:

a. CREFis chosen to be O.IJLF for low noise operation.
b. RI + R2 is chosen to be = 10K.

c. R2 is then given by: R2 = ~: (RI + R2) = .7 (10K) = 7K

d. Since VREFcan vary by as much as ± 5% for the MC 1723C, R2 shouleJbe made
variable by at least that much, so that Vo can be set to the required value of + IOV ±
.1 V. R2 is therefore chosen to consist of a 62K resistor and a 2K trimpot.
e. RI = 10K - R2 = 10K - 7K = 3K

f. Rsc = °i~cV = °i~V = .6.0; .56.0, 1W chosen for Rsc.

g. R3 = RI II R2 == 2.2K
4. Determination of Input Voltage, VIN:There are two basic constraints on the
input voltage: (1) the device limits for minimum and maximum VINand (2) the
minimum input-output voltage differential. These limits are found on the device
data sheet (Section 18.) to be:



9.5V ~ VIN :i; 40V and (VIN - Yo) ~ 3V

For the configuration of Figure 3-5A, (V IN - Yo) is given by:

(VIN - Yo) = [VIN- (Vo + 2<p» ~ 3V where <p = VBEON= O.6V

Note that (VIN - Yo) is defined on the device data sheet to be the differential
between the input and output pins. Since the base-emitter junction drops of Ql and
Rsc have been added to the circuit, they must be added to the minimum value of
(VIN - Yo). Therefore,

VIN~ Vo + 2 <p + 3V = 10 + 1.2 + 3

VIN~ 14.2V
This condition also satisfies the requirement for a minimum VINof 9.5V.
b. In order to simplify the design of the input supply (see Section 8), VIN is
chosen to be 16V average with a 3V p-p ripple at full load and up to 25V at no
load. This assures that the input voltage is always above the required minimum
value of 14.2Y. Now, the output ripple can be determined. The MCI723C has
a typical ripple rejection ratio of -74 db, as given on its data sheet. With an
input ripple of 3V p-p, the output ripple would be less than 1m V p-p, which
meets the regulator output ripple requirements.
5. Determination of regulator package and available output current: Refer-
ring to the MC 1723 data sheet (Section 18), there are two package styles to
choose from. Since the two packages have different thermal characteristics, the
amount of available output current will be different for each.

This can be found from:
TJ = TA + (}JA Po (Eq. 6.1 from Section 15)

where (hA = heats ink and/or pkg total junction-to-ambient thermal
resistance

Po = VIN x (10 + lIB)

lIB = quiescent current of IC regulator

10 = IC regulator output current

10 = [(T] - TA)] - lIB (6.1)
(hA VIN

From the device data sheet, we can find the values of TJ, OJA, and liB. Eq 6.1
can then be solved. The results are summarized below for an unheatsinked
MCI723CL (ceramic DIP), an unheatsinked MCI723CG (metal can), and an
infinitely heatsinked MC 1723CG packages.

TABLE 6-1

MC1723CL MC1723CG MC1723CG

Heatsink None None Infinite

TJ 175°C 150°C 150°C
TA 70°C 70°C 70°C
OJA 150°C/W 184°C/W 70°C/W
liB 4mA 4mA 4mA

10 40mA 23mA 67mA



A choice must now be made. Since it is desirable to have as much available current
as possible to drive QI (thereby lowering its gain (hfe) requirements), an infinitely
heats inked MC 1723CG is the most desirable choice. However, the construction of
an infinite heatsink is hardly practical. Therefore, the choice is between an unheat-
sinked MCl723CL and an MCl723CG with some form of heatsinking. The
unheatsinked MCl723CL is chosen since this approach is the least complex.
6. Selection of the Series Pass Element, Q1: The transistor type chosen for Q 1
must have the following characteristics (see Section 4):
a. VCEO~ VINMAX
b. IeMAX~ Isc

Isc @c. hfe ~ 10 VCE= VIN- Vo - if>

d. POMAX~ VIN, X Isc
e. (hc such to allow practical heatsinking
f. SOA such that it can withstand

VCE= VIN@ Ie = Isc

for this example:
VCEO~ 25V

IeMAX~ lA

hfe ~ 25 @ VCE= 5V @ Ie = 1A

POMAX~ 16W

(hc = 1.52°C/W

SOA: lA @ 16V

A 2N3055 transistor is chosen as a suitable device for Q 1 using the selection
guide of Section 4 and the transistor data sheets (available from device
manufacturer) .

7. Ql Heatsink Calculation

TJ = TA + OJA PD (Eq 15.1 from Section 15)

Po = VlN X Isc

[TJ - TAlOSA = Po - (OJC + OCS)

From the 2N3055 data sheet, TJ = 200°C and OJe = 1.52°ClW. The transistor
will be mounted with thermal grease directly to the heatsink. Therefore, ()CS is
found to be O.loClW from Table 15-1.
Solving 6.2:



(JSA = [200°C - 70°C] - (l 52 + 0 1) °C/W16V x lA . .

0::; 6.6°C/W

A commercial heatsink is now chosen from Table 15-2 or a custom designed
using the methods given in Section 15. For this example, a thermalloy 6003
heatsink having a 8cs of 6.2°ClW was used.
8. Clamp Diode: Since the regulator can power a load which is also connected to a
negative supply, a IN4001 diode is connected to the output for protection. (See
general design considerations, Section 3H.) The complete circuit schematic is
shown in Figure 6-1.

2N3055 on
Thermellby #6003 0.56,1W

Vo -
+10 V,
1 A

10---'

2

9. Construction Input Supply Design: The input supply is now designed using
the information contained in Section 8 and the regulator circuit is constructed
using the guidelines given in Section 5.



SECTION 7
LINEAR REGULATOR CIRCUIT

TROUBLESHOOTING CHECKLIST

Occasionally the designer's prototype regulator circuit will not operate proper-
ly. If problems do occur, the trouble can be traced to a design error in 99.9% of the
cases. As a troubleshooting aid to the designer, the following guide is presented.

Of course, it would be difficult, if not impossible, to devise a troubleshooting
guide which would cover all possible situations. However, the checklist provided
will help the designer pinpoint the problem in the majority of cases. To use the
guide, first locate the problem's symptom(s) and then carefully recheck the reg-
ulator design in the area indicated using the information contained in the referenced
handbook section.

REFER TO
SYMPTOM DESIGN AREA TO CHECK SECTION

Regulator Oscillates 1. Layout 5
2. Compensation capacitor too small 3, 18
3. Input leads not bypassed 5
4. External pass element parasitically 5

oscillating

Loss of Regulation at 1. Emitter-Base resistor in "PNP" 4
Light Loads type boost configuration too large

2. Absence of 1 mA "minimum" load 18
(see load regulation test spec on
device data sheet)

3 .. Improper circuit configuration 3

Loss of Regulation at 1. Input Voltage too low (VINMIN, 2, 3, 18
Heavy Loads IVIN - VOIMIN) 17

2. External pass element gain too low 4
3. Current limit too low 3
4. Line resistance between sense points 5

and load
5. Inadequate heats inking 15

IC Regulator or Pass 1. Inaequate heats inking 15
Element Fails after 2. Input Voltage Transient (VINMAX,2,4,5,17,18
Warm-Up or at High VCEO)
TA

Pass Element Fails 1. Insufficient pass element ratings 4
During Short Circuit (SOA, IcMAx)

2. Inadequate heats inking 15



REFER TO
SYMPTOM DESIGN AREA TO CHECK SECTION

IC Regulator Fails 1. IC current or SOA capability 2, 18
During Short Circuit exceeded

2. Inadequate heats inking

IC Regulator Fails 1. Input voltage transient (VINMAX) 2, 18
During Power Up 2. IC current or SOA capability 2, 18

exceeded as load (capacitor) is
charged up.

IC Regulator Fails 1. Regulator reverse biased 3.H
During Power-Down

Output Voltage Does 1. Output polarity reversal 3.H
Not Come Up During 2. Load has "latched-up" in some
Power-Up or After manner (usually seen with op amps,
Short Circuit current sources, etc.)

Excessive 60 or 120 1. Input supply filter capacitor ground 5
Hz Output Ripple loop

If, after carefully rechecking the circuit, the designer is not successful in
resolving the problem, seek assistance from the factory by contacting the nearest
Motorola Sales office.



SECTION 8
DESIGNING THE INPUT SUPPLY

Most input supplies used to power series pass regulator circuits consist of
a 60 Hz, single phase step-down transformer followed by a rectifier circuit whose
output is smoothed by a choke or capacitor input filter. The type of rectifier circuit
used can be either a half-wave, full-wave, or full-wave bridge type, as shown
in Figure 8-1. The half-wave circuit is used in low current applications, while
the full-wave is preferrable in high-current, low output voltage cases. The full-
wave bridge is usually used in all other high-current applications.



In this section, specification of the filter capacitor, rectifier and transformer
ratings will be discussed. The specifications for the choke input filter will not be
considered since the simpler capacitor input type is more commonly used in series
regulated circuits. A detailed description of this type of filter can be found in the
reference listed at the end of this section.

1. Design of Capacitor-Input Filters
The best practical procedure for the design of capacitor-input filters still

remains based on the graphical data presented by Schade I in 1943. The curves
shown in Figures 8-2 through 8-5 give all the required design information for
half-wave and full-wave rectifier circuits. Whereas Schade originally also gave
curves for the impedance of vacuum-tube rectifiers, the equivalent values for
semiconductor diodes must be substituted. However, the rectifier forward drop
often assumes more significance than the dynamic resistance in low- voltage supply
applications, as the dynamic resistance can generally be neglected when compared
with the sum of the transformer secondary-winding resistance plus the reflected
primary- winding resistance. The forward drop may be of considerable importance,
however, since it is about 1 V, which clearly cannot be ignored in supplies of 12 V
or less.
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Returning to the above curves, the full-wave circuit will be considered.
Figure 8-3 shows that a circuit must operate with WCRL ~ 10 in order to hold
the voltage reduction to less than 10 percent and WCRL ~ 40 to obtain less than
2 percent reduction. However, it will also be seen that these voltage-reduction
figures require Rs/RL, where Rs is now the total series resistance, to be about
0.1 % which, if attainable, causes repetitive peak-to-average current ratios from
10 to 17 respectively, as can be seen from Figure 8-4. These ratios can be satisfied
by many diodes; however, they may not be able to tolerate the turn-on surge
current generated when the input-filter capacitor is discharged and the transformer
primary is energized at the peak of the input waveform. The rectifier is then
required to pass a surge current determined by the peak secondary voltage less
the rectifier forward drop and limited only by the series resistance Rs. In order
to control this turn-on surge, additional resistance must often be provided in series
with each rectifier. It becomes evident, then, that a compromise must be made
between voltage reduction on the one hand and diode surge rating and hence
average current-carrying capacity on the other hand. If small voltage reduction,
that is good voltage regulation, is required, a much larger diode is necessary than
that demanded by the average current rating.



Surge Current
The capacitor-input filter allows a large surge to develop, because the reac-

tance of the transformer leakage inductance is rather small. The maximum instan-
taneous surge current is approximately VM/Rsand the capacitor charges with a time
constant 'T = Rs CI. As a rough - but conservative - check, the surge will not
damage the diode if VM/Rsis less than the diode IFSMrating and 'T is less than 8.3 ms.
It is wise to make Rs as large as possible and not pursue tight voltage regulation;
therefore, not only will the surge be reduced but rectifier and transformer ratings
will more nearly approach the dc power requirements of the supply.

As an aid in the selection of a suitable rectifier or bridge, the brief selection
guide of Table 8-1 is included.

TABLE 8·1
RECTIFIERS

IF(AVGI IFSM SERIES
1.0A 30A lN4000
1.5A 50A 1N5391
3.0A 100A MR500
3.0A 200A lN5400
S.OA 400A MR750
12A 300A MRl120
20A 400A MR2000S
25A SOOA MR2500S
40A SOOA 1NllS3A

BRIDGES

1.0A 30A MDA100A
2.0A 50A MDA200
4.0A 100A MDA400
S.OA 400A MDASOO
12A 400A MDA1200
25A 400A MDA2500
35A 400A MDA3500

2. Design Procedure
A. From the regulator circuit design (see Section 6), we know:

VqOC) = The required full load average DC output voltage of the
capacitor input filter

VRipple(p-p)= the maximum full load peak-to-peak ripple voltage

Vm = the maximum no load output voltage

10 = the full-load filter output current

f = the input AC line frequency

B. From Figure 8-5, we can determine a range of minimum capacitor values to
obtain sufficient ripple attenuation. First determine ff:

ff = VRipple(p-p)X 100%
2 "\12 VqOq

a range for WCRLcan now be found from Figure 8-5.

C. Next, determine the range of Rs/RL from Figure 8-2 or 8-3 using VqDC) and
the values for WCRL found in part B. If the range of wCR •...values initially



determined from Figure 8-5 is above = 10, Rs/RL can be found from Figures
8-2 and 8-3 using the lowest WCRLvalue. Otherwise, several iterations between
Figures 8-2 or 8-3 and 8-5 may be necessary before an exact solution for Rs/RL
and WCRLfor a given rf and VC(DC)lVmcan be found.
D. Once WCRLis found, the value of the filter capacitor, C, can be determined
from: CR

C = W L (8.2)
27T ( V~~) )

E. The rectifier requirements may now be determined:
I. Average Current

IF(AVG)= 10 for half-wave rectification (8.3)

10/2 for full-wave rectification
2. RMS and Peak repetitive rectifier current ratings can be determined from Figure
8-4.

3. The rectifier PIV rating is 2 Vmfor the half-wave and full wave circuits, Vmfor
the full-wave bridge circuit. In addition, a safety margin of20% to 50% is advisable
due to the possibility of line transients.
4. Maximum Surge Current

ISURGE= V,J(Rs + ESR) (8.4)

where ESR = minimum equivalent series resistance of filter capacitor
from its data sheet

F. Transformer Specification
I. Secondary Leg RMS Voltage

Vs = {Vm + (n) 1.0}/V2

= 2 for full-wave bridge
2. Total resistance of secondary and any external resistors to be equal to Rs found
from Figures 8-2, -3, and -4 (see Part C).

3. Secondary RMS Current

Half- Wave = Irms
Full- Wave = Irms

Full- Wave Bridge = V2 Irms

where Irms= rms rectifier current (from part E.I and E.2).

4. Transformer VA rating

Half-Wave = Vs Irms

Full-Wave = 2 Vs Irms

Full-Wave Bridge = Vs IrmsCY2)

where Irms= rms rectifier current (from part E.I and E.2)

and Vs = Secondary Leg RMS Voltage

8-7



3•.Design Example
A. Find the values for the filter capacitor, transformer rectifier ratings, given:

Full- Wave Bridge Rectification

VC(DC)= 16V

V RIPPLE (p-p) = 3 V

VM = 25 V

10 = 1 A

f = 60 Hz

B. Using Equation (8.1)

3
rf = 2 V2(l6) x

from Figure 8-5, WCRL = 7 to 10

C. Using WCRL = 10, Rs/RL is found from Figure 8-3 using:

VqOC) = 16 = 64 = 6401.VM 25 . . "/0

1 VqOC)
.. Rs RL = 20% or Rs = .2 X RL = .2( 10 ) = .2 (16)

Rs = 3.2 n
D. From Equation (8.2), the filter capacitor size is found:

C = WCRL = 10 1657 j.LF

27Tf( V~~OC» 27T(60)16

E. The rectifier ratings are now specified:

1. IF(AVG)= 10/2 = 0.5 A from Eq (8.3)

2. IF(RMS)= 2 x IF(AVG)= 1 A from Fig. 8-4

3. IF(PEAK)= 5.2 x IF(AVG)= 2.6 A from Fig. 8-4

4. PIV = VM = 25 V (use 50 V for safety margin)

5. IsURGE= VM/(Rs + ESR) = 25/3.2 = 7.8 A from Eq (8.4) (neglecting
capacitor ESR)

F. The transformer should have the following ratings:

1. Vs = {VM + n(1.0)}/V2 = (25 + 2)/0 = 19 VRMS {from Eq (8.5)}

2. Secondary Resistance should be 3.2 n.
3. Secondary RMS current rating should be 1.4 A {from Eq (8.6)}

4. From Eq. (8.7), the transformer should have a 27 VA rating.



It should be noted that, in order to simplify the procedure, the above design
does not allow for line voltage variations or component tolerances. The designer
should take these factors into account when designing his input supply. Typical
tolerances would be: Line Voltage - + 10%, -15% and Capacitors - +75%,
-10%.

REFERENCES
1. O. H. Schaade, Proc. IRE, Vol. 31, 1943.
2. Motorola Silicon Rectifier Manual, 1980.





SECTION 9
SWITCHING REGULATORS VERSUS

LINEAR REGULATORS

A. THE MARKET
A switching power supply or switcher is a high frequency power conversion

circuit. 1t uses the ac power line to produce one or more regulated dc voltages.
Switchers became practical in the early 60's with the advent of fast, high voltage
transistors that made it possible for designers to operate directly off the rectified
high voltage (120/220 V) ac lines. By 1970 almost every power supply company
had a switcher or line of switchers in their catalog. And today, it is estimated that
20% of the regulated AC-DC power supply market belongs to switchets (See
Figure 9-1). The chart indicates that this market will enjoy a compound growth
rate (COR) of about 15% annually but that switchers will average a 30% COR
and will capture 40% of the market by 1985. At this time, the fastest growing
market segment is the small, single transistor, switchers (50 to 150 watts). These
supplies are benefitting from the current boom in microprocessor and mini-
computer equipment such as bank auto tellers and point-of-sale terminals.

B. COMPARISON WITH LINEAR REGULATORS
Switching power supplies offer advantages of efficiency, size, and weight,

but also require a more complex design, cannot meet some of the performance
capabilities of linear supplies, and can generate a considerable amount of electrical
noise. Even with some of the disadvantages, switchers are being accepted in the
industry, particularly where size and efficiency are of prime importance. In most
applications performance is adequate, and they are cost competitive in the 50 W
power level and above. Figure 9-2 illustrates the trends in cost as a function of
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output power. Because the switcher's passive components such as transformers
and filters are smaller, they are almost always lower in cost than the high power
(100 W) linear regulators. However, active component count is high (70 to 140
devices) and remains high regardless of the output power rating. This makes it
less cost effective at the lower power levels. Switchers have been significantly
cost reduced in the past five years because designers have been able to simplify
the control circuits and have found even lower cost alternatives in the passive
component area. The 500 W break even point (switcher versus linear) was broken
five years ago, and the present 50 W break even point is expected to drop to
20 W in the next couple of years. An example of present parts cost in a 50 W
switcher is shown in Table 9-1. The active component semiconductor cost is a
somewhat higher percentage of the total at this power level. The average cost of
semiconductors for switchers tends to be about 10% of the selling price. This can
be subdivided into 5% for rectifiers and about 2% each for transistors and Ie's.

Finally, the actual performance comparison chart is shown in Table 9-2.
Single output switcher efficiencies run from 70 to 80% but occasionally fall to
60-65% with post regulated auxiliary outputs. Some linear power supplies on
the other hand, are operated with up to 50% efficiency, but these are areas where
line variations and short hold-up time problems are minimal. Most linear supplies

Approximate Parts Cost
of Similar 50 W Power Supplies (1980)

20 kHz
Swltcher Linear

Component ($) ($)
Magnetics 8 10
Capacitors 7 7

"Rectifiers 5 3
"Transistors 3 2
"IC's 2 2
Misc. 5 8
(Line/Heat Sinks)

TOTAL 30 32



Parameter Swltcher Linear
Efficiency 75% 30%
Size 2.0 W/IN3 0.5 W/IN3
Weight 40 W/lb. 10 W/lb.
Cost 200-500 W· $1.001W $1.251W
Cost 50-150 W· $1.501W $1.501W
Line and Load Regulation 0.1% 0.1%
Output Ripple Vp_p 50 mV 5.0 mV
Noise Vp_p 50-200 mV -
Transient Response 1 ms 20 fLs
Hold-Up Time 20-30 ms 1-2 ms

operate with typical efficiencies of only 30%. The overall size reduction of a 20
kHz switcher is about 4: lover an equivalent linear supply. Newer designs in the
100 to 200 kHz region end up at about 6: I. Other characteristics such as static
regulation specs are comparable, while ripple and load transient response are
usually worse. Output noise specs can be somewhat misleading. Very often a 200
mV switching spike at the output may be attenuated considerably at the load itself
due to the series inductance of the connecting cables and the additional filter
capacitors found in many logic circuits. In the future, noise generated at higher
switching frequencies (l00-500 kHz) will probably be easier to filter and the
transient response will be faster. Switchers also exhibit long hold-up time due to
their inherent ability to regulate over wide variations in input voltage. It is easier
to store the required energy in high voltage input filter capacitors (200-400 V)
than in lower voltage (20-50 V) capacitors common to linear power supplies.
This is because the physical size of a capacitor is dependent on its CV product,
while energy storage is proportional to CV2.





SECTION 10
SWITCHING REGULATOR TOPOLOGIES

A switching power supply is a relatively complex circuit as is shown by the
four basic building blocks of Figure 10-1. It is apparent here that the heart of the
supply is really the high frequency inverter. It is here that the work of chopping
the rectified line at a high frequency (~20 kHz) is done. It is here also that the
line voltage is transformed down to the correct output level for use by logic or
other electronic circuits. The remaining blocks support this basic function. The
60 Hz input line is rectified and filtered by one block, and after the inverter steps
this voltage down, the output is again rectified and filtered. The task of regulating
the output voltage is left to the control circuit which closes the loop from the
output to the inverter. Most control circuits generate a fixed frequency internally
and utilize pulse width modulation techniques to implement the desired regulation.
Basically, the on-time of the square wave drive to the inverter is controlled by
the output voltage. As the load is removed or input voltage increases, a slight
rise in output voltage will signal the control circuit to deliver narrower pulses to
the inverter, and conversely, as the load is increased or input voltage' decreases,
wider pulses will be fed to the inverter.
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A. BUCK AND BOOST
The inverter topologies used in today's switchers actually evolved from the

buck and boost circuits shown in Figure 1O-2A & 1O-2B. In each case, the
regulating means and loop analysis will remain similar, but a transformer is added
in order to provide electrical isolation between the line and load. The forward
converter family which includes the push-pull and half bridge circuits evolved
from the buck regulator (Figure 1O-2A). And the newest switcher, the flyback
converter, actually evolved from the boost regulator. The buck circuit interrupts
the line and provides a variable pulse width square wave to a simple averaging
LC filter. In this case, the first order approximation of the output voltage is Voul
= Vin X duty cycle, and regulation is accomplished by simply varying the duty
cycle. This is satisfactory for most analysis work, and only the transformer turns
ratio will have to be adjusted slightly to compensate for IR drops, diode drops,
and transistor saturation voltages.

Operation of the boost circuit (Figure 1O-2B) is more subtle in that it first
stores energy in a choke and then delivers this plus energy from the input line
to the load. However, the flyback regulators which evolved from this configuration
deliver only the inductive energy stored in the choke to the load. This method
of operation is actually based on the boost variation model shown in Figure
1O-2C. Here, when the switch is opened, only the stored inductive energy is
delivered to the load. The true boost circuit can also regulate by stepping up (or
boosting) the input voltage, whereas the variation or flyback regulator can step
the ~nput voltage up or down. Analysis of the boost regulator begins by dealing
with the choke as an energy storage element which delivers a fixed amount of
power to the load:

Po 1/2 L 12fo

where I = the peak choke current
fo = the operating frequency

and L the inductance

Because it delivers a fixed amount of power to the load regardless of load
impedance (except for short circuits), the boost regulator is the designer's first
choice in photo-flash and capacitive-discharge (CD) automotive ignition circuits
to recharge the capacitive load. It also makes a good battery charger. For an
electronic circuit load, however, the load resistance must be known in order to
determine the output voltage:

Vo = VPoRL = I JLf2RL

where RL = The load resistance

In this case, the choke current is proportional to the on time or duty cycle
of the switch, and regulation for fixed loads simply involves varying the duty
cycle as before. However, the output also depends on the load (which was not
the case with buck regulators) and results in a variation of loop gain with load.
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For both regulators, transient response or responses to step changes in load
are very difficult to analyze. They lead to what is termed a "load dump" problem.
This requires that energy already stored in the choke or filter be provided with
a place to go when load is abruptly removed. Practical solutions to this problem
include limiting the minimum load and using the right amount of filter capacitance
to give the regulator time to respond to this change.

B. FLYBACK AND FORWARD CONVERTERS
To take advantage of the regulating techniques just discussed, and also

provide isolation, a total of five popular topologies have evolved and are illustrated
in figures lO-3 and lO-6. Each circuit has a practical power range or capability
associated with it as follows:

Circuit
Flyback

Forward

Power Range
50 to 100 watts

100 to 200 watts

Motorola Reference
EB87

Push-Pull 200 to 500 watts EB88, AN-737A

Half Bridge 200 to 500 watts EB's 86 & 100, AN-767

Full Bridge 500 to 2000 watts EB-R5

First to be discussed will be the low power (20-200 W) converters which
are dominated by the single transistor circuits shown in Figure lO-3. All of these
circuits operate the magnetic element in the unipolar rather than bipolar mode.
This means that transformer size is sacrificed for circuit simplicity.

1. Flyback - The flyback (alternately known as the "ringing choke") regulator
stores energy in the primary winding and dumps it into the secondary windings
(Figure lO-3A). A clamp winding is usually present to allow energy stored in the
leakage reactance to return safely to the line instead of avalanching the switching
transistor. The operating model for this circuit is the boost circuit variation dis-
cussed earlier. The flyback is the lowest cost regulator (except at high power
levels) because output filter chokes are not required, since the output capacitors
feed from a current source rather than a voltage source. Because of this, the
flyback will have higher output ripple than the forward converter. However, the
flyback is an excellent choice when multiple output voltages are required and
does tend to provide better cross regulation than the other types. In other words,
changing the load on one winding will have little effect on the output voltage of
the others.

A 120/220 Vac flyback design requires transistors that block twice the peak
line plus transients or about 1.0 kY. Presently, variations of 1200 to 1500 V
horizontal deflection transistors are used here. These bipolar devices are relatively
slow (tf = 200-500 ns) and tend to limit efficient operating frequencies to 20-40
kHz. Introduction of 1000 V TMOS FET will soon permit operation at much
higher frequencies. Faster 1.0 kV bipolar transistors are also anticipated in the
near future and will provide a lower cost alternative. The two transistor variation
of this circuit (Figure 10-3C) eliminates the clamp winding and adds



10-3A. Flyback
(Clamp Winding
Is Optional)

10-38. Forward
(Clamp Winding
Is Necessary)

IlL
10-3C. Two Transistor

Forward or
Flyback (Clamp
Winding Is Not
Needed)



a transistor and diode to effectively clamp peak transistor voltages to the line.
With this circuit a designer can safely use the faster 400 V to 500 V bipolar or
FET Switchmode transistors and push operating frequencies considerably higher.
There is a cost penalty here over the single transistor circuit due to the extra
transistor, diode and floating base drive requirement of the upper switch transistor.

A subtle variation in the method of operation can be applied to either of
these circuits. The difference is referred to as operation in the discontinuous or
continuous mode, and the waveform diagrams are shown in Figure 10-4. The
analysis given in the earlier section on boost regulators dealt strictly with the
discontinuous mode where all the energy is dumped from the choke before the
transistor turns on again. If the transistor is turned on while energy is still being
dumped into the load, the circuit is operating in the continuous mode. This is
generally an advantage for the transistor in that it needs to switch only half as
much peak current in order to deliver the same power to the load. In many
instances, the same transformer may be used with only the gap reduced to provide
more inductance. Sometimes the core size will need to be increased to support
the higher LI product (2 to 4 times) now required, because the inductance must
increase by almost 10 times to effectively reduce the peak current by two. In
dealing with the continuous mode, it should also be noted that the transistor must
now turn-on from 500 to 600 V rather than 400 V level, because there no longer
is any dead time to allow the flyback voltage to settle back down to the input
voltage level. Generally it is advisable to have VCEO (sus) ratings comparable to
the turn-on requirements.

The flyback converter stands out from the others in its need for a low
inductance, high current primary. Conventional E and pot core ferrites are difficult
to work with because their permeability is too high even with relatively large
gaps (50 to 100 mili-inches). The industry needs something better (like powered
iron) that will provide permeabilities of 60 to 120 instead of 2000 to 3000 for
this application.

800 V

VCE

·400 V

OV

2.0 A
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2. Forward - The single transistor forward converter is shown in Figure
1O-3B. Although it initially appears very similar to the flyback, it is not. The
operating model for this circuit is actually the buck regulator discussed earlier.
Instead of storing energy in the transformer and then delivering it to the load,
this circuit uses the transformer in the active or forward mode and delivers power
to the load while the transistor is on. The additional output rectifier is used as
a freewheeling diode from the LC filter, and the third winding is actually a reset
winding. It generally has the same turns as the primary (is usually bifilar wound)
and clamps the reset voltage to twice the line. However, its main function is to
return energy stored in the magnetizing inductance to the line and thereby reset
the core after each cycle of operation. Because it takes the same time to set and
reset the core, the duty cycle of this circuit cannot exceed 50%. This also is a
very popular low power converter, and like the flyback, is practically immune
from transformer saturation problems. Transistor waveforms shown in Figure 10-
5 illustrate that the voltage requirements are identical to the flyback. For the single
transistor versions, 400 V turn-on and 1.0 kV blocking devices like the 1200 to
1500 V deflection transistors are required. The two transistor circuit variation
shown in Figure 1O-3C again adds a cost penalty, but allows a designer to use
the faster 400 to 500 V devices. With this circuit, operation in the discontinuous
mode refers to the time when the load is reduced to a point where the filter choke
runs "dry." This means that choke current starts at and returns to zero during
each cycle of operation. Even though there are no adverse effects on the com-
ponents themselves, most designers prefer to avoid this type of mode because of
higher ripple and noise. Standard ferrite cores work fine here and in the high
power converters as well. In these applications, no gap is used as the high
permeability (3000) results in a desirable effect of very low magnetizing current
levels.



C. PUSH-PULL AND BRIDGE CONVERTERS
The high power circuits shown in Figure 10-6 all operate the magnetic

element in the bipolar or push-pull mode and require 2 to 4 inverter transistors.
Because the transformers operate in this mode, they tend to be almost half the
size of the equivalent single transistor converters and thereby provide a cost
advantage over their counterparts at power levels of 100 watts to 1.0 kW.

1. Push-Pull - The push-pull converter shown in Figure 1O-6A is one of the
oldest converter circuits around. Its early use was in low voltage inverters such
as the 12 Vdc to 120 Vdc power source for recreational vehicles and in dc to dc
converters. Because these converters are free running rather than driven and
operate from low voltages, transformer saturation problems are minimal. In the
high voltage off line switchers, saturation problems are common and difficult to
solve. The transistors are also subjected to twice the peak line voltage which
requires the use of relatively slow 1.0 kV transistors. Both of these drawbacks
have tended to discourage designers of off line switchers from using this topology.

2. Half and Full Bridge - The most popular high power converter today is the
half bridge (Figure 1O-6B). It has two clear advantages over the push-pull type.
First, the transistors never see more than the peak line voltage and standard 400
V fast Switchmode transistors that are now readily available may be used. Second,
and probably even more important. transformer saturation problems are easily
minimized by use of a small coupling capacitor (2.0 /-LF~ Cc ~ 5.0 /-LF)as
shown. Because the primary winding is driven in both directions, a full wave
output filter, rather than half, is now used, and the core is actually utilized more
effectively. Another more subtle advantage of this circuit is that the input filter
capacitors are placed in series across the rectified 220 Vac line which allows them
to be used as the voltage doubler elements on a 120 Vac line. This allows the
inverter transformer to operate from a nominal 320 Vdc bus when the circuit is
connected to either 120 Vac or 220 Vac. Finally, this topology allows diode
clamps across each transistor to contain destructive switching transients. The
designers dream, of course, is for fast transistors that can handle a clamped
inductive load line at rated current. And a few (like the Switchmode III and
TMOS FET series from Motorola) are beginning to appear on the market. How-
ever, the older designs in this area still end up using snubbers to protect the
transistor which sacrifices both cost and efficiency.

The effective current limit of today's low cost TO-3 transistors (300 mil die)
is somewhere in the 10 to 20 A area. Once this limit is reached, the designer
generally changes to the full bridge topology shown in Figure 1O-6C. Because
full line rather than half is applied to the primary winding, the power output can
almost double that of the half bridge with the same switching transistors.

Another variation of the half bridge is the split winding circuit shown in
Figure 1O-6D. A diode clamp can protect the lower transistor but a snubber or
zener clamp must still be used to protect the top transistor from switching tran-
sients. Because both emitters are at an ac ground point, expensive drive trans-
formers can now be replaced by lower cost capacitively coupled drive circuits.







SECTION 11
SWITCHING REGULATOR COMPONENT

DESIGN TIPS
A. TRANSFORMERS

With respect to transformer design, many of today's designers would say don't
try it. They'd advise using a consultant or winding house to perform this task, and
with good reason. It takes quite a bit of time to develop a "feel" for this craft and
be able to use both experience and intuition to find solutions to second and third order
problems. Because of these subtle problems, most designers find that after the first
paper design is done, as many as four or five lab iterations may be necessary before
the transformer meets the design goals. However, there is a considerable design
challenge in this area and a great deal of satisfaction can be obtained by mastering
it.

As do all others, this component design begins by requesting all available lit-
erature from the appropriate manufacturers, and then following up with phone calls
when specific questions arise. A partial list of companies is shown in Table 11-1.
Designs below 50 W generally use pot cores, but for 50 Wand above E cores are
preferred. E cores expose the windings to air so that heat is not trapped inside. The
exposure also makes it easier to bring out connections for tapped windings. Remember
that flyback designs require lower permeability cores than the others. The classic
approach is to consult manufacturers charts like the one shown in Figure 11-1 and
then pick a core with the required power handling ability. Both E and E-C (E cores
with a round center leg) are popular now, and they are available from several man-
ufacturers. E-C cores offer a performance advantage (better coupling) but standard
E cores cost less and are also used in these applications. Another approach that seems
to work equally as well is to do a paper design of the estimated windings and number
of turns required. Size the wire for 500 circular mils (CM) per ampere and then find
a core that has the required window area for this design. Now, before the windings
are put on, it is a good idea to modify the turns so that they fit on the bobbin in an
integer number of layers. This involves checking the turns per inch of wire against
the bobbin length. The primary generally goes on first and then the secondary wind-
ings. If the primary hangs over an extra half layer, try reducing the turns or the wire
size. Conversely, if the secondary does not take up a full layer, try bifilar winding
(parallel) using wire half the size originally chosen; i.e., 3 wire sizes smaller like 23
versus 20. This technique ultimately results in the use of foil for the higher current
(20 A) low voltage windings. Most windings can be separated with 3 mil mylar
(usually yellow) tape, but for good isolation, cloth is recommended between primary
and secondary.

TABLE 11-1
Partial List of Core (C) and Transformer (T) Manufacturers

Company Location Code
Ferroxcube Inc. Sauggerties, NY C
Indiana General Keasby, N.J. C
Stackpole SI. Marys, PA. C
TDK EI Segundo, CA. C
Pulse Engineering San Diego, CA. T
Coilcraft Cary, IL. T
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Finally, once a mechanical fit has been obtained, it is time for the circuit
tests. The voltage rating is strictly a mechanical problem and is one of the reasons
why U.L. normally does not allow high voltage bifilar windings. The inductance
and saturating current level of the primary are inherent to the design, and should
be checked in the circuit or other suitable test fixture. Such a fixture is shown
in Figure 11-2 where the transistor and diode are sized to handle the anticipated
currents. The pulse generator is run at a low enough duty cycle to allow the core
to reset. Pulse width is increased until the start of saturation is observed (lsat).
Inductance is found using

L=Vdi
dt

In forward converters, the transformer generally has no gap in order to
minimize the magnetizing current (1M)' For these applications the core should be
chosen to be large enough so that the resulting LI product insures that 1M at
operating voltages is less than Isat' For flyback designs, a gap is necessary and
the test circuit is useful again to evaluate the effect of the gap. The gap will
normally be quite large where:

Lg> >
L =g

L =m

Lm/f.L

gap length

magnetic path length

permeability

Under this stipulation, the gap directly controls the LI parameters. Doubling
it will decrease L by two and increase ISal by two. Again, the anticipated switching
currents must be less than ISal when the core is gapped to ensure correct inductance.

Transformer tests in the actual supply are usually done with a high voltage
dc power supply on the primary and with a pulse generator or other manual
control for the pulse width drive such as using the control Ie in an open loop
configuration.

~Ic
L = v~



Here the designer must recheck three areas:

1. No evidence of core saturation
2. Correct amount of secondary voltage
3. Minimum core or winding heat rise

If problems are detected in any of these areas, one possible solution is to
redesign using the next larger core size. However, if problems are minimal, or
none exist, it is possible to stay with the same core or even consider using the
next smaller size.

B. TRANSISTORS
The initial selection of a transistor(s) for a switcher is basically a problem

of finding the one with voltage and current capabilities that are compatible with
the application. For the final choice, performance and cost tradeoffs among de-
vices from the same or several manufacturers have to be weighed. Before these
devices can be put in the circuit, both protective and drive circuits will have to
be designed.

Motorola's first line of devices for switchers were trademarked "Switch-
mode" transistors and introduced in the early 70's. Data sheets were provided
with all the information that a designer would need, including reverse bias safe
operating area (RBSOA) and performance at elevated temperature (100°C). The
first series was the 2N6542 through 6547, TO-3 devices which were followed by
the MJE13004 series in a plastic TO-220 package. Finally, high voltage (1.0 kV)
requirements were met by the metal MJ 12002 and MJ8500 series and the plastic
MJE 12007. Just recently, Motorola introduced three new families of "Switch-
mode" transistors shown in Table 11-2. The Switchmode II series is basically
a faster switching version of Switchmode 1. Switchmode III is the Cadillac of
today's industry with both exceptional speed and RBSOA. Here, device cost is
up but system costs may be lowered because of reduced snubber requirements
and higher operating frequencies. A similar argument applies to Motorola T-MOS
FET's. These devices make it possible to switch efficiently at higher frequencies
(200 to 500 kHz), but the main selling point is that they are easier to drive. This
latter point is the one most often made to show that systems savings are again
quite possible even though the initial device cost is higher.

Approximate
Typical Typical Fall Switching

Family Device Time Frequency
SWITCHMODE I 2N6545 200-500 ns 20K

MJE13OO5
MJE12007

SWITCHMODE II MJ12010 100 ns 100K
SWITCHMODE III MJ13010 50 ns 200K
T-FET'S MTP565 20 ns 500K

TABLE 11-2

Motorola High Voltage Switching Transistor Technologies



TABLE 11·3

Power Transistor Voltage Chart

Circuit

LIne Flyback, Forward or
Voltage Push· Pull Half or Full Bridge

VCEV VCEO(sus) VCEO(sus) VCEV

220 850 400 400 400
120 450 200 200 200

Table 11-3 is a review of the transistor voltage requirements for the various
off line converter circuits. As illustrated, the most stringent requirement for single
transistor circuits (ftyback and forward) is the blocking or VCEV r:ating. Bridge
circuits, on the other hand, turn on and off from the dc bus and their most critical
voltage is the turn on or VCEO (sus) rating. To help designers select parts for these
applications, Motorola has provided the selection charts in Appendix A. Each
table lists devices that are appropriate for a given line voltage and circuit con-
figuration and various power handling capabilities. Table 1 contains devices listed
by their current (power handling) rating and 200 < VCEO < 400 V for use in 120
Vac bridge circuits. Tables 2 and 3 list the remaining devices (VCEO ~ 400 V)
which would be appropriate for 220 Vac and 380 Vac bridge circuits. Tables 4
and 5 list devices by their VCEV rating. These tables can therefore be used to
select devices for either 120 or 220 Vac single transistor circuits (ftyback and
forward converters).



Most Switchmode transistor load lines are inductive during turn on and turn
off. Turn on is generally inductive because the short circuit created by output
rectifier reverse recovery times is isolated by leakage inductance in the trans-
former. This inductance effectively snubs most turn-on load lines so that the
rectifier recovery (or short circuit) current and the input voltage are not applied
simultaneously to the transistor. Sometimes primary interwinding capacitance
presents a small current spike, but usually turn-on transients are not a problem.
Turn-off transients due to this same leakage inductance, however, are almost
always a problem. In bridge circuits, clamp diodes can be used to limit these
voltage spikes. If the resulting inductive load line exceeds the transistor's reverse
bias switching capability (RBSOA) then an RC network may also be added across
the primary to absorb some of this transient energy. The time constant of this
network should equal the anticipated switching time of the transistor (lOOns to
I I-I-s).Resistance values of 100 to 1000 ohms in this RC network are generally
appropriate. Trial and error will indicate how low the resistor has to be to provide
the correct amount of snubbing. For single transistor converters, the snubber
shown in Figure 11-3 is generally used. Here slightly different criteria are used
to define the Rand C values:

C=
l..!.L

y

where I = The peak switching current

tf = The transistor fall time

y= The peak switching voltage

(Approximately twice the dc bus)

also R toniC (it is not necessary to completely dis-
charge this capacitor to obtain the desired
effects of this circuit)

where ton The minimum on time or pulse width

and PR Cy2f
--

2

where PR = The power rating of the resistor

and f = The operating frequency

Most of today's transistors that are used in 20 kHz converters switch slow enough
so that most of the energy stored in the leakage inductance is dissipated by the
snubber or transistor, causing very little voltage overshoot. Higher speed con-
verters and transistors present a slightly different problem. In these newer designs,
snubber elements are smaller and voltage spikes from energy left in the leakage
inductance may be a more critical problem depending on how good the coupling
is between the primary and clamp windings. If necessary, protection from these
spikes may be obtained by adding a zener and rectifier across the primary as
shown in Figure 11-3. Motorola's 1.0 Wand 5.0 W zener devices with ratings



up to 200 V can provide the clamping or spike limiting function. If the zener
must handle most of the power, its size can be estimated using:

Pz = LL I2f
2

The zener power rating

The leakage inductance
(measured with the clamp winding or
secondary shorted)

There are probably as many base drive circuits for bipolars as there are
designers. Ideally, the transistor should have just enough forward drive (current)
to stay in or near saturation and reverse drive that varies with the amount of

A. Fixed Drive, Turn Off
Energy Stored in Transformer

B. Fixed Drive, Turn Off
Energy Stored in Capacitor



stored base charge such as a low impedance reverse voltage. Many of today's
common drive circuits are shown in Figure 11-4. The fixed drive circuits of 11-
4A and 11-4B tend to emphasize economy, while the Baker clamp and proportional
drive circuits of 11-4C, 11-4D and ll-4E emphasize performance over cost.
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6.0 V= 500 pF x -- = 0.1 A
30 ns



FET drive circuits are just beginning to appear. The standard that has evolved
at this time is shown in Figure 11-5A. This transformer coupled circuit will
produce forward and reverse voltages applied to the FET gate which vary with
the duty cycle as shown. For this example, a Vos rating of 20 V would be
adequate for one condition, but not the other. Higher Vos ratings would solve
the problem, but at this time it is advisable to use a regulated logic supply and
provide only the minimum gate drive required for these situations. Finally, there
is one point that is not obvious when looking at the circuit. It turns out that FET's
can be directly coupled to many IC's with only to 100 mA of sink and source
output capability and still switch efficiently at 20 kHz. However, to switch ef-
ficiently at higher frequencies, several amperes of drive may be required on a
pulsed basis in order to quickly charge and discharge the gate capacitances. A
simple example will serve to illustrate this point and also show that the Miller
effect, produced by Coo, is the predominant speed limitation when switching
high voltages (see Figure 11-5B). A FET responds instantaneously to changes
in gate voltage and will begin to conduct when the threshold is reached (Vos
= 2.0 to 3.0 V) and be fully on with Vos = 7.0 to 8.0 V. Gate waveforms will
show a step at a point just above the threshold voltage which varies in duration
depending on the amount of drive current available. The drive current determines
both the rise and fall times for the drain current. To estimate drive current
requirements, two simple calculations with gate capacitances can be made:

1. 1M = Coodv/dt

2. 10 = Cosdv/dt

1M is the current required by the Miller effect to charge the drain
to gate capacitance at the rate it is desired to move the drain voltage
(and current). And 10 is usually the lesser amount of current required
to charge the gate to source capacitance through the linear region
(2.0 to 8.0 V). As an example, if 30 ns switching times are desired
at 300 V where Coo 100 pF and Cos = 500 pF, then

1M = 100 pF x 300 V/30 ns = 1.0 A and

10 = 500 pF x 6.0 V/30 ns = 0.1 A

This example shows the direct proportion of drive current capability to speed.
It also illustrates that for most devices, Coo will have the greatest effect on
switching speed and that Cos is important only in estimating turn on and turn off
delays.

Aside from rather unique drive requirements, a FET is very similar to a
bipolar transistor. Today's 400 V FET's compete with bipolar transistors in many
switching applications. They are faster and easier to drive, but do cost more and
have higher saturation, or more precisely, on voltages. The performance or ef-
ficiency tradeoffs are best analyzed using Figure 11-6. Here, typical power losses
for 5.0 A switching transistors versus frequency are shown. The FET and bipolar
losses were calculated at TJ = 100°C rather than 25°C because on resistance and
switching times are highest here, and 100°C is typical of many applications.
These curves are asymptotes of the actual device performance, but are useful in
establishing the "break point" of various devices, which is the point where
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Figure 11-6. Typical Switching Losses at 5.0 A and TJ = 100·C

saturation and switching losses are equal. Since this is as low as 10 kHz for some
bipolars, it is possible that a FET even with high on voltages can be competitive
efficiency-wise at 20 kHz. The faster Switchmode II and III bipolar products fall
somewhere between the curves shown and therefore are more competitive with
FET's at the higher operating frequencies.

C. RECTIFIERS
Once components for the inverter section of a switcher have been chosen,

it is time to determine how to get power into and out of this section. This is
where the all important rectifier comes into play. The input rectifier is generally
a bridge that operates off the ac line and into a capacitive filter. For the output
section, most designers use Schottkys for efficient rectification of the low voltage,
5.0 V output windings, and for the higher voltage (12 to 15 V) outputs, the more
economical fast recovery diodes are used. A guide to Motorola's rectifier products
is given in Appendix B. Here devices that would normally be used in switchers
from 10 to 2000 watts are listed next to circuits in which they would generally
be used.

For the process of choosing an input rectifier, it is useful to visualize the
circuit shown in Figure 11-7. To reduce cost, most earlier approaches of using
choke input filters, soft start relays (Triacs), or SCR's to bypass a large limiting
resistor have been abandoned in favor of using small limiting resistors or NTC
thermistors, and a large bridge. The bridge must be able to withstand the surge
currents that exist from repetitive starts at peak line. The procedure for finding
the right component and checking its fit is as follows:

1. Choose a rectifier with 2 to 5 times the average 10 required.

2. Estimate the peak surge current Op} and time (t) using:

I = 1.4Vin t = RsC
p Rs

Where Vin is The RMS input voltage

Rs the total limiting resistance, and

C the filter capacitance



AC
Line

Steps:
1. Choose a rectifier with an 10 rating of 2 to 5 times the actual load.
2. Measure or calculate the inrush current at peak line voltage.
3. Compare to the equivalent diode rating using IFSM and 12vt= K.
4. If line 3 is less than line 2, use a larger rectifier or increase Rs-

3. Compare this current pulse to the sub cycle surge current rating (Is) of
the diode itself. If the curve of Is versus time is not given on the data
sheet, the approximate value for Is at a particular pulse width (t) may be
calculated knowing:

• IFsM- the single cycle (S.3 ms) surge current rating .

• F \It = K which applies when the thermal response, r(t), is propor-
tional to vt (for t<S.3 ms). This gives:

1/ vt = I2FsMYS.3 ms or

(
S.3 mS)Y4

Is = IFSM --- (t is in milliseconds)
t

4. If Is < Ip, consider either increasing the limiting resistor (Rs) or utilizing
a larger diode.

In the output section where high frequency rectifiers are needed, there are
several types available to the designer. In addition to the Schottky (SBR) and
fast recovery (FR), there is also an ultra fast recovery (UFR) which fills the gap
between the 50 V Schottky and the 600 V fast recovery lines. Comparative
performance and cost data for devices with similar current ratings is shown in
Table 11-4. The obvious point here is that lower forward voltage improves ef-
ficiency and faster recovery times reduces turn-on losses in the switching tran-
sistors, but the tradeoff is higher cost. As stated earlier, Schottkys are generally
used for 5.0 V outputs and fast recovery devices for ;=: 12 V outputs. The ultra
fast is competing primarily with the Schottky in those applications where cost is
more important than efficiency. Of these devices, only the Schottky may need
special handling. Ten years ago Schottkys were very fragile and could fail short
from either excessive dv/dt (l.0 to 5.0 volts .per nano-second) or reverse ava-
lanche. Present day devices, however, all have something similar to Motorola's
"guard ring" and internal zener, which minimizes these earlier problems and
reduces the need for RC snubbers and other external protective networks.



SBR UFR FR

VF 0.5-0.6 0.9-1.0 1.2-1.4
trr 10 ns 25 ns 150 ns

trr FORM "SOFT" "ABRUPT" "EITHER"

VR 30-50 V 50-150 V 50-600 V

TABLE 11-4

Output Rectifier
Type Comparisons

NOTES: 1. Low VF improves efficiency
2. Low trr reduces transistor switching losses
3. Soft (verses abrupt) recovery reduces noise

D. CAPACITORS AND FILTERS
In today's 20 kHz switchers, aluminum electrolytics are still predominate.

The good news is that most have been characterized, improved, and cost reduced
for this application. The input filter requires a voltage rating that depends on the
peak line voltage; i.e., 400 to 450 V for a 220 Vac switcher. If voltage is increased
beyond this point, the capacitor will begin to act like a zener and be thermally
destroyed from high leakage currents if the rating is exceeded for enough time.
When filter capacitors are placed in series across the rectified line, as in a doubler
circuit, voltage sharing can be a problem. Here extra voltage capability may be
needed to make up for the imbalances caused by different values of capacitance
and leakage current. A bleeder resistor is normally used here not only for safety
but to mask the differences in leakage current. The RMS current rating is also
an important consideration for input capacitors and is an example of improvements
offered by today's manufacturers. Earlier "Iytics" usually lacked this rating and
often overheated. Large capacitors that were not needed for performance were
used just to reduce this heating. However, today's devices, like the swedged
variety from Mepco-Electra offer lower thermal resistance, improved connection
to the foil and good RMS ratings. A partial list of manufacturers that supply both
high voltage input and the lower voltage output capacitors for switchers is shown
in Table 11-5. Most of the companies offer not only the standard 85°C compo-
nents, but devices with up to 125°C ratings, which are required because of the
high ambient temperatures (55 to 85°C) in which switchers must operate, many
times without the benefit of fans.

Company (U.S.) Location

Sprague North Adams. MA
Mepco/Electra Columbia, SC
Cornell-Dublier Sanford, NC
Sangamo Pickens, SC
Mallory Indianapolis, IN



For output capacitors the buzz word is low ESR (equivalent series resistance).
It turns out that for most capacitors even in the so-called "low ESR" series, the
output ripple depends more on this resistance than on the capacitor value itself.
Although typical and maximum ESR ratings are now available on most capacitors
designed for switchers, the lead inductance generally is not specified except for
the ultra-high frequency four-terminal capacitors from some vendors. This pa-
rameter is responsible for the relatively high switching spikes that appear at the
output. However, at present, most designers find it less costly an4 more effective
to add a high frequency noise filter rather than use a relatively expensive capacitor
with low equivalent series inductance (ESL).

High frequency noise or spike filters are made using small powdered iron
toroids (1/2 to I" 00) with distributed windings to minimize interwinding ca-
pacitance. The output is bypassed using a small 0.1 fJoFceramic or a 10 to 50
fJoFtantalum or both. Larger powered iron toroids are often used in the main LC
output filter, although the higher permeability ferrite C and E cores with relatively
large gaps can also be used. Calculations for the size of this component should
take into account the minimum load so that the choke will not run "dry" as stated
earlier.

E. CONTROL CIRCUITS
Ten years ago, discrete control circuits were in use and very few Ie's could

be found. Since that time, various semiconductor companies recognized the de-
signer's needs for a dedicated control Ie. Now a variety of these circuits are on
the market and widely used. They provide the designer with a cost incentive over
the discrete, or a simpler control circuit, or both. Internally, most ofthese resemble
the functional configuration shown in Figure 11-8. The basic regulating function
is performed in the pulse width modulator (PWM) section. Here, the dc feedback
signal is compared to a fixed frequency sawtooth (or triangular) wave-
form. The result is a variable duty cycle pulse train which, with suitable buffer
or interface circuits, can be used to drive the power switching transistor(s). Some
IC's provide only a single output while others provide the phase splitter shown
to alternately pulse two output channels. In this latter'case, provisions are usually
made either internally or by wire "OR" -ing the outputs to convert the dual output
to a single output channel. Additionally, most IC's provide the error amplifier
section shown as a means to process, compare and amplify the feedback signal.

TABLE 11-6

Desirable Features of Switch mode Control IC's

• PROGRAMMABLE (TO 500 kHz) FIXED FREQUENCY OSCILLATOR
• LINEAR PWM SECTION WITH DUTY CYCLE FROM 0 TO 100 %
• ON BOARD ERROR AMPLIFIERS
• ON BOARD REFERENCE REGULATOR
• ADJUSTABLE DEAD TIME
• UNDERVOLTAGE (LOW VccllNHIBIT
• GOOD OUTPUT DRIVE (100 TO 200 mAl
• OPTION OF SINGLE OR DUAL CHANNEL OUTPUT
• UN-COMMITTED OUTPUT COLLECTOR AND EMITTER OR TOTEM POLE DRIVE

CONFIGURATION
• SOFT START
• CURRENT LIMITING WITH "HICCUP MODE" AS BACKUP
• SYNC CAPABILITY
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Features required by a control IC vary to some extent because ofthe particular
needs of a designer and on the circuit topology chosen. However, most of today's
current generation IC's have evolved with the capabilities or features listed in
Table 11-6. It is primarily the cost differences in these parts that determines
whether all or only part of these features will be incorporated. Most of these are
evident to the designer who has already started comparing data sheets. A selector
guide of control IC's available from Motorola is shown in Table 17-4 on page
160.

Because low cost and second sources are important, parts like the TL494
(available from Motorola) have already captured a large share of the market.
New products such as the SG I525A/27 A and SG 1526 are quickly gaining pop-
ularity. These devices offer additional features like totem pole outputs and digital
current limiting and are available from Motorola.

To satisfy the need for a low cost control IC for low power (20 to 100 W)
applications, Motorola has introduced a single channel Control IC known as the
MC34060.
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When it is necessary to drive two or more power transistors, drive trans-
formers are a practical interface element and are driven by the conventional dual
channel IC just discussed (Figure 11-9A). In the case of a single transistor con-
verter, however, it is usually more cost effective to directly drive the transistor
from the IC (Figure 11-9B). In this situation, an opto coupler is commonly used
to couple the feedback signal from the output back to the control IC. And the
error amplifier in this case is nothing more than an op amp, and reference such
as the TLA31 from Motorola.





SECTION 12
THE FUTURE FOR SWITCHING REGULATORS

The future offers a lot of growth potential for switchers in general - and
low power switchers (50-200 watts) in particular. The latter are responding to
the growth in microprocessor-based equipment, as well as computer peripherals.
Today's topologies have already been challenged by the sine wave inverter, which
reduces noise and improves transistor reliability, but results in a cost penalty.
Also, a trend has begun toward higher switching frequencies to further reduce
size and cost. The latest bipolar transistor can operate efficiently up to 100 kHz,
and the PET seems destined to own the 200 to 500 kHz range.

The growth pattern predicted at this time can possibly be impacted by noise
problems. Originally governed only by MIL specs and the VDE in Europe, the
FCC (effective October 1981) has released a set of specifications that apply to
electronic systems which often include switchers (see FCC Class A in Figure
12-1). It seems probable, however, that system engineers or power supply de-
signers will be able to add the necessary line filters and EMI shields without
adding a significant cost.

N
I~
0
(")

,g 100
N
I.:>t:.
0
LO 80:s
N
I.:>t:.

rIlO
60c:~o~._>

~ ~
'E CD
w~ 40~N
wI.:>t:.

0
LO

20,g
0~
N
I
0
0
N:>~
CD
'0

VDE 0871 Frequency Range ~ I
~ VDE 0875 Frequency Range -.I
I
I
I
I
I

/ FCC Class A

VDE 0871/A,C
/ VDE0875/N

/'" VDE 0871/8
/'" VDE 0875/N12

~ FCC Class 8

0.01 0.1 1.0 10 100
Frequency (MHz)

Notes: 1. FCC Class A covers commercial, Class B covers residential.
2. Also SCE VDE 0871/0875 for noise and VDE 0730 or UL478 for safety.



The most optimistic note concerning switchers is in the components area.
Switching power supply components have actually evolved from components
used in similar applications. And it is very likely that newer and more mature
products specifically for switchers will continue to appear over the next several
years. The ultimate effect of this evolution will be to further simplify and cost
reduce these designs. Because the designer and component manufacturer must
work as a team to bring this about, companies like Motorola that are looking to
the future will continue a dialogue with designers to keep abreast with their
current and future product needs.



SECTION 13
SWITCHING REGULATOR DESIGN EXAMPLES

Three switching regulator power supply designs are covered in this section.
Part A describes a 400 W half bridge and a 1000 W full bridge configuration in
which the TL494 control I.c. is utilized. Part B describes a 60 W f1yback regulator
where a MC34060 control I.c. is used. All three design examples are off-line
supplies which can operate from either 115 or 230 Vac.

A. A SIMPLIFIED POWER-SUPPLY DESIGN USING
THE TL494 CONTROL CIRCUIT
The TL494 is a fixed-frequency pulse width modulation control circuit,

incorporating the primary building blocks required for the control of a switching
power supply. (See Figure 13-1.) An internal-linear sawtooth oscillator is
frequency-programmable by two external components, RT and CT- The oscillator
frequency is determined by:

1.1
fose == RTCT

Output pulse width modulation is accomplished by comparison of the positive
sawtooth waveform across capacitor CT to either of two control signals. The NOR

3 16
FeedbacklPW.M.
Comparator Input



gates, which drive output transistors Q 1 and Q2, are enabled only when the flip-
flop clock-input line is in its low state. This happens only during that portion of
time when the sawtooth voltage is greater than the control signals. Therefore, an
increase in control-signal amplitude causes a corresponding linear decrease of
output pulse width. (Refer to the timing diagram shown in Figure 13-2.)

The control signals are external inputs that can be fed into the dead-time
control (Figure 13-1, Pin 4), the error amplifier inputs (pins 1,2, 15, 16), or the
feedback input (Pin 3). The dead-time control comparator has an effective
120 mV input offset which limits the minimum output dead time to approximately
the first 4% of the sawtooth-cycle time. This would result in a maximum duty
cycle of 96% with the output mode control (Pin 13) grounded, and 48% with it
connected to the reference line. Additional dead time may be imposed on the
output by setting the dead time-control input to a fixed voltage, ranging between
o to 3.3 V.

The pulse width modulator comparator provides a means for the error am-
plifiers to adjust the output pulse width from the maximum percent on-time,
established by the dead time control input, down to zero, as the voltage at the
feedback pin varies from 0.5 to 3.5 V. Both error amplifiers have a common-
mode input range from - 0.3 V to (Vcc - 2.0 V), and may be used to sense
power-supply output voltage and current. The error-amplifier outputs are active
high and are ORed together at the non-inverting input of the pulse-width modulator
comparator. With this configuration, the amplifier that demands minimum output
on time, dominates control of the loop.

When capacitor CT is discharged, a positive pulse is generated on the output
of the dead-time comparator, which clocks the pulse-steering flip-flop and inhibits
the output transistors, Ql and Q2. With the output-mode control connected to



the reference line, the pulse-steering flip-flop directs the modulated pulses to each
of the two output transistors alternately for push-pull operation. The output fre-
quency is equal to half that of the oscillator. Output drive can also be taken from
Ql or Q2, when single-ended operation with a maximum on time of less than
50% is required. This is desirable when the output transformer has a ringback
winding with a catch diode used for snubbing. When higher output drive currents
are required for single-ended operation, Ql and Q2 may be connected in parallel,
and the output mode control pin must be tied to ground to disable the flip-flop.
The output frequency will now be equal to that of the oscillator.

The TIA94 has an internal 5.0 V reference capable of sourcing up to 10 mA
of load currents for external bias circuits. The reference has an accuracy of ± 5%
over an operating temperature range of 0 to 70°C.

Application of The TL494 in a 400 Wand 1000 Watt Off-Line Power
Supply

A 5 V, 80 A line operated 25 kHz switching power supply, designed around
the TIA94, is shown in Figure 13-3, and the performance data is shown in Table·
13-1. The explanation of each section of the power supply, which follows, applies
not only to this model but to the higher power (12 Y, 84 A) model shown in
Figure 13-4, as well. In comparing the two, note that the 400-watt design is a
half-bridge, while the 1,000 watt is a full bridge. The 1,000 watt power supply
components switching transistors, transformers, and output rectifiers have been
beefed up.

1. AC Input Section
The operating ac line voltage is selectable for a nominal of 115 or 230 volts

by moving the jumper links to their appropriate positions. The input circuit is a
full wave voltage doubler when connected for 115 Yac operation with both halves
of the bridge connected in parallel for added line surge capability. When connected
for 230 Vac operation, the input circuit forms a standard full wave bridge.

The line voltage tolerance for proper operation is - 10, + 20% of nominal.
The ac line inrush current, during power-up, is limited by resistor RI. It is shorted
out of the circuit by triac Q 1, only after capacitors C I and C2 are fully charged,
and the high frequency output transformer T 1, commences operation.

2. Power Section
The high frequency output transformer is driven in a half-bridge configuration

by transistors Q3 and Q5. Each transistor is protected from inductive turn-off
voltage transients by an R-C snubber and a fast recovery clamp rectifier. Tran-
sistors Q2 and Q4 provide turn-off drive to Q3 and Q5, respectively. In order to
describe the operation of Q2, consider that Q6 and Q3 are turned on. Energy is
coupled from the primary to the secondary ofT3, forward biasing the base-emitter
of Q3, and charging C3 through CR I. Resistor R3 provides a dc path for the
'on' drive after C3 is fully charged. Note that the emitter-base of Q2 is reverse
biased during this time. Turn-off drive to Q3 commences during the dead-time
period, when both Q6 and Q7 are off. During this time, capacitor C3 will forward
bias the base-emitter of Q2 through R3 and R2 causing it to turn-on. The base-
emitter of Q3 will now be reverse biased by the charge stored in C3 coupled
through the collector-emitter of Q2.



Conditions

Test Input Output Results

Line Regulation 103.5 to 138 VAC 5 volts and 80 amps 8 mV 0.16%

Load Regulation 115 VAC 5 volts. 0 to 80 amps 20 mV 0.4%

Output Ripple 115 VAC 5 volts and 80 amps PAR.D. 50 mV P-P

Efficiency 115 VAC 5 volts and 80 amps 73%

Line Inrush Current 115 VAC 5 volts and 80 amps 24 amps peak

3. Output Section
The ac voltage present at the secondaries of T1 is rectified by four MBR6035

Schottky devices connected in a full wave center tapped configuration. Each
device is protected from excessive switching voltage spikes by an R-C snubber,
and output current sharing is aided by having separate secondary windings. Output
current limit protection is achieved by incorporating a current sense transformer
T4. The out-of-phase secondary halves of Tl are cross connected through the
core of T4, forming a I-turn primary. The 50 kHz output is filtered by inductor
L1, and capacitor C4. Resistor R4 is used to guarantee that the power supply
will have a minimum output load current of 1.0 ampere. This prevents the output
transistors Q3 and/or Q5 from cycle skipping, as the required on-time to maintain
regulation into an open circuit load is less than that of the devices' storage time.
Transformer T5 is used to reduce output switching spikes by providing common .
mode noise rejection, and its use is optional.

The MC3423, U 1, is used to sense an overvoltage condition at the output,
and will trigger the crowbar S.C.R., Q8. The trip voltage is centered at 6.4 V
with a programmed delay of 40 J.Ls.In the event that a fault condition has caused
the crowbar to fire, a signal is sent to the control section via jumper 'A' or 'B.'
This signal is needed to shut down the output, which will prevent the crowbar
S.C.R. from destruction due to over dissipation. Automatic over voltage reset
is achieved by connecting jumper 'A.' The control section will cycle the power
supply output every 2 seconds until the fault has cleared. If jumper 'B' is con-
nected, S.C.R. Ql2 will inhibit the output until the ac line is disconnected.

4. Low Voltage Supply Section
A low current internal power supply is used to keep the control circuitry

active and independent from external loading of the output section. Transformer
T2, Q9 and CR2 form a simple 14.3 V series pass regulator.

5. Control Section
The TL494 provides the pulse-width modulation control for the power supply.

The minimum output dead-time is set to approximately 4% by grounding Pin 4
through R5. The soft start is controlled by C5 and R5. Transistor Q 11 is used
to discharge C5 and to inhibit the operation of the power supply if a low ac line
voltage condition is sensed indirectly by QlO, or the output inhibit line is
grounded.



AC Input SectIon Power Section
T1 Output Section
I 'F?~,

t c , ,
005,

I

~ ~ ~
5v 80A

03 MJ '3015V
I 1,'20 '0' '00 , MBR 6035 47 '0

5W
R2 33 ~P~

11W I '-- ,OW , lN4001 V,WI R.F.I.'''',,'' v,w
'N I 10

08 J50VCOE 4936 >, I;w R4
C 35 V

APF520Cl MDA C' 2400 lN4933 ~02
8~

81
.J

46000{} 200 V CAI 0> ~I 005 'OV
~330), MAC~ I~ (~¥=l? 0- 0> (4 ....-<>A !>V5fNA353W _ -'U" MBR 6035

it
33 Ii ~

05 MJ '3015V 8) MC3.23 f- ~
~ '00 ~

~'
5w -'

r5:~
I V' 2200

()IO 5A 68 8> TIP)l
'N

8

jm~3~

T IOV
3 A(j lOW ;Z2 C2 lN4933 04 MBR 6035 MfA ~

R' 4936 > '00 3 00033 -0> 8~F ~
~O~

012 " 50V :

'0' 5 3W _ ~~ 0- ~V5EN ATN
5W 0>

JII·'
t--

10 \o'lW +~ 10

"
V,W

230 r 115

MBA 6035 r " VAIN- - -
\ 15 230 115- - - ), .~~ ----o0IlIPlJi

10 ItJW Inlllllli

'---- .( D.,)Tc

1 5' 82'

~:P5 1A 70
010 lN4OO1 R ?,09 2H

TIP 31 10:1>- iL
O;?"

4 7
36IN IN 4H 50V 50V 4"493:l 4933 C~ IW

MP5
3~W 560 560 lN4001 ~ 12 1'W ~TIP32 TIP32"; 011 8 16 33 k

100A 'J6 07 ..A
"I

~
TL 1194

18 k ~
~

u:'
IN ~

All Capacitors In ~ F7~X 2 ~ 3 4001

~R}

All ReSistors In
Ohms 1/4 Wall

IN DOl rT M C6 IUnless Olherwlse noted I4744 ,,~t -;6<-; 8~ 22
10' '6 Vo~ 0001 000'

1000 ~~ 50 V 50V 5k01 25 k2:'00 l' 16v ',Ik. 16 V
18 k

'0' SH 10 h 10 ;-- OU!lJtlI35 V I AS RT Tur', Tllfll Voll~4t' Ad)

Low Volli'lge Supply SectIon Control Secllon
Curr.-nl lmllt Adl
5t'llw8!>A



5~':..~.,v
I~

I!),?!) A 58
3AG lOW

R'

~ FAN
~ II!)V

MDA (1

r<>-

Power Section

MJ13333 MJl33JJ

V ~ V

~~~ '" ~!~ TIP31
IN .933 Q1 ~ 4936 IN .933 Q2
CRI > CR,

6083W C3Jae 608 3W C3J~;

MJ13333 V ~ MJ13J33 V~;r ~;,'TIP31 TIP3l

IN4933 Q4 '" IN.933 Q4
4936

683W .• a; ~ 583W. ~;

'''~~MRS
AI.
0'.

'"

330

~~.2
TIP.2"'t

07 .A

I Output Section

'l:"~
I [_.00
I •: L MR870

, ,.
J~1

~ MR870

2~3

*so.
~

10k e2k
RT

~t-
Jg\'JW II"f MR870 r
gf.-,.~w

82k

1

lN400l,.
""l I f:Jt "so.

MRS CS

lN4001 ~ • "011

11 TL.94

U'.
7~T

'.k
'000 +". '"

.,
R5

81 MC3423 L
UI I

~,,'~~~

'",.h
Turn

Current Limit Adll
Set I rAlA

All C.pKIIOlS In ••.F
All Reslslo,S ,n

Qhms14W.n
(Unle" otherwlSi nOllefl



Error amplifiers 1 and 2 are used for output voltage and current-level sensing,
respectively. The inverting inputs of both amplifiers are connected together to a
2.5 V reference derived from Pin 14. By connecting the two inputs together, only
one R-C feedback network is needed to set the voltage gain and roll-off char-
acteristics for both amplifiers. Remote output voltage sensing capability is pro-
vided, and the supply will compensate for a combined total of 0.5 V drop in the
power busses to the load. The secondary of the output current sense transformer
T4, is terminated into 36 n and peak detected by BRI and C6. The current limit
adjust is set for a maximum output current of 85 amperes.

The oscillator frequency is set to 50 kHz by the timing components RT and
CT' This results in a 25 kHz two phase output drive signal, when the output mode
(Pin 13) is connected to the reference output (Pin 14).

TABLE 13-2

Transformer Data for 400 Watt SWITCH MODE Power Supply

T1 Core: Ferroxcube EC 70-3C8, 0.002"
gap in each leg.

Bobbin: Ferroxcube 70 PTB.
Windings: Primary (Q3, Q5): 50 turns total, #17 AWG Split

wound about secondary.
Primary (Q1): 4 turns, #17 AWG.
Secondary, 4 each: 3 turns, #14 AWG Quad Filar wound.
Shield, 2 each: Made from soft allow copper 0.002" thick.

T2 Core: Allegheny Ludlum EI-75-M6,
29 gauge.

Bobbin: Bobbin Cosmo E175.
Windings: Primary, 2 each: 1000 turns, #36 AWG.

Secondary: 200 turns, #24 AWG.

T3 Core: Ferroxcube 846T250-3C8.
Windings: Primary, 2 each: 30 turns, #30 AWG Bifilar wound.

Secondary, 4 each: 12 turns, #20 AWG Bifilar wound.

T4 Core: Magnetics Inc. 55059-A2
Windings: Primary, 2 each: 1 turn, #14 AWG Quad Filar wound.

Secondary: Taken from secondary to T1.
500 turns, #30 AWG.

T5 Core: Magnetics Inc. 55071-A2
Windings: Primary: 4 turns, #16 AWG Hex.Filar wound.

Secondary: 4 turns, #16 AWG Hex Filar wound.

L1 Core: TDK H7C2DR56 x 35
Winding: 5 turns, soft alloy copper strap,

0.9" wide x 0.020" thick, 6.0 ~H.



TABLE 13-3

Transformer Data for 1,000 Watt Switching Power Supply

T1 Core: Ferroxcube EC70-3C8, 0.002"
gap in each leg.

Bobbin: Ferroxcube 70 PTB.
Windings: Primary (03, 05): 44 turns total, #18 AWG Bifilar Split

wound about secondary.
Primary (01): 3 turns, #18 AWG.
Secondary, 4 each: 4 turns, #16 AWG Septe Filar wound.
Shield, 2 each: Made from soft alloy copper 0.002" thick.

T2 Core: Allegheny Ludlum EI-75-M6,
29 gauge.

Bobbin: Bobbin Cosmo E175.
Windings: Primary, 2 each: 1000 turns, #36 AWG.

Secondary: 200 turns, #24 AWG.

T3 Core: Ferroxcube 846 T250-3C8.
Windings: Primary, 2 each: 30 turns, #30 AWG Bifilar wound.

Secondary, 4 each: 12 turns, #20 AWG Bifilar wound.

T4 Core: Magnetics Inc. 55071-A2
Windings: Primary, 2 each: 1 turn, #14 AWG Ouad Filar wound.

Taken from secondary to T1.
Secondary: 500 turns, #30 AWG.

L1 Core: TDK H7C2 DR 56 x 35 5 turns, soft alloy copper strap,
Winding: 0.9" wide x 0.020" thick, 6.0 fLH

B. 60-WATT FLYBACK SWITCHING POWER SUPPLY DESIGN
The flyback-regulator circuit (Figures 13-5 and 13-6) with a single drive

transistor needs only a few main parts:
A unique flyback transformer

A single control IC (MC34060)
A fast-switching high-voltage transistor
Single output filters in each of the four outputs
The flyback base-drive circuit
AC-line input voltage doublers.
In the power stage of Figure 13-5, a single 2N6545 transistor blocks 800

V and switches 1.0 A in 40 ns. The control section utilizes a low cost MC34060
Pulse Width Modulator control IC to minimize parts count.

The following paragraphs provide useful information and performance results
regarding this Flyback design.

1. Sandwiching The Windings
The flyback transformer uses an EC-41 ferrite core made by the Ferroxcube

Corp. It has a 40 : 1 turns ratio and is wound by a sandwich technique that
improves the coupling between its primary and secondary windings.
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The primary winding consists of four split windings in series with each
other. The four windings of the secondary alternate in a sandwich construction
with the four primary windings. Total core gap is 100 mils, and primary-winding
inductance is 4.5 millinenries at 2.5 amperes. Transformer performance can be
gauged from the fact that although the output current ratings for the secondary
transformer windings are specified as 5.0, 1.5, and 0.5 A for 5.0 ± 12, and
- 5.0 V, respectively, actual respective current values are 8, 3, and 4 A (Figure
13-7). The ftyback transformer can be hand-wound over an EC-41 ferrite core
obtainable from Ferroxcube Corp. The four secondary windings alternate in a
sandwich construction with four split primary windings that are connected in
series with each other. All of the power-supply control functions reside in the
MC34060 pulse width modulation control I.e. It includes a 20-kilohertz oscillator,
a dead-time adjustment (50% maximum) for preventing transformer saturation,
two error amplifiers to process both current and voltage feedback signals, and an
output stage that produces 200 milliampere pulses to drive the power transistor.
An undervoltage-inhibiting circuit is added externally to the control Ie. Consisting
of two transistors and a zener diode, it inhibits output pulses when the drive
voltage is less than 10 V.

For fast switching, a Motorola type 2N6545 transistor is used. It is capable
of switching 2.0 A in just 40 nanoseconds and can block up to 800 V under
worst-case conditions. Because of the transistor's high speed, losses due to the
snubber (the RC network in the collector circuit) are low - typically 2.0 W, or
less than 2% of the total delivered power. Output Transistor current and voltage
waveforms, along with load lines, are shown in Figures 13-8 and 13-9.

Each of the four output stages employs one filter capacitor and one diode.
The capacitors (series 301 from Sangamo, 3428 from Mepco/Electra, or UPT
from Cornell-Dubilier), exhibit low equivalent series resistance, typically 10 to
100 milliohms. Noise spikes are reduced dramatically (by as much as a factor
of four) by the addition of a ferrite bead and ceramic capacitor across each of the
output filter capacitors. Ripple test data for various types of capacitors is shown
in Table 13-4.

Output TeSI
Sangamo Mepco/Eleclra COE Mallory Sprague

301 3428 UPT VPR 4320

Capacitancelvons 5,100 ILF. 12 V 800 ILF. 7.5 V 5,000 ILF, 12 V 5,300 ILF, 20 V 5,600 ILF, 10 V

+5.0 V Ripple (P-P) 200 mV 360 mV 170mV 250 mV 200mV

Spikes (P-P) 660 mV 640 mV 980 mV 880 mV 580 mV

Capacilancelvolts 1,200 ILF, 20 V 1,400 ILF, 20 V 1,000 ILF, 20 V 1,200 ILF, 12 V 1,200 ILF, 20 V

+12 V Ripple 210mV 280 mV 200 mV 200 mV n.8.

Spikes 740 mV 1,100mV 1,800 mV 1,440 mV n.8. ~

Capacilancelvons 470 ILF, 12 V 2,100 ILF, 10 V 680 ILF, 12 V 1,200 ILF, 12 V 580 ILF, 40 V

-5.0 V Ripple 180mV 180mV 180 mV 140mV 180 mV

Spikes 540 mV 1,300 mV 680 mV 380 mV 440mV
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The use of a flyback transformer for base drive greatly simplifies the drive
circuit. Besides the transformer, only three other components are employed: a
drive transistor capable of handling 2.0 A, a resistor, and a diode. The flyback
transformer turns on the transistor with a 5.0 V drive pulse while simultaneously
storing the energy from the 2.0 A current drawn by the transistor. This stored
energy becomes the reverse bias drive when the pulse from the transformer is
terminated. The reverse bias drive removes stored charge quickly - within 2 f..LS
- and then causes the transistor's base to avalanche for the short. while it takes
to reset the transformer. Typically, if the transistor is initially turned on for 20
f..LSwith a 5.0 V pulse, a 10 f..LS10 V pulse is needed to reset if after it has been
turned off.

At the ac line input, two axial-lead 310 f..LF,200 V capacitors (Mepco/Electra
series 84F) are connected in series with each other across the bridge rectifier
output, thus acting as a voltage doubler when operating from 120 Vac line. A
nominal 320 V bus is thus provided across the transformer's primary winding,
regardless of whether it operates from a 120 Vac or a 220 Vac line input.

2. Advantages of Flyback - One of the most popular low wattage switching-
regulator power supply circuits is the forward converter. The transformer, having
only a 15 : 1 ratio of primary to secondary turns, is simpler than the flyback type
approach, but requires four expensive filtering chokes. In addition, the secondary
windings are unregulated, so output voltages vary with line and load variations
more than they do in the case of a flyback transformer.

A flyback regulator with a control IC isolated from the primary side has a
number of advantages. Feedback signals can be coupled directly to the trans-
former. Also, current-limiting protection on any or all of the output windings is
simplified. Since the control IC has an extra amplifier, the addition of a sense
resistor and simple divider network to the high-current 5.0 V output makes it
easy to protect that output against short circuits (Figure 13-10). The addition of
three more similar networks and a quad operational amplifier makes it a simple
matter to protect all four outputs against short circuits.

This approach breaks with convention. Other switching-regulator schemes
place the control IC at the primary side of the transformer, where the transistor
emitter current is sensed for overcurrent protection. Optocouplers then have to
be inserted in the feedback loop for proper isolation. Moreover, optocouplers
drift over temperature.

3. Final Results - The output power stage can be checked out by using a pulse
generator to energize the drive transistor and transformer; and subsequently, to
calculate the snubber values. To improve coupling and reduce the 13 to 14 V
nominal output to 12 V, the 5.0 V secondary winding can be increased from an
initial five turns to six.

Adding control logic involves designing the base drive transformer and
finding values for the feedback network that will provide optimum performance
without creating instability. An operational amplifier gain of 20 with a rolloff at
160 Hz is sufficient. A dead-time limit of 50% keeps the drive transformer from
saturation without interfering with low-line-voltage performance. An undervol-
tage-inhibiting circuit keeps the control circuit disabled at voltages under 10 V
to prevent output pulses from occurring before sufficient drive is available to the
output stage.
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Despite the power supply's low parts count and simplicity of design, it has
an impressive level of performance. For a nominal input of 120 Vac, it maintains
regulation over an input range of 90 to 140 Vac and load range of 2: 1 (half load
to full load). For example, line and load regulation for the 5.0 V output are 2.5%
and 1%, respectively. At an input of 90 Vac, full-load output voltages are 4.848,
-4.930, -12.78 and 12.68 V, respectively, for the 5.0, -5.0, -12 and 12 V
outputs. At 120 Vac, full-load output voltages are 5.001, -4.977, -12.98 and
12.94 V. At 140 Vac, full-load voltages are 5.983, - 5.061, -13.16 and 13.10
V.

Half-load regulation is equally impressive. At a 90 Vac input, output volt-
ages are 5.040, - 5.075, -13.13 and 13.07 V. At a 120-V input, they are 5.098,
-5.162, -13.30 and 13.20 V. At a 140-V input, they are 5.114, -5.191,
-13.35, and 13.28 V.

Should it become necessary to work over a wider load range, such as from
full to no load, the power transformer would have to be redesigned to protect the
drive transistor from load dump conditions. This can be done by increasing the
transformer's core size from the present EC-41 to EC-52 and by adding a primary
bifilar winding coupled through a diode to the dc bus.

The power supply is also very efficient. At 120 Vac in and a full-load
condition, its efficiency was an impressive 80%. The only noticeable heat rise
is in the small components like the snubber resistor and Schottky diode. All other
components remain cool to the touch.
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SECTION 14
POWER SUPPLY SUPERVISORY

AND PROTECTION CONSIDERATIONS

The use of SCR crowbar overvoltage protection (OVP) circuits has been,
for many years, a popular method of providing protection from accidental
overvoltage stress for the load. In light of the recent advances in LSI circuitry,
this technique has taken on added importance. It is not uncommon to have several
hundred dollars worth of electronics supplied from a single low voltage supply.
If this supply were to fail due to component failure or other accidental shorting
of higher voltage supply busses to the low voltage bus, several hundred dollars
worth of circuitry could literally go up in smoke. The small additional investment
in protection circuitry can easily be justified in such applications.

A. THE CROWBAR TECHNIQUE
One of the simplest and most effective methods of obtaining overvoltage

protection is to use a "crowbar" SCR placed across the equipment's dc power
supply bus. As the name implies, the SCR is used much like a crowbar would
be, to short the dc supply when an overvoltage condition is detected. Typical
circuit configurations for this circuit are shown on Figure 14-1. This method is

DC
Power
Supply

DC
Power
Supply



Surge Due to
Output Capacitor

Current Limited
Supply Output

I

very effective in eliminating the destructive overvoltage condition. However, the
effectiveness is lost if the OVP circuitry is not reliable.

B. SCR CONSIDERATIONS
Referring to Figure 14-1, it can easily been seen that, when activated, the

crowbar SCR is subjected to a large current surge from the filter and output
capacitors. This large current surge, illustrated in Figure 14-2, can cause SCR
failure or degradation by anyone of three mechanisms: di/dt, peak surge current,
or I2t. In many instances the designer must empirically determine the SCR and
circuit elements which will result in reliable and effective OVP operation. To aid
in the selection of devices for this application, Motorola has characterized several
devices specifically for crowbar applications. A summary of these specifications
and a selection guide for this application is shown in Table 14-1. This significantly
reduces the amount of empirical testing that must be done by the designer. A
good understanding of the factors that influence the SCR's di/dt and surge current
capability will greatly simplify the total circuit design task.

TABLE 14-1

Crowbar SCRs

Device Type** Peak Discharge Current* dl/dt*
MCR67 300 A 75 All'-s
MCR68 300 A 75 All'-s
MCR69 750 A 100 All'-s
MCR70 850 A 100 All'-s
MCR71 1700 A 200 All'-s

• tw = 1 fLS. exponentially decaying
•• All devices available with 25. SO. and 100 V ratings



1. di/dt - As the gate region of the SCR is driven on, its area of conduction
takes a finite amount of time to grow, starting as a very small region and gradually
spreading. Since the anode current flows through this turned-on gate region, very
high current densities can occur in the gate region if high anode currents appear
quickly (dildt). This can result in immediate destruction of the SCR or gradual
degradation of its forward blocking voltage capabilities, depending upon the
severity of the occasion.

The value of di/dt that an SCR can safely handle is influenced by its con-
struction and the characteristics of the gate drive signal. A center-gate-fire SCR
has more dildt capability than a corner-gate-fire type, and heavily overdriving
(3 to 5 times IGT) the SCR gate with a fast « 1 f-Ls)rise time signal will maximize
its dildt capability. A typical maximum di/dt in phase control SCRs of less than
50 A rms rating might be 200 Alf-LS,assuming a gate current of five times IGT
and < I f-LSrise time. If having done this, a di/dt problem still exists, the designer
can also decrease the di/dt of the current waveform by adding inductance in series
with the SCR, as shown in Figure 14-3. Of course, this reduces the circuit's
ability to rapidly reduce the dc bus voltage, and a tradeoff must be made between
speedy voltage reduction and di/dt.

2. Surge Current - If the peak current and/or the duration of the surge is
excessive, immediate destruction due to device overheating will result. The surge
capability of the SCR is directly proportional to its die area. If the surge current
cannot be reduced (by adding series resistance - see Figure 14-3) to a safe level
which is consistent with the system's requirements for speedy bus voltage re-
duction, the designer must use a higher current SCR. This may result in the
average current capability of the SCR exceeding the steady state current require-
ments imposed by the dc power supply.

(For additional information on SCRs in crowbar applications refer to •'Char-
acterizing the SCR for Crowbar Applications," Al Pshaenich, Motorola AN-
789).

Output
Capacitor



C. THE SENSE AND DRIVE CIRCUIT
In order to maximize the crowbar SCR's di/dt capability, it should receive

a fast rise time high-amplitude gate-drive signal. This must be one of the primary
factors considered when selecting the sensing and drive circuitry. Also important
is the sense circuitry's noise immunity.

Noise immunity can be a major factor in the selection of the sense circuitry
employed. If the sensing circuit has low immunity and is operated in a noisy
environment, nuisance tripping of the OVP circuit can occur on short localized
noise spikes, which would not normally damage the load. This results in excessive
system down time. There are several types of sense circuits presently being used
in OVP applications. These can be classified into three types: zener, discrete, and
"723. "

1. The Zener Sense Circuit - Figure 14-4 shows the use of a zener to trigger
the crowbar SCR. This method is NOT recommended since it provides very poor
gate drive and greatly decreases the SCR's di/dt handling capability, especially
since the SCR steals its own very necessary gate drive as it turns on. Additionally,
this method does not allow the trip point to be adjusted except by zener
replacement.

NO!

2. The Discrete Sense Circuit - A technique which can provide adequate gate
drive and an adjustable, low temperature coefficient trip point is shown in Figure
14-5. While overcoming the disadvantages of the zener sense circuit, this tech-
nique requires many components and is more costly. In addition, this method is
not particularly noise immune and often suffers from nuisance tripping.

3. The "723" Sense Circuit - By using an integrated circuit voltage regulator,
such as the industry standard' '723" type, a considerable reduction in component
count can be achieved. This is illustrated in Figure 14-6. Unfortunately, this
technique is not noise immune, and suffers an additional disadvantage in that it
must be operated at voltages above 9.5 volts.



r------
I
I
I
I
I
I
I
I
I

I
I______ .J



4. The MC3423 - To fill the need for a low cost, low complexity method of
implementing crowbar overvoltage protection which does not suffer the disad-
vantages of previous techniques, an IC has been developed for use as an OVP
sense and drive circuit, the MC3423.

The MC3423 was designed to provide output currents of up to 300 mA with
a 400 mAJl-LSrise time in order to maximize the diJdt capabilities of the crowbar
SCR. In addition, its features include:

I. Operation off 4.5 V to 40 V supply voltages.
2. Adustable, low temperature coefficient trip point.
3. Adjustable minimum overvoltage duration before actuation to reduce

nuisance tripping in noisy environments.
4. Remote activation input.
5. Indication output.

5. Block Diagram - The block diagram of the MC3423 is shown in Figure
14-7. It consists of a stable 2.6 V reference, two comparators and a high current
output. This output, together with the indication output transistor, is activated
either by a voltage greater than 2.6 V on Pin 3 or by a TTL/5 volt CMOS high
logic level on the remote activation input, Pin 5.

The circuit also has a comparator-controlled current source which can be
used in conjunction with and external timing capacitor to set a minimum over-
voltage duration (0.5 I-LSto 1.0 ms) before actuation occurs. This fe~ture allows
the OVP circuit to operate in noisy environments without nuisance tripping.



6. Basic Circuit Configuration - The basic circuit configuration of the MC3423
OVP is shown in Figure 14-8. In this circuit the voltage sensing inputs of both
the internal amplifiers are tied together for sensing the overvoltage condition. The
shortest possible propagation delay is thus obtained. The threshold or trip voltage
at which the MC3423 will trigger and supply gate drive to the crowbar SCR, Ql,
is determined by the selection of Rl and R2. Their values can be determined by
the equations given in Figure 14-8 or by the graph shown in Figure 14-9. The
switch, S 1, shown in Figure 14-8 may be used to reset the SCR crowbar. Oth-
erwise, the power supply, across which the SCR is connected, must be shut down
to reset the crowbar. If a non current-limited supply is used a fuse or circuit
breaker, Fl, should be used to protect the SCR and/or the load.

*-, +'... (+ Sense I
F1 Lead) I

R1 Q1 I
I
I

Power
2 I

I
Supply RG I To

~ Load
R2

\
~S1·I

( -Sense
I
I

Lead) I
I

R1 R1
VTRIP = Vref (1 + R2) = 2.6 V (1 + R2)

R2 .;;; 10 kO for Minimum Drift
·Needed if supply is not current limited

Figure 14-8. MC3423 Basic Circuit Configuration

7. MC3423 Programmable Configuration - In many instances, MC3423 OVP
will be used in a noisy environment. To prevent false tripping of the OVP circuit
by noise which would not normally harm the load, MC3423 has a programmable
delay feature. To implement this feature, the circuit configuration of Figure 14-
10 is used.

Here a capacitor is connected from Pin 3 and Pin 4 to VEE. The value of this
capacitor determines the minimum duration of the overvoltage condition (to)
which is necessary to trip the OVP. The value of CD can be found from Figure
14-11. The circuit operates in the following manner: when Vcc rises above the
trip point set by Rl and R2, the internal current source begins charging the
capacitor, CD' connected to pins 3 and 4. If the overvoltage condition remains
present long enough for the capacitor voltage, VCDto reach Vref, the ouput is
activated. If the overvoltage condition disappears before this occurs, the capacitor
is discharged at a rate 10 times faster than the charging rate, resetting the timing
feature until the next over-voltage condition occurs.
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8. Indication Output - An additional output for use as an indicator of OVP
activation is provided by the MC3423. This output (Pin 6) is an open collector
transistor which saturates when the MC3423 OVP is activated. It will remain in
a saturated state until the SCR crowbar pulls the supply voltage, Vcc, below 4.5
V as in Figure 14-10. This output can be used to clock an edge triggered flop-
flop whose output inhibits or shuts down the power supply when the OVP trips.
This reduces or eliminates the heatsinking requirements for the crowbar SCR.

9. Remote Activation Input - Another feature of the MC3423 is its Remote
Activation Input, Pin 5. If the voltage on this CMOSITTL compatible input is
held below 0.7 V, the MC3423 operates normally. However, if it is raised to a
voltage above 2.0 V, the OVP output is activated independent of whether or not
an overvoltage condition is present.

This feature can be used to accomplish an orderly and sequenced shutdown
of system power supplies during a system fault condition. In addition, the In-
dication Output of one MC3423 can be used to activate another MC3423, if a
single transistor inverter is used to interface the former's Indication Output to the
latter's Remote Activation Input.

D. THE MC3424
In addition to the MC3423 a second IC, the MC3424, has been developed

for overvoltage protection and power supply supervision. Similar in many respects
to the MC3423 , the MC3424 may also be programmed for under voltage detection
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or line loss monitoring. With a few passive components the MC3424 is able to
perform all of the monitoring required for a power supply.

The block diagram of the MC3424 is shown in Figure 14-12. Notice that
both inputs to the two sensing comparators (C 1+ , C 1- , C2 + , and C2 - ) are
pinned out to provide additional flexibility. In addition the "-" inputs to the
comparators are tied to controlled current sinks which may be used to provide
hysteresis in the sensing function. The hysteresis voltage (VH) at the comparator
input can be calculated using the equation:

VH = RH IH
Where RH equivalent resistance

IH comparator hysteresis current

If hysteresis is not required, it can be eliminated by making the equivalent re-
sistance in series with the C - input (RH) equal to zero or by configuring the
device such that the quiescent operating point for the C - input is below 1.2
volts.

Both channels of the MC3424 may be operated independently, and both have
high current drive outputs and open collector indicator outputs.

Enable
Select 11
C1+

2

C1 _ 3

15
14

C2-

13 4 5 12 7

DLY2 DLY1 RA1 RA2 V,ef Gnd

INPUT SECTION OUTPUT SECTION



1. Dual Overvoltage Protection - The circuit shown in Figure 14-13 uses the
MC3424 to provide overvoltage sensing for a split supply. In this application the
MC3424 is powered from the positive supply but senses both the positive and
negative supplies, and will crowbar both supplies if a overvoltage condition is
detected on either of the supplies.

To cause the MC3424 to crowbar both supplies, the indicator outputs from
each half of the device are connected to the remote activation inputs of the other
half of the device. With this arrangement, if either side of the device detects an
overvoltage condition it will cause one of the SCRs to crowbar, and at the same
time, activate the other half of the circuit, which will in turn cause the second
SCR to crowbar.

If more than two supplies were to be protected, a similar arrangement could
be used to cause all of the supplies to be crowbarred if any fault occurred. To
accomplish this, simply connect all of the remote activation inputs and all of the
indicator outputs together. Since the indicator outputs of the MC3424 are open
collector devices, anyone of the indicator outputs can activate all of the crowbars
without any interference.

2. Line Loss Detection - In addition to providing overvoltage protection, the
MC3424 can also be used to detect line loss or brownout conditions which will
soon cause the power supply to fail. This is particularly important in many small

Vcc
C1+ DRV1

C1- IND1
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and medium sized computer systems which must store part or all of the data
currently being processed before the power failure. The use of circuits such as
these will allow such systems to "die with dignity."

The circuits shown in Figures 14-14 and 14-15 both perform essentially the
same function. The circuit shown in Figure 14-14 may be used with almost any
type of regulator circuitry; however, the circuit shown in Figure 14-15 should
only be used in linear type supplies where the filter capacitor is isolated from the
line. Using the circuit in Figure 14-15 on switching supplies· where the filter
capacitors are not isolated from the line would defeat the isolation in the switching
transformer.

The circuit shown in Figure 14-14 utilizes half of the MC3424 as an over-
voltage protection circuit in a configuration like the programmable configuration
discussed earlier for the MC3423. The remaining half of the device is configured
for line loss and brownout detection. The C2 + and C2 - inputs are connected
as an undervoltage sensing circuit, and sense the center tap of a voltage divider
driven with a full wave rectified signal proportional to the line voltage. At each
peak of the line the output of the comparator discharges the delay capacitor (CD).
If a half cycle is missing from the line voltage, or if a brownout occurs reducing
the peak line voltage, the delay capacitor will not be discharged and will continue
to be charged as shown in Figure 14-16. If a sufficient number of half cycles are
missing, or if the brownout continues for a sufficient time, the circuit will detect
an ac line fault and output a 'line fault indication on the indicator output. The
delay capacitor is used to provide some noise immunity and to prevent the loss
of a single half cycle from triggering the line fault signal. The minimum time the
fault condition must occur can be adjusted by changing the value of the delay
capacitor.

The circuit shown in Figure 14-15 senses the voltage on the power supply
filter capacitors to predict the imminent power supply failure. Since the voltage
on the capacitor is proportional to the remaining charge, the remaining time the
power supply will function can be calculated by the equation:

C (Vc - Vmin)
t = ------

Imax

C = filter capacitance

t = time to power supply failure

Imax maximum load current

Vc filter capacitor voltage

Vmin = minimum regulator input voltage

By setting t equal to the maximum time for the system to store all required
data, and solving the equation for Vc, the minimum capacitor voltage can be
calculated that will allow the supply to remain functional, while the system
executes the power down sequence. The MC3424 is then configured as an under-
voltage detector, as shown in Figure 14-15, and programmed to detect the min-
imum capacitor voltage Vc.
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SECTION 15
HEATSINKING

A. THE THERMAL EQUATION
A necessary and primary requirement for the safe operation of any semicon-

ductor device, whether it be an IC or a transistor, is that its junction temperature be
kept below the specified maximum value given on its data sheet. The operating
junction temperature is given by:

Tj = TA + PD ()lA (15.1)

where Tj = junction temperature (0C)

TA ambient air temperature CC)

PD = power dissipated by device (watts)

()lA = thermal resistance from junction to ambient air CC/W)

The junction-to-ambient thermal resistance, ()JA, in Equation (15.1) can be
expressed as a sum of thermal resistances as shown below:

()lA = ()lC + ()cs + ()SA (15.2)

()lC = junction-to-case thermal resistance

()CS case-to-heatsink thermal resistance

()SA heatsink-to-ambient thermal resistance

(Equation (15.2) applies only when an external heatsink is used. If no heat-
sink is used. ()JA is equal to the device package ()JA given on the data sheet.)

()lC depends on the device and its package (case) type, while ()SAis a property
of the heats ink and ()cs depends on the type of package/heatsink interface
employed. Values for ()lC and ()SAare found on the device and heatsink data sheets,
while ()CS is given in Table 15-1.

lies For Various Packages &
Mounting Arrangements

lies

METAL·TO·METAL" USING A~INSULATOR"

With Heatsink With Heatsink
CASE DRY Compound Compound Type

TO-3 O.2°CIW O.1°CIW
O.36°CIW 3 mil MiCA

O.28°CIW Anodized Aluminum

TO-66 1SCIW OSCIW O.9°CIW 2 mil MICA

TO-220 1.2°CIW 1.0°CIW 1.6°CIW 2 mil MICA



Examples showing the use of Equations 15. I and 15.2 in thermal calculations
are as follows:

Example 1: Find required heats ink OSA for an MC7805CT; given:

Tjmax(desired) = + 125°C

TAmax= +70°C

Po = 2 watts

Mounted directly to heatsink with silicon thermal grease at interface
1. From MC7805CT data sheet, OlC = 5°C/W
2. From Table 15-1, (Jcs = 2.6°C/W
3. Using Equation 15.1 and 15.2, solve for (}sA:

(T TA)()SA= J - - ()CS- OJC
Po

()SA= (125 ;- 70) - 5.0 - 2.6

~ 19.9°C/W required

Example 2: Find the maximum allowable TA for an unheatsinked
MC78L15CT, given:

Tjmax (desired) = + 125°C

Po = .25 watt

1. From MC78L15CT data sheet, ()JA= 200°C/W
2. Using Equation 15.1 find TA:

TA = Tj - Po ()JA

125 - .25 (200)

+75°C

B. SELECTING A HEATSINK
Usually, the maximum ambient temperature, power being dissipated, the

Tjmax, and ()lC for the device being used are known. The required (}sA for the
heats ink is then determined using Equations 15.1 and 15.2, as in Example I.
The designer may elect to use a commercially available heatsink, or if packaging
or economy demands it, design his own.

1. Commercial Heatsinks
As an aid in selecting a heatsink, a representative listing is shown in Table

15-2. This listing is by no means complete and is only included to give the
designer an idea of what is available.



TABLE 15-2

Commercial Heatsink Selection Guide

No attempt has been made to provide a complete list of all heatsink manufacturers. This list is only
representative.

TO-3 & TO-66

8SA*(OC/W) Manufacturer/Series or Part Number

0.3-1.0 Thermalloy - 6441, 6443, 6450, 6470, 6560, 6590, 6660, 6690

1.0-3.0 Wakefield - 641
Thermalloy - 6123,6135,6169,6306,6401,6403,6421,6423,6427,

6442, 6463, 6500

3.0-5.0 Wakefield - 621, 623
Thermalloy - 6606,6129,6141,6303
IERG - HP
Staver - V3-3-2

5.0-7.0 Wakefield - 690
Thermalloy - 6002, 6003, 6004, 6005, 6052, 6053, 6054, 6176, 6301
IERG- LB
Staver - V3-5-2

7.0-10.0 Wakefield - 672
Thermalloy - 6001, 6016, 6051, 6105, 6601
IERG - LA, uP
Staver - V1-3, V1-5, V3-3, V3-5, V3-7

10.0-25.0 Thermalloy - 6013,6014,6015,6103,6104,6105,6117

*AII values are typical as given by mfgr. or as determined from characteristic curves supplied by
manufacturer. .

TO-5

8SA*CC/W) Manufacturer/Series or Part Number

12.0-20.0 Wakefield - 260
Thermalloy - 1101, 1103
Staver - V3A-5

20.0-30.0 Wakefield - 209
Thermalloy - 1116, 1121, 1123, 1130, 1131, 1132,2227,3005
IERG- LP
Staver - F5-5

30.0-50.0 Wakefield - 207
Thermalloy - 2212,2215,225,2228,2259,2263,2264
Staver - F5-5, F6-5

Wakefield - 204, 205, 208
Thermalloy-1115, 1129,2205, 2?07, 2209, 2210, 2211, 2226, 2230,

2257, 2260, 2262
Staver - F1-5, F5-5

8SA-(OCIW) CASE TO-220

5.0-10.0 IERe H P3 Series
Staver - V3-7-225, V3-7-96

10.0-15.0 Thermalloy - 6030, 6032, 6034
Staver - V4-3-192, V-5-1

15.0-20.0 Thermalloy - 6106
Staver - V4-3-128, V6-2

20.0-30.0 Wakefield - 295
Thermalloy - 6025, 6107

-All values are typical as given by mfgr. or as determined from characteristic curves supplied
by manufacturer.



TO-92

IIsA*eC/W) Manufacturer/Series or Part Number

46 Staver F5-7A, F5-8
50 IERC RUR
57 Staver F5-7D
65 IERC RU
72 Staver F1-8, F2-7

80-90 Wakefield 292
85 Thermalloy 2224

DUAL-INLINE-PIN ICS

20 Thermalloy - 6007
30 Thermalloy - 6010
32 Thermalloy - 6011
34 Thermalloy - 6012
45 IERC - L1C
60 Wakefield - 650,651

•All values are typical as given by mfgr. or as determined from characteristic curves supplied by
manufacturer.

Staver Co., Inc.: 41-51 N. Saxon Ave., Bay Shore, NY 11706
IERC: 135 W. Magnolia Blvd., Burbank, CA 91502
Thermalloy: P.O. Box 34829, 2021 W. Valley View Ln. Dallas, TX
Wakefield Engin Ind: Wakefield, MA 01880

2. Custom Heat Sink Design
Custom heatsinks are usually either forced air cooled or convection cooled.

The design of forced air cooled heatsinks is usually done empirically, since it is
difficult to obtain accurate air flow measurements. On the other hand, convection
cooled heatsinks can be designed with fairly predictable characteristics. It must be
emphasized, however, that any custom heatsink design should be thoroughly tested
in the actual equipment configuration to be certain of its performance. In the
following sections, a design procedure for convection cooled heatsinks is given.

Obviously, the basic goal of any heatsink design is to produce a heatsink with
an adequately low thermal resistance, (JSA. Therefore, a means of determining (JSA is
necessary in the design. Unfortunately, a precise calculation method for (JSA is
beyond the scope of this book. * However, a first order approximation can be
calculated for a convection cooled heatsink if the following conditions are met:
1. The heatsink is a flat rectangular or circular plate whose thickness is much
smaller than its length or width.
2. The heatsink will not be located near other heat radiating surfaces.
3. The aspect ratio of a rectangular heatsink (length: width) is not greater than 2: 1.
4. Unrestricted convective air flow.

For the above conditions, the heatsink thermal resistance can be approxi-
mated by:

(JSA = ATJ (Foh: + EHr) CC/W)

area of the heatsink surface

TJ heatsink effectiveness
*If greater precision is desired, or more information on heat flow and heatsinking is sought, consult the references
list at the end of this section.



Fe convective correction factor

he convection heat transfer coefficient

E: - emissivity

Hr = normalized radiation heat transfer coefficient

The convective heat transfer coefficient, he, can be found from Figure 15-1.
Note that it is a function of the heatsink fin temperature rise, Ts - TA, and the
heatsink significant dimension, L. The fin temperature rise, Ts TA, is given
by:

Ts

TA
(}SA

heatsink temperature

ambient temperature

heatsink-to-ambient thermal resistance

..
<:.,
] M 7.0.•. '••.0
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Figure 15·1. Convection Coefficient, hc

The significant heats ink dimension, L, is dependent on the heatsink shape
and mounting place and is given in Table 15-3.

The convective correction factor, Fe, is likewise dependent on shape and
mounting plane of the heatsink and is also given in Table 15-3.

TABLE 15-3
Significant Dimension L and Correction Factor Fe for

Convection Thermal Resistance
Significant Dimension L Correction Factor Fe

Surface Position L Position Fe
vertical height - (max 2 fl) Vertical Plane 1.0

Horizontal Plane
Rectangular Plane horizontal length x width both surfaces 1.35

length + width exposed
Circular Plane vertical 1T /1 x diameter top only exposed 0.9



The normalized radiation heat transfer coefficient, Hr, is dependent on the
ambient temperature, TA, and the heats ink temperature rise, Ts - TA, given by
Equation (15.4). Hr can be determined from Figure 15-2 .
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The emissivity, E, can be found in Table 15-4 for various heatsink surfaces.
TABLE 15-4.

Typical Emissivities of Common Surfaces

Surface Emissivity, E

Aluminum, Anodized 0.7 - 0.9
Alodine on Aluminum 0.15
Aluminum, Polished 0.05
Copper; Polished 0.07
Copper, Oxidized 0.70
Rolled Sheet Steel 0.66
Air Drying Enamel (any color) 0.85 - 0.91
Oil Paints (any color) 0.92- 0.96
Varnish 0.89- 0.93

Finally, the heatsink efficient, 1J, can be found from the nomograph of Figure
15-3. Use of the nomograph is as follows:
a. Find hT = Fchc + EHr from Figures 15-1, 15-2 and Tables 15-3 and 15-4,
and locate this point on the nomograph.

b. Draw a line from hT through chosen heatsink fin thickness, x, to find a.
c. Determine D for the heatsink shape as given in Figure 15-4 and draw a line
from this point through n, which was found in (b), to determine 1J.

d. If power dissipating element is not located at heatsink's center of symmetry,
multiply 1J by 0.7 (for vertically mounted plates only).

Note that in order to calculate (}sA from Equation (15.3), it is necessary to
know the heatsink size. Therefore, in order to arrive at a suitable heatsink design,
a trial size is selected, its (}sA evaluated, and the original size reduced or enlarged
as necessary. This process is iterated until the smallest heats ink is obtained that
has the required (}sA. The following design example is given to illustrate this
procedure:
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Heatsink Design .Example
Design.a flat rectangular heatsink for use with a horizontally mounted power

device on a PC card, given the following:
I. Heatsink ()SA= 25°C/W
2. Power to be dissipated, PD = 2W
3. Maximum ambient temperature, TA = 50°C
4. Heatsink to be constructed from Ih" (0.125") thick anodized aluminum.
a. First, a trial heatsink is chosen: 2" x 3" (experience will simplify this selection
and reduce the number of necessary iterations.)
b. The factors in Equation (15.3) are evaluated by using the Figures and Tables
given.

A = 2" x 3" = 6 sq. in.
L = 6/5" = 1.2 in. (from Table 15-3)

Ts - TA = 50°C (from Equation 15.4)
he = 5.8 X 10-3 W/in2 - °C from Figure 15-1)
Fe = 0.9 (from Table 15-3)
Hr = 6.1 X 10-3 W/in2 - °C (from Figure 15-2)

E = 0.9 (from Table 15-4)
hT = Fehe + Hre = 10.7 x 10-3 w/in2 - °C
0: = 0.13 (from Figure 15-3)
D = 1.77 (from Figure 15-4)
TJ > 0.94 = I (from Figure 15-3)

c. Using Equation 15.3, find ()sA

()SA= ATJ (Fch~ + EHr) = 16.66°C/W < 25°C/W

d. Since 2" x 3" is too large, try 2" x 2" . Following the same procedure, ()SAis
found to be 25°C/W, which exactly meets the design requirements.
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SECTION 16
REGULATOR RELIABILITY

A. QUALITY CONCEPTS
The quality of a regulator, from a production line, is a measure that expresses

the conformance of the device to a set of specifications. Such a measure is the
percent rejects out of a collection of devices (lot, population). One hundred percent
inspection has to be used to determine the quality of the lot. One characteristic of
this approach is that it is expensive, and therefore, is used only where necessary. In
addition, it may not be as acCurate as it first appears because of operator errors due
to fatigue and of course, it cannot be used where the inspection (test) is destructive.
An alternative to this is scientific acceptance sampling. Acceptance sampling is a
method by which a portion of the total population is examined. On the basis of the
sample quality, (number of rejects out of a total sample that fail to conform to
specifications) and by using the mathematics of probability and statistics, an
estimate of the lot quality is made and the risk of an improper decision is specified.
For example, a lot may be rejected because the sample quality was less than that
prescribed by the mathematics of sampling and our original goal (maximum percent
rejects allowed in a lot). Yet, if the lot was one hundred percent inspected, we may
find that the actual percent rejects in the lot was less than the maximum percent
rejects established as a goal (Type I improper decision). In a similar way, the
reverse may happen: a lot may be accepted on the basis of the sample quality
(sample rejects are fewer than those prescribed by the mathematics of sampling and
our goal) and yet, if a 100% inspection was performed, the actual percent rejects in
the lot could be more than our established goal (Type II improper decision). A
sampling plan is specified by the sample size and the maximum allowable defec-
tives (known as the acceptance number (ACCN».

The risks involved in sampling are described by the operating characteristic
(O.C.) curve of the sampling plan. As illustrated by Figure 16-1, this curve shows
the probability of acceptance, on the vertical axis, vs the lot quality (percent
rejects), on the horizontal axis. Each particular sampling plan will have its own
O.c. curve.

Two points on the curve are of interest. TheAQL, (acceptable quality level),
signifies the quality level that will be accepted most of the time (usually this is set at
95%). In other words, the AQL specifies the risk of making the Type I improper
decision, that is why it is often referred to as Producer's Risk. The other point on the
curve is the LTPD (lot tolerance percent defective) which signifies the level of
rejects in a lot that is unsatisfactory and should be rejected by the plan most of the
time (usually this is set at 10%). This is also known as Consumer's Risk.
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Figure 16-1. Typical Operating Characteristic (O.C.) Curve

Regulators can be produced to a variety of quality levels by combining
different 100% and sample inspections and varying the criteria of acceptance and
rejection. Thus, a customer can negotiate his own custom quality level if he
wishes; however, this can become quite expensive in terms of time and money.
That is why Motorola, in addition to the standard product level, produces regulators
to four different levels of quality that are similar to those found in the MIL-M-
38510 JAN Program processed in accordance with MIL-STD-883. The Motorola
program is called MIL-M-3851O JAN Processed Product; a description of the
program is beyond the scope of this section, however, Table 16-1 gives the
outgoing quality assurance sampling plan for standard quality level regulators.
It is important to discern the effects of the different quality levels. This can be
done by noting the typical field removal rates (verified rejects plus removed
devices verified good) for different classes of 38510 integrated circuits listed

below. Field Removal Rate/lOOO hours
Commercial (no burn-in) 0.1 %

Class C 0.04%
Class B 0.004%
Class A 0.002%



Outgoing 'Quality Assurance Sampling Plan
for

Regulators Standard Product

Subgroups
ACCN AQL(Per MH-Std-883, Method SOOS) LTPD

A-I: Static Tests, 25°C 2.3 0
A-2: Static Tests, Max. Temp. 3.8 I
A-3: Static Tests, Min. Temp. 3.8 I
A-4: Dynamic Tests, 25°C 2.3 0
A-5: Dynamic Tests, Max. Temp. 3.8 I
A-6: Dynamic Tests, Min. Temp. 3.8 I
A-7: Funct. Test, 25°C 2.3 0 0.11
A-8: Funct. Test, MiniMax Temps. 2.3 0 0.11
A-9: Switching Tests, 25°C 2.3 0
A-21: Key Parameters, 25°C 2.3 0 0.11

Although the above removal rates are not specifically for regulators, because
these products are relatively new with respect to other integrated circuits, neverthe-
less, it is expected that regulators will have similar removal rates. Burn-in can be
used to improve the failure rate of regulators. As a rule of thumb, a 10 to 1
improvement may be realized. This is because regulators are state-of-the-art
devices, handling high voltages and currents.

Reliability is the probability that a regulator will perform its specified function
in a given environment for a specified period of time. The most frequently used
reliability measure for regulators is the failure rate, expressed in percent per
thousand hours. The number of rejects observed, taken over the number of device
hours accumulated at the end of the observation period and expressed as a percent,
is called the point estimate failure rate. This, however, is a number obtained from
observations from a portion of all the regulators; if we are to use this number to
estimate the failure rate of all regulators (total population), we need to say some-
thing about the risk we are taking by using this estimate. This statement is provided
by the confidence level expressed together with the failure rate. For example, a
0.1 % per 1000 hours failure rate at 90% confidence level means that 90% of the
regulators wili have a failure rate below 0.1 %/1000 hrs - mathematically, the
failure rate at a given confidence level is obtained from the point estimate and the
CHI square (X2) distribution. (The X2 is a statistical distribution used to relate the
observed and expected frequencies of an event). In practice, a reliability calculator
rule is used that gives the failure rate at the confidence level desired for the number
of rejects and device hours under question.

It is also important to note that, as the number of device hours increases,
our confidence in the estimate increases. In integrated circuits, it is preferred to
make estimates on the basis of 1,000,000,000 device hours or more. If such large
numbers of device hours are not available for a particular device, then the point
estimate is obtained from devices that are similar in process, voltage, construction,
design, etc., and for which we expect to see the same failure modes in the field.



Finally, the environment is specified in terms of the junction temperature of
the regulator by using one of the following two expressions:

(A) TJ = TA + OJAPO

(B) TJ = Tc + OJC Po

TJ Junction Temperature

TA Ambient Temperature

Tc Case Temperature

(hA = Junction to Ambient Thermal Resistance

OJC Junction to Case Thermal Resistance

Po = Power Dissipation

Typical Failure Rate
vs

Junction Temperature
for Regulators

Non-burned-in Product
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One other point worth remembering is that the failure rate for integrated circuits
increases as the junction temperature increases while the causes of failure generally
remain the same. Thus, we can test devices near their maximum junction tem-
peratures, analyze the failures to assure that they are the types that are accelerated
by temperature and then by applying known acceleration factors, estimate the
failure rates for lower junction temperatures. Figure 16-2 shows a curve that gives
estimates of typical failure rates vs temperature for regulators. To assure that the
reliability level does not change over a period of time, Motorola performs a
number of periodic audits such as EPne. These audit programs, besides moni-
toring the current reliability level, provide information on what will be required
to achieve higher levels of reliability.

Frequently a question is raised about the reliability differences between plastic
vs hermetic regulators. In general, for all Linear integrated Circuits, including
regulators, the field removal rates for plastic and hermetic IIC'sare the same for
environments where there is no high humidity. In cases where the environment
contains high humidity, higher failure rates are to be expected from plastic encapsu-
lated devices. On the other hand, some users have reported favorable results in
moderate humidity environments when boards with plastic IIC's (including reg-
ulators) are coated with protective materials, provided that the coating is done
properly (adhering properly) and no new contaminants are introduced.





SECTION 17
IC REGULATOR SELECTION GUIDES

The selection guides in this section are included as an aid to choosing an
appropriate IC regulator. These guides are organized according to regulator type
and list all the IC voltage regulators presently offered by Motorola.

A. ADJUSTABLE OUTPUT REGULATORS
When an adjustable output voltage is required, use of the regulators shown

in Table 17-1 is recommended. Output voltage is set by adjusting the value of
an external resistor or resistors. More complete data on individual devices can
be found in the data sheets of Section 18. An explanation of the column headings
shown in Table 17-1 follows:

Maximum Output Current (10 Max)

Maximum output current in which key device parameters are specified.

Device
Motorola part number for the IC regulator.

Output Voltage (Vout)

The range of output voltages that can be obtained with the regulator basic
circuit configuration. (Methods for extending output voltage range are shown in
Section 3.)

Input Voltage (V1o)

Range of allowable DC input voltages. These are instantaneous values.
Exceeding maximum input voltage could result in regulator damage, while drop-
ping below minimum value will cause loss of regulation.

Input-Output Differential (V1o-Vout)

This is the minimum voltage across the regulator for proper operation.

Maximum Power Dissipation (PD Max)

Maximum power the device can dissipate in free air at TA = 25°C without
a heatsink; and with case temperature held constant at Tc = 25°C.



Line Regulation (Regline)
The percent change of output voltage for a change in input supply voltage.

Given by:
dYoutRegline (%) = -Y x Ay X 100

out U in

where dYout

dYin

change in YoUI

change in Yin

This performance figure applies for the entire output and input voltage range
for the regulator. For actual test conditions, consult data sheets in Section 18.

Load Regulation (Regload)
The percent change of output voltage for a change in output current. For

actual test conditions, consult data sheets in Section 18.

Typical Temperature Coefficient of Output Voltage (Tc of Vout)
Percent change in output voltage per degree Celsius rise in junction tempera-

ture.

Maximum Operating Junction Temperature (TJ MaX)
Maximum junction temperature allowed before damage occurs. For complete

thermal information consult data sheets in Section 18. See Section 15 for heat-
sinking techniques.

Packages
Case 1: "TO-3" metal can
Case 29: "TO-92" plastic package
Case 79: "TO-39" metal can
Case 80-02: "TO-66" metal can
Case 221 A: "TO-220" plastic package
Case 603: lO-pin "TO-5" metal can
Case 614: 9-pin "TO-66" metal can
Case 632: 14-pin ceramic dual-in-line package
Case 646: 14-pin plastic dual-in-line package
Case 751A: 14-pin plastic dual-in-line SOIC package

For detailed outline drawings of these case styles, consult Section 19.



TABLE 17-1

ADJUSTABLE OUTPUT REGULATORS

S Vln- Po
Regulation

U Vout Watt. % Vout@
F Vout Vln Differ- Max TA = 2S"C

10 F VolU Volta .ntla' Typ TC Vout TJ =
mA 0..,1•• I Volta TA = TC = Typ "C
Max Type X Mln Max Mln Max Mln 2S"C 2S"C Lin. Load %I"C Max C•••

100 LM317L H,Z 1.2 37 5.0 40 3.0 Internally 0.04 0.5 0.006 125 29,79

LM217L Limited 0.02 0.3 0.004 150

LMl 17L" 0.003

150 MC1723 CP 2.0 37 9.5 40 3.0 1.25 - 0.1 0.3 0.003 150 646-~ 1.0 2.1 0.1 0.003 603Cf--

~ 0.2 0.002

~ 1.5 - 0.1 0.003 175 632

L - 0.2 0.002-
CD 1.25 - 0.1 0.003 150 751A

250 MC1469 G 2.5 32 9.0 35 3.0 0.68 1.8 ~ 0.13 0.002 150 603
MC1569 37 8.5 40 2.7 0.015

SOO LM317M T 1.2 37 5.0 40 3.0 Internally 0.02 0.1 0.0056 125 221A
LM317M R limited 80
LM217M 0.004 150

LM117M" 0.0036

600 MC1469 R 2.5 32 ' 9.0 35 3.0 3.0 14.0 ~ 0.05 0.002 150 614
MC1569 37 8.5 40 2.7 0.015

1500 LM317 T 1.2 37 5.0 40 3.0 Internally 0.07 1.5 0.006 125 221A
LM317 H.K Limited 79.1
LM217 0.004

LM117" 0.05 1.0 0.003 150

3000 LM350 T 1.2 33 5.0 36 3.0 Internally 0.02 0.1 0.008 125 221A
LM3SO K Limited 1
LM2SO 0.0057 150

LM1SO° 0.0051

#TJ - -4010 + 125"C
°TJ = - 5510 + 1SO"C
tOutput Voltage Tolerance for Worst Case



ADJUSTABLE OUTPUT REGULATORS (Continued)

NEGATIVE OUTPUT REGULATORS

S Vin- Po Regulation I
U You' Watts % You. (tl

F You. Vin Diffe,· Ma.
TA ; 25·C

10 F Volts Volts ential Typ TC You. TJ ;
mA Device I Volts TA; TC; Typ 'C
Ma. Type X Min Ma. Min Ma. Min 25·C 25·C line load "!orc M•• Case

250 MC1463 G 3.8 32 90 35 30 068 18 003 005 0002 150 603

MC1563 36 33 85 40 27 0015 013

500 lM337M T -1.2 -3.7 5.0 4.0 3.0 Intern~lly 0.02 03 00048 125 221.

lM337M R limited 80

lM237M 0.0034 150

lM137M' 0.0031

600 MC1463 R 38 34 9.0 35 30 24 90 ~ 005 0002 175 614

MC1563 36 37 85 40 27 0015

1500 lM337 T 1 2 37 50 40 30 Internally 002 0.3 00048 125 221A

lM337 H. K Limited 79 1

LM237

i
00034 150

lM137' 00031

If low cost and easy implementation are prime regulator design considera-
tions, the fixed output, three terminal regulators shown in Table 17-2 are rec-
ommended. These are available with output current capabilities from 100 mA to
3.0 A. All have internal overcurrent, safe-operating area, and thermal protection
circuitry. Complete device specifications are given in the data sheets of Section
18. An explanation of the column headings shown in Table 17-2 follows:

Output Voltage (Vout)

Nominal output voltage for positive and negative regulators. The adjacent
column indicates worst case tolerance (Volts). (Methods for adjusting output
voltage are shown in Section 3.)

Maximum Output Current (10 max)

Maximum output current available from regulator under normal operating
conditions. (Methods for obtaining greater output currents are shown in Section 3.)

Device
Two columns are provided listing Motorola part numbers for positive and

negative voltage outputs.

Input Voltage minimax (VIn)

Range of allowable instantaneous dc input voltage. Exceeding maximum Vin
could .result in regulator damage, while dropping below minimum value will
cause loss of regulation.



Line Regulation (Regune)
Change in output voltage for a given change in input voltage. Test speci-

fications are given in the ~_atasheets of Section 18.

Load Regulation (Regload)
Change in output voltage for a given change in output current. Test speci-

fications are given in the data sheets of Section 18.

.Typical Temperature Coefficient of Output Voltage (d V/dT)
Typical change in output voltage per degree celsius change in junction temp-

erature.

Packages
Case 1: "TO-3" metal can
Case 29: "TO-92" plastic package
Case 79: "TO-39" metal can
Case 221A: "TO-220" plastic package
For detailed outline drawings of these case styles, consult Section 19.

Package
Styles @2

o 0"',
CASE I 29 79 80 221A 603 603C 614

ITO-3) (TO-92) (TO-39) (TO-66) nO-220) (TO-S Tvpe) (TO-66)

MATERIAL Metal Plastic Metal Metal Plastic Metal T Metal Metal

SUFRX K P, Z G,H R T G I G R

CASE 620 632 646 648 707 726 7SIA
ITO-116)

MATERIAl Ceramic Ceramic Plastic Plastic Plastic Ceramic Plastic
SUFRX J, L L P N,P N J 0

16 14 ,. 16 18 18 14~;:::::::Ip p p 1;::::::::1 ~ 0
1 1 1



TABLE 17-2
FIXED OUTPUT VOLTAGE REGULATORS

FIXEDIVOLTAGE, 3-TERMINAL REGULATORS FOR POSITIVE OR NEGATIVE POLARITY POWER SUPPLIES.
Fixed/Voltage, 3-Terminal Regulators for Positive or Negative Polarity Power Supplies.

10 <1V()l<1T
Vout Tol.t mA Device Type Device Type Vi" Reglin. Regload mVrC
Volts Volt. Max Positive Output Negative Output MiniM •• mV mV Typ Case

2 :0.1 150O - MC7902C 5.5/35 40 12O 1.0 1,221A

:0.15 10O - MC79L03AC 4.7130 60 72 - 29,79
3

:0.3 MC79L03C SO

5 :0.5 10O MC7SL05C MC79L05C 6.730 200 60 - 29,79

:0.25 MC7SL05AC MC79L05AC 15O

500 MC7SM05C - 735 100 10O 1.0 79, 221A

:0.4 150O LM109 - 1.1 1,79

LM209 -

:0.25 LM309 - 50 1.0

:0.35 MC7S05" - S.0'35 0.6 1

:0.25 MC7S05B# - 835 10O 1.0 l,221A

MC7S05C MC7905C 735

:0.2 MC7S05A" - 7.5/35 1O 50 0.6 1

MC7805AC MC7905AC 100 l,221A

:0.25 LM140-5" - 7,35 50 50 1

LM340-5 -
3000 MC7ST05" - 7.3/35 1O 25 0.1 1

MC7ST05C -
:0.2 1,221A

MC7ST05A" - 1
MC78T05AC - 1 721A

±0.3 LM123 - 7.5/20 25 10O 0.4 1

±0.1 LM123A - 15 50

±0.3 LM223 - 25 10O

±0.1 LM223A - 15 50

±0.2 LM323 - 25 100 1,221A

±O.l LM323A - 15 50

5.2 :0.26 150O - MC7905.2C 7.2/35 105 105 1.0 1,221A

6 :0.3 500 MC78M06C - 8135 10O 12O 1.0 79, 221A

:0.35 150O MC7S06" - 9/35 60 100 0.7 1

:0.3 MC7S06B# - 935 12O 12O 1,221A

MC7S06C MC7906C S,35

:0.24 MC7S06A" - 8.6/35 11 50 1

MC7S06AC - 10O 1. 221A

:0.3 LMl40-6" - 8/35 60 60 1

LM340-6 -
3000 MC7ST06" - 8.335 11 25 0.12 1

MC7ST06C - 1,221A

S :O.S 100 MC78LOSC - 9.7130 200 80 - 29,79

MC7SLOSAC - 175

:0.4 500 MC79MOSC - 10/35 100 160 1.0 79,221A

150O MC7S0S" - 11.5/35 80 100 1

MC7808B# - 11.5/35 16O 160 1,221A

MC7S0SC MC790SC 10.5/35

:0.3 MC780SA" - 10.6/35 13 50 1

MC7S0SAC - 10O 1,221A

:0.4 LM140-S" - 10.5/35 80 SO 1

LM340-S -
3000 MC7ST08" - 10.4/35 13 25 0.16 1

MC78TOSC - l,221A



10 <1V()I<1T

Vout Tol.t mA Device Type Device Type Vi" Regline Regloed mVN;
Volta Volta Mex Positive Output Negative Output MiniMax mV mV Typ Ca ••

12 =1.2 100 MC78L12C MC79L12C 13.7/35 250 100 - 29.79

=0.6 MC78L12AC MC79L12AC

500 MC78M12C - 14135 100 240 1.0 79,221A

1500 MC7812" - 15.5/35 120 120 1.5 I

MC7812B# - 240 240 1,221A

MC7812C MC7912C 14.5135

=0.5 MC7812A" - 14.8135 18 50 I

MC7812AC - 100 1,221A

=0.6 LM14O·12" - 14.5/35 120 120 1.5 1

LM34O·12 -
3000 MC78T12" - 14.5/35 18 25 0.24 1

MC78T12C - 1,221A

=0.5 MC78T12A" - 1

MC78T12AC - 1,221A

IS =1.5 100 MC78L15C MC78L15C 16.7/35 300 150 - 29,79

=0.75 MC78L15AC MC78L15A

500 MC78M15C - 17/35 100 300 1.0 79,221A

1500 MC7815" - 18.5/35 ISO ISO 1.8 I

MC7815B# - 300 300 1,221A

MC7815C MC7915C 17.5/35

=0.6 MC7815A" - 17.9/35 22 50 I

MC7815AC - 100 1,221A

=0.75 LMI40-15" - 17.5/35 150 150 I

LM340-15 -
3000 MC78T15" - 17.5/40 22 25 0.3 1

MC78T15C - 1,221A

=0.6 MC78T15A" - I

MC78T15AC - 1,221A

18 =1.8 100 MC78L18C MC79L18C 19.7/35 325 170 - 29,79

=0.9 MC78L18AC MC79L18AC

SOO MC78MlnC - 20/35 100 360 1.0 79,221A

1500 MC7818" - 2235 180 180 2.3 I

MC7818B# - 360 360 1,221A

MC7818C MC7918C 2135

=0.7 MC7818A" - 31 SO 1

MC7818AC - 100 1,221A

=0.9 LMI4O-18" - 180 180 1

LM340-18 -
3000 MCl8T18" - 20.6140 31 25 0.36 1

MC78T18C - 1,221A

20 "'1.0 SOO MC78M20C - 22/40 10 400 1.1 79,221A

24 =2.4 100 MC78L24C MC79L24C 25.7/40 350 200 - 29,79

=1.2 MC78L24AC MC79L24AC 300

5PO MC78M24C - 26/40 100 480 1.2 79,221A

1500 MC7824" - 28/40 240 240 3.0 I

MC7824B# - 480 480 1,221A

MC7824C MC7924C 2740

=1.0 MC7824A" - 27.3/40 36 50 1

MC7824AC - 100 1,221A

=1.2 LM140·24" - 240 240 I

LM340·24 -
3000 MC78T24" 26.7/40 36 25 0.48 1

MC78T24C 1,221A

#TJ ~ -40 to + 125°C
"TJ ~ -55 to + lSOoC
tOutput Voltage Tolerance for Worst Case



C. SPECIALTY REGULATORS AND SWITCHING REGULATOR
CONTROL CIRCUITS
In addition to the regulators of Tables 17-1 and 17-2, Motorola offers two

specialty regulators: the MC1568/MC1468 ± 15 V Tracking regulator and the
MC 1466 Precision Floating regulator. General specifications for these regulators
are shown in Table 17-3. More complete data on these devices can be found in
the data sheets of Section 18. An explanation of the column headings shown in
Table 17-3 follows:

Device

Motorola part number for the IC regulator. (No symbol indicates O°C to
+ 70°C operating ambient temperature range. * indicates - 55°C to + 125°C
operating ambient temperature range.)

Output Voltage (V0)

For the tracking regulators, the value of the preset output voltage. (Methods
for obtaining adjustable output voltages are shown in Section 3.)

For the floating regulators, the range of output voltages that can be obtained
with the regulator.

* Indicates that the maximum obtainable output voltage is dependent only on
the characteristics of the external pass element.

Maximum Output Current (10 Max)
Absolute maximum output current that can be obtained without damaging reg-

ulator. (Methods for obtaining increased output current are shown in Section 3.)
* Indicates that the maximum obtainable output current is dependent only on

the characteristics of the external pass element.)

Input Voltage (Vin)

The range of allowable DC input voltage. This is an instantaneous value.
Exceeding maximum VIN could result in regulator damage, while dropping below
minimum value will cause loss of regulation.

Auxiliary Supply Voltage (Vaux)

The floating regulators require an additional dedicated voltage source which is
floating with respect to the output ground. The values given are the limits for this
auxiliary supply voltage.

Line Regulation (Regline)
Percent change in output voltage for a given change in input voltage. Test

specifications are given in the data sheets of Section 18.

Load Regulation (Regload)
Percent change in output voltage for a given change in output current. Test

specifications are given in the data sheets of Section 18.



Load Current Regulation
Percent change in output current for a given change in load voltage while

in the current regulation mode. Test specifications are given in the data sheets
of Section 18.

Typical Temperature Coefficient of Output Voltage (TC of Vol
Typical percent change in output voltage per degree Celsius change in junction

temperature.

Maximum Power Dissipation (PDmax)
Maximum power which device can safely dissipate when case temperature is held

at +25°C; and junction temperature is at its maximum value of + 125°C. For complete
thermal information, consult data sheets in Section 18. For heat sinking information, see
Section 15.

Package
Case 603C: lO-pin "TO-5" type metal can
Case 614: 9-pin "TO-66" type can
Case 632: 14-pin ceramic dual-in-line package

For detailed outline drawings of these case styles, consult Section 18.

TABLE 17-3

SPECIALTY REGULATORS

OUTPUT AUXIUARY
VOLTAGE

MAX OUTPUT VOLTAGE
(Vol CURRENT UNE LOAD CURRENT TYPICAL

DEVICE MIN MAX loMAX MIN MAX REGULATION REGULATION .REGULATION TC OFVo PDMAX PACKAGE

MCI566l' 0 . . 20V 35V .OI%+lmV .01%+lmV .1%+lmA :e.OO6%I"C .75W 632

MC1466l 0 . . 21V 30V .03%+3mV .03%+3mV .1%+lmA :e.Ol%I"C .75W 632

OUTPUT INPUT
VOLTAGE MAX OUTPUT VOLTAGE UNE LOAD

(Vol CURRENT IVin) REGULATION REGULATION TYPICAL
DEVICE MIN MAX loMAX MIN MAX %Vo %Vo TC olVo PDMAX PACKAGE

MCI568G' :e14.8V :e15.2V :el00mA :e17V :e30V .13% .2% :e.OO6%I"C .8W 603C

MCI568l' :e14.8V :e15.2V :el00mA :e17V :e30V .13% .2% :e.OO6%I"C 1.0W 632

MCI568R" :e14.8V :e15.2V :el00mA :e17V :e30V .13% .2% :e.OO6%I"C 2.4W 614

MCI468G :e14.5V :e15.5V :el00mA :e17V :e30V .13% .2% :e.OI3°/ol"C .8W 603C

MC1468l :e14.5V :e15.5V :el00mA :e17V :e30V .13% .2% :e.OI3%I"C 1.0W 632

MCI468R :e14.5V :e 15.5V :el00mA :e 17V :e30V .13% .2% :.013%/"C 2.4W 614



Output Device Voltage Temperature Operating Dynamic Description Case
Voltage Type Tolerance Coefficient Current Impedance

Dnm/OC 0
1235 V .• LM385 ±1% 20 10~to20mA 1 Micro Power 29

Voltaae Reference
1--- 25Vto TL 431 ±2% 50 1 to 100mA 0.22 Adjustable Precision 626,29

36V Shunt Regulator 693

Vout 10 ~Voutl~T
Volts mA ppmrc Device Regline Reglold TA
Typ Mox Mox Number mV Mu: mV Max "C Case

2.5 ~ 5.0 mV ~10 25 MC1400U2 3.0 10 o to + 70 693

10 MC1400AU2 INote 11 (Note 4)
40 MC1500U2 - 55 to + 125

10 MC1500AU2

2.5 ~ 25 mV 10 40 MC1403 3.0-4.5 10 o to + 70 693, 79

25 MC1403A INote 21 INote 51
55 MC1503 - 55 to + 125

25 MC1503A

5.0 ~ 10 mV ~10 25 MC1400U5 4.0 20 o to + 70 693

10 MC1400AU5 INote 11 INote 41
40 MC1500U5 - 55 to + 125

10 MC1500AU5

5.0 ~ 50 mV 10 40 MC1404U5 6.0 10 o to + 70

25 MC1404AU5 INote 31 INote 51
55 MC1504U5 - 55 to + 125

25 MC1504AUS

6.25 ~ 10 mV ~10 25 MC1400U6 4.0 20 o to + 70 693

10 MC1400AU6 INote 11 INote 4)
40 MC1500U6 - 55 to + 125

10 MC1500AU6

6.25 ~ 60 mV 10 40 MC1404U6 6.0 10 o to + 70

25 MC1404AU6 INote 31 (Note 51
55 MC1504U6 -55 to + 125

25 MC1504AU6

10 ~ 20 mV ~10 25 MC1400Ul0 4.0 20 o to + 70

10 MC1400AU10 (Not. 1) INot.41
40 MC1500Ul0 - 55 to + 125

10 MC1500AU10

10 ~ 100 mV 10 40 MC1404U10 6.0 10 o to + 70

25 MC1404AU10 {Note 31 INote 51
55 MC1504U10 - 55 to + 125

25 MC1504AU10

Notes:
1. (Vout ~ IV) =soVin ~ 40 V
2. 4.5 V=soVin :i!i; 15 V

15 V ~ Vin =s;:40 V

3. (Vout + 2.5 Vj ~ Vin "'" 40 V
4. - 10 mA :i!i; IL :E;; + 10 mA

5. 0 mA =s;:tL "'" 10 mA



Switching Regulator Control Circuits
Motorola offers a complete line of switching regulator I.c.s to meet the

various demands of the market. Table 17-4 lists devices offered along with key
parameters. For detailed specifications, refer to Section 18.

An explanation of the column headings shown in Table 17-4 follows:

Maximum Output Current (10 max)

This is the maximum output current capability of the switching control circuit
outputs. Most of the devices have dual push-pull outputs, except forthe MC34060/
35060 and /-LA78S40 devices which are single ended.

Supply Voltage (Vcd minimax
Minimum applied voltage to Vcc in which normal operation occurs. Max-

imum applied voltage to Vcc, beyond which damage to the I.c. can occur. The
TL495 has an internal 39 volt zener and therefore can be operated from supplies
greater than 40 volts with a series current limiting resistor. For detail specifica-
tions, refer to Section 18.

Oscillator Frequency (Co)

The range in which the oscillator will operate to effectively drive the internal
logic and outputs.

Package
Case 620: 16-pin ceramic dual-in-Iine package
Case 632: 14-pin ceramic dual-in-Iine package
Case 646: 14-pin plastic dual-in-line package
Case 648: 16-pin plastic dual-in-line package
Case 701: 18-pin plastic dual-in-line package
Case 726: 18-pin ceramic dual-in-Iine package



TABLE 17-4
SWITCHING REGULATOR CONTROL CIRClJlTS

10 Vcc '0
mA Volts kHz Device TA
Mu: Mln Mu: Mln Mu: Number Suffix "C C•••
40 10 30 2.0 100 MC3420 P o to + 70 648

L 620

MC3520 L -55 to + 125 620

250' 7.0 40 1.0 300 MC34060 P o to + 70 646

L 632

MC35060 L 55 to +125 632

250 7.0 40 1.0 300 TL494 CN o to + 70 648

CJ 620

IN -25 to + .85 648

IJ 620

MJ -55 to +125 620

250 >40" 1.0 300 TL485 CN o to + 70 707

CJ 726

IN -25 to +85 707

IJ -25 to +85 726

SG3525A N ()"to +70 648

SG3525A J o to + 70 620

",400 8 40 0.1 400 SG2525A N 648
-40 to +85

SG2525A J 620

SG1525A J -55 to + 125 620

SG3527A N o to + 70 6~

SG3527A J 620

",400 8 40 0.1 400 SG2527A N 648-40 to +85
SG2527A J 620

SG1527A J - 55 to + 125 620

SG3526 N o to + 70 707

SG3526 J 726

",200 8 40 0.001 400 SG2526 N -40 to +85 707

SG2526 J 726

SG1526 J - 55 to + 125 726

~78S40 PC o to + 70 648

1500 2.5 40 1 40 .,A78S40 DC
620

~78S40 DM -55 to +125

8 20 20 70 TDA4600 - -15 to + 85 762

'Single output device
"Internal 39 V zener for> 40 volt operation
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® MOTOROLA
LMI09
LM209
LM309

MONOLITHIC POSITIVE THREE - TERMINAL
FIXED VOLTAGE REGULATOR

POSITIVE
VOLTAGE REGULATOR

A versatile positive fixed +5.0-volt regulator designed for easy
application as on on·card, local voltage regulator for digital logic
systems. Current limiting and thermal shutdown are provided to
make the units extremely rugged.

In most applications only one external component, a capacitor,
is required in conjunction with the LM 109 Seriesdevices. Even
this component may be omitted if the power-supply filter is not lo-
cated an appreciable distance from the regulator.

• High Maximum Output Current - Over 1.0 Ampere in TO·3 type
Package- Over 200 mA in TO-39 type Package.

K SUFFIX
METAL PACKAGE

CASE 1

ITO-3 Type)

Output

2Inpu,ev
1 0 0 3

Ground

(BOTTOM VIEW)
H SUFFIX

METAL PACKAGE
CASE 79
(TO·391

ORDERING INFORMATION

Device Temperature Range Package

LM109H TJ 0 -55°C to +lS00e Metal Can

LM109K T J '= -5SoC to + 150°C Metal Power

LM209H TJ = -5SoC to +150oC Metal Can

LM209K TJ - -5SoC to +150oC Metal Power

LM309H TJ 0 oOe to +12Soe Metal Can

LM309K TJ 0 oOe to + 125°C Metal Power

TYPICAL APPLICATION
0.3

FIXED 5.0 V REGULATOR

OUTPUT IV
Input lMl09 Output

C,"
Cl

O.ll"F Ground

6.3V

• Required if regulator is located an appreciable
distance from power supply filter.
Although no output capacitor is needed for
stability. it does improve transient response.



Rating Symbol Value Unit

I nput Voltage Vin 3!? Vdc

Power Dissipation Po Internally Limited

Junction Temperature Range TJ oc

LM109 -5510 +150

LM209 -5510+150

LM309 010 +125

Storage Temperature Range Tslg -65 to +150 oc

Lead Temperature TS 300 oc
(soldering. I = 6051

LM 109/LM209 (j) LM309 (j)
Characteristic Symbol Min Typ Max Min Typ Max Unit

Output Voltage lTJ 0: +250CI Va 4.7 5.05 5.3 4.8 5.05 5.2 Vdc
Input RegulatIon ITJ:; +250CI Regln - 4.0 50 - 4.0 50 mV

7.0~Vln~25V

Load Regulation (TJ - +250CI Regload mV
Case 11·01 (type TO-315 0 mA ~ to ~ 1.5A 50 100 50 100
Case 79·02 (TO·39) 5.0 mA ~ to .;; 05A 20 50 20 50

Output Voltage Range Va 46 5.4 4.75 525 Vdc
7.0V~Vln~25V

5.0 mA ~ 10 ~ Imax' p ~Pmax

QUiescent Current (70 V ~ Vtn ~ 25 VI 18 5.2 10 5.2 10 mAdc

Qu lescent Current Change (7.0 V :s;;;;; Vln < 25 V) "IB 0.5 - - 05
5.0 mA < In < I..•.•",x 08 - - 0.8

Output NOise Voltage (T A'" +250C) VN 40 - 40 - ~V
10 Hz <f ~ 100 kHz

Long Term Stability S - - 10 - - 20 mV

Thermal Resistance. Junction to Case Q) 6JC °C/W

Case 1 (type TO·31 - 3.0 - - 3.0 -
Case79·02 ITa·391 - 15 - - 15 ..

Unless otherWise specified. these specificatIons apply for _55°C ~ T J ~ + 150° (_25°C ~ T J ~ + 150°C for the LM2091 For Case 79 02
IT039lV,n 10V. 10=--01A. Imi'X-02A and Pmax"'2.0W For Case 1 (typeTO.3)Vin=10V.10",05A,'max=1.oAand
Pmax '" 20 W

Unless otherWise specified. these speCIfications apply for ooC ~ TJ ~ + 125°C. V In'" lOV For Case 79 02 (TO-39) 10:; 0 1A, 'max " O.2A
and Pmax"" 2 0 W For Case' (type TO 31 10'" a 5 A, Imax'" 1 a A and Pmax '" 20 W

® '..."lilthout a heat sink. the thermal reslstanc.e of the Case 79 02 lTO·391 package IS about 150oC/W. while that of the Case 1 (type TO 31
package IS aoproxlmately 350C/W With a heat Sink. the effective thermal resistance can only approach the values specified, depending on
the efficIency of the heat Sink

TYPICAL CHARACTERISTICS
(Vin = 10 V. TA = +250C unless olherwise nOled.1
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~
z

100
;::
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c
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I
I

I

INFI~ITE
HEAT SINK- WAKE FIELD
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207 OR EDUIV

- NO HEAT
- SINK \..... \
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TYPICAL CHARACTERISTICS (continued)
(Vin = 10 V. TA = +250C unless otherwise noted.l

100

50

~
z
0 10

"~ 5.0~
0
or

~ 1.0~
~ 0.5

INFINITE
~EATSI~K

WAKE FIELD
HEAT SINK

680·75 DR EOUIV

...•...•. '"
~

-NO HEAT
:= SINK

c:
~ 10-0
z«
~~...
=>
~ 10-1
=>o

I I

IL-20mA~

/ A

I ./ ./
'L 500 mA

I I

I I

FIGURE 7 - PEAK OUTPUT CURRENT (H PACKAGE)
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FIGURE 18 - 5.0 VOLT. 4.0·AMPERE TRANSISTOR
(with plastic Darlington boost transistor)

MJE1090 OR EOUIV,--------,
I
I

FIGURE 20 - S.O·VOL T. 10-AMPERE REGULATOR
(with Short-Circuit Current Limiting for
Safe-Ar. Protection of pass transistors)

30V(max)
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2N604g
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® MOTOROLA

3-TERMINAL ADJUSTABLE
OUTPUT POSITIVE VOLTAGE REGULATOR

The LM117/217/317 are adjustable 3-terminal positive voltage
regulators capable of supplying in excess of 1.5 A over an output
voltage range of 1.2 V to 37 V. These voltage regulators are excep-
tionally easy to use and require only two external resistors to set the
output voltage. Further, they employ internal current limiting,
thermal shutdown and safe area compensation, making them essen-
tially blow-out proof.

The LM 117 series serve a wide variety of applications including
local, on card regulation. This device also makes an especially
simple <Idjustable switching regulator, a programmable output
regulator, or by connecting a fixed resistor between the adjustment
and output, the LM117 series can be used as a precision current-
regulator.

• Output Current in Excess of 1.5 Ampere in TO-3 and TO-220
Packages

• Output Current in Excess of 0_5 Ampere in TO-39 Package

• Output Adjustable between 1.2 V and 37 V

• Internal Thermal Overload Protection

• Internal Short-Circuit Current Limiting Constant with Temperature

• Output Transistor Safe-area Compensation

• Floating Operation for High Voltage Applications

• Standard 3·lead Transistor Packages

• Eliminates Stocking Many Fixed Voltages

LMl17
LM217
LM317

3-TERMINAL
ADJUSTABLE POSITIVE
VOLTAGE REGULATOR

SILICON MONOLITHIC
INTEGRATED CIRCUIT

K SUFFIX
METAL PACKAGE

CASE 1
(TO·3 Type)

~
~ IBOttom Viewl

T SUFFIX
PLASTIC PACKAGE

CASE 221A
ITO-220)

'Adjl
Adjust

• - Gin Is required if regulator i. located an appreciable diltance from power
supply filter.

•• - Co i. not needed for stability. however It do •• improve tran,lent
respon ••.

R2
Vout - 1.25 V (1 +~) + IAdj R2

Sinee IAdJ I, controlled to I•• than 100 ~A. the .rror •• tocl.ted with thl,
term I_ negligible In molt appllC81tlonl

H SUFFIX
METAL PACKAGE

CASE 79

ITO·391

'".''0'.'''I
Pin 1 Vin
Pin 2 Adjust
Pin 3 Vout

Device Temperatur. Range Package

LMl17H TJ = -55°C to +1500e Metal Can
LMl17K TJ z -550C to +l50oe Metal Power
LM217H TJ = -25°C to +l50oe Metal Can
LM217K TJ = -25°C to +l50oe Metal Power
LM317H TJ - oOe to +1250e Metal Ca~
LM317K T J = oOe to +1250e Metal Power
LM317T TJ· oOe to +1250e Plastic Power



Rating Symbol Value Unit
Input-output Voltage Differential VI'VO 40 Vdc
Power Dissipation Po Internally

Limited
Operating Junction Temperature Range TJ °c

LM117 -55 to +150
LM217 -25 to +150
LM317 o to +125

Storage Temperature Range Tstg -65 to +150 °c

ELECTRICAL CHARACTERISTICS (VI - Vo = 5 V; 10 = 0.5 A for K and T packages; 10 = 0.1 A for H package;
TJ = Tlow to Thigh (see Note 1); 'max and Pmax per Note 2; unless otherwise specified.)

LM117/217 LM317
Characteristic Figure Symbol Min Typ Max Min Typ Max Unit

Line Regulation (Note 3) 1 Regline %/V
TA = 25°C. 3 V <. VI - Vo <'40 V - 0.01 0.02 - 0.01 0.04

Load Regulation (Note 31 2 Regload
TA = 25°C. 10 mA <. 10 <. Imax

VO<' 5V - 5 15 - 5 25 mV
VO" 5V - 0.1 0.3 - 0.1 0.5 %VO

Adjustment Pin Current 3 IAdj - 50 100 - 50 100 /lA
Adjustment Pin Current Change 1.2 IIIAdj /lA

2.5 V •• VI- VO<'40V
10 mA <. IL <. Imax• Po <. Pmax - 0.2 5 - 0.2 5

Reference Voltage (Note 4) 3 Vref V
3 V •• VI - Vo <. 40 V
10 mA <. 10 <. Imax. Po <. Pmax 1.20 1.25 1.30 1.20 1.25 1.30

Li~e Regulation (Note 3) 1 Reglin~ %/V
3V<'VI-VO<.40V - 0.02 0.05 - 0.02 0.07

Load Regulation (Note 31 2 Regload
10 mA <. 10 <. Imax

Vo <'5 V - 20 50 - 20 70 mV
VO" 5V - 0.3 1 - 0.3 1.5 %VO

Temperature Stability (Tlow <. TJ <. Thigh) 3 TS - 0.7 - - 0.7 - %VO
Minimum Load Current to 3 ILmin mA
Meintain Regulation (VI - Vo = 40 V) - 3.5 5 - 3.5 10
Maximum Output Current 3 Imax A

VI-VO<.15V.PO<' Pmax
K and T Packages 1.5 2.2 - 1.5 2.2 -
H Package 0.5 0.8 - 0.5 0.8 -

VI-VO=40V.PO<' Pmax• TA = 25°C
K and T Packages 0.25 0.4 - 0.15 0.4 -
H Packege - 0.07 - - 0.07 -

RMS Noise. % of Vo - N %VO
TA = 25°C. 10 Hz <. f <. 10 KHz - 0.003 - - 0.003 -

Ripple Rejection. Vo = 10 V. f = 120 Hz (Note 5) 4 RR d8
Without CAOJ - 65 - - 65 -
CADJ = 10 /IF 66 80 - 66 80 -

Long Term Stability. TJ = Thigh (Note 61 3 S %/1.0kHrs
TA Z 2SoC for Endpoint Measurements - 0.3 1 - 0.3 1

Thermal Resistance Junction to Case - ReJC °C/W
H Package lTO-J91 - 12 15 - 12 15
K Package (TO·3) - 2.3 3 - 2.3 3
T Package (TO·220) - - - - 5 -

NOTES: (1) Tlow = -55°C for LM117 Thigh = +1500C for LM117
= -250C for LM217 = +150oC for LM217
-OoCfor LM317 = +1250C for LM317

(2) Imax - 1.5 A for K (TO-J) and T (TO·220) Packages
- 0.5 A for H (TO-J9) Packege

Pmex - 20 W for K (TO-J) end T (TO·220) Pac,,-
= 2 W for H (TO-J9) Packege

(3) Load end line reguletion ere IPOClfladet constent
junction temperature. Changes In Vo due to heotlng

effects must be taken into account separately. Pulse
testing with low dutY cycle is used.

{4}Selected devices with tightened tolerance reference
voltage 8Vailable.

(S) CADJ. when used. is connected between the
adjustment pin and ground.

(6) Since Long Term Stebility cannot be meesured on
each devic(t before shipment. this specification is an
engln"rlng estimate of average stability from lot to
lot.
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Cin T 0.11'F

L.oad Regulation (mV);r; Va (min. Load) - Va (max. Load)

Va (min. Load) - Va (max. Load) I ,Va (mln Load)
Load Regulation ("VO) •• V X 100 U V .

V
out

0 {min. Load} Vo (max. Load)

'L

Adjust R1
240

1%

IAdj

R2

1%

24V-f\
14V U

f.:: 120 Hz

To Calculate R2:

Va = ISET R2 + 1.250 V

Assume ISET ::c: 5.25 mA

,'+
CADJ ;~~ 10 IlF

I,

Ie
I
I
I
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BASIC CIRCUIT OPEItATION
The LMl17 is a 3-terminal floating regulator_ In opera-

tion. the LM117 develops and maintains a nominal 1.25
volt reference (Vref) between its output and adjustment
terminals. This reference voltage is converted to a pro-
gramming current (lpROG) by Rl (see Figure 17). and
this constant current flows through R2 to ground. The
regulated output voltage is given by:

R2
Vout = Vref (1 + Al) + IAdj R2

Since the current from the adjustment terminal (IAdj)
represents an error term in the equation. the LM117 was
designed to control IAdj to less than 100 IlA and keep it
constant. To do this. all quiescent operating current is
returned to the output terminal. This imposes the require-
ment for a minimum load current. If the load current is
less than this minimum. the output voltage will rise.

Since the LMl17 is a floating regulator. it is only the
voltage differential across the circuit which is important
to performance. and operation at high voltages with
respect to ground is possible.

! +

vref

\

LOAD REGULATION
The LM117 is capable of providing extremely good

load regulation. but a few precautions are needed to
obtain maximum performance. For best performance. the
programming resistor (R 1) should be connected as close
to the regulator as possible to minimize line drops which
effectively appear in series with the reference, thereby
degrading regulation. The ground end of R2 can be
returned near the load ground to provide remote ground
sensing and improve load regulation.

EXTERNAL CAPACITORS
A 0.1 IlF disc or 1 IlF tantalum input bypass capacitor

(Cin) is recommended to reduce the sensitivity to input
line impedance.

The adjustment terminal may be bypassed to ground to
improve ripple rejection. This capacitor (CADJ) prevents
ripple from being amplified as the output voltage is
increased. A 10 IlF capacitor should improve ripple
rejection about 15dB at 120 Hz in a 10 volt application.

Although the LM117 is stable with no output capaci·
tance, like any feedback circuit. certain values of external
capacitance can cause excessive ringing. An output capaci-
tance (Co) in the form of a 1 IlF tantalum or 25 IlF
aluminum electrolytic capacitor on the output swamps
this effect and insures stability.

PROTECTION DIODES
When external capacitors are used with any I.C. regu·

lator it is sometimes necessary to add protection diodes to
prevent the capacitors from discharging through low
current points into the regulator.

Figure 18 shows the LM117 with the recommended
protection diodes for output voltages in excess of 25 V or
high capacitance values (Co> 25 IlF. CADJ > 10 IlF).
Diode 01 prevents Co from discharging thru the I.C.
during an input short circuit. Diode 02 protects against
capacitor CADJ discharging through the I.C. during an
output short circuit. The combination of diodes Oland
02 prevents CADJ from discharging through the I.C.
during an input short circuit.



Current

Limit
Adjust

*. To provide current limiting of 10 100
to the system ground, the source of
the FET must be tied to a negative
voltage below - 1.25 V.

Vref
R2;> lOSS

Vref
Al::< lOmax + lOSS

Vo< BVOSS + 1.25 V+ VSS
ILmin - lOSS < 10 < 1.5 A
ASlhownO< 10 < 1 A

°1
IN400'

IN400'

°2 I'OI'F

OUTPUT RANGE,
0" VO" 25 V
0 •• 10" 1.2 A

I 1.0l'F

Vr.f
'out· (fill + lAd)

'" 1.25 VRl



® MOTOROLA

3-TERMINAL ADJUSTABLE
OUTPUT POSITIVE VOLTAGE REGULATOR

The LMl17L/217l/317L are adjustable 3-terminal positive
voltage regulators capable of supplying in excess of 100 mA over an
output voltage range of 1.2 V to 37 V. These voltage regulators are
exceptionally easy to use and require only two external resistors

to set the output voltage. Further. they employ internal current
limiting, thermal shutdown and safe area compensation, making
them essentially blow-out proof.

The LM1 17L series serves a wide variety of applications including
local. on card regulation. This device also makes an especially
simple adjustable switching regulator. a programmable output
regulator. or by connecting a fixed resistor between the adjustment
and output. the LMl17L series can be used as a precision current
regulator.

• Output Current in Excess of 100 mA

• Output Adjustable Between 1.2 V and 37 V

• Internal Thermal Overload Protection

• Internal Short-Circuit Current Limiting

• Output Transistor Safe-Area Compensation

• Floating Operation for High Voltage Applications

• Standard 3-Lead Transistor Packages

• Eliminates Stocking Many Fixed Voltages

L 'Adjl
Adjust

•• Cin i. re::luired if regulator i, located an appreciable distance from power
supply filt.r .

•• - Co i, not needed for .tability. howev.r it do •• Improve tran,ient
response.

R2
Vout - 1.25 V (1 + -) + IAdj R2

R1
Since IAdj i, controlled to I••• than 100 IlA. the .rror •• aoel.ted with thl,
term I, negligible in mott application,

LMl17L
LM217L
LM317L

LOW-CURRENT
3-TERMINAL

ADJUSTABLE POSITIVE
VOLTAGE REGULATOR

SILICON MONOLITHIC
INTEGRATED CIRCUIT

Z SUFFIX
CASE 29

TO 92
PLASTIC PACKAGE

(LM317L onlv)

,I
2 3

Pin 1 Adjust
Pin 2 Vouc
Pi" 3 Vi"

H SUFFIX
METAL PACKAGE

CASE 79

ITO 391

.i;.
(C••• ;, outputl lJI' )/

1 .'

2 3

Pin 1 Vin

Pin 2 Adjust

Pin 3 Vout

Oevtce Temperature Range Package

LM',7LH TJ • -ssoe to +' sooe Meta! Can

LM2'7LH TJ - -2Soe to +,5Qoe Metal Can

LM3t7LH TJ = oOe to +'2Soe Metal·Can

LM317LZ TJ - oOe to +'2Soe "Iastic



Rating Symbol Value Unit

Input-Output Voltage Differential V'-Va 40 Vdc

Power Dissipation Po Internally Limited

Operating Junction Temperature Range LMl17L TJ -55 to +150 °C
LM217L -25 to +150
LM317L Oto+125

Storage Temperature Range Tstg -65 to +150 °C

ELECTRICAL CHARACTERISTICS
(V,- Va = 5 V; 10 = 40 mA; TJ = Tlow to Thigh [see Note 1]; Im•x and Pmax per Note 2; unless otherwise specilled.)

LMl17L/217L LM317L
Characteristic Figure Symbol Min Typ Max Min Typ Max Unit

Line Regulation INote 3) 1 Regline %/V

TA = 25°C. 3 V';; VI-Va';; 40 V - 001 0.02 - 001 0.04

Load Regulation (Note 31. TA = 25°C 2 Regload
5 mA';; 10';; Imax - LM117L1217L
10 mA';; 10';; Imax - LM317L

Va';; 5V - 5 15 - 5 25 mV

Va? 5 V - 0.1 03 - 01 05 OfoVO

Adjustment Pin Current 3 lAd] - 50 100 - 50 100 ~A

Adjustment Pin Current Change 1.2 61Ad] ~A
2.5 V,;; VI-Va';; 40 V. Po';; Pm•x

5 mA';; '0';; Imax - LMl17L1217L - 02 5 - 0.2 5
10 mA,;; 10';; Imax- LM317L

Relerence Volt.ge (Note 41 3

I
Vrel V

3 V';; V,-VO';; 40V. PO';; Pmax
5 mA,;; '0';; Imax - LMl17L1217L 1.20 125 130 120 125 130
10 mA';; '0';; Imax - LM317L

Line Regulation (Note 3) 1 Regllne %/V
3V';;V,-VO';;40V - 002 005 - 002 0.07

Load Regulation (Note 3) 2 Regload
5 mA';; 10';; Imax - LMl17L1217L
10 mA';; '0';; Imax - LM317L

YO';; 5V - 20 50 - 20 70 mV

Va? 5V - 0.3 1 - 0.3 15 %VO

Temperature Stability ITlow';; TJ';; Thigh) 3 TS - 07 - - 07 - %VO

Minimum Load Current to 3 ILmin mA
Maint.in Regulalton lVI-Va = 40 VI - 35 5 - 35 10

Maximum Output Current 3 Imax A
VI-Va';; 20 V. Po';; Pmax H Package 100 200 - 100 200 -
VI-Va,;; 6.25 V. Po';; Pmax. Z Package 100 200 - 1005 200 -
VI-Va = 40 V. PO';; Pm•x. TA = 25°C

H Package - 50 - - 50 -
Z P.ckage - 20 - - 20 -

RMS Noise. % 01 Va - N %VO
TA = 25°C. 10Hz';; I,;; 10kHz - 0.003 - - 0003 -

Ripple Rejection INote 5) 4 RR dB
Va = 1.25 V. 1 = 120 Hz 66 80 - 60 80 -
CAoJ = 10 ~F Va = 10.0 V - 80 - - 80 -

Long Term Stability. TJ = Thigh (Note 6) 3 S %/1.0 k
TA:::; 25°C for Endpoint Measurements - 03 1 - 0.3 1 Hrs.

Thermal Resistance Junction to Case - R8JC °C/W
H Package 1,0-39) - 40 - - 40 -
Z Package nO-921 - - - - 160 -

NOTES:
(1) Tlow = -55°C for LM117L

-25°C for lM217L
OOC for lM317L

(2) 'max: 100 mA
Pmax = 2 W for H (TO·39) Package

= 625 mW lor 2 (1'0-92) Package

Thigh = +150°C for LMl17L
= +150°C for LM217L
= +125°C for LM317L

(3) Loadand lIne regulation are specified at constant Junction temperature
Changes in Va due to heating effects must be taken into account
separately. Pulse testing with low duty cycle is used.

(4) Selected devices with tightened tolerance reference voltage available.
(5) CAOJ. when used. is connected between the adjustment pin and

ground.
(6) Since Long Term Stability cannot be measured on each devIce before'

shipment. this speeific£tion is an engineering estimate of average
stability from lot to lot.



Line Regulation (%/V) = VOH-·VOL X 100
VOL

• Pulse Testing Required:

1" Dutv Cycle
II luggelted.
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BASIC CIRCUIT OPERATION
The LM 117L is a 3·terminal floating regulator. In

operation, the LMl17L develops and maintains a nominal
1.25 volt reference (V ref) between its output and adjust·
ment terminals. This reference voltage is converted to a
programming current (lpROG) by Rl (see Figure 13),
and this constant current flows through R2 to ground.
The regulated output voltage is given by:

R2
Vout = Vref (1 + Al) + IAdj R2

Since the current from the adjustment terminal (IAdj)
represents an error term in the equation, the LM 117L was
designed to control IAdj to less than 100}J.A and keep it
constant. To do this, all quiescent operating current is
returned to the output terminal. This imposes the require·
ment for a minimum load current. If the load current is
less than this minimum, the output voltage will rise.

Since the LM 117 L is a floating regulator, it is only the
voltage elifferential across the circuit which is important
to performance, and operation at high voltages with
respect to ground is possible.

(
vref

\
R, i

l'PROG I
vout

W
LOAD REGULATION

The LM 117L is capable of providing extremely good
load regulation, but a few precautions are needed to
obtain maximum performance. For best performance, the
programming resistor (Rl) should be connected as close
to the regulator as possible to minimize line drops which
effectively appear in series with the reference, thereby
degrading regulation. The ground end of R2 can be
returned near the load ground to provide remote ground
sensing and improve load regulation.

EXTERNAL CAPACITORS
A 0.1 }J.Fdisc or 1 }J.Ftantalum input bypass capacitor

(Cin) is recommended to reduce the sensitivity to input
line impedance.

The adjustment terminal may be bypassed to ground to
improve ripple rejection. This capacitor (CADJ) prevents
ripple from being amplified as the output voltage is
increased. A 10 }J.F capacitor should improve ripple
rejection about 15dB at 120 Hz in a 10 volt application.

Although the LM117L is stable with no output capaci·
tance, like any feedback circuit, certain values of external
capacitance can cause excessive ringing. An output capaci·
tance (Co) in the form of a 1 }J.F tantalum or 25 }J.F
aluminum electrolytic capacitor on the output swamps
this effect and insures stability.

PROTECTION DIODES
When external capacitors are used with any I.C. regu·

lator it is sometimes necessary to add protection diodes to
prevent the capacitors from discharging through low
current points into the regulator.

Figure 14 shows the LMI17L with the recommended
protection diodes for output voltages in excessof 25 V 0'

high capacitance values (Co> 10 }J.F, CADJ > 5 }J.F).
Diode 01 prevents Co from discharging thru the I.C.
during an input short ci,-cuit. Diode 02 protects against
capacitor CADJ discharging through the I.C. during an
output short circuit. The combination of diodes Oland
02 prevents CADJ from discharging through the I.C.
during an input short circuit.



-To provide current limiting of 10 to 02
the system ground, the source of the 1N914
current limiting diode must be tied
to a negative voltage below -7.25 V.

Vref

R2" 'OSS 1N5314
Vref

R, "'Oma. + 'OSS
Vo < POV + 1.25 V + VSS
tLmin - Ip < 10 < 100 mA - Ip VSS-

As shown 0 < 10 < 95 mA.

I1.Ol'F

lout---



® MOTOROLA

3-TERMINAL ADJUSTABLE
OUTPUT POSITIVE VOLTAGE REGULATOR

The LMl17M/217M/317M are adjustable 3-terminal positive
voltage regulators capable of supplying in excess of 500 mA over an
output voltage range of 1.2 V to 37 V. These voltage regulators are
exceptionally easy to use and require only two external resistors to
set the output voltage. Further, they employ internal current
limiting, thermal shutdown and safe area compensation, making
them essentially blow-out proof.

The LM 117M series serve a wide variety of applications including
local, on card regulation. This device also makes an especially
simple adjustable switching regulator, a programmable output
regulator, or by connecting a fixed resistor between the adjustment
and output, the LMl17M series can be used as a precision current
regulator.

• Output Current in Excess of 500 mA

• Output Adjustable Between 1.2 V and 37 V

• Internal Thermal Overload Protection

• Internal Short-Circuit-Current Limiting

• Output Transistor Safe-Area Compensation

• Floating Operation for High Voltage Applications

• Standard 3-Lead Transistor Packages

• Eliminates Stocking Many Fixed Voltages

'Adil
Adjust

• C1n I, required If regulator i, loeated en appreciable di,tance from power

IUPply fllte, .
•• Co is not needed for ttebillty. howeve, It doet Improve tren,lent

r-.pon ••.
A2

VO·1.28V 11+-)+ 'edl A2A1
Since ladJ I, controlled to I••• then 100 ~A, the .rror altOclated with thl'
term 'I n-ellgible in mOlt application,

LMl17M
LM217M
LM317M

MEDIUM-CURRENT
3·TERMINAL

ADJUSTABLE POSITIVE
VOLTAGE REGULATOR

R SUFFIX
METAL PACKAGE

CASE 80·02
(TO·66 Type)

T SUFFIX
PLASTIC PACKAGE

CASE 221 A-02
iTO-220)

, Pin 1 Adjust

, Pin 2 Vout

Pin 3 Vin

Device Temperature Rat\ile Package

LMl17MR TJ = -55°C to +' SOOC Metal Power

LM217MR TJ - -25°C to .'S00C Meta' Power
LM.l M" TJ = COC to +125°C Metal Power

LM317MT TJ = oac to +125°C Ptaslie Po••••••,



Rating Symbol Valua Unit

Input-Output Voltage Differential VI-Va 40 Vdc

Power Dissipation Po Internally Limited

Operating Junction Temperature Range LM117M TJ -55 to +150 °C
LM217M -25 to +150
LM317M Oto+125

Storage Temperature Range Tstg -65 to +150 °C

ELECTRICAL CHARACTERISTICS
(V, - Va ; 5 V. 10 ; 0.1 A. TJ ; Tlow to Thigh [see Note 1]. Pma• per Note 2. unless otherwise specified.)

LM117M/217M lM317M
Characteristic Figure Symbol Min Typ Max Min Typ Max Unit

Line Regulation (Note 3) 1 Regline %/V
TA; 25°C. 3 V';; VI-Va';; 40 V - 0.01 0.02 - 0.01 0.04

Load Regulation (Note 3). 2 Regload
TA; 25°C. 10 mA';; 10';; 0.5 A

Va';; 5V - 5 15 - 5 25 mV

VO"'5V - 0.1 0.3 - 0.1 0.5 %VO

Adjustment Pin Current 3 lad) - 50 100 - 50 100 ~A

Adjustment Pin Current Change 1.2 Llladj ~A
2.5 V';; VI-Va';; 40 V.

10 mA';; IL .;; 0.5 A. Po';; Pma• - 0.2 5 - 0.2 5

Reference Voltage (Note 4) 3 Vref V
3 V';; VI-Va';; 40 V

10 mA';; 10';; 0.5 A. Po" Pma• 1.20 1.25 1.30 1.20 1.25 1.30

Line Regulation (Note 31 1 Regline %/V
3 V';; VI-Va';; 40 V - 0.02 0.05 - 002 0.07

Load Regulation (Note 3) 2 Regload
10mA';;lo.;;0.5A

Va';; 5 V - 20 50 - 20 70 mV
Va", 5 V - 0.3 1 - 03 15 %VO

Temperature Stability (Tlow ~ TJ ~ Thigh) 3 TS - 0.7 - - 07 - %VO

Minimum Load Current to 3 Ilmin mA
Maintain Regulation (VI-Va; 40 V) - 3.5 5 -- 3.5 10

Maximum Output Current 3 lmax A
VI-Va';; 15 V. Po';; Pma• 0.5 0.9 - 0.5 0.9 -
VI-Va; 40 V. Po';; Pma •. TA; 25°C 0.15 0.25 - 0.15 0.25 -

RMS Noise. % of Va - N %VO
TA; 25°C. 10Hz';; f';; 10kHz - 0.003 - - 0.003 -

Ripple Rejection. Va; 10 V. f ; 120 Hz 4 RR dB
(Note 5)

Without Cadj - 65 - - 65 -
Cadj;10~F 66 BO - 66 BO -

Long Term Stability. TJ; Thigh (Note 6) 3 S %/1.0k
TA;: 25°C for Endpoint Measurements - 03 1 - 0.3 1 Hrs.

Thermal Resistance Junction to Case - R8JC °C/W
R Package nO-66) - 7 7 - 7 -
T Package (TO-220) - - - - 7 -

NOTES,
(1) T1ow= -55°C for LM117M

= -25°C for LM217M
OOCtor LM317M

/21 Pm•• ; 7.5 W
(3) Load and line regulation are specified at constant junction temperature

Changes in Va due to heating effects must be taken into account

separalely. Pulse testing wilh low duty cycle is used.

Thigh': +1500C for LMl17M

': +150°C for LM217M

': +125°C for LM317M

(4) Selected deVices wIth lIghtened tolerance reference voltage available.

(5) CadJ' when used. IS connected between the adJuslment pIn and ground.

(6) Since Long Term Stability cannot be measured on each device before

shipment, this specification is an engineering estImate of average

stabllily from lot to lot.
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BASIC CIRCUIT OPERATION
The LMl17M is a 3-terminal floating regulator. In

operation. the LMl17M develops and maintains a nominal
1.25 volt reference (Vref) between its output and adjust-
ment terminals. This reference voltage is converted to a
programming current (Iprog) by Rl (see Figure 17).
and this constant current flows through R2 to ground.
The regulated output voltage is given by:

R2
Va = Vref (1 + R"i" + ladjR2

Since the current from the adjustment terminal (Iadj)
represents an error term in the equation, the LMl17M
was designed to controlladj to less than 100 Il-Aand keep
it constant. To do this. all quiescent operating current is
returned to the output terminal. This imposes the require-
ment for a minimum load current. If the load current is
less than this minimum, the output voltage will rise.

Since the LMl17M is a floating regulator, it is only the
voltage differential across the circuit that is important
to performance. and operation at high voltages with
respect to ground is possible.

LOAD REGULATION
The LMl17M is capable of providing extremely good

load regulation, but a few precautions are needed to
obtain maximum performance. For best performance, the
programming resistor (R1) should be connected as close
to the regulator as possible to minimize line drops which
effectively appear in series with the reference, thereby
degrading regulation. The ground end of R2 can be
returned near the load ground to provide remote ground
sensing and improve load regulation.

EXTERNAL CAPACITORS
A 0.1 Il-Fdisc orl Il-F tantalum input bypass capacitor

(Cin) is recommended to reduce the sensitivity to input
line impedance.

The adjustment terminal may be bypassed to ground to
improve ripple rejection. This capacitor (Cadj) prevents
ripple from being amplified as the output voltage is
increased. A 10 Il-F capacitor should improve ripple
rejection about 15 dB at 120 Hz in a 10 volt application.

Although the LM 117M is stable with no output capaci-
tance. like any feedback circuit, certain values of external
capacitance can cause excessive ringing. An output
capacitance ICo) in the form of a 1 Il-Ftantalum or 25 Il-F
aluminum electrolytic capacitor on the output swamps
this effect and insures stability.

PROTECTION DIODES
When external capacitors are used with any I.C. regu-

lator it is sometimes necessary to add protection diodes to
prevent the capacitors from discharging through low
current points into the regulator.

Figure 1B shows the LM 117M with the recommended
protection diodes for output voltages in excess of 25 V or
high capacitance values (Co> 10 Il-F, Cadj > 5 Il-F)
Diode Dl prevents Co from discharging thru the I.C.
during an input short circuit. Diode D2 protects against
capacitor Cadj discharging through the I.e. during an
output short cirCUit. The combination of diodes D1 and
D2 prevents Cadj from discharging through the I.C.dUring
an input short circuit.

Teo
°2
1 N4002



eTo provide current limiting of 10 to
the system ground, the source of the
current limiting diode must be tied
to. negetive voltage below -7.25 V.

R ;;>,Vref
2 lOSS

R1 "" Vref
lOmax'" lOSS

Vo < POV .•. 1.25 V .•. VSS

ILmin - Ip < 10 < 500mA - Ip

As shown 0 < 10 < 495 mA

Vout

Vo
+

'20 r'·OllF
Adjult

720 TTL
Control

, k

10m ••• (V~~l ) + I.dj

lamin - (~ ) .•. ladj
A1'" A2

,,~ R,
" 1.;15 V

R1 .•.R2
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Specifications and Applications
Information

The LM1 23, A/LM223, A/LM323, Aare a familyof monolithic inte-
grated circuits which supply a fixed positive 5.0 volt output with a
load driving capability in excess of 3.0 amperes. These three-
terminal regulators employ internal current limiting. thermal
shutdown, and safe-area compensation. An improved series with
superior electrical characteristics and a 2% output voltage tolerance
is available as A-suffix ILM1 23A/LM223A/LM323A) device types.

These regulators are offered in a hermetic TO-3 metal power
package in three operating temperature ranges. A OOCto +125°C
temperature range version is also available in a low cost TO-220
plastic power package.

Although designed primarily as a fixed voltage regulator, these
devices can be used with external components to obtain adjustable
voltages and currents. This series of devices can be used with a
series pass transistor to supply up to 15 amperes at 5.0 volts.

• Output Current in Excessof 3.0 Amperes

• Available with 2% Output Voltage Tolerance

• No external Components Required

• Internal Thermal Overload Protection

• Internal Short-Circuit Current Limiting

• Output Transistor Safe-Area Compensation
• Thermal Regulation and Ripple Rejection Have Specified Limits

Rating Symbol Value Unit

Input Voltage Vin 20 Vdc

Power Dissipation Po Internally limited

Operating Junction Temperature LM123,A TJ -55 to +150 °C
Range LM223, A -25 to +150

LM323, A Oto+125

Storage Temperature Range Tsta -65 to +150 °C

Lead Temperature (Soldering. 10 sl Tsolder 300 °C

Output Voltage Junction
Device Tolerance Temperature Range Package

LM123K 6% -55 to +150oC Metal Power
LM123AK 2%

LM223K 6% -25 to +150oC
LM223AK 2%

LM323K 4% o to +125°C
LM323AK 2%

LM323T 4% Plastic Power
LM323AT 2%

LM123, LM123A
LM223, LM223A
LM323, LM323A

3-AMPERE, 5 VOLT
POSITIVE

VOLTAGE REGULATOR

K SUFFIX
METAL PACKAGE

CASE'
(TO-3 Typel

Pon 1 INPUT
2. OUTPUT

CASE GROUNO

T SUFFIX
PLASTIC PACKAGE

(LM323 and LM323AI

Pin 1. INPUT
2. GROUNO
3. OUTPUT

STANDARD APPLICATION

Input~M123'A Output

Cin" CO"
0.33 ~F

A common ground is required between the
input and the output voltages. The input volt-
age must remain typically 2.5 V above the out-
put voltage even during the low point on the
input ripple voltage.

• = Cin is required if regulator is located an
appreciable distance from power supply
filter. (See Applications Information for
details.)

•• = Co is not needed for stability; however,
it does improve transient response.



LM123A/LM223A/LM323A LM123/LM223 LM323
UnitCharacteristic Symbol

Min Typ M •• Min Typ M •• Min Typ M••

Output Voltage Vo 4.9 5.0 5.1 4.7 5.0 5.3 4.8 5.0 5.2 V
(Vin = 7.5 v. O:e;;lout ~ 3.0 A. TJ = 25°C)

Output Voltage Vo 4.8 5.0 5.2 4.6 5.0 5.4 4.75 5.0 5.25 V
(7.5 V ~ Vin ~ 15 V, 0 ~ 'out ~ 3.0 A.
P ~ Pmax [Note 2))

line Regulation Regline - 1.0 15 - 10 25 - 1.0 25 mV
17.5 V'S{. Vin~ 15 V. TJ= 25°C)(Note 3)

Load Regulation Regload - 10 50 - 10 100 - 10 100 mV
(Vin = 7.5 v. 0 E;;lout ~ 3.0 A. TJ = 25°C)

(Note 3)

Thermal RegulatIon Regtherm - 0.001 0.01 - 0002 0.03 - 0.002 0.03 "IoVO/W
(Pulse = 10 ms. P= 20 W. TA = 25°CI

QUiescent Current 18 - 3.5 10 - 3.5 20 - 3.5 20 mA
(7.5 V~ Vin ~ 15 V. O~ lout~ 30 Al

Output NOise Voltage VN - 40 - - 40 - - 40 - ~Vrms
(10 Hz 0;; fO;; 100 kHz. TJ = 25'CI

Ripple Rejection RR 66 75 - 62 75 - 62 75 - dB
(8.0 V~ Vin ~ 18 v. lout = 2.0 A.

f = 120 Hz. TJ = 25°C)

Shorl Circuit Current limit 'SC A
(Vin = 15 V. TJ = 25°C) - 45 - - 4.5 - - 4.5 -
(Vin= 7.5 V.TJ = 25'CI - 5.5 - - 5.5 - - 5.5 -

long Term Stability S - - 35 - - 35 - - 35 mV
Thermal Resistance JunCllon to Case R6JC - 2.0 - - 2.0 - - 2.0 - °C/W

(Note 4)

Note 1 Tlow = -55°C for LM 123. A
= -25°C for LM223, A

COCfor LM323. A

Thigh:: +150°C for LM 123, A

:: +150°C for LM223. A

:: +125°C for LM323, A

Note 2 Although power dISSIpation IS Internally limited, specifications

apply only for P ~ Pmax
Pmax:: 30 W for K (TO-3) package

Pmax:: 25 W for T (TO-220) package

The performance of a voltage regulator is specified by its immu·
nity to changes in load, input voltage, power dissipation, and
temperature. Line and load regulation are tested with a pulse of
short duration « 100 Jls) and are strictly a function of electrical
gain. However, pulse widths of longer duration (> 1.0 ms) are
sufficient to affect temperature gradients across the die. These
temperature gradients can cause a change in the output voltage,
in addition to changes caused by line and load regulation. Longer
pulse widths and thermal gradients make it desirable to specify
thermal regulation.

Thermal regulation IS defined as the change in output voltage
caused by a change in dissipated power for a specified time, and
is expressed as a percentage output voltage change per watt. The

Note 3. Load and line regulation are specifIed at constant junction tem-

perature. Pulse testing IS required with a pulse wldth~ 1.0 msand

a duty cycle ~ 5%.

Note4. WIthout a heat sink, the thermal resistance (R8JAI is35°C/Wfor

the TO-3, and 65°C/Wfor the TO·220packages. With a heat sink,

the effective thermal resistance can approach the specifIed values

of 2.0 °C/W. dependIng on the effIciency of the heat sink.

change in dissipated power can be caused by a change in either
the input voltage or the load current. Thermal reg ulation is a func-
tion of I.e. layout and die attach techniques, and usually occurs
within 10 ms of a change in power dissipation. After 10 ms, addi-
tional changes in the output voltage are due to the temperature
coefficient of the device.

Figure 1 shows the line and thermal regulation response of a
typical LM 123A to a 20 watt input pulse. The variation of the out-
put VOltage due to line regulation is labeled CD and the thermal
regulation component is labeled 0. Figure 2 shows the load and
thermal regulation response of a typical LM 123A to a 20 watt load
pulse. The output voltage variation due to load reg ulation is labeled
G) and the thermal regulation component is labeled @.
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The LM123,A Series of fixed voltage regulators are designed with

Thermal Overload Protection that shuts down the Circuit when subjected

to an excessive power overload condition, Internal Short,Clrcult Protection

that limits the maximum current the CircUit will pass, and Output TransIs-

tor Safe-Area Compensation that reduces the output short-CirCuit current

as the voltage across the pass tra nSlstor IS Increased

In many low current applications, compensation capacitors are not

reqUIred However, It IS recommended that the regulator Input be bypassed

With a capacitor If the regulator ISconnected to the power supply filter With

Input ~ LM123.A ~

0.33 ~F 1_ ~--A-- R1 Constan'
• Cu"en,to

~ Grounded Load

5V
10 = R + IQ

/).IO:! 0.7 mA over hne, load and temperature changes

'o"'3.5mA

For example, a 2·ampere current source would reqUire R to be a 2.5 ohm,

15 W resistor and the ou:put voltage compliance would be the Input lIolt·

age less 7.5 volts

2N4398 or Equiv

Inpu,% ~

R LM 123, A Output

10~F:J I :J0.l ~F

The LM 123, A series can be current boosted with a PNP transistor. The

2N4398 prOVides current to 15 amperes. Resistor R in conjunction with

the VSE of the PNP determines when the pass tranSistor begins conduc-

ting; this circuit IS not short-Circuit proof. Input-output differential voltage

minimum is increased by the VSE of the pass transistor.

long wire lengths, or if the output load capacitance IS large. An Input by-

pass capacitor should be selected to prOVide good high-frequency charac·

terlstlcs to Insure stable operation under all load conditions. A O.331JF or

larger tantalum, mylar, or other capacitor haVing low Internal Impedance

at hlg" frequencies should be chosen The bypass capacitor should be

mounted WIth the shortest pOSSIble leads directly across the regulators

Input terminals Normally good construction techniques should be used

to mInImize ground loops and lead resistance drops Since the regulator has

no external sense lead

The addition of an operatIonal amplifier allows adjustment to higher or

Intermediate values while retaining regulation characteristiCS The minI-

mum voltage obtainable With this arrangement is 3.0 volts greater than

the regulator voltage

The circuit of FIgure 17 can be modified to provide supply protection against

short circuits by adding a short-circuit sense resistor, ASC. and an addi-

tional PNP transistor. The current sensing PNP must be able to handle the

short-circuit current of the three-terminal regulator. Therefore. an eight-

ampere plastic power transistor is specified.
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3-TERMINAL ADJUSTABLE
OUTPUT NEGATIVE VOLTAGE REGULATOR

The LM 137/237/337 are adjustable 3-terminal negative voltage
regulators capable of supplying in excess of 1.5 A over an output
voltage range of -1.2 V to -37 V. These voltage regulators are

exceptionally easy to use and require only two external resistors to
set the output voltage. Further, they employ internal current
limiting. thermal shutdown and safe area compensation. making
them essentially blow-out proof.

The LM137 series serve a wide variety of applications including
local, on-card regulation. This device can also be used to make a
programmable output regulator; or, by connecting a fixed resistor
between the adjustment and output, the LM137 series can be used
as a precision current regulator.

• Output Current in Excess of 1.5 Ampere in TO-3 and TO-220
Packages

• Output Current in Excess of 0.5 Ampere in TO-39 Package

• Output Adjustable Between -1.2 V and -37 V

• Internal Thermal Overload Protection

• Infernal Short-Circuit-Current Limiting. Constant with
Temperature

• Output Transistor Safe-Area Compensation

• Floating Operation for High Voltage Applications

• Standard 3-Lead Transistor Packages

• Eliminates Stocking Many Fixed Voltages

·C;n is required if regulator is located more thin 4 inches from power supply
filt.r. A 1 ,&.IFlolid tantalum or 10 J.lF aluminum electrolytic is recommended,

··Co il nece ••• ryfor Itability. A 1 ,&.IF solid t,ntllum or 10,&.lF aluminum electro-
lytic ia recommended.

LM137
LM237
LM337

3-TERMINAL
ADJUSTABLE NEGATIVE

VOLTAGE REGULATOR

KSUFFIX 0METAL PACKAGE

CASE 1

ITO_3T~":' r
A

-~"o:::'
~ - ~ (Bottom View)

0-- e Case 1$ mpu t

Pins 1 and 2 electricallv isolated from case.

Cue is third electrical connection.

T SUFFIX
PLASTIC PACKAGE

(LM337 only)
CASE 221A

(TO-220)

AdJust

Vin

Vout

H SUFFIX
METAL PACKAGE

CASE 79

ITO 391

>0•• ",."." !I
Pin 1 Adjult

Pin 2 Output

Pin 3 Input

o••le. Temper'fUr. '''nge Pock"".
LM137H TJ I; -SsoC to +1S0oC Melel een
LM137K TJ I; -SI5°C to +160oC MellI Power
LM237H TJ I; ·25°C to +160°C Metel C.n
LM237K TJ 1I ·215°C 10 +160oC Mlt.1 Power
LM337H TJ. OOC10+1215°C Mel.1 C.n
LM337K TJ. ooe 10 +1215°e Metll Power
LM337T TJ. aoe to +1215°e PI•• lic Power



Rating Symbol Value Unit

Input-Output Voltage Differential VI-Va 40 Vdc

Power Dissipation Po Internally LImited

Operating Junction Temperature Range LM137 TJ -55 to ., 50 °C
LM237 -2510+150
LM337 010+125

Storage Temperature Range Ts10 -65 to +150 °C

ELECTRICAL CHARACTERISTICS (IVI- Vol = 5 V.IO = 0.5 A lor K and T packages; 10 = 01 A for H package. TJ = Tlow 10Thlghl see
r~ote 11. Imax and Pmax per Note 2. unless otherwIse speCified,)

LM137/237 LM337
Characteristic Figure Symbol Min Typ Max Min Typ Max Unit

Line Regulation (Note 3) 1 Regline - 0.01 002 - 0.01 0.04 "Io/V
TA = 25°C. 3 V';; lVI-Vol';; 40 V

Load Regulation (Note 3). 2 Regload
TA = 25°C. 10 mA,;; 10';; Imax

IVai,;; 5V - 15 25- - 15 50 mV
IVai;;, 5V - 0.3 0.5 - 0.3 10 "10 Va

Thermal Regulation - Regtherm - 0.002 0.02 - 0003 0.04 "IoVO/W
10 mS Pulse. TA = 25°C

Adj~stment Pin Current 3 lad; - 65 100 - 65 100 ~A

Adjustment Pin Current Change 1.2 L'>ladj - 20 5.0 - 20 5.0 ~A
2.5 V,;; lVI-Vol';; 40 V.

10 mA ~ IL ~ Imax.
PO';; Pmax. TA = 25°C

Reference Voltage (Note 4) 3 Vref V
3 V,;; lVI-Vol ,;; 40 V. 10 mA'~ 10 '-; Imax.

PO';; Pmax. TA = 25°C -1.225 -1250 -1275 -1.213 -1.250 -1.287
Tlow to Thioh -120 -1.25 -1.30 -1.20 -1.25 -130

Line Regulation (Note 3) 1 Regline - 002 005 - 0.02 007 "Io/V
3V,;;IVI-Vol ,;;40V ----

Load Regulation (Note 3) 2 Regload
10mA,;; 10';; Imax

IVai,;; 5V - 20 50 - 20 70 mV
IVai;;, 5V - 0.3 1.0 - 0.3 15 "IoVO

Temperature Stability ITlow'-; TJ ,;; Thioh) 3 TS - 0.6 - - 06 - "IoVO

Minimum Load Current to 3 ILmin mA
Maintain Regulation (lVI-Vol';; 10 VI - 1.2 3.0 - 15 6.0

(lVI-Vol"; 40 V) - 2.5 5.0 - 2.5 10

Maximum Output Current 3 Imax A
lVI-Vol';; 15 V. PO';; Pma•

K and T Packages 15 2.2 .- 1.5 22 -
H Package 05 08 - 0.5 0.8 -

lVI-Vol';; 40 V. PO';; Pmax. TJ = 25°C
K and T Packages 0.24 0.4 - 0.15 0.4 -
H Package 015 020 - 010 0.20 -

RMS Noise. "10 01 Va - N - 0.003 - - 0.003 - "IoVO
TA = 25°C. 10 Hz';; I';; 10 kHz

Ripple Rejection. Va = -10 V. I = 120 Hz 4 RR d8
(Note 5)

Without Cadi - 60 - - 60 -
Cadi = 10 ~F 66 77 - 66 77 -

Long Term Stability. TJ = Thigh (Note 6) 3 S - 0.3 1.0 - 0.3 10 "10/1.0 k
TA:= 25°C for Endpoint Measurements Hrs.

Thermal Resistance Junction to Case - RBJC °C/W
H Package (TO-39) - 12 15 - 12 15
K Package (TO-3) - 2.3 3.0 - 2.3 30
T Package (TO-2201 - - - - 4.0 -

NOTES:
(t I Tlow = -55°C for LMt 37 Thigh = +t 50°C for LM137

= -25°C for LM237 = +t 50°C for LM237

ooC for LM337 = +125°C for LM337

(2) lmax = 1.5 A for K (TO-31 and T (TO-220 Packages

= 0.5 A for H (TO-391 Package

Pmax = 20 W for K (TO-3) and T (TO-220) Packages

= 2 W for H (TO-39) Package

(31 Load and line regulatIon are speCified at a constant lunctlon tempera-

ture. Pulse testing with a low duty cycle is used. Change In Vo because

of heating effects is covered under the Thermal Regulation specifi-

cation.

(4) Selected devices with tightened tolerance reference voltage available.

(51 Cadi' when used. IS connected between the adJustment pin and

ground

(6) SInce Long Term Stability cannot be measured on each device before

shipment, thiS specification IS an englneenng estimate of average

stability from lot to lot.

0) Power dissipation Within an I.C. voltage regulator produces a tempera-

ture gradient on the-die. affecting iOdivlduall.C. components on the die.

These effects can be minimized by proper Integrated circuit design and

layout technIques. Thermal Regulation IS the effect of these tempera-

ture gradients on the output voltage and IS expressed in percentage of

output change per watt of power change in a spec~ied time.



• Pulse Testing Required:
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is suggested.
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RL
(max.
Load)

n-Va (min. Load)

Va (max. Load)

Load Regulation (%VOI "" Va (min. Load) - Va (max. Load)
Va (min. Load)

To Calculate A2:

R2:(~-1)Rl
Vref

I +
Cadj ;:k 10 ~F

I
I

14.3V ~

4.3 V • ~
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BASIC CIRCUIT OPERATION
The LM137 is a 3-terminal floating regulator. In opera-

tion, the LM 137 develops and maintains a nominal -1 .25
volt reference (Vref) between its output and adjustment
terminals. This reference voltage is converted to a pro-
gramming current (lpROG) by R1 (see Figure 17), and
this constant current flows through R2 from ground. The
regulated output voltage is given by:

Since the current into the adjustment terminal (Iadj)
represents an error term in the equation, the LM 137 was
designed to controlladj to less than 100 I'A and keep it
constant. To do this, all quiescent operating current is
returned to the output terminal. This imposes the require-
ment for a minimum load current. If the load current is
less than this minimum, the output voltage will increase.

Since the LM 137 IS a floating regulator, It IS only the
voltage differential across the CirCUit that is Important
to performance, and operation at high voltages with
respect to ground ISpossible.

LOAD REGULATION
The LM137 is capable of providing extremely good

load regulation, but a few precautions are needed to
obtain maximum performance. For best performance. the
programming resistor (R11should be connected as close
to the regulator as possible to minimIZe line drops which
effectively appear In series with the reference, thereby
degrading regulation. The ground end of R2 can be

returned near the load ground to provide remote ground
sensing and improve load regulation.

EXTERNAL CAPACITORS
A 1 I'F tantalum input bypass capacitor (Cin) ISrecom-

mended to reduce the sensitivity to input line impedance.
The adjustment terminal may be bypassed to ground to

Improve npple rejection. This capacitor (Cadj) prevents
ripple from being amplified as the output voltage is
increased. A 10 I'F capacitor should improve ripple
rejection about 15 dB at 120 Hz in a 10 volt application.

An output capacitor (Co) In the form of a 1 IlF tantalum
or 10 J..lF aluminum electrolytic capacitor IS reqUired
for stability.

PROTECTION DIODES
When external capacitors are used With any I.C regu-

lator it IS sometimes necessary to add protection diodes to
prevent the capacitors from discharging through low
current POints Into the regulator.

Figure 18 shows the LM 137 with the recommended
protection diodes for output voltages In excess of -25 Vor
high capacitance values (Co> 25 IlF, Cad! > 10 pF)
Diode 01 prevents Co from discharging thru the I.C
during an input short cirCUIt. Diode D2 protects against
capacitor CadI discharging through the I.C. dunng an
output short circuit. The combinatIOn of diodes 01 and
02 prevents Cad! from discharging through the I.C dunng
an Input short ClfCUlI.
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Specifications and Applications
Information

3-TERMINAL ADJUSTABLE
OUTPUT NEGATIVE VOLTAGE REGULATOR

The LMI37M/237M/337M are adjustable 3-terminal negative
voltage regulators capable of supplying in excess of 500 mA over an
output voltage range of -1.2 Vto -37 V. These voltage regulators are
exceptionally easy to use and require only two external resistors to
set the output voltage. Further, they employ internal current
limiting, thermal shutdown and safe area compensation, making
them essentially blow-out proof.

The LM137M series serve a wide variety of applications including
local, on-card regulation. This device can also be used to make a
programmable output regulator; or, by connecting a fixed resistor
between the adjustment and output, the LM137M series can be
used as a precision current regulator.

• Output Current in Excess of 500 mA

• Output Adjustable Between -1.2 V and -37 V

• Internal Thermal Overload Protection

• Internal Short-Circuit-Current Limiting

• Output Transistor Safe-Area Compensation

• Floating Operation for High Voltage Applications

• Standard 3-Lead Transistor Packages

• Eliminates Stocking Many Fixed Voltages

·Cin is required if regulator is located more than 4 inches from power supply
filter. A 1 IAF solid tantalum or 10 IAF aluminum electrolytic is recommended.

"Co is necess'Tylor stability. A 1~Fsolid tantalum or 10 IlF aluminum electro-
lytic is recommended.

LM137M
LM237M
LM337M

MEDIUM-CURRENT
3-TERMINAL

ADJUSTABLE NEGATIVE
VOLTAGE REGULATOR

R SUFFIX
METAL PACKAGE

CASE 80
(TO-66 Type)

T SUFFIX
PLASTIC PACKAGE

(LM337M only)
CASE 221A

(TO-220)

Pin 1 Adjust

Pin 2 Vin
Pin 3 Vout

Device T.m~ •.•tur. Renge Peck-ee
LM137MR TJ - -55°C to +15()OC Metal Power

LM237MR TJ::' -25°C to +150oC Metal Power

L"'~3 MR TJ::' O°C to +125°C Metal Power

LM337M TJ - OOC to +125°C Plastic Power



Rating Symbol Value Unit

Input-Output Voltage. Differential VI-VO 40 Vdc

Power Dissipation Po Internally Limited

Operating Junction Temperature Range LM137M TJ -55 to +150 °C
LM237M -25 to +150
LM337M Oto+125

Storage Temperature Range Tsto -65 to +150 °C

LM137M/237M LM337M
Characteriltic Figure Symbol Mln typ Mex Mrn 'yp Max Unit

Line Regulation (Note 3) 1 Regline - 0.01 0.02 - 0.01 0.04 %/V
TA; 25°C. 3.0 V';; lVI-Vol.;; 40 V

Load Regulation (Note 31. 2 Regload
TA; 25°C. 10 mA';; 10';; 0.5 A

IVol.;; 5.0V - 15 25 - 15 50 mV
IVol;;. 5.0V - 0.3 0.5 - 0.3 1.0 %VO

Thermal Regulation - Regtherm - 0.002 0.02 - 0.003 0.04 %VO/W
10 mS Pulse. TA; 25°C

Adjustment Pin Current 3 lad' - 65 100 - 65 100 I'A
Adjustment Pin Current Change 1.2 Llladj - 2.0 5.0 - 2.0 5.0 I'A

2.5 V';; lVI-Vol.;; 40 v.
10 mA';; IL';; 0.5 A.
PO';; Pmax. TA ; 25°C

Relerence Voltage (Note 41 3 Vrel V
3.0V.;;IVI-Vol';;40V.lOmA';;10.;;0.5A.

PO';; Pmax. TA; 25°C -1.225 -1.250 -1.275 -1.213 -1.250 -1.287
Tlow to Thioh -1.20 -1.25 -1.30 -1.20 -1.25 -1.30

Line Regulation (Note 3) 1 Regline - 0.02 0.05 - 0.02 0.07 %/V
3.0 V';; lVI-Vol.;; 40 V

Load Regulation (Note 3) 2 Regload
10mA';;lo';;05A

20IVol.;; 5.0V - 20 50 - 70 mV
IVol;;. 50V - 0.3 1.0 - 03 1.5 %VO

Temperature Stability (Tlow';; TJ';; Thioh) 3 TS - 06 - - 06 - %VO
Minimum Load Current to 3 ILmin mA

Maintain Regulation (lVI-Vol.;; 10 V) - 1.2 30 - 1.5 6.0
(lVI-Vol';; 40 V) - 2.5 50 - 2.5 10

Maximum Output Current 3 Imax A
lVI-Vol.;; 15V, PO';; Pmax 0.5 0.9 - 05 0.9 -
lVI-Vol; 40 V, PO';; Pmax. TA; 25°C 0.15 0.25 - 0.1 0.25 -

RMS Noise, % 01 Vo - N - 0.003 - - 0.003 - %VO
TA; 25°C. 10Hz';; I.;; 10kHz

Ripple Rejection. Vo ; - 10 V, 1 - 120 Hz 4 RR d8
(Note 51

Without Cadj - 60 - - 60 -
Cad'; 10 I'F 66 77 - 66 77 -

Long Term Stability, TJ; Thigh (Note 6) 3 S - 0.3 1.0 - 0.3 1.0 %/10k
TA = 25°C for Endpoint Measurements Hrs.

Thermal Resistance Junction to Case - ReJC °C/W
R Package (TO-66) - 70 - - 7.0 -
T Package (TO-220) - - - - 7.0 -

NOTES:

(1) T1ow::: -55°C for LM137M

=: -25°C for LM237M
aoc for LM337M

(2) Pmax::: 7.5 W
(3) Load and line regulation are specified at constant junction temperature.

Changes in Va due to heating effects must be taken into account

separately. Pulse testing with low duty cycle is used.

Thigh::: +150oC for lM 137M
:::+150oC for LM237M
:::+125°C for lM337M

(4) Selected devices with tightened tolerance reference voltage available.

(5) Cadj. when used. is connected between the adjustment pin and ground.

(6) Since long Term Stability cannot be measured on each device before

shipment. this specification is an engineering estimate of average
stability from lot to lot.
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BASIC CIRCUIT OPERATION
The LM137M is a 3-terminal floating regulator. In

operation. the LM 137M develops and maintains a nomi-
nal -1.25 volt reference (Vref) between its output and
adjustment terminals. This reference voltage is converted
to a programming current (lpROG) by R1 (see Figure 17),
and this constant current flows through A2 from ground.
The regulated output voltage is given by:

R2
Vout = Vref (1 + R1) + ladjA2

Since the current into the adjustment terminal (Iadj)
represents an error term in the equation, the LM137M
was designed to controlladj to less than 100 I'A and keep
it constant. To do this, all quiescent operating current is
returned to the output terminal. This imposes the require-
ment for a minimum load current. If the load current is
less than this minimum, the output voltage will increase.

Since the LM137M is a floating regulator. it is only the
voltage differential across the circuit that is important to
performance, and operation at high voltages with respect
to ground is possible.

I'
vref Rl
\.

LOAD REGULATION
The LM137M is capable of providing extremely good

load regulation, but a few precautions are needed to
obtain maximum performance. For best performance, the
programming resistor (A1) should be connected as close
to the regulator as possible to minimize line drops which
effectively appear in series with the reference, thereby
degrading regulation. The ground end of A2 can be

returned near the load ground to provide remote ground
sensing and improve load regulation.

EXTERNAL CAPACITORS
A 1 I'F tantalum input bypass capacitor (Cin) is recom-

mended to reduce the sensitivity to input line impedance.
The adjustment terminal may be bypassed to ground to

improve ripple rejection. This capacitor (Cadj) prevents
ripple from being amplified as the output voltage is
increased. A 10 I'F capacitor should improve ripple
rejectipn about 15 dB at 120 Hz in a 10 volt application.

An output capacitor (Co) in the form of a 1 I'F tantalum
or 10 I'F aluminum electrolytic capacitor is required
for stability.

PROTECTION DIODES
When external capacitors are used with any I.C. regu-

lator it is sometimes necessary to add protection diodes to
prevent the capacitors from discharging through low
current points into the regulator.

Figure 18 shows the LM137M with the recommended
protection diodes for output voltages in excess of -25 V or
high capacitance values (Co> 25 I'F. Cadj > 10 I'F).
Diode 01 prevents Co from discharging thru the I.C.
during an input short circuit. Diode 02 protects against
capacitor Cadj discharging through the I.C. during an
output short circuit. The combination of diodes 01 and
02 prevents Cadj from discharging through the I.C. during
an input short circuit.
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The LM140/340 series of three-terminal positive voltage
regulators are monolithic integrated circuits designed for a wide
variety of applications including local on-board regulation. Avail-
able in seven fixed output voltage options from 5.0 to 24 volts,
these regulators employ internal current limiting, thermal shut-
down, and safe area compensation - making them virtually blow-
out proof. The LM140/340 series is guaranteed to have line and
load regulation that is a factor of two better than the 7800 series.
Although the LM140/340 series was designed primarily as a fixed
regulator, it can be used with external components to obtain
adjustable voltages.

• Output Currents in Excess of 1.0 A

• Internal Thermal Overload Protection

• Internal Short Circuit Limiting

• Output Transistor Safe-Area Compensation

• No External Components Required

• Available in Both Commercial and MilitaryTemperature Ranges

Device Voltage Tempereture Range (TAl

LM140K-5.0 5.0 Volts -55 to +125°e
LM140K-6.0 6.0 Volts -55 to +125°e
LM140K-8.0 8.0 Volts -55 to +125°e
LM140K-12 12 Volts -55 to +125°e
LM140K-15 15 Volts -55 to +125°e
LM140K-18 18 Volts -55 to +125°e
LM140K-24 24 Volts -55 to +125°e

LM340K-5.0 5.0 Volts o to +70oe
LM340K-6.0 6.0 Volts o to +70oe
LM340K-8.0 8.0 Volts o to +70oe
LM340K-12 12 Volts o to +70oe
LM340K-15 15 Volts o to +70oe
LM340K-18 18 Volts o to +70oe
LM340K-24 24 Volts o to +70oe

LM 140 series
LM340 series

THREE-TERMINAL
POSITIVE

FIXED VOLTAGE
REGULATORS

K SUFFIX
METAL PACKAGE

CASE 1
ITO·3 TYPE)

A common ground is required between
the input and the output voltages. The input
voltage must remain typically 2.0 V above
the output voltage even during the low
point on the input ripple voltage.

• = Cin (solid tantalum) is required, if
regulator is located an appreciable
distancefrom power supplyfilter .

•• = Co is not needed for stability;
however. it does improve transient
response.If needed,its value should
be greater than 0.1 "F.



Rating Symbol Valua Unit

Input Voltage Vin Vdc
(5.0V-18 V) 35
(24 V) 40

Power Dissipation and Thermal Characteristics
(Metal Package)

TA = +25°C Po Internally Limited Watts
Derate above TA = +25°C l/R8JA 22.5 mW/oC
Thermal Resistance, Junction to Air R6JA 45 °CIW
TC = +25°C Po Internally Limited Watts
Derate above TC = +650C (Sea Figure 2) l/R8JC 182 mW/oC
Thermal Resistance, Junction to Case R8JC 5.5 °CIW

Storage Junction Temperature Range Tstg -65 to +150 °c

Operating Junction Temperature Range TJ °c
LM140 -55 to +150
LM340 o to +125

NOTES:
1. Tlow = -55°C for LM140 ThIgh = +l50oC for LM140

= OoCfor LM340 = +125°C for LM340
2. Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken into

account separately. Pulse testing with low duty cycle is used.



LM140/340 - 6.0 ELECTRICALCHARACTERISTICS
(Vin = 10 V. 10 = 500 mA, TJ = Tlow to Thigh (Note 1). unless otherwise noted).

Ch••• cteriatic Symbol Min Typ M811 Unit

Output Voltage (TJ = +25°C) Vo 4.8 5.0 5.2 Vdc
10 = 5.0 mA to 1.0 A

Input Regulation (Note 2) Regin mV
8.0 to 20 Vdc - - 50
7.0 to 25 Vdc (TJ = +25°C) - - 50
8.0 to 12 Vdc. 10 = 1.0 A - - 25
7.3 to 20 Vdc. \0 = 1.0 A (TJ = +25°C) - - 50

Load Regulation (Note 2) Regload mV
5.0 mA,.;; 10 ,.;;1.0 A - - 50
5.0 mA,.;; 10";; 1.5 A (TJ = +25°C) - - 50
250 mA";; 10";; 750 mA (TJ = +25°C) - - 25

Output Voltage Vo Vdc
LM140

8.0";; Vin ,.;;20 Vdc. 5.0 mA,.;; 10 ,.;;1.0 A. 4.75 5.0 5.25
PO";; 15W

LM340
7.0 ,.;;Vin ,.;;20 Vdc. 5.0 mA ,.;;10 ,.;;1.0 A. 4.75 5.0 5.25

PO";; 15W

Quiescent Current Ib mA
10 = 1.0 A

LM140 - 4.0 7.0
LM340 - 4.0 8.5
LM140 (TJ = +25°C) - 4.0 6.0
LM340 ITJ = +25°C) - 4.0 8.0

Quiescent Current Change tilb mA
8.0";; Vin ,.;;25 Vdc LM140 - - 0.8
7.0";; Vin ,.;;25 Vdc LM340 - - 1.0
5.0 mA";; 10 ,.;;1.0 A LM14O. LM340 - - 0.5
8.0";; Vin ,.;;20 Vdc. 10 = 1.0 A LM140 - - 0.8
7.5";; Vin ,.;;20 Vdc. 10 = 1.0 A LM340 - - 1.0

Ripple Rejection RR d8
LM140 68 80 -
LM340 62 80 -

10 = 1.0 A (TJ = +25°C)
LM140 68 - -
LM340 62 - -

Dropout Voltage Vin - Vo - 2.0 - Vdc

Output Resistance RO - 30 - mfi

Short-Circuit Current Limit Isc - 2.0 - A

Output Noise Voltage (TA = +25°C) Vn - 40 - IlV
10 Hz,.;;f,.;; 100 kHz

Average Temperature Coefficient of Output Voltage TCVO - ±0.6 - mV/oC
10 = 5.0 mA

Peak Output Current (TJ = +25°C) 10 - 2.4 - A

Input Voltage to Maintain Line Regulation (TJ = +25°CI 7.3 - - Vdc
10 = 1.0 A

NOTES:
1. Tlow = -55°C for LM140 Thigh = +l50oC for LM140

= OOCfor LM340 = +125°C for LM340
2. Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken into

account separately. Pulse testing with low duty cycle is used.



LM140/340 - 6.0 ELECTRICALCHARACTERISTICS
(Vin = 11 V. 10 = 500 mA- TJ = Tiow to Thigh (Note 1). unless otherwise noted).

Cheracteri~ Symbol Min Typ Me. Unh

Output Voltage (TJ = +25°C) Vo 5.75 6.0 6.25 Vdc
10 = 5.0 mA to 1.0 A

Input Regulation (Note 2) Regin mV
9.0 to 21 Vdc - - 60
8.0 to 25 Vdc (TJ = +25°C) - - 60
9.0 to 13 Vdc.IO = 1.0A - - 30
8.3 to 21 Vdc. 10 = 1.0 A (TJ = +25°C) - - 60

Load Regulation (Note 21 Regload mV
5.0 mA ,.; 10 ,.; 1.0 A - - 60
5.0 mA"; 10 ,.; 1.5 A (TJ = +25°C) - - 60
250 mA"; 10 ,.; 750 mA (TJ = +25°C) - - 30

Output Voltage Vo Vdc
lMl40

9.0"; Vin ,.; 21 Vdc. 5.0 mA"; 10"; 1.0 A- 5.7 6.0 6.3
PO"; 15W

lM340
8.0"; Vin ,.; 21 Vdc. 6.0 mA ,.; 10"; 1.0 A. 5.7 5.0 6.3

PO"; 15W

Quiescent Current Ib mA
10= 1.0A

lM140 - 4.0 7.0
lM340 - 4.0 8.5
lMl40 (TJ = +25°C) - 4.0 6.0
lM340 (TJ = +25°C) - 4.0 8.0

Ouiescent Current Change ~Ib mA
9.0"; Vin ,.; 25 Vdc lMl40 - - 0.8
80,.; Vin ,.; 25 Vdc lM340 - - 1.0
5.0 mA,.; 10"; 1.0 A lMl40. lM340 - - 0.5
9.0"; Vin ,.; 21 Vdc. 10 = 1.0 A lMl40 - - 0.8
8.6"; Vin"; 21 Vdc. 10 = 1.0 A lM340 - - 1.0

Ripple Rejection RR d8
lMl40 65 78 -
lM340 59 78 -

10 = 1.0 A (TJ = +25°C)
lMl40 65 - -
lM340 59 - -

Dropout Voltage Vin - Vo - 2.0 - Vdc

Output Resistance RO - 35 - mO

Short-Circuit Current limit Isc - 1.9 - A

Output Noise Voltage (TA = +25°C) Vn - 45 - ,.V
10 Hz"; f"; 100 kHz

Average Temperature Coefficient of Output Voltage TCVO - ±0.7 - mV/oC
10 = 5.0 mA

Peak Output Current (TJ = +25°C) 10 - 2.4 - A

Input Voltage to Maintain line Regulation (TJ = +25°C) 8.3 - - Vdc
10= 1.0A

NOTES:
1. Tlow = -55°C for lMl40 ThIgh = +l50oC for lMl40

= OOCfor lM340 = +125°C for lM340
2. load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken into

account seperately. Pulse testing with low duty cycle is used.



lM140/340 - 8.0 ELECTRICAL CHARACTERISTICS
(Vin = 14 V, 10 = 500 mA. TJ = Tlow to Thigh (Note I), unless otherwise noted).

Cheracte,illtic Symbol Min Typ Mex Unit

Output Voltage (TJ = +25OC) Vo 7.7 8.0 8.3 Vdc
10 = 5.0 mA to 1.0 A

Input Regulation (Note 21 Regin mV
11 to 23 Vdc - - 80
10.5 to 25 Vdc (TJ = +25°C) - - 80
11 to 17 Vdc, I 0= 1.0 A - - 40
10.5 to 23 Vdc, 10 = 1.0 A (TJ = +25°C) - - 80

Load Regulation (Note 21 Regload mV
5.0 mA';; 10 .;; 1.0 A - - 80
5.0 mA';; 10';; 1.5 A (TJ = +25°CI - - 80
250 mA';; 10';; 750 mA (TJ = +25°C) - - 40

Output Voltage Vo Vdc
LM140

11.5 .;; Vin .;; 23 Vdc, 5.0 mA';; 10';; 1.0 A, 7.6 8.0 8.4
PO';; 15W

LM340
10.5';; Vin';; 23 Vdc, 5.0 mA';; \0';; 1.0 A, 7.6 8.0 8.4

PO';; 15W

Quiescent Current Ib mA
10 = 1.0 A

LM140 - 4.0 7.0
LM340 - 4.0 8.5
LM140 lTJ = +25°C) - 4.0 6.0
LM340 (TJ = +25°C) - 4.0 8.0

Quiescent Current Change a1b mA
11.5 .;; Vin .;; 25 Vdc LM140 - - 0.8
10.5';; Vin';; 25 Vdc LM340 - - 1.0
5.0 mA';; 10';; 1.0 A LM14O, LM340 - - 0.5
11.5';; Vin .;; 23 Vdc, 10 = 1.0 A LM140 - - 0.8
10.6 .;; Vin .;; 23 Vdc, 10 = 1.0 A LM34C1 - - 1.0

Ripple Rejection RR d8
LM140 62 76 -
LM340 56 76 -

10 = 1.0 A (TJ = +25°C)
LM140 62 - -
LM340 56 - -

Dropout Voltage Vin - Vo - 2.0 - Vdc

Output Resistance RO - 40 - m!l

Shon-Circuit Current Limit Isc - 1.5 - A

Output Noise Voltage (TA = +25°C) Vn - 52 - IlV
10 Hz.;; f.;; 100 kHz

Average Temperature Coefficient of Output Voltaqe TCVO - ±1.0 - mV/oC
10= 5.0 mA

Peak Output Current (TJ = +25°C) 10 - 2.4 - A

Input Voltage to Maintain Line Regulation (TJ = +25°C) 10.5 - - Vdc
10= 1.0A

NOTES:
1. Tlow = -55°C for LM140 Thigh = +150oC for LM140

= OoCfor LM340 = +125°C for LM340
2. Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken into

account separately. Pulse testing with low duty cycle is used.



lM140/340 - 12 ELECTRICALCHARACTERISTICS
(Vin = 19 V, 10 = 500 mA, TJ = Tlow to Thigh (Note 1), unless otherwise noted).

Characta,iltlc Symbol Min Typ Mex Unit

Output Voltage (TJ = +25°C) Vo 11.5 12 12.5 Vdc
10 = 5.0 mA to 1.0 A

Input Regulation (Note 2) Regin mV
15 to 27 Vdc - - 120
14.6 to 30 Vdc (TJ = +25°C) - - 120
16 to 22 Vdc. I 0= 1.0 A - - 60
14.6 to 27 Vdc, 10 = 1.0 A (TJ = +25°C) - - 120

Load Regulation (Note 2) Regload mV
5.0 mA,.;; 10 ,.;; 1.0 A - - 120
5.0 mA,.;; 10";; 1.5 A (TJ = +25°C) - - 120
250 mA";; 10";; 750 mA (TJ = +25°C) - - 60

Output Voltage Vo Vdc
LM140

15.5";; Vin ,.;;27 Vdc, 5.0 mA,.;; 10 ,.;;1.0 A, 11.4 12 12.6
PO";; 15W

LM340
14.5";; Vin";; 27 Vdc, 5.0 mA,.;; 10";; 1.0 A, 11.4 12 12.6

PO";; 15W

Quiescent Current Ib mA
fO = 1.0A

LMl40 - 4.0 7.0
LM340 - 4.0 8.5
LM140 (TJ = +25°C) - 4.0 6.0
LM340 (TJ = +25°C) - 4.0 8.0

Quiescent Current Change L!.lb mA
15,.;; Vin ,.;;30 Vdc LM140 - - 0.8
14.5";; Vin";; 30 Vdc LM340 - - 1.0
5.0 mA ,.;;10";; 1.0 A LMl40, LM340 - - 0.5
15 ,.;;Vin ,.;;27 Vdc, 10 = 1.0 A LMl40 - - 0.8
14.8";; Vin ,.;;27 Vdc, 10 = 1.0 A LM340 - - 1.0

Ripple Rejection RR dB
LM140 61 72 -
LM340 55 72 -

10 = 1.0 A (TJ = +25°C)
LMl40 61 - -
LM340 55 - -

Dropout Voltage Vin - Vo - 2.0 - Vdc

Output Resistance RO - 75 - mil

Short-Circuit Current Limit Isc - 1.1 - A

Output Noise Voltage (TA = +25°C) Vn - 75 - p.V
10Hz";; I ,.;;100kHz

Average Temperature Coefficient 01 Output Voltage TCVO - ±1.5 - mV/oC
10 = 5.0 mA

Peak Output Current (TJ = +25°C) 10 - 2.4 - A

Input Voltage to Maintain Line Regulation (TJ = +25°C) 14.6 - - Vdc
10= 1.0A

NOTES:
1. Tlow = -55°C lor LMl40 Thigh = +l50oC lor LM140

= OOCfor LM340 = +125°C for LM340
2. Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken into

account separately. Pulse testing with low duty cycle is used.



LM140/340 - 16 ELECTRICALCHARACTERISTICS
(Vin = 23 V. 10 = 500 mA. TJ = Tlow to Thigh (Note 1I. unless otherwise noted).

Characteriatic Symbol Min Typ Mex Unit

Output Voltage (TJ = +25°C) Vo 14.4 15 15.6 Vdc
10 = 5.0 mA to 1.0 A

Input Regulation (Note 2) Ragin mV
18.5 to 30 Vdc - - 150
17.5 to 30 Vdc (TJ = +25°C) - - 150
20 to 26 Vdc. I 0= 1.0 A - - 75
17.7 to 30 Vdc. 10 = 1.0 A (TJ = +25°C) - - 150

Load Regulation (Note 2) Regload mV
5.0 mA •• 10" 1.0 A - - 150
5.0 mA" 10" 1.5 A (TJ = +25°C) - - 150
250 mA" 10" 750 mA (TJ = +25°C) - - 75

Output Voltage Vo Vdc
LM140

18.5 •• Vin •• 30 Vdc. 5.0 mA" 10" 1.0 A 14.25 15 15.75
PO" 15 W

LM340
17.5 •• Vin •• 30 Vdc. 5.0 mA •• 10" 1.0 A 14.25 15 15.75

PO" 15 W

Quiescent Current Ib mA
10 = 1.0A

LM140 - 4.0 7.0
LM340 - 4.0 8.5
LMl40 (TJ = +25°C) - 4.0 6.0
LM340 (TJ = +25°C) - 4.0 8.0

Quiescent Current Change Alb mA
18.5 •• Vin •• 30 Vdc LMl40 - - 0.8
17.5 •• Vin •• 30 Vdc LM340 - - 1.0
5.0 mA •• 10 •• 1.0 A LMl40. LM340 - - 0.5
18.5 •• Vin •• 30 Vdc. 10 = 1.0 A LMl40 - - 0.8
17.9 •• Vin •• 30 Vdc. 10 = 1.0 A LM340 - - 1.0

Ripple Rejection RR d8
LMl40 60 70 -
LM340 54 70 -

10 = 1.0 A (TJ = +25°C)
LMl40 60 - -
LM340 54 - -

Dropout Voltage Vin- Vo - 2.0 - Vdc

Output Resistance RO - 95 - mfi

Short-Circuit Current Limit Isc - 800 - mA

Output Noise Voltage (TA = +25°C) Vn - 90 - IlV
10 Hz •• f •• 100 kHz

Average Temperature CoeHicient of Output Voltage TCVO - ±1.8 - mY/DC
10 = 5.0 mA

Peak Output Current (TJ = +25°C) 10 - 2.4 - A

Input Voltage to Maintain Line Regulation (TJ = +25°C) 17.7 - - Vdc
10= 1.0A

NOTES:
1. Tlow = -55°C for LMl40 Thigh = +l50oC for LMl40

= ooC for LM340 = +125°C for LM340
2. Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating eHects must be taken into

account seperately. Pulse testing with low duty cycle is used.



LM140/340 - 18 ELECTRICALCHARACTERISTICS
(Vin = 27 V. \0 = 500 mA, TJ = Tlow to Thigh (Note 1). unless otherwise noted).

Characteriltic Symbol Min Typ Max Unit

Output Voltage (TJ = +25°C) Vo 17.3 18 18.7 Vdc
10 = 5.0 mA to 1.0 A

Input Regulation (Note 2) Regin mV
21.5 to 33 Vdc - - 180
21 to 33 Vdc (TJ = +25°C) - - 180
24 to 30 Vdc. I 0= 1.0 A - - 90
21 to 33 Vdc. 10 = 1.0 A (TJ = +25°C) - - 180

Load Regulation (Note 2) Regload mV
5.0 mA,;;; 10 ,;;; 1.0 A - - 180
5.0 mA,;;; 10';;; 1.5 A (TJ = +25°C) - - 180
250 mA';;; 10';;; 750 mA (TJ = +25°C) - - 90

Output Voltage Vo Vdc
LM140

22 ,;;;Vin ,;;;33 Vdc. 5.0 mA';;; 10 ,;;; 1.0 A, 171 18 18.9
PO';;; 15W

LM340
21 ,;;;Vin ,;;;33 Vdc. 5.0 mA,;;; 10';;; 1.0 A 17.1 18 18.9

PO';;; 15W

Ouiescent Current Ib mA
10 = 1.0 A

LM140 - 4.0 7.0
LM340 - 4.0 8.5
LM140 (TJ = +25°C) - 40 6.0
LM340 (TJ = +25OC) - 4.0 8.0

Ouiescent Current Change 61b mA
22 ,;;;Vin ,;;;33 Vdc LM140 - - 0.8
21 ,;;;Vin ,;;;33 Vdc LM340 - - 1.0
5.0 mA';;; 10 ,;;; 1.0 A LM140. LM340 - - 0.5
22 ,;;;Vin ,;;;33 Vdc, 10 = 1.0 A LM140 - - O.ll
21 ,;;;Vin ,;;;33 Vdc, 10 = 1.0 A LM340 - - 1.0

Ripple Rejection RR dB
LM140 59 69 -
LM340 53 69 -

10 = 1.0 A (TJ = +25°C)
LM140 59 - -
LM340 53 - -

Dropout Voltage Vin - Vo - 2.0 - Vdc

Output Resistance RO - 110 - mfi

Shon-Circuit Current Limit Isc - 500 - mA

Output Noise Voltage (TA = +25°C) Vn - 110 - /"V
10 Hz,;;; f';;; 100 kHz

Average Temperature Coefficient of Output Voltage TCVO - ±2.3 - mV/oC
10 = 5.0 mA

Peak Output Current (TJ = +25°C) 10 - 2.4 - A

Input Voltage to Maintain Line Regulation (TJ = +25°C) 21 - - We
10 = 1.0A

NOTES:
1. Tlow = -55°C for LM140 Thigh = +150°C for LM140

= OOCfor LM340 = +125°C for LM340
2. Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken into

account separately. Pulse testing with low duty cycle is used.



LM140/340 - 24 ELECTRICALCHARACTERISTICS
(Vin = 33 V, 10 = 500 mA. TJ = Tlow to Thigh (Note 1), unless otherwise noted).

Cha •• cteriltic Symbol Min Typ Mu Unit

Output Voltage (TJ = +25°C) Vo 23 24 25 Vdc
10 = 5.0 mA to 1.0 A

Input Regulation (Note 2) Regin mV
28 to 38 Vdc - - 240
27 to 38 Vdc (TJ = +25°C) - - 240
30 to 36 Vdc, I 0= 1.0 A - - 120
27.1 to 38 Vdc, 10 = 1.0 A (TJ = +25°C) - - 240

Load Regulation (Note 2) Regload mV
5.0 mA,;;; 10 ,;;;1.0 A - - 240
5.0 mA';;; 10';;; 1.5 A (TJ = +25°C) - - 240
250 mA';;; 10';;; 750 mA (TJ = +25°C) - - 120

Output Voltage Vo Vdc
LM140

28 ,;;;Vin ,;;;38 Vdc 5.0 mA ,;;;10';;; 1.0 A. 22.8 24 25.2
PO';;; 15W

LM340
27 ,;;; Vin ,;;;38 Vdc, 5.0 mA';;; 10 ,;;; 1.0 A, 22.8 24 25.2

PO';;; 15W

Quiescent Current Ib mA
10= 1.0A

LM140 - 4.0 7.0
LM340 - 4.0 8.5
LM140 (TJ = +25°C) - 4.0 60
LM340 (TJ = +25°C) - 4.0 80

Quiescent Current Change Alb mA
28';;; Vin ,;;;38 Vdc LM140 - - 08
27 ,;;;Vin ,;;;38 Vdc LM340 - - 1.0
5.0 mA ,;;;10 ,;;; 1.0 A LMI4O, LM340 - - 0.5
28 ,;;;Vin ,;;;38 Vdc, 10 = 1.0 A LM140 - - 0.8
27.3';;; Vin';;; 38 Vdc, 10 = 1.0 A LM340 - - 1.0

Ripple Rejection RR d8
LM140 56 66 -
LM340 50 66 -

10 = 1.0 A (TJ = +25OC)
LM140 56 - -
LM340 50 - -

Dropout Voltage Vin - Vo - 2.0 - Vdc

Output Resistance RO - 150 - mO

Shon-Circuit Current Limit Isc - 200 - mA

Output Noise Voltage (TA = +25°C) Vn - 170 - J.lV
10 Hz';;; f';;; 100 kHz

Average Temperature Coefficient of Output Voltage TCVO - ±3.0 - mV/oC
10 = 5.0 mA

Peak Output Current (TJ = +25°C) 10 - 2.4 - A

Input Voltage to Maintain Line Regulation (TJ = +25°C) 27.1 - - Vdc
10 = 1.0 A

NOTES:
,. Tlow = -55°C for LM140 Thigh = +150oC for LM140

= OOCfor LM340 = +125°C for LM340
2. Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken into

account seperately. Pulse testing with low duty cycle is used.
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® MOTOROLA

3-TERMINAL ADJUSTABLE
OUTPUT POSITIVE VOLTAGE REGULATOR

The LM 150/250/350 are adjustable 3-terminal positive voltage
regulators capable of supplying in excess of 3.0 A over an output
voltage range of 1.2 V to 33 V. These voltage regulators are excep-
tionally easy to use and require only two external resistors to set the
output voltage. Further, they employ internal current limiting,
thermal shutdown and safe area compensation, making them
essentially blow-out proof.

The LM 150 series serve a wide variety of applications including
local, on card regulation. This device also makes an especially
simple adjustable switching regulator, a programmable output
regulator, or by connecting a fixed resistor between the adjustment
and output the LM 150 series can be used as a precision current
regulator.

• Guaranteed 3.0 Amps Output Current

• Output Adjustable between 1.2 V and 33 V

• Load Regulation Typically 0 1%

• Line Regulation Typically 0.005%/V

• Internal Thermal Overload Protection

• Internal Short-Circuit Current Limiting Constant with Temperature

• Output Transistor Safe-area Compensation

• Floating Operation for High Voltage Applications

• Standard 3-lead Transistor Packages

• Eliminates Stocking Many Fixed Voltages

V'n Vout
LM150

R,

'Ad; 1 240
Adjust

Gin + Co

I 0.1 JJ.F [R2

IL......-

1-=-
* = Gin is required if regulator is located an appreciable distance from power

supp!.( filter.

** ""Co i. not needed for stability. however it doe. improve transient
response.

R2
Vout = 1.25 V (1 +~) + 'Adj R2

Since IAdj is controlled to less than 100 IJA. the error associated with this
term is negligible in most applications

LM150
LM250
LM350

3-TERMINAL
ADJUSTABLE POSITIVE
VOLTAGE REGULATOR

SILICON MONOLITHIC
INTEGRATED CIRCUIT

K SUFFIX
METAL PACKAGE

CASE 1
nO-3 Type)

T SUFFIX
PLASTIC PACKAGE

CASE 221A
(TO-220l

Pin 1 Adjust
Pin 2 Vout
Pin 3 Vin

Device Temperature Range Package

LM150K Tj:: -55QC to +150°C Metal Power

LM250K Tj:: -25QC to +150°C Metal Power

LM350K Tj:: aoc to +125°C Metal Power

LM350T Tj::()OCto+125°C Plastic Power



Rating Symbol Value Unit

Input-Output Voltage Oillerential VI-VO 35 Vdc

Power Dissipation Po Internally Limited

Qperati;g Junction Temperature Range lM150 TJ -55 to +150 °C
lM250 -25 to +150
lM350 Oto+125

Storage Temperature Range Tsto -65 to +150 °C

Soldering lead Temperature (10 seconds) 300 °C

lM1S0/2S0 (MOl""
Characteristic Figure Symbol Min Typ Max Min Typ Max Unit

line Regulation (Note 2) 1 Regline - 0.005 0.01 - 0.005 0.03 %/V
TA = 25°C. 3 V ~ VI - Vo ~ 35 V

load Regulation (Note 21 2 Regload
TA = 25°C. 10 mA ~ Il ~ 3A

VO~ 5V - 5 15 - 5 25 mV
YO;;' 5V - 01 0.3 - 0.1 0.5 %VO

Thermal Regulation Pulse = 20 ms - Regtherm - 0.002 - - 0.002 - %/W

Adjustment Pin Current 3 'Ad' - 50 100 - 50 100 ~A

Adjustment Pin Current Change 1.2 61Adj ~A
3 V ~ V,-YO ~ 35 V
10 mA ~ Il ~ 3 A. Po ~ Pmax - 0.2 5 - 0.2 5

Relerence Voltage (Note 3) 3 Vrel V
3 V~ VI-VO~ 35 V
10 mA~ Il~ 3 A. PO~ Pmax 120 125 130 1.20 1.25 130

line Regulation (Note 2) 1 Regline %/V
3 V ~ V,-YO ~ 35 V - 002 0.05 - 0.02 007

load Regulation (Note 21 2 Regload
10mA~ll~3A

VO~ 5 V - 20 50 - 20 70 mV
YO;;' 5V - 0.3 1 - 0.3 1.5 %VO

Temperature Stability (Tlow ~ TJ ~ Thiah) 3 TS - 1 - - 1 - %VO
Minimum Load Current to 3 ILmin mA
Maintain Regulation (V,-VO = 35 VI - 3.5 5 - 35 10

Maximum Output Current 3 Imax A
V,-YO ~ 10 V. Po ~ Pmax 3.0 45 - 3.0 45 -
V,-YO = 30 V. PO~ Pmax. TA = 25°C 0.3 1 - 0.25 1 -

RMS Noise. % 01 Vo - N %VO
TA = 25°C. 10 Hz ~ I ~ 10 kHz - 0.003 - - 0003 -

Ripple Rejection. Vo - 10 V. 1= 120 Hz 4 RR dB
(Note 4)
Without CAOJ - 65 - - 65 -
CAOJ = 10 ~F 66 80 - 66 80 -

long Term Stability. TJ = Thigh (Note 5) 3 S %/1.0k
TA = 25°C lor Endpoint Measurements - 0.3 1 - 03 1 Hrs.

Thermal Resistance Junction to Case - R8JC °C/W
Peak (Note 61 K Package (TO-31 - 2.3 - - 2.3 -

T Package (TO-220) - - - - 2.3 -
Average (Note 7) K Package (TO-3) - - 1.5 - - 1.5

T Package (TO-220) - - - - - 1.5

NOTES,
(1) Tlow= -55°C for LM150 Thigh = +' 5()OC for lM150

-25°C for LM250 = + 1 SOOC for LM250

ace lor lM350 = +125°e lor lM350
(2) Load and line regulation are specified at constant junction temperature.

Changes in Va due to heating effects must be taken into account
separately. Pulse tasting with low duty cycle is used.

(3) Selected devices with tightened tolerance reference voltage available.

(4) CADJ. when used. is connected between the adjustment pin and
ground.

(5) Since Long Term Stability cannot be measured on each device before

shipment. this specification is an engineering estimate of average
stability from lot to lot.

(6) Thermal Resistance evaluated measuring the hottest temperature on

the die using an infrared scanner. This method of evaluation yields very

accurate thermal resistance values which are conservative when

compared to other measurement techniques.

(71 The average die temperature is used to derive the value of thermal
resistance junction to case (average).
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14V----\.....)

f"" 120 Hz

L.oad Regulation (mV)· Vo (min. Load) - Vo (max. Load)

Vo (min. Load) - Vo (mal(. Load)
Load Regulation ("VO) - Vo (min. Load) X

Vout

To Calculate P,2:

Vo = 'SET R2 + 1.250 V

Assume ISET "" 5.25 mA

,'+
CADJ ;~~ 10 IlF,,

100 Lr:Vo (min. Load)

Vo (max. Load)
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BASIC CIRCUIT OPERATION
The LM 150 is a 3·terminal floating regulator. In opera·

tion, the LM 150 develops and maintains a nominal 1.25
volt reference (V ref) between its output and adjustment
terminals. This reference voltage is converted to a pro·
gramming current (lpROG) by R1 (see Figure 17), and
this constant current flows through R2 to ground. The
regulated output voltage is given by:

R2
Vout = Vref (1 + Al) + IAdj R2

Since the current from the adjustment terminal (IAdj)
represents an error term in the equation, the LM 150 was
designed to control IAdj to less than 100 IJ.Aand keep it
constant. To do this, all quiescent operating current is
returned to the output terminal. This imposes the require·
ment for a minimum load current. If the load current is
lessthan this minimum, the output voltage will rise.

Since the LM150 is a floating regulator, it is only the
voltage differential across the circuit which is important
to performance, and operation at high voltages with
respect to ground is possible.

!
vref

\

LOAD REGULATION
The LM 150 is capable of providing extremely good

load regulation, but a few precautions are needed to
obtain maximum performance. For best performance, the
programming resistor (R 1) should be connected as close
to the regulator as possible to minimize line drops which
effectively appear in series with the reference, thereby
degrading regulation. The ground end of R2 can be
returned near the load ground to provide remote ground
sensing and improve load regulation.

EXTERNAL CAPACITORS
A 0.1 IJ.Fdisc or 1 IJ.Ftantalum input bypass capacitor

(Cin) is recommended to reduce the sensitivity to input
line impedance.

The adjustment terminal may be bypassed to ground to
improve ripple rejection. This capacitor (CADJ) prevents
ripple from being amplified as the output voltage is
increased. A 10 IJ.F capacitor should improve ripple
rejection about 15dB at 120 Hz in a 10 volt application.

Although the LM 150 is stable with no output capaci-
tance, like any feedback circuit, certain values of external
capacitance can cause excessive ringing. An output capaci-
tance (Co) in the form of a 1 IJ.F tantalum or 25 IJ.F
aluminum electrolytic capacitor on the output swamps
this effect and insures stability.

PROTECTION DIODES
When external capacitors are used with any I.C. regu-

lator it is sometimes necessary to add protection diodes to
prevent the capacitors from discharging through low
current points into the regulator.

Figure 1B shows the LM 150 with the recommended
protection diodes for output voltages in excessof 25 V or
high capacitance values (Co> 25 /IF, CADJ > 10 IJ.FI.
Diode 01 prevents Co from discharging thru the I.C.
during an input short circuit. Diode 02 protects against
capacitor CADJ discharging through the I.C. during an
output short circuit. The combination of diodes Oland
02 prevents CADJ from discharging through the I.C.
during an input short circuit.



Vref
RSC =

lOmax + lOSS

Current

Limit

Adjust

*. To provide current limiting of 10 100
to the system ground. the source of
the FET must be tied to a negative
vol tage below - 1.25 V.

Vref

R2" 'OSS
Vref

R1 = lOmax + lOSS

VO< BVOSS + 1.25V+ VSS
'Lmin - lOSS < 10 < 3 A
As shown 0 < 10 < 2 A

°1
IN4001

IN4001

°2 I10llF

OUTPUT RANGE,
O"VO •• 25V
0 •• '0" 3 A

I 1.01lF

Vref
lout = (""""R"'1) + IAdj

=:!~
R1



® MOTOROLA

TIGHT-TOLERANCE, LOW-DRIFT
VOLTAGE REFERENCE FAMILY

The MC1400 seriesof ICs is a family of temperature-compensated
voltage references for precision data conversion and instrumentation
applications. Advances in thin-film resistors, laser-trimming tech·
niques, ion-implanted devices, and monolithic fabrication techniques
make this reference both temperature and time stable in applications
demanding accuracy to the 12-bit level.

These devices offer simple, no-external-component operation as
three-terminal, positive-voltage references, and also simple, one-
external-resistor operation as either positive or negative referenct:s.
Unique circuitry permits these devices to either source or sink
greater than 10 mA of load current with excellent regulation. This
feature means that the buffer amplifiers and current sources nor·
mally required for precision zener references can be eliminated.

• Four Different Output Voltages: 2.5, 5.0, 6.25,10 V
• Tight Absolute Accuracy: ±0.2% Maximum Initial Tolerance
• Single-Component Output Trimming Without Degrading Temper-

ature Coefficient
• Wide Input Voltage Range: (Vout +1.0 V)';; Vin';; 40 V
• Three-Terminal Operation:

Positive ReferencesThat Can Source and Sink Current
• Two-Terminal Operation:

Positive or Negative References
Floating References

• Low Current Consumption: 1.0 mA Typical
• Very Low Temperature Coefficient
• Low Output Noise Voltage
• Excellent Ripple Rejection: 87 dB Typical at 120 Hz
• Excellent Long Term Stability: 25 ppm /1000 Hrs Typical

MC1400
MC1500

MC1400A
MC1500A

PRECISION
VOLTAGE REFERENCES

U SUFFIX
CERAMIC PACKAGE

CASE 693

ORDERING INFORMATION

PACKAGE(ALL TYPES)
Ceramic DIP

Device I Temperature Range

2.5 Volts
MCI500U2 -5SoC to +12SoC

o 0
MC1500AU2 -55 C to +125 C

o 0
MCI400U2 OCto +70 C

o 0
MCI400AU2 o Cto+70 C

5.0 Volts

MC1500U5 - 55°C to +.t25°C
MCI500AU5 -55°C to +' 25°C
MCI400U5 OoC to +70oC
MC1400AU5 OoC to +70oC

6.25 Volts
MC1500U6 -55°C to +125°C

Vout R MCI500AU6 -55°C to +125°C
MC1400U6 OOC to +70oC
MCI400AU6 COcto +700C

2.5 V 5 kll
5.0 V 15 kll 10Volts

6.25 V 20 kll MCl500U10 -55°C to +125°C

10.0V 35 kfl MCI500AU10 -55°C to +125°C
MC1400Ul0 OoC to +70oC
MC1400AU10 OOCto +700C

ADI-585



Rating Symbol Value Unit

Applied Voltages V

Vin -0.3 to +40

VTRIM -0.3 to +5.0

Load Current
VTEMP, Pin 3 ITEMP ±50 /JoA

Output, Pin 6 lout ±40 mA

Output Short Circuit Duration tsc seconds
To Ground Continuous
To Vin 10

Storage Temperature Tsto -65 to +150 °c
Junction Temperature TJ +150 °c
Operating Ambient Temperature Range TA °c

MC1500,A -55 to +125
MC1400,A o to +70

MC1400 A MC1500,A
Characteristic Symbol Min Typ Max Min Typ Max Unit

Output Voltage Vo Volts
(10 = 0 mAl U2, AU2 2.495 2.500 2.505 2.495 2.500 2.505

U5, AU5 4.990 5.000 5.010 4.990 5.000 5.010
U6, AU6 6.240 6.250 6.260 6.240 6.250 6.260

Ul0,AU10 9.9BO 10.000 10.020 9.9BO 10.000 10.020

Output Voltage Tolerance - - 0.05 0.20 - 0.05 0.20 %
Output Trim Range (Rp = 100 kll) L'>VTRIM ±6.0 - - ±6.0 - - %

Temperature Coefficient (Notes 1, 4) TCVo ppm/oC

(Tmin to TmaxI MC1400/1500 - - 25 - - 40
MC14ooAl1500A - - 10 - - 10

Line Regulation (Note 2) RegUNE mV
(Vin = 3.5 V to 40 VI U2, AU2 - 1.0 3.0 - 1.0 3.0

(Vin = 6.0 V to 40 V) U5, AU5 - 1.5 4.0 - 1.5 4.0

(Vin = 7.5 V to 40 V) U6, AU6 - 15 4.0 - 1.5 4.0

(Vin = 11.5 V to 40 V) U10,AU10 - 20 4.0 - 2.0 4.0

Load Regulation (Note 3) Reg LOAD
6.0 10 6.0 10

mV
(-10';;IL';;+10mA) U2, AU2 - -

U5,AU5 - B.O 20 - B.O 20

U6, AU6 - B.O 20 - B.O 20

U10,AU10 - B.O 20 - B.O 20

Quiescent Current (10 = 0 mAl II - 0.77 1.5 - 077 15 mA

Zener Mode Regulation (Figure 1) Vz mV
(1 .0 ,;; IZ';; 10 mAl U2,AU2 - 3.0 - - 3.0 -

U5,AU5 - 60 - - 6.0 -
U6, AU6 - B.O - - B.O -

U10,AU10 - 12 - - 12 -
Long Term Stability - - 25 - - 25 - ppm/l0oo hrs

MC1400,A MC1500,A
Characteristic Symbol Min Typ Max Min Typ Max Unit

Turn-On Settling Time (Figure 21 ts - 50 - - 50 - /JoS
(to±O.Ol%)

Output Noise Voltage - P to P en /JoV
(0.1';; I';; 10 Hz) U2,AU2 - BO - - B.O -

U5,AU5 - 12 - - 12 -
U6, AU6 - 14 - - 14 -

U10,AU10 - 16 - - 16 -
Small-Signal Output Impedance (I - 120 Hzl Zo - 03 - - 0.3 - II

Power Supply Rejection Ratio (f = 120 Hz) PSRR 60 B7 - 60 B7 - dB

NOTES:
1. Tmin = -55°C for MC1500.A

= aoc for MC1400,A
Tmax = +125°C for MC1500.A

= +70oC for MC1400,A
2. Line Regulation is defined as the maximum excursion in output voltage

over a given change in input voltage with zero load current and junction

temperature constant.

3. Load Regulation is defined as the maximum excursion in output voltage
over a given change in load current with a constant input supply voltage
of +15 volts and a constant junction temperature.

4. Temperature Coefficient of the output voltage ITCVo) is defined as the
maximun change in output voltage over applicable temperature divided
by the device operating temperature range and expressed as ppm/oC.



~
'"~ 1.000
>
~ 0.999

is 0.999
o
~ 0998
«::;;
~ 0.9984
z

;; 0.035
E

~ 003
z
~ 0.025::;* 0.02
og 0.015

g 0.01
>
<J

0.005

I I
4 IL = 0 mA

VOlVO(25°CI
0

/ r--.r-........
6 ,/' ~2

8

0
-25 0 +25 +50 +75 +100 +125

TA. AMBIENT TEMPERATURE (DC)

FIGURE 5 - LOAD REGULATION versus TEMPERATURE

0.04

2

50 II 6
Vin

DUT
0-15 V

Vout
4 50 pF

FIGURE 4 -LINE REGULATION versus TEMPERATURE

0.008 I T T
Vin= VREF+1.0 Vto 40 V
IL = 0 mA

/
-----------

;;-
~ 0006
z
~ 0.005
::;
~ 0.004

~ 0.003
::;

g 0.002
>
<J

;; 0.025
E

~
13 0020

~
:5
~
'"
~



<i:oS

~ 0.8

=>
~ 0.6

tJ
'"3 0.4
c

'"- 0.2

+15 V

2
Vin 6

Vo

MC1400

Trim 5
Gnd

4

Output Adjustment

The MC1400 trim terminal can be used to adjust the output
voltage over a ±6% range. For example, the output can be set to
10.000 V or to 10.240 V for binary applications. For trimming,
Bourns type 3059,100 kO or 200 kO trimpo! is recommended.

Although the circuit of Figure 11 allows a wide trim range,
trimming should be kept to ~ ±6% in applications requiring low
temperature coefficents.
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*For better stability, transient response, and minimum noise
voltage, the device should be bypassed with a 0.1 ~F ceramic
capacitor from pins 6 to 4 as shown.
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·For better stability. transient response. and minimum noise voltage. the device should be bypassed with a 0.1 IlF ceramic
and a 10 JlF electrolytic capacitor from pins 6 to 4 as shown.
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'-1'1-0 N -0..•......, J 'v
-~l SEATING PLANE M

MilLIMETERS
DIM MIN MAX

A 991 1092
I 6.12 699
C 4.32 08
o 0.41 0.51
F 1.40 1.65
G 2.54 BSC
H 1.14 1.55

J 0,20 0.30
K 318 4.06
l 1.31 781
M 15°
N 0.51 1.02 D02tl

NOTES
1. LEADS WITHIN 0 13 mm 10 0(5)

RAO OF TRUE POSITION AT
SEATING PLANE AT MAXIMUM
MATERIAL CONDITION

2 DIMENSION "l' TO CENTER
OF LEAOSWHEN FORMED
PARAllEL

The maximum power consumption an integrated
circuit can tolerate at a given operating ambient
temperature, can be found from the equation:

Where: PDn A) ; Power Dissipation allowable at a
given operating ambient temperature. This must be
greater than the sum of the products of the supply

voltages and supply currents at the worst·case oper·
ating condition.

T J(max) ; Maximum Operating Junction
Temperature as listed in the
Maximum Ratings Section

T A ; Maximum Desired Operating Ambient
Temperature

RUJA (Typl ; Typical Thermal Resistance
Junction to Ambient



@ MOTOROLA

A precision band·gap voltage reference designed for critical
instrumentation and D/A converter applications. This unit is
designed to work with Motorola MC1506, MC1508, and MC3510
D/A converters, and MC14433 AID systems. Low temperature drift
is a prime design consideration.

• Output Voltage; 2.5 V ±25 mV
• Input Voltage Range; 4.5 V to 40 V
• Quiescent Current; 1.2 mA typ
• Output Current; 10 mA
• Temperature Coefficient; 10 ppm/oC typ
• Guaranteed Temperature Drift Specification
• Equivalent to AD580
• Standard 8·Pin DIP Package

Typical Applications

• Voltage Reference for 8-12 Bit D/A Converters
• Low T C Zener Replacement
• High Stability Current Reference
• Voltmeter System Reference

Rating Symbol Value Unit
Input Voltage VI 40 V

Storage Temperature Tsto -65 to 150 °c
Junction Temperature TJ +175 °c
Operating Ambient Temeprature Range TA

MC1503.A -55 to + 125 °c
MC1403.A a to +70 °c

MC1403,A
MC1503,A

PRECISION LOW·VOL TAGE
REFERENCE

LASER TRIMMED
SILICON MONOLITHIC
INTEGRATED CIRCUIT

USUFFIX •
CERAMIC PACKAGE

CASE 693

OROERING INFORMATION

Temperatur.
Device Range Plck_

MCt503U -55 to +12SoC Ceramic DIP
MC1503AU -55 to+12Soc Ceramic DIP
MC1403U o to +70 C C.ramlc DIP
MC1403AU o to +70uC Ceramic DIP

-,
I
I
I
I
I

________ .J

The MCl40311503 makes an ideal reference for the
Motorola monolithic D/A converters. The MC1406/1506,
MCl408/1508. MC3410/3510 and MC3408 D/A convert." all
require a stable current reference of nominally 2.0 mA. This
can be easily obtained from the MC1403/1503 with the
addition of a series resistor, Al. A ~riable resistor, R2. is

recommended to provide means for full-scale adjust on the
01A converter.

The resistor R3 improves temperature performance by
matching the impedance on both inputs of the D/A reference
amplifier. The capacitor decouples any noise present on the
reference line. It is essential if the O/A converter is located any
appreciable distance from the reference.

A single MCl403/1503 reference can provide the required
current input for up to 1ive of the monolithic O/A convener•.



Cherec:teri.tic Symbol Min Typ MIx Unit

Output Voltage Vo 2.475 2.50 2.525 V
1I0~ OmAI

Temperature Coefficient of Output Voltage liVOlliT ppm/oC
MCt503 - - 55
MC1503A - - 25
MC1403 - 10 40
MC1403A - 10 25

Output Voltage Change liVO mV
(over specified temperature range I
MC1503 \-550C to +1250C - - 25
MC1503A - - 11
MC1403 10°C to +70°C - - 7.0
MC1403A - - 4.4

Line Regulation Regin mV
(15V"VI,,40V) - 1.2 4.5
14.5V" VI",5V) - 0.6 3.0

Load Regulation Regload - - 10 mV
(0 mA < 10 < 10 mAl

Quiescent Current II - 1.2 1.5 mA
110 = OmA)
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DIM M'I MAX
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C •.
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J 0.211
I{ 3.11 0.13
L 1.31 O.2tO•
• 0.51

NOTES
1 LEADS WITHIN 0,13 mm 10.00!i1

RAD OF TRUE POSITION AT
SEATING PLANE AT MAXIMUM
MATEAIAl CONDITION.

2. DIMEf6101l NLH TO tUTU
OF lEAOSWtlEN FO"MEO
PARAllEl.



3·1I2·DIGIT VOLTMETER - COMMON ANODE
DISPLAYS, FLASHING OVER RANGE

An example of a 3·1/2·digit voltmeter using the
MC14433 is shown in the circuit diagram of Figure 8.
The reference voltage for the system uses an MC1403
2.5 V reference IC. The full scale potentiometer can
calibrate for a full scale of 199.9 mV or 1.999 V. When
switching from 2 V to 200 mV operation, RI is also
changed, as shown on the diagram.

When using RC equal to 300 kf2, the clock frequency
for the system is about 66 kHz. The resulting conversion
time is approximately 250 ms.

When the input is overrange, the display flashes on
and off. The flashing rate is one·half the conversion rate.

This is done by dividing the EOC pulse rate by 2 with
1/2 MC14013B flip·flop and blanking the display using
the blanking input of the MC14543B,

The display uses an LED display with common anode
digit lines driven with an MC14543B decoder and an
MC1413 LED driver. The MC1413 contains 7 Darlington
transistor drivers and resistors to drive the segments of
the display. The digit drive is provided by four MPS·A12
Darlington transistors operating in an emitter·follower
configuration. The MC14543B, MC14013B and LED
displays are referenced to VEE via pin 13 of the MC14433.
This places the full power supply voltage across the
display. The current for the display may be adjusted by
the value of the segment resistors shown as 150 ohms
in Figure 8.

• AI - 470 kO for 2 V Range

RI = 27 kO for 200 mV Range
··Mylar Capacitor

200n
MPS-A 12 Plus Sign

MP5·
A12

(41

Circuit diagrams utilizing Motorola products are included as a means
of illustrating typical semiconductor applications; consequently.
complete information sufficient for construction purposes is not
nec •••• rily given. The information ha. been carefully checked and

is believed to be entirely reliable. However, no responsibility i,
assumed for inaccuracies. Furthermore, luch information do •• not
convey to the purch ••••. of the semiconductor devic" described any
licen •• under the patent rights of Motorol~ Inc. or others.



@ MOTOROLA

The MC1404 series of ICs is a family of temperature·compensated
voltage references for precision data conversion applications, such as
A/D, D/A, V/F, and FN. Advances in laser·trimming and ion·
implanted devices, as well as monolithic fabrication techniques,
make these devices stable and accurate to 12 bits over both military
and commercial temperature ranges. In addition to excellent tem·
perature stability, these parts offer excellent long-term stability and
low noise.

• Output Voltages: Standard, 5.0 V, 6.25 V, 10 V

• Trimmable Output: > ± 6%

• Wide Input Voltage Range: VREF + 2_5 V to 40 V

• Low Quiescent Current: 1.25 mA Typical

• Temperature Coefficient: 10 ppm/oC Typical

• Low Output Noise: 121lV pop Typical

• Excellent Ripple Rejection: > 80 d8 Typical

TYPICAL APPLICA TIONS

• Voltage Reference for 8 -12 Bit D/A Converters

• Low TC Zener Replacement

• High Stability Current Reference

• MPU D/A and A/D Applications

200 k
Cermet
20 Turn

0.05 JAF

15 5 k

8
CMOS

9
MC3410

TTL

10

11

12

13
LS8

-15

MCl404 MCl404A
MC1S04 MC1S04A

PRECISION LOW·DRIFT
VOLTAGE REFERENCES

LASER TRIMMED SILICON
MONOLITHIC INTEGRATED CIRCUIT

U SUFFIX
CERAMIC PACKAGE

CASE 693

ORDERING INFORMATION

PACKAGE (ALL TYPES)
Ceramic DIP

Device I Temperatur. Range

S.OVolt.

MC1S04US
MC1S04AUS
MC1404US
MC1404AUS

6.2S Volt.

MC1504U6
MCl504AU6
MC1404U6
MC1404AU6

10 Volta

MC1S04Ul0
MCl504AU10
MC1404Ul0
MC1404AU10

-SSoC to + 12SoC
-SSoC to + 12SoC

OOc to +700C
OOc to + 70°C

-SSoC to + 12SoC
-SSoC to + 12SoC

OOc to +700C
OOc to +700C

-SSoC to + 12SoC
-SSoC to + 12SoC

OOc to +700C
OOc to +700C



MC1404.A MCl504.A

Characteristic Symbol Min Typ Max Min Typ Max Unit

Output Voltage Va Volt
(10 = 0 mAl

U5. AU5 4.95 5.00 5.05 4.95 5.00 5.05
U6. AU6 6.19 6.25 6.31 6.19 6.25 6.31

Ul0. AU10 9.90 10 10.10 9.90 10 10.10

Output Voltage Tolerance - - ±O.l .1.0 - ±O.l .1.0 %

Output Trim Range (Figure 10) C.VTAIM '6.0 - - '6.0 - - %

(Ap = 100 knl

Output Voltage Temperature Coefficient, c.Vo!c.T ppm!oC
Over Full Temperature Range

MC1404. MC1504 - 10 40 - - 55
MC1404A. MC1504A - 10 25 - - 25

Maximum Output Voltage Change c.Vo mV
Over Temperature Range

MC1404U5. MC1504U5 - - 14 - - 50
MC1404AU5. MCl504AU5 - - 9.0 - - 23

MC1404U6. MC1504U6 - - 17.5 - - 62
MC1404AU6. MC1504AU6 - - 11 - - 28
MC1404Ul0. MC1504Ul0 - - 28 - - 99

MC1404AU10. MC1504AU10 - - 18 - - 45

Line Regu lation (1) AegLINE - 2.0 6.0 - 2.0 6.0 mV
(Vin = Vout + 2.5 V to 40 V.lout = 0 mAl

Load Aegulation (11 RegLOAD - - 10 - - 10 mV
(0 •• 10" 10 mAl

Quiescent Current II - 1.2 1.5 - 1.2 1.5 mA
(10 = 0 mAl

Short Circuit Current Isc 15 20 30 - - 30 mA

Long Term Stability - - 25 - - 25 - ppm!10oo hrs

MC1404.A MC1504,A

Characteristie Symbol Min Typ Max Min Typ Max Unit
Turn-On Settling Time ts - 50 - - 50 - "s

(to '0.01%)

Output Noise Voltage - P to P en - 12 - - 12 - "V
(Bandwidth 0.1 to 10 Hzl

Small-5ignal Output Impedance ro n
120 Hz - 0.15 - - 0.15 -
500 Hz - 0.2 - - 0.2 -

Power Supply Rejection Ratio PSRA I 70 80 - 70 80 - dB
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The MC1404 trim terminal can be used to adjust the output

voltage over. :!:6% range. For example, the output can be set to

10.000 V or to 10.240 V for binary applications. For trimming,

Bourns type 3059, 100 kn or 200 kn trimpot is recommended.

The addition of a power transistor, a resistor, and a capacitor

converts the MC14Q4 into a precision supply with one ampere

current capability. At V+ "" 15 V, the MC1404 can carry in excess

of 14 mA of load current with good regulation. If the power

transistor current gain exceeds 75, a one ampere supply can

be realized.

rO.1

"F

(RO + 4.7 k)
Vout-5.0V ~

lomax lIII:;l 0R6 V

'"



100 k

TRIM

(opt)

Pulse Width

Modulator

+_I5000J.'F
1N3889 . 6.8 V

+ 5.0 Out
200 mA to 6.0 Amps

IO.01 J.'F
Ceramic



1 LSB 16

-=
15

3 14
50

Inputs are
4 13

MECL 10K MC10318L -=
Compatible • A2 2.4 k

5 12

6 11 ~
0.01 I.lF -=-

10
• A3 3 k -=

Vout = 1.25 V FS Settling Time,

Typically 10 ns

Allen. 0.1

Bradley I I.lF

Type AT -=-
Cermet Trimpot

or EQul ••.•a1ent

~'-I

0',
8

, .~

~

_..jF 'AC',
K -.iCH T I:±'-1'~D N -1,---, J V

~ [ SEATING PLANE M

MILLIMETERS INCHES
D'M M" MAX M,. IlAl

A '" 'Do, ~ r;;-

• 6.22 '" • 7
C 4.32
D 0.41 0.51 0.016 0.020
F t." I." 0.055 0.065
G 2.548SC 0.100 BSC
H 1.14 1.65 0.045 DIl65
J 020 D.3D D."" 0.012
K 3.1 • .... 0.125 0.1&0
l 1.31 7.11 0.290 0.310
M 15 15• 0.51 1.02 0.020 0.040

NOTES:
I. LEADS WITHIN 0.13 mrn 10.0051

RAO OF TRUE POSITION AT
SEATING PLANE AT MAXIMUM
MATERIAL CONDITION.

2. DIMENSION "L" TO CENTER
OF LEADS WHEN FORMED
PARALLEl.

The maximum power consumption an integrated
circuit can tolerate at a given operating ambient
temperature, can be found from the equation:

voltages and supply currents at the worst-case oper-
ating condition.

T J(max) = Maximum Operating Junction
Temperature as listed in the
Maximum Ratings Section

TA = Maximum Desired Operating Ambient
Temperature

RUJA(Typ) = Typical Thermal Resistance
Junction to Ambient

Where: PDn Al = Power Dissipation allowable at a
given operating ambient temperature. This must be
greater than the sum of the products of the supply

This device contains circuitry to protect the inputs against damage due to htgh static voltages or electric fields; however, it is ad-
vised that normal precautions be taken to avoid application of any voltage htgher than maximum rated voltages to this high im-
pedance circuit. For proper operation it is recommended that Vin and Vout be constrained to the range VSS or;;;; (Vin or Vout)
';;VOO·
Unused inputs must always be tied to an appropriate logic voltage level (e.g., either VSS or VOO).



® MOTOROLA MC1463
MC1563

The MC15631MC1463 is a "three terminal" negative regulator designed to deliver con-
tinuous load current up to 500 mAde and provide a maximum negative input voltage of
-40 Vdc. Output current capability can be increased to greater than 10 Adc through use
of one or more external transistors.
Specifications and performance of the MC1563/MC1463 Negative Voltage Regulator 8re
nearly identical to the MC1569/MC1469 Positive Voltage Regulator. For systems reo
quiring both a positive and negative power supply, these devices are excellent for use as
oomplementary regulators and offer the advantage of operating with a common input
ground.
The MC1563R/MCl463R case can be mounted directly to a grounded heat sink which
eliminates the need for- an insulator.

• Case is at Ground Potential (R package)

• Electronic "Shutdown" and Short-Circuit Protection

• Low Output Impedance - 20 Milliohms typical

• High PO\N8rCapability - 9.0 Watts

• Excellent Temperature Stabilttv - t1VO/t1T == ± 0.002%/oC typical

• High Ripple Rejection - 0.002% typical

• 500 mA Current Capability

NEGATIVE·POWER·SUPPL Y
VOLTAGE REGULATOR

SILICON MONOLITHIC
INTEGRATED CIRCUIT

GSUFFIX
METAL PACKAGE

CASE 603

R SUFFIX
METAL PACKAGE

CASE 614

ONO

". "
v•• IIIc,

" 10 'l
,f

ORDERING INFORMATION

DEViCE TEMPERATURE RANGE PACKAGE

MC1463G OOCto+700C M~I.1c••.•
MC146JR OOC10+700C M~t.l Power

MCl563G _SSOC 10 .'2S0C Met"C",

MCl56JR -SSOC to +12S0C M"elPower



Rating Symbol Volua Unit

InputVol~ VI Vdc
MCI463 -35
MCI563 40

G Package R Package

Load Current - Peak IL 250 600 mA

Current, Pin 2 12 10 10 mA

Power Dissipation and Thermal Characteristics
TA·250C Po 0.68 2.4 Watts

Derate above TA • 25°C I/RSJA 5.44 16 mW/oC
Thermal Resist.,nce, Junction to Air RSJA 184 62 °C/W

TC·250C Po 1.8 9.0 Watts
Derate above TC = 25°C I/RSJC 14.4 61 mW/oC
Thermal Resistance. Junction to Case RSJC 69.4 17 °C/W

Operating and Storage Junction Temperature TJ,Tstg -65 to +150 °C
Range

Operating Ambient Temperature Range
MCI463
MCI563

MCl563 MCI463

Charlct.istic Fig. Note Symbol Min Typ Max Min Typ Max Unit

Input Voltage 4 1,6 VI -8.5 - -40 -9.0 - -35 Vdc

ITA = Tlow <D to Thigh i2I IL ·'.0mA)

Output Voltage Range IlL = 1.0 mAl 4 - Vo -3.6 - -37 -3.8 - -32 Vdc

Reference Voltage (Pin 1 to Groundl 4 - Vref -3.4 -3.5 -3.6 -3.2 -3.5 -3.8 Vdc

Minimum Input-output Voltage Differential 4 2 1Vin- VOl - 1.5 2.7 - 1.5 3.0 Vdc
IRse ·0)

8ias Current (Standby Currant) 4 - 118 - 7.0 11 - 7.0 14 mAde
(IL = 1.0 mAdc,I18 = II -ILl

Output Noise 4 - vN - 120 - - 120 - "Vlrms)
(Cn - 0.1 "F, f • 10 Hz to 5.0 MHz)

Temperature Coefficient of Output Voltage 4 3 ""VO/IH - ±O.002 - - ±O.002 - %/oC

Operating Load Current Range 4 - ILR mAde
(Rse • 0.3 ohm) R Package 1.0 - 500 1.0 - 500
(Rse • 2.0 ohms) G Package 1.0 - 200 1.0 - 200

Input Regulation IVin' 1.0 Vrms. f = 1.0 kHz) 4 4 Regline - 0.002 0.015 - 0.003 0.030 %/VO

Load Regulation 6 5 Regload
ITJ' Constant (1.0 mA ';;;IL';;; 20 mAl) - 0.4 1.6 - 0.7 2.4 mV
ITC' +250C (1.0 mA';;;IL';;;50 mAil R Package - 0.005 0.05 - 0.005 0.05 %

G Package - 0.01 0.13 - "Om 0.13

Output Impedance (f = 1.0 kHz) 7 - zo - 20 - - 35 - milliohms

Shutdown Current 8 - Isd - 7.0 15 - 14 50 "Adc
(VI • -35 Vdc)

<D Tlow - OoCfor MC1463
- _55°C for MC1563

~ Thigh. +70oC for MC1463
• +1250C for MC1563



Note 1. ""Minimum Input Voltage" IS the minimum "total Instanta-
neous Input voltage"' required to properly bias the Internal
zener reference diode.

Note 2. This parameter states that the MC1563/MC1463 wltl regu-
late properly with the Input-output voltage differential
IV, - VOl as low as 2.7 Vdc and 3.0 Vdc respectively.
Typical units will regulate properly with IVI - VOl as low
as 1.5 Vdc as shown In the typical column.

Note 3. '"Temperature CoeffICient of Output Voltage" ISdefined
as

± (Va max - Va minI (100)
t>Volt>T = ----------

6> TA IVO@TA:+250CI

The output-voltage adjusting reSistors (AA and AS) must
have matched temperature characteristics In order 10 main·
taln a constant ratio Independent of temperature

Input Regulation: ~ 100 I%/VOI.
Vo IV,)

where Vo is the change in the output voltage Vo for the
input changevin.

The following example illustrates how to compute maxI-
mum output VOltagechange for the conditions given'

Regln: 0.015%/VO
Vo = 10 Vdc
vin = 1.0 V(rms)

V _ (Reg,ine) (VI) (VOl
0- 100

(0.015)(1.0)(101

100
= 0.0015 Vlrmsl

Note 5. Temperature drift effect must be taken into account
separately for conditions of high junction temperature
changes due to the thermal feedback that exists on the
monolithic chiD.

VO!'L = 1.0 mAI- VOI'L: 50 mAl
Load Regulation = ------------- x'OO

VOIIL = 1.0 mAl
Note 6. Not to exceed maximum package power dissipation.

TEST CIRCUITS

(IL = 100 mAde, TC = +250C unless otherwise noted.)

lOOTO
PuLSE
GENE"ATOR

II '~mA("'I1S)

_r,
VO' -10 Vdc

'" R - IYrJKll lorj 1 mAde:



1. Output Voltage. Vo
a) Output Voltage is set by resistors RA and RS (see Figure 9),

Set RS ::: 6.8 k ohms and determine RA from the graph of
Figure 11 or from the equation:

RA'" 121vol-71 kn
b) Output voltage can be varied by making RA adjustable as

shown in Figures 9 and 10.

cl Output voltage,Vo.,sdetermmed bv the ratio of RA and RS
therefore opt.lmum temperature performance can be achieved
If RA and RS have the same temperature coefficient

d) Vo = Vref 11 + RA); therefore the tolerance on

RB
output voltage is determined by the tolerance of Vref and
RA and Re·

2. Short·Circuit Current, ISC
Short-Circuit Current, ISC is determined by Rsc· Rsc may
be chosen with the aid of Figure 11 when using the typical
circuit connection of Figure 9.

3. Compensation, Cc
A 0.001 IJF capacitor (Ce. see Figure 9), wilt provide
adequate compensation in most applications, with or without
current boost. Smaller values of Cc will reduce stability and
larger value,S of Cc will degrade pulse response and output
impedance versus frequency. The physical location of Cc
should be close to the MC1563/MC1463 with short lead
lengths.

4. Noise Filter Capacitor, Cn
A 0.1 j.lF capacitor, Cn, from Pin 3 to ground will typically
reduce the output noise voltage to 120 j.lV(rms). The value
of en can be increased or decreased, depending on the noise
voltage requirements of a particular application. A minimum
value of 0.001 j.lF is recommended.

5. Output Capacitor, Co
The value of Co should be at least 10 IJ.Fin order to provide
good stability.

6. Shutdown Control
One method of turning "OFF" the regulator is to draw 1 mA
from Pin 2 (See Figure 8), This control can be used to
eliminate power consumption by circuit loads which can be
put in "standby" mode. Examples include, an ac or dc
"squelch" control for communications circuits, and a dissi.
pation control to protect the regulator under sustained out-
put short-circuiting. As the magnitude of the input-threshold
voltage at Pin 2 depends directly upon the junction temper-
ature of the integrated circuit chip, a fixed dc voltage at Pin 2
will cause automatic shutdown for high junction temper-
atures. This will protect the chip, independent of the heat
sinking used, the ambient temperature, or the input or out·
put voltage levels. Standard Logic levels of MRTL. MDTL·
or MTTL· can also be used to turn the regulator "ON" or
"OFF".

7. Remote Sensing
The connection to Pin 8 can be made with a separate lead
direct to the load. Thus, "remote sensing" can be achieved
and the effect of undesired impedances (including that of
the milliammeter used to measure I L) on Zo can be greatly
reduced.

68 k RB
CASE/lO

I

C,
0001 jJF

R".

FIGURE 10 - RA versus Vo
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;< TJ = +250 C!
0-

~
'"'"i3

300c«~
0-

~ 200

'"U
~
~ 100

~
0

0 10 20 30 40 50

RIC• EXTERNAL CURRENT·lIMITING RESISTOR IOHMS)



TYPICAL CHARACTERISTICS

Unless otherwise noted: Cn ~ 0.1IlF. Ce ~ 0.001IlF. Co ~ 10IlF. TC ~ +250C.
VI (nom) ~ -15 Vde. VO(nom) ~ -10 Vde. IL ~ 100 mAde.

FIGURE 12 - TEMPERATURE DEPENDENCE FIGURE 13 - FREQUENCY DEPENDENCE

OF SHORT-CIRCUIT LOAD CURRENT OF OUTPUT IMPEDANCE
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FIGURE 17 - BIAS CURRENT versus INPUT VOLTAGE
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® MOTOROLA
MC1466L
MC1566L

Specifications and Applications Information

MONOLITHIC VOLTAGE AND
CURRENT REGULATOR PRECISION WIDE-RANGE

VOLTAGE and
CURRENT REGULATORThis unique "floating" regulator can deliver hundreds of volts -

limited only by the breakdown voltage of tile external seriespasstran·
sistor. Output voltage and output current are adjustable. The MC1466/
MC1566 integrated circuit voltage and current regulator is designed to
give "laboratory" power·supply performance.

• Voltage/Current Regulation with Automatic Crossover

• Excellent Line Voltage Regulation, 0.01% +1.0 mV

• Excellent Load Voltage Regulation, 0.01% +1.0 mV

• Excellent Current Regulation, 0.1% +1.0 mA

• Short-Circuit Protection

• Output Voltage Adjustable to Zero Volts

• Internal Reference Voltage

• Adjustable Internal Current Source

EPITAXIAL PASSIVATED
INTEGRATED CIRCUIT

CERAMIC PACKAGE
CASE 632

TO-116

Temperature Range

OoC to -+700 C
-5SoC to -+ 12SoC

Package

Ceramic DIP

CeramIc DIP

o 01~-'vo

l

lH4001

"OREOUIV

'Ol'F1 'l
v.

l

lN4001 0\
OFlfQUIV

'l
v,

!I0ltfJ l

IHl"UTV,

1



Rating Symbol Value Unit

Auxiliary Voltage Vaux Vdc
MC1466 30
MC1566 35

Power Dissipation (Package Limitation) Po 750 mW

Derate above T A = +5OoC 1/8 JA 6.0 mW/oC

Operating Temperature Range TA -<.;
MC1466 010 + 70
MC1566 -5510+125

Storage Temperature Range TsIg -6510+150 °c

ELECTRICAL CHARACTERISTICS' (TA = +250C, Vaux = +25 Vdc unless otherwise noted)

Characteristic Definition Characteristic Symbol Min Typ Max Units

Auxiliary Voltage (See Notes 1 & 2) Vaux Vdc
(Voltage from pin 14 to pin 7) MC1466 21 30

MC1566 20 35

Auxiliary Current laux mAdc
MC1466 9.0 12
MC1566 7.0 8.5

Internal Reference Voltage VIR Vdc
(Voltage from pin 12 to pin 7) MC1466 17.3 18.2 19.7

MC1566 17.5 18.2 19

Reference Current (See Note 3) Iref mAde
MC1466 0.8 1.0 1.2

MC1566 0.9 1.0 1.1

Input Current-Pin 8 18 ,uAde
MC1466 60 12
MC1566 3.0 6.0

Power Dissipation Po mW
MC1466 360
MC1566 300

Input Offset Voltage, Voltage Control Viov mVde
Amplifier (See Note 4) MC1466 0 15 40

MC1566 3.0 15 25

Load Voltage Regulation l!I.Viov
ISee Note 51 MC1466 1.0 3.0 mV

MC1566 0.7 1.0

MC1466 l!I.Vref/Vref 0.D15 0.03 %
MC1566 0.004 0.01

Line Voltage Regulation l!I.Viov
ISee NOle 61 MC1466 1.0 3.0 mV

MC1566 0.7 1.0

MC1466 l!I.Vref/Vref 0.015 0.03 %
MC1566 0.004 0.01

Temperature Coefficient of Output Voltage TCVo %/ C
ITA = 0 10 +750CI MC1466 0.01
IT A = -55 10 +250CI MC1566 0.006
ITA = +2510 +1250CI MC1566 0.004

Input Offset Voltage, Current Control Vioi mVde
Amplifier (See Note 4) MC1466 0 15 40

(Voltage from pin 10 to pin 11) MC1566 3.0 15 25

" Load Current Regulation Il.IL/IL

'" ISee Nole 71 MC1466 0.2 %
MC1566 0.1

'~! MC1466 tJ..lref 1.0 mAde
MC1566 1.0

,ns no connec I

18-91



NOTE 1:
The instantaneous input voltage, Vaux• must not exceed
the maximum value of 30 volts for the MC1466 or 35
volts for the MC1566. The instantaneous value of Vaux
must be greater than 20 volts for the MC1566 or 21
volts for the MC1466 for proper internal regulation.

NOTE 2:
The auxiliary supply voltage Vaux. must "float" and be
electrically isolated from the unregulated high voltage
supply, Vin-

NOTE 3:
Reference current may be set to any value of current
less than 1.2 mAde by applying the relationship:

Iref ImAl : 8.55
Rllkl2)

NOTE 4:
A built·in offset voltage (15 mVdc nomirtall is provided
so that the power supply output voltage or current may
be adjusted to zero.

NOTE 5:
Load Voltage' Regulation is a function of two additive
components, 6Viov and AVref. where 6Viov is the
change in input offset voltage (measured between pins 8
and 9) and t:.V ref is the change in vOltage across R2
tmeasured between pin 8 and ground). Each component
may be measured separately or the sum may be
measured across the load. The measurement procedure
for the test circuit shown is:
a. With S 1 open 114 = 01 measure the value of V IOV III

and Vref III
b. Close S 1. adjust R4 so that 14 = 500 IJA and note

Viov 121and Vref (21·
Then 6Viov: Viov (11 - Viov (21

% Reference Regulation =

IVrefClI-Vref(21] _CJ.vref
Vref(ll 1100%1- Vref 1100%1

INTERNAL
COMPENSATION

-II"".

Load Voltage Regulation =

6Vref (100%1 + 6Viov •
Vref

NOTE 6:
Line Voltage Regulation is a function of the same two
additive components as Load Voltage Regulation, li V iov
and liVref (see note 5). The measurement procedure is:
11. Set the auxiliary voltage, Vaux• to 22 volts for

the MC 1566 or the MC 1466. Read the value of

V iov (1) and V ref (1 I·
b. Change the Vaux to 28 volts for the Me 1566 or

the MC1466 and note the value of Viov (2) and
Vref(2). Then compute Line Voltage Regulation:

6Viov = 6Viov 111 - Viov 121
% Reference Regulation =

IVrefltl- Vref(211 (100%1= 6Vrel 1100%1
Vref III Vref

Line Voltage Regulation =

6Vref
-- 1100%1 + 6Viov .
Vref

NOTE 7:
Load Current Regulation is measured by the following
procedure:
a. With 52 open, adjust R3 for an initial load current,

lUll. such that Vo is 8.0 Vdc.
b. With 52 closed. adjust AT for Va = 1.0 Vdc and read

I U21. Then Load Current Regulation =

IIU21-ILlll]
lUll 1100%1 + Irel

where Iref is 1.0 mAde, Load Current Regulation IS

specified in this manner because Iref passes through
the load in a direction opposite that of load current
and does not pass through the current sense reo
sistor, Rs.



® MOTOROLA

The MC 1568/MC 1468 isadual polarity track ing regulator designed
to provide balanced positive and negative output voltages at currents
to 100 mA. Internally. the device is set for ± 15·volt outputs but an
external adjustment can be used to change both outputs simul·
taneously from 8.0 to 20 volts. Input voltages up to ± 30 volts can
be used and there is provision for adjustable current limiting. The
device is available in three package types to accomodate various
power requirements.

• Internally set to.io 15 V Tracking Outputs

• Output Currents to 100 mA

• Outputs Balanced to within 1% (MC15681

• Line and Load Regulation of 0.06%

• 1% Maximum Output Variation due to Temperature Changes

• Standby Current Drain of 3.0 mA

• Externally Adjustable Current Limit

• Remote Sensing Provisions

• Caseis at Ground Potential (R suffix package)

..,
vo'
SE~SE I')

21'1

12lUlANCE

AOJUST
(lIlK •• OIlIyI

1(111

SENSE( I

SlID)
vo'

MC1468
MC1568

DUAL±15-VOLT
TRACKING REGULATOR

SILICON MONOLITHIC
INTEGRATED CIRCUIT

-$010
o 0
o •.o~

o '~,

CASE 603C
METAL PACKAGE

TO·1OO
G SUFFIX

~
0- <·-0..

9

CASE 614
METAL PACKAGE

A SUFFIX

CASE 632
CERAMIC PACKAGE

TO-116

L SUFFIX

ORDERING INFORMATION

DEVICE TEMPERATURE RANGE PACKAGE

MC1468G DoC to +70oC Melal Can

MC1468L OOC 10 +700C CeramIc DIP

MC1468R 0° C 10 +700C Metal Power

MCl568G ~55° C 10 + 125° C Melal Can
MCl568L SSoc 10 t12SoC CeramIC DIP

MCl568R _550 C to + 1250 C Metal Power



Rating Symbol Value Unit

Input Voltage VCC,IVEEI Vdc

30

Peak Load Current IpK 100 mA

Pm·"er Dissipation and Thermal Characteristics G Package R Package l Package

TA' +250C Po 0.8 2.4 1.0 Watts
Derate above T A = +2SoC 1/8jA 6.6 28.5 10 mW/oC

Thermal Resistance. Junction to Air 8jA 150 35 100 °C/W

TC = +250C Po 2.1 90 25 Watts
Derate above T C = +2SoC 1/8jC 14 61 20 mW/oC

Thermal Resistancp., Junction to Case 8jC 70 17 50 °C/W

Storage Junction Temperature Range Tj,Tstg -65 to +175 °c

Minimum Short-Circuit Resistance RSClminl 4.0 Ohms

ELECTRICAL CHARACTERISTICS IVcc = +20 V, VEE = -20 V, Cl = C2 = 1500 pF, C3 = C4 = 1.0 ~F. RSC+ = RSC- = 40 n,
IL + = IL - = O. TC = +2SoC unless otherwise noted.) (See Figure 1.)

MC1568 MC1468

Characteristic Symbol- Min Typ Ma. Min Typ Ma. Unit

Output Voltage Vn +14.8 +15 +15.2 ±14.5 +15 +15.5 Vdc

Input Voltage Vin - - ±30 - - ±30 Vdc

Input-Output Voltage Differential IVin,VOI 2.0 - - 2.0 - - Vdc

Output Voltage Balance VBal - ±50 ±150 - ±50 ±300 mV

line Regulation Voltage Regin mV

(Vin= 18Vt030VI - - 10 - - 10

(TIOw<Dto ThighQl - - 20 - - 20

Load Regulation Voltage RegL mV
II L = 0 to 50 mA, T j = constantl - - 10 - - 10

IT A = Tlow to Thigh) - - 30 - - 30

Output Voltage Range VOR Vdc
L Package ISee F igure 4.) ±8.0 - ±20 ±80 - ±20
Rand G Packages ISee Figures 2 and 13.1 +14.5 - +20 +14.5 - +20

Ripple Rejection (I = 120 Hzl RR - 75 - - 75 - dB

Output Voltage Temperature Stability ITSVOI %
(Tlow to Thigh-I - 0.3 1.0 - 0.3 1.0

Short-Circuit Current Limit ISC mA
IRSC = 10 ohms) - 60 - - 60 -

Output Noise Voltage VN ~VIRMSI
IBW = 100 Hz· 10 kHzl - 100 - - 100 -

Positive Standby Current IB + mA
(Vin = +30 VI - 2.4 4.0 - 2.4 4.0

Negative Standby Current IB- mA
(Vin = -30 VI - 1.0 3.0 - 1.0 3.0

Long- Term Stability oVoht - 0.2 - - 0.2 - %/k Hr

<D Tlow = OOClor MCI468
= -55°C lor MC 1568

'V Thigh = +lOoe lor MC1468
= +1250C lor MC1568



COMPEN I-I

MCIS68l
GNo MCI468l 8.I.dl

Vtt Vo' SENSE h)
CaMPEN I-I CaMPEN H

06 v MCIS68R
IS00pF

v"ISC~- MCI468R GNo
INPUT I-I Vo· SENSE I-IASt CASE

COMPEN I J

\'H vo· SENSE ( )
8 1500 pF

10 11
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FIGURE 3 - ±1.5·AMPERE REGULATOR
(Short·Circuit Protected. with Proper Heatsinking)

(Metal.Packaged Devices Only. R Suffix)

FIGURE 2 - VOLTAGE ADJUST AND
BALANCE ADJUST CIRCUIT
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TYPICAL CHARACTERISTICS
(Vcc ~ +20 V. VEE = -20 V. Va • ± 15 V. T A = +250C unless otherwise noted.)

FIGURE 5 - LOAO REGULATION FIGURE 6 - REGULATOR DROPOUT VOLTAGE
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TYPICAL CHARACTERISTICS (continued I
1VCC = +20 V. VEE = -20 V. Vo = ±15 V. T A = +250C unless otherwise not.,LI
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® MOTOROLA
MC1469
MC1569

The MC1569/MCl469 is a positive voltage regulator designed to
deliver continuous load current up to 500 mAdc. Output voltage is
adjustable from 2.5 Vdc to 37 Vdc. The MC1569 is specified for
use within the. military temperature range (-55 to +1250CI and the
MC1469 within the 0 to +700C temperature range.

For systems requiring a positive regulated voltage, the MC1569
can be usedwith performance nearly identical to the MC1563 negative
voltage regulator. Systems requiring both a positive and negative
regulated voltage can usethe MC1569 and MC1563 ascomplementary
regulators with a common input ground.

• Electronic "Shut· Down" Control

• Excellent Load Regulation (Low Output Impedance - 20 milli-
ohms typ)

• High Power Capability: up to 17.5 Watts

• Excellent Temperature Stability: to.D02 %fC typ

• High Ripple Rejection: 0.002 %/V typ

POSITIVE VOLTAGE REGULATOR
INTEGRATED CIRCUIT

SILICON NONOLITHIC
EPITAXIAL PASSIVATED

CASE 603
METAL PACKAGE

G SUFFIX

$0- +:-0..
9

CASE 614
METAL PACKAGE

R SUFFIX

DEVICE TEMPERATURE RANGE PACKAGE
MC,469G 0° eta +700(: Metal Can

MC1469A oOe to nOOc Metal Power

MCl569G _550 C to +125° C Metal Can

MCl569R _550 C to +125° C Metal Power

0001"1



Rating Symbol Value Unit

Input Voltage Vin Vdc

MC1469 35
MC1569 40

G Package R Package

Peak Load Current 'PK 250 600 mA

Current, Pin 2 Ipin 2 10 10 mA

Current, Pin 9 Ipin 9 5.0 5.0

Pov..er Dissipation and Thermal Characteristics

TA = +250C Po 0.68 3.0 Watts
Derate above T A := +2SoC 1/8JA 5.44 24 mWtoC

Thermal Resistance, Junction to Air 8JA 184 41.6 °C/W

TC = +250C Po 1.8 14 Watts

Derate above T C = +250C 1/8JC 14.4 140 mWtoC

Thermal Resistance, Junction to Case 8JC 69.4 7.15 °CIW

Operating and Storage Junction Temperature TJ, Tstg -65 to +150 °c

ELECTRICAL CHARACTERISTICS

(TC = +250C unless otherwise noted) (Load Current = 100 mA for "R" Package device, unless otherwise noted)
= 10 mA for "G" Package device,

MC1569 MC1469

Characteristic Fig. Note Symbol Min Typ Max Min Typ Max Unit

Input Voltage 4 1 Vin 8.5 - 40 9.0 - 35 Vdc

IT A = Tlow <D to Thigh <2J I

Output Voltage Range 4,5 Vo 2.5 - 37 2.5 - 32 Vdc

Refarence Voltage IPin 8 to Ground, Vin = 15 V 4 Vraf 3.4 3.5 3.6 3.2 3.5 3.8 Vdc

Minimum Input-Output Voltage Differential 4 2 Vin - Vo - 2.1 2.7 - 2.1 3.0 Vdc
IRsc = 01

Bias Current (V in = 15 V) 4 'iB - 4.0 9.0 - 5.0 12 mAde

(IL = 1.0 mAde, R2 = 6.8 k ohms, 118 = lin - ILl

Output Noise 4 vN - 0.150 - - 0.150 - mVlrms)
(CN = 0.1 j1F, f = 10 Hz to 5.0 MHz)

Temperature Coefficient of Output Voltage 4 3 TCVO - ±0.002 - - ±0.002 - %/oC

Operating Load Current Range mAde
(Rse <;;0.3 ohms) R Package 4 IL 1.0 - 500 1.0 - 500
(Rse <;;2.0 ohms) G Package 1.0 - 200 1.0 - 200

Input Regulation 6 4 Regin 0.002 0.Q15 0.003 0.030 %/VO

Load Regulation 7 5 Reg'oad
IT J = Constant 11.0 mA"'" L""20 mAll - 0.4 1.6 - 0.7 2.4 mV
ITC = +250C [1.0 mA""'L""50 mAl) R Package - 0.005 0.05 - 0.005 0.05 %

G Package - 0.01 0.13 - 0.01 0.13

Output Impedance 8 6 zo 20 35 milliohms
(Cc = 0.001 j1F, Rsc = 1.0 ohm, f = 1.0 kHz,
Vin = +14 Vdc, Vo = +10 Vdc)

Shutdown Current 9 Isd - 70 150 - 140 500 "A de
(Vin = +35 Vdcl

<D T low = OOC for MC 1469

'" -5SoC for MC1569



"Minimum Input Voltage" is the minimum "total instan-
taneous input vOltage" required to properly bias the in-
ternal zener reference diode. For output voltages greater
than approximately 5.5 Vdc the minimum "total instan·
taneous input voltage" must Increase to the extent that
it will always exceed the output voltage by at least the
"input·output voltage differential".

This parameter states that the MC1569/MCl469 wilt
regulate properly with the input-output voltage differ-

ential (Vin - VOl as low as 2_7 Vdc and 3.0 Vdc
respectiveIV. Typical units will regulate properly with
(Vin - Va) as low as 2.1 Vdc as shown in the typical
column. (See Figure 21.)

± 1VO max - Vo mini (100)

(lSOoCI (Va@25°C) - %/oC

± (VO ;:,ax - Vo mi:) /1001_ %/oC

(75 C) 1VO @ 25 C)

The output-voltage adjusting resistors (R 1 and R21 must
have matched temperature characteristics in order to
maintain a constant ratio independent of temperature.

Note 4. Input regulation is the (percentage change in output
voltage per volt change in the input voltage and is
expressed as

Vo
Input Regulation = Vo IVin) 100 (%/VOI.

where Vo is the change in the output voltage Va for
the input change vin.

The following example illustrates how to compute
maximum output voltage change for the conditions
given;

Regin = 0.015 %/VO
VO=10Vdc
vin = 1.0 V Irms)
Vo = IRegin) IVin) IVo)

100
= 10.015) (1.0) (101

100
= 0.0015 V Irms)

Note 5. Load regulation is specified for small (:<+170CI changes
in junction temperature. Temperature drift effect must
be taken into account separately for conditions of high
junction temperature changes due to the thermal feed-
back that exists on the monolithic chip.

. [VOI'L = 1.0 mAJ-[VOI'L = 50 mAl
Load Regulallon= VOIIL=1.0mA X 100

Note 6. The resulting low level output signal (vol will require the
use of a tuned voltmeter to obtain a reading. Special
care should be used to insure that the measurementtech-
nique does not include connection resistance. wire reo
sistance, and wire lead inductance (j.e., measure close to
the case). Note that No. 22 AWG hook-up wire hasapprox-
imately 4.0 milliohms/in. dc resistanceand an inductive
reactanceof aAproximately 10 milliohms/in. at 100kHz.
Avoid useof aurgatorclipsor bananaplug-jackcombination.

Co .1

I
'l

"", "

""1



1. Output Voltage, Vo
a) For Va ~ 3.5 Vdc - Output voltage is set by resistors R1

and R2 (see Figure 41. Set R2 = 6.8 k ohms and determine
Rl from the graph of Figure 10 or from the equation:

Rl"'(2VO-7)kn

b) For 2.5 .:;; Vo .:;; 3.5 Vdc - Output voltage is set by resis·
tors Rl and R2 (see Figure 5), Resistors Rl and R2 can be
determined from the graph of Figure 11 or from the
equations:

c) Output voltage, VO, is determined by the ratio of Rl and
R2, therefore optimum temperature performance can be
achieved if A1 and R2 have the same temperature
coefficient.

dJ Output voltage can be varied by making Rl adjustable as
shown in Figure 43.

e) If Vo = 3.5 Vdc (to supply MRTL"for example), tie pins 6,
8 and 9 together. Rl and R2 are not needed in this case.

2. Shan Circuit Current, Isc
Short Circuit Current, Isc• is determined by Rsc. Rsc may
be chosen with the aid of Figure 12 or the expression:

R _0.6 ohm
sc ~r;;-

3. Compensation, Cc
A 0.001 }JF capacitor, Cc, from pin 4 to grounq, will provide
adequate compensation in most applications, with or with·
out current boost. Smaller values of Cc will reduce stability
and larger values of Cc will degrade pulse response and out·
put impedance versus frequency. The physical location of
Cc should be close to the MCl569/MC1469 with short lead
lengths.

4. Noise Filter Capacitor, CN
A 0.1 I.lF capacitor, CN, from pin 7 to ground will typically
reduce the output noise voltage to 150pVlrms). The value
of CN can be increased or decreased, depending on the
noise voltage requirements of a particular application. A
minimum value of 0.001 pF is recommended.

5. Output Capacitor, Co
The value of Co should be at least 1.0 JlF in order to
provide good stability. The maximum value recommended
is a function of current limit resistor Rsc:

Co max '" 250 JlF
Rsc

where Rsc is measured in ohms. Values of Co greater than
this will degrade the pulse response characteristics and
increase the settling time.

6. Shut·Down Control
One method of turning "OFF" the regulator is to apply a
dc voltage at pin 2. This control can be used to eliminate
power consumption by circuit loads which can be put in
"standby" mode. Examples include, an ac or dc "squelch"
control for communications circuits, and a dissipation con·
trol to protect the regulator under sustained output short·
circuiting. As the magnitude of the input-threshold voltage
at Pin 2 depends directly upon the junction temperature of
the integrated circuit chip, a fixed dc voltage at Pin 2 will
cause automatic shut~own for high junction temperatures.
This will protect the chip, independent of the heat sinking
used, the ambient temperature, or the input or output
voltage levels. Standard Logic levels of MRTL, MDTL'" or
MTTL'" can also be used to turn the regulator "ON" or
"OFF".

7. Remote Sensina
The connection to pin 5 can be made with a separate lead
direct to the 10Sd. Thus, "remote sensing" can be achieved
and the effect of undesired impedances (including that of
the milliammeter used to measure I L) on Zo can be greatly
reduced.

FIGURE 10 - Rl versus Va
1Va ;;. 3.5 Vdc, s.. Figure 4)
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TYPICAL CHARACTERISTICS
Unless otherwise noted: CN = 0.1 JJF. CC = 0.001 JJF. Co = 1.0 JJF. TC = +25

0
C.

Vin nom = +9.0 Vdc. Vo nom = +5.0 Vdc.

IL >200 mA for R package only.

FIGURE 13 - DEPENDENCE OF OUTPUT
IMPEDANCE ON OUTPUT VOLTAGE

Rsc: 0

50

0;

'" 40:r
0:::
~ 30w
'"Z
'"~ 20~
>-
ie>- 10=>
0

N

I I I
IL:50mA

CO,: 1~"i

I II
I I I

Cc' 0.001 "F

"':::: I I
Cc 0.01 "F

Cc '" ~.ll~F ---n

~0.004
~
z
o§ 0.003

=>~
~ 0.002
ie
;=

1°·001

Rsc '" 6.8 ohms

-

w

'"~ 1.01

§;: 1.00
>-
ie~
o
~
N::;
'"~
o
z
ci
> 0.01

40 60

Il, LOAD CURRENT (mAl

II
IL'50mA

cp • ~"i
ITTT

Cc' O.OOI"F-
Cc =. 0.01 "F

Cc~O.l"F

~ 0.004
~
z
o5 0.003

=>
'"w
~ 0.002
ie
;=

10.001

;'i
E
>-

~ 4.5
'"=>'"~
'"a;

~

10 15 20 25 30

Vi•. INPUT VOLTAGE (VOLTS)



TYPICAL CHARACTERISTICS (continued)

Unless otherwise noted: CN ~ 0.1 jJF. Cc = 0.001 jJF. Co = 1.0 jJF. T C E +25°C.

Vin nom = +9.0 Vdc. Vo nom = +5.0 Vdc.

IL >200 mA for R package only.
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® MOTOROLA

The MC1723 is a positive or negative voltage regulator designed
to deliver load current to 150 mAdc. Output current capability can
be increased to several amperes through use of one or more external
pass transistors. MC1723 is specified for operation over till! military
temperature range (-550C to +1250C) and the MC1723C over the
commercial temperature range (0 to +700CI

• Output Voltage Adjustable from 2 Vdc to 37 Vdc

• Output Current to 150 mAdc Without External Pass Transistors

• 0.01 % Line and 0.03% Load Regulation

• Adjustable Short-Circuit Protection

Vrlt Vu 2141
INVERTING

INPUT INPUT

PIN NUMBERS AOJACENT TO TERMINALS ARE FOR THE METAL PACKAGE
PIN NUMBERS IN PARENTHESIS ARE rOR DUAL IN LINE PACKAGES

MC1723
MC1723C

SILICON
MONOLITHIC

INTEGRATED CIRCUIT

-
1

(top view) ':::::::1
P SUFFIX '4

PLASTIC PACKAGE
1 CASE 646

~ ,(top view) 0 to-

o 0

G SUFFIX 00

METAL PACKAGE
CASE 603

nO-100 Type)

-
,.
C:J,
L SUFFIX

1 CERAMIC PACKAGE
CASE 632
rrO-1161

•ORDERING INFORMATION

o.¥i~ AJ~m.te Temperatu,. P•••••••R••••
MCl723CG LM723CH. j.lA723HC DOC 10 700C Meule.,.
MCl723CL l..M723CJ. j.lA 7230e DOc 10 +70 C C.ram,,; DIP

MCl72:!CP LM723CN, /oIA723f'C ooc 10 .70oC Plastic DIP

MC1723G _SsuClo+125 C Metal Can

MCl723L -55°C to .12SoC C.,.mic DIP

Ie,.. .2

~o;rl(RI:2R2) ISC.V~.~ IITp+250C

For bat rtsulb 10 It < R2 < 100 It
For minimum drill R3· R111R2



R.tine Symbol V.lu. Unit

Puis. Volt. from VCC to VEE (50 msl Vin(pl 50 Vpeak

Continuous Voltage from VCC to VEE Vi'" 40 Vde

Input-OutPut Voltage Oifferential Vin - Vo 40 Vde

Maximum Output Current IL 150 mAde

Current from Vret Iref 15 mAde

Current from Vz Iz 25 mA

Voltage Between Non·lnverting Input and Vee Vie 8.0 Vde

Oifferential Input Voltege Vid ±5.0 Vde

Power Dissipation and Thermal Characteristics
Plastic Package

TA' +250C Po 1.25 W
Oarate above T A • +250C 1/8jA 10 mW/oC
Thermal Resistance. Junction to Air 8JA 100 °C/W

Metal Package
TA' +250C Po 1.0 Watt

Derate above T A : +250C 1/8jA 6.6 mW/oC
Thermal Resistance, Junc\ion to Air 8jA 150 °C/W

TC' +250C ' • Po 2.1 Watts
Derate above TA : +250C 1/8jA 14 mW/oC
Thermal Resistance. Junction ~o Case 8jC 35 °C/W

Dual I n-Line Ceramic Package Po 1.5 Watt
Derate above T A : +250C 1/8jA 10 mWfoC
Thermal Resistance. Junction to Air 8jA 100 °dtw

Operating and Storage Junction Temperature Range Tj, Tstg °c
Metal Package -65 to +150
Dual In-Line Ceramic and Ceramic Flat Packages -65 to +175

Operating Ambient Temperature Range TA °c
MCl723C o to +70
MC1723 -55 to +125

ELECTRICAL CHARACTERISTICS (Unless otherwise noted: TA: +250C, Vin 12 Vde, Vo = 5.0 Vde, I L' 1.0 mAde, RSC = 0,
Cl = 100 pF. Cref = 0 and divider impedance as seen by the error amplifier ~ 10 kn connected as shown in Figure 2)

MC1723 MCl723C

Characteristic Symbol Min Typ Max Min Typ Max Unit

I nput Voltage Range Vin 9.5 - 40 9.5 - 40 Vde

Output Voltage Range Vo 2.0 - 37 2.0 - 37 Vde

I nput-output Voltage Differential Vin-VO 3.0 - 38 3.0 - 38 Vde

Reference Voltage Vref 6.95 7.15 7.35 6.80 7.15 7.50 Vde

Standby Current Orain (I L = 0, Vin = 30 VI liB - 2.3 3.5 - 2.3 4.0 mAde

Output Noise Voltage (f: 100 Hz to 10 kHz) VN "V(RMS)
Cref: 0 - 20 - - 20 -
Cref = 5.0 "F - 2.5 - - 2.5 -

Average Temperat(f) Coefficient of Output TCVO - 0.002 0.015 - 0.003 0.015 %f'c
Voltage (T low 1 < T A < Thigh (V I

Line Regulation Re9in %VO
(T =+250CI{12V<Vin<15V - 0.01 0.1 - 0.01 0.1

A 12V<Vin<40V - 0.02 0.2 - 0.1 0.5
(Tlow <D<TA <Thigh (V)

12V<Vin<15V - - 0.3 - - 0.3

Load Regulation (1.0mA<JL <SO mAl Regload %VO
TA = tf>50C - 0.03 0.15 - 0.03 0.2
Tlow 1 <TA<Thi9h(V - - 0.6 - - 0.6

Ripple Rejection (f: 50 Hz to 10 kHz) RajR dB
Cref = 0 - 74 - - 74 -
Cref: 5.0 "F - 86 - - 86 -

Short Circliit Current limit (RSC = 10 n, ISC - 65 - - 65 - mAde
VO: 0)

Long Term Stability "VO/"! - 0.1 - - 0.1 - %/lOooHr

@Thi9h = +70° C for MC1723C
= +1250C for MC1723



TYPICAL CHARACTERISTICS

(Vin = 12 Vde, VQ = 5.0 Vde, IL = 1.0 mAde, RSC = 0, T A = +250C unless otherwise noted.)

TJmax= 150°C
RTH: 1500CIW
PSTANOBY • 60 mW
(No heat sinkl

;< 160.s
....
~

120'"'":::>
'"0
'" 80:l.
E

":J 40

0
0

"0
>
?!:
z
o

~ -0.05
:::>

~
'"~ -0.1

:l
j -0 15 RSC: 10 n
!'

1.2

"':; 1.0
0~
w

'" O.B
~
0
>

0.6....
~....
:::>
0 0.4w
>
;::
:5 0.2w

'"

RSC : '10 n

TA :+1250C

TAj+250C

I TA' '155OC

"0

~
~
;::
:5
:::>* -0.05
o
'":l
~ -0.1

!

"0
>
?!:
z
o

~ -0.1
:::>

~
'"o
'" ·0.2
:l
'll
1 -0.3

~
o~
~ 0.7
«:;
o
>
w

~ 0.6
....
;;
::i....
~ 0.5

'"~

FIGURE 9 - CURRENT LIMITING CHARACTERISTICS
AS A FUNCTION OF JUNCTION TEMPERATURE

U B
SENSE VOLTAGE

160 ;<.s

~
'"120 :::>
u

'"Z
;::
;;



I
...Win ::+3V

- ----

4.0

< 3.0.s
>-

~~
~
~
0
z«t;

FIGURE 14 - LOAD TRANSIENT RESPONSE

10+

I LOAD CURRENT IL • 40 mA

\ 0

1\

I
./

OUTPUT VOLTAGE

"-

:;
E

z
o
;::
~ +2.0

w

'"~
o
>
>-
~ -4.0
>-
=>o

FIGURI!!' 11 - LOAD REGULATION AS A FUNCTION
OF INPUT-OUTPUT VOLTAGE DIFFERENTIAL

+0.1

0
>~
z
0
;::
:s
OJ

~
0«~ -0.1

~
!

I ~ • 1 ",1 to I L .150 mA I

--r--- r--.. .............•
......• •......

lN~UT VOLTAG1E

I
II

/' r-.. OUTPUT VOLTAGE

l/ '-

~
o

+2.0 ~
z
o
;::
«
~
o
w'-"«>:;
o
>
>-

~

10

in
'"< z
9.s w 1.0

z uz0 «;::
~«

~ ;!
0 >-
0 =>« ~ 0.1>-~ =>

0

.§



Pin numbers adjacent to terminals are for the metal package;
pin numbers in parenthesis are for the dual in-line packages.

11118
+Vin

Rl

1513

c,,!L Rl

1

(1118 61101 RSC
+Vin VQ

11117
RA

10 (1)
Rl

1614 MC1713
IMC1713CI

1513 100 pF

t=z
Rl

1131
5171

AA = ~- 10kU where Vsense rl,oee _ I]0"--
ISC Iknee

1-0 VQ L ISC
IL- Vsense

RSC· (1-0) ISC

FIGURE 19 - +5 V. I-AMPERE HIGH
EFFICIENCY REGULATOR

VO,,"7[ Rl] ISC=Vsense~0.66aITJ=+250C
- Rl • Rl RSC RSC

For best resulls 10 k < RI + A2 < 100 k.
For minimum drift R3 = Rll1A2.

Vin 1 VQ
+6.5 V

:::rOI"F
0.33 '5 V

Vio2 -= (1218
+10 V

VQ 6 (l0)

'5 V 10 (1)
MC1713 1(3)

l' IMC1713CI
1141

1513

5.1k 9(131

(715 J 1000pF

100 11118
Vin
+10 V (614 6(10) 1O

MC1713
10111IMC1713CI

1.n 1M 1131

,. 1141 '.''I1513

O.l/olFr 5." 5171



® MOTOROLA

The MC3520/3420 is an inverter control unit which provides all
the control circuitry for PWM push-pull, bridge and serie; type
switch mode power supplies_

These devices are designed to supply the pulse width modulated
drive to the base of two external power transistors. Other applica-
tions where these devices can be used are in transformerless voltage
doublers, transformer coupled dc-to-dc converters and other power
control functions.

The MC3520 is specified over the military operating range of
-550C to +1250C. The MC3420 is specified from OoC to +lOoC.

• Includes Symmetrical Oscillator

• On Chip Pulse Width Modulator, Voltage Reference,
Dead Time Comparator, and Phase Splitter

• Output Frequency Adjustable (2 kHz to 100 kHz)

• Inhibit and Symmetry Correction Inputs Available

• Controlled Start-Up

• Frequency and Dead Time are Independently Adjustable
(0% to 100%)

• Can be Slaved to Other MC3420s

• Open Coil ector Outputs

• Output Capability 50 mA (Max.)

• On Chip Protection Against Double Pulsing of Same Output
During Load Transient Condition

:~~r-u~h-:
1C;Jrrent:, ,-
loeiay I
I Circuit'I J

}

t~
ease
Drive
Circuit

MC3420
MC3520

SWITCHMODE REGULATOR
CONTROL CIRCUIT

SILICON MONOLITHIC
INTEGRATED CIRCUITS

PSUFFIX
PLASTIC PACKAGE

CASE 648

lSUFFIX
CERAMIC PACKAGE

CASE 620

Output 2
Inhibit!
Symmetry
Corr.ction
Input

Inhibit

PWMout 4

Ramp
In

Dead Time
Adjust

Ramp 8
Out

ORDERING INFORMATION

DEVICE TEMPERATURE PACKAGE
RANGE

MC.3420P Oto+70°C P:•• tic DIP

MC3420L o to +70"C Ceramic DIP

MC3520L -55 to +12SoC C••..•mic DIP



Rating Symbol MC3520 I MC3420 Unit

Power Supply Voltage VCC 30 V

Output Voltage (pins 11 and 131 Vout 40 V

Oscillator Output Voltage (pin 141 V14 30 V

Voltage at pin 4 V4 2.0 V

Voltage at pins 3 and 8 V3.V8 5.0 V

Voltage at pin 5 V5 7.0 V

Power Dissipation Po See Thermal Information
Operating Junction Temperature TJ °c

Plastic Package - 125
Ceramic Package 150 150

Operating Ambient Temperature Range TA -55 to +125 o to +70 °c
Storage Temperature Aange Tstg -65 to +150 -65 to +150 °c

Reference Voltage 5 Vref 7.6 7.8 8.0 7.4 7.8 8.2 V

Orel = 400 "A)
Temperature Coefficient of Reference Voltage 5 TCVrel - 0.008 0.03 - 0.008 0.03 %/oC

(VCC = 15 V.lrel = 400 "A)

Input Regulation of Reference Voltage 5 Reglin) mVtv

Orel = 400 "A) - 3.0 7.5 - 4.0 7.5
Oref = 1.0 mAl - 5.0 - - 5.0 -

Supply Voltage 5 Vin 10 - 30 10 - 30 V

Supply Current 5 10 - - 16 - - 22 mA
(Rext .., 10 kn. excluding load and current and
reference current)

Line Frequency Stability 5
(I = 20 kHzl ~f - - 3.0 - - 5.0 %
(I = 20 kHz. VCC - 15 V. Tlow to Thigh) ~f - 0.03 - - 0.04 - %/oC

Maximum Output Frequency 6 fmax 100 200 - 100 200 - kHz
(VCC -15 VI

Minimum Output Frequency 6 fmin - 2.0 5.0 - 2.0 5.0 kHz
(VCC - 15 vi

Oscillator Output Saturation Voltage 11 Vosc(satl - 0.2 0.5 - 0.2 0.5 V
014 sink = 5.0 mAl

Output Saturation Voltage 7 VCElsat) V
IlL = 40 mA. Thigh to Trow) - 0.33 0.5 - 0.33 0.5
o L = 25 mA. Thigh to Tlowl - 0.22 - - 0.22 -

Output Leakage Current 8 ICE - - 50 - 50 "A
(VCE = 40 V. pins 11 ond 13)

Pulse Width ACJjustment Range 9 ~PW 0 - 100 0 - 100 %

Dead Time Adjustment Range 9 ~OT 0 - 100 0 - 100 %
Temperature Coefficient of Dead Time - TCOT - 0.1 - - 0.1 - %/oC

Comparator Bias Currents 12.13 118 - 5.0 15 - 5.0 15 "A
14 118 - 10 30 - 10 30 "A



Ramp Voltage 5 V
Peak High Vramp(Hi) 5.5 6.0 6.5' 5.5 6.0 6.5
Peak Low Vramo(Lowl 2.0 2.4 2.8 2.0 2.4 2.8

Ramp Voltage Change 5 6Vramp 3.0 3.5 4.0 3.0 3.5 4.0 V
(Vramp Hi - Vramp Lowl

Ramp Out Sink Current 5 'sink - 400 - - 400 - ~A

Ramp Out Source Current 5 Isource - 3.0 - - 3.0 - mA

Inhibit Input Current - t:tigh 10 IIH - - 40 - - 40 ~A
(VIH' 2.0 VI

Inhibit Input Current - Low 10 IlL - -25 -180 - -25 -180 ~A
IVIL = 0.8 VI

Symmetry Correction Input/Output 2 Inhibit Current - High 10 ISY/H - - 40 - - 40 ~A
IVSY = 2.0 V. pin 161

Symmetry Correction Input/Output 2 Inhibit Current - Low 10 ISY/L - -10 -180 - -10 -180 ~A
(VSY = 0.8 V. pin 16)

F/Fout Source Current - Isour:ce - 2.0 - - 2.0 - mA

Rise Time 15 tr - 40 - - 40 - ns
Fall Time 15 If - 150 - - 150 - ns
Overlap Time 15 tov - 275 - - 275 - ns
Assymmetry 15 ton1 -ton2 - <1' - - < 1.0 - %

(Duty Cvcle = 50%1
ton1 .f

NOTE:

Thigh = +1250C for MC3520

+70°C for MC3420

Tlow = -55°C for MC3520

OOC for MC3420

Ramp
In

5

Deed
Time

Adjust

1 2 3
Rext C.xt FIF

Out

Symmetry
Correction
Input/Output 2 Inhibit



FIGURE 3 - CIRCUIT SCHEMATIC
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The internal block diagram of the MC3420 is shown in
Figure 2, and consists of the following sections:

Voltage Reference

A stable reference voltage is generated by the MC3420
primarily for internal use, However, it is also available
externally at Pin 9 IVretl for use in setting the dead
time Win 7) and for use as a reference for the external
control loop error amplitiers,

Ramp Generator

The ramp generator section produces a symmetrical
triangular waveform ramping between 2.4 V and 6,0 V,
with frequency determined by an external resistor (Rextl
and capacitor (Cext) tied from Pins 1 and 2, respectivel'(,
to ground,

PWM Comparator

The output of the ramp generator at pin 8 is normally
connected to Pin 5, RAMP IN. The PWM (pulse width
modulation) comparator compares the voltage at Pin 6
(V control) to the ramp generator output. The level of
Vcontrol determines the outputs' pulse width or duty
cycle. The duty cycle of each output can vary. exclu-
sive of dead time, from 50% (when V control is at
approximately 2.4 VI to 0% (Vcontrol approximately
6.0 VI.

Oead Time Comparator

An additional comparator has been included in MC3420
to allow independent adjustment of system dead time or
maximum duty cycle_ By dividing down V ref at Pin 9
with a resistive divider or potentiometer, and applying
this voltage to Pin 7, a stable dead time is obtained for
prevention of inverter switching transistor cross conduc-
tion at high duty cycles due to storage time delays.

Phase Splitter

A phase splitter is included to obtain two 1800 out of
phase outputs for use in multiple transistor inverter
systems. It consists of a toggle flip-flop whose clock
signal is derived by "ANDing" the output of the PWM
comparator and a signal from the ramp generator section.
This "AND" gate ensures that the outputs truly alternate
under control loop transient conditions. Better under-
standing of this feature and MC3420 operation may be
gained by studying the circuit waveforms, shown in
Figure 4.

Voltage at

Vcontrol I
Voltage at
C•• d T,me J
Adjust

Illustration of
Prevention of "Oouble-
Pulsed" Outputs During
Transient Conditions
By Use of AN 0 Gate
At F/F Clock Input
(Transient Output Load)

Ramp In, Ramp Out Tied Together (Pins 8 a. 5)
PWM Out. Output 2 Inhibit Tied Together (Pins. & 16)
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Note: A voltage
must alwaY$ be
applied to
pins 6 and 7.

TYPICAL DUTY CYCLE TYPICAL DUTY CYCLE
voro.o DEAD TIME VOLTAGE versusPWM VOLTAGE (Vcontrol)

PIN 7. " DUTY PIN 6. " DUTY
DEAD TIME CYCLE V control (V) CYCLE

VOLTAGE (VI (FOR EACH (DEAD TIME (FOR EACH
(V control - 2.0 V I OUTPUTI VOL TAGE - 1.0 VI OUTPUT)

2.0 50 2.0 50
2.5 46 2.5 46
3.0 40 3.0 40
3.5 33 3.5 33
4.0 26 4.0 26
4.5 18 4.5 18
5D 11 5.0 11
5.5 4.0 5.5 4.0
6.0 0 6.0 0

Vs I V7

Volts

100% Adjust

De.d Tim. 1.0 1.0
(Pin 11 + Pin 13 - Logic "1")

Pulse Width 1.0 1.0

0% Adjust

D•• d Time 7.0 1.0
(Pin 11 HPin 13) - Logic "1"

Pul•• Width 1.0 7.0
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The Voltage Reference

The temperature coefficient of Vref hasbeen optimized
for a 400 IJA (=-20 kn) load. If increasedcurrent capa·
bility is required, an op amp buffer may be used, as
shown in Figure 22.

Output Frequency

The values of Rext and Cext for a given output frequency,
fo, can be found from:

fo ""R °C·55 ,5.0 kn .;; Rext';; 20 kn (Eq. 1)
ext ext

or from the graph shown in Figure 23.

Note that fo refers to the frequency of Output 1 (Pin
11) or Output 2 (Pin 13). The frequency of the ramp
generator output waveform at Pin 8 will be twice fa.

25

~ 20
u
z

~ 15i:j~

~ '0

~
~

-

-

~~~~ ~"i?-~~

-
- ..• -

C?~ '~~ "q, +....'0
"A' f-~A'-",\~'t- "A'

"'-
f--

I"- "

Dead Time

Figure 24 illustrates how to set or adjust the MC3420
outputs' dead time or maximum duty cycle. For mini-
mum dead time drift with temperature or supply voltage,
VD.T. should be derived from Vref asshown.

Dead Time =::: ;'CVOoT.-2)
o. 4

Connections to the Vcontrol Pin

In many systems, it is necessaryto make multiple con·
nections to the V control Pin in order to implement
features in addition to voltage regulation such as current
limiting, soft start, etc. These can be made by the useof
a simple "diode·OR" connection, asshown in Figure 25.
This allows whichever control element is seeking the
lowest PWM duty cycle to dominate. Note that are·
sistor, R1, whose value is .;; 50 kn is placed from the
Vcontrol Pin to ground. This is necessaryto provide a dc
path for the PWM comparator input bias current under
all conditions.

VControl - 2
D.C. (%) "" 4 X 100



Soft Start

In most PWM switching supplies, a soft start feature is
desired to prevent output voltage overshoots and magne·
tizing current imbalances in the power transformer

primary. This feature forces the du'ty cycle of the
switching elements to gradually increase from zero to
their normal operating point during initial system power-
up or after an inhibit. This feature can be easily imple·
mented with the MC3420. One method is shown in
Figure 26,

To Voltage
&

- - -} Current
Control

- -- Loops

A1~50 kfl 04 01 - 04: IN4148

After an inhibit command or during''power·up, the volt·
age on R1 and Pin 6 exponentially decays from VCC
toward ground with a time constant of R1Cl, allowing a
gradual increase in duty cycle. Diodes D2 - D4 provide
a diode·or function at the Vcontrol Pin, while Q 1 serves
to reset the timing capacitor, C 1, when an inhibit com-
mand is received thereby reinitializing the soft-start
feature. D1 allows Cl to reset when power (VCCI is
turned off.

Inrush Current limiting

Since many PWMswitching supplies are operated directly
off the rectified 110 Vac line with capacitive input
filters, some means of preventing rectifier failure due to
inrush surge currents is usually necessary. One method
which can be used is shown in Figure 27.

In this circuit, a series resistor, RS' is usedto provide
inrush surge current limiting. After the filter capacitor,
C1, is charged, Q 1 receivesa trigger signal from the con·
trol circuitry through T 1 and shorts RS out of the cir·
cuit, eliminating its otherwise, larger power dissipation.
The trigger signal for Q 1 may be derived from either the
oscillator output (Pin 14) or one of the MC3420's out·
puts. If the oscillator o~tput is used, it will be necessary

T1

11[}to.coM,ol
ClrCUltrv

+}to power ~witching
sectIon

to provide a time delay on the inhibit pin to keep it low
until the input filter capacitor, C1, has had time to
charge, whereas the initial portion of the soft start
timing cycle can be used for this delay if this signal is
derived from one of the output pins. However, using the
Oscillator Output Pin does offer the advantage that its
waveform has a constant 50% duty cycle, independent
of the outputs duty cycle which can simplify the design
of a drive circu it for T 1.

Slaving

In some applications, as when one PWM inverter/con-
verter is used to feed another, it may be desired that
their frequencies be synchronized. This can be done
with multiple MC3420s as shown in Figure 28. By
omitting their Rext and Cext, up to two MC3420s may
be slavedto a master MC3420.

FIF
Out

Rext Cext

8

I
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Specifications and Applications
Information

Theseovervoltage protection circuits (OVP) protect sensitive elec-
tronic circuitry from overvoltage transients or regulator failures
when used in conjunction with an external "crowbar" SCR. They
sense the overvoltage condition and quickly "crowbar" or short
circuit the supply. forcing the supply into current limiting or open-
ing the fuse or circu it breaker.

The protection voltage threshold is adjustable and the MC3423/
3523 can be programmed for minimum duration of overvoltage
condition before tripping, thus supplying noise immunity.

The MC3423/3523 is essentially a "two termina'" system, there-
fore it can be usedwith either positive or negative supplies.

Rating Symbol Value Unit

Differential Power Supply Voltage VCC-VEE 40 Vdc
~_.
Serue Voltage 11) VSense 1 6.5 Vdc

Sense Voltage (2) VSense 2 6.5 Vdc

Remote Activation Input Voltage Vaet 7.0 Vdc

Output Current 10 300 mA

Operating Ambient Temperature Range TA ·c
MC3423 o to +70
MC3523 -55 to +125

Operating Junction Temperature TJ ·c
Plastic Package 125
Ceramic Package 150

Storage Temperature Range Tstg -65 to +150 oC

DC
Power Cout

Supply

MC3423MC3523

OVERVOLTAGE
SENSING CIRCUIT

SILICON MONOLITHIC
INTEGRATED CIRCUIT

Pl SUFFIX
PLASTIC PACKAGE

CASE 626
(MC3423 only)

U SUFFIX
CERAMIC PACKAGE

CASE 693

.~
1

ORDERING INFORMATION

DEVICE TEMPERATURE RANGE PACKAGE

MC3423P1 o to +70°C Ple'tic DIP

MC3423U o to +70oC C.r.mic DIP

MC3523U -55 to +125'C C.r.mic DIP



Ch.rllCteristic Symbol Mln Typ Max Unit

Supply Voltage Range VCC,VEE 4.5 - 40 Vdc

Output Voltage Vo VCC-2.2 VCC·1.8 - Vdc
110 = 100 mAl

Indicator Output Voltage VOLllndl - 0.1 0.4 Vdc
1I0llndi ~ 1.6 mAl

Sense Voltage Vsense 1. 2.45 2.6 2.75 Vdc
(T A = 250Cl Vsense 2

Temperature Coefficient of VSense 1 TCVSl 0.06 %I"C
(Figure 21

Remote Activation Input Current IlA
(VIH = 2.0 V. VCC-VEE = 5.0 VI IIH - 5.0 40

IVIL = 0.8 V. VCC-VEE = 5.0 VI IlL - -120 -180

Source Current 'source 0.1 0.2 0.3 mA

Output Current Risetime tr - 400 - mAIlls
(T A = 250Cl

Propagation Delay tpd - 0.5 - "'IT A = 250Cl

Supply Current ID mA
MC3423 - 6.0 10
MC3523 - 5.0 7.0

Tlow = -55°C for MC3523
= OoC for MC3423

VEE 3 Vsense 2 5 6 Indicator
Remote Output

Activation

Switch 1

(A)
2

/,,

3 8
(II)

Switch 2 4VI
5

-= -=

Remp VI until output goes high; thl. 1.

the V Sen•• threshold.
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Fl (+ Sense I

Lead) I
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I
01 I

Power 8 I
MC3523 I To

Supply 3 AG
I LoadI

R2 ~,,
[51'·
I

1- Sense Lead) I

Vtrip· Vref (1+~) •••.2.6 V (,.~)

A2 IIii; 10 kn for minimum drift

To VS-l0
Load RS""(~lkn

Vtrip"" Vr •• ('+~) •••.2.6 V 11+~)

·R2"'Okl1

01: Vs <;; 50 V; 2N6504 or equivalent
Vs <; 100 V. 2N6505 or equivalent
Vs C;;;200 V; 2N6S06 or equivalent
Vs <: 400 V, 2N6507 or equivalent
Vs <; 600 V; 2N6508 or equivalent
VS!li; 800 V; 2N6509 or equivalent

Vcc
Vt'iPo~------

Vc
V,.f ~1--;=j----Z-----

td = Vref x C =t: (12 xl031 C (See Flgur.l0)
'source



BASIC CIRCUIT CONFIGURATION

The basic circuit configuration of the MC3423/3523
OVP is shown in Figure 3 for supply voltages from 4.5 V
to 36 V, and in Figure 4 for trip voltages above 36 V. The
threshold or trip voltage at which the MC3423/3523 will
trigger and supply gate drive to the crowbar SCR, aI, is
determined by the selection of R1 and R2. Their values
can be determined by the equation given in Figures 3 and
4, or by the graph shown in Figure 8. The minimum value
of the gate current limiting resistor, RG, is given in
Figure 9. Using this value of RG, the SCR, aI, will receive
the greatest gate current possible without damaging the
MC3423/3523. If lower output currents are required, RG
can be increased in value. The switch, SI, shown in Figure
3 may be used to reset the SCR crowbar. Otherwise, the
power supply, across which the SCR is connected, must
be shut down to reset the crowbar. If a non current·
limited supply is used, a fuse or circuit breaker, Fl,
should be used to protect the SCR and/or the load.

The circuit configurations shown in Figures 3 and 4
will have a typical propogation delay of 1.0 I.Is. If faster
operation is desired, pin 3 may be connected to pin 2 with
pin 4 left floating. This will result in decreasing the propo·
gation delay to approximately 0.5 I.Isat the expense of a
slightly increased TC for the trip voltage value.

CONFIGURATION FOR PROGRAMMABLE MINIMUM
DURATION OF OVERVOLTAGE CONDITION
BEFORE TRIPPING

In many instances, the MC3423/3523 OVP will be used
in a noise environment. To prevent false tripping of the
OVP circuit by noise which would not normally harm the
load, MC3423/3523 has a programmable delay feature. To
implement this feature, the circuit configuration of Figure
5 is used. In this configuration, a capacitor is connected
from pin 3 to VEE. The value of this capacitor determines
the minimum duration of the overvoltage condition which
is necessary to trip the OVP. The value of C can be found
from Figure 10. The circuit operates in the follOWing
manner: When VCC rises above the trip point set by Rl
and R2, an internal current source (pin 4) begins charging
the capacitor, C, connected to pin 3. If the overvoltage
condition disappears before this occurs, the capacitor is
discharged at a rate:!! 10 times faster than the charging
rate, resetting the timing feature until the next overvoltage
condition occurs.

Occasionally, it is desired that immediate crowbarring
of the supply occur when a high overvoltage condition
occurs, while retaining the false tripping immunity of
Figure 5. In this case, the circuit of Figure 6 can be used.
The circuit will operate as previously described for small
overvoltages, but will immediately trip if the power
supply voltage exceeds VZl + 1.4 V.

FIGURE 6 - CONFIGURATION FOR PROGRAMMABLE
DURATION OF OVERVOLTAGE CONDITION BEFORE

TRIPIWITH IMMEDIATE TRIP AT
HIGH OVERVOLTAGES

1. Activation Indication Output

An additional output for use as an indicator of OVP
activation is provided by the MC3423/3523. This out·
put is an open collector transistor which saturates
when the OVP is activated. It will remain in a saturated
state until the SCR crowbar pulls the supply voltage,
VCC, below 4.5 V as in Figure 5. This output can be
used to clock an edge triggered flip·flop whose output
inhibits or shuts down the power supply when the OVP
trips. This reduces or eliminates the heatsinking reo
qu irements for the crowbar SCR.

2. Remote Activation Input

Another feature of the MC3423/3523 is its remote
activation input, pin 5. If the volage on this CMOSITTL
compatible input is held below 0.8 V, the MC3423/
3523 operates normally. However, if it is raised to a
voltage above 2.0 V, the OVP output is activated
independent of whether or not an overvoltage con-
dition is present. It should be noted that pin 5 has an
internal pull·up current source. This feature can be
used to accomplish an orderly and sequenced shut·
down of system power supplies during a system
fault condition. In addition, the activation indication
output of one MC342313523 can be used to activate
another MC3423/3523 if a single transistor inverter is
used to interface the former's indication output to
the latter's remote activation input, as shown in
Figure 7. In this circuit, the indication output (pin 6)
of the MC3423 on power supply 1 is used to activate
the MC3423 associated with power supply 2. 01 is
any small PNP with adequate voltage rating.
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Note that both supplies have their negative output
leads tied together (i.e., both are positive supplies). If
their positive leads are common (two negative supplies)
the emitter of 0 1 would be moved to the positive lead
of supply 1 and R1 would therefore have to be resized
to deliver the appropriate drive to 01.

Referring to Figure 11, it can be seen that the crowbar
SCR, when activated, is subject to a large current surge
from the output capacitance, Cout 1. This surge current is
illustrated in Figure 12, and can cause SCR failure or
degradation by anyone of three mechanisms: di/dt,
absolute peak surge, or 12t. The interrelationship of these
failure methods and the breadth of the application make
specification of the SCR by the semiconductor manu-
facturer difficult and expensive. Therefore, the designer
must empirically determine the SCR and circuit elements
which result in reliable and effective OVP operation.
However, an understanding of the factors which influence
the SCA's di/dt and surge capabilities simplifies this task.

As the gate region of the SCR is driven on, its area
of conduction takes a finite amount of time to grow,
starting as a very small region and gradually spreading.
Since the anode current flows through this turned-on
gate region, very high current densities can occur in
the gate region if high anode currents appear quickly
(di/dt). This can result in immediate destruction of
the SCR or gradual degradation of its forward blocking
voltage capabilities - depending on the severity of the
occasion.

1Cout consists of the power supply output caps, the
load's decoupling caps, and in the case of Figure llA, the
supply's input filter caps,
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The usual design compromise then is to use a garden
variety fuse (3AG or 3AB style) which cannot be relied on
to blow before the thyristor does, and trust that if the
SCR does fail, it will fail short circuit. In the majority of
the designs, this will be the case, though this is difficult to
guarantee. Of course, a sufficiently high surge will cause
an open. These comments also apply to the fuse in Figure
11B.

The value of di/dt that an SCR can safely handle is
influenced by its construction and the characteristics
of the gate drive signal. A center·gate·fire SCR has
more di/dt capability than a corner·gate·fire type and
heavily overdriving (3 to 5 times IGT) the SCR gate
with a fast « 1 IlS) rise time signal will maxiJTlize its
di/dt capability. A typical maximum number in phase
control SCRs of less than 50 Arms rating might be
200 A/Ils, assuming a gate current of five times IGT
and < 1 IlS rise time. If having done this, a di/dt prob·
lem is seen to still exist, the designer can also decrease
the di/dt of the current waveform by adding induc·
tance in series with the SCR, as shown in Figure 13.
Of course, this reduces the circuit's ability to rapidly
reduce the dc bus voltage and a tradeoff must be made
between speedy voltage reduction and di/dt.

2. Surge Current

If the peak current and/or the duration of the surge
is excessive, immediate destruction due to device
overheating will result. The surge capability of the SCR
is directly proportional to its die area. If the surge
current cannot be reduced (by adding series resistance
- see Figure 13) to a safe level which is consistent with
the system's requirements for speedy bus voltage
reduction, the designer must use a higher current SCR.
This may result in the average current capability of
the SCR exceeding the steady state current require·
ments imposed by the dc power supply.

A WORD ABOUT FUSING

Before leaving the subject of the crowbar SCR, a few
words about fuse protection are in order. Refering back to
Figure 11A, it will be seen that a fuse is necessary if the
power supply to be protected is not output current limi·
ted. This fuse is not meant to prevent SCR failure but
rather to prevent a fire!

In order to protect the SCR, the fuse would have to
possess an 12t rating less than that of the SCR and yet
have a high enough continuous current rating to survive
normal supply output currents. In addition, it must be
capable of successfully clearing the high short circuit
currents from the supply. Such a fuse as this is quite
expensive, and may not even be available.

As an aid in selecting an SCR for crowbar use, the
following selection guide is presented.

DEVICE IRMS ITSM PACKAGE

2N6400 Series 16A 160A T0220 Plastic
2N6504 Series 25A 160A T0220 Plastic
2N 1B42 Series 16A 125A Metal Stud
2N2573 Series 25A 260A Metal TO·3 Type
2N681 Series 25A 200A Metal Stud
MCR3935·1 Series 35A 350A Metal Stud
MCR81·5 Series BOA 1000A Metal Stud
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POWER SUPPLY SUPERVISORY CIRCUIT/
DUAL-VOLTAGE COMPARATOR

The MC3424 series isa dual-channel supervisory circuit, consist-
ing of two uncommitted input comparators, a reference, output
comparators, with high current Drive and Indicator outputs for each
channel. The input comparators feature programmable hysteresis,
high common-mode rejection. and wide common-mode range, capa-
ble of comparing at ground potential with single-supply operation.
Separate Delay pins are provided to increase noise immunity by
delaying activation of the outputs. A 2.5 V bandgap voltage reference
is pinned-out for referencing the input comparators. or other exter-
nal functions. Independent high current Drive and Indicatoroutputs
for each channel can source and sink up to 300 mA and 30 mA
respectively. CMOS/TIL compatible digital inputs provide Remote
Activation of each channel's outputs. An Input Enable pin allows
control of the input comparators.

Although this device is intended for power supply supervision, the
pinned-out reference. uncommitted input comparators. and many
other features, enable the MC3424 series to be utilized for a wide
range of applications.
• Pinned-Out 2.5 V Reference
• Wide Common-Mode Range
• Programmable Hysteresis
• Programmable Time Delays
• Two 300 mA Drive Outputs
• Remote Activation Capability
• Wide Supply Range: 4.5 V';; VCC';; 40 V

APPLICATIONS
• Dual Over-Voltage "Crowbar" Protection
• Dual Under-Voltage Supervision
• Over/Under Voltage Protection
• Split-Supply Supervision
• Line-Loss Sensing
• Proportional Controller
• Programmable Frequency Switch
• Battery Charger

DC
Power
Supply

MC3424, MC3424A
MC3524, MC3524A
MC3324, MC3324A

POWER SUPPLY SUPERVISORY
CIRCUIT/DUAL VOLTAGE

COMPARATOR

,~ ''"''''s~l~ ij ij PLASTIC PACKAGE

CASE 648

L SUFFIX

CERAMIC PACKAGE ft'IfIIIIIIlIff
CASE 620 ,.!r,~~ ij-U

Temperature
Device Range Package

MC3524L. AL -55 to +125°C Ceramic DIP

MC3324L. AL
-40 to +85°C

Ceramic DIP
MC3324P, AP Plastic DIP

MC3424L. AL o to +70QC
Ceramic DIP

MC3424P. AP Plastic DIP



Rating Symbol Value Unit

Power Supply Voltage VCC 40 Vdc

Comparator Input Differential Voltage Range VIDR ±40 Vdc

Comparator Input Voltage Range VIR -0.3 to +40 Vdc

Input Enable Voltage Range VIE -0.3 to +40 Vdc

Remote Activation Input Voltage Range VRA -0.3 to +40 Vdc

Drive Output Short-Circuit Current 10S(DRV) Internally Limited mA

Indicator Output Voltage VIND Ot040 Vdc

Indicator Output Sink Current IIND 30 mA

Reference Short-Circuit Current 'Os(ref) Internally Limited mA

Power Dissipation and Thermal Characteristics
Ceramic Package

Maximum Power Dissipation @ TA = 95°C PD 1000 mW
Thermal Resistance Junction to Air R9JA 80 °C/W

Plastic Package
Maximum Power Dissipation @ TA = 70°C PD 1000 mW
Thermal Resistance Junction to Air R9JA 80 °C/W

Operating Junction Temperature TJ °c
Ceramic Package +175
Plastic Package +150

Operating Ambient Temperature Range TA °c
MC3524, MC3524A -55 to +125
MC3324, MC3324A -40 to +85
MC3424, MC3424A o to +70

Storage Temperature Range Tstg °c
Ceramic Package -65 to +175
Plastic Package -55 to +150

Reference Output Voltage Vref Vdc
VCC = 15V; IL = 0 mA

TA = 25°C 2.475 2.5 2.525 2.4 2.5 2.6
Tlow to Thigh (Note 1) 2.45 2.5 2.55 2.33 2.5 2.63

Line Regulation Regline - 7.0 15 - 70 15 mV
4.5 V';; VCC';; 40 V; IL = 0 mA; TJ = 25°C

Load Reg ulation Regload - 4.0 12 - 4.0 12 mV
o mA';; IL';; 10 mA; VCC = 15 V;
TJ = 25°C

Output Short-Circuit Current (TA = 25°C) 10s(ref) - 23 - - 23 - mA

Power Supply Voltage Operating Range VCC 4.5 - 40 4.5 - 40 Vdc

Power Supply Current
VCC = 40 V; TA = 25°C; No Output Loads

VC1-, VC2- = VCC; ICC(off) - 12 15 - 12 15 mA
VC1+. VC2+ = 0 V

VCI +. VC2+ = VCC; 'CC(on) - 27 32 - 27 32 mA

VC1-. VC2- = 0 V

NOTES:
(1) Tlow = -55°C for MC3524. MC3524A

= -40oC for MC3324. MC3324A
= OOCfor MC3424, MC3424A

Thigh = +125°C for MC3524, MC3524A
= +85°C for MC3324, MC3324A
= +70oC for MC3424, MC3424A

(2) The input common-mode voltage or input signal voltage should not be allowed toga negative by more than 300 mV. The upper functional limit of the com-
mon-mode voltage range is typically VCC -1.4 volts. but either or both inputs can go to 40 volts. independent of VCC. without device destruction.

(3) The Vth(ES1) limits are approximately 0.9 times the Vref limits over the applicable temperature range.

(4) The Vth(OC) limits are approximately the Vref limits over the applicable temperature range.



Input Offset Voltage VIO mV

TA = 25°C - ±3.0 ±8.0 - ±5.0 ±10

Tlow to Thigh INote 11 - ±3.0 ±12 - ±5.0 ±15

Input Offset Current 110 nA

TA = 25°C - ±3.0 ±25 - ±3.0 ±25

Tlow to Thigh (Note 11 - ±3.0 ±250 - ±30 ±250

Input Bias Current liB nA

TA = 25°C - 50 250 - 50 250

Tlow to Thigh (Note 1) - 500 1000 - 500 1000

Comparator Input Functional Common VICR -0.1 VCC-1.4 - -0.1 VCC-1.4 - V

Mode Range ITA = 25°C. Note 21

Hysteresis Activation Voltage VHlact) V

VCC = 15 V; VC1 +. VC2+ = VCC; TA = 25°C
IH= 10% - 1.2 - - 1.2 -
IH= 90% - 1.4 - - 1.4 -

Hysteresis Current IH 10 12.5 15 9.0 12.5 16 I'A
VCC = 15 V; VC1-. VC2- = 2.5 V;
VC1 +. VC2+ = VCC; TA = 25°C

Common Mode Rejection Ratio CMRR 60 72 - 60 72 - dB

Power Supply Rejection Ratio PSRR - 95 - - 95 - dB

Input Enable Threshold (Pin 16; Note 31 VthlIE) 0.9 1.4 1.9 0.9 1.4 1.9 V

Input Enable Current (pin 161 I'A
VIL(IE) = 0 V liLliE) - -0.5 -2.5 - -0.5 -2.5

VIH(IE) = 40 V IIH(IE) - 0.05 1.0 - 0.05 1.0

Enable Select 1 Threshold Voltage (Pin 2) Vth(ES1) 2.2 2.25 2.3 2.1 2.25 2.4 V

Delay Pin Voltage (IDLY = 0 mAl V
Low State VOL(DLY) - 0.2 0.5 - 0.2 0.5
High State VOH(DLY) VCC-0.5 VCC-0.15 - VCC-0.5 VCC-0.15 -

Delay Pin Source Current IDLY(source) 150 200 250 140 200 260 I'A
VCC = 15 V; VDLY1. VDLY2 = 0 V

Delay Pin Sink Current IDLY(sink) 1.8 3.0 - 18 3.0 - mA
VCC = 15 V; VDLY1. VDLY2= 2.5 V

Drive Output Peak Current (TA = 25°C) IDRV(peakl 200 300 - 200 300 - mA

Drive Output V (IDRV = 100 mA; TA = 25°C) VOH(DRV) VCC-2.5 VCC-2.0 - VCC-25 VCC-2.0 - V

Drive Output Leakage Current (VDRV = 0 V) IDRV(leakl - 15 200 - 15 200 nA

Drive Output Current Slew Rate (TA = 25°C) di/dt - 2.0 - - 2.0 - AIl'S
Drive Output Transient Rejection ITA = 25°C) IDRV(trans) - 1.0 - - 1.0 - mA

VCC = 0 V to 15 V at dV/dt = 200 VII's; (Peak)
VC1-. VC2- = Vref; VC1 +. VC2+ = 0 V

Indicator Output Saturation Voltage VIND(sat) - 560 800 - 560 800 mV
IIND = 30 mA; TA = 25°C

Indicator Output Leakage Current IIND(leak) - 25 200 - 25 200 nA
VOH(IND) = 40 V

Output Comparator Threshold V (Note 4) Vth(OC) 2.45 2.5 2.55 2.33 2.5 2.63 V

Remote Activation Threshold Voltage Vth(RA) 1.3 1.4 1.5 1.1 1.4 1.7 V

Remote Activation Current I'A
VIL(RA)= OV IIL(RAI - -100 -250 - -100 -250
VIH(RA) = 40 V IIH(RAI - 70 250 - 70 250

Propagation Delay (VCC = 15 V; TA = 25°C)
Input to Drive Output tpLH(IN/DRVI - 1.0 - - 1.0 - I's

100 mV Overdrive. CDL Y = 0 I'F
Remote Activation to Drive Output tPLH(RA/DRV) - 600 - - 600 - ns

1.4 V Overdrive (2.5 V to 0 V Step)
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Please fold out the back page (page 16) of this data sheet as a reference while
reading the remainder of this document. The Block Diagram will serve as an aid
in studying the input configurations on the previous page, the CircuIt DescriptIon,
and the Applications Information on the following pages.

The MC3424 series is a high current output. dual chan-
nel power supply supervisory circuit. Basic circuit con-
figuration is shown in Figure 29. Each channel features a
true differential input comparator with a common-mode
range from ground potential to VCC - 1.4 volts, with single
supply operation. The inverting inputs of each input com-
parator (C1-, C2-) have a feedback activated 12.5 p.A
current sink for programming input comparator hysteresis.
Source resistance of the inverting inputs determines the
amount of hysteresis for each input comparator. The
hysteresis feature can be defeated by reducing the invert-
ing input voltage of the respective input comparator to less
than two diode drops (2 q, = 1.1 volts) above Gnd (See
Hysteresis Activation Voltage specification). A complete
matrix of various input comparator conditions is shown in
Figure 13 on page 6.

The digital Input Enable (IE) pin provides full enable/
disable control of one or both of the input comparators.
Input Comparator 1 enable control is allowed if the Enable
Select1 /Non-Inverting Input (pin 2) is less than 90% of
the internal 2.5 volts reference (0.9 Vref =< 2.25 V). If the
Input Enable Select1 /Non-Inverting Input (pin 2) is
greater than 0.9 Vref, Comparator 1 is not affected by the
logic state of the Input Enable pin and always remains
enabled.

The voltage threshold of the Input Enable pin is TIL-
compatible. A logic level "1" permits normal operation
of input comparators, as stated above. A logic "0" forces
the respective Delay pin (DLY1, DLY2) to a low state,
independent of the input comparator's state.

The selective enabling feature of Input Comparator 1 is
directly applicable when the MC3424 series is used as an
over- and under-voltage supervisory circuit, where chan-
nel 2 (Input Comparator 2) is monitoring under-voltage
conditions, and channel 1 is utilized for over-voltage pro-
tection. The ability to keep channel 1 (Input Comparator 1)
active, while disabling channel 2, provides immediate
over-voltage protection d uri ng power supply tu rn-on,
while the under-voltage channel (2) can be disabled dur-
ing the power supply turn-on rise time to the regulated
level, preventing false indication of an under-voltage
condition. If it is desired to monitor two independent
voltages for an under-voltage condition, both channels
can be selectively disabled until the slowest supply
reaches its regulated voltage.

Separate Delay pins (DLY1, DLY2) are provided for each
channel to independently delay the Drive and Indicator
Outputs, thus providing greater input noise immunity.
The two Delay pins are essentially the outputs of the
respective input comparators, and provide a constant
current source of typically 200 p.Awhen the non-inverting
input voltage is greater than the inverting input level
(VC1+> VC1-: VC2+ > VC2-)·

A capacilor(CDLy)tied to these Delay pins will establish
a predictable delay time (tDLY) of the Drive and Indicator
outputs for the respective channel. The Delay pins are
internally tied to the non-inverting input of Output Com-
parators 1 and 2, which are referenced to 2.5 volts. There-
fore, delay time (tDLY) is based on the constant current
IDLY(source) charging the external delay capacitor (CDLY)
to 2.5 volts or:

Vref CDLY 25 CDLY = 12500 CDLY
tDLY = IDLY(source) 200 p.A

Figure 7 provides CDLY values for a wide range of time
delays.

The Delay pins are pulled low when the respective input
comparator's non-inverting input is less than the inverting
input (VC1+ < VC1-: VC2+ < VC2-), or when the Input
Enable pin is at a low logic level. The sink current (;;.
1.8 mAl capability of the Delay pins is much greater than
the typical 200 p.A source current, thus enabling a
relatively fast delay capacitor discharge time.

Each independent channel of the MC3424 series has a
Drive (DRV) and Indicator output (IND) which respectively
source and sink current simultaneously. The Drive out-
puts are current-I imited em iller-followers capable of
sourcing 300 mA at a turn-on slew rate of 2.0A/p.S, ideal
for driving "Crowbar" SCA's. The Indicator outputs are
open collector, NPN transistors, capable of sinking 30 mA
to provide sufficient drive for LED's, small relays or
regular shut-down circuitry. These current capabilities
apply to both channels operating simultaneously, provid-
ing device power dissipation limits are not exceeded.

Separate TTL-compatible Remote Activation inputs
(RA 1, RA2) for each channel will activate the Drive and
Indicator outputs of the respective channel, independent
of the input comparator state, when a low logic level is
applied. The active low for remote activation permits
latching of the respective outputs by connecting the
Indicator output, via a ,;;; 5.0 K resistor to the Remote
Activation input of the same channel, as shown in Figure
17. Latching will now occur by either of the Remote Acti-
vation inputs with a short duration low logic level, or by
the input comparators. Unlatching of each channel is
accomplished with a short duration, high logic level at the
Remote Activation pin.

The MC3424 series has an internal 2.5 V bandgap
reference capable of sourcing up to 10 mA of load current
for external bias circuits. This reference has an accuracy
of ±4.0% for the basic devices and ±1.0% for the A-suffix
device types at 25°C. The reference has a typical temper-
ature coefficient of 30 ppm/oC for A-suffix devices.



Referring to Figure 14, it can be seen that the crowbar
SCR, when activated, is subject to a large current surge
from the output ca pacita nce, Couto This capac ita nce
consists of the power supply output capacitors, the load's
decoupling capacitors, and in the case of Figure 14A, the
supply's input filter capacitors. This surge current is illus-
trated in Figure 15, and can cause SCR failure or degra-
dation by anyone of three mechanisms: di/dt, absolute
peak surge, or 121.The interrelationship of these failure
methods and the breadth of the applications make speci-
fication of the SCR by the semiconductor manufacturer
difficult and expensive. Therefore, the designer must
empirically determine the SCR and circuit elements
which result in reliable and effective OVP operation.
However, an understanding of the factors which influence
the SCR's di/dt and surge capabilities simplifies this task.

As the gate region of the SCR is driven on, its area
of conduction takes a finite amount of time to grow,
starting as a very small region and graduallyspreading.

Since the anode current flows through this turned-on
gate region, very high current densities can occur in
the gate region if high anode currents appear quickly
(di/dt). This can result in immediate destruction of
the SCR or gradual degradation of its forward blocking
voltage capabilities - depending on the severity of the
occasion.

The value of di/dt that an SCR can safely handle is
influenced by its construction and the characteristics
of the gate drive signal. A center-gate-fire SCR has
more di/dt capability than a corner-gate-fire type, and
heavily overdriving (3 to 5 times IGT) the SCR gate
with a fast <1.0 p.s rise time signal will maximize its
di/dt capability. A typical maximum number in phase
control SCRs of less than 50 A(RMS) rating might be
200 AIl'S, assuming a gate current of five times IGT
and< 1.0 p.srise time. If having done this, a di/dt prob-
lem is seen to still exist, the designer can also decrease
the di/dt of the current waveform by adding induc-
tance in series with the SCR, as shown in Figure 16.
Of course, this reduces the circuit's ability to rapidly
reduce the dc bus voltage and a tradeoff must be made
between speedy voltage. reduction and di/dt.



Surge Due to
Output Capacitor

2. Surge Current

If the peak current and/or the duration of the surge
is excessive, immediate destruction due to device
over heati ng wi II resu It. The su rge capabi Iity of the SCR
is directly proportional to its die area. If the surge
current cannot be reduced (by adding series resista nce
- see Figure 16) to a safe level which is consistent
with the system's requirements for speedy bus voltage
reduction, the designer must use a higher current SCR.
This may result in the average current capability of the
SCR exceeding the steady state current requirements
imposed by the dc power supply.

Output
Cap

Before leaving the subject of the crowbar SCR, a few
words about fuse protection are in order. Referring back to
Figure 14A, it will be seen that a fuse is necessary if the
power supply to be protected is not output current limited.
This fuse is not meant to prevent SCR failure but rather
to prevent a firel

In order to protect the SCR, the fuse would have to
possess an 12t rating less than that of the SCR and yet
have a high enough continuous current rating to survive
normal supply output currents. In addition, it must be
capable of successfully clearing the high short circuit
currents from the supply. Such a fuse as this is quite
expensive, and may not even be available.

The usual design compromise then is to use a garden
variety fuse (3AG or 3AB style) which cannot be relied on
to blow before the thyristor does, and trust that if the
SCR does fail, it will fail short circuit. In the majority of
the designs, this will be the case, though this isdifficult to
guarantee. Of course, a sufficiently high surge will cause
an open. These comments also apply to the fuse in Figure
14B.

As an aid in selecting an SCR for crowbar use, the
following selection guide is presented.

DEVICE IRMS IFSM PACKAGE

MCR67 Series 12A 100A Metal Stud
MCR68 Series 12A 100A TO-220 Plastic
2N 1842 Series 16A 125A Metal Stud
2N6400 Series 16A 160A TO-220 Plastic
2N6504 Series 25A 160A TO-220 Plastic
2N681 Series 25A 200 A Metal Stud
2N2573 Series 25A 260A TO-3 Metal Can
MCR69 Series 25A 300 A TO-220 Plastic
MCR70 Series 35 A 350A Metal Stud
MCR71 Series 55A 550A Metal Stud

Foracomplete anddetailed treatment of SCRandfuse selection
refer to Motorola Application Note AN-Ja9.
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FIGURE 23 - ALTERNATING TWO TONE GENERATOR
(EUROPEAN SIREN)
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POWER SUPPLY SUPERVISORY IOVER-UNDER-
VOLTAGE PROTECTION CIRCUIT

The MC3425/3525 isa power supply supervisory circuit contain-
ing all the necessary functions required to monitor over- and under-
voltage fault conditions. These integrated circuits contain dedicated
over- and under-voltage sensing channels with independently pro-
grammable time delays. The over-voltage channel has a high current
Drive Output for use in conj unction with an external SCR"Crowbar"
for shutdown. The under-voltage channel input comparator has
hysteresis which is externally programmable, and an open-collector
output for fault indication.

• Dedicated Over- And Under-Voltage Sensing

• Programmable Hysteresis Of Under-Voltage Comparator

• Internal 2.5 V Reference

• 300 mA Over-Voltage Drive Output

• 30 mA Under-Voltage Indicator Output

• Programmable Time Delays

• 4.5 V to 40 V Operation

DC
Power
Supply

MC3425, MC3425A
MC3525, MC3525A

POWER SUPPLY SUPERVISORY /
OVER-UNDER-VOLTAGE
PROTECTION CIRCUIT

•1 P1 SUFFIX
PLASTIC PACKAGE

CASE 626

U SUFFIX
CERAMIC PACKAGE

CASE 693

~ 1

ORDERING INFORMATION

Temperature
Device Range Package

MC3525U. AU -55 to +125°C Ceramic DIP

MC3425Pl. APl Plastic DIP
o to +70°C

MC3425U. AU Ceramic DIP



Rating Symbol Value Unit

Power Supply Voltage VCC 40 \,Ide

Comparator Input Voltage Range (Note 2) VIR -0.3 to +40 Vdc

Drive Output Short-Circuit Current IOS(DRV) Internally Limited mA

Indicator Output Voltage VIND Ot040 Vdc

Indicator Output Sink Current IIND 30 mA

Power Dissipation and Thermal Characteristics
Ceramic Package

Maximum Power Dissipation @ TA = 950C Po 1000 mW

Thermal Resistance Junction to Air RaJA 80 °C/W
Plastic Package

Maximum Power Dissipation @ TA;; 70°C Po 1000 mW
Thermal Resistance Junction to Air RaJA 80 °C/W

Operating Junction Temperature TJ °C
Ceramic Package +175
Plastic Package +150

Operating Ambient Temperature Range TA °C
MC3425. MC3425A o to +70
MC3525. MC3525A -55 to +125

Storage Temperature Range Tstg °C
Ceramic Package -65 to +175
Plastic Package -55 to +150

ELECTRICAL CHARACTERISTICS (4.5 V ";;VCC ";;40 V; TA = Tlow to Thigh [see Note 1J unless otherwise specified.)

MC3525A/3425A MC3525/3425

Sense Trip Voltage (Reference Voltage) VSense Vdc

VCC= 15V
TA = 25°C 2.475 2.5 2525 2.4 2.5 2.6
Tlow to Thigh (Note 1) 2.45 2.5 2.55 2.33 2.5 2.63

Line Regulation of VSense Regline - 7.0 15 - 7.0 15 mV
4.5 V";; VCC";; 40 V; TJ = 25°C

Power Supply Voltage Operating Range VCC 4.5 - 40 4.5 - 40 Vdc

Power Supply Current
VCC = 40 V; TA = 25°C; No Output Loads

O.V. Sense (Pin 3) = 0 V; ICCloff) - 12 15 - 12 15 mA
U.v. Sense (Pin 4) = VCC

O.V. Sense (Pin 3) = VCC; ICClonl - 27 32 - 27 32 mA
U. V. Sense (Pin 4) = 0 V

NOTES:
(1) Tlow = -55°C for MC3525. MC3525A

= ooC for MC3425. MC3425A



Input Bias Current. O.V. and U.v. Sense liB nA

TA; 25°C - 50 250 - 50 250

Tlow to Thigh (Note 1) - 500 1000 - 500 1000

Hysteresis Activation Voltage, U.V. Sense VH(actl V
VCC; 15 V; TA; 25°C;

IH; 10% - 1.2 - - 1.2 -
IH; 90% - 1.4 - - 1.4 -

Hysteresis Current. U.V. Sense IH 10 12.5 15 9.0 12.5 16 I'A
VCC; 15 V; TA; 25°C;
UV Sense (Pin 4); 2.5 V

Delay Pin Voltage (IDLY; 0 mAl V
Low State VOLIDLY) - 0.2 0.5 - 0.2 0.5
High State VOH(DLY) VCC-05 VCC-0.15 - VCC-0.5 VCC-0.15 -

Delay Pin Source Current IDLY(sourcel 150 200 250 140 200 260 I'A
VCC; 15 V; VOL y; 0 V

Delay Pin Sink Current IDLY(sink) 1.8 3.0 - 1.8 3.0 - mA
VCC; 15 V; VOL y; 0 V

Drive Output Peak Current (TA; 25°C) IDRV(peak) 200 300 - 200 300 - mA

Drive Output Voltage VOH(DRV) VCC-2.5 VCC-2.0 - VCC-2.5 VCC-2.0 - V
IDRV; 100 mA; TA; 25°C

Drive Output Leakage Current IDRV(leak) - 15 200 - 15 200 nA
VDRV;OV

Drive Output Current Slew Rate ITA; 25°C) di/dt - 2.0 - - 20 - AIl'S

Drive Output VCC Transient Rejection IDRVltrans) - 1.0 - - 1.0 - mA
VCC; 0 Vto 15 V at dV/dt; 200 VII's; (Peak)
O.V. Sense (Pin 3); 0 V; TA; 25°C

Indicator Output Saturation Voltage VINDlsat) - 560 800 - 560 800 mV
IIND; 30 mA; TA; 25°C

Indicator Output Leakage Current IIND(leak) - 25 200 - 25 200 nA
VOH(IND); 40 V

Output Comparator Threshold Voltage Vth(OC) 2.45 2.5 2.55 2.33 2.5 2.63 V
(Note 3)

Propagation Delay Time IVcc ; 15 V;
TA; 25°C)
Input to Drive Output or Indicator Output tPLH(IN/OUT) - 1.7 - - 1.7 - I'S

100 mV Overdrive. CDLY; 0 I'F

Input to Delay tPLH(IN/DL Y) - 700 - - 700 - ns
2.5 V Overdrive (0 V to 5.0 V Step)
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2.626.03 OBSOLETE NEW STO 626-8 •.
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C. PACKAGE CONTOUR OPTIONAL

(ROUND OR SQUARE CORNERSI.
5. DIMENSIONS A AND 8 ARE DATUMS.
6. DIMENSIONING AND TOlERANCING

PERAN$IYI4.S.191J.

MILLIMETERS
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B 6.10 ....
C ..
D .1, 1.02 1.52
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NOTES.
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RAD OF TRUE POSITION AT
SEATING PLANE AT MAXIMUM
MATERIAL CONDITION.

2. DIMENSION T' TO CENTER
OF LEADS WHEN FORMED
PARAllEL.

MILLIMETERS INCHES
DIM MI. M•• MI. M'X
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The MC3425/MC3525 is a power supply supervisory
circuit containing all the necessary functions required to
monitor over- and under-voltage fault conditions. The block
diagram is shown below in Figure 15. The Over-Voltage
(O.V.) and Under-Voltage (UV.) Input Comparators are
both referenced to an internal 2.5 V regulator. The UV.
Input Comparator has a feedback activated 12.5 IJ.Acur-
rent sink (IH) which is used for programming the input
hysteresis voltage (VH). The source resistance feeding
this input (RH) determines the amount of hysteresis volt-
age by VH = IHRH = 12.5 x 10-6 RH.

Separate Delay pins (O.V. DLY, UV. DLY) are provided
for each channel to independently delay the Drive and
Indicator outputs, thus providing greater input noise im-
munity. The two Delay pins are essentially the outputs of
the respective input comparators, and provide a constant
current source, IDLY(source), of typically 200 IJ.Awhen the
non-inverting input voltage is greater than the inverting
input level. A capacitor connected from these Delay pins
to ground, will establish a predictable delay time (tDL Y)
for the Drive and Indicator outputs. The Delay pins are in-
ternally connected to the non-inverting inputs of the OV.
and U.V. Output Comparators, which are referenced to
the internal 2.5 V regulator. Therefore, delay time (tDLY)
is based on the constant current source, IDLY(source),
charging the external delay capacitor (CDLy) to 2.5 volts.

Vref CDLY 2.5 CDLY
tDLY = 12500CDLY

IDLY(source) 200 IJ.A

Figure 5 provides CDLY values for a wide range of time
delays. The Delay pins are pulled low when the respective
input comparator's non-inverting input is less than the
inverting input. The sink current, IDLY(sink), capability
of the Delay pins is;;' 1.8 mA and is much greater than
the typical 200 IJ.Asource current, thus enabling a rela-
tively fast delay capacitor discharge time.

The Over-Voltage Drive Output is a current-limited
emitter-follower capable of sourcing 300 mA at a turn-on
slew rate of 2.0 A/lJ.s, ideal for driving "Crowbar" SCR's.
The Under-Voltage Indicator Output is an open-collector,
NPN transistor, capable of sinking 30 mA to provide suf-
ficient drive for LED's, small relays or shut-down circuitry.
These current capabilities apply to both channels operat-
ing simultaneously, providing device power dissipation
limits are not exceeded.

The MC3425/MC3525 has an internal 2.5 V bandgap
reference regulator with an accuracy of ±4.0% for the
basic devices and ±1.0% for the A-suffix device types at
25°C. The reference has a typical temperature coefficient
of 30 ppm/oC for A-suffix devices.

5 2
U.V. a.v.
DLY DLY

Vcc
8



Referring to Figure 16, it can be seen that the crowbar
SCR, when activated, is subject to a large current surge
from the output capacita nce, Cout. This capacita nce
consists of the power supply output capacitors, the load's
decoupling capacitors, and in the case of Figure 16A, the
supply's input filter capacitors. This surge current is illus-
trated in Figure 17, and can cause SCR failure or degra-
dation by anyone of three mechanisms: di/dt, absolute
peak surge, or 12t. The interrelationship of these failure
methods and the breadth of the applications make speci-
fication of the SCR by the semiconductor manufacturer
difficult and expensive. Therefore, the designer must
empirically determine the SCR and circuit elements
which result in reliable and effective OVP operation.
However, an understanding of the factors which influence
the SCR's di/dt and surge capabilities simplifies this task.

1. di/dt
As the gate region of the SCR is driven on, its area

of conduction takes a finite amount of time to grow,
starting as a very small region and graduallyspreading.
Since the anode current flows through this turned-on

gate region, very high current densities can occur in
the gate region if high anode currents appear quickly
(di/dt). This can result in immediate destruction of
the SCR or gradual degradation of its forward blocking
voltage capabilities - depending on the severity of the
occasion.

The value of di/dt that an SCR can safely handle is
influenced by its construction and the characteristics
of the gate drive signal. A center-gate-fire SCR has
more di/dt capability than a corner-gate-fire type, and
heavily overdriving (3 to 5 times IGT) the SCR gate
with a fast <1.0!-,s rise time signal will maximize its
di/dt capability. A typical maximum number in phase
control SCRs of less than 50 A(RMS) rating might be
200 AI !-'s, assuming a gate current of five times IGT
and< 1.0!-,s rise time. If having done this, a di/dt prob-
lem is seen to still exist, the designer can also decrease
the di/dt of the current waveform by adding induc-
tance in series with the SCR, as shown in Figure 18.
Of course, this reduces the circuit's ability to rapidly
reduce the dc bus voltage and a tradeoff must be made
between speedy voltage reduction and di/dt.



2. Surge Current

If the peak current and/or the duration of the surge
is excessive. immediate destruction due to device
overheating will result. The surge capability of the SCR
is directly proportional to its die area. If the surge
current cannot be reduced (by adding series resistance
- see Figure 18) to a safe level which is consistent
with the system's requirements for speedy bus voltage
reduction, the designer must use a higher current SCR.
This may result in the average current capabilityofthe
SCR exceeding the steady state current requirements
imposed by the dc power supply.

8efore leaving the subject of the crowbar SCA, a few
words about fuse protection are in order. Referring back to
Figure 16A. it will be seen that a fuse is necessary if the
power supply to be protected is not output current limited.
This fuse is not meant to prevent SCR failure but rather
to prevent a firel

In order to protect the SCR. the fuse would have to
possess an 12t rating less than that of the SCR and yet
have a high enough continuous current rating to survive
normal supply output currents. In addition. it must be
capable of successfully clearing the high short circuit
currents from the supply. Such a fuse as this is quite
expensive, and may not even be available.

The usual design compromise then is to use a garden
variety fuse (3AG or 3AB style) which cannot be relied on
to blow before the thyristor does. and trust that if the
SCR does fail. it will fail short circuit. In the majority of
the desig'1s. this will be the case. though this is difficult to
guarantee. Of course. a sufficiently high surge will cause
an open. These comments also apply to the fuse in Figure
16B.

As an aid in selecting an SCR for crowbar use. the
following selection guide is presented.

DEVICE IRMS IFSM PACKAGE

MCR67 Series 12A 100A Metal Stud
MCR68 Series 12A 100A TO-220 Plastic
2N 1842 Series 16A 125 A Metal Stud
2N6400 Series 16A 160A TO-220 Plastic
2N6504 Series 25A 160A TO-220 Plastic
2N681 Series 25A 200 A Metal Stud
2N2573 Series 25 A 260A TO-3 Metal Can
MCR69 Series 25 A 300 A TO-220 Plastic
MCR70 Series 35 A 350A Metal Stud
MCR71 Series 55 A 550A Metal Stud

For a complete and detailed treatment of SCR and fuse selection
refer to Motoro!a Applicatioc Note AN-7a9.



SWITCH MODE PULSE WIDTH MODULATION
CONTROL CIRCUITS

The MC35060 and MC34060 are low cost fixed frequency. pulse
width modulation control circuits designed primarily for single
ended SWITCH MODE power supply control. These devices feature:

• Complete Pulse Width Modulation Control CircUitry

• On-Chip Oscillator With Master or Slave Operallon

• On·Chip Error Amplifiers

• On-Chip 5.0 Volt Reference

• Adjusteble Dead Time Control
• Uncommitted Output Transistor for 200 mA Source or Sink

PIN CONNECTIONS

Non-Inv Non-Inv

Input Input

In. In.
Input Input

Compen/PWM
Vref

Camp Input

Dead ·Ttme
NC

Conlrol

CT VCC

RT C

Ground

(top view)

The MC34060 is specified over the commercial operating range of
OOCto +70°C. The MC35060 is specified over the full military range
of -55 to +125°C.

SWITCHMODE
PULSE WIDTH MODULATION

CONTROL CIRCUITS

SILICON MONOLITHIC
INTEGRATED CIRCUITS

P SUFFIX
PLASTIC PACKAGE

CASE 646

l SUFFIX
CERAMIC PACKAGE

CASE 632
(TO-116)

ORDERING INFORMATION

Temperatur.
Device Range Package

MC35060l -55 to +125°C Ceramic DIP

MC34060P o to +70°C Plastic DIP

MC34060l 010 +70°C Ceramic DIP
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5 Oscillator

RT
eTr

4

Dead-Time
Control

Reference
Regulator

The MC35060/34060 is a fixed-frequency pulse width
modulation control circuit. incorporating the primary
building blocks required for the control of a switching power
supply. (See Figure '.) An internal-linear sawtooth oscilla-
tor is frequency-programmable by two external compo-
nents. RTand CT.The oscillator frequency is determined by:

f _ --'._'-
osc- RT. CT

Output pulse width modulation ISaccomplished by compar-
ison of the positive sawtooth waveform across capacitor CT
to either of two control signals. The output ISenabled only
during that portion of time when the sawtooth voltage is
greater than the control signals. Therefore. an increase in
control-signal amplitude causes a corresponding linear
decrease of output pulse width. (Refer to the timing dia-
gram shown In Figure 2.)



The control signals are external inputs that can be fed into
the dead-time control. the error amplifier inputs, or the feed-
back input. The dead-time control comparator has an effec-
tive 120 mV input offset which limits the minimum output
dead time to approximately the first 4% of the sawtooth-
cycle time. This would result in a maximum duty cycle of
96%. Additional dead time may be imposed on the output by
setting the dead time-control input to a fixed voltage, ranging
between 0 to 3.3 V.

The pulse width modulator comparator provides a means
for the error amplifiers to adjust the output pulse width from
the maximum percent on-time, established by the dead time
time control input, down to zero, as the voltage at the feed-

back pin varies from 0.5 to 3.5 V. Both error amplifiers have
a common-mode input range from -0.3 V to (VCC -2 V), and
may be used to sense power supply output voltage and cur-
rent. The error-amplifier outputs are active high and are
ORed together at the non-inverting input of the pulse-width
modulator comparator. With this configuration, the ampli-
fier that demands minimum output on time, dominates
control of the loop.

The MC35060/34060 has an internal 5.0 V reference
capable of sourcing up to 10 mA of load currents for external
bias circuits. The reference has an internal accuracy of
±5% with a thermal drift of less than 50 mV over an
operating temperature range of 0 to + 70°C.

Rating Symbol MC35060 MC34060 Unit

Power Supply Voltage VCC 42 42 V

Collector Output Voltage Vc 42 42 V

Collector Output Current IC 250 250 mA

Amplifier Input Voltage Vin VCC + 0.3 VCC + 0.3 V

Power Dissipation @ T A ~ 45°C Po 1000 1000 mW

Operating Junction Temperature TJ 150 150 °c

Operating Ambient Temperature Range TA -55 to 125 o to 70 °c

Storage Temperature Range T5tg -65 to 150 -65 to 150 °c

L Suffix P Suffix
Characteristic Symbol Ceramic Package Plastic Package Unit

Thermal Resistance. Junction to Ambient A6JA 100 80 °C/W

Power Derating Factor 1/A6JA 10 12.5 mW/oC

Derating Ambient Temperature TA 50 45 °c

Condition/Value Symbol
MC35060/MC34060

UnitMin Typ Max
--

Power Supply Voltage VCC 70 15 40 V

Collector Output Voltage Vc - 30 40 V

Collector Output Current IC - - 200 mA

AmplifIer Input Voltage Vin -03 - Vcc -2.0 V

Current Into Feedback Terminal If.b. - - 0.3 mA

Reference Output Current Iref - - 10 mA

Timing Resistor AT 1.8 47 500 kll

Timing Capacitor CT 0.00047 0.001 10 ~F

Oscillator Frequency fosc 1.0 25 200 kHz



ELECTRICAL CHARACTERISTICS vCC = 15 V, fosc = 25 kHz unless otherwise noted, For typical values TA = 25°C, for minimax
values fA is the operating ambient temperature range that applies unless otherwise noted.

Reference Voltage Vref 475 50 5.25 475 5.0 5.25 V

110= 1.0 mAl

Reference Voltage Change with Temperature Vrefl.H) - 02 2.0 - 1.3 2.6 %
lATA = Min to Max)

Input Regulation Regline - 2.0 25 - 2.0 25 mV
(VCC = 7.0 V to 40 V)

Output Regulation Regload - 3.0 15 - 3.0 15 mV
110 = 1.0 mA to 10 mAl

Short·Circuit Output Current ISC 10 35 50 - 35 - mA
(Vref = 0 V. TA = 25C)

Collector Off· State Current IC(offl - 20 100 - 2.0 100 /loA

(VCC = 40 V. VCE = 40 V)

Emitter Off· State Current IE(offl - - -150 - - -100 /loA
(VCC = 40 V. Vc = 40 V, VE = 0 V) .-

Coliector·Emitter Saturation Voltage VSatIC) - 1.1 1.5 - 1.1 1.3 V
Common-Emitter

IVE = 0 V, IC = 200 mAl
Emitter-Follower Vsat(E) - 1.5 25 - 1.5 2.5 V

(VC = 15 V.IE = -200 mAl

Output Voltage Rise Time (fA = 25'C)
Common· Emitter (See Figure 12) tr - 100 200 - 100 200 ns
Emitter·Foliower (See Figure 13) - 100 200 - 100 200

Output Voltage Fall Time (TA = 25°C)
Common-Emitter (See Figure 121 tf - 25 100 - 25 100 ns
Emitter-Follower (See Figure 131 - 40 100 - 40 100

Input Offset Voltage VIO - 2.0 10 mV

(VOlPin 3J = 2.5 V)

Input Offset Current 110 - 5.0 250 nA

(VqPin 3] = 2.5 VI

Input Bias Current liB - 0.1 10 /loA

(VOlPin 3J = 2.5 VI

Input Common-Mode Voltage Range VICR -0.3 - VCC-2.0 V
(VCC = 7.0 V to 40 V)

Open Loop Voltage Gain AVOL 70 95 - dB
(AVO = 3.0 V. Vo = 0.5 to 3.5 V, RL = 2.0 klll



ELECTRICAL CHARACTERISTICS VCC; 15V, lose; 25 kHz unless otherwise noted. For typical values TA; 25°C, lor minimax

values TA is the operating ambient temperature range that applies unless otherwise noted.

Unity-Gain Crossover Frequency Ie - 350 - kHz
(Va; 05, to 35 V, RL ; 2.0 kll)

Phase Margin at Unity·Gain <Pm - 65 - deg.
(Va; 0.5 to 3.5 V, RL ; 2.0 kll)

Common-Mode Rejection Ratio CMRR 65 90 - dB

(VCC; 40 V)

Power Supply Rejection Ratio PSRR - 100 - dB
(~VCC; 33 V, Va; 2.5 V, RL; 20 kll)

Output Sink Current 10- 03 07 - mA

(VOIPln 3J; 0.7 V)

Output Source Current 10' -20 -40 - mA

(VOIPIn 3J; 3.5 V)

Input Threshold Voltage VTH - 3.5 4.5 V
(Zero Duty Cycle)

Input Smk Current 11- 03 0.7 - mA
(VIPin 3J ; 0.7 V)

-
Input Bias Current (Pm 4) IIB(DT) - -20 -10 pA

(Vin ; 0 to 5.25 V)

Maximum Output Duty Cycle DCmax %
(Vin ; 0 V, CT; 0.1 pF, RT ; 12 kll) 90 96 100
(Vin; 0 V, CT; 0.001 pF, RT; 47 kll) -- 92 100

Input Threshold Voltage (Pin 4) VTH V
(Zero Duty Cycle) - 28 33
(Maximum Duty Cycle) 0 - -

Frequency fose - 25 - kHz
(CT; 0001 pF, RT ; 47 kll)

Standard DeviatIOn of Frequency· afosc - 30 - %
ICT; 0.001 pF, RT; 47 kll)

Frequency Change with Voltage "'osc!hV) - 0.1 - %
(VCC; 7.0 V to 40 V, TA ; 25°C)

Frequency Change with Temperature "'osc(hT) - 1.0 2,0 %

(~TA ~ 25·C to TA low, 25·C to TA high)

Standby Supply Current ICC mA
(pin 6 at Vref. all other inputs and outputs open)

(VCC; 15 V) - 55 10
(VCC; 40 V) - 70 15

Average Supply Current IS - 7.0 - mA
(VIPin 4J; 2.0 V, CT; 0.001, RT; 47 kll). See Figure 11 .

• Standard deviatIon IS a measure of the, statistical dlstnbutlon about the mean as denved from the formula. !l :: N

~ IXn - i)2

n = 1
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t040V
150"H@2.0A

VaTIP 32 ----
!...1

5.0 VI

47

47k

10

0.01 VCC 75
If 1

47 k 1\

'---- ,
2 9

- C f---
10M

3
Camp, MC34060 ,

50/50 " 14
L MR850 , 1000,

001 6.3 V
13 8

- E I---

4.7 k
12 7

- Vre! Gnd I---

oT CT RT

4 5 6
10116 V

,1\
0.001

4.7 k 4.7 k
/["' 47 k

150 390

01

TEST CONDITIONS RESULTS

Line Regulation Vtn = 8.0 V to 40 V. 10 = 1.0 A 25mV 0.5%,

Load RegulatIon Vtn = 12 V. 10 = 1.0 mA to lOA 3.0 mV 0.06%

Output Ripple Vin = 12 V. 10 = 1.0 A 75 mV p.p PAR.D
--

Short CirCUIt Current Vtn = 12 V. RL = 0.1 II 1.6 A

Efficiency Vin = 12 V. 10 = 1.0 A 73%



8.010 26 V
150~H@4.0A

MR850
20 ~H @ 1.0 A

Vou--
"

=.
v

28
0.5

22 k

10

0.05
~

VCC
II .

33 k "
2 .!...-

4.7 k C
2.7 M

3
Camp

+ MC34060 + +
5 V::: 14 ::: ::: .•.+

300
470/35 V 4701

13 8
3.9 k - - E I r-,.TIP'1'

12 7 1/
Vref Gnd - 1\

DT CT RT 01

4 5 6
4.7 k

0001 470

47 k
390

Output Ripple

Efficiency

CONDITIONS RESULTS

= 8,0 V 10 26 V. '0 = 0.5 A 40mV 0.14%
---

= 12 V. '0 = 1.0 mA 10 0.5 A 5.0 mV 018%

=12V.IO=0.5A 24 mV pop P.A.R.D.
-' - -- --

= 12 V. '0 = 0 5 A -~ 75%



FIGURE 20 - STEP-UP/DOWN VOLTAGE INVERTING
CONVERTER WITH SOFT-START AND

CURRENT liMITING

8.01040 V
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10/16V 4 5 6

+1\
0.001
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3.3 k 820
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TEST CONDITIONS RESULTS

Line Regulation Vin ; 8.0 V to 40 V. '0 ; 250 mA 52 mV 0.35%

Load Regulation Vin ; 12 V. 10 ; 1 mA 10 250 mA 47 mV 0.32%

Output Ripple Vin; 12 V. '0; 250 mA 10 mV p.p. P.A.R.D.

Short Circuit Current Vin ; 12 V. Rl ; 0.1 II 330 mA

Efficiency Vin ; 12 V. '0 ; 250 mA 86%



Ll ==lN5824 5.0 V/30 A i
12 075 A

0.•
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W

35 V
(II
0
0)
0

lN4934

47125 V

22 k
10

VCC

C
9

33 k
001 3

Comp
MC34060

14

13 8

12
Gnd

7
Vref

82k
DT CT RT

4 5 6
200

10 0001
1.5 k 47k

27 k

11 k

lN4148 2.7 k

_ ..- --
TEST CONDITIONS RESULTS_.

Line Regulation 5.0 V Vin = 95 to 135 Vac. 10 = 3.0 A 20 mV 0.40% --
Line Regulation :t 12 V Vin = 95 to 135 Vac. 10 = ±0.75 A 52 mV 0.26%

Load Re9ulatlon 5 0 V Vin = 115 Vac. 10 = 1.0 to 4.0 A 476 mV 9.5%

Load Regulation ±12 V Vin = 115 Vac. '0 = ±0.4 to ±0.9 A 300 mV 2.5%

Output Ripple 5.0 V Vin = 115 Vac. 10 = 3.0 A 45 mV p.p P.A.R.D.

Output Ripple ±12 V Vin = 115 Vac. 10 = ±0.75 A 75 mV p'p PAR.D.

Efficiency Vin = 115 Vac. 10 5.0 V = 3.0 A 74%

10 ±12 = ±075 A

T2
Core:

Coilcralt 11·464·16. 0.025" gap
in each leg

Bobbin:
Coilcralt 37·573

Windings:
Primary. 2 each:

75 turns '26 Awg Bililar wound

Feedback:
15 turns #26 Awg

Secondary. 5.0 V:
6 turns '22 Awg Bililar wound

Secondary. 2 each:
14 turns #24 Awg Blfilar wound

Coilcralt Z7156. 15IJH @ 5.0 A

12. L3
Coilcrafl Z7157. 25IJH @ 1.0 A



® MOTOROLA

THREE-TERMINAL OVERVOl TAGE "CROWBAR"
SENSING CIRCUIT

The MC34061/35061 overvoltage protection (OVP) circuits, in
combination with two external programming resistors and a "crow-
bar" SCA, protect sensitive electronic circuitry from overvoltage
damage. They sense an overvoltage condition and quickly "crow-
bar", or short circuit, the supply. An external capacitor may be used
to program a minimum overvoltage duration before tripping, thus
providing noise immunity.

These three-terminal circuits provide a cost-effective means of
protecting either positive or negative power supplies. The unique
design of the MC34061 135061 eliminates trip voltage and tempera-
ture drift errors due to SCRgate variations.

The basic MC34061 135061 devices offer a ±2% tolerance on the
sense trip voltage. The A-suffix devices have a ±1 % sense trip volt-
age specification and other key parameters have tightened limits.
The series is available in a low-cost plastic TO-92 package, dual-in-
line plastic or ceramic packages, and feature:
• Unique Three-Terminal Design
• SCR Gate Drive Output of 200 mA
• Sense Voltage of 2.5 V ±1 % or ±2%
• Hysteresis of 250 mV
• Wide Supply Range: 4.0 V';; VCC';; 41 V

MAXIMUM RATINGS

Rating Symbol Value Unit

Operating Voltage VCC - VDRV 40 Vdc

Sense Voltage VSense 40 Vdc

Drive Output Current IDRV Internally mA
Limited

Operating Ambient Temperature Range TA °c
MC34061, MC34061A o to +70
MC35061, MC35061A -55 to +125

Operating Junction Temperature TJ 150 °c
Storage Temperature Range Tstg -65 to +150 °c

,-------------,
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I
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I
I
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Drive
Output

2 (DRV)

MC34061,MC34061A
MC35061, MC35061A

THREE-TERMINAL
PROGRAMMABLE

OVERVOlTAGE
SENSING CIRCUIT

P SUFFIX
PLASTIC PACKAGE

CASE 29
TO-92

(MC34061, A only)

Pin 1. VCC
2. Drive Output
3. Sense

•1

Pl SUFFIX
PLASTIC DUAL-IN-L1NE

PACKAGE
CASE 626

(MC34061, A only)

DaN.c.

2 7 N.C.

3 S N.C.

4 5 N.C.

(Top View)

U SUFFIX
CERAMIC PACKAGE

CASE 693

Temper.tur.
Oeviee Renge Peckege

MC35061 U, AU -55 to +125°C Ceramic DIP

MC340S1 P, AP o to +70oC Plastic TO·92
MC340S1Pl, API Plastic DIP

MC340S1 U, AU Ceramic DIP



MC350S1A/340S1A MC350S1/340S1
Characteristic Symbol

Min Typ Max Min Typ Max
Unit

Operating Voltage Range VCC-VDRV 3.0 - 40 3.0 - 40 Vdc

Sense Trip Voltage VSense Vdc
TA; 25°C 2.475 2.5 2.525 2.45 2.5 2.55

Tlow to Thigh INote 1) 2.45 2.5 2.55 2.4 2.5 2.6

Line Regulation, VSense Regline %/V
13.0"; VCC -VDRV"; 40 V)
TA; 25°C - 0.001 0.005 - 0.001 0.01

Tlow to Thigh INote 1) - 0.001 0.01 - 0.001 0.02

Input Bias Current. Sense Pin liB I'A
At Trip Point (Note 21 - 0.3 1.0 - 0.3 • 2.0

After Trip (VSense ; 3.0 VI - 0.9 3.0 - 0.9 6.0

Hysteresis Voltage. Sense Pin VH - 250 - - 250 - mV

Drive Output Current, ON State IDRV(on) mA
TJ; 25°C 170 200 300 120 200 300

Tlow to Thigh (Note 1I 100 200 350 80 200 350

Drive Output Current, OFF State IDRV(off) mA
VCC"VDRV; 5.0 V 0.2 0.6 1.0 0.2 06 1.0

3.0 V"; VCC -VDRV"; 40 V 0.2 O.S 1.5 0.2 0.6 1.5

Drive Output Current Slew Rate di/dt - 2.0 - - 20 - AIl'S
TA; 25°C

Drive Output VCC Transient Rejection ~IDRV(tra ns) - 1.0 - - 1.0 - mA
VCC-VDRV; 0 V to 15 Vat dV/dt; (Peak)
200 V II's; VSense ; 0 V; TA ; 25°C

Propagation Delay Time ITA; 25°C) tpLH - 500 - - 500 - ns
500 mV Overdrive

NOTES:
(1) Tlow; -55°C for MC35061 , MC35061 A

; OOCfor MC34061, MC34061 A

Drive 2
Output

A

IDRV

• A 1 .0 J-lF tantalum or 10 J.lF electrolytic capacitor may be necessary to compensate for lead inductance when measuring
Hysteresis Voltage. When this capacitor is used, it should be placed as close as possible to the device package.



FIGURE 2 - DRIVE CURRENT versus SENSE VOLTAGE
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Drive
Output

Rl + R2 Gnd
Vtrip; --- (2.5 VI

Rl

Each device within the MC34061 series consists of a 2.5
V shunt reference, a comparator with 250 mV hysteresis
and a power output transistor. In the typical application of
Figure 8, the voltage at the inverting input of the comparator

. VCC R2 . . .. .
IS--- , while the voltage at the non-inverting Input IS

Rl + R2

VCC -2.5 V. Thus, for a given (Rl, R2) voltage divider, the
comparator's output state is a function of VCC. The follow-
ing table applies:

Drive
VCC Output

Rl + R2<--- (2.5 V) OFF State
Rl

Rl + R2
>--- (2.5 V) ON State

Rl

8y making the proper choice of Rl and R2, a level detector
for any voltage within the device's operating voltage range
may be realized. A few precautions are necessary, how-
ever.

Note that even in the OFF State, a minimum drive output
current, equal to the sum of the reference and comparator
supply currents, is available. Therefore, a means of shunt-
ing this current away from the driven circuit is necessary.
In the example of Figure 8, a 100 n resistor (RGK) is used,
producing a voltage at the Drive Output of approximately 60
mV in the OFF State.

In the ON State the MC34061 becomes a current source
capable of saturating to within 2.0 V of VCC. Therefore,
when driving a high impedance load, it may be desirable
to clamp the drive output to at least 3.0 V below VCC
(VCC-VDRV ;;;. 3.0 V) if it is important that the voltage
reference continue to regulate.



1 VCC
COLY Rl

+ Drive

Sense Output .,r
Power

MC34061
Supply

3 2 RG
-

R2 RGK

PROGRAMMING A MINIMUM OVERVOLTAGE
DURATION BEFORE TRIPPING

A time delay may be programmed into the operation of the
MC34061/35061 series to provide noise immunity. This
time delay is implemented by adding a capacitor (COLY)

between the VCC and Sense leads as shown in Figure 9.
The time delay obtained by this technique is a function of
R1, R2, and COLY as well as the nominal supply voltage,
VCClnom), and the overvoltaged supply voltage, VCC. The
nominal supply voltage determines the initial charge on
COLy, while the magnitude of the overvoltage condition
determines the rate at which COLY charges to the
reference voltage, Vref = 2.5 V. Thus, for a given R1, R2 and
COLY, the time delay is reduced as the overvoltage is
increased. The expression for the time delay, tOLy, is:

R1R2COLY [VCC - VCClnoml]tOLY=-----ln
R1 + R2 VCC - Vtrip

where:

R1 + R2
Vtrip =-R-l-(2.5 V)

Figure 6 shows the COLyvalues versus delay time (tOLY)
for a typical 5.0 V power supply protection circuit. The fi-
gure also shows the change in tOLY with variations in the
overvoltaged supply, VCC. In this example R1 = 1.8 k, R2 =
2.7 k, VCC(noml = 5.0 V, and Vtrip = 6.25 V.

For power supplies above 11 V, a gate resistor, RG, in
series with the SCR gate is recommended to limit the power
dissipated by the IC to approximately 2.0 W. This resistor
will protectthe MC34061 135061 in the event of a defective
or missing SCR, while allowing the maximum drive output
current to the gate of the SCR. Figure 7 shows the mini-
mum recommended gate resistor, RG(min), versus the
power supply voltage, VCC. A larger value of RG may be
used if less drive current is needed.



Referring to Figure 10, it can be seen that the crowbar
SCR, when activated, is subject to a large current surge
from the output capacita nce, Cout. This capac ita nce
consists of the power supply output capacitors, the load's
decoupling capacitors, and in the case of Figure 1OA, the
supply's input filter capacitors. This surge current is illus-
trated in Figure 11, and can cause SCR failure or degra-
dation by anyone of three mechanisms: di/dt, absolute
peak surge, or 12t. The interrelationship of these failure
methods and the breadth of the applications make speci-
fication of the SCR by the semiconductor manufacturer
difficult and expensive. Therefore, the designer must
empirically determine the SCR a nd circuit elements
which result in reliable and effective OVP operation.
However, an understanding of the factors which influence
the SCR's di/dt and surge capabilities simplifies this task.

1. di/dt
As the gate region of the SCR is driven on, its area

of conduction takes a finite amount of time to grow.
starting as a very small region and gradually spreading.
Since the anode current flows through this turned-on

gate region, very high current densities can occur in
the gate region if high anode currents appear quickly
(di/dt). This can result in immediate destruction of
the SCR or gradual degradation of its forward blocking
voltage capabilities - depending on the severity of the
occasion.

The value of di/dt that an SCR can safely handle is
influenced by its construction and the characteristics
of the gate drive signal. A center-gate-fire SCR has
more di/dt capability than a corner-gate-fire type, and
heavily overdriving (3 to 5 times IGT) the SCR gate
with a fast <1.0!"s rise time signal will maximize its
di/dt capability. A typical maximum number in phase
control SCRs of less than 50 A(RMS) rating might be
200 AIl's, assuming a gate current of five times IGT
and < 1.O!"s rise time. If having done this, a di/dt prob-
lem is seen to still exist, the designer can also decrease
the di/dt of the current waveform by adding induc-
tance in series with the SCR, as shown in Figure 12.
Of course, this reduces the circuit's ability to rapidly
reduce the dc bus voltage and a tradeoff must be made
between speedy voltage reduction and di/dt.



2. Surge Current

If the peak current and/or the duration of the surge
is excessive, immediate destruction due to device
overheating will result. The surge capability of the SCR
is directly proportional to its die area. If the surge
current cannot be reduced (by adding series resistance
- see Figure 12) to a safe level which is consistent
with the system's requirements for speedy bus voltage
reduction, the designer must use a higher current SCR.
This may result in the average current capability of the
SCR exceeding the steady state current requirements
imposed by the dc power supply.

Output
Cap

Before leaving the subject of the crowbar SCR, a few
words about fuse protection are in order. Referring back to
Figure lOA, it will be seen that a fuse is necessary if the
power supply to be protected is not output current limited.
This fuse is not meant to prevent SCR failure but rather
to prevent a fire!

In order to protect the SCR, the fuse would have to
possess an 12t rating less than that of the SCR and yet
have a high enough continuous current rating to survive
normal supply output currents. In addition, it must be
capable of successfully clearing the high short circuit
currents from the supply. Such a fuse as this is quite
expensive, and may not even be available.

The usual design compromise then is to use a garden
variety fuse (3AG or 3AB style) which cannot be relied on
to blow before the thyristor does, and trust that if the
SCR does fail, it will fail short circuit. In the majority of
the designs, this will be the case, though this is difficult to
guarantee. Of course, a sufficiently high surge will cause
an open. These comments also apply to the fuse in Figure
lOB

As an aid in selecting an SCR for crowbar use, the
following selection guide is presented.

DEVICE IRMS IFSM PACKAGE

MCR67 Series 12 A l00A Metal Stud
MCR68 Series 12A l00A TO-220 Plastic
2N1842 Series 16 A 125 A Metal Stud
2N6400 Series 16A 160A TO-220 Plastic
2N6504 Series 25 A 160A TO-220 Plastic
2N681 Series 25 A 200 A Metal Stud
2N2573 Series 25 A 260A TO-3 Metal Can
MCR69 Series 25 A 300 A TO-220 Plastic
MCR70 Series 35 A 350A Metal Stud
MCR71 Series 55 A 550A Metal Stud

Foracompleteanddetailedtreatment of SCRandfuse selection
refer to Motorola Application NoteAN-789.

The maximum power consumption an integrated circuit
can tolerate at a given operating ambient temperature, can
be found from the equation:

TJ(max)-TA
PO(TA) = R (T) ;;;, (VCC - VORV) IORV

OJA yp

Where: PO(TA) = Power Oissipation allowable at a given
operating ambient temperature.

TJ(max) = Maximum Operating Junction Temperature
as listed in the Maximum Ratings Section

TA = Maximum Oesired Operating Ambient Temperature
ROJA(Typ) = Typical Thermal Resistance Junction to

Ambient



PIN-PROGRAMMABLE OVERVOlTAGE "CROWBAR"
SENSING CIRCUIT

The MC34062/35062 overvoltage protection (OVP)circuits require
only an external "crowbar" SCRto protect sensitive electronic cir-
cuitry from overvoltage damage. They sense an overvoltage condi-
tion and quickly "crowbar", or short circuit, the supply. An on-chip,
tapped resistor network allows the device to be programmed for
trip voltages ranging from 3.5 to 40 V. Each of the five programming
pins provides one standard overvoltage trip point for nominal power
supply voltages of 5.0,12,15,24 or 28 V. Many other trip voltages
may be programmed by interconnecting and grounding various com-
binations of these programming pins. Tables are provided in the
Applications Information which show connection schemes for 120
trip voltages.

These circuits provide a cost-effective means of protecting either
positive or negative power supplies. In addition, an external capa-
citor may be used to program a minimum overvoltage duration before
tripping, thus providing noise immunity. The unique design of the
MC34062/35062 eliminates voltage and temperature drift errors
due to SCR gate variations.

• Unique Pin-Programmable Trip Voltage from 3.5 to 40 V
• One-Pin Programming for 5.0,12,15,24 and 28 V Power Supplies
• SCR Gate Drive Output of 200 mA
• Built-In Hysteresis Voltage
• Wide Supply Range: 4.0 V';; VCC';; 41 V
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Drive
Output

2 (DRV)

Nominal
Power
Supply
Voltage

Typical
Trip

Voltage

6.2 V
13.7 V
17.1 V
27.4 V
31.9 V

Ground
Pin

Number

5.0 V
12 V
15 V
24 V
28 V

PIN-PROGRAMMABLE
OVERVOlTAGE

SENSING CIRCUIT

P1 SUFFIX
PLASTIC PACKAGE

CASE 626

(MC34062 only)

•1

ONote,
VCC 1 8 Pins 4 thru

Drive Output 2 7 8 are used

Sense 3 6 :~:~~~;am
4 5 Voltage.

Vtrip

U SUFFIX
CERAMIC PACKAGE

CASE 693

Temperature
Device Range Pack8ge

MC35062U -55 to +125°C Ceramic DIP

MC34062P1 o to +700C Plastic DIP

MC34062U Ceramic DIP



Rating Symbol Value Unit

Operating Voltage VCC - VORV 40 Vdc

Voltage Across Any Internal Resistor In Network VRN 40 Vdc

Current Through Any Resistor In Network IRN 10 mA

Sense Voltage VSense 40 Vdc

Drive Output Current IORV Internally mA
Limited

Operating Ambient Temperature TA °C
MC34062 o to +70

MC35062 -55 to +125

Operating Junction Temperature TJ 150 °C

Storage Temperature Range Tstg -65 to +150oC °C

MC350621MC34062
Characteristic Symbol

Min Typ Max
Unit

Operating Voltage Range VCC - VORV 3.0 - 40 Vdc

Sense Trip Voltage VSense Vdc

TA = 25°C 2.425 2.5 2575

Tlow to Thigh 2375 2.5 2.625

Line Regulation. VSense (3.0 V';; VCC - VORV';; 40 V) Re9line %/V

TA = 25°C - 0.001 0.01

Tlow to Thigh - 0.001 0.02

Trip Voltage (Pin 4 = Gnd; VORV = 0 V) Vtrip(4) V
TA = 25°C 6.01 6.2 639

Tlow to Thigh 5.89 6.2 6.51

Hysteresis Voltage (pin 4 = Gnd; VORV = 0 V) VH(41 - 0.62 - V

Trip Voltage (Pin 5 = Gnd; VORV = 0) Vtrip(51 V
TA = 25°C 13.3 13.7 14.1

Tlow to Thigh 13.0 13.7 14.4

Hysteresis Voltage (pin 5 = Gnd; VORV = 0 V) VH(5) - 1.37 - V

Trip Voltage (Pin 6 = Gnd; VORV = 0 V) Vtrip(6) V
TA = 25°C 16.6 17.1 17.6

Tlow to Thigh 16.2 17.1 18.0

Hysteresis Voltage (Pin 6 = Gnd; VORV = 0 VI VH(6) - 1.71 - V

Trip Voltage (Pin 7 = Gnd; VORV = 0 V) Vtrip(7) V
TA = 25°C 26.6 27.4 28.2

Tlow to Thigh 26.0 27.4 28.8

Hysteresis Voltage (Pin 7 = Gnd; VORV = 0 VI VH(7) - 2.74 - V

Trip Voltage (Pin 8 = Gnd; VORV = 0 V) Vtrip(8) V
TA = 25°C 30.9 31.9 32.9

Tlow to Thigh 30.3 31.9 33.5

Hysteresis Voltage (Pin 8 = Gnd; VORV = 0 VI VH(8) - 3.19 - V

Resistor Network Current at Nominal Power Supply Voltage IRN 0.5 1.1 20 mA
VCC = 28 V; VORV = 0 V; Pin 8 = Gnd

Orive Output Current. ON State IORV(on) mA
TJ = 25°C 170 200 300

Tlow to Thigh 100 200 350

Drive Output Current, OFF State IORV(offl mA
VCC = 5.0 V; VORV = 0 V 0.2 0.6 1.0

3.0 V';; VCC - VORV';; 40 V 0.2 0.6 1.5

Orive Output Current Slew Rate (TA = 25°C) dildt - 2.0 - A/!'s

Drive Output VCC Transient Rejection .lIORV(trans) - 1.0 - mA
VCC = OVto 15 V at dV/dt = 200 V/!'s; (Peak)
VORV = 0 V; VSense = 0 V; TA = 25°C

Propagation Oelay Time (TA = 25°C; 500 mV Overdrivel tpLH - 500 - ns
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FIGURE 2 - DRIVE CURRENT versus NORMALIZED
RESISTOR DIVIDER VOLTAGE

(Normalized to Vtrip at TA = 25°C)
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BASIC CIRCUIT CONFIGURATION
The MC34062 and MC35062 each consist of a 2.5 V

shunt reference, a comparator with built-in hysteresis,
a power output transistor, and an on-chip, tapped resistor
network. In the typical application of Fig ure 11 the volt-

h· .. f h . VCC R2age at t e Invert,ng ,nput 0 t e comparator ,s ---,
R1 + R2

while the voltage at the non-inverting input is VCC - 2.5 V.
Thus, for a given (R1, R21 voltage divider, the compara-
tor's output state is a function of VCC. The following table
applies:

VCC
Drive

Output

< R1 +R2(25V)
OFF StateR1 .

> R1 + R2-R-1- (2.5 VI ON State

By making the proper ctJoice of R1 and R2, a level
detector for any voltage from 3.5 to 40 V may be
realized.

The on-chip resistor network is configured as shown
in the Functional Block Diagram on the front page of
this data sheet. Each of the five programming pins (4
through 8) provides one standard overvoltage trip point
for nominal power supply voltages of 5.0, 12, 15, 24 or
28 V. These standard trip points are implemented by
grounding one of the five programming pins, and are
summarized in the following table:

Nominal
Power Ground Typical
Supply Pin Trip
Voltage Number Voltage

5.0V 4 6.2 V
12 V 5 13.7 V
15 V 6 17.1 V
24V 7 27.4 V
28 V 8 31.9 V

+
Power
Supply

L_
R, + R2

Vtrip = --- (2.5 V)R,

I
I________________ J

4 thru 8
Programming Pins

Many other trip voltages may be programmed by
interconnecting and grounding various combinations
of the programming pins. Table 1 provides connection
schemes for 120 nominal Trip Voltages (Vtrip).
Additional Trip Voltages may also be implemented with
other pin connections. All of these Trip Voltages will be
within ±3.0% of the nominal value atTA = 25°C and with-
in ±5.0% over the operating temperature range.

The hysteresis built into the comparator is 250 mV at
the inverting input. This comparator hysteresis voltage is

R1 +R2
multiplied by the ratio ---, just as the 2.5 V Sense Trip

R1
Voltage (VSense) is multiplied by the same ratio to define
the Trip Voltage (Vtrip). Thus, the Hysteresis Voltage (VH) is
approximately 10% of the Trip Voltage foranyTrip Voltage.

Some precautions are necessary in the operation of the
protection circuit shown in Figure 11. Note that even in
the OFF State, a minimum drive output current, equal to
the sum of the reference and comparator supply currents,
is available. Therefore, a means of shunting this current
away from the driven circuit is necessary. In the example
of Figure 11; a 100 f1 resistor (RGKI is used, producing a
voltage at the Drive Output of approximately 60 mV in the
OFF State.

In the ON State the MC34062 becomes a current source
capable of saturating to within 2.0 V of VCC. Therefore,
when driving a high impedance load, it may be desirable
to clamp the drive output to at least 3.0 V below VCC
(VCC - VDRV;;;' 3.0 V) if it is important that the reference
continue to regulate.



PROGRAMMING A MINIMUM OVERVOLTAGE
DURATION BEFORE TRIPPING

A time delay may be programmed into the operation of
the MC34062/35062 to provide noise immunity. This
time delay is implemented by adding a capacitor (COLY)
between the VCC and Sense leads as shown in Figure 12.
The time delay obtained by this technique is a function of
the internal resistors (R1, R2) and COLY, as well as the
nominal supply voltage, VCC(nom), and the overvoltaged
supply voltage VCC. The nominal supply voltage deter-
mines the initial charge on COLY, while the magnitude of
the overvoltage condition determines the rate at which
COLycharges to the reference voltage, Vref= 2.5 V. Thus,
for a given R1, R2 and COLY, the time delay is reduced as
the overvoltage is increased. The expression for the time
delay, tOLY is:

R1 R2 COLY In lVCC - vcC(nom~
tOLY=

. R1 + R2 VCC - Vtrip

Rl + R2
where: Vtrip = ---(2.5 V)

R1

Figures 6 through 10 show the COLY values versus
delay time (tOL Y) for nominal 5.0, 12, 15, 24 and 28 V
power supply protection circuits, each using a one-pin
MC34062/35062 programming scheme. These figures
also show the change in tOLY with variations in the over-
voltaged supply, VCC.

THE NEED FOR A GATE RESISTOR
For power supplies above 11 V, a gate resistor, RG, in

series with the SCR gate is recommended to limit the
power dissipated by the IC to approximately 2.0 W. This
resistor will protect the MC34062/35062 in the event
of a defective or missing SCR, while allowing the maxi-
mum drive output current to the gate of the SCR. Figure 5
shows the minimum recommended gate resistor, RG(min),
versus the power supply voltage, VCC. A larger value of RG
may be used if less drive current is needed.

+
Power
Supply 4 thru 8

Programming
Pins



Vtrip Pin 3 Pin 4 Pin 5 Pin 6 Pin 7 Pin 8

3.483 , Gnd , Gnd , Gnd

3.632 , Gnd Gnd , Gnd ,
3.758 , Gnd , Gnd ,
3.807 , Gnd , Gnd ,
3.883 , Gnd , , Gnd ,
3.923 , Gnd , Gnd ,
4.012 , Gnd Gnd , Gnd

4.098 , Gnd , , Gnd

4.130 , , Gnd , Gnd

4.196 , Gnd Gnd , Gnd

4.272 , Gnd Gnd ,
4.353 , Gnd , Gnd

4.407 , , Gnd , Gnd

4.520 , , Gnd , Gnd

4.598 , Gnd , Gnd

4.673 , r -. Gnd , Gnd

4.709 , , Gnd Gnd , Gnd

4.846 , Gnd ~ Gnd ~ ,
4.947 , Gnd Gnd , Gnd

4997 , ~ Gnd ~ Gnd ,

Vtrip Pin 3 Pin 4 Pin 5 Pin 6 Pin 7 Pin 8

5.101 , Gnd , Gnd

5.222 , Gnd Gnd ,
5.328 , Gnd ~ ~ ,
5.414 , Gnd Gnd ,
5.564 , Gnd r -. ,
5.674 , Gnd r -. ,
5.735 , Gnd ,
5.887 , , Gnd ,
5.901 , , Gnd

5.991 , , Gnd ~ , •
6.092 , , r -. Gnd ,
6200 Gnd

6.311 , Gnd ,
6.610 , , • , Gnd .. •
6703 , r -. Gnd ,
6.840 , , Gnd Gnd ,
7.000 , , Gnd

7.133 , Gnd • ~ ,
7.298 , r -. Gnd ,
7.347 , , Gnd ,



Vtrip Pin 3 Pin 4 Pin 5 Pin 6 Pin 7 Pin 8

7.478 , , Gnd Gnd ,
7.801 , • Gnd • ,
8.107 , Gnd , Gnd

8.221 , Gnd , Gnd

8.410 , Gnd Gnd , Gnd

8.540 , Gnd ,
8633 , Gnd , Gnd

8.757 , , Gnd ,
8.871 , • Gnd Gnd • ,
8.907 , , • , • Gnd

9.013 , Gnd Gnd ,
9.178 , • , • Gnd

9.331 , VCC , Gnd

9.378 , • Gnd • ,
9.386 , Gnd Gnd ,
9.434 , Gnd ,
9.601 L -! Gnd

9.827 , • Gnd • ,
9.913 , Gnd ,
10.000 LW Gnd

Vtrip Pin 3 Pin 4 Pin 5 Pin 6 Pin 7 Pin 8

10.401 , , , , Gnd

10540 , Gnd Gnd ,
10.701 , , Gnd

11.047 • Gnd •
11.178 • Gnd Gnd •
11.497 , Gnd ,
11.630 LLJ , Gnd • Gnd

11.894 , Gnd , VCC

11.937 L-! • Gnd Gnd •
12.085 , Gnd , VCC

12.478 , Gnd ,
12.557 L -! , Gnd ,
12.733 L-! , Gnd ,
12.801 , , Gnd

13.387 L.J , Gnd ,
13.401 LLJ Gnd

13.700 Gnd

14.234 , • , -. Gnd

14.500 LLJ , , Gnd

15.331 • Gnd • Gnd



Vtrip Pin 3 Pin 4 Pin 5 Pin 6 Pin 7 Pin 8

15.637 , Gnd Gnd ,
16.201 , , Gnd

16.257 , Gnd ,
16.466 , Gnd ,
16.501 , , Gnd

16.532 • , , Gnd ,
16.832 , , Gnd ,
17.088 , Gnd ,
17.100 Gnd

17.301 , , Gnd

17.901 L-' L -1 Gnd

18.201 , , Gnd

18.734 , • , • Gnd

19.902 LW Gnd

20.233 , Gnd ,
20.301 , , L -1 Gnd

20.701 , , Gnd

21.001 , , Gnd

21.601 , , Gnd

22120 , VCC , Gnd

Vtrip Pin 3 Pin 4 Pin 5 Pin 6 Pin 7 Pin 8

22.670 , VCC , Gnd

23.701 LW Gnd

23805 , , VCC , Gnd

24.001 L-1 Gnd

24.282 , VCC , Gnd

24.402 L -1 Gnd

24.801 LW L ---' Gnd

25.210 , Gnd VCC ,
27.330 , VCC VCC , Gnd

27.400 Gnd

28.201 Ll-1 Gnd

28.501 LU Gnd

30.021 , VCC , Gnd

30.691 , VCC , Gnd

31.482 , VCC , Gnd

31.900 Gnd.
32233 , VCC , , Gnd

33.112 , , VCC , Gnd

38178 , VCC VCC , Gnd

39.061 , VCC , Gnd



Referring to Figure 13, it can be seen that the crowbar
SCR, when activated, is subject to a large current surge
from the output capacitance, Couto This capac ita nce
consists of the power supply output capacitors, the load's
decoupling capacitors, and in the case of Figure 13A, the
supply's inputfilter capacitors. This surge current is illus-
trated in Figure 14, and can cause SCR failure or degra-
dation by anyone of three mechanisms: di/dt, absolute
peak surge, or 12t. The interrelationship of these failure
methods and the breadth of the applications make speci-
fication of the SCR by the semiconductor manufacturer
difficult and expensive. Therefore, the designer must
empirically determine the SCR and circuit elements
which result in reliable and effective OVP operation.
However, an understanding of the factors which influence
the SCR's di/dt and surge capabilities simplifies this task.

1, di/dt

As the gate region of the SCR is driven on, its area
of conduction takes a finite amount of time to grow,
starting as a very small region and gradually spreading.

Since the anode current flows through this turned-on
gate region, very high current densities can occur in
the gate region if high anode currents appear quickly
(di/dt). This can result in immediate destruction of
the SCR or gradual degradation of its forward blocking
voltage capabilities - depending on the severity of the
occasion.

The value of di/dt that an SCR can safely handle is
influenced by its construction and the characteristics
of the gate drive signal. A center-gate-fire SCR has
more di/dt capability than a corner-gate-fire type, and
heavily overdriving (3 to 5 times IGT) the SCR gate
with a fast <1.0 I-'s rise time signal will maximize its
di/dt capability. A typical maximum number in phase
control SCRs of less than 50 A(RMS) rating might be
200 A/I-'s, assuming a gate current of five times IGT
and< 1.0 I-'Srise time. If having done this, a di/dt prob-
lem is seen to still exist, the designer can also decrease
the di/dt of the current waveform by adding induc-
tance in series with the SCR, as shown in Figure 15.
Of course, this reduces the circuit's ability to rapidly
reduce the dc bus voltage and a tradeoff must be made
between speedy voltage reduction and di/dt.



Surge Due to
Output Capacitor

2. Surge Current

If the peak current and/or the duration of the surge
is excessive, immediate destruction due to device
overheating will result. The surge capability of the SCR
is directly proportional to its die area. If the surge
current cannot be reduced (by adding series resistance
- see Figure 15) to a safe level which is consistent
with the system's requirements for speedy bus voltage
reduction, the designer must use a higher current SCR.
This may result in the average current capability of the
SCR exceeding the steady state current requirements
imposed by the dc power supply.

!ESR

iESl
Output

Cap

Before leaving the subject of the crowbar SCA, a few
words about fuse protection are in order. Referring back to
Figure 13A. it will be seen that a fuse is necessary if the
power supply to be protected is not output current limited.
This fuse is not meant to prevent SCR failure but rather
to prevent a fire!

In order to protect the SCR, the fuse would have to
possess an 12t rating less than that of the SCR and yet
have a high enough continuous current rating to survive
normal supply output currents. In addition, it must be
capable of successfully clearing the high short circuit
currents from the supply. Such a fuse as this is quite
expensive, and may not even be available.

The usual design compromise then is to use a garden
variety fuse (3AG or 3AB style) which cannot be relied on
to blow before the thyristor does, and trust that if the
SCR does fail, it will fail short circuit. In the majority of
the designs, this will be the case, though this is difficult to
guarantee. Of course, a sufficiently high surge will cause
an open. These comments also apply to the fuse in Figure
13B.

As an aid in selecting an SCR for crowbar use, the
following selection guide is presented.

DEVICE IRMS IFSM PACKAGE

MCR67 Series 12A 100A Metal Stud
MCR68 Series 12A 100A To-220 Plastic
2N1842 Series 16A 125 A Metal Stud
2N6400 Series 16A 160A To-220 Plastic
2N6504 Series 25 A 160A To-220 Plastic
2N681 Series 25 A 200 A Metal Stud
2N2573 Series 25 A 260A To-3 Metal Can
MCR69 Series 25 A 300 A To-220 Plastic
MCR70 Series 35 A 350A Metal Stud
MCR71 Series 55 A 550A Metal Stud

For a complete and detailed treatment of SeR and fuse selection
refer to Motorola Application NoteAN-789.



The maximum power consumption an integrated circuit
can tolerate at a given operating ambient temperature.
can be found from the equation:

TJ(max)-TA
PD(TA)= ----;;;0 (VCC - VDRV) IDRV + VCCIRN

RliJA(Typ)

Where: PD(TA) = Power Dissipation allowable at a given
operating ambient temperature.

TJ(max) = Maximum Operating Junction Temperature
as listed in the Maximum Ratings Section

TA = Maximum Desired Operating Ambient Temperature
RliJA(Typ) = Typical Thermal Resistance Junction to

Ambient
IDRV = Drive Output Current
IRN = Current through Resistor Network



® MOTOROLA

3-TERMINAL POSITIVE VOLTAGE REGULATORS
These voltage regulators are monolithic integrated circuits de-

signed as fixed-voltage regulators for a wide variety of applications
including local. on-card regulation. These regulators employ internal
current limiting, thermal shutdown, and safe-area compensation.
With adequate heatsinking they can deliver output currents in excess
of 1.0 ampere. Although designed primarily as a fixed voltage regu-
lator. these devices can be used with external components to obtain
adjustable voltages and currents.

• Output Current in Excess of 1.0 Ampere
• No External Components Required
• Internal Thermal Overload Protection
• Internal Short-Circuit Current Limiting
• Output Transistor Safe-Area Compensation
• Output Voltage Offered in 2% and 4% Tolerance

Pin 2 i, grOund

for C••• 221 A.
Case is ground
for Case 1,

Gnd

Device Output Voltege Temperatur. Renge PeckageToler.nee
MC78XXK 4% -55 to .150oC Metal Power
MC78XXAK 2%

MC78XX8K 4% -40 to + 125°C

MC78XXCK 4% o to +125°C
MC78XXACK 2%

MC78XXCT 4% Plastic Power
MC78XXACT 2%

MC78XXBT 4% -40 to .•125°C

MC7800
Series

THREE-TERMINAL
POSITIVE FIXED

VOLTAGE REGULATORS

K SUFFIX
METAL PACKAGE

CASE 1
(TO-3 TYPE)

Pm 1. Input

2. Ground

3. Output

T SUFFIX
PLASTIC PACKAGE

CASE 221A
TO·220 TYPE

InOutr_MC78~XX ~ Outout

C,n· !_ CO'.
0.33 1-JF ~ ± ~

A common ground IS required between the

Input and the output voltages. The input volt·
ag~ must remain typically 2.0 V above the out-
put voltage even during the low point on the
input ripple voltage.

XX :: these two digits of the type number indi-
cate voltage.

• :: Cin is required if regulator is located an
appreciable distance from power supply
filter .

•• :: Co is not needed for stability; however,
it does improve transient response.

xx IndIcates nomln81 \/olta9'!

TYPE NO NOLTAGE

MC7805 5.0 Volts MC7815 15 Volts

MC7806 6.0 Volts MC7818 18 Volts

MC7808 8.0 Volts MC7824 24 Volts

MC7812 12 Volts



Rating Symbol Value Unit
Input Voltage (5.0 V - 18 V) Vin 35 Vdc

(24 V) 40
Power Dissipation and Thermal Characteristics

Plastic Package
TA; +25°C Po Internally Limited Watts
Derate above TA; +25°C 1I6JA '5.4 mW/oC
Thermal Resistance. Junction to Air 6JA 65 °C/W
TC; +25°C Po Internally Limited Watts
Derate above TC; +95°C (See Figure') 1/6JC 200 mW/oC
Thermal Resistance. Junction to Case 6JC 50 °C/W
TC; +25°C Po Internally Limited Watts
Derate above TA; +25°C 1/6JA 225 mW/oC
Thermal Resistance. Junction to Air 6JA 45 °C/W
TC; +25°C Po Internally limited Watts
Derate above TC ; +65°C (See Figure.2) 1I6JC '82 mW/oC
Thermal Resistance. Junction to Case 6JC 5.5 °C/W

Storage Junction Temperature Range Tsta -65 to +'50 °C--
Operating Junction Temperature Range TJ °c

MC7800. A -55 to +' 50
MC7800C. AC o to +'50
MC7800. B -40 to +'50 -- '-----_.

Line Regulation - The change in output voltage for a change in
the input voltage. The measurement is made under conditions of
low dissipatIon or by using pulse techniques such that the aver-
age chip temperature is not significantly affected.

Quiescent Current - That part of the Input current that IS not
delivered to the load.

Output NOise Voltage - The rms ac voltage at the output. wIth
constant load and no input ripple, measured over a specifIed fre-
quency range

Long Term Stabdity - Output voltage stability under acceleraled
life test conditions with the maximum rated voltage listed In
the devices' electrical characteristics and maximum power
dissipation.

Load Regulation - The change in output voltage for a change In
load current at constant chip temperature.

Maximum Power Dissipation - The maximum total device dissi-
pation for whIch the regulator will operate within specifications.



in = . 0= J- low hinh

Characteristic Symbol MC7805 MC78058 MC7805C UnitMin Typ MIX Min Typ M•• Min Typ M••

Output Voltage (TJ = +25°C) Va 4.8 5.0 5.2 4.8 5.0 52 4.8 5.0 5.2 Vde

Output Voltage Va Vdc
15.0 mA';; 10';; 1.0 A. PO';; 15 WI
7.0 Vdc ~ Vin ~ 20 Vdc - - - - - - 475 50 5.25
8.0 ,,~c~ Vin ~ 20 Vdc 4.65 50 5.35 4.75 5.0 5.25 - - -

Line Regulation (TJ = +25°C, Note 2) Regin mV
7.0 Vdc ~ Vin ~ 25 Vdc - 2.0 50 - 7.0 100 - 7.0 100
8.0 Vdc ~ Vin ~ 12 Vdc - 1.0 25 - 2.0 50 - 2.0 50

Load Regulation (TJ -:: +25°C, Note 2) Regload mV
5.0 mA~ 10 ~ 1.5 A - 25 100 - 40 100 - 40 100
250 mA ,;; 10';; 750 mA - 8.0 25 - 15 50 - 15 50

Quiescent Current (TJ -:: +25°CI 18 - 32 60 - 43 80 - 43 8.0 mA

Quiescent Current Change .l18 mA
7.0 Vdc ~ Vin ~ 25 Vdc - - - - - - -- - 1.3
8.0 Vdc ~ vin ~ 25 Vdc - 0.3 0.8 - - 1.3 - - -
5.0 mA';; 10';; 1.0 A - 0.04 0.5 - - 0.5 - - 05

Ripple Rejection AA 68 75 - - 68 - - 68 - d8
8.0 Vdc ~ Vin ~ 18 Vdc, f -:: 120 Hz

Dropout Voltage (10 -:: 1.0 A. TJ -:: +25°C) Vin - Vo - 2.0 2.5 .- 2.0 - - 2.0 - Vde

Output Noise Voltage (TA -::+25°C) Vn - 10 40 - 10 - - 10 - .VI
10Hz ~ f ~ 100kHz Va

Output Resistance f -:: 1.0 kHz AO - 17 - - 17 - - 17 - mll

Short-Circuit Current Limit (TA -::+25°Cl Ise - 0.2 1.2 - 02 - - 02 - A
Vin -:: 35 Vdc

Peak Output Current (TJ -:: "'25°Cl Imax 1.3 25 3.3 - 2.2 - - 22 - A

Average Temperature Coefficient of TCVO - ±0.6 - - -1.1 - - -1.1 - mVI
Output Voltage °C

in -:: 0= J = low 0 hlah o e un ess 01 erWlse note

MC7805A
.._----

Characteristics Symbol
MC7805AC

Unit
Min Typ MIX Min Typ M••

.._--
OutpUI Voltage (TJ -::+25°Cl Va 49 5.0 51 4.9 50 51 Vde

Output Voltage Va Vde
(5.0 mA ~ to ~ 1.0 A Po ~ 15 W) 4.8 5.0 5.2 48 50 5.2
7.5 Vdc ~ V1n ~ 20 Vdc

--
Line Regulation (Nole 21 Regin mV

7.5 Vdc ~ VIO ~ 25 Vdc. 10 -::500 mA - 2.0 10 - 7.0 50
8.0 Vdc::;; Vin s;: 12 Vdc - 3.0 10 - 10 50
8.0 Vdc ~ VIn::;; 12 Vdc, TJ -::+25°C - 1.0 40 - 2.0 25
7.3 Vdc s;: Vin ~ 20 Vdc. TJ -:: .•.25°C - 2.0 10 - 70 50 --

Load Regulation (Note 2) Regload mV
5.0mA~lo~ 1.5A - 25 50 - - -
5.0 mA~ 10 ~ 1.0 A - - - - 25 100
5.0 mA ~ 10 ~ 1.5 A. TJ:: +25°C - - - - 25 100
250 mA ~ 10 ~ 750 mA - 8.0 25 - 8.0 50

Quiescent Current 18 - - 50 - - 60 mA
TJ::: +25°C - 3.2 40 - 4.3 60

QUiescent Current Change .l18 mA
8.0 Vdc ~ Vin ~ 25 Vdc. 10 -::500 mA - 03 05 - - 0.8
7.5 Vdc ~ Vin S;;;20 Vdc. TJ:: +25°C - 0.2 0.5 - - 0.8
5.0 mAS;;; 10S;: 1.0A - 004 0.2 - - 0.5

Ripple Rejection AA d8
8.0 Vdc s;: Vin S;;;18 Vdc. f -:: 120 Hz.

TJ -::+25°C 68 75 - - - -
8.0 Vdc s;: Vin s;: 18 Vdc. f::: 120 Hz.

10 = 500 mA 68 75 - - 68 -
Dropout Voltage (10:: 1.0 A. TJ - +25°C) Vin - Vo - 2.0 2.5 - 2.0 - Vde
Output Noise Voltage (TA - +25°CI Vn - 10 40 - 10 - .VIVO

10 HzS;: f~ 100 kHz

Output Resistance If - 1.0 kHz) AO - 17 - - 17 - mll
Short-Circuit Current Limit (TA := +25°C) Ise - 0.2 1.2 - 0.2 - A

Vin:: 35 Vdc

Peak Output Current ITJ - +25°Cl Imax 1.3 2.5 33 - 2.2 - A

Average Temperature Coefficient of Output Voltage TCVO - ±0.6 - - -1.1 - mV/oC

NOTES: 1 Tlow:: -55°C for MC78XX, A Thigh:: +150oC for MC78XX, A
= 0° for MC78XXC. AC = +125°C for MC78XXC. AC. 8
= _40°C for MC78XX8

2. Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken into account

separately. Pulse testing with low duty cycle is used.



in = 0= J- low hjnh

Ch.r.cteriatic Symbol MC7806 MC780n MC7806C Unit
Min Typ M •• Min Typ M •• Min Typ M ••

Output Voltage (TJ = +25°C) Vo 5.75 6.0 6.25 5.75 6.0 6.25 5.75 6.0 6.25 Vdc

Output Voltage Vo Vdc
15.0 mA<; 10 <; LOA. PO<; 15 WI
8.0 Vdc ~ Vin ~ 21 Vdc - - - - - - 5.7 60 6.3
9.0 Vdc ~ Vin ~ 21 Vdc 5.65 6.0 6.35 5.7 6.0 6.3 -- - -

line Regulation (TJ = +25°C. Note 2) Regin mV
8.0 Vdc ~ Vin ~ 25 Vdc - 3.0 60 - 9.0 120 - 9.0 120
9.0 Vdc ~ Vin ~ 13 Vdc - 2.0 30 - 3.0 60 - 30 60

Load Regulation (TJ = +25°C. Note 2) Regload mV
5.0mA<;IO<; 1.5A - 27 100 - 43 120 - 43 120
250 mA<; 10<; 750 mA - 90 30 - 16 60 - 16 60

Quiescent Current (TJ = +25°CI IB - 3.2 6.0 - 4.3 BO - 4.3 BO mA

Quiescent Current Change :'IB mA
8.0 Vdc ~ Vin ~ 25 Vdc - - - - - - - - 1.3
9.0 Vdc ~ Vin ~ 25 Vdc - 0.3 O.B - - 1.3 - - -
5.0 mA<; 10<; 1.0A - 0.04 0.5 - - 05 - - 05

Ripple Rejection RR 65 73 - - 65 - - 65 - dB
9.0 Vdc ~ V1n~ 19 Vdc, f = 120 Hz

Dropout Voltage (10 = 1.0 A. TJ = +25°C) VIO - Vo - 2.0 2.5 - 2.0 - - 20 - Vde

Output NOIseVoltage (TA = .•25°CI Vn - 10 40 - 10 - - 10 - .VI

10Hz~f~ 100kHz Vo
Output Resistance f = 1.0 kHz RO - 17 - - 17 - - 17 - mll

Shon-Clrcuit Current Limit (TA = +25°C) Ise - 02 1.2 - 02 - - 02 - A
Vin = 35 Vdc

Peak Output Current (TJ = +25°CI Imax 1.3 2.5 3.3 - 22 - -- 22 - A

Average Temperature CoeffiCient of TCVO - ±O 7 - - -0 B - - -OB - mVI
Output Voltage °C

In = 0= J = low 0 hloh a e un ess 0 erwlse note

MC7B06A
--

Characteristics Symbol MC7806AC UnitMin Typ M •• Min Typ M•• --
Output Voltage (TJ = +25°C) Vo 588 60 612 588 60 6.12 Vde

Output Voltage Va Vde
150 mA';; 10<; lOA. Po <; 15 WI 576 6.0 624 576 60 6.24
8.6 Vdc~ Vln~ 21 Vdc

Line Regulation (Note 2) Regln mV
86 Vdc ~ Vln ~ 25 Vdc, 10 = 500 mA - 30 11 - 90 60
90 Vdc ~ V1n~ 13 Vdc - 50 15 - 11 60
90 Vdc ~ Vrn ~ 13 Vdc. TJ = .25°C - 2.0 50 - 30 30
83Vdc~VIO~21 Vdc. TJ=+25°C - 40 11 - 90 60

Load Regulation (Note 2) Regload mV
50mA~10~15A - 27 50 - - -
5.0 mA~ 10~ 1.0 A - - - - 43 100
SOmA ~ 10~ 1 5 A. TJ = +25°C - - - - 43 100
250 mA <; 10';; 750 mA - 9.0 25 - 16 50

OUiescent Current IB - - 5.0 - - 60 mA
TJ = +25°C - 3.2 4.0 - 43 60

Quiescent Current Change :'IB mA
90 Vdc ~ Vln ~ 25 Vdc. 10 = 500 mA - 0.3 0.5 - - 0.8
8 6 Vdc~ Vln~ 21 Vdc, TJ = +25°C - 0.2 0.5 - - 08
5.0 mA~ 10~ 1.0 A - 0.04 0.2 - - 0.5

Ripple Rejection RR dB
9.0 Vdc ~ V.n ~ 19 Vdc. f = 120 Hz.

TJ = +25°C 65 73 - - - -
9.0 Vdc~ Vin ~ 19 Vdc, f = 120 Hz.

10 = 500 mA 65 73 - - 65 -
Dropout Voltage (10 = 1.0 A. TJ:= +25°q Vin - Vo - 2.0 25 - 2.0 - Vde

Output Noise Voltage (TA:= +25°q Vn - 10 40 - 10- - 1JV/VO
10 Hz~ f~ 100 kHz

Output Resistance (f :=1.0 kHz) RO - 17 - - 17 - mll

Short-Circuit Current limit (TA:: •.25°q Ise - 0.2 1.2 - 0.2 - A
Vin:= 35 Vdc

Peak Output Current (TJ:= •.25°q Imax 1.3 2.5 3.3 - 2.2 - A

Average Temperature Coefficient of Output Voltage TCVO - ±O.7 - - -0.8 - mV/oC

NOTES: 1. Tlow = -55°C for MC78XX. A Thigh = +1500C for MC78XX. A
= 0° for MC78XXC. AC = +125°C for MC78XXC. AC. B
= -4QOCJar MC78XXB

2. Load and line regulation are specified ateonslant junction temperature. Changes In Vo due to heating effects must be taken into account
separately. Putse testing with low duty cycle is used.



in - O- J- 'ow hinh

Ch.r.cteriltic Symbol MC7808 MC78088 MC7808C Unit
Min Typ .M •• Min Typ M•• Min Typ M••

Output Voltage (TJ = +25°C) Vo 7.7 8.0 8.3 7.7 8.0 8.3 7.7 8.0 8.3 Vdc

Output Voltage yO· Vdc
15.0 mA •• '0" 1.0 A. Po •• 15 WI
10.5 Vde" Vin" 23 Vdc - - - - - - 7.6 8.0 8.4
11.b Vdc~ Vin~ 23 Vdc 7.6 8.0 8.4 7.6 8.0 8.4 - - -

Line Regulation (TJ = +25°C. Note 2) Regin mV
10.5 Vdc ~ Vin ~ 25 Vdc - 3.0 80 - 12 160 - 12 160
11 Vdc ~ Vi" :!S; 17 Vdc - 2.0 40 - 5.0 80 - 5.0 80

Load Regulation (TJ = +25°C. Note 2) Regload mV
50 mA" '0" '.5 A - 28 100 - 45 160 - 45 160
250 mA •• '0" 750 mA - 9.0 40 - 16 80 - 16 80

Quiescent Current (TJ;: +25°C) 18 - 3.2 6.0 - 4.3 8.0 - 4.3 8.0 mA

QUiescent Current Change .l18 mA
10.5 Vdc~ Vin ~ 25 Vdc - - - - - - - - 1.0

11.5 Vdc ~ Vm ~ 25 Vdc - 0.3 0.8 - - 1.0 - - -
5.0 mA •• '0" 1.0 A - 0.04 0.5 - - 0.5 - - 0.5

Ripple Rejection RR 62 70 - - 62 - - 62 - d8
11.5 Vdc ~ Vin ~ 21.5 Vdc. f = 120 Hz

Dropout Voltage (IO = 1.0 A, TJ = +25°C) Vin - Vo - 2.0 2.5 - 2.0 - - 2.0 - Vde

Output Noise Voltage (TA ;: +25°C) Vn - 10 40 - 10 - - 10 - .VI

10 Hz~ f~ 100 kHz Vo
Output Resistance f = 10kHz RO - 18 - - 18 - - 18 - mll

Short-CirCUit Current Limit (TA = +25°C) Ise - 0.2 1.2 - 0.2 - - 0.2 - A
Vin = 35 Vdc

Peak Output Current (TJ = +25°C) Imax 13 2.5 3.3 - 22 - - 22 - A

Average Temperature CoefficIent of TCVO - ±1.0 - - -08 - - -08 - mV'
Output Voltage °C

,n - - r low hI h

Characteristics Symbol MC7808A MC7808AC UnitMin Typ M•• Min lyp M••

Output Voltage (TJ = +25°C) Vo 784 8.0 816 7.84 80 816 Vde

Output Voltage Vo Vde
15.0 mA" '0" 1.0 A. PO" 15 WI 7 7 80 83 7.7 80 83
10.6 Vdc ~ Vin ~ 23 Vdc

Lrne Regulatlol'llNote 2) Regln mV
10.6 Vdc ~ Vln ~ 25 Vdc. 10;: 500 mA - 4.0 13 - 12 80
11 Vdc ~ V1n~ 17 Vdc - 6.0 20 - 15 80
11 Vdc ~ Vin ~ 17 Vdc. TJ = +25°C - 2.0 6.0 - 5.0 40
'0.4 Vdc ~ Vin ~ 23 Vdc, TJ :=: +25°C - 4.0 13 - 12 80

Load Regulation (Note 2) Regload mV
5.0 mA ~ 10 ~ '.5 A - 28 50 - - -
5.0 mA ~ 10 ~ 1.0 A - - - - 45 100
5.0 mA ~ 10~ 1.5 A, TJ:=: +25°C - - - - 45 100
250 mA ~ 10 ~ 750 mA - 9.0 25 - 16 50

QUiescent Current IS - - 5.0 - - 60 mA
TJ = +25°C - 32 40 - 4.3 6.0

QUiescent Current Change .lIS mA
11 Vdc ~ Vm ~ 25 Vdc. 10 = 500 mA - 0.3 0.5 - -- O.S
10.6 Vdc ~ Vm ~ 23 Vdc, TJ = +25°C -- 02 0.5 - - O.S
5.0 mA" '0" '.0 A - 0.04 0.2 - - 0.5

Ripple Rejection RR d8
11 5 Vdc ~ Vin ~ 21.5 Vdc. f = 120 Hz,

TJ = +25°C 62 70 - - - -
11.5 Vdc ~ Vin ~ 21.5 Vdc, f = 120 Hz,

10 = 500 mA 62 70 - - 62 -
Dropout Voltage (10 = 1.0 A, TJ = +25°C) < Vin - Vo - 2.0 2.5 - 2.0 - Vde
Output Noise Voltage ITA = +25°C) Vn - 10 40 - 10 - .VIVO

10 Hz~ f~ 100 kHz

Output Resistance (f = 1.0 kHz) RO - IS - - 18 - mll
Short-Circuit Current Limit (TA - +25°C) Ise - 0.2 1.2 - 0.2 - A

Vin = 35 Vdc

Peak Output Current (TJ;: +25°C) lmax 1.3 2.5 3.3 - 2.2 - A

Average Temperature Coefficient of Output Voltage lCVO - ±1.0 - - -O.S - mV/oC

NOTES: 1. T,ow: -55°C for MC78XX. A
;: 0° for MC78XXC. AC
: -40°C lor MC78XXS

2. Load and line regulation are specified at constant junction temperature. Changes in Vodueto heating effects must be taken inlo account
separately. Pulse testing with low dUly cycle is used.



in = 0= J= low hi h

Characteristic Symbol MC7812 MC78128 MC7812C Unit
Min Typ M •• Min Typ M •• Min Typ Max

Output Voltage (TJ = +25°C) Vo 11.5 12 12.5 11.5 12 12.5 11.5 12 12.5 Vde

Output Voltage Vo Vde
15.0 mA <; 10 <; 1.0 A. Po <; 15 WI
14.5 Vdc ~ Vin ~ 27 Vdc - - - - - - 11.4 12 12.6
15.5 Vdc ~ Vin ~ 27 Vdc 11.4 12 12.6 11.4 12 12.6 - - -

Line Regulation {TJ = +25°C. Note 21 Regin mV
14.5 Vdc ~ Vin ~ 30 Vdc - 5.0 120 - 13 240 - 13 240
16 Vdc ~ Vin ~ 22 Vdc - 3.0 60 - 6.0 120 - 6.0 120

Load Regulation (TJ = +25°C. Note 2) Regload mV
5.0 mA <; 10 <; 1.5 A - 30 120 - 46 240 - 46 240
250 mA <; 10 <; 750 mA - 10 60 - 17 120 - 17 120

QUiescent Current ITJ = +25°CI IS - 3.4 6.0 - 4.4 8.0 - 4.4 8.0 mA

Quiescent Current Change ..lIS mA
14.5 Vdc ~ Vin ~ 30 Vdc - - - - - - - - 1.0
15 Vdc~ Vin ~ 30Vdc - 03 0.8 - - 10 - - -
5.0 mA ~ 10 ~ 1.0A - 0.04 0.5 - - 0.5 - - 0.5

Ripple Rejection RR 61 68 - - 60 - - 60 - dS
15 Vdc ~ Vin ~ 25 Vdc. f = 120 Hz

Dropout Voltage (l0 = 1.0 A TJ = +25°C) VIO - Vo - 2.0 25 - 2.0 - - 20 - Vde

Output NOIseVoltage (TA = +25°CI Vn - 10 40 - 10 - - 10 - "VI
10 Hz ~ f~ 100 kHz Vo

Output Resistance f = 1.0 kHz RO - IS - - IS - - 18 - mll

Short-Circuit Current limit (TA = +25°CI Ise - 0.2 1~2 - 0.2 - - 0.2 - A
Vln = 35 Vdc

Peak Output Current (TJ = +25°C) Imall. 13 25 33 - 2.2 - - 2.2 - A

A•.••erage Temperature Coefficient of TCVO - ±1.5 - - -1.0 - - -10 - mVI
Output Voltage °C

In = 0= J = low 0 hlch 0. un ess 0 erwise no e

Characteristics Symbol MC7812A MC7812AC UnitMin Typ Max Min Typ Max

Output Voltage (TJ = +25°C) Vo 11.75 12 1225 1175 12 1225 Vde

Output Voltage Vo Vde
15.0 mA <; 10 <; lOA. Po <; 15 WI 115 12 12.5 11.5 12 12.5
14 8 Vdc~ Vln~ 27 Vdc

LIne Regulatton (Note 2) Reg1n mV
148 Vdc ~ V1n~ 30 Vdc. 10 = 500 mA - 5.0 18 - 13 120
16 Vdc ~ VIO ~ 22 Vdc - 8.0 30 - 16 120
'6 Vdc ~ VIO ~ 22 Vdc. TJ = +25°C - 30 90 - 60 60
14.5 Vdc ~ VIO ~ 27 Vdc. TJ = +25°C - 5.0 18 - 13 120

Load Regulation (Note 2) Regload mV
50mA<;lo<; 1.5 A - 30 50 - - -
5 0 mA ~ '0 ~ lOA - - - - 46 100
5.0 mA ~ 10 ~ 1.5 A. TJ = +25°C - - - - 46 100
250 mA ~ 10 ~ 750 mA - 10 25 - 17 50

QUiescent Current IS - - 50 - - 6.0 mA
TJ = +25°C - 34 4.0 - 4.4 6.0

Quiescent Current Change ..lIS mA
15 Vdc ~ Vin ~ 30 Vdc. 10 = 500 mA .- 0.3 0.5 - - 0.8
14.8 Vdc ~ Vln ~ 27 Vdc. TJ = +25°C - 0.2 0.5 - - 0.8
5.0 mA<;lo <; 1.0A - 0.04 0.2 - - 0.5

Ripple Aejection RR dS
15 Vdc ~ Vin ~ 25 Vdc. f = 120 Hz.

TJ = +25°C 61 68 - - - -
15 Vdc ~ Vin ~ 25 Vdc. f = 120 Hz.

10 = 500 mA 61 68 - - 60 -
Dropout Voltage (10 = '.0 A. TJ = +25°C) VIO - Vo - 2.0 2.5 - 2.0 - Vdc

Output Noise Voltage (TA = +25°C) Vn - 10 40 - 10 - ~V/VO
10 Hz ~ f ~ 100 kHz

Output Resistance If - 1.0 kHz) RO - 18 - - 18 - mll

Short-Circuit Current limit (TA = +25°C) Ise - 0.2 1.2 - 0.2 - A
Vin = 35 Vdc

Peak Output Current ITJ = +25°C) Imax 1.3 2.5 3.3 - 2.2 - A

Average Temperature Coefficient of Output Voltage TCVO - ±1.5 - - -1.0 - mV/OC

NOTES, 1. Tlow = -55°C for MC78XX. A
= 0° for MC78XXC. AC
= -40°C for MC78XXS

2. Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must betaken into account
separately. Pulse testing with low duty cycle is used.



in = ·0= m J= low 0 hioh oe un ess 0 erwlse no e

Characteriltic Symbol MC7815 MC78158 MC7815C UnitMin Typ Max Min Typ Ma. Min Typ Max

Output Voltage (TJ = +25°C) Vo 14.4 15 15.6 14.4 15 15.6 14.4 15 15.6 Vde

Output Voltage Vo Vde
(5.0 mA"lo" 1.0 A. PO" 15 WI
175 Vde" Vin" 30 Vdc - - - - - - 14.25 15 15.75
18.5 Vdc ~ Vin ~ 30 Vdc 14.25 15 15.75 14.25 15 15.75 - - -

Line Regulation (TJ = +25°C, Note 2) Regin mV
17.5 Vde" Vin" 30 Vde - 6.0 150 - 13 300 - 13 300
20 Vdc ~ Vin ~ 26 Vdc - 3.0 75 - 60 150 - 60 150

Load Regulation (TJ = +25°C, Note 2) Regload mV
50mA •• IO •• 1.5A - 32 150 - 52 300 - 52 300
250 mA" 10" 750 mA - 10 75 - 20 150 - 20 150

Quiescent Current (TJ = +25°C) 18 - 3.4 6.0 - 4.4 8.0 - 4.4 80 mA

Quiescent Current Change .l18 mA
17.5 Vdc ~ Vin ~ 30 Vdc - - - - - - - - 10
18.5 Vdc ~ Vin ~ 30 Vdc - 0.3 0.8 - - 1.0 - - -
5.0 mA~ 10 ~ 1.0 A - 0.04 0.5 - - 05 - - 0.5

Ripple Rejection RR 60 66 - - 58 - - 58 - dB
18.5 Vde" Vin" 28.5 Vde. f = 120 Hz

Dropout Voltage (10 = 1.0 A, TJ = +25°C) Vin- Va - 2.0 2.5 - 20 - - 2.0 - Vde

Output Noise Voltage (TA = +25°C) Vn - 10 40 - 10 - - 10 - "VI
10 Hz~ f~ 100 kHz Vo

Output Resistance f = 1.0 kHz RO - 19 - - 19 - - 19 - mil

Short-Circuit Current Limit (TA = +25°C) Ise - 0.2 1.2 - 0.2 - - 02 - .A
Vin = 35 Vdc

Peak Output Current (TJ - +25°C) Imax 1.3 2.5 33 - 2.2 - - 2.2 - A

Average Temperature Coefficient of TCVO - ±1.8 - - -1.0 - - -10 - mVI
Output Voltage °C

on- O- J - low high U WI e no e

CharacteristicI Symbol MC7815A MC7815AC UnitMin Typ Me. Min Typ Me.

Output Voltage {TJ = +25°CI Vo 14.7 15 15.3 14.7 15 153 Vdc

Output Voltage Vo Vde
150 mA •• 10" 10 A. Po •• 15 WI 14.4 15 15.6 144 15 156
17.9 Vdc ~ Vin ~ 30 Vdc

Line Regulation (Note 2) Regin mV
17 9 Vdc~ Vin ~ 30 Vdc, 10 = 500 mA - 6.0 22 - 13 150
20 Vdc ~ Vin ~ 26 Vdc - 6.0 22 - 16 150
20 Vdc ~ Vin ~ 26 Vdc, TJ = +25°C - 3.0 10 - 60 75
17.5 Vdc ~ Vin ~ 30 Vdc, TJ = .25°C - 6.0 22 - 13 150

Load Regulation (Note 2) Regload mV
5.0 mA ~ '0 ~ 15 A - 32 50 - - -
5.0 mA~ 10 ~ 1.0 A - - - - 52 100
5.0 mA ~ 10~ 1.5 A TJ = .25°C - - - - 52 100
250 mA" 10" 750 mA - 10 25 - 20 50

Quiescent Current IB - - 5.5 - - 60 mA
TJ = .25°C - 3.4 45 - 4.4 60

Quiescent Current Change .lIB mA
17.5 Vdc ~ Vin ~ 30 Vdc, 10 = 500 mA - 0.3 05 - - 08
17.5 Vdc ~ Vin ~ 30 Vdc, TJ = .25°C - 02 05 - - 08
50 mA •• 10" 1.0 A - 0.04 0.2 - - 05

Ripple Rejection RR dB
18.5 Vdc ~ Vin ~ 28.5 Vdc, f = 120 Hz,

TJ = .25°C 60 66 - - - -
18.5 Vdc ~ Vin ~ 28.5 Vdc, f = 120 Hz,

10 = 500 mA 60 66 - - 58 -
Dropout Voltage (10 - 1.0 A, TJ = +25°C) Vin _·VO - 2.0 2.5 - 2.0 - Vde
Output Noise Voltage (TA = +25°C) Vn - 10 40 - 10 - "VIVO

10Hz~f~ 100kHz

Output Resistance (f - 1.0 kHz) RO - 19 - - 19 - mil
Short-Circuit Current Limit (TA = .25°C) Ise - 0.2 1.2 - 0.2 - A

Vin = 35 Vdc

Peak Output Current (TJ - +25°C) Imax 1.3 2.5 3.3 - 2.2 - A

Average Temperature Coefficient of Output Voltage TCVO - ±1.8 - - -1.0 - mV/oC

NOTES: 1. Tlow = -55°C for MC78XX. A
= 0° for MC78XXC. AC
= _40°C for MC78XX8

2. Load and line regulation are specified at constant junction temperature. Changes in Vo dueto heating effects must be taken into account
separately. Pulse testing with low duty cycle is used.



in ::: ·0= m J= low 0 hiah oe un ess 0 erwi no

Characte,iltic Symbol
MC7818 MC78188 MC7818C Unit

Min Typ Me. Min Typ Me. Min Typ M••

Output Voltage (TJ::: +25°C) Vo 17.3 18 18.7 17.3 18 18.7 173 18 18.7 Vde

Output Voltage Vo Vde
(5.0 mA., 10" 1.0 A. PO" 15 WI
21 Vdc ~ Vin ~ 33 Vdc - - - - - - 17.1 18 18.9
22 Vdc ~ Vln ~ 33 Vdc 17.1 18 18.9 17.1 18 18.9 - - -

Line Regulation ITJ::: +25°C. Note 2) Regin mV
21 Vdc ~ Vin ~ 33 Vdc - 7.0 180 - 25 360 - 25 360
24 Vdc ~ Vm ~ 30 Vdc - 4.0 90 - 10 180 - 10 180

Load Regulation (TJ::: +25°C. Note 2) Regload mV
5.0 mA.,lo., 1.5 A - 35 180 - 55 360 - 55 360
250 mA."o., 750 mA - 12 90 - 22 180 - 22 180

QUiescent Current (TJ;: +25°C) IB - 3.5 6.0 - 4.5 8.0 - 45 B.O mA

QUiescent Current Change ~IB mA
21 Vdc ~ VIO ~ 33 Vdc - - - - - - - - 1.0
22 Vdc ~ Vm:S;;33 Vdc - 0.3 OB - - 1.0 - - -
5.0 mA., 10" 1.0A - 0.04 0.5 - - 05 - - 05

RIpple RejectIon RR 59 65 - - 57 - - 57 - dB
22 Vdc:S;;VIn:S;;32 Vdc. f::: 120 Hz

Dropout Voltage (IO::: lOA. TJ:: +25°C) Vin - Vo - 2.0 2.5 - 20 - - 20 - Vde

Output NOiseVoltage (TA :::+25°C) Vn - 10 40 - 10 - - 10 - .VI
10Hz:S;;f:S;;100kHz Vo

Output ReSistance f::: 10kHz RO - 19 - - 19 - -. 19 - mil

Short-CIrCUit Current limit (TA::: +25°C) Ise - 0.2 1.2 - 02 - - 02 - A
VIn::: 35 Vdc

Peak Output Current ITJ:= +25°C) Imax 1.3 25 3.3 - 22 - - 22 - A

Average Temperature CoeffICIent of lCVO - :t23 - - -10 - - -10 - mVI
Output Voltage °C -

in - O- J - low h, h u ,
--

Characteristics Symbol
MC7818A MC7B1BAC UnitMin Typ M•• Min Typ M•• _._-

Output Voltage (TJ::: +25°C) Vo 1764 18 1836 1764 18 1B.36 Vde:.-'-- -----
Output Voltage Vo Vde

(SOmA ~ fO -:;;1 0 A. PO":;;;15 W) 17.3 18 I B 7 173 18 173
21 Vdc ~ VIn ~ 33 Vdc --

line Regulallon (Note 2) Reg,n mV
21 Vdc ~ VIn ~ 33 Vdc.IO = 500 mA - 70 31 - 25 180
24 Vdc ~ VIO~ 30 Vdc - 12 45 - 28 180
24 Vdc ~ Vln ~ 30 Vdc, TJ':: +25°C - 4.0 15 - 10 90
206 Vdc ~ VIn ~ 33 Vdc, TJ = +25°C - 70 31 - 25 180 ------

load Aegulallon (Note 2) Regload mV
SOmA ~ 10""; 1 5 A - 35 50 - - -
5 0 mA ~ 10 ~ 1 0 A - - - - 55 100
50mA~ 10~ 1 SA, TJ= +25°C - - - - 55 100
250 mA ~ 10 ~ 750 mA - 12 25 - 22 50

OUlescent Current IB - - 5.5 - - 6.0 mA
TJ = +25°C - 34 45 - 4.5 60

QUiescent Current Change ~IB mA
21 Vdc ~ VIn ~ 33 Vdc. 10 = 500 mA - 0.3 05 - - 0.8
21 Vdc ~ VIn ~ 33 Vdc. TJ = +25°C - 0.2 05 - - 08
5 0 mA ~ 10 ~ 1.0 A - 0.04 02 - - 0.5

Ripple RejectIon RR dB
22 Vdc:S;;VIn ~ 32 Vdc. f = 120 Hz.

TJ = +25°C 59 65 - - - -
22 Vdc ~ VIO~ 32 Vdc. f = 120 Hz.

10; 500 mA 59 65 - - 57 -
Dropout Voltage 110 = 1.0 A. TJ::: +25°CI Vin - Vo - 2.0 2.5 - 2.0 - Vde

Output Noise Voltage (TA':: +25°C) Vn - 10 40 - 10 - .V/VO
10 Hz~ f~ 100 kHz

Output Resistance (f :. 1.0 kHz) RO - 19 - - 19 - mil

Short-Circuit Current Limit ITA::: +25°C) Ise - 0.2 1.2 - 0.2 - A
Vln = 35 Vdc

Peak Output Current (TJ.:: +25°C) Imax 1.3 2.5 3.3 - 2.2 - A

Average Temperature Coefficient of Output Voltage lCVO - ±2.3 - - -10 - mY/DC

NOlES: 1. llow = -55°C for MC78XX. A
= 0° for MC78XXC. AC
:::_40°C for MC78XXB

2. Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects mustbe taken into account
separately. Pulse testing with low duty cycle is used.



in - O- J- low hiah

Ch.r.cteristic Symbol MC7824 MC78248 MC7824C Unit
Min Typ Max Min Typ Max Min Typ M••

Output Voltage (TJ = +25°C) Vo 23 24 25 23 24 25 23 24 25 Vdc

Output Voltage Vo Vdc
15.0 mA<; 10<; 1.0 A. Po <; 15 WI
27 Vdc ~ Vin ~ 38 Vdc - - - - - - 22.8 24 25.2
28 Vdc ~ Vin ~ 38 Vdc 22.8 24 25.2 22.8 24 25.2 - - -

Line Regulation (TJ = +25°C. Note 2) Regin mV
27 Vdc ~ Vin ~ 38 Vdc - 10 240 - 31 480 - 31 480
30 Vdc ~ Vin ~ 36 Vdc - 5.0 120 - 14 240 - 14 240

Load Regulation (TJ = +25°C. Note 2) Aegload mV
5.0mA<;lo<; 1.5A - 40 240 - 60 480 - 60 480
250 mA ~ 10 ~ 750 mA - 15 120 - 25 240 - 25 240

QUIescent Current (TJ = +25°C) 18 - 3.6 6.0 - 46 80 - 4.6 80 mA

Quiescent Currene Change .118 mA
27 Vdc ~ Vin ~ 38 Vdc - - - - - - - - 1.0

28 Vdc ~ Vin ~ 38 Vdc - 03 08 - - 10 - - -
5.0 mA~ 10~ 1.0 A - 0.04 0.5 - - 0.5 - - 05

Ripple RejectIon RR 56 62 - - 54 - - 54 - dB
28 Vdc ~ V1n~ 38 Vdc. f = 120 Hz

Dropout Voltage (10 = 1.0 A. TJ = +25°C) Vln - Vo - 2.0 2.5 - 20 - - 2.0 - Vdc

Output Noise Voltage (TA = +25°C) Vn - 10 40 - 10 - - 10 -- .VI
10 Hz~ f~ 100 kHz Vo

Output Resistance f = 1.0 kHz RO - 20 - - 20 - - 20 - m!!-
Short-CircuIt Current Limit (TA = +25°CI Isc - 0.2 1 2 - 0.2 - - 02 - A

Vm = 35 Vdc --
Peak Output Current (TJ = +25°C) Imax 1.3 2.5 33 - 22 - - 22 - A

Average Temperature Coefficient of lCVO - ±30 - - -15 - - -15 - mV
Output Voltage °C

on - . O- r low hloh 0
-----

Characteristics Symbol MC7824A MC7824AC UnitMin Typ Max Min Typ M •• ----
Output Voltage (TJ = +25°C) Vo 23.5 24 24.5 23.5 24 245 Vdc

Output Voltage Vo Vdc
(50 mA <; 10 <; 1.0 A. Po <; 15 WI 23 24 25 23 24 25
27.3 Vdc ~ Vin ~ 38 Vdc -----

Line Regulation (Note 2) Reg1n mV
27 Vdc ~ V1n~ 38 Vdc. 10 = 500 mA - 10 36 - 31 240
30 Vdc ~ Vm ~ 36 Vdc - 15 60 - 35 240
30 Vdc ~ Vin ~ 36 Vdc. TJ = .25°C - 5.0 19 - 14 120
26.7 Vdc ~ Vm ~ 38 Vdc. TJ = .25°C - 10 36 - 31 240

Load RegulatIon (Note 2) Regload mV
5.0mA<;lo<; 15A - 40 50 - - -
5 0 mA <; 10 <; lOA - - - - 60 100
5.0 mA ~ 10 ~ 1.5 A. TJ = +25°C - - - - 60 100
250 mA ~ 10 ~ 750 mA - 15 25 - 25 50

Quiescent Current IB - - 60 - - 60 mA
TJ = +25°C - 36 5.0 - 46 6.0

Quiescent Current Change .118 mA
27.3 Vdc ~ Vln ~ 38 Vdc, 10 = 500 mA - 03 0.5 - - 0.8
27.3 Vdc ~ Vin ~ 38 Vdc, TJ = +25°C - 02 05 - - 08
5.0 mA~ '0 ~ 1.0 A - 0.04 0.2 - - 0.5

Ripple Rejection RR dB
28 Vdc~ Vin~ 38 Vdc. f= 120 Hz,

TJ = +25°C 56 62 - - - -
28 Vdc ~ Vin ~ 38 Vdc. f = 120 Hz,

'0=500mA 56 62 - - 54 -
Dropout Voltage flO = 1.0 A, TJ = +25°C) Vin - Vo - 2.0 2.5 - 2.0 - Vdc

Output Noise Voltage (TA - +25°C) Vn - 10 40 - 10 - IJV/VO
10 Hz~ f~ 100 kHz

Output Resistance (f = 1.0 kHz) RO - 20 - - 20 - mn
Short-Circuit Current Limit (TA - +25°C) Isc - 0.2 1.2 - 0.2 - A

Vin = 35 Vdc

Peak Output Current (TJ = +25°CI 'ma. 1.3 2.5 3.3 - 2.2 - A
Average Temperature Coefficient of Output Voltage lCVO - +3.0 - - -1.5 - mV/oC

Tlow ~o~~:;~~~~~~~~CA Thigh ~ : ~~~:g:~~~g~:~~(tAC. B
= _40°C for MC78XX8

2. Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken into account
separately. Pulse testing with low duty cycle is used.



TYPICAL CHARACTERISTICS
(T A = +250C unless otherwise noted.)

8JC = 5°C/W
8JA = 65°C/W
TJlmax) = 150°C
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FIGURE 3 - INPUT OUTPUT DIFFERENTIAL AS A
FUNCTION OF JUNCTION TEMPERATURE
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TYPICAL CHARACTERISTICS (continued)
(TA = 25°C unless otherwise noted.l

FIGURE 7 - RIPPLE REJECTION AS A FUNCTION FIGURE 8 - RIPPLE REJECTION AS A FUNCTION
OF OUTPUT VOLTAGES OF FREQUENCY
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Design eonsi •• tions
The MC7800 Series of fixed voltage regulators .r. designed

with Thermel Overl~ Protection that shuts down the circuit
when subiected to an '~cessive po\Wr overload condition, Inlernal
Short..circuit Protection that limits the maximum current the cir-
cuit will pass. and Output Transistor Safe-Area Compensation that
reduces the output short-circuit current as the voltage across the
pass transistor is increased.

In many low current applications, compensation capacitors are
not required. However, it is recommended that the regulator
input be bypassed with a capacitor if the regulator is connected

Input T1 MC7805

0.33"F I f ~" 0o." ••,
• Current to

~ Grounded Load

The MC7800 regulators can also be used as a current source
when connected as above. In order to minimize dissipation the
MC7805C is chosen in this application. Resistor R determines
the current as follows:

5V
'0 = -/1 + IQ

Ie -; 1.5 mA over line and toad changes

For example, a 1-ampere current source would require R to be a
5·ohm, 10-W resistor and the output voltage compliance would
be the Input voltage less 7 volts.

MJ2955 or EQuiv

Input~ ~

A MC78XX Output

I
1.01J.F ~ ~O.1IJ.F

The MC7800 series can be current boosted with a PNP tr.nsis-
tor. The MJ2955 provides current to 5.0 amperes. Resistor R
in conjunction with the VSE of the PNP dptermtnes when the
pass transistor begins conduCting; this circuit is not short-Circuit
proof. Input-output differential voltage minimum is increased by
VSE of the pass transistor.

to the power supply filter with long wire lengths, or if the output
loed capacitance is large. An input bypass capacitor should be
selected to provide good high-frequency characteristics to insure
stable operetion under all loed conditions. A 0.33 J,lF or larger
tantalum, mylar, or other capacitor having low internal impedance
at high frequencies should be chosen. The bypass capacitor should
be mounted with the shortest possible leads directly across the
regulator.s input terminals. Normally good construction techniques
should be u5ed to minimize ground loops and lead resistancedrops
since the regulator has no external sense lead.

The addition of an operational amplifier allows adjustment to
higher or intermediate values while retaining regulation char8Ctt!r-
istics. The minimum voltage obtainable with this arrangement is
2.0 volts greater than the regulator voltage.

The circuit of Figure 15can be modified to provide supply protec-
tion against short circuits by adding a short-circuit sense resistor,
RsCiand an additional PNP transistor. The current senslOg PNP
must be able to handle the short-circuit current of the three-
terminal regulator. Therefore. a four-ampere plastic power tran·
slstor IS specified.



@ MOTOROLA

THREE-TERMINAL POSITIVE
VOLTAGE REGULATORS

The MC78LOO Series of positive voltage regulators are inexpensive,
easy-to-use devices suitable for a multitude of applications that re-
quire a regulated supply of up to 100 mA. Like their higher powered
MC7800 and MC78MOO Series cousins, these regulators f€ature
internal current limiting and thermal shutdown making them re-
markably rugged. No external components are required with the
MC78LOO devices in many applications.

These devices offer a substantial perf0ynance advantage over the
traditional zener diode-resistor combination. Output impedance is
greatly reduced and quiescent current is substantially reduced.

• Wide Range of Available, Fixed Output Voltages
• Low Cost
• Internal Short·Circuit Current Limiting

• Internal Thermal Overload Protection
• No External Components Required
• Complementary Negative Regulators Offered

(MC79LOO Series)
• Available in Either ±5% (AC) or ±10% (C) Selections

0'

3.8 k

04 06

1.2 k

2'
02

420

Device No. Device No. NomiMI
'10% 'S% Voll.

MC78LOSC MC78L05AC 5.0
MC78L08C MC78L08AC 8.0
MC78L12C MC78L '2AC '2
MC78L15C MC78L'5AC 15
MC78L 18C MC78L 18AC 18
MC78L24C MC78L24AC 24

MC78LOOC,AC
Series

THREE-TERMINAL
POSITIVE FIXED

VOLTAGE REGULATORS

PSUFFIX
CASE 29

TO·92

Pin 1. Output

2. Ground
3. Input

(Case connected

to PI" 3)

G SUFFIX
CASE 79

TO-39

Pin 1. Input

2. OutpUt
3. Ground

A common ground is required between the
input and the output voltages. The input volt-
• must r,,,,,in typically 2.0 V above the out·
put voltage even during the low point on the
input ripple voltage .

• - C, is required if regulator is located an
apprecillble distance from power supply
filter .

•• • Co is not needed for stmility; however,
it does improve tr •• ient •.••pon••.

ORDERING INFORMATION
Doorico TempentUfe A••.••• -MC7BlXXACG TJ. OOC to +lSOOC Metel C.n

MC78lXXACP TJ. OOC to +,SOOC PI.-tic T,••.•.mor

MC78LXXCG T j. OOC to +,SOOC MetalC..,

MC:78LXXCP TJ. oOC to +lSOOC PI.-ticTr ••.••••tor

XX indicllt. nominel vatUIII'



Reting Symbol Velue Unit

Input Voltage (2.6 V - 8.0 V) VI 30 Vdc
(12V-18VI 35
(24 V) 40

Storage Junction Temperature Range Tug -65 to +150 °c
Operating Junction Temperature Range TJ o to +150 uc

MC78Ll>;"C. MC78L05AC ELECTRICAL CHARACTERISTICS (VI' 10 V. 10' 40 mA. CI • 0.33I'F. CO' O.lI'F.
OOC < T J < +12SoC unless otherwise noted,)

MC78L05C MC78L05AC

Characteristic: Symbol Min TYD MIX Min TYD Max Unit

Output Voltage IT J • +250CI Vo 4.6 5.0 5.4 4.8 5.0 5.2 Vdc

Input Regulation Reg,ine mV
ITJ = +250C. 10 = 40 mAl
7.0 Vdc •• VI •• 20 Vdc - 55 • 200 - 55 150
8.0 Vdc •• VI" 20 Vdc - 45 150 - 45 100

Load Regulation Regload mV
(TJ' +250C, 1.0 mA •• 10 •• 100 mAl - 11 60 - 11 60
(T J = +250C. 1.0 mA •• 10 •• 40 mAl - 5.0 30 - 5.0 30

Output Voltage Vo Vdc
17.0 Vdc ;. VI •• 20 Vdc. 1.0 mA •• 10" 40 mAl 4.5 - 5.5 4.75 - 5.25
IVI = 10V,l.0mA •• 10" 70mAI 4.5 - 5.5 4.75 - 5.25

Input Bias Current liB mA
ITJ = +250CI - 3.8 6.0 - 3.8 6.0
IT J • +1250CI - - 5.5 - - 5.5

Input Bias Current Change ~IIB mA
18.0 Vdc •• V I ••. 20 Vdcl - - 1.5 - - 1.5

(1.0mA •• 10" 40mAI - - 0.2 - - 0.1

Output Noise Voltage IT A = +250C. 10 Hz •• I •• VN - 40 - - 40 - I'V
100 kHz I

Long-Term StabilitY oVo/ot - 12 - - 12 - mV/1.0 k Hrs

Ripple Rejection (10 = 40 mA,I' 120 Hz, RR 40 49 - 41 49 - d8
8.0 V •• VI" 18 V, TJ = +250CI

Input-Output Voltage Differential VINO - 1.7 - - 1.7 - Vdc
ITJ = +250CI



MC78LOSC, MC78L08AC ELECTRICAL CHARACTERISTICS IV, = 14 V,IO = 40 mA, C, ~ O,331'F,CO = O.lI'F,
OOC T 125°C I h d I< <+ un eSI ot erWlse note
MC78LOBC MC78L08AC

ChII,.cteristic Svmbol Min Tvo Max Min TVD Max Unit

Output Voltage IT ." +250CI Va 7.36 8.0 8.64 7.7 8.0 8.3 Vdc

Input Regulation Regline mV
{T J = +250C, '0 = 40 mAl
10.5 Vdc <; VI <; 23 Vdc - 20 200 - 20 175
11 Vdc <; V I <; 23 Vdc - 12 150 - 12 125

Load Regulation Regload mV
IT J = +250C, 1.0 mA <; 10 <; 100 mAl - 15 80 - 15 80
IT, = +250C, 1.0 mA <; '() <; 40 mAl - 6.0 40 - 8.0 40

Output Voltage Vo Vdc
110.5Vdc <; V, <; 23 Vdc,1.0mA <; '0<;40mAI 7.2 - 8.8 7.6 - 8.4
(VI = 14 V, 1.0 mA <; '0 <; 70 mAl 7.2 - 8.8 7.6 - 8.4

Input Bias Current 118 mA
ITJ = +250CI - 3.0 6.0 - 3.0 6.0
{TJ = +1250CI - - 5.5 - - 5.5

Input Bias Current Change oilB mA
{11 Vdc <; V, <; 23 Vdcl - - 1.5 - - 1.5
(1 .0 mA <; ,() <; 40 mA I - .- 0.2 - - 0.1

Output Noise Voltage IT A = +250C, 10Hz <; f <; VN - 52 - - 60 - I'V
100 kHz I

Long-Term Stability oV()/Ot - 20 - - 20 - mV/1.0 k Hrs.

Ripple Rejection {l0 = 40 mA, f = 120 Hz, RR 36 55 - 37 57 - dB
12 V <; V, <; 23 V, T J = +250CI

Input-Output Voltage Differential V,NO - 1.7 - - 1.7 - Vdc
ITJ = +250CI j

MC78L12C, MC78L12AC ELECTRICAL CHARACTERISTICS {V, = 19 V, 10 = 40 mA, C, • 0.331'F, Co = 0.1 I'F, OOC < TJ <
+12SoC unless otherwise noted I

MC78Ll2C MC78L12AC

Characteristic Svmbol Min Tvp Max Min Tvp Max Unit

Output Voltage (T J = +250CI Vo 11.1 12 12.9 11.5 12 12.5 Vdc

Input Regulation Regline mV
IT J = +250C, '0' 40 mAl
14.5 Vdc <; VI <; 27 Vdc - 120 250 - 120 250
16 Vdc •• VI •• 27 Vdc - 100 200 - 100 200

Load Regulation Aegload mV
{TJ = +250C, 1.0 mA •• '0" 100 mAl - 20 100 - 20 100
ITJ = +250C, 1.0 mA •• '0 <; 40 mAl - 10 50 - 10 50

Output Voltage Va Vdc
114.5 Vdc •• V,,, 27 Vdc, 1.0 mA "'0'" 40mAI 10.8 - 13.2 11.4 - 12.6
IV, = 19 V,1.0mA "'0" 70mAI 10.8 - 13.2 11.4 - 12.6

Input Bias Current 'IB mA
IT J = +250CI - 4.2 6.5 - 4.2 6.5
IT J = +1250CI - - 6.0 - - 6.0

Input Bias Current Change ""B mA
{16 Vdc •• V, •• 27 Vdcl - - 1.5 - - 1.5
(1.0 mA •• I() •• 40mAI - - 0.2 - - 0.1

Output Noise Voltage IT A • +250C, 10Hz •• f •• VN - 80 - - 80 - I'V
100 kHzl

Long-Term Stability oV()/Ot - 24 - - 24 - mV /1.0 k Hrs.

Ripple Rejection {l0·40mA,f= 120Hz,15V •• RR 36 42 - 37 42 - d8
V, •• 25 V, TJ = +250CI

Input..()utput Voltage Differential VINO - 1.7 - - 1.7 - Vdc
ITJ = +250CI



MC78L15C. MC78L 15AC ELECTRICAL CHARACTERISTICS IV, "23 V,IO = 40 mA, CI" 0.331'F, Co = 0.11'F,° 250 h ed Io C <T <+1 C unless ot erwlse not
MC78L15C MC78L15AC

Chlract.istic Symbol Min Typ Ma. Min Typ Ma. Unit

Output Voltage IT J " +250CI Vo 13.8 15 16.2 14.4 15 15.6 Vdc

Input Regulation A·gline mV

(T J = +250C, 10 = 40 mAl
17.5 Vdc <; VI <; 30 Vdc - 130 300 - 130 300

20 Vdc <; VI <; 30 Vdc - 110 250 - 110 250

Load Regulation Regload mV

ITJ = +250C,1.0mA <; 10 <; 100mAI - 25 150 - 25 150

ITJ = +250C, 1.0 mA <; 10 <; 40 mAl - 12 75 - 12 75

Output Voltage Vo Vdc

117.5 Vdc <; VI <; 30 Vdc, 1.0 mA <; 10" 40 mAl 13.5 - 16.5 14.25 - 15.75

IVI'23 V, 1.0mA<;10<; 70 mAl 13.5 - 16.5 14.25 - 15.75

Input Bias Current 'IB mA

IT J = +250CI - 4.4 6.5 - 4.4 6.5

(TJ = +1250CI - - 6.0 - - 6.0

Input Bias Current Change "liB mA

120 Vdc <; VI •• 30 Vdcl - - 1,5 - - 1.5
(1.0 mA <; In <; 40 mAl - - 0.2 - - 0.1

Output Noise Voltage IT A -+250C, 10 Hz <; f <; VN - 90 - - 90 - I'V
100 kHzl

Long-Term Stability "Vn/"t - 30 - - 30 - mV/1,0 k Hrs,

Ripple Rejection (10 = 40 mA, f = 120 Hz, 18,5 V <; RR 33 39 - 34 39 - dB
VI <; 28,5 V, TJ = +250CI

Input-Output Voltage Differential VINO - 1.7 - - 1.7 - Vdc

IT J • +250CI

MC78L 18C, MC78L 18AC ELECTRICAL CHARACTERISTICS IVI' 27 V, 10 = 40 mA, CI = 0.331'F, Co = 0,11'F,
oDe < T J < +12SoC unless otherwise noted.)

MC78L18C MC78L18AC

Characteristic: Symbol Min Typ Ma. Min Typ Ma. Unit

Output Voltage IT J = +250CI Vo 16.6 18 19,4 17,3 18 18.7 Vdc

Input Regulation Regline mV

IT J = +250C, 10 • 40 mAl
21.4 Vdc <; V, •• 33 Vdc - 32 325
20.7 Vdc <; VI •• 33 Vdc - 45 325
22 Vdc <; V I <; 33 Vdc - 27 275
21 Vdc <; V I •• 33 Vdc - 35 275

Load Regulation Regload mV
(TJ = +250C, 1,0 mA <; 10 <; 100 mAl - 30 170 - 30 170
IT J = +250C, 1.0 mA <; 10 <; 40 mAl - 15 85 - 15 85

Output Voltage Vo Vdc
121.4Vdc •• VI <; 33 Vdc,1.0mA <; 10<;40mAI 16.2 - 17.8
120.7 Vdc <; VI •• 33 Vdc, 1.0 mA <; 10 <; 40 mAl 17,1 - 18.9
(VI' 27 V, 1,0 mA •• 10 <; 70 mAl 16,2 - 17,8
IVI" 27 V,1.0mA <; 10 <; 70mAI 17.1 - 18,9

Input Sias Current lIB mA
ITJ = +250CI - 3,1 6.5 - 3.1 6.5
IT = +1250CI - - 6.0 - - 6.0

Input Bias Current Change "lIB mA
122 Vdc <; VI <; 33 Vdcl - - 1.5
121 Vdc <; VI • 33 Vdcl - - 1.5

11.0 mA <; In <; 40 mAl - - 0.2 - - 0,1

Output Noise Voltage (T A" +250C, 10 Hz <; I <; II.N - 150 - - 150 - I'V
100 kHz I

Long·Term Stability "Vo/"t - 45 - - 45 - mV 11,0 k Hrs.

Ripple Rejection (10 = 40 mA, f· 120 Hz, RR 32 46 - 33 48 - d8
23 V <; VI <; 33V, TJ" +250CI

Input-Output Voltage Differential VINO - 1.7 - - 1.7 - Vdc
ITJ ~ +250CI



MC78L24C. MC78L24AC ELECTRICAL CHARACTERISTICS lVI = 33 V,IO = 40mA, C, = 0.33"F, Co = 0.1 "F,
° 2 °c h d Io C < TJ < +1 5 unless ot erwlse note .

MC78L24C MC78L24AC

Characteristic Symbol Min TVD Mo. Min TVD M•• Unit

Output Voltage IT, = +250CI Vo 22.1 24 259 23 24 25 Vdc

Input Regulation Regline mV

IT J = +250C, 10 = 40 mAl
27.5 Vdc •• VI •• 38 Vdc - 35 350 - - _.
28 Vdc •• VI •• 38 Vdc - 30 300 - 50 300

27 Vdc" VI" 38 Vdc - - - - 60 350

Load Regulation Regload mV
IT; = +250C, 1.0 mA •• 10" 100 mAl - 40 200 - 40 200
IT; = +250C, 1.0 mA •• 10 •• 40 mAl - 20 100 - 20 100

Output Voltage Vo Vdc
128 Vdc •• VI •• 38 Vdc, 1.0 mA •• 10" 40 mAl 21.6 - 26.4
(27 Vdc •• VI " 38 Vdc, 1.0 mA " '0" 40 mAl 22.8 - 25.2
128 Vdc " VI " 33 V, 1.0 mA " 10 •• 70 mAl 21.6 - 26.4
127 Vdc •• VI " 33 V, 1.0 mA " In " 70 mAl 22.8 - 252

Input Bias Current liB mA
IT J = +250C) - 3.1 65 - 3.1 6.5
ITJ = +1250C) - - 6.0 - - 6.0

Input Bias Current Change ,
AIIB mA

128 Vdc •• VI •• 38 Vdcl - - 1.5 - - 1.5
(1.0 mA" 10" 40 mAl - - 0.2 - - 0.1

Output Noise Voltage (T A = +2S0C. 10 Hz';; VN - 200 - - 200 - "V
f" 100 kHz)

Long-Term Stability 6Vo/At - 56 - - 56 - mV 11.0 k Hrs.

Ripple Rejection lIO = 40 mA, f = 120 Hz, 29 V " RR 30 43 - 31 45 - dB
VI" 35 V. TJ = +250C)

Input-Output Voltage Differential VINO - 1.7 - - 1.7 - Vdc
IT J = +250CI



TYPICAL CHARACTERISTICS
(TA :0: +2SoC unlell otherwise noted.)
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Design Considerations

The MC18l00C Series of fixed voltage regulators are designed
with Thermal Overload Protection that shuts down the circuit
when subjected to an excessive power overload condition, Internal
Short·Circuit Protection that limits the maximum current the cir·
cuit will pass.

In many low current applications. compensation capacitors are
not required. However, it is recommended that the regulator
input be bypassed with a capacitor if the regulator is connected
to the power supply filter with long wire lengths, or if the output
load capacitance is large. An input bypass capacitor should be

selected to provide good high-frequency characteristics to insure
stable operation under all load conditions. A 0.33 $.iF or larger
tantalum, mylar, or other capacitor having low internal impedance
at high frequencies should be chosen. The bypass capacitor should
be mounted with the shortest possible leads directly across the
regulators input terminals. Normally good construction techniques
should be used to minimize grou'nd loops and lead resistance
drops since the regulator has no external sense lead. Bypassing the
output is also recommended.

Constant
Current to

G rou nded Load

The MC18l00C regulators can also be used as a current source
when connected as above. In order to minimize dissipation the
MC78l05C is chosen in this application. Resistor R determines
the current as follows.

5V
IO=Fi + I,S

For example. a 100 mA current source would require R to be a
50-ohm, 1/2-W resistor and the output voltage compliance would
be the input voltage less 7 volts.

+V, +vo

0.1 IJF

- v,

0.33 #JF 0.1 jJF
-Vo
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MC78MOOC SERIES THREE-TERMINAL
POSITIVE VOLTAGE REGULATORS

The MC78MOO Series positive voltage regulators are identical to
the popular MC7800C Series devices, except that they are specified
for only one-third the output current. Like the MC7800C devices,
the MC78MOOC three-terminal regulators are intended for local, on-
card voltage regulation.

Internal current limiting, thermal shutdown circuitry and safe-
area compensation for the internal pass transistor combine to make
these devices remarkably rugged under most operating conditions.
Maximum output current. with adequate heatsinking is 500 mA.

• No External Components Required

• Internal Thermal Overload Protection

• Internal Short-Circuit Current limiting

• Output Transistor Safe·Area Compensation

• Packaged in the Plastic Case 221 A and Case 79
(TO·220 and Hermetic TO·39)

MC78MOOC
series

THREE-TERMINAL
POSITIVE FIXED

VOLTAGE REGULATORS

Pin 1. Input

2
0U

'Pu'm3~ Ground

2 "

03
1 0 0 ' Pin 1.

2.
Bottom 3.

View

G SUFFIX
METAL PACKAGE

CASE 79
TO-39

(Cese conn$cted
to Pin 3)

TSUFFIX
PLASTIC PACKAGE

CASE 221A
(TO·220 Type)

(Heat,lnk surface
connected to Pin 2)

A common ground IS required between the
Input and the output voltages. The input volt-
age must remain typically 2.0 V above the out-
put voltage even dunng the low point on the

Input ripple YOltage .

• '" Cin is required if regulator IS located an
appreciable distance from power supply
filter .

•• • Co improves st8bility .nd trensient r.·
_me.

ORDERING INFORMATION

DEVICE TEMPERATURE RANGE PACKAGE

MC78MXXGG TJ"OOCIO+1SOOC Metal Can

MC78MXXCT TJ"OOCIO+1500C Plastic Power

XX lndlcatn nominal VOltage

TYPE NO.lVOLTAGE

MC78M05C 5.0 Volts
MC78M06C 6.0 Volts
MC78M08C 8.0 Volts
MC78M12C 12 Volts
MC78M15C t5 Volts
MC78M18C 18 Volts
MC78M20C 20 Volls
MC78M24C 24 Volts



Rating Symbol Value Unit

Input Voltage (5.0 V - 18 VI VI 35 Vdc

120 V - 24 VI 40

Power Dissipation (Package Limitation)
Plastic Package

TA = 25°C Po Internally Limited
Derate above T A = 25°C 8JA 70 °CfW

TC z 250C Po I nternally Limited
Derate above T C • 110°C 8JC 5.0 °CfW

Metal Package
TA: 25°C Po Internally Limited

Derate above T A = 25°C 8JA 185 °CfW
TC = 25°C Po Internally Limited

Derate above TC • 85°C 8,(' 25 °CfW
Operating Junction Temperature Range T Oto+150 °c

Operating Ambient Temperature Range TA o to +85 °c

Storage Temperature Range Tstg
Plastic Package -65 to +150 °c
Metal Package -65 to +150 °c

Characteristic Symbol Min Typ Ma. Unit

Output Voltage lTJ = +250C) Vo 4.8 5.0 5.2 Vdc

Line Regulation Regnoe mV

lTJ = +250CI
(7.0 Vdc" VI " 25 Vdcl - 3.0 100

18.0 Vdc" VI " 25 Vdcl - 1.0 50

Load Regulation Regload mV

(TJ = +250C, 5.0 mA " 10" 500 mAl - 20 100

lTJ = +250C, 5.0 mA" 10" 200 mAl - 10 50

Output Voltage Vo 4.75 - 5.25 Vdc

(7.0 Vdc" VI "25 Vdc, 5_0 mA " 10" 200 mAl

I nput Bias Current (T J = +2SoC) liB - 4.5 6.0 mA

Quiescent Current Change <1IIB mA

18.0 Vdc" VI "25 Vdcl - - 0.8

15.0 mA " 10" 200 mAl - - 0.5 .-
Output Noise Voltage (T A = +250C, 10 Hz" f" 100 kHz) eon - 40 - p.V,
Long-Term Stability <1VO/<1t - - 20 mV/l.0 kHrs

Ripple Rejection lIO = 100 mA, f z 120 Hz, 8.0 V" VI " 18 VI RR - 80 - dB
lIo=300mA,f= 120Hz,8.0"VI" 18V,TJ=250CI - 80 -

Input-Output Voltage Differential VI-VO - 2.0 - Vdc

(TA = +250CI

Short-Circuit Current Limit lTJ = +250C, VI = 35 VI 10S - 300 - mA

Average Temperature Coefficient of Output Voltage <1VO/<1T - -1.0 - mV/oC

lIO= 5.0 mAl

Peak Output Current 10 - 700 - mA
IT J = 250Cl



Characteristic Symbol Min Typ Mox Unit

Output Voltage (TJ = +250CI Vo 5.75 6.0 6.25 Vdc

Line Regulation Regline mV
ITJ' +250CI

18.0 Vdc <; VI <; 25 Vdcl - 5.0 100
19.0 Vdc <; V, <; 25 Vdcl - 1.5 50

Load Regulation Regload mV
ITJ· +250C. 5.0 mA <; 10 <; 500 mAl - 20 120
IT J = +250C, 5.0 mA •• 10 •• 200 mAl - 10 60

Output Voltage Vo 5.7 - 6.3 Vdc
(8.0 Vdc" VI •• 25 Vdc, 5.0 mA •• 10 •• 200 mAl

Input BiasCurrent (TJ = +2SoCI liB - 4.5 6.0 mA

Ouiescent Current Change t>IIB mA
19.0 Vdc <; VI •• 25 Vdcl - - 0.8
15.0 mA •• 10" 200 mAl - - 0.5

Output Noise Voltage (T A - +29PC. 10 Hz <; f " 100 kHz) eon - 45 - ",V

Long-Term Stability t>VO/t>t - - 24 mV/l.0kHrs

Ripple Rejection (to - 100 mA. f - 120 Hz, 9.0 V" VI" 19 V) RR - 80 - d8
110= 300mA,f= 120Hz,9.0V •• VI •• 19V, TJ' 250CI - 80 -

I nput-Output Voltage Differential VI'VO - 2.0 - Vdc
(T A = +250CI

Short-Circuit Current Limit (T J = +2SoC, VI:::::35 VI 10S - 270 - mA

Average Temperature Coefficient of Output Voltage t>VO/t>T - -1.0 - mV/oC
110 = 5.0 mAl

Peak Output Current IT J = 2SoCI 10 - 700 - mA
ITJ = 250CI

Characteristte: Symbol Min Typ Mox Unit

Output Voltage IT J • +250CI Vo 7.7 B.O 8.3 Vdc

Line Regulation Regline mV
ITJ = +250CI
110.5 Vdc •• VI" 25Vdc) - 6.0 100
111 Vdc" V, •• 25 Vdcl - 2.0 50

Load Regulation Reg'oad mV
IT J = +250C, 5.0 mA •• 10 •• 500 mAl - 25 160
ITJ = +250C, 5.0 mA •• 10 <; 200 mAl - 10 80

Output Voltage Vo 7.6 - 8.4 Vdc
(10.5 Vdc •• VI <; 25 Vdc, 5.0 mA <; 10" 200 mAl

Input Bias Current (T J = +2SoC) 118 - 4.6 6.0 mA

Ouiescent Current Change t>IIB mA
(10.5 Vdc •• VI •• 25 Vdcl - - 0.8
(5.0 mA <; 10 <; 200 mAl - - 0.5

Output Noise Voltage IT A = +250C, 10 Hz <; f •• 100 kHz) eon - 52 - ",V

Long-Term Stability t>VO/t>t - - 32 mV/l.0 k Hrs

Ripple Rejection 110· loomA,f' 120Hz,I1.5V •• VI <; 21.5 V) .RR - 80 - dB
II 0 = 300 mA, f = 120 Hz, 11.5 V •• V I <; 21.5 V, TJ = 250Cl - 80 -

Input-Output Voltage Differential VI'VO - 2.0 - Vdc
ITA = +250C)

Short-Circuit Current Limit (TJ:Z: +2SoC. VI = 35 V) 10S - 250 - mA

Average Temperature Coefficient of Output Voltage t>VO/t>T - -1.0 - mVJOC
110 = 5.0mAI )

Peak Output Current 10 - 700 - mA
ITJ = 25°C)



CtwrK •••.istic Symbol Min Typ Max Unit

Output Voltage IT J: +250CI Vo 11.5 12 12.5 Vdc

Line Regulation Regline mV
IT J: +250CI
114.5Vdc •• VI •• 30 Vdcl - 8.0 100
(16 Vdc" VI •• 22 Vdc) - 2.0 50

Load Regulation Regload mV
(TJ = +250C, 5.0 mA •• 10 •• 500 mAl - 25 240
ITJ: +2SOC, 5.0 mA •• 10" 200 mAl - 10 120

Output Voltage Vo 11.4 - 12.6 Vdc
114.5 Vdc •• VI •• 27 Vdc, 5.0 mA •• 10 •• 200 mAl

Input Bias Current ITJ::: +2SoCI 118 - 4.8 6.0 mA

Quiescent Current Change Aol18 mA
114.5 Vdc •• VI •• 30 Vdcl - - 0.8
(5.0 mA •• 10 •• 200 mAl - - 0.5

Output Noise Voltage ITA::: +2SoC.10 Hz '" f '" 100 kHz) eon - 75 - "V
Long-Term Stability AoVO/Aot - - 48 mV/1.0 kHrs

Ripple Rejection "0: 100 mA, f : 120 Hz, 15 V •• VI •• 25 V) RR - 80 - d8
110' 300 mA, f = 120 Hz, 15 V •• VI •• 25 V, TJ : 250CI - 80 -

Input-Output Voltage Differential VrVo - 2.0 - Vdc
IT A: +250CI

Short-Circuit Current Limit (TJ :::+2SoC. VI = 3S VI 10S - 240 - mA

Average Temperature Coefficient of Output Voltage AoVO/AoT - -1.0 - mV/oC
"0: 5.0 mA, OOC•• TA" +1250C)

Peak Output Current 10 - 700 - mA
(TJ = 250CI

Characteristic Symbol Min Typ Ma. Unit

Output Voltage ITJ: +250CI Vo 14.4 15 15.6 Vdc

Input Regulation Regline mV
ITJ: +250CI
117.5 Vdc" VI •• 30 Vdcl - 10 100
120 Vdc •• VI •• 30 Vdcl - 3.0 50

load Regulation Regload mV
IT J = +250C, 5.0 mA •• 10 •• 500 mAl - 25 300
IT J : +250C, 5.0 mA •• 10 •• 200 mAl - 10 150

Output Voltage Vo 14.25 - 15.75 Vdc
17.5Vdc •• VI "30Vdc,5.0mA"lo" 200 mAl

Input BiasCurrent IT J ::: +2SoC) 118 - 4.8 6.0 mA

Quiescent Current Change Aol18
118.5Vdc •• VI •• 30Vdcl - - 0.8
15.0 mA •• 10 •• 200 mAl - - 0.5

Output Noise Voltage (T A::: +2SoC. 10 Hz " f " 100 kHz) eon - 90 - "V
Long-Term Stability AoVO/Aot - - 60 mV/l.0 kHrs

Ripple Rejection (10 = 100 mA, f: 120 Hz, 18.5 V •• VI" 28.5 VI RR - 70 - d8
(10' 3OOmA, f = 120 Hz, 18.5 V •• VI" 28.5 V, TJ = 250Cl - 70 -

Input-Output Voltage Differential VI-YO - 2.0 - Vdc
ITA' +250CI

Short-Circuit Current Limit ITJ '"'+2SoC. VI = 3S VI 'OS - 240 - mA

Average Temperature Coefficient of Output Voltage AoVO/AoT - -1.0 - mV/oC
110: 5.0 mA, OOC" TA" +1250CI

Peak Output Current '0 - 700 - mA
ITJ = 250Cl



ChlirKtwistic Symbol Min Typ Ma. Unit

Output Voltage (T j :: +2SoC) Vo 17.3 18 18.7 Vdc

Line Regulation Regline mV
ITJ = +250CI
121 Vdc <; VI <; 33 Vdcl - 10 100
124 Vdc <; VI <; 33 Vdcl - 40 50

Load Regulation Reg'oad mV
ITJ = +250C, 5.0 mA <; 10 <; 500 mAl - 30 360
IT J = +250C, 5.0 mA <; 10 <; 200 mAl - 10 180

Output Voltage Vo 17.1 - 18.9 Vdc
121 Vdc <; V, <; 33 Vdc, 5.0 mA <; '0 <; 200 mAl

Input Bias Current (TJ:: +2SoC) 118 - 4.8 6.5 mA

Quiescent Current Change al18 mA
121 Vdc <; V, <; 33 Vdcl - - 0.8
15.0 mA <; 10 <; 200 mAl - - 0.5

Output Noise Voltage ITA:: +2SoC. 10 Hz <; for;;;;100 kHz) eon - 100 - I'V

Long-Term Stability aVO/at - - 72 mV/1.0kHrs

Ripple Rejection 110 = 100 mA, f = 120 Hz, 22 V <; VI <; 32 VI RR - 70 - d8
110= 300mA,f= 120Hz, 22V <; VI <; 32V,TJ= 250CI - 70 -

Input-Output Voltage Differential VI'VO - 2.0 - Vdc
ITA = +250CI

Short-Circuit Current Limit ITj:: +2SoC. VI - 3S V) 10S - 240 - mA

Average Temperature Coefficient of Output Voltage aVO/aT - -1.0 - mV/oC

110 = 5.0 mA, OOC<; TA <; +1250CI

Peak Output Current 10 - 700 - mA

ITJ - 25°C I

Ch••.• cteri.tic Symbol Min Typ Max Unit

Output Voltage IT J = +250CI Vo 19.2 20 20.8 Vdc

Line Regulation Reglioe mV
ITJ = +250CI
123 Vdc <; VI <; 35 Vdc) - 10 100
124 Vdc <; VI <; 35 Vdcl - 5.0 50

Load Regulation Regload mV
ITJ = +250C, 5.0 mA <; '0 <; 500 mAl - 30 400
(TJ - +250C, 5.0 mA <; 10 <; 200 mAl - 10 200

Output Voltage Vo 19 - 21 Vdc
123 Vdc <; VI <; 35 Vdc, 5.0 mA <; '0 <; 200 mAl

Input Bias Current (Tj.- +2SoC) 118 - 4.9 6.5 mA

Quiescent Current Change ailB mA
(23 Vdc <; VI <; 35 Vdcl - - 0.8
15.0 mA <; 10 <; 200 mAl - - 0.5

Output Noi", Voltage ITA = +250C,10 Hz <; f <; 100 kHz) eon - 110 - I'V

Long-Term Stability aVO/at - - 80 mV/l.0 k Hr.

Ripple Rejection 110= loomA,f= 120Hz, 24V<;V, <; 34VI RR - 70 - dB
1I0=3OOmA,f= 120Hz, 24V <;V, <;34V, TJ" 250CI - 70 -

Input-Output Voltage Differential V"VO - 2.0 - Vdc
ITA = +250CI

Short-Circuit Current Limit ITj - +2SoC. VI - 35 VI 10S - 240 - mA

Average Temperature Coefficient of Output Voltage aVO/aT - -1.1 - mVJOC
110 - 5.0 mA, OOc <; TA <; +1250CI

Peak Output Current 10 - 700 - mA
(TJ = 250CI



C!wractwistie Symbol Min Typ MI. Unit

Output Voltage IT J ""+2SoCI Vo 23 24 25 Vdc

Line Regulation Regline mV
(TJ = +250CI
(27 Vdc C;; VI C;; 38 Vdcl - 10 100
(28 Vdc C;; VI C;; 38 Vdcl - 5.0 50

Load Regulation Re9lood mV
(TJ = +25~C, 5.0mA C;; 10 C;; 500mA) - 30 480
IT J = +250C. 5.0 mA C;; 10 C;; 200 mAl - 10 240

Output Voltage Vo 22.8 - 25.2 Vdc
127 Vdc C;; VI C;; 38 Vdc, 5.0 mA C;; 10 C;; 200 mAl

Input Bias Current ITJ ""+2SoCI 118 - 5.0 7.0 mA

Ouiescent Current Change AIIB mA
(27 Vdc C;; VI C;; 38 Vdcl - - 0.8
(5.0 mA C;; 10 C;; 200 mAl - - 0.5

Output Noise Voltage IT A"" +2SoC, 10 Hz " f ~ 100 kHz) eon - 170 - "V

Long-Term Stability AVO/At - - 96 mV/1.0kHrs

R;pple Rejection (10 = 100 mA, , = 120 Hz, 28 V C;; VI C;; 38 V) RR - 70 - dB
110 = 300 mA, f = 120 Hz. 28 V C;; V I C;; 38 V, T J = 25°C I - 70 -

Input-Output Voltage Differential VI'VO - 2.0 - Vdc
(TA = +250C)

Short-Circuit Current Limit IT J ""+2SoC) 10S - 240 - mA

Average Temperature Coefficient of Output Voltage AVO/AT - -1.2 - mVtoC
110 = 5.0 mA, OoC C;; TA C;; +1250CI

Peak Output Current 10 - 700 - mA
ITJ = 250CI

Line Regulation - The change in output Yoltage f04'"a change in
the input voltage. The measurement is made under conditions of
low dissipation or by using pulse techniques such that the werage
chip temperature is not significant IV effected. OutPUt Noise Volt. - The rml K volt. at the output. with

conltant 10" and no input ripple, measured over a specified f•.•
quency renge.

Lone Term Stability - Output voltege Itei'ity under a::celerated
life test conditions with the maximum rM'ed yolt.., listed in the
devices' electrical ch.acteristics .w maximum power dissipmion.



FIGU~ 1 - WORST CASE POWER OISSIPATION
versus AMBIENT TEMPERATURE

TO-220 ICASE 3131

TYPICAL PERFORMANCE CURVES
FIGURE 2 - WORST CASE POWER OISSIPATION

versus AMBIENT TEMPERATURE
TO-39 ICASE 79)
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Design Consid•• tionl
The MC78MOOCSeriM of fixed voltage regulators are designed

with Thermel Overload Protection that shuts down the circuit
when subjected to an excessivepower overload condit ton, Intarnal
Short-Circuit Protection that limits the maximum current the cir-
cuit will pass,and Output Transistor Safe-Area Compensation that
reduces the output short-circuit current as the voltage across the
pess transistor is increased.

In many low current applications. compensation capacitors are
not required. However, it is recommended that the regulator
input be bypassed with a capacitor if the regulator is connected

Input ~_MC~78_M05_C ~

0.33 IJ,F I f A Constant
• CUHent to

~ Grounded Load

The MC7800C regulators can also be used as a current source
when connected as above. In order to minimize dissipation the
MC7805C is chosen in this application. Resistor R determines
the current as follows:

For example, a 500 mA current source would require R to be a
lG-ohm, lo.W resistor and the output voltage compliance would
be the input voltage lesl 7 volts.

The MC78MOOCseriescan be current boosted with a PNP transis-
tor. The MJ2955 provides current to 5.0 amperes. Resistor R
In conjunction with the VSE of the PNP determines when the
pass transistor begins conauctlOg; this cirCUit is not short-circuit
proof, Input-output differential voltage mintmum is incre'ssedby

. VBe of the passtransistor.

to the povver supply filter w;th long wire lengths, or if the output
loed capacitance is large. An input bypass capacitor should be
selected to provide good high-frequency characteristics to insure
stable operation under all load conditions. A 0.33 J,lF or larger
tantalum, mylar, or other capacitor having low internal impedance
at high frequencies should be chosen. The bypasscapacitor should
be mounted with the shortest possible leadsdirectly acrossthe reg-
ulators input terminals. Normally good construction techniques
should be used to minimize ground loops and lead resistancedrops
since the regulator has no external senselead.

The addItion of an operational amplifier allows adjustment to
higher or intermediate values while retaining regulation charactt!r·
istics. The minimum vohage obtainable WIth this arrangement IS
2.0 volts greater than the regulator voltage.

The circuit of Figure 7 can be modified to provide supply protec-
tion against short circuits by adding a short-circuit sense resistor,
RSC/and an additional PNP transistor. The current sensing PNP
must be able to handle the short-circuit current of the three-
terminal regulator. Therefore, a two·ampere plastic power tran-
Sistor IS specified.
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Specifications and Applications
Information

This family of fixed voltage regulators are monolithic integrated
circuits capable of driving loads in excess of 3.0 amperes. These
three-terminal regulators employ internal current limiting, thermal
shutdown, and safe-area compensation. Devices are available with
improved specifications, including a 2% output voltage tolerance, on
A-suffix 5.0, 12 and 15 volt device types.

Although designed primarily as a fixed voltage regulator, these
devices can be used with external components to obtain adjustable
voltages and currents. This series of devices can be used with a
series-pass transistor to supply up to 15 amperes at the nominal
output voltage.

• Output Current in Excess of 3.0 Amperes

• Power Dissipation: 30 W (K-Suffix), 25 W (T-Suffix)

• No External Components Required

• Output Voltage Offered in 2% and 4% Tolerance'

• Thermal Regulation is Specified

• Internal Thermal Overload Protection

• Internal Short-Circuit Current Limiting

• Output Transistor Safe-Area Compensation

Rating Symbol Value Unit

Input Voltage (5.0 V-12 V) Vin 35 Vdc
(15 V-24 V) 40

Power Dissipation and Thermal
Characteristics

Plastic Package (Note 2)
TA = +25°C Po Internally Limited
Thermal Resistance. Junction to Air R8JA 65 °C/W
TC = +25°C Po Internally Limited
Thermal Resistance. Junction to Case R8JC 2.5 °C/W

Metal Package(Note 2)
TA = +25°C Po Internally Limited
Thermal Resistance. Junction to Air R8JA 35 °C/W
TC = +25°C Po Internally Limited·
Thermal Resistance. Junction to Case R8JC 2.5 °C/W

Storage Junction Temperature Range Tstg ·-65 to +150 °C

Operating Junction Temperature Range TJ °C
MC78TOO, A -55 to +150
MC78TOOC, AC o to +125

Output Voltage Operating Junction
Device Tolerance Temperature Range Packaga

MC78TXXK 4% -55 to +150°C Metal Power
MC78TXXAK 2%'

MC78TXXCK 4% o to +125°C
MC78TXXACK 2%'

MC78TXXCT 4% Plastic Power
MC78TXXACT 2%'

MC78TOO
Series

THREE·AMPERE
POSITIVE FIXED

VOLTAGE REGULATORS

K SUFFIX
METAL PACKAGE

CASE 1
(TO-3TYPE)

~'M
2. OUTPUT

CASE GROUND

T SUFFIX
PLASTIC PACKAGE

(MC78TXXC and AC only)

CASE 221A
TO-220 TYPE

Pin 1. INPUT
2. GROUND
3. OUTPUT

Input -r4_M_C_7_8_T_XX_h- """"'

~J~;~FL1---3-~(CO"

A common ground is required between the
tnput and the output voltages. The input voltage
must remain typically 2.2 V above the output
voltage even auring the low point on the input
ripple voltage.

XX:; these two digits of the type number indi-
cate voltage.

* :: Cin is required if regulator is locBted an
appreciable distance from power supply
filter. (See Applications Information for
details).

**:: Co is not needed for stability; however, it
does improve transient response.

TYPE NO.lVOLTAGE

MC78T05 5.0 Volts MC78T15 15 Volts
MC78T06 6.0 Volts MC78T18 18 Volts
MC78T08 8.0 Volts MC78T24 24 Volts
MC78T12 12 Volts



MC78T05A. AC MC78T05. C
Characteristic Symbol Unit

Min Typ Max Min Typ Max

Output Voltage Vo Vdc
(5.0 mA';; 10';; 3.0 A. TJ; +25°C) 4.9 5.0 5.1 4.8 5.0 5.2
(5.0 mA';; 10';; 3.0 A; i 4.8 5.0 5.2 4.75 5.0 5.25
5.0 mA';; 10';; 2.0 A. 7.3 Vdc';; Vin .;; 20 Vdcl

Line Regulation (Note 31 Regline - 3.0 10 - 3.0 25 mV
(7.2 Vdc';; Vin';; 35 Vdc. 10; 5.0 mA TJ; +25°C;
7.2 Vdc';; Vin';; 35 Vdc. 10; 1.0 A. TJ; +25°C;
7.5 Vdc';; Vin';; 20 Vdc. 10; 2.0 A;
8.0 Vdc';; Vin .;; 12 Vdc. 10; 3.0 A)

Load Regulation (Note 31 Regload mV
(5.0 mA';; 10';; 3.0 A. TJ; +25°CI - 10 25 - 10 30
(5.0 mA';; 10';; 3.0 AI - 15 50 - 15 80

Thermal Regulation Regtherm - 0.001 0.01 - 0.002 0.03 %VO/W
(Pulse; 10 mS. p; 20 W. TA; +25°C)

Quiescent Current 18 mA
(5.0 mA';; 10';; 3.0 A TJ; +25°C) - 3.5 5.0 - 35 5.0
(5.0 mA';; 10';; 30 A) - 4.0 6.0 - 4.0 6.0

Ouiescent Current Change .l18 - 0.1 0.5 - 0.1 0.8 mA
(7.2 Vdc';; Vin';; 35 Vdc. 10; 5.0 mA. TJ; +25°C;
7.5 Vdc';; Vin';; 20 Vdc. 10; 2.0 A;
5.0 mA';; 10';; 3.0 AI

Ripple Rejection RR 68 75 - 65 75 - d8
(8.0 Vdc';; Vin';; 18 Vdc. I; 120 Hz. 10; 2.0 AI

Dropout Voltage (10; 3.0 A. TJ; +25°C) Vin-VO - 2.2 2.5 - 2.2 2.5 Vdc

Output NoiseVoltage VN - 10 - - 10 - pV/VO
(10 Hz';; I';; 100kHz. TJ; +25°C)

Output Resistance(I; 1.0 kHz) RO - 2.0 - - 2.0 .- mfi

Short Circuit Current Limit ISC - 1.5 2.5 - 1.5 25 A
(Vin ; 35 Vdc. TJ ; +25°C)

PeakOutput Current (TJ; +25°C) Imax - 5.0 - - 5.0 - A

Average Temperature Coefficient TCVO mV/oC
01 Output Voltage (10; 5.0 mAl
MC78T05. MC78T05A - 0.2 10 - 0.2 1.0
MC78T05AC. C - 0.2 - - 0.2 -



MC78T06. C
Characteristic Symbol Unit

Min Typ Max
----- f------

Output Voltage Vo Vde
15.0 mA";; 10";; 3.0 A, TJ = +25°C) 575 60 625
150 mA";; 10";; 3.0 A: 57 60 6.3
5.0 mA";; 10";; 2.0 A, 8.3 Vde ,,;;Vtn '" 21 Vdel

Line Regulation INote 31 Regline - 4.0 30 mV
(S.25 Vde";; Vin ,,;; 35 Vde. 10 = 5.0 mA, TJ = +25°C:
S.25 Vde";; Vin';; 35 Vde, 10 = 1.0 A, TJ = +25°C:
S.6 Vde";; Vin';; 21 Vde, 10 = 20 A.
9.0 Vde";; Vin";; 13 Vde, 10 = 3.0 AI

-- ~-- --
Load Regulation INote 31 Regload mV

150 mA";; '0"; 3.0 A, TJ = +25°C) - 10 30
150 mA';; '0 ,,; 3.0 AI -- 15 SO

-- ---- 1------
Thermal Regulation Regtherm - 0002 0.03 %VO,W

(Pulse = 10 mS. P = 20 W, TA = +25°C) ._--_.-
Ouiescent Current IS mA

(5.0 mA";; 10"; 3.0 A. TJ = +25°CI - 3.5 5.0
(50 mA";; 10"; 3.0 AI - 40 60

Quiescent Current Change ~IB - 01 O.S mA
(S.25 Vde";; Vin";; 35 Vde, '0 = 5.0 mA, TJ = +25°C:
S.6 Vde"; Vin"; 21 Vde. 10 = 2.0 A:,
5.0 mA";; 10";; 3.0 A)

Ripple Rejection RR 63 73 - dB
(9.0 Vde"; Vin"; 19 Vde, 1= 120 Hz, 10 = 2.0 A)

Dropout Voltage (10 = 3.0 A, TJ = +25°C) Vin-VO - 2.2 2.5 Vde

Output Noise Voltage VN - 10 - /J.V/VO
110 Hz";; I";; 100 kHz, TJ = +25°CI

Output Resista nee (I = 1.0 kHzl RO - 2.0 - mll

Short Circuit Current Limit ISC - 1.5 2.5 A
(Vin = 35 Vde, TJ = +25°C)

Peak Output Current ITJ = +25°CI Imax - 5.0 - A

Average Temperature Coefficient TCVO mV/oC
01 Output Voltage (10 = 5.0 mAl
MC7ST06 - 0.3 1.2
MC7ST06C - 0.3 -



MC78T08, C
Characteristic Symbol Unit

Min Typ Max

Output Voltage Vo Vdc
(5.0 mA':; 10':; 3.0 A. TJ = +25°C) 7.7 8.0 8.3
(50 mA':; 10':; 30 A: 7.6 8.0 8.4

5.0 mA':; '0':; 2.0 A, 10.4 Vdc':; Vin .:; 23 Vdc)

Line Regulation (Note 31 Regline - 4.0 35 mV
(10.3 Vdc':; Vin':; 35 Vdc, 10 = 5.0 mA, TJ = +25°C:
10.3 Vdc':; Vin':; 35 Vdc. 10 = 1.0 A. TJ = +25°C:
10.7 Vdc':; Vin':; 23 Vdc. 10 = 2.0 A:
11 Vdc':; Vi n .:; 17 Vdc. 10 = 3.0 AI

Load Regulation (Note 3) Regload mV
(5.0 mA':; 10':; 3.0 A. TJ = +25°C) - 10 30
(50 mA':; 10':; 3.0 A) - 15 80

Thermal Regulation Regtherm - 0.002 0.03 %VO/W
(Pulse = 10 mS. P = 20 W. TA = +25°C)

Quiescent Current IB mA
(5.0 mA':; 10':; 3.0 A. TJ = +25°C) - 35 5.0
(5.0 mA':; 10':; 30 AI - 40 6.0

Quiescent Current Change .lIB - 0.1 0.8 mA
(10.3 Vdc':; Vin':; 35 Vdc, 10 = 5.0 mA, TJ = +25°C:
10.7 Vdc"'; Vin':; 23 Vdc. 10 = 2.0 A:
5.0 mA':; 10':; 3.0 A)

Ripple Rejection RR 61 71 - d8
(11 Vdc':; Vtn':; 21 Vdc, I = 120 Hz, 10 = 2.0 A)

Dropout Voltage (10 = 3.0 A, TJ = +25°C) Vin-VO - 2.2 2.5 Vdc

Output Noise Voltage VN - 10 - "VIVO
(10 Hz':; I.:; 100 kHz. TJ = +25°C)

Output Resistance (I = 1.0 kHz) RO - 2.0 - mfi

Short Circuit Current Limit ISC - 1.5 2.5 A
(Vin = 35 Vdc. TJ = +25°C)

Peak Output Current (TJ = +25°C) Imax - 50 - A

Average Temperature Coefficient TCVO mV/oC
01 Output Voltage (10 = 5.0 mAl
MC78T08 - 03 1.6
MC78T08C - 0.3 -



MC78T12A. AC MC78T12. C
Characteristic Symbol Unit

Min Typ Max Min Typ Max

Output Voltage Vo Vdc
(5.0 mA';; 10';; 3.0 A. TJ = +25°C) 11.75 12 12.25 11.5 12 12.5
(5.0 mA';; 10';; 3.0 A; 11.5 12 12.5 11.4 12 12.6
5.0 mA';; 10';; 2.0 A. 14.5 Vdc';; Vin';; 27 Vdc)

Line Regulation (Note 3) Regline - 6.0 18 - 6.0 45 mV
(14.5 Vdc';; Vin';; 35 Vdc. 10 = 5.0 mA. TJ = +25°C;
14.5 Vdc';; Vin';; 35 Vdc. 10 = 1.0 A. TJ = +25°C;
14.9 Vdc';; Vin ,;; 27 Vdc. 10 = 2.0 A;
16 Vdc';; Vin';; 22 Vdc. 10 = 3.0 A)

Load Regulation (Note 31 Regload mV
(5.0 mA';; '0';; 3.0 A. TJ = +25°C) - 10 25 - 10 30
(5.0 mA';; 10';; 30 AI - 15 50 - 15 80

Thermal Regulation Regtherm - 0001 0.01 - 0002 0;P3 %VO/W
(Pulse = 10 mS. P = 20 W. TA = +25°C)

Quiescent Current 18 mA
(5.0 mA';; 10';; 3.0 A. TJ = +25°Cl - 3.5 5.0 - 3.5 5.0
(5.0 mA';; 10';; 3.0 A) - 4.0 6.0 - 4.0 6.0

Quiescent Current Change :'18 - 0.1 05 - 0.1 0.8 mA
(14.5 Vdc';; Vin';; 35 Vdc. 10 = 5.0 mA. TJ = +25°C;
14.9 Vdc';; Vin';; 27 Vdc. 10 = 2.0 A;
5.0 mA';; 10';; 3.0 A)

Ripple Rejection RR 61 67 - 57 67 - dB
(15 Vdc';; Vin';; 25 Vdc. I = 120 Hz. 10 = 2.0 A)

Dropout Voltage (10 = 3.0 A. TJ = +25°C) Vin-VO - 2.2 2.5 - 2.2 2.5 Vdc

Output Noise Voltage VN - 10 - - 10 - /,V/VO
(10 Hz';; I';; 100 kHz. TJ = +25°C)

Output Resistance (I= 1.0 kHzl RO - 2.0 - - 2.0 - mO

Short Circuit Current Limit ISC - 1.5 2.5 - 1.5 2.5 A
(Vin = 35 Vdc. TJ = +25°C)

Peak Output Current (TJ = +25°C) 'max - 5.0 - - 5.0 - A

Average Temperature Coefficient TCVO mV/oC
01 Output Voltage (10 = 5.0 mAl
MC78T12. MC78T12A - 0.5 2.4 - 0.5 2.4
MC78T12AC. MC781 2C - 0.5 - - 0.5 -

Note 2. Although power dissipation is internally limited, specifications apply only for Po ~ Pmax
Pmax = 30 W for K(TO-3) package Pmax = 25 W for T(TO·220) package.

Note 3. Line and load regulation are specified at constant junction temperature. Changes in Va due to heating effects must be taken into account separately.
Pulse testing with low duty cycle is used.



QUiescent C
(50 mAS,
(5.0 mAcC

.- ._-------
MC78T15A. AC MC78T15. C

Characteristic Symbol Unit
Min Typ Max Min Typ Max

-----_.~-----------------'
age Vo Vde

. 10" 3.0 A, TJ = +25°CI 14.7 15 153 14.4 15 15.6

. 10'" 3.0 A; 14.4 15 156 14.25 15 15.75
10 ,~ 2 0 A, 17.5 Vde ,,~ Yon .~. 30 Vdel
--_._----._._----, --
lion (Note 3) Regline - 7.5 22 - 7.5 55 mV
'. Von" 40 Vde, 10 = 5.0 mA, TJ = +25°C;

" Von':; 40 Vde. 10 = 10 A, TJ = +25°C;
Yon ,~ 30 Vde, 10 = 20 A;
V,n '; 26 Vde, 10 = 30 A)
------ ----,
tion (Note 3) Regload mV

: 10 'C- 30 A, TJ = +25°C) - 10 25 - 10 30

: 10<" 30AI - 15 50 - 15 80
-------
gulatlon Regtherm - 0.001 0.01 - 0.002 0.03 %VO/W
OmS, P = 20 W, TA = +25°CI
_._--,
urrent IB mA
10"; 30 A. TJ = +25°CI - 35 5.0 - 35 5.0

-10'" 30AI - 40 60 - 4.0 6.0

urrent Change ~IB - 01 05 - 0.1 0.8 mA
-;; Vin';; 40 Vde, 10 = 50 mA, TJ = +25°C;
Vin';: 30 Vde, 10 = 2.0 A,
10 c; 30 A)
-----_.
tlOn RR 60 65 - 55 65 - dB
~ Yon "" 28 5 Vde, f = 120 Hz, 10 = 2.0 AI

tage (10 = 3.0 A, TJ = +25°C) Vin-VO - 22 2.5 - 2.2 2.5 Vde

e Voltage VN - 10 - - 10 - I'V/VO
,.; 100kHz, TJ = +25°C)

sta nee (f = 10 kHz) RO - 20 - - 2.0 - mIl

t Current Limit ISC - 1.0 20 - 1.0 20 A
Vde, TJ = +25°C)

t Current (TJ = +25°C) Imax - 50 - - 5.0 - A

perature Coefficient TCVO mV/oC
Voltage (10 = 5.0 mAl
, MC78T15A - 0.6 3.0 - 0.6 3.0
AC, MC7815C - 0.6 - - 0.6 -

Output Volt

'I 150 mA '.
150 mA'-<,

I 5.0 mA<

r-l~·;~-;·R~~~I;
1176 Vde
176 Vdc

18 Vde "
20 Vde ,,:

Load Regula
15.0 mA, ..

150 mA '-

Quiescent C
(17.6 Vdc
18 Vde c.
50 mA.~

Output NOIS
(10 Hz,--, 1

Output Resi

Short C"CUI
IVon = 40

Peak Outpu

Average Tern
01 Output
MC78T15
MC78T15



MC78T18. C
Characteristic Symbol Unit

Min Typ Max

Output Voltage Vo Vdc
(5.0 mA <;; 10';; 3.0 A, TJ = +25°C) 173 18 18.7
(50 mA';; 10';; 30 A, 17.1 18 18.9
5.0 mA';; 10';; 2.0 A. 20.6 Vdc';; Vin .;; 33 Vdc)

Line Regulation (Note 3) Regline - 90 80 mV
(20.7 Vdc';; Vin .;; 40 Vdc, 10 = 50 mA. TJ = +25°C;
20.7 Vdc';; Vin" 40 Vdc. 10 = 1.0 A. TJ = +25°C;
21.2 Vdc c; Vin ,;;; 33 Vdc, 10 = 2.0 A;

24 Vdc '" Vin ,;;; 30 Vdc, 10 = 3.0 A)

Load Regulation (Note 3) Regload mV
15.0 mA';; 10';; 3.0 A. TJ = +25°CI - 10 30
(5.0 mA';; 10';;; 3.0 A) - 15 80

Thermal Regulation Aegtherm - 0002 0.03 %VO/W
(Pulse = 10 mS, P = 20 W, TA = +25°C)

Quiescent Current IB mA
15.0 mA';;; 10';;; 3.0 A, TJ = +25°C) - 3.5 5.0
(50 mA';;; 10';;; 30 A) - 4.0 6.0

c:J:uiescent Current Change ~IB - 0.1 08 mA
(20.7 Vdc';;; Vin';;; 40 Vdc. '0 = 5.0 mA, TJ = +25°C;
21.2 Vdc';;; VIn';;; 33 Vdc, 10 = 2.0 A;
5.0 mA';;; 10';;; 3.0 A)

Ripple Rejection RR 54 64 - dB
(22 Vdc';;; Vin';;; 32 Vdc. I = 120 Hz. 10 = 2.0 AI

Dropout Voltage (10 = 3.0 A. TJ = +25°C) Vin-VO - 2.2 2.5 Vdc

Output Noise Voltage VN - 10 - /,V/VO
110 Hz';;; I';;; 100kHz, TJ= +25°C)

Output Resistance (I = 1.0 kHz) RO - 2.0 - mil

Short Circuit Current Limit ISC - 1.0 2.0 A
(Vin = 40 Vdc. TJ = +25°C)

Peak Output Current (TJ = +25°C) Imax - 5.0 - A

Average Temperature Coefficient TCVO mV/oC
01 Output Voltage (10 = 5.0 mAl
MC78T18 - 07 36
MC78T18C - 0.7 -

Note 2. Although power dissipation is internally limited. specifications apply only for Po ~ Pmax
Pmax = 30 W for K(TO·3) package Pm ax = 25 W for T(10·220) package.

Note 3. Line and load regulation are specified at constant junction temperature. Changes in Va due to heating effects must be taken into account separately.
Pulse testing with low duty cycle is used.



MC78T24. C
Characteristic Symbol Unit

Min Typ Max

Output Voltage Vo Vdc
(5.0 mA';;; 10';;; 3.0 A. TJ = +25°C) 23 24 25
(50 mA';;; 10';;; 30 A; 228 24 25.2
5.0 mA';;; 10';;; 2.0 A. 27.3 Vdc';;; Vin';;; 39 Vdcl

Line Regulation (Note 3) Regline - 12 90 mV
(27 Vdc';;; Vin';;; 40 Vdc. 10 = 5.0 mA. TJ = +25°C:
27 Vdc';;; Vin';;; 40 Vdc. 10 = 1.0 A. TJ = +25°C;
27.5 Vdc';;; Vin';;; 39 Vdc. 10 = 2.0 A;
30 Vdc';;; Vin';;; 36 Vdc. 10 = 3.0 A)

Load Regulation (Note 3) Regload mV
(5.0 mA';;; 10';;; 3.0 A. TJ = +25°CI -

I
10 30

(50 mA';;; 10';;; 3.0 AI - 15 80

Thermil) Regulation Regtherm - 0.002 0.03 %VO/W
(pulse = 10 mS. P = 20 W. TA = +25°C)

Quiescent Current IB mA
(5.0 mA';;; 10';;; 3.0 A. TJ = +25°C) - 3.5 5.0
(5.0 mA';;; 10';;; 3.0 A) - 4.0 6.0

Quiescent Current Change ~IB - 0.1 0.8 mA
(27 Vdc';;; Vin';;; 40 Vdc. 10 = 5.0 mA. TJ = +25°C;
27.5 Vdc';;; Vin';;; 39 Vdc. 10 = 2.0 A;
50 mA';;; 10';;; 3.0 A)

Ripple Rejection RR 51 61 - dB
(28 Vdc ,;;; Vin ,;;; 38 Vdc. 1= 120 Hz. 10 = 2.0 AI

Dropout Voltage (10 = 3.0 A. TJ = +25°C) Vin-VO - 2.2 2.5 Vdc

Output Noise Voltage VN - 10 - ,.V/VO
(10 Hz';;; I';;; 100 kHz. TJ = +25°C)

Output Resistance (I = 1.0 kHz) RO - 2.0 - mil

Short Circuit Current Limit ISC - 1.0 2.0 A
(Vin = 40 Vdc. TJ = +25°CI

Peak Output Current (TJ = +25°C) Imax - 50 - A

Average Temperature Coefficient TCVO mV/oC
of Output Voltage (10 = 5.0 mAl
MC78T24 - 1.0 48
MC78T24C - 1.0 -
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The performance of a voltage regulator is specified by its Immu·
nity to changes in load. input voltage, power dissipation, and
temperature. Line and load regulation are tested with a pulse of
short duration « 100 ,us) and are strictly a function of electrical
gain. However: pulse widths of longer duration (> 1.0 ms) are
sufficient to affect temperature gradients across the die. Thes'e
temperature gradients can cause a change in the output voltage,
in addition to changes caused by line and load regulation. Longer
pulse widths and thermal gradients make it desirable to specify
thermal regulation.

Thermal regulation is defined as the change In output voltage
caused by a change in dissipated power for a specified time, and
is expressed as a percentage output voltage cha nge per watt. The

change In dissipated power can be caused by a change In either
the input voltage or the load current Thermal regulation is a func·
tion of I.C. layout and die attach techniques. and usually occurs
within lams of a change in power dissipatIon. After 10 ms, addi·
tiona I changes in the output voltage are due to the temperature
coefficient of the device.

Figure 1 shows the line and thermal regulation response of a
typical MC78T05A to a 20 watt input pulse. The variation of the out·
put voltage due to line regulation is labeled CD and the thermal
regulation component IS labeled (3). Figure 2 shows the load and
thermal regulation response of a typical MC78T05A to a 20 watt
load pulse. The output voltage variation due to load regulation is
labeled CD and the thermal regulation component is labeled@.

MC78T05A
Vo = 5.0 V
Vin = 8.0 V -18 V - 8 0 V
lout" 2.0 A

CD = Regline = 2.4 mV
<i) = Regtherm = 0.0015%VO/W

I I I
Vin-VO = 5.0 V -lout = 100 mA

/'
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CD = Regload = 4.4 mV
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FIGURE 6 - RIPPLE REJECTION versus FREQUENCY
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FIGURE 14 - MAXIMUM AVERAGE POWER
DISSIPATION FOR MC78TOOCK. ACK
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The MC78TOO,ASeries of fixed voltage regulators are designed with
Ther~al Overload Protection that shuts down the circuit when subJected
to an excessive power overload condition, Internal Short-CircUit
Protection that limits the maximum current the ClrcUlt will pass, and
Output Transistor Safe-Area Compensation that reduces the output short-
Circuit current as the voltage across the pass transistor is Increased.

In many low current applications, compensation capacitors are not
required However, it is recommended that the regulator Input be bypassed
with acapacitor If the regulator isconnected to the power supply hlter with

Constant
Current to

Grounded Load

Input ~ MC78T05. A

033"F I f

The MC78T05 regulator can also be used as a current source when con-
nected as above. In order to mInimize dissipation, the MC78T05 is chosen
in this application. ResIstor Rdetermines the current as follows:

For example, a 2-ampere current source would require Rto be a 2.5 ohm,
15 W resistor and the output voltage compliance would be the input volt-
age less 7.5 volts.

Input~ ~

R MC78TXX. A Output

11.0"FJ JO.'"F

The MC78TOO,A series can becurrent boosted with a PNPtransistor. The
2N4398 provides current to 15 amperes. Resistor R in conjunction with
the Vse of the PNPdetermines when the pass transistor begins conduc-
ting; this circuit is not short-circuit proof. Input-output differential voltage
minimum is increased by the VSE of the pass transistor.

long wire lengths, or if the output load capacitance IS large. An input by-
pass capacitor should be selected to provide good high-frequency charac-
teristics to insure stable operation under all load conditions. A 0.33 JlFor
larger tantalum. mylar. or other capacitor havIng low internal impedance
at high frequencies should be chosen. The bypass capacitor should be
mounted with the shortest possible leads directly across the regulator's
input terminals. Normally good construction techniques should be used
to minimize ground loopsand lead resistance drops Sincethe regulator has
no external sense lead

The addItion of an operational amplifier allows adjustment to higher or
intermediate values while retalntng regulation characteristics. The mIni-
mum voltage obtainable with this arrangement is 3.0 volts greater than
the regulator voltage.

ThecircUlt of Figure 18can be modified to prOVidesupply protection agaInst
short circuits by adding a short-circuit sense resistor. RSC' and an addi-
tional PNPtransistor Thecurrent sensing PNPmust be able to handle the
short-circuit current of the three-terminal regulator Therefore, an elght-
ampere power tranSistor IS speCified



® MOTOROLA

: MC7900C SERIES THREE·TERMINAL
NEGATIVE VOLTAGE REGULATORS

The MC7900C Series of fixed output negative voltage regulators
are intended as complements to the popular MC7800C Seriesdevices.
These negative regulators are available in the same seven-voltage
options as the MC7800C devices. In addition, two extra voltage
options commonly employed in MECL systems arEfalso available
in the negative MC7900C Series.

Available in fixed output voltage options from -2.0 to -24 volts,
these regulators employ current limiting, thermal shutdown, and
safe·area compensation. - mak ing them remarkably rugged under
most operating conditions. With adequate heat-sinking they can
deliver output currents in excessof 1.0 ampere.

• No External Components Required

• Internal Thermal Overload Protection

• Internal Short·Circuit Current Limiting

• Output Transistor Safe·Area Compensat ion

• Packaged in the Plastic Case221A and Case1
(TO·220 and Hermetic TO·3)

DEVICE TYPEINDMINAL OUTPUT VOLTAGE
MC7902C - 2.0 Volts MC1906C - 6.0 Volts MC7915C - 15 Volts

MC7905C - 5.0 Volts MC7908C - 8.0 Volts MC791ac - 18 Voltl
MC790S.2C - 5.2 Volts MC7912C - 12 Volts MC7924C - 24 Volts

MC7900C
Series

THREE-TERMINAL
NEGATIVE FIXED

VOLTAGE REGULATORS

K SUFFIX
METAL PACKAGE

CASE 1
ITO·3 TYPE)

T SUFFIX
PLASTIC PACKAGE

CASE 221 A

Pin 1. Ground

2. Input
3. Output

(Heetsink surface
connected to Pin2)

A common ground is required between the
input and the output voltages. The input volt-
age must remain typically 2.0 V more negative
evenduring the high point on the input ripple
voltage.

XX :lC these two digits of the type number indi-
cate voltage .

• = Cin is required if regulator is located an
appreciable distance from power supply
filter .

•• = Co improves stability and transient re-
sponse.

ORDERING INFORMATION

DEVICE ITEMPERATURE RANGE I PACKAGE

MC79XXCK I TJ"- oOC to +lSOoC I Metal Power

MC79XXCTI TJ = OOC to +1500C I PlastiCPower

XX Indicates nominal voltage



Rating Symbol Value Unit

Input Voltage 12.0 V - 18 V) V, -35 Vdc
124 VI -40

Power Dissipation
Plastic Package
TA = +250C Po Internally Limited Watts
Derate above T A = + 25°C l/ROJA 15.4 mW/oC

TC = +250C Po Internally Limited Watts

Derate above TC = +9SoC (See Figure 11 l/ROJC 200 mW/oC

Metal Package
TA=+250C Po Internally Limited Watts
Derate above T A = +2SoC 1/ROJA 22.2 mW/oC

TC = +250C Po Internally Limited Watts

Derate above T r = +6SoC l/Rn Ir 182 mW/oC

Storage Temperature Range Tsta -65 to +150 °c
Junction Temperature Range TJ o to +150 °c

,
SvmbolCharacteristic Max Unit

Thermal Reslsta'"!.ce. Junction to Ambient - Plastic Package ROJA 65 °C/W
- Metal Package 45

Thermal Resistance. Junction to Case - Plastic Package ROJC 5.0 °C/W
- Metal Package 5.5

Characteristic Symbol Min Typ Max Unit

Output Voltage ITJ = +250C) Vo -1.92 -2.00 -208 Vdc

Line Regulation Regline mV
ITJ = +250C.10 = l00mA)
-7.0 Vdc;;' V, ;;'-25 Vdc - 8.0 20
-8.0 Vdc;;' VI ;;'-12Vdc - 4.0 10

ITJ = +250C. 10 = 500 mAl .
-7.0 Vdc;;' V, ;;'-25 Vdc - 18 40
-8.0 Vdc;;' V, ;;'-12 Vdc - 8.0 20

Load Regulation Reg'oad mV
TJ = +250C. 5.0 mA ,;;;'0 ,;;;1.5 A - 70 120
250 mA';;; 10 ';;;750 mA - 20 60

Output Voltage Vo -1.90 - -2.10 Vdc
-7.0 Vdc;;' V, ;;'-20 Vdc. 5.0 mA ';;;10';;; 1.0 A. P ';;;15 W

Input Bias Current ITJ = +250CI 118 - 4.3 8.0 mA

Input Bias Current Change 6',8 mA
-7.0 Vdc;;' V, ;;. -25 Vdc - - 1.3
5.0 mA ,;;;10';;; 1.5 A - - 0.5

Output Noise Voltage ITA = +25oC. 10 Hz';;;I';;; 100 kHzl eon - 40 - ~V

Long-Term Stabiltty !>VO/!>t - - 20 mV/1.0k Hrs

Ripple Rejection 110 = 20 mA. 1 = 120 Hz) RR - 65 - dB

Input-Output Voltage Differential lV,-Vol - 3.5 - Vdc
'0 = LOA, TJ = +250C

Average Temperature Coefficient of Output Voltage 6VO/6T - -1.0 - mV/oC
10 = 5.0 mA. rPC ';;;TA ';;;+1250C



Char.eteristic Symbol Min Typ Max Unit

Output Voltage ITJ = +250CI Vo -4.8 -5.0 -5.2 Vdc

Line Regulation Regline mV
ITJ = +250C, 10 = 100 mAl
-7.0 Vdc;;' VI ;;'-25 Vdc - 7.0 50
-8.0 Vdc;;' VI ;;'-12 Vdc - 2.0 25

ITJ = +250C, 10 = 500 mAl
-7.0 Vdc;;' VI ;;'-25 Vdc - 35 100
-8.0 Vdc;;' VI ;;'-12 Vdc - 8.0 50

Load Regulation Regload mV
TJ = +250C, 5.0 mA';; 10';; 1.5 A - 11 100
250 mA';; 10 ';;750 mA - 4.0 50

Output Voltage Vo -4.75 - -5.25 Vdc
-7.0 Vdc;;' VI ;;'-20 Vdc, 5.0 mA ';;10';; 1.0 A, P';; 15 W

Input Bias Current IT J = +2SoC) liB - 4.3 8.0 mA

Input Bias Current Change "liB mA
-7.0 Vdc ;;'Vin ;;'-25 Vdc - - 1.3
5.0 mA ';;10';; 1.5 A - - 0.5

Output Noise Voltage ITA = +250C, 10 Hz';;f';; 100 kHz) eon - 40 - I'V

Long-Term Stability t>.VO/tH - - 20 mV/1.0k Hrs

Ripple Rejection (10 = 20 mA, f = 120 Hzl RR - 70 - dB

I nput-Output Voltage Differential lVI-VOl - 2.0 - Vdc
10 = 1.0 A, TJ = +250C

.4\verage Temperature Coefficient of Output Voltage INO/"T - -1.0 - mV/oC
10 = 5.0 mA, OOc ';;TA ';;+1250C

Characteristic Symbol Min Typ Max Unit

Output Voltage ITJ = +25oCI Vo -5.0 -5.2 -5.4 Vdc

Line Regulation Regline mV
(TJ = +250C, 10 = 100 mAl
-7.2 Vdc;;' VI ;;'-25 Vdc - 8.0 5:2
-8.0 Vdc;;' VI ;;'-12 Vdc - 2.2 27
ITJ = +250C, 10 = 500 mAl
-7.2 Vdc;;' VI ;;'-25 Vdc - 37 105
-8.0 Vdc;;' VI ;;'-12 Vdc - 8.5 52

Load Regulation Regload mV
TJ = +250C, 5.0 mA ';;10 ';;1.5 A - 12 105
250 ~ ';;10 ';;750 mA - 4.5 52

Output Voltage Vo -4.94 - -5.46 Vdc
-7.2 Vdc;;' VI ;;'-20 Vdc, 5.0 mA';; 10';; 1.0 A, P ';;15 W

Input Bias Current (TJ = +250CI liB - 4.3 8.0 mA

Input Bias Current Change "liB mA
-7.2 Vdc;;' VI ;;'-25 Vdc - - 1.3
5.0 mA ';;10';; 1.5 A - - 0.5

Output Noise Voltage ITA = +25oC, 10Hz';; f .;; 100kHz) eon - 42 - I'V
long-Term Stability t>.VO/t>.t - - 20 mV/1.0k Hrs

Ripple Rejection (10 = 20 mA, f = 120 Hz) RR - 68 - dB

Input-Output Voltage Differential lVI-VOl - 2.0 - Vdc
10 = 1.0 A, TJ = +250C

Average Temperature Coefficient of Output Voltage "VO/"T - -1.0 - mVfOC
10 = 5.0 mA, OOc ';;TA ';;+1250C



Chlraet.istic Symbol Min Typ Max Unit

Output Voltage (TJ = +25oC) Vo -5.75 -6.0 -6.25 Vdc

Line Regulation Regline mV

(TJ = +250C, 10 = l00mA)
-8.0 Vdc;;, V I ;;. -25 Vdc - 9.0 60
-9.0 Vdc;;, VI ;;'-13 Vdc - 3.0 30

(T J = +250C, 10 = 500 mAl
-8.0 Vdc;;' VI ;;'-25 Vdc - 43 120
-9.0 Vdc;;' VI ;;'-13 Vdc - 10 60

Load Regulation Regload mV
TJ = +250C, 5.0 mA ~IO ~ 1.5A - 13 120

250 mA ~IO ~ 750 mA - 5.0 60

Output Voltage , ~I Vo -5.7 - -6.3 Vdc
-8.0Vdc;;' VI ;;'-21 Vdc,5.0mA~10~1.0A,P jl5W)

Input Bias Current IT J = +250C) liB - 4.3 8.0 mA

Input Bias Current Change 611B mA
-8.0 Vdc;;' V I ;;'-25 Vdc - - 1.3

5.0 mA ~IO ~1.5 A - - 0.5

Output Noise Voltage ITA = +250C, 10 Hz ~f ~ 100 kHz) eon - 45 - p.V

Long-Term Stability IlVoillt - - 24 mV/l.0k Hrs

Ripple Rejection (10 = 20 mA, f = 120 Hz) RR - 65 - dB

Input-Output Voltage Differential lVI-VOl - 2.0 - Vdc
10 = LOA. TJ = +250C

Average TemperatLre Coefficient of Output Voltage 6VO/6T - -1.0 - mVtoC
10 = 5.0 mA, OOc ~TA ~+1250C

Characteristic Symbol Min Typ MIX Unit

Output Voltage (TJ = +250C) Vo -7.7 -8.0 -8.3 Vdc

Line Regulation Aegline mV
IT J = +250C, 10 = l00mA)
-10.5 Vdc;;' VI ;;'-25 Vdc - 12 80
-11 Vdc;;' VI;;' -17 Vdc - 5.0 40

(T J = +250C, 10 = 500mA)
-10.5 Vdc;;' VI ;;'-25 Vdc - 50 160
-11 Vdc;;' VI ;;. -17 Vdc - 22 80

Load Regulation Regload mV
TJ = +250C, 5.0 mA ~IO ~1.5 A - 26 160
250 mA ~ 10 ~750 mA - 9.0 80

Output Voltage Vo -7.6 - -8.4 Vdc
-10.5 Vdc;;' VI ;;'-23 Vdc. 5.0 mA ~IO ~ 1.0 A, P~15W

Input Bias Current (T J = +250C) liB - 4.3 B.O mA

Input Bias Current Change 611B mA
-10.5 Vdc;;' VI ;;'-25 Vdc - - 1.0
5.0 mA ~IO ~1.5A - - 0.5

Output Noise Voltage (TA = +250C, 10 Hz ~f ~ 100 kHz) eon - 52 - p.V

Long-Term Stability IlVoillt - - 32 mV/1.0k Hrs

Ripple Rejection (10 = 20 mA, f = 120 Hz) RR - 62 - dB

Input-Cutput Voltage Differential lVI-VOl - 2.0 - Vdc
10 = LOA, TJ = +250C

Average Temperature Coefficient of Output Voltage 6VO/6T - -1.0 - mVtoc
10 = 5.0 mA, OOc ~TA ~+1250C



Characteristic Symbol Min Typ Max Unit

Output Voltage ITJ = +25oCI Vo -11.5 -12 -12.5 Vdc

Line Regulation Regline mV
(TJ = +250C, 10 = 100 mAl
-14.5 Vdc;;;' VI ;;;'-30 Vdc - 13 120
-16 Vdc;;;' VI ;;;'-22 Vdc - 6.0 60

(TJ = +250C, 10 : 500 mAl
-14.5 Vdc;;;' VI ;;;'-30 Vdc - 55 240
-16 Vdc;;;' VI ;;;'-22 Vdc - 24 120

Load Regulation Regload mV
TJ = +250C, 5.0 mA ';;;10';;; 1.5 A - 46 240
250 mA ';;;10 ';;;750 mA - 17 120

Output Voltage Vo -11.4 - -12.6 Vdc
-14.5 Vdc;;;' VI ;;;'-27 Vdc,5.0mA ';;;10 ,;;;1.0 A, P';;;15W

Input Bias Current IT J = +2SoCI liB - 4.4 B.O mA

Input Bias Current Change "liB mA
-14.5 Vdc;;;' VI ;;;'-30 Vdc - - 1.0
5.0mA';;;10';;;1.5A - - 0.5

Output Noise Voltage ITA = +250C, 10 Hz';;;l ';;;100 kHzl eon - 75 - /iV

Long-Term Stability avO/at - - 4B mV/1.0 k Hrs

Ripple Rejection 1\0 - 20 mA, 1 - 120 Hzl RR - 61 - dB

Input-Output Voltage Differential lVI-VOl 2.0 Vdc
10 = 1.0 A, TJ : +250C

Average Temperature Coefficient of Output Voltage "VO/"T -1.0 mVrvC
10: 5.0 mA, OOC';;;TA" +1250C

ChBiact«istic Symbol Min Typ Max Unit

Output Voltage (TJ = +250CI Vo -14.4 -15 -15.6 Vdc

Line Regulation Regline mV
(TJ = +250C, 10 = 100 mAl
-17.5 Vdc;;;' VI ;;;'-30 Vdc - 14 150
-20 Vdc;;;' VI ;;;'-26 Vdc - 6.0 75
(TJ = +250C, 10: 500 mAl
-17.5 Vdc;;;' VI ;;;'-30 Vdc - 57 300
-20 Vdc;;;' VI ;;;'-26 Vdc - 27 150

Load Regulation Regload mV
TJ = +250C, 5.0 mA ';;;10 ';;;1.5 A - 58 300
250 mA ,;;;10 ';;;750 mA - 25 150

Output Voltage Vo -14.25 -15.75 Vdc
-17.5 Vdc;;;' VI ;;;'-30 Vdc, 5.0 mA ';;;10 ';;;1.0 A, P ';;;15 W

I nput Bias Current (T J +25uCI JIB 4.4 8.0 mA

Input Bias Current Change "liB mA
-17.5Vdc;;;,VI ;;;'-30Vdc - - 1.0
5.0 mA ';;;10';;; 1.5 A - - 0.5

Output Noise Voltage ITA = +25oC, 10 Hz';;;I';;; 100 kHz) eon - 90 - /iV

Long-Term Stability avO/at 60 mV/1.0 k Hrs

Ripple Rejection (10 = 20 mA, 1 12QHzI RR - 60 - dB

Input.()utput Voltage Differential lVI-VOl 2.0 Vdc
10 = LOA, TJ = +250C

Average Temperature Coefficient of Output Voltage "VO/"T -1.0 mVrvC
10 = 5.0 mA, OOc';;;TA ';;;+1250C



Cher.et.istic Symbol Min Typ Mox Unit

Output Voltage ITJ = +250Cl Vo -17.3 -18 -18.7 Vdc

Line Regulation Regline mV
(TJ : +250C, 10 = 100 mAl
-21 Vdc~ VI ~-33 Vdc - 25 180
-24 Vdc ~ VI ~-3O Vdc - 10 90

(TJ = +25oC, 10 = 500 mAl
-21 Vdc;;' VI ~-33 Vdc - 90 360
-24 Vdc;;' VI ;;'-30 Vdc - 50 180

Load Regulation Reg'oad mV
TJ = +250C, 5.0 mA .;; '0';; 1.0 A - 110 360
250 mA ';;10 ';;750 mA - 55 180

Output Voltage Vo -17.1 - -18.9 Vdc
-21 Vdc;;'V, ;;'-33Vdc,5.0mA';;10';;1.0A,P';;15W

Input 8ias Current (TJ = +250C) 'iB - 4.5 8.0 mA

Input Bias Current Change "',8 mA
-21 Vdc;;' V, ;;'-33 Vdc - - 1.0
5.0 mA ';;10';; 1.0 A - - 0.5

Output Noise Voltage ITA = +250C, 10 Hz';;f ';;100 kHzl eon - 110 - iJ.V

Long·Term Stability !J.VO/!J.t - - 72 mV/1.0k Hrs

Ripple Rejection (10 = 20 mA, f = 120 Hz) RR - 59 - dB

Input-Output Voltage Differential lV,-VOl - 2.0 - Vdc
10 = 1.0 A, TJ = +25oC

Average Temperature~"COefficient of Output Voltage "VO/"T - -1.0 - mV/oC
'0 = 5.0 mA, OOc ';;TA ';;+1250C -

V, =- , 0 = J + . un essot Mise not

CNlr.et.istic Svmbol Min Tyn Max Unit

Output Voltage IT.! = +25oCI ri Vo -23 -24 -25 Vdc,
Line Regulation Regline mV

(TJ = +250C,10 = 100 mAl
-27 Vdc;;' VI ;;'-38 Vdc - 31 240
-30 Vdc;;' VI ;;'-36 Vdc - 14 120

(TJ = +250C, '0 = 500 mAl
-27 Vdc;;' V, ;;'-38 Vdc - 118 480
-30 Vdc;;' V ;;'-36 Vdc - 70 240

Load Regulation Reg'oad mV
TJ = +250C, 5.0 mA ';;10';; 1.0 A - 150 480
250 mA ';;10 ';;750 mA - 85 240

Output Voltage Vo -22.8 - -25.2 Vdc
-27 Vdc;;' V, ;;'-38 Vdc, 5.0 mA';; In';; 1.0 A, P';; 15 W

Input Bias Current IT.! = +250CI lOR - 4.6 8.0 mA

Input Bias Current Change ""B mA
-27 Vdc;;' V, ;;'-38 Vdc - - 1.0
5.0 mA .;; '0 .;; 1.0 A - - 0.5

Output Noise Vo'tage (TA = +25oC, 10 Hz';;f';; 100 kHz) eon - 170 - iJ.V

Long·Term Stability !J.VO/At - - 96 mV/1.0 k Hrs

Ripple Rejection (10 = 20 mA, f = 120 Hzl RR - 56 - dB

Input-Qutput Voltage Differential lVI-VO' - 2.0 - Vdc
10 = LOA, TJ = +25oC

Average Temperature Coefficient of Output Voltage \

"VO/"T - -1.0 - mVt'C
10 = 5.0 mA, OOc ';;TA ';;+1250C



TYPICAL CHARACTERISTICS
(TA = +250C unless otherwise noted.)

FIGURE 1 - WORST CASE POWER OISSIPATION AS A
FUNCTION OF AMBIENT TEMPERATURE (TQ-2201
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FIGURE 2 - WORST CASE POWER DISSIPATION AS A
FUNCTION OF AMBIENT TEMPERATURE (TO-31
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DEFINITIONS
Line Regulltion - The chlnge in output YOlt1Q1for. chlnge in
the input voltage. The measurement is mede under conditions of
low dissipation or by using pulse techniques such thlt the averBge
chip tempereture is not signifiClntly effected.

Output Noise Voltage - The rms ae voltage at the output, with
constant lo.cj and no input ripple, measured over I specified fre-
Quency range.

Long Term Stability·· Output voltege stllbility under accelerated
life test conditions with the maximum flted voltage listed in the
devices' electricil characteristics and maximum power dissipation.



Deslg:'l Considerations:
The MC79<X>CSeries of fixed voltage regulators are desi!J'led

with Thermal Overload ProtectIon that shuts down the Circuit
when subjected to an excessivepovveroverload condition, Internal
Short·Circuit Protection that limits the maximum current the c;r-
cuit will pass,and Out~t Transistor Safe-Area Compensation that
reduces the output short-circuit current as the voltage across the
pass tranSistor is increased.

In many low current applications, compensation capacitors are
not required. However, it is recommended that the regulator
input be bypassed with 3 capacitor if the regulator is connected

l-,.OIJF

Gnd •

The MC7902, -2.0 V regulator can be used asa constant current
source when connected as aOOve.The output current is the sum of
resIstor R current and quiescent bias current as follows:

2V
10 :Fl+ IB

The quiescent current for this regulator is typically 4.3 mA.
The 2.0 volt regulator was chosen to minimize dissipation and to
allow the output voltage to operate to within 6.0 V below the
input voltage.

The MC7815 and MC7915 positive and negative regulators may
be connected as shown to obtain a dual power supply for oper·
ational amplifiers. A clamp diode should be used at the output of
the MC7815 to prevent potential latch-up problems.

to the power supply filter with long wire lengths, or if the output
load capacitance is large. An ,"put bypass capacitor should be
selected to provide good high-frequency characteristics to insure
stable operation under alt load conditions. A 0.33 I,lF or larger
tantalum, mylar, or other capacitor having low internal impedance
at high frequencies should be chosen. The bypass capacitor should
be mounted with the shortest possible leadsdirectly across the reg-
ulators input terminals. Normally good construction techniques
should be used to minimize ground loops and lead resistance
drops since the regulator has no external senselead. Bypassing the
output is also recommended.

Gnd Gnd

·Mounted on common heat sink. Motorola M$·10 or equivalent.

When a boost transistor is used, short-circuit currents are equal
to the sum of the series pass and regulator limits, which are
measured at 3.2 A and 1.8 A respectively in this case. Series pass
limiting is approximately equal to 0.6 V/ASC. Operation beyond
this point to the peak current capability of the MC7905C is pos-
sible if the regulator is mounted on a heat sink; otherwise thermal
shutdown will occur wher. the additional load current is picked up
by the regulator.

FIGURE 11 - TYPICAL MECL SYSTEM POWER SUPPLY
1-5.2 V@ 4.0 A and -2.0 V @ 2.0 A; for PC Boardl

-12 V -5.2 V

Input Output

When current-boost power transistors are used, 47-ohm base-to-
emitter resistors IAI must be used to bypass the quiescent current
at no load. These resistors, in conjunction with the VBE of the
NPN transistors, determine when the pass transistors begin con-
ducting. The l-ohm and 4-ohm dropping resistors were chosen to
reduce the power dissipated in the boost transistors but still leave
at least 2.0 V across these devices for good regulation.



® MOTOROLA

THREE-TERMINAL NEGATIVE
VOLTAGE REGULATORS

The MC79LOO Series negative voltage regulators are inexpensive,
easy-to-usedevicessuitable for numerous applications requiring up to
100 mA. Like the higher powered MC7900 Series negative regulators,
this series features thermal shutdown and current limiting, making
them remarkably rugged. In most applications, no external com·
ponents are required for operation.

The MC79LOO devices are useful for on·card regulation or any
other application where a regulated negative voltage at a modest
current level is needed. These regulators offer substantial advantage
over the common resistorIzener diode approach.

• No External Components Required
• Internal Short·Circuit Current Limiting
• Internal Thermal Overload Protection
• Low Cost
• Complementary Positive Regulators Offered

(MC78LOO Series)
• Available in Either ±5% (AC) or±10% IC) Selections

R6
R5

Q5 R9
R,S

R, Q4

R7

Q1 R4

R2

2,
R3

MC79LOOC,AC series

THREE-TERMINAL
NEGATIVE FIXED

VOLTAGE REGULATORS

P SUFFIX
CASE 29

TO·92 .f
2 3

Pin 1. Ground

2. Input
3. Output

G SUFFIX
CASE 79

TO-39 !II
2

1~3
(Case connected ~

to pin 3)

Pin 1. Ground

2. Output
3. Input

Device No. Device No. Nominal
,10% ,S% Voltage

MC79L03C MC79L03AC - 3.0
MC79LOSC MC79L05AC - 5.0
MC79L12C MC79L 12AC - 12
MC79L ,SC MC79L 15AC - '5
MC79L lBC MC79L 'BAC -'B
MC79L24C MC79L24AC -24

A common ground is required between the
input and the output voltages. The input volt-

age must remain typically 2.0 V above the out-
put voltage even during the low point on the
input ripple voltage.

C, is required if regulator is located an
appreciable distance from power supply
filter.

Co improve, stability. end transient
fesponse.

OROERING INFORMATION

Device Temperature Range Package

MC79LXXACG TJ = OOCto +lSOoC Metal Can

MC79LXXACP TJ = OOCto +1500C Plastic
Povver

MC79LXXCG TJ = OOCto +1500C Metal Can

MC79LXXCP TJ = OOCto +lSOoC lastic
POlNer

XX indicates nominal voltaoe



Rating Symbol Value Unit

Input Voltage 1-3.-5 VI VI -30 Vdc
1-12.-15.-18 VI -35
1-24 VI -40

Storage Temperature Range Tstg -65 to +150 °c
Junction Temperature Range TJ o to +150 vc

MC79L03C. AC ELECTRICAL CHARACTERISTICS IVI = -10 V, 10 = 40 mA, C, = 0.33I'F, Co = 01 I'F,

OOC < TJ < +12SoC unless otherwise noted.l

MC79L03C MC79L03AC

Characteristic Symbol Min Typ Max Min Typ Max Unit

Output Voltage IT J = +250CI Va -2.76 -3.00 -3.24 -2.88 -3.0 -3.12 Vdc

Input Regulation Regline mV
ITJ = +250CI
-7.0 Vdc;;> VI;;> -20 Vdc - - 80 - - 60
-8.0 Vdc ;;>V,;;> -20 Vdc - - 60 - - 40

Load Regulation Regload mV
TJ = +250C.1.0mA •• 10" 100mA - - 72 - - 72
1.0mA •• 10 •• 40mA - - 36 - - 36

Output Voltage Va Vdc
-7.0 Vdc;;> VI;;> -20 Vdc. 1.0 mA •• 10" 40 mA -2.7 - -3.3 -2.85 - -3.15

VI = -10 Vdc. 1.0 mA •• 10" 70mA -2.7 - -3.3 -2.85 - -3.15

Input Bias Current 118 mA
ITJ = +250CI - - 6.0 - - 6.0
ITJ = +1250CI - - 5.5 - - 5.5

Input Bias Current Change "1'8 mA
-8.0 Vdc ;;>VI ;;>-20 Vdc - - -1.5 - - -1.5
1.0mA •• 10 •• 40mA - - -0.2 - - -0.1

Output Noise Voltage VN - 30 - - 30 - I'V
ITA = +250C. 10 Hz •• f •• 100 kHz I

Long-Term Stability "Vol"t - 10 - - 10 - mV/l.0 k Hrs.

Ripple Rejection RR 44 51 - 45 51 - d8
1-8.0;;> V, ;;>-18 Vdc. f = 120 Hz. TJ = 250Cl

Input-Output Voltage Differential lVI-VOl - 1.7 - - 1.7 - Vdc
10 = 40 mA, TJ = +250c



MC79L05C, AC Series ELECTRICAL CHARACTERISTICS (VI = -10 V, 10 = 40 mA, CI = 0.33,,~, Co = 0.1 "F,
oDe < TJ < +12SoC unless otherwise noted.)

MC79LOSC MC79L05AC

Characteristic Symbol Min Typ Max Min Typ Max Unit

Output Voltage (T J = +250CI Vo -4.6 -5.0 -5.4 -4.8 -5.0 -;5.2 Vdc

Input Regulation Regline mV
ITJ = +250C)
-7.0 Vdc" VI" -20 Vdc - - 200 - - 150
-8.0 Vdc " VI ,,-20 Vdc - - 150 - - 100

Load Regulation ReSload mV
TJ = +250C, 1.0mA •• 10" 100mA - - 60 - - 60
1.0 mA •• 10" 40 mA - - 30 - - 30

Output Voltage Vo Vdc
-7.0 Vdc" VI" -20 Vdc, 1.0mA •• 10 •• 40mA -4.5 - -5.5 -4.75 - -5.25
VI = -10 Vdc, 1.0 mA •• 10" 70 mA -4.5 - -5.5 -4.75 - -5.25

Input Bias Current liB mA
ITJ = +250C) - - 6.0 - - 6.0
IT J = +1250CI - - 5.5 - - 5.5

Input Bias Current Change <>lIB mA

-8.0 Vdc " VI " -20 Vdc - - 1.5 - - 1.5
1.0mA •• 10 •• 40mA - - 0.2 - - 0.1

Output Noise Voltage VN - 40 - - 40 - "V
IT A = +250C, 10Hz •• f •• 100 kHzl

Long-Term Stability <NOI"t - 12 - - 12 - mV/1.0k Hrs.

Ripple Rejection RR 40 49 41 49 - dB
1-8.0" VI" 18 Vdc, f = 120 kHz, TJ = 25°C I

I nput-Output Voltage Differential lVI-VOl 1.7 - 1.7 - Vdc
10 = 40 mA, TJ = +250C

MC79L 12C, AC ELECTRICAL CHARACTERISTICS IVI = -19 V, 10 = 40 mA, C, = 0.33"F, Co = 0.1 "F,

oDe < T J < +12S0C unless otherwise noted.)

MC79Ll2C MC79L12AC

Characteristic Symbol Min Typ 'IIlax Min Typ Max Unit

Output Voltage IT J = +250C) Vo -11.1 -12 -12.9 -11.5 -12 -12.5 Vdc

Input Regulation Regline mV
(TJ = +250C)
-14.5 Vdc "VI" -27 Vdc - - 250 - - 250
-16 Vdc ;> VI;> -27 Vdc - - 200 - - 200

Load Regulation Regload mV
TJ = +250C, 1.0mA •• 10 •• 100mA - - 100 - - 100
1.0 mA •• 10 •• 40 mA - - 50 - - 50

Output VOltage Vo Vdc
-14.5 Vdc" VI" -27 Vdc, 1.0mA •• 10 •• 40mA -10.8 - -13.2 -11.4 - -12.6
VI = -19 Vdc, 1.0 mA •• 10" 70mA -10.8 - -13.2 -11.4 - -12.6

Input Bias Current liB mA
IT J = +250CI - - 6.5 - - 6.5
IT J = +1250CI - - 6.0 - - 6.0

Input Bias Current Change "liB mA
-16 Vdc;;' VI ;;. -27 Vdc - - 1.5 - - 1.5
1.0 mA •• 10" 40 mA - - 0.2 - - 0.1

Output Noise Voltage VN - 80 - - 80 - "V
ITA = +250C, 10 Hz •• f •• 100 kHz)

Long-Term Stability "Vol"t - 24 - - 24 - mV 11.0 k Hrs.

R ippte Rejection RR 36 42 - 37 42 - dB
1-15 •• VI •• -25 Vdc, f = 120Hz, TJ = +250CI

Input-Output Voltage Differential lVI-VOl - 1.7 - - 1.7 - Vdc
10 = 40 mA, TJ = +250C



MC79Ll5C, AC ELECTRICAL CHARACTERISTICS (VI = -23 V,IO =40mA, CI = 0.331'F, Co = O.lI'F,
OOC< TJ < +1250C unless otherwise noted.!

MC79Ll5C MC79L15AC

Characteristic Symbol Min Typ M.x Min Typ M.x Unit

Output Voltage (T J = +250CI Vo -13.8 -15 -16.2 -14.4 -15 -15.6 Vdc

Input Regulation Regline mV
(TJ = +250Cl

-17.5 Vdc " VI" -30 Vdc - - 300 - - 300

-20 Vdc " VI" -30 Vdc - - 250 - - 250

Load Regulation Regload mV
TJ = +250C, 1.0 mA'" 10'" 100 mA - - ISO - - ISO
1.0 mA ••• 10 •••40 mA - - 75 - - 75

Output Voltage Vo Vdc
-17.5 Vdc;;' Vr" -30 Vdc, 1.0 mA •••10 •••40mA -13.5 - -16,5 -14.25 - -15.75
VI = -23 Vdc, 1.0 mA ••• 10'" 70mA -13.5 - -16.5 -14.25 - -15.75

Input Bias Current 118 mA
(TJ = +250Cl - - 6.5 - - 6.5
(TJ = +1250CI - - 6.0 - - 6.0

Input Bias Current Change 611B mA
-20 Vdc " VI " -30 Vdc - - 1.5 - - 1.5
1.0 mA ••• 10 •••40 mA - - 0.2 - - 0.1

Output Noise Voltage VN - 90 90 I'V
(TA = +250C, 10 Hz •••f ••• 100 kHzl

Long-Term Stability 6VO/6t - 30 - - 30 - mV 11.0 k Hrs.

Ripple Rejection RR 33 39 - 34 39 - dB
1-18.5 •••VI •••-2B.5 Vdc, f = 120 Hzl

Input-Output Voltage Differential /VI-VOl - 1.7 - 1.7 Vdc
10 = 40 mA, T J = +250C

MC79L laC, AC ELECTRICAL CHARACTERISTICS (VI = -27 V, 10 = 40 mA, CI = 0.33"F, Co = 0.1 "F,

oDe < T J < +12S0C unless otherwise notedJ

MC79L1BC MC79L18AC
Characteristic Symbol Min Typ Max Min Typ Max Unit

Output Voltage IT J - +250Cl Vo -16.6 -18 -19.4 -17.3 -18 -18.7 Vdc
Input Regulation Regline mV

ITJ = +250CI
-20.7 Vdc •• VI •• -33 Vdc - - - - - 325
-21.4 Vdc •• VI ,,-33 Vdc - - 325 - - -
-22 Vdc " VI ,,-33 Vdc _. - 275 - - -
-21 Vdc " VI " -33 Vdc .. - - - - 275

Load Regulation Regload mV
TJ = +250C, 1.0 mA ••• 10'" 100 mA - - 170 - - 170
1.0mA ••• 10'" 40mA - - 85 - - 85

Output Voltage Vo Vdc
-20.7 Vdc" VI" -33 Vdc, 1.0 mA'" '0'" 40 mA - - - -17. I - -1B.9
-21.4 Vdc " V I " -33 Vdc, 1.0 mA •••10'" 40 mA -16.2 - -19.8 - - -
VI = -27 Vdc, 1.0 mA •••10'" 70mA -16.2 - -19.B -17. I - -18.9

Input Bias Current liB mA
ITJ = +250CI - - 6.5 - - 6.5
IT J = +1250CI - - 6.0 - - 6.0

Input Bias Current Change "liB mA
-21 Vdc "VI" -33 Vdc - - - - - 1.5
-27 Vdc " VI " -33 Vdc - - 1.5 - - -
1.0 mA ••• 10 •••40 mA - - 0.2 - - 0.1

Output Noise Voltage VN 150 - - 150 - I'V
(TA= +250C, 10 Hz ••• f ••• 100 kHzl

Long-Term Stability t:.VOIL\t 45 - 45 - mV 11.0 k Hrs.
Ripple Rejection RR 32 46 33 48 - dB

(-23 •••VI'" -33 Vdc, f = 120 Hz, TJ = +250Cl

Input-Output Voltage Differential /VI VOl 1.7 1.7 - Vdc
10 = 40 mA, TJ = +250C



MC79L24C. AC ELECTRICAL CHARACTERISTICS IVI = -33 V,10'"40mA, CI = 0.33~F,CO =0.1 ~F.

DoC < TJ < +12SoC unless otherwise noted.)

MC79L24C MC79L24AC

Ch8racte,istic Symbol Min Typ Max Min Typ Max Unit

Output Voltage (T J = +250Cl Va -22.1 -24 -259 -23 -24 -25 Vdc

Input Regulation Aegline mV

ITJ = +250Cl

-27 Vdc " V I " -38 V - - - - - 350

-27.5 Vdc" VI;' -38 Vdc - - 350 - - -
-28 Vdc " VI" -38 Vdc - - 300 - - 300

Load Regulation Regload mV
TJ = +250C, 1.0 mA •• 10 <; 100 mA - - 200 - - 200
1.0mA <;10" 40mA - - 100 - - 100

Output Voltage Va Vdc
-27 Vdc ;, V I ;, -38 V, 1.0 mA <; 10 •• 40 mA - - - -22.8 - -25.2

-28 Vdc " VI ,,-38 Vdc. 1.0mA" 10" 40mA -21.4 - -26.4 - - -
VI = -33 Vdc, 1.0 mA <;10" 70mA -21.4 - -26.4 -22.8 - -25.2

Input Bias Current liB mA
ITJ = +250CI - - 6.5 - - 6.5
IT J = +1250CI - - 6.0 - - 6.0

Input Bias Current Change "liB mA

-28 Vdc " VI " -38 Vdc - - 1.5 - - 1.5

1.0mA<;10<;40mA - - 0.2 - - 0.1

Output Noise Voltage VN - 200 - - 200 - ~V
ITA = +250C, 10 Hz <; f <; 100 kHzl

Long-Term Stability "VOI"t - 56 - - 56 - mV/l.0 k Hr<.

Ripple Rejection RR 30 43 - 31 47 - dB
1-29 •• VI" -35 Vdc, f = 120 Hz, TJ = 250Cl

Input-Output Voltage Differential lVI-VOl - 1.7 - - 1.7 - Vdc
10 = 40 mA, TJ = +250C

DesIgn Consider at tons
The MC79LOOC Series of fixed voltage regulators are designed

wIth Thermal Overload Protection that shuts down the CirCUit

when subjected to an excessive power overload condition, Internal

Short-CircuIt ProtectIon that limIts the m3)omUm current the cir·

CUlt will pass.
In many low current applIcations, compensatIon capacl(ors are

not required However, It IS recommended that the regulator
Input be bYPdssed with a capacttor If the regulator IS connected

to the power supply fdter wIth long wIre lengths. or If the output

load capacItance IS large. An Input bypass capacItor should be

selected to provIde good hlgh·freQuency characteristics to Insure

stable operatIon under all load conditions. A 0.33 IJF or larger
tantalum, mylar, or other capacItor haVIng low Internal Impedance

at high frequencies should be chosen. The bypass capacitor should

be mounted with the shortest possible teads directly across the

regulatOrs input terminals. Normally good construction techniques

should be used to minimize ground loops and lead resistance drops

since the regulator has no external sense lead. Bypassing the out-

put is also recommended.

I
O.33IJ,F

GOO ••--<_1- --.. Gnd

The MC79L03, -3.0 V regulator can be used as aconstant current

source when connected as above. The output current IS the sum of

resIstor A current and QUiescent bIas current as follows'

The QUiescent current for thIS regulator IS typically 3.8 mA

The -3.0 •.•.olt regulator was chosen to minimize dissipation and to
allow the output voltage to operate to within 6 0 V below the
Inp4Jt ••••oltage



TYPICAL CHARACTERISTICS
IT A '" +250C unless otherwise noted.)
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® MOTOROLA

The SG1525A/1527A series of pulse width modulator control-
circuits offer improved performance and lower external parts count
when implemented for controlling all types of switching power
supplies. The device includes a +5.1 volt ±1% reference and an
error amplifier with a common·mode range including the reference
voltage to eliminate external divider resistors. A sync input to the
oscillator enables multiple units to be slaved together, or a single
unit can be synchronized to an external system clock. A wide range
of dead time is programmable with a single resistor between the
CT pin and the Discharge pin. Other features included are soft-start
circuitry requiring only an external timing capacitor. A shutdown pin
controls both the soft-start circuitryand the output stages, allowing
fast output turn-off with soft-start recycle turn-on. Undervoltage
lockout keeps the outputs off when VCC is less than the required
level for normal operation. The output stages are a totem-pole
design capable of sinking and sourcing in excess of 200 mA. The
SG 1525A series output stage features NOR Logic, giving a low
output for an off state. The SG 1527A utilizes OR Logic which results
in a high output level when off. These deviC1!s are available in
Military. Industrial and Commercial temperature rangesand feature:

• 8.0 to 35 Volt Operation

• 5.1 Volt ±1 % Trimmed Reference

• 100 Hz to 400 kHz Oscillator Range

• Separate Oscillator Sync Pin

• Adjustable Dead Time

• Input Undervoltage Lockout

• Latching PWM to Prevent Multiple Pulses

• Dual Source/Sink Output Current: ±400 mA Peak

r----v~-----l
I '3 I
: I

I OutpuIA n :
11 ---l L1

I
I

14JL:
I

Output B I
I I
I -= I
:~~.!.51~A~l!:T~.!..S.!.'.i.e-l
I I
I Output A I

I "1j'
l~:1 I
: ':' Output B I

I 14lJ', I

1 1
: ~ I

~ ~G.!..5~~.9~p~t..:»~!eJ

Sync

AT

CT

DIscharge 7

CompensatIon

INV Input

N I. Il"put

SG 1525AjSG 1527A
SG2525A/SG2527A
SG3525A/SG3527 A

PULSE WIDTH MODULATOR
CONTROL CIRCUITS

J SUFFIX
CERAMIC PACKAGE

CASE 620

N SUFFIX
PLASTIC PACKAGE

CASE 648

PIN CONNECTIONS

INV. Input Vref

N.!. Input VCC

Sync

OSC. Output

CT

RT

Discharge

Soh·Start

(Top View)

Device Temperature Range Package

SG1525AJ -55 to +125°C Ceramic Dip
SG1527AJ -5510 +125°C Ceramic Dip

SG2525AJ -40 to +85°C Ceramic Dip
SG2525AN -40 to +85°C Plastic Dip
SG2527AJ -40 to +85°C Ceramic Dip
SG2527AN -40 to +85°C Plastic Dip

SG3525AJ o to +70oC Ceramic Dip
SG3525AN o to +70°C Plastic Dip
SG3527AJ o to +70oC Ceramic Dip
SG3527AN o to +70°C Plastic Dip



Rating Symbol Value Unit

Supply Voltage VCC +40 Vdc

Collector Supply Voltage Vc +40 Vdc

Logic Inputs - -0.3 to +5.5 . V

Analog Inputs - -0.3 to VCC V

Output Current, Source or Sink 10 ±5oo mA

Reference Output Current Irel 50 mA

Oscillator Charging Current - 5.0 mA

Power Dissipation (Plastic & Ceramic Package) Po mW
Note 2. TA; +25°C 1000
Note 3. TC; +25°C 2000

Thermal Resistance Junction to Air R8JA 100 °C/W
Plastic and Ceramic Package

Thermal Resistance Junction to Case R8JC 60 °C/W
Plastic and Ceramic Package

Operating Junction Temperature TJ +150 °C

Storage Temperature Range Ceramic Package Tstg -65 to +150 °C
Plastic Package -55 to +125

Lead Temperature (Soldering. 10 Seconds) TSolder +300 0(;

NOTES
1. Values beyond wblch damage may occur

2 Derate at 10 mW/oC for ambIent temperatures above +50oC

3 Derate at 16 mW/oC for case temperatures above +25°C

Characteristic Symbol Min. Max. Unit

Supply Voltage VCC +8.0 +35 Vdc

Collector Supply VOltage Vc +4.5 +35 Vdc

Output Sink/Source Current 10 mA
(Steady State) 0 ±100
(Peak) 0 ±4oo

Reference Load Current Irel 0 20 mA

Oscillator Frequency Range losc 0.1 400 kHz

Oscillator Timing Resistor RT 2.0 150 kll

Oscillator Timing Capacitor CT 0.001 0.1 "F
Deadtime Resistor Rangp. RO 0 500 n
Operating Ambient Temperature Range TA °C

SG1525A. SG1527A -55 +125
SG2525A. SG2527 A -40 +85
SG3525A. SG3527 A 0 +70



SG1525A/2525A SG3525A
SG.1527 A/2527 A SG3527A

Characteristic Symbol Min I Typ Max Min Typ Max Unit

REFERENCE SECTION

Reference Output Voltage (TJ = +25°C) Vref 5.05 5.10 5.15 5.00 5.10 5.20 Vdc

Line Regulation (+8.0 V';; VCC';; +35 V) Regline - 10 20 - 10 20 mV

Load Regulation (0 mA';; IL';; 20 mAl Regload - 20 50 - 20 50 mV

Temperature Stability j.Yref/.H - 20 50 - 20 50 mV

Total Output Variation ~Vref 5.00 - 5.20 4.95 - 525 Vdc
Includes Une and Load Regulation
over Temperature

Short Circuit Current ISC - 80 100 - 80 100 mA
(Vref = 0 V, TJ = +25°C)

Output Noise Voltage VN - 40 200 - 40 200 J.lVrms
(10 Hz';; f';; 10 kHz, TJ = +25°C)

Long Term Stability (TJ = +125°C)(Note 5) S - 20 50 - 20 50 mV/khr

Initial Accuracy (TJ = +25°C) - - ±20 ±6.0 - ±2.0 ±6.0 %

Frequency Stability with Voltage ~fosc - ±0.3 ±10 - ±1.0 ±2.0 %
(+80 V';; VCC';; +35 VI .lVCC

Frequency Stability With Temperature .lfosc - ±3.0 ±6.0 - ±30 ±60 %--:rr-
M,nimum Frequency (RT = 150 kll, CT = 0.1 ~F) lmln - - 100 - - 100 Hz

Maximum Frequency (RT = 2.0 kll, CT = 1.0 nFI fmax 400 - - 400 - - kHz

Current Mirror (IRT = 2.0 mA) - 1.7 2.0 2.2 1.7 2.0 2.2 mA

Clock Amplitude - 30 3.5 - 3.0 3.5 - V

Clock Width (TJ = +25°C) - 03 05 1.0 0.3 0.5 1.0 ~s

Sync Threshold - 1.2 20 28 1.2 2.0 2.8 V

Sync Input Current (Sync Voltage = +3.5 V) - - 10 2.5 - 1.0 2.5 mA

Input Offset Voltage VIO - 05 5.0 - 2.0 10 mV

Input Bias Current liB - 1.0 10 - 1.0 10 ~A

Input Offset Current '10 - - 1.0 - - 1.0 ~A

OC Open Loop Gain (RL;;' 10 Mill AVOL 60 75 - 60 75 - dB

Ga In Sa ndwidth Prod ucl GBW 1.0 2.0 - 1.0 20 - MHz
(AVOL = 0 dB, TJ = +25°C)

Low Level Output Voltage VOL - 0.2 0.5 - 0.2 0.5 V

High Level Output Voltage VOH 38 5.6 - 3.8 5.6 - V

Common Mode Rejection RatiO CMRR 60 75 - 60 75 - dB
(+1.5 V';; VCM';; +5.2 VI

Power Supply Rejection Ratio PSRR 50 60 - 50 60 - dB
(+8.0 V';; VCC ,;; +35 VI

Minimum Duty Cycle OCmin - - 0 - - 0 %

Maximum Duty Cycle DCmax 45 49 - 45 49 - %

Input Threshold, Zero Duty Cycle (Note 6) VTH 0.6 0.9 - 0.6 0.9 - V

Input Threshold, Maximum Duty Cycle (Note 6) VTH - 3.3 3.6 - 3.3 36 V

Input Bias Current liB - 0.05 1.0 - 0.05 1.0 "A



SG1525A/2525A SG3525A
SG1527A/2527A SG3527A

Characteristic Symbol Min I Typ I Max Min I Typ I Max Unit

Soft-Start Current IVshutdown = 0 VI - 25 50 80 25 50 80 I'A
Soft-Start Voltage (Vshutdown = 2.0 VI - - 0.4 0.6 - 04 0.6 V

Shutdown Input Current (Vshutdown = 2.5 VI - - 0.4 1.0 - 0.4 1.0 mA

Output Low Level VOL V
(lsink = 20 mAl - 0.2 04 - 0.2 0.4
(lsink = 100 mAl - 1.0 20 - 1.0 2.0

Output High Level VOH V
(lsouree= 20 mAl 18 19 - 18 19 -
(lsouree= 100 mAl 17 18 - 17 18 -

Under Voltage Lockout(V8 and V9 = Highl VUL 6.0 7.0 8.0 60 70 80 V

Collector Leakage.Vc = +35 V INote 71 IC(leak) - - 200 - - 200 I'A
RiseTime (CL= 1.0 nF. TJ = 25°CI tr - 100 600 - 100 600 ns

Fall Time (CL= 1.0 nF. TJ = 25°CI tf - 50 300 - 50 300 ns

Shutdown Delay tds - 0.2 05 - 02 0.5 I'S
IVSD= +3.0 V. Cs = O.TJ = +25°CI

Supply Current. VCC= +35 V ICC - 14 20 - 14 20 mA

NOTES
4 T1ow:: -55°C for SG1525A/1527A

-400e fo' SG2525A12527A
ooe for SG3525A/3527A

ThIgh = +125°C for SG1525A/ 1527A
+85°C for SG2525A/2527A
'700e for SG3525A/3527A

5. Since long term stability cannot be measured on each device before shipment. this specification is an engineering estimate of average stability

trom lot to lot

6. Tested at 'ose:: 40 kHz (RT = 3.6 kH. CT = 0.01 I-tF, AD = 0 0)
7 Applies to SG 1525A/2525A/3525A only, due to polarity of output pulses

1. An external open collector comparator or transistor
can be used to pull down the Compensation pin (9).
This will set the PWM latch and turn off both outputs.
Pulse-by-pulse protection can be accomplished if the
shutdown signal is momentary. since the PWM latch
will be reset with each clock pulse.

2. Shutdown can also be accomplished by pulling down
on the SOFT-START pin (8). When using this approach,
shutdown will not affect the amplifier compensation
network; however. if a SOFT-START capacitor is used.
it must be discharged, possible slowing shutdown
response.

3. Applying a positive-going signal to the Shutdown pin
(10) will provide the most rapid shutdown of the out-
puts if a soft-start capacitor is not used at Pin 8. An
external soft-start capacitor at Pin 8 will slow shut-
down response due to the discharge time of the soft-
start capacitor. Dishcarge current is approximately
twice the charging current.

4. The Shutdown terminal can be used to set the PWM
latch on a pulse-by-pulse basis if there is no external
capacitance on Pin 8. Soft-start characteristics may
still be accomplished by applying an external capaci-
tor. blocking diode and charging resistor to the Com-
pensation pin (9).



FIGURE 3 - OSCILLATOR DISCHARGE TIME versus RO
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For single-ended supplies. the driver outputs are grounded.
The Vc terminal is switched to ground by the totem-pole
source transistors on alternate oscillator cycles.

In conventional push-pull bipolar designs. forward base
drive is controlled by Rl-R3. Rapid turn-off times for the
power devices are achieved with speed-up capacitors C1
and C2.

FIGURE 11 - DRIVING TRANSFORMERS IN A
HALF·BRIDGE CONFIGURATION

The low source impedance of the output drivers provides
rapid charging of power FET input capaCitance while mini-
mizing external components.

Low power transformers can be driven directly by the SG 1525A.
Automatic reset occurs during deadtime. when both ends of the
primary winding are switched to ground.
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PULSE WIDTH MODULATION CONTROL CIRCUIT
The SG1526 is a high performance pulse width modulator inte-

grated circuit intended for fixed frequency switching regulators and
other power control applications.

Functions included in this IC are a temperature compensated
voltage reference, sawtooth oscillator, error amplifier, pulse width
modulator, pulse metering and steering logic, and two high current
totem pole outputs ideally suited for driving the capacitance of power
FETsat high speeds.

Additional protective features include soft-start and undervoltage
lockout. digital current limiting, double pulse inhibit, adjustable dead
time and a data latch for single pulse metering. All digital control
ports are TIL and B-series CMOS compatible. Active low logic design
allows easy wired-OR connections for maximum flexibility. The
versatility of this device enables!implementation in single-ended
or push-pull switching regulators that are transformerless or trans-
former coupled. The SG1526 is specifiedlover the full military junc-
tion temperature range of -55°C to +150oC. The SG2526 is specified
over a junction temperature range of -40°C to +150°C while the
SG3526 is specified over a range of O°C to +125°C.

• B.Oto 35 Volt Operation

• 5.0 Volt ±1 % Trimmed Reference

• 1.0 Hz to 400 kHz Oscillator Range

• Dual Source/Sink Current Outputs: ±100 mA

• Digital Current Limiting

• Programmable Dead Time

• Undervoltage Lockout

• Single Pulse Metering

• Programmable Soft-Start

• Wide Current Limit Common Mode Range

• Guaranteed 6 Unit Synchronization

ReSet
C.oft·start

Compensetion

5G15265G25265G3526
PULSE WIDTH MODULATION

CONTROL CIRCUITS

SILICON MONOLITHIC
INTEGRATED CIRCUITS

--I
- - N SUFFIX

PLASTIC PACKAGE
CASE 707

181

J SUFFIX
CERAMIC PACKAGE

CASE 726

Junction Temper
Device .tur. Range Packllga

SG1526J -55 to .150°C Ceramic DIP

SG2526J -40 to .150°C Ceramic DIP
SG2526N Plastic DIP

SG3526J o to .125°C Ceramic DIP
SG3526N Plastic DIP



Rating Symbol Valua Unit

Supply Voltage VCC +40 Vdc

Collector Supply Voltage Vc +40 Vdc

Logic Inputs - -0.3 to +5.5 V

Analog Inputs - -0.3 to VCC V

Output Current, Source or Sink 10 ±2oo mA

Reference Output Current Irel 50 mA

Logic Sink Current - 15 mA

Power Dissipation (Plastic & Ceramic Package) Po mW
Note 2, TA ; +25°C 1000
Note 3, TC ; +25°C 3000

Thermal Resistance Junction to Air ROJA 100 °C/W
(Plastic and Ceramic Package)

Thermal Resistance Junction to Case ROJC 42 °C/W
(Plastic and Ceramic Package)

Operating Junction Temperature TJ +150 °C

Storage Temperature Range Tstg -65 to +150 °C

Lead Temperature (Soldering, 10 Seconds) TSolder ±3oo °C

Notes:

1. Values beyond which damage may occur

Z. Derate at 10 mW/oC for ambienllemperatures above +50°C
3. Derate at 24 mW/oC for case temperatures above +25°C

Characteristic Symbol Min Max Unit

Supply Voltage VCC +8.0 +35 Vdc

Collector Supply Voltage Vc +4.5 +35 Vdc

Output Sink/Source Current (Each Output) 10 0 ±loo mA

Reference Load Current Irel 0 20 mA

Oscillator FreQuencv Range lose 0.001 400 kHz

Oscillator Timing Resistor RT 2.0 150 kO

Oscillator Timing Capacitor CT 0.001 20 I'F
Available Oeadtime Range (40 kHz) 3.0 50 %

Operating Junction Temperature Range TJ °C
SG1526 -55 + 150
SG2526 -40 +150
SG3526 0 + 125



ELECTRICAL CHARACTERISTICS (VCC: +15 Vdc. TJ: Tlow to Thigh [Note 4] unless otherwise specified)

SG1628/2628
Typ

Reference Output Voltage (TJ: +25°C) Vref 4.95 5.00 5.05 4.90 5.00 5.10 V

Line Regulation Regline - 10 20 - 10 30 mV
(+8.0 V';; VCC';; +35 V)

Load Regulation. 0 mA';; IL';; 20 mA Regload - 10 30 - 10 50 mV

Temperature Stability aVref/aTJ - 15 50 - 15 50 mV

Total Reference Output Voltage Variation aVref 4.90 5.00 5.10 4.85 5.00 5.15 V
(+8.0 V';; VCC';; +35 V. 0 mA';; IL';; 20 mAl

Short Circuit Current ISC 25 50 100 25 50 100 mA
(Vref: OV)

Reset Output Voltage - - 0.2 0.4 - 0.2 0.4 V
(Vref: +3.8 V)

Reset Output Voltage - 2.4 4.8 - 2.4 4.8 - V
(Vref: +4.8 V)

Initial Accuracy (TJ : +25°C) - - ±3.0 ±8.0 - ±3.0 ±8.0 %

Frequency Stability over Power Supply Range ~ - 0.5 1.0 - 0.5 10 %
(+8.0 V.;; VCC';; +35 VI aVCC

Frequency Stability over Temperature ~ - 7.0 10 - 3.0 5.0 %
(aTJ: Tlow to Thigh) aTJ

Minimum Frequency 1min - - 1.0 - - 1.0 Hz
(RT: 150 k O. CT: 20 /IF)

Maximum Frequency fmsx 400 - - 400 - - kHz
(RT: 2.0 kO. CT: 0.001 /IF)

Sawtooth PeakVoltage Vosc(P) - 3.0 3.5 - 3.0 3.5 V
(VCC: +35 V)

Sawtooth Valley Voltage Vosc(V) 0.5 1.0 - 0.5 1.0 - V
(VCC: +8.0 V)

Input Offset Voltage VIO - 2.0 5.0 - 2.0 10 mV
(RS';; 2.0 kOl

Input Bias Current liB - -350 -1000 - -350 -2000 nA
Input Offset Current 110 - 35 100 - 35 200 nA
DCOpen Loop Gain AVol 64 72 - 60 72 - dB

(RL;;' 10 MOl

High Output Voltage VOH 3.6 4.2 - 3.6 4.2 - V
(VPin l-VPin 2;;' +150 mY. Isource: 100 /lA)

Low Output Voltage VOL - 0.2 0.4 - 0.2 0.4 V
(VPin 2-VPin 1 ;;. +150 mY. Isink: 100 /lA)

Common Mode Rejection Ratio CMRR 70 94 - 70 94 - dB
(RS';; 2.0kO)

Power Supply Rejection Ratio PSRR 66 80 - 66 80 - dB
(+12 V';; VCC';; +18 V)

Minimum Duty Cycle DCmin - - 0 - - 0 %
(Vcompensation: +0.4 V)

Maximum Duty Cycle DCmax 45 49 - 45 49 - %
(Vcompensation : +3.6 V)



Output Voltage - High Logic Level VOH 2.4 4.0 - 2.4 4.0 - V

(Isource; 40 I'A)

Output Voltage - Low Logic Level VOL - 0.2 0.4 - 0.2 0.4 V
(lsink; 3.6 mAl

Input Current - High Logic Level IIH - -125 -200 - -125 -200 ;<A
(VIH; +2.4 V)

Input Current - Low Logic Level IlL - -225 -360 - -225 -360 ;<A
(VIL; +0.4 V)

Sense Voltage Vsense 90 100 110 80 100 120 mV
(RS';; 50 n)

Input Bias Current liB - -3.0 -10 - -3.0 -10 ;<A

Error Clamp Voltage - - 0.1 0.4 - 0.1 0.4 V
(Reset; +0.4 V)

CSoft-Start Charging Current ICS 50 100 150 50 100 150 ;<A
(Reset = +2.4 V)

OUTPUT DRIVERS
(Each Output. VC; +15 Vdc unless otherwise specified)

Output High Level VOH V
Isource; 20 mA 12.5 13.5 - 12.5 13.5 -
lsource::: 100 mA 12 13 - 12 13 -

Output Low Level VOL V
Isink; 20 mA - 0.2 0.3 - 0.2 0.3
Isink; 100 mA - 1.2 20 - 1.2 2.0

Collector Leakage. Vc ; +40 V IC(leak) - 50 150 - 50 150 ;<A

Rise Time (CL ; 1000 pF) tr - 0.3 0.6 - 0.3 0.6 ;<s

Fall Time (CL ; 1000 pF) tf - 01 0.2 - 0.1 0.2 ;<s

Supply Current ICC - 18 30 - 18 30 mA
(Shutdown; +0.4 V. VCC; +35 V.

RT; 4.12 kn)

Notes:
4. Tlow;- -55°C for SG1526

-40"C for ?G2526
DoC for SG3526

Thigh = +150oC for SG1526/2526
+ 125°C for SG3526

5. IL;- 0 mA unless otherwise noted.
6. fose = 40 kHz (RT = 4.12 kO ±1 'lb.

CT = 0.01 I'F ±1'lb. RO = 0 OJ
7. 0 V •• VCM" +5.2 V
8. 0 V •• VCM" +12 V
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To Reset

To Driver A
To Driver B

Memory
F/F

sYnc~
S Q R a Clock

PWM 0
a PWM

Metering
F/F

The metering FLIP-FLOP is an asynchronous
data latch which suppresses high frequency
oscillations by allowing only one PWM pulse
per oscillator cycle.

The memory FLIP-FLOP prevents double pul-
sing in a push-pull configuration by remem·
bering which output produced the last pulse.



*May be required
with some types
of transistors

Negative
Output
Voltage

Positive
Output Gnd
Voltage

(01 V + Vou! R1 )
. Rl + R2

Imax = RS

The totem-pole output drivers of the SG 1526
are ideally suited for driving the input capaci-
tance of power FETs at high speeds.



To
Output
Filter

Vc
A 13

SG1526

B 16
Gnd

15

+V
Supply

In the above circuit, current limiting is accom-
plished by using the current limit comparator
output to reset the soft-start capacitor.

FIGURE 21 - PUSH-PUll CONFIGURATION

+V Supply
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Specifications and Applications
Information

CONTROL IC FOR MAINS ISOLATED FREELY

OSCILLATING FLY BACK CONVERTER

The bipolar integrated circuit TDA4600 drives, regulates and
monitors the switching transistor in a power supply based on
freely oscillating f1yback converters.

Due to the wide regulating range and the high voltage stability
during large load changes, SMPS for Hi-Fi equipment and active
loudspeakers can be realized as well as applications in TV
receivers and video recorders.

The TDA4600 is available in a 9-pins SIP plastic medium power
package. The ambient temperature during operation can be
from -15°C to +85°C.

Main Features:

• Wide operational range

• High voltage stability even at high load changes

• Direct control of switching transistor

• Low start-up current

• Linear fold back of the overload characteristic

• Base drive proportional to the current through the power
switching transistor

TDA4600

FLYBACK CONVERTER
REGULATOR CONTROL

CIRCUIT

SILICON MONOLITHIC
INTEGRATED CIRCUIT

SIP 9
PLASTIC MEDIUM
POWER PACKAGE

CASE 762

Reference

Zero detection

Feedback

Sawtooth gen.

Ext. Inhibit

Sink output

Source output

Vcc

ORDERING INFORMATION

Device Temperature PackageRange

TDA 4600 -15°Cto +85°C Plastic SIP



Rating Value Unit Rating Value Unit

Supply voltage Vg 20 V Sink output current 17 -1.5 A

Sink output voltage V7 o to Vg V Source output current IS 1.5 A

Source output Vs o to Vg V

V7 - Vs ±6 V Junction temperature Tj +150 °C

Reference output 11 -10 to + 1 mA Storage temperature Tstg -40ta+125 °C

Zero passage 12 - 3 to +3 mA Thermal resistance

- 3 to 0 mA
(junction to air) RthJA 70 °C/WControl amplifier 13

Collector current balancing 14 - 2 to +5 mA Thermal resistance

Trigger input 15 - 2 to +3 mA
(junction to case) RthJC 15 °C/W

OPERATING CONOITIONS Symbol Fig ..Na. Min. Typ. Max. Unit.

Supply voltage Vg lS V

Ambient temperature Tamb -15 S5 °C

Current consumption IV 1 not yet switched) Ig 1 0.5 mA
Vg = 3V Ig 1 1.5 2.0 mA
Vg = 5V Ig 1 2.4 3.2 mA
Vg = 10 V Vg 1 11.3 l1.S 12.3 V

Turn-on point torV,

Current consumption Vreg = -10 V Ig 1 110 135 160 mA
Vreg = 0 Ig 1 55 S5 110 mA

Reference voltage. Vl < 0.1 mA Vl 1 4.0 4.2 4.5 V
Vl = 5 mA Vl 1 4.0 4.2 4.4 V

Reference voltage temperature coefficient TCl 1 100 ppm
1°C

Feedback voltage V2" 1 0.2 V

Regulating voltage Vreg = 0 V V3 1 2.3 2.6 2.9 V

Collector current balancing voltage
Vreg = 0 V V4" 1 1.S 2.2 2.5 V
Vreg = 0 V/-l0 V b..V4- 1 0.3 0.4 0.5 V

Max trigger input voltages limitation V5 1 5.5 6.3 7.0 V

Output voltages
Vreg = 0 V V7" 1 2.7 3.3 4.0 V
Vreg = 0 V VS" 1 2.7 3.4 4.0 V
Vreg =OV/-l0V t:, Vs" 1 1.4 1.S 2.2 V

Current consumption (Vs < 1.8 V) Ig 1 14 20 26 mA
Turn~off voltage (V5 < 1.S V) V7 1 1.3 1.5 1.S V

V4 1 1.S 2.1 2.5 V
External trigger input

Enable voltage (Vreg = OV) V5 1 2.4 2.7 V
Disabled voltage IVreg = OV) V5 1 1.S 2.2 V

Supply voltage disabling Vs IVreg = OVI Vg 1 6.7 7.4 7.S V



RANGE OF OPERATION Symbol Fig. No. ·Min. Typ. Max. Unit

Turn-on time (secondary voltages) +on 2 350 450 ms

Voltage change
When S3 = closed (6P3 = 19 W audio frequency output power) 6V2 2 100 500 mV

When S2 = closed (6P2 = 15 WI 6V2 2 500 1000 mV

Standby operation (secondary useable power = 3 Wj
When SI = open 6V2 2 20 30 V

f 2 70 75 kHz

Pprim 2 10 12 VA

v
VA

t·~: "5
-t

-0,5

V4
_ VR--l0V

1
-- VR-O

0 1'5
V6 -t

t
"5

-I

The TDA4600 regulates, controls, and protects the switch-
ing transistor in flyback converter power supplies at starting,
normal and overload operation.

A. Starting behaviour

At the start-up there are three consecutive operation states.

1. An internal reference voltage is created. It supplies the
voltage regulator and enables the supply to the coupling
electrolytic capacitor and the switching transistor. For a
supply voltage ofVg =12 V, thecurrentlg is less than 3.2 mA.

2. Release of the internal reference voltage VI = 4 V. This
voltage is suddenly available when Vg = 12 V and enables all
parts of the Ie to be supplied from the control logic with
thermal and overload protection.

3. Release of control logic. As soon as the reference voltage
is available, the control is switched on through an additional
stabilization circuit.

This start-up sequence is necessary for driving the switching
transistor through the coupling electrolytic capacitor.



B. Normal Operation

Zero crossing detection is sensed on pin 2 and linked to the
control logic

The signal picked up on the feedback winding is applied,
after filtering, to pin 3 (used for input regulation and for
overload protection). The regulating section works with an
input voltage of about 2 V for normal regulation and a cur-
rent of about 1.4 mA for foldback operation. Together with
the collector current simulation pin 4, the overload recogni-
tion defines the operating region of the regulating amplifier
depending on the internal reference voltage. The simulation
of the collector current is generated by an external RC net-
work at pin 4 and an internally set voltage level.

For a constant mains and for a given output power on the
load (ton fixed) less than the maximum output power, a
decrease of C pin 4 produces an increase of the current sent
to the base of the power switching transistor. So the fold-
back point is reached earlier. The regulation range starts
from a 2 V DC level which is the bottom of a sawtooth wave-
form whose top is limited at 4 V (reference voltage).

A secondary load of 19 W produces a switching frequency of
about 50 KHz at an almost constant duty cycle (approx. 3).
Furthermore, when the switch mode power supply delivers
approximately 3 W, the switching frequency jumps to about
70 KHz at a duty cycle of approx. 11.At the same time, the
collector peak current falls below 1A.

The comparison of the output level of the regulating ampli-
fier. the overload detection and the collector current simula-

. ""'-
..•.•.......

..••.•.•...•.• --- •..... --I--

tion drives the control logic. An additional steering control
and blocking possibility is offered thru pin 5. When the volt-
age applied on pin 5 falls below 2.2 V then the source output
(pin 8) is blocked.

The control logic is set according to the start-up circuit, the
zero crossing detection and the trigger enabling. This logic
drives the base current amplifier and the base current shut-
down. The base current amplifier drives the source output
(pin 8) proportionnally to the sawtooth voltage (pin 4). A
current feedback is performed by an external shunt inserted
between pin 8 and the base of the switching power transis-
tor. This shunt value determines the maximum amplitude of
the base current drive.

The base current shut-down, released by the control logic.
clamps the sink output (pin 7) at1.6 V, turning off the switch-
ing transistor. This feature will be released if the voltage on
pin 9 is less than 7.4 V. or if the applied voltage on pin 5 is
less than 2.2 V. In case of a short circuit of the secondary
windings, the TDA4600 continuously monitors the fault
condition.

In standby operation the circuit is set to a high duty cycle.
The total power consumption of the power supply is held
below 6 to 10 W. Once the output is blocked (due to the
supply voltage coming down to 7.4 V), a further voltage
reduction to 6 V switches off the reference voltage.
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This application circuit shown in figure 7 represents a block-
ing converter for color TV sets with 30 W to 120 W of out-
put power and mains voltages from 160 V to 270 V.

This circuit showns the low number of external components.
lnspite of regulation on the primary side, high voltage stab-
ility of the various secondary voltages is achieved even with
large load changes.

For mains isolation and transformation to the desired
secondary voltages, a transformer with ferrite core is used.

• Direct driving of the power switching transistor

• Low starting current, defined starting behaviour also at

slowly rising mains voltage

• Short-circuit proof and open-loop resistant circuit. In
both cases a power of only 6 to 10 W is consumed.
Linear fold back characteristic at overload

• Frequency of oscillation between 20 kHz (100 W) and
70 kHz (without load)

• Good regulation of load current and mains voltage varia-
tions. At a mains voltage variation between 170 and 240 V
the output voltage of 150 V will change only by about 2 V.
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NOTES,
1. DIMENSIONS A AND C ARE DATUMS AND T IS A DATUM

SURFACE.
2. POSITIONAL TOLERANCE FOR LEAO OIMENSION 0,

I 10.025 10.0101 @I T I A @ I

3. POSITIONAL TOLERANCE FOR LEAD OIMENSIONS J,
I 10025 10.0101 @I Tlc@ I

Ti--l

Notes:

- Cl limits the maximum collector current of
BU 20B at over shooting the allowable out-
put power.

- R is used to adjust the secondary voltage.

- C2 must be discharged before IC change.

MilliMETERS INCHES
DIM MIN MAX MIN MAX

A 22.40 23.00 O.BBO 0.904
B 6.35 6.45 0.250 0.253
C 3.45 3.65 0.135 0.143
0 0.40 055 0.015 0.021
E 9.40 9.60 0.370 0.377
F 1.40 1.60 0.055 0.062
G 2.54 BSC 0.100BSC
H 1.51 1.75 0.059 I 0.067
J 0.360 0.400 0.014 I 0.015
K 3.95 4.20 0.155 I 0.165
M 30° BSC 30° BSC
N 2.70 2.90 0.106 0.114
0 3.15 3.45 0.124 0.135
R 13.60 13.90 0.535 0.547
S 1.65 1.95 0.064 0.760
U nOD 22.20 0.BB6 0.B74
V 0.55 0.75 0.021 0.029
W 2.B9 BSC 0.113 BSC
X 2.75 BSC 0.10BBSC
Y 0.70 BSC 0.027 BSC

4. POSITIONAL TOLERANCE FOR DIMENSION u

I 10.02510.010)@1 T I A@ I
5. DIMENSIONS NAO TOLERANCING PER Y14.5. 1973.
6. CONTROLLING DIMENSION, MILLIMETER.
7. PIN 6 IS MECHANICALLY LINKED TO THE LEAD FRAME.
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The TL431 integrated circuits are three-terminal programmable
shunt regulator diodes. These. monolithic IC voltage references
operate as a low temperature coefficient zener which is program·
mabie from Vref to 36 volts with two external resistors. These devices
exhibit a wide operating current range of 1.0 to 100 mAwith a typical
dynamic impedance of 0.22 O. The characteristics of these refer-
ences make them excellent replacements for zener diodes in many
applications such as digital voltmeters, power supplies. and op amp
circuitry. The 2.5 volt refe?ence makes it convenient to obtain astable
reference from 5.0 volt logic supplies. and since the TL431 operates
as a shunt regulator, it can be used as either a positive or negative
voltage reference.

• Programmable Output Voltage to 36 Volts

• Low Dynamic Output Impedance. 0.22 0 Typical

• Sink Current Capability of 1.0 to 100 mA.

• Equivalent Full-Range Temperature Coefficient of 50 ppm/oC
Typical

• Temperature Compensated for Operation over Full Rated Opera-
ting Temperature Range

• Low Output Noise Voltage

~

athode
(KI

Reference
(AI

Anode
(A)

Reference r- - - - - - - - - - - -, Cathode
(AI + : IK)

I
I
I

I IL ..J.
Anode(A)

INTERNAL SCHEMATIC
Component v.lu ••• re nomine I

TL431
series

PROGRAMMABLE
PRECISION REFERENCES

LP SUFFIX
PLASTIC PACKAGE

'CASE 29
TO-92

Pm 1 Reference
2. Anode
3 Cathode

Reference

NC NC
N C Anode

NC NC

.~
1

P SUFFIX
PLASTIC DUAL-iN-LINE PACKAGE

CASE 626

CathodeOa Reference
NC 2 7 NC

N C 3 6 Anode

NC 4 5 NC

JG SUFFIX
CEAAMIC DUAL-IN-L1NE PACKAGE

CASE 693

Temperature
Device Range Package

TL431 CLP o to +70oC Plastic TO-92

TL431 CP o to +70°C Plastic DIP

TL431 CJG o to +70°C - Ceramic DIP

TL4311LP -40 to +85°C Plastic TO-92

TL4311P -40 to +85°C PlastIc DIP

TL4311JG -40 to +85°C CeramIc DIP

TL431MJG -55 to +125°C Ceramic DIP



MAXIMUM RATINGS (Full operating ambient temperature range applies unless
otherwise noted.)

Rating Symbol Value Unit

Catt>ode To Anode Voltage VKA 37 V

Cathode Current Range, Continuous IK -100to+150 mA

Reference Input Current Range. Continuous Ire! -0.05 to +10 mA

Operating Junction Temperature TJ 150 °C

Operating Ambient Temperature Range TA °C
TL431 M -55 to +125
TL431 I -40 to +85
TL431C o to +70

Storage Temperature Range Tstg -65 to +150 °C

Total Power Oissipation @ TA = 25°C Po W
Derate above 25°C Ambient Temperature
LP Suffix Plastic Package 0.775

P Suffix Plastic Package 1.10
JG Suffix Ceramic Package 1.25

Total Power Dissipation @ Te = 25°C Po 'N
Derate above 25°C Case Temperature
LP Suffix Plastic Package 1.5

P Suffix Plastic Package 30
JG Suffix Ceramic Package 3.3

LP Suffix P Suffix JG Suffix
Characteristics Symbol Package Package Package Unit

Thermal Resistance. R8JA 178 114 100 °C/W
Junction to Ambient

Thermal Resistance. R8JC 83 41 38 °C/W
Junction to Case

Condition/Value Symbol Min Max Unit

Cathode To Anode Voltage VKA Vre! 36 V

Cathode Current IK 10 100 mA

Characteristic Symbol
TL431M TL431 I TL431C

Unit
Min Typ Max Min Typ Max Min Typ Max

Reference Input Voltage (Figure 1) Vre! 2440 2.495 2.550 2.440 2.495 2550 2.440 2.495 2550 V
VKA = Vre!. IK = 10 mA

Reference Input Voltage Deviation Over t:'vre! - 15 44 - 7.0 30 - 3.0 17 mV
Temperature Range. (Figure I, Note 1)

VKA = Vre!. IK = 10 mA

Ratio of Change in Reference Input Voltage I'.Vre! mV/V
to Change in Cathode to Anode Voltage I'.VKA

IK = 10 mA (Figure 2), I'. VKA = 10 V to Vre! - -1.4 -2.7 - -1.4 -2.7 - -1.4 -2.7
I'. VKA = 36 V to 10 V - -1.0 -2.0 - -1.0 -2.0 - -10 -2.0

Reference Input Current (Figure 2) Ire! - 1.8 4.0 - 1.8 40 - 1.8 4.0 IJ.A
IK= 10mA. Rl = 10k. R2=00

Reference Input Current Deviation Over I'.lre! - 1.0 3.0 - 0.8 2.5 - 0.4 1.2 IJ.A
Temperature Range. (Figure 2)

IK = 10 mA, R1 = 10k. R2 = 00

Minimum Cathode Current For Regulation Imin - 0.5 1.0 - 0.5 1.0 - 0.5 1.0 mA
VKA = Vre! (Figure 1)

Off-State Cathode Current (Figure 3) loff - 2.6 1000 - 2.6 1000 - 2.6 1000 nA
VKA= 36V. Vre!=OV

Dynamic Impedance (Figure 1. Note 2) IZkal - 0.22 0.5 - 0.22 0.5 - 0.22 0.5 n
VKA = Vre!. I'.IK = 1.0 mA to 100 mA

~!.; 1.0 kHz



The deviation parameter 6.Vref is defined as the differences between the maximum and minimum values obtained over the full operating
ambient temperature range that applies.

T, T2
AMBIENT TEMPERATURE

The average temperature coefficient of the reference input volt-
age. a Vref. is defined as:

(
LWref \x, 06

Vref@ 25°C)

l>TA
l>Vref" 106

l>TA (Vref @ 25°CI

aVref can be positive or negative depending on whether Vref
Min or Vref Max occurs at the lower ambient temperature. (Refer to
Figure 6)

Example: l>Vref = B.O mV and slope is positive, Vref @ 25°C =
2.495 V, l>TA = 70°C

O.OOB x 106
"Vref = -7-0-1-2-.4-9-5-)-= 45.8 ppm/oC
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vref
lout =--RCL

Voutltripl = 0 + ~ )VrefR2

l.E.O. indicator is 'on" when V+ is between the
upper and lower limits.

Lower Limit = (1 + :~ )Vref

Upper Limit = (1 +~)Vref
R4

Vin Vout

<Vref V+

>Vref -2.0V



FIGURE 28 - LINEAR OHMMETER

25V

FIGURE 29 - SIMPLE 400 mW PHONO AMPLIFIER
38 V

,oDDli
*Thermalloy
THM 6024
Heatsi nk on LP
Package

FIGURE 30 - HIGH EFFICIENCY STEP-DOWN
SWITCHING CONVERTER

150I'h@2.0A
Vout = 5.0 V

lout = '.0 A

+ 22
I'F

TEST CONDITIONS RESULTS

Line Regulation Vin = 10 V to 20 V. 10= '.0 A 53 mV (1.1%)

Load Regulation Vin = 15 V. 10= OA to 1.0 A 25 mV (0.5%)

Output Ripple Vi n = 10 V. 10= 1.0 A 50 mVp_p PAR.D.

Output Ripple Vin = 20 V. 10= 1.0 A 100 mVp_p PAR.D.

Efficiencv Vin = 15 V. 10 = 1.0 A 82%



® MOTOROI.A

Specifications a'nd Applications
Information

SWITCH MODE
PULSE WIDTH MODULATION

CONTROL CIRCUITS

The Tl494 and Tl495 are fixed frequency, pulse width modu-
lation control circuits designed primarily for Switch mode power
supply control. These devices feature:

• Complete Pulse Width Modulation Control Circuitry

• On-Chip Oscillator With Master Or Slave Operation

• On-Chip Error Amplifiers

• On-Chip 5 Volt Reference

• Adjustable Dead-Time Control

• Uncommitted Output Transistors For 200 mA Source Or Sink

• Output Control For Push-Pull Or Single-Ended Operation

• On-Chip 39 Volt Zener (Tl495 Onlyl

• Output Steering Control (Tl495 Only)

The Tl494C/495C are specified over the commercial operating
range of O°C to 70°C, The Tl4941/4951 are specified over the in-
dustrial range of - 25°C to 85°C, The Tl494M is specified over the
full military range of - 55°C to 125°C.

TL494TL495

SWITCHMODE
PULSE WIDTH MODULATION

CONTROL CIRCUITS

N SUFFIX
PLASTIC PACKAGE

CASE 648

J SUFFIX
CERAMIC PACKAGE

CASE 620

N SUFFIX
PLASTIC PACKAGE

CASE 707

J SUFFIX
CERAMIC PACKAGE

CASE 726

ORDERING INFORMATION

Temperlture
Device RInge Plcklge

TL494CN o To 70'C Plastic DIP

TL494CJ o To 70'C Ceramic DIP

TL494IN -25 To 85°C Plastic DIP

TL494IJ - 25 To 85°C Ceramic DIP

TL494MJ -55 To 125'C Ceramic DIP

TL495CN o To 70'C Plastic DIP

TL495CJ o To 70'C Ceramic DIP

TL4951N -25 To 85'C Plastic DIP

TL4951J -25 To 85°C Ceramic DIP
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The TL494/495 are fixed-frequency pulse width mod-
ulation control circuit, incorporating the primary build-
ing blocks required for the control of a switching power
supply. (See Figure 1.) An internal-linear sawtooth os-
cillator is frequency-programmable by two external
components, RT and CT' The oscillator frequency is
determined by:

fosc = 1.1
RT • CT

Output pulse width modulation is accomplished by
comparison of the positive sawtooth waveform across
capacitor CT to either of two control signals. The NOR
gates, which drive output transistors 01 and 02, are
enabled only when the flip-flop clock-input line is in its
low state. This happens only during that portion of time
when the sawtooth voltage is greater than the control
signals. Therefore, an increase in control-signal ampli-
tude causes a corresponding linear decrease of output
pulse width. (Refer to the timing diagram shown in Fig-
ure 2.)

The control signals are external inputs that can be fed
into the dead-time control, the error amplifier inputs,
or the feedback input. The dead-time control compar-
ator has an effective 120 mV input offset which limits
the minimum output dead time to approximately the
first 4% of the sawtooth-cycle time. This would result
in a maximum duty cycle on a given output of 96% with
the output control grounded, and 48% with it connected
to the reference line. Additional dead time may be im-
posed on the output by setting the dead time-control
input to a fixed voltage, ranging between 0 to 3.3 V.

The pulse width modulator comparator provides a
means for the error amplifiers to adjust the output pulse
width from the maximum percent on-time, established
by the dead time control input, down to zero, as the

voltage at the feedback prn varies from 0.5 to 3.5 V. Both
error amplifiers have a common-mode input range from
- 0.3 V to (VCC - 2 V). and may be used to sense power-
supply output voltage and current. The error-amplifier
outputs are active high and are ORed together at the
non-inverting input of the pulse-width modulator com-
parator. With this configuration, the amplifier that de-
mands minimum output on time, dominates control of
the loop.

When capacitor CT is discharged, a positive pulse is
generated on the output of the dead-time comparator,
which clocks the pulse-steering flip-flop and inhibits the
output transistors, 01 and 02. With the output-control
connected to the reference line, the pulse-steering flip-
flop directs the modulated pulses to each of the two
output transistors alternately for push-pull operation.
The output frequency is equal to half that of the oscil-
lator. Output drive can also be taken from 01 or 02.
when single-ended operation with a maximum on-time
of less than 50% is required. This is desirable when the
output transformer has a ring back winding with a catch
diode used for snubbing. When higher output-drive cur-
rents are required for single-ended operation, 01 and
02 may be connected in parallel, and the output-mode
pin must be tied to ground to disable the flip-flop. The
output frequency will now be equal to that of the
oscillator.

The TL494/495 has an internal 5 V reference capable
of sourcing up to 10 mA of load current for external bias
circuits. The reference has an internal accuracy of + 5°'°
with a thermal drift of less than 50 mV over an operating
temperature range of 0 to 70°C.

The TL495 contains an on-chip 39 volt zener diode for
high voltage applications where VCC is greater than 40
volts, and an output steering control that overrides the
internal control of the pulse-steering flip-flop. (Refer to
the functional table shown in figure 3.)

Inputs fout
Output Steering Output Function -
Control Control fosc'

Grounded Open Single-ended P.W.M. at 01 and 02 1

At Vref Open Push-pull operation 0.5

At Vref V1 <0.4 V Single-ended PW.M. at 01 only 1

At Vref V1 >2.4 V Single-ended PW.M. at 02 only 1



Reting Symbol TL494M TL494IITL4951 TL494CITL495C Unit

Power Supply Voltage VCC 42 42 42 V

Collector Output Voltage VC1, VC2 42 42 42 V

Collector Output Current (each transistor) IC1,IC2 250 250 250 mA

Amplifier Input Voltage Vin VCC + .03 VCC + .03 VCC + .03 V

Power Dissipation (u TA '" 45·C Po 1000 1000 1000 mW

Operating Junction Temperature TJ 150 150 150 'C

Operating Ambient Temperature Range TA -55 to 125 - 25 to 85 o to 70 'C

Storage Temperature Range Tstg -65 to 150 -65 to 150 -65 to 150 'C

Cherecteristics Symbol J Suffix Ceremic Peckege N Suffix Plestic Packege Unit

Thermal Resistance, Junction to Ambient RuJA 100 80 ·CIW

Power Derating Factor 1/RuJA 10.0 12.5 mW~C

Derating Ambient Temperature TA 50 45 'C

TL494ITL49S
ConditionNelue Symbol Unit

4
Min. Typ. Mex.

Power Supply Voltage VCC 7.0 15 40 V

Collector Output Voltage VC1, VC2 - 30 40 V

Collector Output Current leach transistor) IC1,IC2 - - 200 mA

Amplifier Input Voltage Vin -0.3 - VCC - 2.0 V

Current Into Feedback Terminal If.b. - - 0.3 mA

Reference Output Current Iref - - 10 mA

Timing Resistor RT 1.8 30 500 kll

Timing Capacitor CT 0.00047 0.001 10 fLF
Oscillator Frequency fosc 1.0 40 200 kHz

ELECTRICAL CHARACTERISTICS IVCC = 15 V, fosc = 10 kHz unless otherwise noted.)
For typical values TA = 25'C, for minimax values TA is the operating ambient temperature range that applies unless otherwise
noted.

Reference Voltage Vref 4.75 5.0 5.25 4.75 5.0 5.25 V
(10 = 1.0 mAl

Reference Voltage Change with Temperature .1Vref I,T) - 0.2 2.0 - 1.3 2.6 %
(I1TA = Min to MaxI

Input Regulation Regline - 2.0 25 - 2.0 25 mV
(VCC = 7.0 V to 40 VI

Output Regulation Regload - 3.0 15 - 3.0 15 mV
(10 = 1.0 mA to 10 mAl

Short-Circuit Output Current ISC 10 35 50 - 35 - mA
(Vref = 0 V, TA = 2S·CI



ELECTRICAL CHARACTERISTICS IVCC = 15 V. fosc = 10 kHz unless otherwise noted.)
For typical values TA = 25·C. for minimax values TA is the operating ambient temperature range that applies unless otherwise
noted.

Collector Off·State Current IC(off) - 2.0 100 - 2.0 100 V-A
(VCC = 40 V. VCE = 40 V)

Emitter Off· State Current IEloff) - - - 150 - - - 100 llA
(VCC = 40 V. Vc = 40 V. VE = 0 V)

Coliector·Emitter Saturation Voltage VsatlCI - 1.1 1.5 - 1.1 1.3 V
Common·Emitter

IVE = OV. IC = 200 mAl
Emitter·Foliower VsatlE) - 1.5 2.5 -- 1.5 2.5 V

IVC = 15 V. IE = -200 mAl

Output Control Pin Current 'OCL - 10 - - 10 - llA
Low State

(VOC '" 0.4 V)
High State lOCH - 0.2 3.5 - 0.2 3.5 mA

(VOC = Vref)

Output Voltage Rise Time ITA = 25·CI lr - 100 200 - 100 200 ns
Common·Emitter (See Figure 13)
Emitter-Follower (See Figure 141 - 100 200 - 100 200 ns

Output Voltage Fall Time (TA = 25·C) tf - 25 100 - 25 100 ns
Common-Emitter ISee Figure 13)
Emitter-Follower ISee Figure 14) - 40 100 - 40 100 ns

TL494/TL495

Typ

Input Offset Voltage VIO - 2.0 10 mV
IVO (Pin 31 = 2.5 V)

Input Offset Current 110 - 5.0 250 nA
IVO (Pin 31 = 2.5 V)

Input Bias Current liB - 0.1 1.0 llA
(Va (Pin 31 = 2.5 V)

Input Common·Mode Voltage Range VICR -0.3 - VCC - 2.0 V
(VCC = 7.0 V to 40 VI

Open-Loop Voltage Gain AVOL 70 95 - dB
(<loVO= 3.0 V. Vo = 0.5 to 3.5 V.

RL = 2.0 kill

Unity-Gain Crossover Frequency fC - 350 - kHz
(Vo = 0.5 to 3.5 V. RL = 2.0 kill

Phase Margin at Unity·Gain 0m - 65 - deg.
IVO = 0.5 to 3.5 V. RL = 2.0 kill

Common-Mode Rejection Ratio CMRR 65 90 dB
(VCC = 40 V)

Power Supply Rejection Ratio PSRR - 100 - dB
(<loVCC= 33 V. Vo = 2.5 V. RL = 2.0 kill

Output Sink Current 10- 0.3 0.7 - mA
(VO (Pin 3) = 0.7 V)

Output Source Current 10+ -2.0 -4.0 - mA
(VO IPin 31 = 3.5 VI



ELECTRICAL CHARACTERISTICS (VCC = 15 V, fosc = 10 kHz unless otherwise noted.)
For typical values TA = 25·C, for minimax values TA is the operating ambient temperature range that applies unless otherwise
noted.

Input Threshold Voltage VTH - 3.5 4.5 V
(Zero duty cycle)

Input Sink Current 11- 0.3 0.7 - mA
(V (Pin 3) = 0.7 V)

Input Bias Current (pin 4) liB (DT) - - 2.0 -10 lLA
(Vin = 0 to 5.25 V)

Maximum Duty Cycle, Each Output. Push-Pull Mode DCmax %
(Vin = 0 V. CT = 0.1 lLF, RT = 12 kill 45 48 50
(Vin = 0 V, CT = 0.001 lLF, RT = 30 kill - 45 50

Input Threshold Voltage (Pin 41 VTH V
(Zero Duty Cycle I - 2.8 3.3
(Maximum Duty Cycle) 0 - -

Frequency lose - 40 - kHz
(CT = 0.001 lLI, RT = 30 kill

Standard Deviation 01 Frequency· frfosc - 30 - %
(CT = 0.001 lLI, RT = 30 kill

Frequency Change with Voltage .1losc (,VI - 0.1 - ·0
(VCC = 7.0 V to 40 V, TA = 25·CI

Frequency Change with Temperature .1losc I,TI - 1.0 2.0 o.
(<ioTA= 25·C to TA low, 25·C to TA high)

Input Current Low ISTL - - 25 - 200 lLA
(V(Pin 131 = 0.4 VI

Input Current High ISTH lLA
(V(Pin 131 = 2.4 VI - 25 200
(V(Pin 131 ~ Vrel) - 75 -

Zener Breakdown Voltage Vz - 39 - V
(lZ = 2mAI

Sink Current IRZ - 0.3 - mA
(V(Pin 151 = 1.0 VI

Standby Supply Current ICC mA
(Pin 6 at Vref, All Other Inputs and Outputs Openl

(VCC = 15 VI - 5.5 10
(VCC = 40 V) - 7.0 15

Average Supply Current - - 7.0 - mA
(VIPin 41 = 2.0 VI (See Figure 12.1
(CT = 0.01, RT = 12 kll, VCC = 15V)

N
L (Xn - )(12
n:: 1

N - 1
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Voltage of
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FIGURE 20 - OPERATION WITH VIN > 40 V USING
INTERNAL ZENER ITL495 ONLVI

Slave
(Additional
Circuits)

12 +VO = 28V

VCC
47 10 = 0.2 A

+
8

1M
Cl

33k 3
Comp TL494

0.01 0.01 15 11
C2 + 50

16 35 V
+ Gnd

47 IN4934

4.7 k 240..,...
4.7 k 0.001

II - 3.5 mh ((f O.3A
T1 - Primary: 20T C.T. #28 AWG

Secondary: 120T C.T. #36 AWG
Core: Ferroxcube 1408p·LOQ·3C8

TEST CONDITIONS RESULTS

Line Regulation Vin = 8.0 to 20 V 3.0 mV 0.01%

Load Regulation Vin = 12.6 V, 10 = 0.2 to 200 mA 5.0 mV 0.02%

Output Ripple Vin = 12.6 V, 10 = 200 mA 40 mV p-P PAR.D.

Short Circuit Current Vin = 12.6 V, RL = 0.1 II 250 mA

Efficiency Vin = 12.6 V, 10 = 200 mA 72%



FIGURE 22 - PULSE·WIDTH MODULATED STEP-DOWN CONVERTER
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TEST CONDITIONS RESULTS

Line Regulation Vin ~ 10V to 40V 14mV 0.28%

Load Regulation Vin = 28V, 10 = 1 mA to 1 A 3.omV 0.06%

Output Ripple Vin = 28V, 10 = 1.oA 65mV pop PAR.D,

Short Circuit Current Vin = 28V, RL = a. Hl 1.6 amps

Efficiency Vin = 28V, 10 = 1A 71%



TDT·l0l
TMOS

POWER FET
DESIGN TIPS

A 100 kHz FET SWITCHER1r
TMOS

In the ever expanding world of microprocessors,
minicomputers and peripherals, there is an ever
increasing demand for a low-cost multiple output
power supply_ It was only a couple of years ago that
the 20 kHz flyback regulator using bipolar power
transistors came on this scene and was proven to be
cost effective with older linear regulator designs in
the 50 to 100Wrange. But the story doesn't end there.
Now there is another revolution taking place, and it
was brought on by the recent introduction of the high
frequency FET power switch.

Today, designers are using this component in 100
to 200 kHz flyback regulators and generally finding
that the performance and cost are equivalent or better
than the bipolar approach. The FET is currently a high
cost component, but systems savings are still possible
because passive component size is reduced and base
drive interface circuits are eliminated. The future will
see even more designs like the one shown here as FET
prices erode and higher operating frequencies are
shown to be practical.

The circuit described here is a 60 W, 100 kHz FET
switcher with four output voltages; ±5 V and ±12 V. It
operates from 120VAC, has an efficiency of 75%and
the total parts cost is approximately $40.Components
unique to this high frequency design include the
following:

1. Motorola's MTP565 power FET. This 5 A, 400 V
device has only one ohm of on-resistance and is
driven directly from a linear IC. It not only
switches in less than 50 ns but has enough
RBSOA to eliminate the need for snubbers.

2. Pulse Engineering's PE63133 power transformer.
This is a continuous mode flyback transformer
which is ideally suited to high frequency opera-
tion. Zener clamps are not required because the
clamp winding is interleaved with primary
halves. And regulation of the auxiliary outputs
is within ±10%under varying conditions of line
and load.

3. Motorola's TL494 Switch mode control IC, 4N27
optocoupler, and MC1723linear regulator. These
devices are used in the first practical demonstra-
tion of a low-cost, three-chip control system. The
723 is the error amplifier, the 494 is a fixed fre-
quency PWM, and the 27 couples the feedback
signal from the 723 to the 494_

4. Mepco/Electra's 3428series of output capacitors.
These high frequency electrolytic caps feature
low ESR and high RMS current ratings. Only 50
to 70 mV (PD) of ripple occurs at the outputs,
power loss is less than 0.5 W, and the caps cost
only $1.30.



Thennalley
Heat Smks
01 61768
0361118
05 61068
06 61068

Output Gaps
all 720 & 1000 ~F
WE 3428 series
all 10 ~F Tantelum
WE 41GS series

Ahemate T1
Ferroxwbe Ee-.1
Gap 30 mils, 1,3 mH
Prim 10T '24 (2 layers)
Damp 70T 128 (1 layer)
±12V 8T.20BityIaf
± S V 4T '20 OuadfyIar
12 V Aux 8T'20

2A O' MOA

F1 202 +l60V

R.
R2

100'

1
lW

120VAC
2W

.12VAUX

C12

ot!
2.0 kV -=

TC1 •
.•. lO~F

R6

68. R13 R14

C"

S.1k
22' 0.1 RIS

R7



® MOTOROLA

The "A7BS40 is a monolithic-switching regulator subsystem.
providing all active functions necessary for a switching regulator
system. The device consists of a tight-tolerance temperature-
compensated voltage reference. controlled-duty cycle oscillator
with an active peak-current limit circuit, comparator. high-current
and high-voltage output switch. capable of 1.5 A and 40 V. pinned-
out power diode and an uncommitted operational amplifier. which
can be powered up or down independent of the I.C. supply. The
switching output can drive external NPNor PNPtransistors when
voltages greater than 40 V. or currents in excess of 1.5 A. are
required. Some of the features are wide-supply voltage range, low
standby current. high efficiency and low drift. The "A7BS40 is
available in both commercial (OOCto +70°C) and military (-55°C to
+125°C) temperature ranges.

Some of the applications include use in step-up, step-down. and
inverting regulators. with extremely good results obtained in
battery-operated systems.

• Output Adjustable from 1.3 V to 40 V

• Peak Output Current of 1.5 A Without External Transistor

• BOdB Line and Load Regulation

• Operation from 2.5 V to 40 V Supply

• Low Standby Current Drain

• High Gain. High butput Current. Uncommitted Op Amp.

• Uncommitted Power Diode

• Low Cost

Comparator
Non-Inverting

~put

Comparator
Inverting
Input Timing IpkI Capacitor Sense

Reference /

OpAmp
Inverting

Input

t VCC Op Amp Ground Diode Diode
lOp Amp) Output Cathode Anode

OpAmp
Non-Inverting

Input

J.LA78S40

UNIVERSAL
SWITCHING REGULATOR

SUBSYSTEM

..- P SUFFIX
PLASTIC PACKAGE

CASE 648

o SUFFIX
CERAMIC PACKAGE

CASE 620

vee
lOp Amp)

Op Amp
Non-Inverting 6

Input

Op Amp
Inverting

Input

Reference

Comparator
Inverting
Input

Comparator
Non-Inverting
Input

Temper.tur.
Device Range Pachge

.A7aS'Ope DoC to +70°C Plastic DIP

.A7aS'OOe oac to +70oC Ceramic DIP

.A7aS'OOM -55°C to + 125°C Ceramic DIP



Rating Symbol Value Unit

Power Supply Voltage VCC 40 V

Op Amp Power Supply Voltage VCC(OpAmp) 40 V

Common Mode Input Range VICR -0.3 toVCC V
(Comparator and Op Amp)

Differential Input Voltage (Note 2) VID ±30 V

Output Short-Circuit Duration (Op Amp) - Continuous -
Reference Output Current Iref 10 mA

Voltage from Switch Collectors to Gnd - 40 V

Voltage from Switch Emitters to Gnd - 40 V

Voltage from Switch Collectors to Emitter - 40 V

Voltage from Power Diode to Gnd - 40 V

Reverse-Power Diode Voltage VDR 40 V

Current through Power Switch ISW 1.5 A

Current through Power Diode 10 1.5 A

Power Dissipation and Thermal Characteristics
Plastic Package - TA' +25°C Po 1500 mW

Derate above +25°C (Note 1) 1/R8JA 14 mW/oC
Ceramic Package - TA' 25°C Po 1000 mW

Derate above +25°C (Note 1) I/R8JA 8 mW/oC

Storage Temperature Range Tstg -65 to +150 °c

Operating Temperature Range
IlA78S40M TA -55 to +125 °c
IlA78S40C o to +70

Not•• :
1.Tlow = -55°C for ~A78S400M

• O"C for pA78540DC and pA78540PC
Thigh = +125°C for IJA78S400M

= +70oC for /olA78S400C and ,.,.A78S40PC
2. For supply voltages less than 30 V the maximum differential input voltage IError Amp and Op Amp)

is equal 10 the supply voltage.

Supply Voltage VCC 2.5 - 40 V

Supply Current (Op Amp Disconnected)
(VCC' 5.0 V) ICC - 1.8 3.5 mA
(VCC' 40V) - 2.3 5.0

Supply Current (Op Amp Connected)
(VCC' 5.0V) ICC - - 4.0 mA
(VCC·40V) - - 5.5

Reference Voltage Vref 1.180 1.245 1.310 V
(Iref' 1.0 mAl

Reference Voltage Line Regulation RegLine - 0.04 0.2 mV/V
(3.0 V •• VCC" 40 V. Iref' 1.0 mA. TA' 25°C)

Reference Voltage Load Regulation RegLoad - 0.2 0.5 mV/mA
(1.0 mA" Iref" 10 mA. TA' 250q



Charging Current (TA: 25°C) Ichg I'A
(VCC: 5.0 V) 20 - 50
(VCC: 40V) 20 - 70

Discharge Current (TA : 25°C) Ichg I'A
(VCC: 5.0V) 150 - 250
(VCC: 40 V) 150 - 350

Oscillator Voltage Swing (TA : 25°C) Vosc - 0.5 - V
(VCC: 5.0 V)

Turn·on/Turn-off lon/toff - 6.0 - 1'5/1'5

Current-limit Sense Voltage (TA : 25°C)
(VCC - VIPK [Sense))

OUTPUT SWITCH

Output Saturation Voltage 1 Vsatl - 1.1 1.3 V
(ISW: 1.0 A. Pin 15 tied to Pin 16)

Output Saturation Voltage 2 Vsat2 - 0.45 0.7 V
(lSW: 1.0 A. 115 : 50 mAl

Output Transistor Current Gain (TA : 25°C) hFE - 70 - -
(lC: 1.0 A, VCE : 5.0 V)

Output Leakage Current (TA : 25°C) - - 10 - nA
(VO:40V)

POWER OIODE

Forward Voltage Drop (10: 1.0 A)

Diode Leakage Current (TA : 25°C) (VOR : 40 V)

COMPARATOR

Input Offset Voltage (VCM : Vref) VIO - 1.5 15 mV

Input Bias Current (VCM: Vref) liB - 35 200 nA

Input Offset Current (VCM : Vref) 110 - 5.0 75 nA

Common-Mode Voltage Range (TA : 25°C) VICR 0 - VCC-2 V

Power-Supply Rejection Ratio (TA : 25°C) PSRR 70 96 - dB
(3.0';; VCC';; 40 V)

Input Of set Voltage (VCM : 2.5 V) VIO - 4.0 15 mV

Input Bias Current (VCM : 2.5 V) liB - 30 200 nA

Input Offset Current (VCM : 2.5 V.) 110 - 5.0 75 nA

Voltage Gain + (TA : 25°C) Ayol+ 25000 ooסס25 - V/V
(RL: 2.0 kO to Gnd, 1.0 V';; VO';; 2.5 V)

Voltage Gain - (TA: 25°C) Ayol- 25000 ooסס25 - V/V
(RL: 2.0 kO to VCC (op amp), 1.0 V';; VO';; 2.5 V)

Common-Mode Voltage Range (TA: 25°C) VICR ,0 - VCC-2 V

Common-Mode Rejection Ratio (TA: 25°C) CMRR 76 100 - dB
(VCM : 0 to 3.0 V)

Power-Supply Rejection Ratio (TA: 25°C) PSRR 76 100 - dB
(3.0 V';; VCC (op amp)';; 40 V)

Output Source Current (TA : 25°C) ISource 75 150 - mA

Output Sink Current (TA: 25°C) ISink 10 35 - mA

Slew Rate (TA: 25°C) SR - 0.6 - V/I'S

Output Low Voltage (TA : 25°C) (III: -5.0 mAl VOL - - 1.0 V

Output High Voltage (fA: 25°C) (lL : 50 mAl CC(OpAmp - - - V
-3.0V



SECTION 19
PACKAGE OUTLINE DIMENSIONS

K SUFFIX Lp, P, Z SUFFIX
METAL PACKAGE PLASTIC PACKAGE

CASE 1-03 CASE 29-02

~'
MB A

M~~.M 0 j """'~-EiPLANE
F L

-F-
K

-J-
~

Q~V~ 1 0:11i~ ~I I ~ 1
H '-- '.~\ :>Z-T i rI SECT.A·A

f ~ V IG
~c\.S

MILLIMETERS INCHES 1: N

INCHES
DIM MIN MAX MIN MAX

MILLIMETERS
A 4.32 5.33 0.170 0.210DIM MIN MAX MIN MAX

8 22.23 - 0.875 8 4.44 5.21 0.175 .205
C 3.18 4.19 0.125 0.165 NOTES,

C 6.35 11.43 0.250 0.450
0 0.41 0.56 0.016 0.022 1. CONTOUR OF PACKAGE 8EyoNo ZONE ',."0 0.91 1.09 0.038 0.043
F 0.41 0.48 0.016 0.019 IS UNCONTROLLED.

E - 3.43 0.135
F 29.90 30.40 1.177 1.191 G 1.14 1.40 0.045 0.055 2. DiM "F" APPLIES 8ETWEEN "H" AND

G 10.61 11.18 0.420 0.440 H - 2.54 0.100 "L". 01'" "0" & "S" APPLIES 8ETWEEN
J 2.41 2.61 0.095 0.105 "L" & 1~0 mm 10.5") FROM SEATINGH 5.21 5.72 0.205 0.225 K 12.10 - 0.500 - PLANE. LEAD DIM IS UNCONTROLLEDJ 16.64 17.15 0.655 0.615
L 6.35 - 0.250 - iN "H" & 8EyoNo 12.10 mm 10.5"

K 1.92 0.312 N 2.03 2.92 0.080 0.115 FROM SEATING PLANE.
a 3.84 4.09 0.151 0.161 P 2.92 - 0.115
S - 13.34 0.525 R 3.4 -T - 4.78 0.188 S 0.36 0.41 0.014 0.016
All JEOEC dimenSions and notes apply All JEDEC dimensions and ootn apply.

G, H SUFFIX R SUFFIX
METAL PACKAGE METAL PACKAGE

CASE 79-02 CASE 80-02

~

r II- B
U= c

-r;- -- L
-'-t-~-------

~K

SEA:IN~G PLANE/~~O

I
~ K

I
SE:LT~~~ --H-o ---F--

°mG

-J-

/': ~L rN
laX 2 "L]:~h H \: J\ I)(.T1 ~\ ..J' I

~
~M~¥J AliJEoECd;mens;on.

H and notfupply. S
MilLIMETERS INCHES MILLIMETERS INCHES

aiM MIN MAX MIN MAX DIM MIN MAX MIN MAX
A 8.89 9.40 0.350 0.370 8 11.94 12.70 0.470 0.500
8 8.00 8.51 0.315 0.335 C 6.35 8.64 0.250 0.340
C 6.10 6.60 0.240 0.260 0 0.71 0.86 0.028 0.034
0 0.406 0.533 0.016 0.021 E 1.27 1.91 0.050 0.075
E 0.229 3.18 0.009 0.125 F 24.33 24.43 0.958 0.962

0.406 0.483 0.016 0.019 G 4.83 5.33 0.190 0.210
G 4.83 5.33 0.190 0.210 H 2.41 2.67 0.095 0.105
H 0.711 0.864 0.028 0.034 J 14.48 14.99 0.510 0.590
J 0.737 1.~2 0.029 0.040 K 9.14 - 0.360 -
K 12.70 - 0.500 P 1.21 - 0.050
L 6.35 0.250 - Q 3.61 3.86 0.142 0.1 2
M 45° NOM 450 NOM S - 8.89 - 0.350
P - 1.21 10.050 T 3.68" - 0.145
Q 900 NOM 900NOM U 15.75 - 0.6
R 2.54 0.100 I AU JEOEC Dimensions and and NotlS Apply.



T SUFFIX G SUFFIX
PLASTIC PACKAGE METAL PACKAGE

CASE 221A-02 CASE 603-04

, =11-:'-c rs-,

F:~'1-0 i""""A4
1-iPT El PA ••••••. F - §t1' c( ]tu I ,"";1, :-'lII JIG H =lKK ..-- z t SEATING - - - :JLl J"'14' L PLANE

-IR
l d~tL

--11--0

I-J 0-11- G

~'MILLIMETERS ,NCHES • ~M

DIM MIN MAX MIN MAX
N MILLIMETERS INCHES J~.: .' ,l. ---i

A 15.11 15.75 0.595 O. 20 DIM MIN MAX MIN MAX
B 9.65 10.29 0.380 0.405 A 8.51 9.39 0.335 0.370 V I·
C 4.06 4.B2 0.160 0.190 B 7.75 B.51 0.305 0.335 \H
D 0.&4 0.B9 0.025 0.035 C 4.19 4.10 0.165 0.IB5
F 3.61 3.73 0.142 0.147 D 0.407 0.533 0.016 0.021
G 2.41 2.67 0.095 0.105 NDTES, E - 1.02

IH 2.79 3.30 O.ttO 0.130 F 0.406 0.483 0.019
J 0.36 0.56 0.014 0.022 1. DIMENSIONS lAND H APPLIES TO All lEADS. G 5.84 SSC SSC NDTE,
K 12.70 14.27 0.500 0.562 2. DIMENSION Z DEFINES A ZONE WHERE ALL H 0.712 0.864 0.034 LEADS WITHIN O.IB mm 10.0071 RADIUS OF
L 1.14 1.27 0.045 0.050 BODY AND LEAD IRREGULARITIES ARE J 0.737 1.14 0.045 TRUE POSITION AT SEATING PLANE
N 4.83 5.33 0.19() 0.210 ALLOWED. K 12.70 o ---"=-

AT MAXIMUM MATERIAL CONDITION.
Q 2.54 3.04 0.100 0.120 3. DIMENSIONING AND TOlERANCING PER ANSI L 6.35 12.70 o ~R 2.04 2.79 O.OBO O.ttO Y14.51973. M 3 BSC
S 1.14 1.39 0.045 0.055 4. CONTROLLING DIMENSION: INCH. P - 1.27 0.050
T 5.97 6.4B 0.235 0.255 Q 3.56 4.06 0.140 0.160
II 0.76 1.27 0.030 0.050 R 0.254 1.02 0.01
V 1.14 0.045
Z 2.03 0.080 All JEOEC dimenSions and nales apply

G SUFFIX R SUFFIX
METAL PACKAGE METAL PACKAGE

CASE 603C-01 CASE 614-02

F:~'
,,~~~'

El P

§t1--'c
.'''.. ' Ii o-ll-

PLANE

~"-a G r-J-
--11--0 \t\h~ !

~

• /-'M . ("°7 0 R

J~.: ":.---i ~L"'o'JI lMILLIMETERS INCHES v:,o Jlo

OIM MIN MAX MIN MAX \HA 8.51 9.39 0.335 0.310 MILLIMETERS INCHES
B 7.75 8.51 0.305 0.335 DIM MIN MAX MIN MAX
C 4.19 6.73 0.165 O. 65 A - 31.80 1.252 NOTE,0 0.407 0.533 0.016 0.021 B 11.94 12.70 0.470 0.500
E 1.02 0.040 NOTES: C 6.35 B.&4 0.250 0.340 1. LEADS TRUE POSITIONED

F 0.406 0.4B3 0.016 0.019 1. LEADS WITHIN 0.18 mrn (0.007) RADIUS D 0.71 O.Bl 0.028 0.032
WITHIN 0.36 mm 10.014) CIA. to DIM.
"A" & "H" AT MAX. MATERIAL

G 5.B4 BSC 0.230BSC OF TRUE POSITION TO DIM. "A" & "H" E 1.27 1.90 0.050 0.075 CONDITIONS AND DIM. ''P''
H 0.712 0.864 0.028 0.034 AT SEATING PLANE AT MAXIMUM F :w' BS :w'SS 2. LEAD DIAMETERS ARE UNCON·
J 0.737 Lt4 0.029 0.045 MATERIAL CONDITION. B. TROLLED BEYOND 12.70 mm 10.5001
K 12.70 - 0.500 2.LEAO DIA UNCONTROLLED BEYOND H 24.33 1:44 0958 0.9'2 FROM BASE PLANE.
L 6.35 2.70 0.250 0.500 DIM UK" MIN. J 12.17 12.22 8.479 0.481
M 36° sse 36 asc K 9.14 - 0.36ll -
P 1.27 0.050 P 1.40 BSC 0.055 SSC
Q 3.56 4.06 0.140 0.160 Q 3.61 3.B6 0.142 0.152
R 0.254 1.02 0.010 0.040 R 17.7B - 0.700



D, J, L SUFFIX
CERAMIC PACKAGE

CASE 620-02

P, P1 SUFFIX
PLASTIC PACKAGE

CASE 626-04

D.'1
P ,J

A~

MILLIMETERS INCHES MILLIMETERS
OIM MIN MAX MIN MAX DIM MIN MAX

A 19.05 19.81 0.750 0.780 NOTES,
A 9.40 10.16

• 6.22 6.98 0245 0.275 1 lEADS WITHIN 0.13 mm 10.005) RADIUS • 6.10 6.60

C 4.06 5.1l1l 0160 0.200 OF TRUE POSITION AT SEATING PLANE C 3.94 4.45
D D.38 D.51 D.DI5 0.020 AT MAXIMUM MATERIAL CONDITION 0 0.38 0.51

F 1.40 1.65 0055 0.065 2 PKG. INDEX: NOTCH IN lEAD
F 1.02 1.52

G 2.54 sse 0100 sse NOTCH IN CERAMIC DR INK OOT
G 2.54 8SC

H 0.51 1.14 0.020 0045 301M "L" TO CENTER OF LEADS
H 0.76 1.27

j 0.20 0.30 0.008 0012 WHEN FORMED PARAllEl
j 0.20 0.30

K 3.18 4.06 0.125 0.160 K 2.92 3.43

L 7.37 7.87 0.31 L 7.628SC

M - IS' - 1<' M - 10'

N 0.51 1.02 0.020 0.040 N 0.51 0.76

INCHES
MIN MAX

0.370 0.400
0.240 0.260
0.155 0.175
0.015 0.020
0.040 0.060

0.100 8SC
0.030 1 0.050
0.008 1 0.012
0.115 I 0.135

0.3OO8SC
I 10'

0.020 0.030

NOTES,
1. lEADS WITHIN 0.13 mm

10.005) RAOIUS OF TRUE
POSITION AT SEATING
PLANE AT MAXIMUM
MATERIAL CONDITION.

2. OIM "L"TO CENTER OF
LEADS WHEN FORMEO
PARAllEl.

3. PACKAGE CONTOUR
OPTIONAL IROUND DR
SOUARE CORNERS)

l SUFFIX
CERAMIC PACKAGE

CASE 632-02

P SUFFIX
PLASTIC PACKAGE

CASE 646-05

Q,,S1
1 7~

--R-oJ F

OJ' 0
p I ~ V V AV V

A.A.AAAA.A.

'll7 -.i
VI

-<Fe- ~ rr=L~
fflMM1C Fit__
1-,-I' 1--' II~SE'TlHG K JL

H G --1I-0 PLANE M

MILLIMETERS INCHES
DIM MIN MAX M1N MAX MILLIMETERS INCHES NOTES,

A 16.8 19.9 0.660 0.785 OIM MIN MAX MIN MAX 1. LEADS WITHIN 0.13 mm

• 5.59 7.11 0.220 0.280
NOTES, A 18.16 19.56 0.715 0.770 10.005) RADIUS OF TRUE

C - 5.08 - 0200 1. ALL RULES AND NOTES ASSOCIATED 8 .10 6.60 .24 .60
POSITION AT SEATING

0 0.381 0.584 0.D15 0.023 WITH MO·OOl AA OUTliNE SHAll APPLY. C 4.06 5.08 0.160 0.200
PLANE AT MAXIMUM
MATERIAL CONDITION.

F 0.77 1.77 0.030 0.070 2. DIMENSION "L" TO CENTER OF lEADS 0 0.38 0.53 0.015 0.021
2. DIMENSION "L" TO

2.54 8SC 0.100 8SC WHEN FORMED PARAllEl. F 1.02 1.78 0.040 0.070
CENTER OF LEADS

j 0.203 0.381 0.008 0.015 G .54 8
K 2.54 0.100 - 3. lEADS WITHIN O.25mm (0.010) CIA OF TRUE H 1.32 2.41 0.052 0.095

WHEN FORMED

L 7.628SC 0.300 8SC
POSITION AT SEATING PLANE AND MAXIMUM j 0.20 0.:18 .008 10.01 PARALLEL.

M - IS' - IS'
MATERI.Al CONDITION, K 3.43 0.135

3. DIMENSION "8" DOES NOT

N 0.51 0.76 0.020 0.030 L 7.62 BSC 0.300 B INCLUDE MOLD flASH.

P - B.25 - 0.325 M 0' 100 0 10'
4. ROUNDED CORNERS OPTIONAL

All JEDEC dimensions and notlS apply.
N 0.51 1.02 0.020 0.040



MILLIMETERS INCHES
DIM MIN MAX MIN MAX

A 18.80 21.34 0.740 0.840
B 6.10 6.60 0.240 0260
C 4.06 5.B 0.160 0.200
D 0.3B 0.53 0.015 0.021
F 1.02 1.78 0.040 0.070
G 2.54 8SC 0.100 BSC
H 0.38 2.41 0.015 0.095
J 0.20 0.3B .008 0.015

3.43 .1 0.135
L 7.62 BSC 0.300 BSC
M 10' 0 10'
N 0.51 1.02 0.020 0.040

NOTES'
t. lEADS WITHIN 0.13 mm

10.0051 RADIUS OF TRUE
POSITION AT SEATING
PLANE AT MAXIMUM
MATERIAL CONDITION.

2. DIMENSION "L" TO
CENTER OF LEAOS
WHEN FORMEO
PARALLEL.

3. OIMENSION ''8'' OOES NOT
INCLUDE MOLD FLASH.

4. "F" DIMENSION IS FOR FULL
LEADS. "HALF" LEADS ARE
OPTIONAL AT LEAD POSITIONS
1.8.9 .• nd 16). _

5. ROUNDED CORNERS OPTIONAL.

JG, U SUFFIX
CERAMIC PACKAGE

CASE 693·02
t-- A --j

o. 'f
B

, .~
~F t=L=:1;A

-I'--J J M'Y

N, P SUFFIX
PLASTIC PACKAGE

CASE 648-05

MILLIMETERS INCHES
DIM MIN MAX MIN MAX

A 9.91 10.92 0.390 0.430
B 6.22 6.99 . '45 0.27
C 4.32 0.2
D 0.41 0.51 0.016 0.020
F 1.40 1.65 0.055 0.065
G 2.54 8SC 0.loo8SC
H 1.14 1.65 0.045 0.065
J 0.20 0.30 0.008 0.012
K 3.18 4.06 0.125 0.160
L 7.37 7.B7 0.290 0.3\0
M - 15 - IS'
N 0,51 1.02 0.020 0.040

NOTES,
1. LEADS WITHIN 0.13 mm (D.OOS)

RAD OF TRUE POSITION AT
SEATING PLANE AT MAXIMUM
MATERIAL CONDITION.

2. DIMENSION "L" TO CENTER
OF LEADS WHEN FORMED
PARAllEL.

N SUFFIX
PLASTIC PACKAGE

CASE 707-02

NOTES,

1. POSITIONAL TOLERANCE OF LEADS 101.
SHALL 8E WITHIN 0.25mmI0.Ol01 AT
MAXIMUM MATERIAL CONDITION, IN
RELATION TO SEATING PLANE AND
EACH OTHER.

2. DIMENSION L TO CENTER OF LEADS
WHEN FORMED PARALLel.

3. DIMENSION 8 DOES NOT INCLUDE
MOLD FLASH.

MILLIMETERS INCHES
DIM MIN MAX MIN MAX
A 22.22 23.24 0.875 0.915
8 6.10 6.60 0.240 0.260

3.56 4.57 0.140 0.180
0 0.36 0.56 0.014 0.022
F 1.27 1.78 0.05 0.070
G 2.54 8SC 0.100 8SC
H 1.02 1.52 0.040 0.060
J 0.20 0.30 0.008 0.012
K 2.92 3.43 0.115 0.135

7.62 8S 8 C
M lJO IS' lJO IS'
N 0.51 1.02 0.020 0.040



J SUFFIX D SUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE

CASE 726·01 J- CASE 751A-01

=J (" rRRR~~lr' I

U. J
14 8-r

l JGL:J -I
H i ilf1rll ]J~j~--- A

~SI ~G~ ~~D C ~L~
1 ~J > 1. t=:: 8::l bfSOB Elo8tt-t f iJj ( I\L

- ~O~~ t
K J F-j I-

MILLIMETERS INCHES NOTES,
OIM MIN MAX MIN MAX 1. LEAOS, TRUE POSITIONEO MilliMETERS INCHES NOTES'
A 22.35 23.11 0.880 0.910 WITHIN 0.25 mm 10.010) OIA.

OIM MIN MAX MIN MAX 1. ·T· IS SEATING PLANE.
8 6.63 7.24 0.261 0.285 AT SEATING PLANE,AT

A 8.54 8.74 0.336 0.344 2. OIMENSION A IS OATUM.
MAXIMUM MATERIALC 5.08 0.200
CONDITION. 8 3.81 4.01 0.150 0.158 3. POSITIONAL TOLERANCE

0 0.41 0.51 0.016 0.020 C 1.35 1.75 0.053 0.069 fOR LEADS,
F 1.40 1.65 0.055 0.065 2. DIM "L" TO CENTER Of 0 0.35 0.46 0.014 0.Q18 1.•. 102510.010) <01 A ®I
G 2.548SC 0.1008SC LEADS WHEN fORMED F 0.67 0.17 0.026 0.030
H 0.76 1.02 0.030 0.040 PARALLEl. G 1.278SC 0.0508SC
J 0.13 0.38 O.OOS 0.015 3. DIM "A" & "8" INCLUDES J 0.19 0.22 0.007 0.009
K 4.44 0.175 MENISCUS. K 0.10 0.20 0.004 0.008
L 7.37 8.00 0.290 0.315 L 4.82 5.21 0.189 0.205
M O· IS· 00

1 • P 5.79 6.20 0.228 0.244
N 0.51 0.76 0.020 0.030

SIP 9
PLASTIC MEDIUM MILLIMETERS INCHES

I~ A "I POWER PACKAGE DIM MIN MAX MIN MAX
V CASE 762 A 22.40 23.00 0.880 0.904Ii ---- ......-~

--J Q I-- /\.M •..... B 6.35 6.45 0.250 0.253
'-- C 3.45 3.65 0.135 0.143

I • I
D 0.40 0.55 0.015 0.021

5. / m- \ w 1 E 9.40 9.60 0.370 0.317
F 1.40 1.60 0.055 0.062

1 'fI
fE G 254 BSC 0100 SSC

H 1.51 1.75 0.059 0.067--,-l J 0.360 0.400 0.014 r 0.0 15
K 3.95 4.20 0.155 0.165

R

!
M 30· SSC 30° SSC) B N 2.70 2.90 0.106 0.114-.i. Q 3.15 3.45 0.124 0.135

H~~'~ltJ
J J 9-+hu j1;v R 13.60 13.90 0.535 0.547

5EATlNG7

S 1.65 1.95 0.064 0.760
U 22.00 22.20 0.866 0.874
V 0.55 0.75 0.021 0.029

PLANE -ll-o f w 2.89 SSC 0.113 SSC
F-· -l G I-- X 2.75 SSC 0.108 SSC

Y 0.70 SSC 0.027 SSC
NOTES:

1. DIMENSIONS A AND C ARE DATUMS AND T IS A DATUM
SURFACE.

2. POSITIONAL TOLERANCE FOR LEAD DIMENSION 0, 4. POSITIONAL TOLERANCE FOR DIMENSION ~

1 10.025 (0.010) e IT IA e 1 LJ:§DO.0I01 e 1 T 1A e 1

3. POSITIONAL TOLERANCE FOR LEAD DIMENSIONS J: 5. DIMENSIONS NAO TOLERANCING PER Y14.5, 1973.

1 10025 (0.010) el Tic e 1
6. CONTROLLING DIMENSION: MILLIMETER.
7. PIN 6 IS MECHANICALLY LINKED TO THE LEAD FRAME.





SECTION 20
VOLTAGE REGULATOR

CROSS REFERENCE GUIDE

This cross reference provides a complete interchangeability list linking the
most common voltage regulators offered by major Linear Integrated Circuits
manufacturers to the nearest equivalent Motorola device. The Motorola "Direct
Replacement" column lists devices with identical pin connections and package and
the same or better electrical characteristics and temperature range. The Motorola
"Functional Equivalent" column provides a device which performs the same
function but with possible differences in package configurations, pin connections,
temperature range or electrical characteristics.

Grouped by individual manufacturers, reference numbers are listed in alpha-
numeric sequence, with Greek "J-L" preface numbers appearing first.



MOTOROLA MOTOROLA
REFERENCE DIRECT FUNCTIONAL

NUMBER REPLACEMENT EQUIVALENT

FAIRCHILD

~Al09KM LM109K
~Al17KM LMl17K
~A209KM LM209K
~217UV LM217K
~A309KC LM309K
~A317KC LM317K
~A317UC LM317T
~A494DC TL494CJ
~A494DM TL494MJ
~A494PC TL494CN
~A723DC MCl723CL
~A723DM MCl723L
~A723HC MCl723CG
~A723HM MCl723G
~A723PC MCl723CP
~A7805KC MC7805CK
~A7805KM MC7805K
~A7805UC MC7805CT
~A7805UV MC7805BT
~A7806KC MC7806CK
~A7806KM MC7806K
~A7806UC MC7806CT
~A7806UV MC7806BT
~A7808KC MC7808K
~A7808KM MC7808K
~A7808UC MC7808CT
~A7808UV MC7808BT
~A7812KC MC7812CK
~A7812KM MC7812K
~A7812UC MC7812CT
~A7812UV MC7812BT
~A7815KC MC7815CK
~A7815KM MC7815K
~A7815UC MC7815CT
~A7815UV MC7815BT
~A7818KC MC7818CK
~A7818KM MC7818K
~A7818UC MC7818CT
~A7818UV MC7818BT
~A7824KC MC7824CK
~A7824KM MC7824K
~A7824UC MC7824CT
~A7824UV MC7824BT
~A78GKC LM317K
~A78GKM LMl17K
~A78GUC LM317T
~A78L05AHC MC78L05ACG
~A78L05AWC MC78L05ACP
~A78L08AWC MC78L08ACP
~A78L 12AHC MC78L12ACG
~A78L12AWC MC78L12ACP
~A78L15AHC MC78L 15ACG
~A78L15AWC MC78L15ACP
~A78L18AHC MC78L 18ACG
~A78L18AWC MC78L18ACP
~A78L24AHC MC78L24ACG
~A78L24AWC MC78L24ACP
~A78MGHC LM317MR

MOTOROLA MOTOROLA
REFERENCE DIRECT FUNCTIONAL

NUMBER REPLACEMENT EQUIVALENT

~A78MGHM LMl17MR
~A78MGUC LM317MT
~A78M05HC MC78M05CG
~A78M05UC MC78M05CT
~A78M06HC MC78M06CG
~A78M06UC MC78M06CT
~A78M08HC MC78M08CG
~A78M08UC MC78M08CT
~A78M12HC MC78M12CG
~A78M12UC MC78M12CT
~A78M15HC MC78M15CG
~A78M15UC MC78M15CT
~A78M24HC MC78M24CG
~A78S40PC ~A78S40PC
~A78S40DC ~A78S40DC
~A78S40DM ~A78S40DM
~A7905KM MC7905CK
~A7905UC MC7905CT
~A7906KC MC7906CK
~A7906KM MC7906CK
~A7906UC MC7906CT
~A7908KC MC7908CT
~A7908KM MC7908CK
~A7908UC MC7908CT
~A7912KC MC7912CK
~A7912KM MC7912CK
~A7912UC MC7912CT
~A7915KC MC7915CK
~A7915KM MC7915CK
~A7915UC MC7915CT
~A7918KC MC7918CK
~A7918KM MC7918CK
~A7918UC MC7918CT
~A7924KC MC7924CK
~A7924KM MC7924CK
~A7924UC MC7924CT
~A79M05AUC MC7905CT
~A79M06AUC MC7906CT
~A79M08AUC MC7908CT
~A79M12AUC MC7912CT
~A79M15AUC MC7915CT
~A79M24AUC MC7924CT
SH323SKC LM323K

NATIONAL

LM109H LM109H
LM109K LM109K
LMl17H LMl17H
LMl17K LMl17K
LM120H-5.0 MC7905CK
LM120H-12 MC7912CK
LM120K-5.0 MC7905CK
LM120K-12 MC7912CK
LM120H-15 MC7915CK
LM120K-15 MC7915CK
LM123K LM123K
LM125H MC1568G
LM 126H MC1568G
LM137K LM137K
LM140AK-5 MC7805AK



MOTOROLA MOTOROLA MOTOROLA MOTOROLA
REFERENCE DIRECT FUNCTIONAL REFERENCE DIRECT FUNCTIONAL

NUMBER REPLACEMENT EQUIVALENT NUMBER REPLACEMENT EQUIVALENT

LM140AK-12 MC7812AK LM 340LAH-l 5. MC78L15ACG

LM140AK-15 MC7815AK LM340LAZ-5.0 MC78L05ACP

LM140K-5.0 LM140K-5.0 LM340LAZ-12 MC78L12ACP

LM140K-12 LM140K-12 LM340LAZ-15 MC78L15ACP

LM140K-15 LM140K-15 LM340T-5.0 MC7805CT

LM 140LAH-5.0 MC78L05ACG LM340T-12 MC7812CT
LM 140LAH-12 MC78L12ACG LM341 P-5.0 MC78M05CT
LM 140LAH-15 MC78L15ACG LM341P-12 MC78M12CT
LM150K LM150K LM341P-15 MC78M15CT

LM209H LM209H LM342P-5.0 MC78M05CT
LM209K LM209K LM342P-12 MC78M12CT
LM217H LM217H LM342P-15 MC78M15CT

LM217K LM217K LM350K LM350K
LM223K LM223K LM350T LM350T
LM225H MC1568G LM3524N TL494CN

LM226H MC1568G LM723CH MCl723CG
LM237K LM237K LM723CJ MCl723CL
LM250K LM250K LM723CN MCl723CP
LM309H LM309H LM723H MCl723G
LM309K LM309K LM723J MCl723L
LM317H LM317H LM7805CK MC7805CK
LM317K LM317K LM7805CT MC7805CT
LM317MP LM317MT LM7812CK MC7812CK
LM317T LM317T LM7812CT MC7812CT
LM320H-5.0 MC7905CK LM7815CK MC7815CK
LM320H-12 MC7912CK LM7815CT LM7815CT
LM320H-15 MC7915CK LM78L05ACH MC78L05ACG
LM320K-5.0 MC7905CK LM78L05ACZ MC78L05ACP
LM320K-12 MC7912CK LM78L05CH MC78L05CG
LM320K-15 MC7915CK LM78L05CZ MC78L05CP
LM320LZ-5.0 MC79L05ACP LM78L 12ACH MC78L12ACG
LM320LZ-12 MC79L12ACP LM78L 12ACZ MC78L12ACP
LM320LZ-15 MC79L15ACP LM78L 12CH MC78L 12CG
LM320T-5.0 MC7905CT LM78L12CZ MC78L 12CP
LM320T-12 MC7912CT LM78L 15ACH MC78L15ACG
LM320T-15 MC7915CT LM78L15ACZ MC78L15CG
LM323K LM323K LM78L15CH MC78L 15CG
LM323T LM323T LM78L15CZ MC78L15CP
LM325AN MC1468L LM78M05CP MC78M05CT
LM325AS MC1468L LM78M12CP MC78M12CT
LM325G MC1468L LM78M15CP MC78M15CT
LM325H MC1468L LM7905CK MC7905CK
LM325N MC1468L LM7905CT MC7905CT
LM326H MC1468G LM7912CK MC7912CK
LM326N MC1468L LM7912CT MC7912CT
LM326S MC1468L LM7915CK MC7915CK
LM337K LM337K LM7915CT MC7915CT
LM337MP LM337MT LM79L05ACZ MC79L05ACP
LM337T LM337T LM79L 12ACZ MC79L12ACP
LM340AK-5.0 MC7805ACK LM79L 15ACZ MC79L15ACP
LM340AK-12 MC7812ACK
LM340AK-15 MC7815ACK RAYTHEON

LM340AT-5.0 MC7805ACT LM109H LM109H
LM340AT-12 MC7812ACT LM209H LM209H
LM340AT-15 MC7815ACT LM309H LM309H
LM340K-5.0 LM340K-5.0 RC4194DC MC1468L
LM340K-12 LM340K-12 RC4194TK MC1468R
LM340K-15 LM340K-15 RC4195NB MC1468L
LM340LAH-5.0 MC78L05ACG RC4195T MC1468G
LM340LAH-12 MC78L12ACG RC4195TK MC1468R



MOTOROLA MOTOROLA MOTOROLA MOTOROLA
REFERENCE DIRECT FUNCTIONAL REFERENCE DIRECT FUNCTIONAL

NUMBER REPLACEMENT EQUIVALENT NUMBER REPLACEMENT EQUIVALENT

RC723DB MCl723CP SG1501AJ MC1568L

RC723DC MCl723CL SG1501J MC1568L

RC723T MCl723CG SG150n MC1568G

RM4194DC MC1568L SG1502J MC1568L

RM4194TK MC1568R SG1503Y MC1503U

RM4195T MC1568G SG1503T MC1503U

RM4195TK MC1568R SG151n MC1563G

RM723DC MCl723L SG1511J MC1563G

RM723T MC1723.G SG1525AJ SG1525AJ
SG1526J SG1526J

RCA SG1527AJ SG1527AJ
CA3085 MC1723G SG1568T MC1568G
CA3085A MC1723G SG1568R MC1568R
CA3085AF MC1723L SG1568J MC1568L
CA3085AS MCl723G SG209K LM209K
CA3085B MCl723G SG209R MC209K

CA3085BF MCl723L SG209T LM209H
CA3085BS MCl723G SG217T LM217H
CA3085F MCl723L SG217R LM217K
CA3085S MCl723G SG217K LM217K
CA723CE MCl723CP SG223K LM223K
CA723CT MCl723CG SG237T LM237H
CA723T MCl723G SG237R LM237K
CA723E MCl723L SG237K LM237K

SG2501AT
SIGNETICS SG2501J MC1468L

IJA723F MCl723L SG250n MC1468G
IJA723CF MCl723CL SG2502J MC1468L

IJA723CL MCl723CG SG2502N MC1468L
IJA723CN MCl723CP SG2503M MC1403AU
NE550A MCl723CP SG2503Y MC1403AU
NE550L MCl723CG SG2503T MC1403AU
SE550L MCl723G SG250K LM250K
NE5560N TL494CN SG309K LM309K
NE5561N MC34060P SG309P LM309K

SG309R MC309K
SILICON SG309T LM309H

GENERAL SG317T LM317H
SG109K LM'109K SG317R LM317T
SG109R MC109K SG317K LM317K
SG109T LM109H SG317P LM317T
SGl17T LMl17H SG337T LM337H
SGl17R LMl17K SG337R LM337T
SGl17K LMl17K SG337K LM337K
SG123K LM123K SG337P LM337T
SG137T LM137H SG340K-05 LM340K-5.0
SG137R LM137K SG340K-06 LM340K-6.0
SG137K LM137K SG340K-08 LM340K-8.0
SG140K-05 LM140K-5.0 SG340K-12 LM340K-12
SG140K-06 LM140K-6.0 SG340K-15 LM340K-15
SG140K-08 LM140K-8.0 SG340K-18 LM340K-18
SG140K-12 LM140K-12 SG340K-24 LM340K-24
SG140K-15 LM140K-15 SG3501AJ MC1468L
SG140K-18 LM140K-18 SG3501AN MC1468L
SG140K-24 LM140K-24 SG3501AT MC1468G
SG1468T MC1468G SG3501J MC1468L
SG1468R MC1468R SG350n MC1468G
SG1468J MC1468L SG3502J MC1468L
SG1468N MC1468L SG3503Y MC1403U
SG150K LM150K SG3503T MC1403U



MOTOROLA MOTOROLA MOTOROLA MOTOROLA
REFERENCE DIRECT FUNCTIONAL REFERENCE DIRECT FUNCTIONAL

NUMBER REPLACEMENT EQUIVALENT NUMBER REPLACEMENT EQUIVALENT

SG3503M MC1403U SG7808ACP MC7808ACT

SG350K LM350K SG7808ACR MC78M08ACT

SG3511T MC1463G SG7808ACT MC7808ACT

SG3511J MC1463G SG7808AK MC7808AK

SG3511N MC1463G SG7808AR MC7808AK

SG3523M MC3423P1 SG7808AT MC7808AK

SG3523Y MC3423U SG7808CK MC7808CK
SG3525AJ SG3525AJ SG7808CP MC7808CT
SG3525AN SG3525AN SG7808CR MC7808CT

SG3526J SG3526J SG7808CT MC7808CG

SG3526N SG3526N SG7808K MC7808K
SG3527AJ SG3527AJ SG7898R MC7808K

SG3527AN SG3527AN SG7808T MC7808K

SG3542J MC3423U SG7812ACK MC7812ACK
SG3542N MC3423P1 SG7812CP MC7812ACT
SG3543J MC3425U SG7812ACR MC7812ACT

SG3543N MC3425P1 SG7812ACT MC7812ACT

SG3544J MC3424L SG7812AK MC7812AK
SG4194CJ MC1468L SG7812AR MC7812AK
SG4194J MC1568L SG7812AT MC7812AK
SG4194CR MC1468R SG7812CK MC7812CK
SG4194R MC1568R SG7812CP MC7812CT
SG4501T MC1468G SG7812CR MC7812CT
SG4501J MC1468L SG7812CT MC78M12CG
SG4501N MC1468L SG7812K MC7812K
SG501AJ MC1468G SG7815ACK MC7815ACK
SG723CJ MC1723CL SG7815ACP MC7815ACT
SG723CN MC1723CP SG7815ACR MC7815ACT
SG723CT MC1723CG SG7815ACT MC7815ACT

SG723J MC1723L SG7815AK MC7815AK
SG723T MC1723G SG7815AR MC7815AK
SG7805ACK MC7805ACK SG7815AT MC7815AK
SG7805ACP MC7805ACT SG7815CK MC7815CK
SG7805ACR MC7805ACT SG7815CP MC7815CT
SG7805ACT MC7805ACT SG7815CR MC7815CT
SG7805AK MC7805GK SG7815CT MC78M15CG
SG7805AR MC7805AK SG7815K MC7815K
SG7805AT MC7805AK SG7815R MC7815K
SG7805CK MC7805CK SG7815T MC7815K
SG7805CP MC7805CT SG7818ACK MC7818ACK
SG7805CR MC7805CT SG7818ACP MC7818ACT
SG7805CT MC78M05CG SG7818ACR MC7818ACT
SG7805K MC7805K SG7818ACT MC7818ACT
SG7805R MC7805K SG7818AK MC7818AK
SG7805T MC7805K SG7818AR MC7818AK
SG7806ACK MC7806ACK SG7818AT MC7818AK
SG7806ACP MC7806ACT SG7818CK MC7818CK
SG7806ACR MC7806ACT SG7818CP MC7818CT
SG7806ACT MC7806ACT SG7818CR MC7818CT
SG7806AK MC7806AK SG7818CT MC7818CG
SG7806AR MC7806AK SG7818K MC7818K
SG7806AT MC7806AK SG7818R MC7818K
SG7806CK MC7805CK SG7818T MC7818K
SG7806CP MC7806CT SG7824ACK MC7824ACK
SG7806CR MC7806CT SG7824ACP MC7824ACT
SG7806CT MC78M06CG SG7824ACR MC7824ACT
SG7806K MC7806K SG7824ACT MC7824ACT
SG7806R MC7806K SG7824AK MC7824AK
SG7806T .. MC7806K SG7824AR MC7824AK
SG7808ACK MC7808ACK SG7824AT MC7824AK



MOTOROLA MOTOROLA MOTOROLA MOTOROLA
REFERENCE DIRECT FUNCTIONAL REFERENCE DIRECT FUNCTIONAL

NUMBER REPLACEMENT EQUIVALENT NUMBER REPLACEMENT EQUIVALENT

SG7824CK MC7824CK SFC2812RM MC7812K

SG7824CP MC7824CT SFC2812RC MC7812CK

SG7824CR MC7824CT SFC2812EC MC7812CT

SG7824CT MC78M24CG SFC2812LEC MC78M12CT

SG7824K MC7824K SFC2815RM MC7815K
SG7824R MC7824K SFC2815RC MC7815CK

SG7824T MC7824K SFC2815EC MC7815CT
SG7905ACK MC7905ACK SFC2815LEC MC78M15CT
SG7905ACP MC7905ACT SFC2818RM MC7818K
SG7905ACR MC7905ACT SFC2818RC MC7818CK
SG7905ACT MC7905ACT SFC2818EC MC7818CT
SG7905CK MC7905CK SFC2818LEC MC78M18CT
SG7905CP MC7905CT SFC2824RM MC7824K
SG7905CR MC7905CT SFC2824RC MC7824CK
SG7905CT MC7905CT SFC2824EC MC7824CT
SG7905.2CK MC7905.2CK SFC2824LEC MC78M24CT
SG7905.2CP MC7905.2CT SFC2109M LM109H
SG7905.2CR MC7905.2CT SFC2109RM LM109K
SG7905.2CT MC7905.2CT SFC2209M LM209H
SG7908CK MC7908CK SFC2209RM LM209K
SG7908CP MC7908CT SFC2309RM LM309K
SG7908CR MC7908CT SFC2309CM LM309H
SG7908CT MC7908CT TDBOl17CM LM317H
SG7912ACK MC7912ACK TDBOl17KM LM317K
SG7912ACP MC7912ACT TDBOl17SP LM317T
SG7912ACR MC7912ACT TDB0123KM LM323K
SG79'12ACT MC7912ACT TDB0137CM LM337H
SG7912CK MC7912CK TDB0137KM LM337K
SG7912CP MC7912CT TDB0137SP LM337T
SG7912CR MC7912CT TDB2905KM MC7905CK
SG7912CT MC7912CT TDB2905SP MC7905CT
SG7915ACK MC7915ACK TDB2912KM MC7912CK
SG7915ACP MC7915ACT TDB2912SP MC7912CT
SG7915ACR MC7915ACT TDB2915KM MC7915CK
SG7915ACT MC7915ACT TDB2915SP MC7915CT
SG7915CK MC7915CK TDCOl17CM LMl17H
SG7915CP MC7915CT TDCOl17KM LMl17K
SG7915CR MC7915CT TDC0123KM LM123K
SG7915CT MC7915CT TDC0137CM LM137H
SG7918CK MC7918CK TDC0137KM LM137K
SG7918CP MC7918CT TDC2905KM MC7905K

TDC2912KM MC7912K
THOMSON- TDC2915KM MC7915K

EFCIS TDEOl17CM LM217H
SFC2723M MCl723G TDEOl17KM LM217K
SFC2723JM MCl723L TDE0123KM LM223K
SFC2723C MCl723CG TDE0137CM LM237H
SFC2723EC MCl723CP TDE0137KM LM237K
SFC2805RM MC7805K TEA1039 TDA4600
SFC2805RC MC7805CK UAA4001 TL494CN
SFC2805EC MC7805CT UAA4006 TDA4600
SFC2805LEC MC78M05CT
SFC2806RM MC7806K

T.I.

SFC2806RC MC7806CK lJA723CJ MCl723CL
SFC2806EC MC7806CT lJA723CL MCl723CG
SFC2806LEC MC78M06CT lJA723CN MCl723CP
SFC2808RM MC7808K lJA723MJ MCl723L
SFC2808RC MC7808CK lJA723ML MCl723G
SFC2808EC MC7808CT lJA7805CKC MC7805CT
SFC2808LEC MC78M08CT lJA7806CKC MC7806CT



MOTOROLA MOTOROLA
REFERENCE DIRECT FUNCTIONAL

NUMBER REPLACEMENT EQUIVALENT

IJA7808CKC MC7808CT
IJA7812CKC MC7812CT
IJA7815CKC MC1715CT
IJA7818CKC MC7818CT
IJA7824CKC MC7824CT
IJA78L05ACJG MC78L05ACG
IJA78L05ACLP MC78L05ACP
IJA78L05CJG MC78L05CG
IJA78L05CLP MC78L05CP
IJA78L08ACJG MC78L08ACG
IJA78L08ACLP MC78L08ACP
IJA78L08CJG MC78L08CG
IJA78L08CLP MC78L08CP
IJA78L 12ACJG MC78L12ACG
IJA78L12ACLP MC78L12ACP
IJA78L12CJG MC78L12CG
IJA78L12CLP MC78L12CP
IJA78L 15ACJG MC78L15ACG
IJA78L 15ACLP MC78L15ACP
IJA78L15CJG MC78L15CG
IJA78L15CLP MC78L15CP
IJA78M05CKC MC78M05CT
IJA78M05CKD MC78M05CT
IJA78M05CLA MC78M05CG
IJA78M06CKC MC78M06CT
IJA78M06CKD MC78M06CT
IJA78M06CLA MC78M06CG
IJA78M08CKC MC78M08CT
IJA78M08CKD MC78M08CT
iJA78M08CLA MC78M08CG
IJA78M12CKC MC78M12CT
IJA78M12CKD MC7812CT
IJA78M12CLA MC78M12CG
IJA78M15CKC MC78M15CT
IJA7815CKD MC78M15CT
IJA78M15CLA MC78M15CG
IJA78M20CKC MC78M20CT
IJA78M20CKD MC78M20CT
IJA78M20CLA MC78M20CG
IJA78M24CKC MC78M24CT
IJA78M24CKD MC78M24CT
IJA78M24CLA MC78M24CG
IJA7905CKC MC7905CT
IJA7905.2CKC MC7905.2CT
IJA7906CKC MC7906CT
IJA7908CKC MC7908CT
IJA7912CKC MC7912Cl
IJA7915CKC MC7915CT
IJA7918CKC MC7918CT
IJA7924CKC MC7924CT
IJA79M05CKC MC7905CT
IJA79M06CKC MC7806CT
IJA79M08CKC MC7908CT
IJA79M12CKC MC7912CT
IJA79M15CKC MC7915CT
IJA79M24CKC MC7924CT
LM109LA LM109H
LMl17LA LMl17H
LM209LA LM209H
LM217KC LM217K

MOTOROLA MOTOROLA
REFERENCE DIRECT FUNCTIONAL

NUMBER REPLACEMENT EQUIVALENT

LM217KD LM217H
LM217LA LM217H
LM309LA LM309H
LM317KC LM317T
LM317KD LM317T
LM317LA LM317H
LM340KC-5 LM340K-5.0
LM3440KC-6 LM340K-6.0
LM340KC-8 LM340K-8.0
LM340KC-12 LM340K-12
LM340KC-15 LM340K-15
LM340KC-18 LM340K-18
LM340KC-24 LM340K-24
TL431CLP TL431CLP
TL431CP TL431CP
TL431CJG TL431CJG
TL4311LP TL4311LP
TL4311P TL4311P
TL4311JG TL4311JG
TL431MJG TL431MJG
TL494CJ TL494CJ
TL494CN TL494CN
TL4941N TL4941N
TL4941J TL4941J
TL494MJ TL494MJ
TL4951N TL4951N
TL4951J TL4951J
TL495CJ . TL495CJ
TL495CN TL495CN
TL495MJ TL495MJ
TL7805ACKC MC7805ACT

OTHERS

TDA 4600 TDA4600
TDA1060 TDA4600
UC494 TL494CN
UC1524 TL494CN
UC1525A SG1525A
UC1527A SG1527A
RC4190 IJA78S40
XR495 TL495CN
LAS3800 TL494CN

fJPC3423C MC3423Pl
ZN1060 TDA4600
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HIGH VOLTAGE SWITCHING DARLINGTONS (NPN)
(WITH SPEED UP DIODE)

~ 400 ·450 475 500 550 600 650 700 850 1000 1400 Pd PACKAGEIC Tc=25"C

7 BU522· BU522A· BU522B· 75 T0220

8 BUT50P 107 T0218

10 MJ10002' MJ10003' 150 T03
MJ10006 MJ10007 150 T03

BU323· BU323A· MJ1oo13 MJ1oo14 175 T03

12 BUT16 150 T03

15 BUT51P 125 T0218

20 MJ10000' MJ10001' MJ10008 MJ 10009 BUT15 MJ1002! 175 T03
MJ10004 MJ10005 MJ1OO24(12OOV)

24 BUT36 200 T03/C197

25 BUT14 175 T03

28 BUT13 175 T03

40 MJ1oo22 MJ 10023 BUT35 250 T03/C197

50 MJ10015 MJ10016 BUT34 250 T03/C197

60 MJ10020 BUT33 250 T03/C197
(300 V)

MJ1oo21
(350 V)

HIGH VOLTAGE SWITCHING TRANSISTORS (SWITCHMODE I)
(VCES > 600 V . NPN . MESA)

~ 650 700 750 800 850 900 1000 1500 1700 Pd PACKAGEIC Tc=25"C

1.5 MJE13003 MJE13OO3A 40 T0126
Reverse

2 BUX84 BUX85 50 T0220

3 BUS45P BUS45AP

4 MJE13005 MJE13005A 75 T0220

5 BUS46P BUS46AP T0220

6 BU326 BU326A 90 T03

8 MJE13007 2N6308 MJE13007A 125 T03
80 T0220

10 BUS47P BUS47AP T0218
BUS47 MJ8504 MJ8505 175 T03

(1200) (1400)
BUS47A

12 MJE13009 MJE13009A 100 T0220

15 BUS48P BUS48AP T0218
BUS48 BUS48A T03

20 BUS97 BUS97A T03

30 BUS98 BUS98A T03



HIGH VOLTAGE SWITCHING TRANSISTORS
(VCES < 600 V) NPN (MESA) PNP (PLANAR)

~ 250 275 300 350 375 400 450 500 600
Pd PACKAGE

IC Tc=25°C

1 2N3583 35 T066
2N6420 35 T066
(PNP)

T1P47 T1P48 T1P49 T1P50 40 T0220

1.5 MJE13002 40 T0126
Reverse

2 2N6421 2N6422 35 T066
(PNP) (PNP) (PNP) (PNP)

2N6212 2N3584 2N6213 2N3585 35 T066

4 MJE13004 75 T0220

7 BU407 BU406 60 T0220

8 MJE5850 MJE5851 MJE5852 MJE13006 80 TOnO
(PNP) (PNP) (PNP)

MJ6502 MJ6503 2N6306 2N6307 125 T03
(PNP) (PNP)

BUX15 150 T03
CECC

10 BUX43 BUX14 120/150 T03
CECC

12 MJE13008 10 T0220

15
BUX13 150 T03

2N6249 2N6250 CECC 2N6251 175 T03
BUV25 250 T03 (C197)

20 BUV12 MJ13330 MJ13331 175 T03
BUX12 BUV24 250 T03 (C197)
CECC

30 BUV23 250 T03 (C197)

~
150 160 200 250 300 350 Pd

PACKAGE
IC NPN NPN NPN NPN PNP NPN PNP NPN PNP Tc=25°C

1 BF787 BF790 BF788 BF791 BF789 BF792 10 T0202

MPSU10 MPSU60 10 UNIWATT
5 BF757 BF760 BF758 BF761 BF759 BF762 10 T0202

MJE340 MJE350 20 T0126

1 BF466 BF467 BF468 10 T0202

5 BUY49P 20 T0126

~
40 45 60 80 Pd

PACt<:AGE
Ie NPN PNP NPN PNP NPN PNP NPN PNP Tc=25°C

2 B0411 B0413 10 T0202
80412 B0414 10 T0202

MPSU45 MPSU95 10 Uf'iIWATT

4 B0775 B0776 B0777 B0778 B0779 B0780 15 T0126



HIGH FT DRIVERS AND SWITCHING TRANSISTORS
< 200 V BVCEO (PLANAR)

~ 60 75 80 90 100 120 Pd PACKAGEIC Tc=25°C

1.5 B0137 B0139 12.5 T0126
B0138 (PNP) B0140 (PNP)

4 MJE240 15 T0126
MJ E250 (PN P) 15 T0126

MJE241 MJE243 15 T0126
MJE251 (PNP) MJE253 (PNP) 15 T0126

B0787 B0789 B0791 15 T0126
B0788 (PNP) B0790 (PNP) B0792 (PNP) 15 T0126

7 2N5427 2N5429 40 T066
2N5428 2N5430

8 MJE15028 50 T0220
MJE15031 50 ,0220

(PNP)

10 BOY92 BOYlll BOY9O 75 T03

20 BUV26 BUV27 85 T0220
BUS36 90 T0220

2N5039 2N5038 140 T03

25 2N6338 2N6339 200 T03

30 BUX39 120 T03

50 2N6274 2N6275 250 T031C197

~o 125 I 140 150 160 175 200 Pd PACKAGEIC Tc=25°C

8 MJEl5030 50 T0220
MJE15031 50 T0220

(PNP)

15 BUX41 120 T03

18 BUX41N 120 T03

20 BUX40 120 T03
BUV11N BUVll 150 T03

BUXllCECC
BUS37 90 T0220

25 BUV10 2N6340 2N6341 200 T03
BUV10N

BUX10CECC

40 BUV21N BUV21 2501150 T031C197

50 BUV20 2N6276 2N6277 250 T031C197
-

~
30 45 60 80 100 Pd

PACKAGE
IC NPN PNP NPN PNP NPN PNP NPN PNP NPN PNP Tc=25°C

1 B0385 B0386 B0387 B0388 B0389 B0390 10 T0202

1.5 B0135 B0136 B0137 B0138 B0139 B0140 12.5 T0126

2 MPSU01 ~PSU51 MPSU05 MPSU55 MPSU06 ~PSU56 MPSU07 MPSU57 10 UNIWATT

4 B0785 B0788 B0787 B0788 B0789 B0700 B0791 B0792 15 TOl26

5 MJE200 MJE210 15 T0126
(25 V) (25 V)



- Narrow Emitter Fingers ... Lower Ts
- Faster Switching Times
- Improved RBSOA

IC VCE0450 PACKAGE
max

VCEV VCEV

(Amp) 850 1000

3 BUS45P BUS45AP TO-220

5 BUS46P BUS46AP TO-220

9 BUS47P BUS47AP TO-218
BUS47 BUS47A TO-3

15 BUS48P BUS48AP TO-218
BUS48 BUS48A TO-3

20 BUS97 BUS97A TO-3

30 BUS98 BUS98A TO-3

- Very Fast(TJ typo ~ 30ns@ Tc = 100°C)
- Very Good RBSOA

VCEO(sus) = 450 V VCES = 850 V

IC
max DEVICE PACKAGE

(Amp)

MJE16002 TO-220
5 MJE16004 TO-220

MJ16002 TO-3
MJ16004 TQ-3

8 MJ16006 TO-3
MJ16008 TO-3

15 MJ16010 TO-3
MJ16012 TO-3

20 MJl6014 TO-3
MJl6016 TO-3



- Designed for Severe Industrial Use

- Characterized for 100% Use

- Surge Current 500% of Ic

- Meets U/L Standards

- Easy Mounting

- Minimum Cost

- New Over Load Safe Operating Areas Non Repetive -. .-
~<>

MJ10051
MJ10052
MJ10101
MJ10102
MJ10201
MJ10202

MJ10050
MJ10100
MJ10200

Ie (OP) SVCEO(SUS) VCESAT at Ie/IS VF PD
at 100°C at Ie (OP)

(AMP) (VOLT) (VOLT) (AMP) VOLT (WAn)

MJ1oo50 50 850 2.0 50/4 1.5

MJ1oo51' 50 850 2.0 50/4 5
MJ1oo52' 50 750 50/4 5

MJ10100 100 450 2.0 100/3.3 1.5 500

MJ10101' 100 450 2.0 100/3.3 5
MJ10102 100 350 2.0 100/3.3 5

MJ10200 200 250 2.0 200/5.5 2

MJ10201' 200 250 2.0 200/5.5 5
MJ10202 200 200 2.0 200/5.5 5



CASE 1-05
CTO-3TYPE

Bvosdo 1+2A 3A 4A 5+SA 7A SA lOA 12A 15A 20A 25A 35A

1000 MTM1N1oo MTM3N1oo MTM4N1oo
(10) (7.0) (5.0)

950 MTM1N95 MTM3N95 MTM4N95
(10) (7.0) (5.0)

900 MTM2N90 MTM4N90' MTM5N90'
(8.0) (5.0) (3.0)

850 MTM2N85 MTM4N85' MTM5N85'
(8.0) (5.0) (3.0)

600 MTM2N60' MTM3N60 MTMSN60 MTM8NSO'
(S.O) (2.8) (1.5) (O.85)

550 MTM2N55' MTM3N55 MTM6N55 MTM8N55'
(S.O) (2.8) (1.5) (0.85)

500 MTM2N50 MTM4N50 MTM7N50 MTM10N50' MTM15N50
(4.0) (1.5) (1.0) (0.85) (0.5)

450 MTM2N45 MTM4N45 MTM7N45 MTM10N45' MTM15N45
(4.0) (1.5) (1.0) (0.S5) (0.5)

400 MTM3N40 MTM5N40 MTM8N40 MTM12N40' MTM14N40
(3.3) (1.0) (0.8) (0.4) (0.4)

350 MTM3N35 MTM5N35 MTM8N35 MTM12N35' MTM15N35
(3.3) (1.0) (08) (0.4) (0.4)

200 MTM5N20 MTM7N20 MTM8N20 MTM12N20 MTM15N20
(1.0) (O.S) (0.5) 0.35} (0.24)

160 MTM5N18 MTM7N18 MTM8N18 MTM12N18 MTM15N18
(1.0) (O.S) (0.5) (0.35) (0.24)

150 MTM7N15 MTM8N15 MTM1ON15 MTM15N15 MTM20N15'
(0.7) (0.5) (0.3) (0.2) (O.lS)

120 MTM7N12 MTM8N12 MTM10N12 MTM15N12 MTM20N12'
(0.7) (0.5) (0.3) (0.2) (0.1S)

100 MTM8Nl0 MTM10Nl0 MTM12N10 MTM20N10 MTM25Nl0'
(0.5) (0.33) (0.2) (0.15) (0.1)

80 MTM8N08 MTM10N08 MTM12N08 MTM20N08 MTM25N08'
(0.5) (0.33) (0.2) (0.15) (0.1)

60 MTM10NOS MTM12NOS MTM20NOS MTM25N06 MTM35NOS'
(0.28) (0.2) (0.12) (0.08) (0.06)

50 MTM10N05 MTM12N05 MTM20N05 MTM25NOS MTM35NOS'
(0.2S) (0.2) (0.12) (O.08) (O.06)

BVDSS DEVICE Rds (on)
at Idl2

500 MTM2P50 6.0

400 MTM2P45 6.0

100 MTM815 0.4

80 MTM814 0.4



CASE 221 A-02
TO-220AB

ID 1A 2A 3A 4A 5+6A 7A 8A 10A 12A 14/15A 20ABVDSS

1000 MTP1N100
(10)

950 MTP1N95
(10)

900 MTP2N90
(8)

850 MTP2N85
(8)

600 MTP1N60 MTP2N60* MTP3N60
(12) (6) (2.5)

550 MTP1N55 MTP2N55* MTP3N55
(12) (6) (2.5)

500 MTP1N50 MTP2N50 MTP4N50
(8) (4) (1.5)

450 MTP1N45 MTP2N45 MTP4N45
(8) (4) (1.5)

400 MTP2N40 MTP3N40 MTP5N40
(6.5) (3.3) (1.0)

350 MTP2N35 MTP3N35 MTP5N35
(6.5) (3.3) (10)

200 MTP2N20 MTP5N20 MTP7N20 MTP8N20 MTP12N20
(2.2) (1.0) (0.65) (0.5) (0.35)

180 MTP2N18 MTP5N18 MTP7N18 MTP8N18 MTP12N18
(2.2) (1.0) (0.65) (0.5) (0.35)

150 MTP3N15 MTP7N15 MTP8N15 MTP10N15 MTP15N15
(1.5) (0.7) (0.5) (0.3) (0.2)

120 MTP3N12 MTP7N12 MTP8N12 MTP10N12 MTP15N12
(1.5) (0.7) (0.5) (0.3) (0.2)

100 MTP3N10' MTP4N10 MTP8N10 MTP10N10 MTP12N10 MTP15N12
(1) (1) (0.5) (0.33) (0.2) (0.15)

80 MTP3N08' MTP4N08 MTP8N08 MTP10N08 MTP12N08 MTP15N08
(1) (1) (0.5) (0.33) (0.2) (0.15)

60 MTP6N06' MTP7N06 MTP10N06 MTP12N06 MTP14N06 MTP20N06
(0.55) (0.45) (0.28) (0.2) (0.14) (0.08)

50 MTP6N05' MTP7N05 MTP10N05 MTP12N05 MTP14N05 MTP20N05
(0.55) (0.45) (0.28) (0.2) (0.14) (0.08)

BVDSS DEVICE Rds (on)
at Id/2

500 MTP2P50 6.0

400 MTP2P45 6.0

100 MTP815 0.4

80 MTP814 0.4
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·.. available for designs requiring a power rectifier having maximum sWitching times ranging from 100 ns to 750 ns.
These devices are offered in current ranges of 1.0 to 50 amperes and in vQltages to 1000 volts. Higher voltages are
available upon request, but a necessary trade-off against switching speeds results. Reverse polarity (anode to case)
obtained by adding an "R" suffix.
Fast Recovery Recifiers are also available in full-wave bridge configurations.

10. AVERAGE RECTIFIED FORWARD CURRENT (Amperes)

1.0 3.0 5.0

59-G4 60 267-01 194
Plastic Metal Plastic Plastic

/ ~

/
,

{1 ,
/ I

,I
; I

VRRM
(Volta)

50 lN4933 MR810 MR830 MR850 MR910 MR820

100 lN4934 MR811 MR831 MR851 MR911 BY500 MR821-100

200 lN4935 MR812 MR832 MR852 MR912 BY500 MR822-200

400 lN4936 MR814 MR834 MR854 MR914 BY500 MR824--400

600 lN4937 MR816 MR836 MR856 MR916 BY500 MR826~oo

800 MR817 Mr917

lOGO MR818 MR918

IFSM 30 30 100 100 100 200 300
(Amps)

.
TA Rated 10 75 75 90' 90' 25 55'

TC Rated 10 100(OC)

TJ(Max) 150 150 150 175 175 175 175(OC)

t"
0.2 0.75 0.2 0.2 0.75 0.3 0.2

(1'8)



10. AVERAGE RECTIFIED FORWARD CURRENT (Amperes)

6.0 12 50

257 257
(00-5) (00-5)
Metal Metal

~

~~ VRRM
(Volts)

lN3879 lN3889 lN3899 50

lN3880 lN3890 lN3900 100

lN3881 lN3891 lN3901 200

lN3883 lN3893 lN3903 400

MR1366 MR1376 MR1386 600

800

1000

150 200 250 IFSM
(Amps)

TA Rated 10

100 100 100 TC Rated 10
(OC)

150 150 150 TJ(Max)
(OC)

0.2 0.2 0.2 trr
(1"1)



10, AVERAGE RECTIFIED FORWARD CURRENT (Amperes)

30 30 40 50

Case 11-03 257 257
TO-3 (00-5)

~ ..

(00-5)
>\elal Melal

~/if \"
\"" -'\., -'\ (~\\~\ \.

VRRM \(Volts)

50 R710X 1N3909 MR860 MR870

100 R711X 1N3910 MR861 MR871

200 R712X 1N3911 MR862 MR872

400 R714X 1N3913 MR864 MR874

600 MR1396 MR866 MR876

800

1000

IFSM 150 300 350 400(Amps)

TA Raledio

TC Raledio 100 100(00)

TJ (Max) 150 150 160 160(OC)

lrr 0.2 0.2 0.2 0.2
(f'S)



10. AVERAGE RECTIFIED FORWARD CURRENT (Amperes)

3 7 12 12 30 50

I
59-04 Case

JRRM (Volts)

TSA4933 TSA850 BYX61-50 BYX65-50 50
TSA4934 TSA851 -100 -100 100
TSA4935 TSA852 BYX5D-200 -200 MR2102 -200 MR5102 200

BYX50-300 -300 -300 300
TSA4936 TSA854 -400 MR2104 -400 MR5104 400

500
TSA4937 TSA856 MR2106 MR5106 600

MR2108 MR5108 800

30 100 200 200 250 300 400 IFSM(Amp)

75 90 TA Ratadio
(OC)

150 175 150 150 150 150 150 TJmax. (OC)

100 100 100 100 100 100 100 TRR (max) (ns)



... designed for use in switching power supplies,
inverters and as free wheeling diodes

IOAVERAGE RECTIFIED FORWARD CURRENT (AMPERES)

1 7 8 2x8 2x10

D041-GLASS TO-220AC TO·220AB
CASE 59-03

I j} ,
VRRM
Volta

50 MUR105 BYW29-50 BYW80-50 MUR805 BYW51·50 MUR1605CT BYV32·50

100 MUR110 BYW29·100 BYW80·100 MUR810 BYW51·100 MUR1610CT BYV32·100

150 MUR115 BYW29-150 BYW80-150 MUR815 BYW51·150 MUR1615CT BYV32·150

IFSM(AMP) 35 80 100 100 100 100 150

TJMAXC 175 150 150 175 150 175 150

TRR(na) 35 35 35 35 35 35 35



10AVERAGE RECTIFIED FORWARD CURRENT (AMPERES)

12 15 25

004 Metric stud M5

-.r'Ii
VRRM
Volta

BYW3G-SO BYW81-S0 BYW31-S0 BYW77-S0 50

BYW3G-1oo BYW81-1oo BYW31-1oo BYW77-100 100

BYW3G-15O BYW81-15O BYW31-15O BYW77-1S0 150
.

200 200 320 SOO IFSM(AMP)

150 lS0 150 lS0 TJMAX·C

3S 3S SO SO TRR(ns)



10 AVERAGE RECTIFIED FORWARD CURRENT (AMPERES)

35 50 70

257-01 DOS
\ Metal

~. >~\~~\
VRRM

\.
Volta

SO BYW92-50 BYW78-50 BYW93-50 BYW94-50

100 BYW92-100 BYW78-100 BYW93-100 BYW94-100

1SO BYW92-150 BYW78-150 BYW93-150 BYW94-150

IFSM(AMP) 500 500 800 800

TJMAX(OC) 150 150 150 150

TRR(na) 50 60 60 60



Refinements in processing of SWITCHMODE Schottky Power Rectifiers are producing ruggedness and temperature
performance comparable to silicon-junction rectifiers, with the high speed and low forward voltage drop characteristic
of Schottky's metal/silicon junctions. Ideal for use in low voltage, high frequency power supplies and as very fast
clamping diodes, these devices feature switching times less than 10 ns, and are offered in current ranges from 1 to 75
amperes, and reverse voltages to 50 Volts.

10 AVERAGE RECTIFIED FORWARD CURRENT (AMPERES)

7 10 16 15 20 30

T0220NC T0220AC T0220NC T0220AB T0220AB T0220AB

! ! ! , I , VRRM
(Volts)

MBR1020 MBR1520CT 20

30

MBR735 MBR1035 MBR1635 MBR1535CT MBR2035CT MBR2535CT 35

40

MBR745 MBR1045 MBR1645 MBR1545CT MBR2045CT MBR2545CT 45

150 150 150 150 150 150 IFSM
(AMPS)

105 135 105 135 105 tTC Rated 10
(OC)

TA Rated 10
PC Board

Mounl(OC)

tTL Rated 10
(OC)

150 150 150 150 150 150 TJ(MAX)
(OC)

0,57 0,57 0,57 0,57 0,57 0,57 MAXVE
IFM:IO



10. AVERAGE RECTIFIED FORWARD CURRENT (Amperes)

1.0 3.0 3.0 5.0 8.0 15

59.04 267 60 60 56.02
Plastic Plastic Metal Metal (00-4)

Tin-Can Tin-Can Metal

/ I / I t\./fl ./fJ "~r , ..

~~ ..
!

VRRM I
(Volts)

20 1N5817 MBR120P lN5820 MBR320P MBR320M lN5823 BY08-20 lN5826 MBR1520

30 lN5818 MBR130P lN5821 MBR330P MBR330M lN5824 BYS08-30 lN5827 MBR1530

35 MBR335M MBR1535

40 iN5819 MBR140P lN5822 MBR340P MBR340M lN5825t lN5828 MBR1540

45 BYS08-45

BYS08-50

IFSM 25 25 80 80 500 500 500 500 500(Amps)

tTC Raledlo 100 85 80(·C)

TA RaledlO
PC Board

Mount (·C)

tTL Rated 10 90 80 95 85 90 80(·C)

TJ(Max) 125 125 125 125 125 125 150 125 125(·C)

MaxVF ·0.60 ·0.60 ·0.525 0.55 0.45 SA ·0.38 0.50 ·0.50 0.55
IFM=IO TL = 25°C TL = 25°C TL = 25°C TL = 25·C TC = 25°C TC = 25°C TC = 25°C TC - 25°C

• Values are for the 4D-Volt units. The lower voltage part provide lower limits.
t Must be derated for reverse power dissipation. See Data Sheet.
tt Motorola TX versions available, consult factory.
BYS08-20 CECC Registered Device



25 30 30 35

56-02 54 56.02
(0-04 (To-3) (00-4)
Metal Metal Metal

~,

~

~ ~~t\~t<~\..
VRRM
(Volts)

1N5829 MBR2520 MBR3020CT MBR3520 BYS35-20 20

1N5830 MBR2530 1N6095 BYS35-30 30

MBR2535 MBR3035CT MBR3535 35

t1N5831 MBR2540 1N6096 SD241 SD42 40

MBR3045CT tMBR3545 BYS35-45 45

BYS35-50 50

800 800 400 400 600 600 IFSM
(Amps)

85 80 70 95 90 90 tTC Rated 10
(OC)

TA Rated 10
PC Board

Mount (OC)

tTL Rated 10
(OC)

125 125 125 150 150 150 150 TJ (Max)
(OC)

'0.48 0.55 0.86 78.5A 0.95 60A 0.55 20A 0.70 78.5A 0.77 70A MaxVF
TC = 25°C TC - 25°C TC - 70°C TC- 125°C TC- 125°C TC = 125°C TC = 100°C IFM=IO

Capable of 150°C junction temperature operation.
Notes: 1. Braided lead top terminal configuration available; consult your Sales Representative.

tMotorola TX versions available, consult factory.
BYS35-20 CECC Registered Device
BYS6Q-20CECC Registered Device
BYS75-20 CECC Registered Device



10, AVERAGE RECTIFIED FORWARD CURRENT (Amperes)

40 50 60 60 75

257 43-02 257
(00-5) (00-21) (00-5)
Metal Metal Metal
Nole 1 Nole 1

~ .~

~~ ? . \\
~~ ~~ .•
~

. ~ \
~\ ~,. \;

VRRM
(Volls)

20 1N5832 MBR4020 MBR6020PF MBR6020 BYS60-20 BYS75-20 MBR7520

30 1N5833 MBR4030 1N6097 BYS60-30 BYS75-30 MBR7530

35 MBR4035 MBR6035PF MBR6035 MBR7535

40 1N5834 MBR4040 1N6098 S051 MBR7540

45 MBR6045PF tMBR6045 BYS6G-45 BYS75-45 tMBR7545

50 BYS60-50 BYS75-50

IFSM 800 800 800 800 800 800 1000 1000(Amps)

tTC Rated 10 75 70 70 90 90 90 90 90(OC)

TA Rated 10
PC Board

Mounl(OC)

tTL Rated 10
(OC)

TJ (Mu) 125 125 125 150 150 150 150 150(OC)

Mu VF 00.59 0.63 0.86 157A 0.80 157A 0.80 157A 0.81 120A 0.78 150A 0.90 220A
IFM=IO TC- 25°C TC - 25°C TC - 70°C TC = 125°C TC = 125°C TC = 100°C TC - 100°C TC = 125°C



SPECIAL PURPOSE RECTIFIERS
TRANSIENTS IN THE
AUTOMOTIVE ELECTRICAL SYSTEM

The introduction of electronics into the automobile has
brought with it the interesting sidelight of characterizing
the automotive electrical system for transients.

Since most electro-mechanical systems exhibit a wear-
out phenomenon as electrical stresses are increased,
there has been no need to separately define transients
from the normal load conditions. Any transient condition
was simply accounted for by increasing contact ratings,
etc. The introduction of semiconductors changes the pic-
ture since they exhibit a different sensitivity to transients.
Semiconductors tend to have a black and white failure
characteristic when exposed to transients in that no dam-
age is caused below a certain level and total failure re-
sults above a certain level. Unfortunately these two levels
are separate and the problem is further complicated by
the fact that the energy tolerance of semiconductors is
normally subject to a production distribution. This leaves
solid state systems open to problems which are discover-
ed only after many units are in the field.

Transients in the automotive electrical system have
widely varying energy levels occurring over widely vary-
ing times, but most become insignificant compared to the
worst transient known as "Load Dump". Load dump hap-
pens when the battery becomes disconnected while the
alternator is supplying charging current, or the discon-
nection of some other load with no battery present. Load
dump transients generally are of 200 to 500 milliseconds
duration, having an exponential decay from a worst case
peak voltage of 80-120 volts. A clamped load dump, it
should be noted, will be of considerably shorter duration.

Although the possibility of the battery becoming dis-
connected while the engine is running may seem remote,
it is not reasonable this occurrence should result in the
total failure of the electrical system of a car.

The follOWing table lists some of the transients the
automotive electronic designer must consider and
should cause him to provide some level of protection.

Power Source AvailableTransients
Battery Line 1. ± 200 Volts for fJSeconds

2. +Load Dump
1. -300 Volts for milliseconds
2. ±200 Volts for fJSeconds
3. +Load Dump
Note: All transients are exponential

decay.

Ignition Line and
Accessory Line

The voltages and times shown are reasonable values
from many on-car measurements. Since the nonload-
dump transients are of low energy, but high voltage, it is
recommended they be clamped rather than blocked. It is
imperative that source impedances also be known to al-
low proper selection of clamp devices.

VRRM
(Volta)

23
MR2525L MR2520L

23

10 (Amp) 6 6

BV (Volta) 24-32 24-32

IRSM 62 40(Amp)

IFSM 600 400(Amp)

TC Rated 10 150 150·C

TJRRM 175 175(·C)



Motorola SUPERBRIDGES offer cost effectiveness and reliability in single phase applications. Chip/leadframe tech-
niques are used for lower-current types, while the higher current assemblies combine pretested 'button' rectifier cells
for low assembly cost and high yields. Performance of four individual diodes is achieved at the cost of only two, with
reliability of the whole assembly comparable to that of a single unit. The higher current assemblies feature versatile
slip-on/solder /wire wrap terminals.

Fast Recovery versions having reverse recovery times of less than 200 nanoseconds are available by adding a 'FR'
suffix to the part number.

10, DC Output CURRENT (Amperes)

1.5 2.0 2.0 4.0/8.0· 15 25 25 35

109-03 312-02 312-02 117A-02 309-01 309-01 309A-03 309-01

~ ~ •• -» •'~
.. . . . .

~~ "''''''!_~

VRRM . .
Volts

50 MDA920A2 MDA200 MDA970A1 BYW20 BYV25-50 MDA2500 BYW60

100 MDA920A3 MDA220 MDA201 MDA970A2 BYW21 BYV25-100 MDA2501 BYW61

200 MDA920A4 MDA202 MDA970A3 BYW22 BYV25-2oo MDA2502 BYW62

400 MDA920A6 MDA204 MDA970A5 BYW24 BYV25-4oo MDA2504 BYW64

600 MDA9207A7 MDA206 MDA970A6 BYW26 BYV25-6oo MDA2506 BYW66

800 MDA920A8 MDA208 CF BYW28 BYV25-8oo MDA2508 BYW68

1000 MDA920A9 MDA21 0 CF BYW79 BYV25-1000 MDA2510 BYW89

IFSM 45 60 60 100 400 400 400 400(·C)

TC Rated 10 50 55 55(OC)

TC Rated 10 55 55 55
,

55
(OC)

TJ(Max) 175 150 175 150 175 175 175 175(OC)

B.OA TC = 55°C 0 4.0A TA = 25°C

Note: 1. The MDA970A series replaces the MDA970 in the new Case 117A-02, which has minor changes over the old Case 117.
SUPERBRIDGES is a trademark of Motorola Inc.

. Square sj~ 35 mm



@ MOTOROLA

DC TO DC CONVERTER
CONTROL CIRCUITS

The MC34063 Series is a monolithic control circuit containing
the primary functions required for dc-to-c converters. The device
consists of an internal temperature compe"nsated reference, com-
parator, controlled duty cycle oscillator with an active current limit
circuit, driver and high current output switch. This series was
specifically designed to be incorporated in Step-Down (Buck) and
Step-Up (Boost) applications with a minimum number of external
components.

• Operation from 2.5 V to 40 V Input

• Low Standby Current

• Current Limiting

• Output Switch Current of 1.5 A

• Output Voltage Adjustable from 1.25 to 40 V

• Frequency Operation from 100 Hz to 100 kHz

Comparator
Inverting
Input

MC34063
MC35063
MC33063

DC TO DC CONVERTER
CONTROL CIRCUITS

Pl SUFFIX
PLASTICPACKAGE

CASE626

U SUFFIX
CERAMICPACKAGE

CASE693

Switch
Collector

Switch
Emitter

Timing
Capacitor

Comparator
Inverting
Input

Driver
Collector

Ipk Sense

Temper.ture
Device Renge P.chUe

MC3S063U -55 to +' 2S·C Ceramic DIP

MC33063U Ceramic DIP
-40 to +85°C

MC33063Pl Plastic DIP

MC34063U Ceramic DIPo to + 700(;
MC34063Pl Plastic DIP



Rating Symbol Value Unit

Power Supply Voltage VCC 40 Vdc

Comparator Input Voltage Range VIR -0.3 to +40 Vdc

Switch Collector Voltage VC(switch) 40 Vdc

Switch Emitter Voltage VE(switch) 40 Vdc

Switch Collector to Emitter Voltage VCE(switch) 40 Vdc

Driver Collector Voltage VC(driver) 40 Vdc

Switch Current ISW 1.5 Amps

Power Dissipation and Thermal Characteristics
Ceramic Package

TA = +25"C Po 1.25 W
Derate above TA = + 25"C 1/9JA 10 mWrC

Plastic Package
TA ~ +25"C Po 1.0 W
Derate above TA ~ + 25"C 1/9JA 10 mWrC

Operating Junction Temperature TJ "C
Ceramic Package + 150
Plastic Package +125

Operating Ambient Temperature Range TA "C
MC35063 -55 to + 125
MC33063 -40 to +85
MC34063 o to + 70

Storage Temperature Range Tsto -65 to + 150 "C

ELECTRICAL CHARACTERISTICS (VCC = 5.0 V; TA = Tlow to Thi

Characteristic

Charging Current (5.0 V '" VCC '" 40 V. TA = 25"C) Icho 20 35 50 p.A

Discharge current (5.0 V '" VCC '" 40 V; TA = 25"C) Idischo 150 200 250 p.A

Voltage Swing (TA = 25"C) Vosc - 0.5 - Vo_o

Discharge to Charge Current Ratio (Ipk(sense) = VCC. TA = 25"C) Idischa/lcha - 6.0 - -
Current Limit Sense Voltage Vlpk(sense) 250 300 350 mV

Icha ~ Idischo. TA = 25"C

Saturation Voltage. Darlington Connection VCE(sat! - 1.0 1.3 V
ISW = 1.0 A; VC(driver) = VC(switch)

Saturation Voltage VCE(sat! - 0.45 0.7 V
ISW = 1.0 A; IC(driver) = 50 mA. (Forced B = 20!

DC Current Gain hFE 35 120 - -
ISW = 1.0 A; VCE = 5.0 V; TA = 25"C

Collector Off-State Current (VCE = 40 V; TA = 25"C) IC(off) - 10 - nA

Threshold Voltage Vth 1.18 1.25 1.32 V

Threshold Voltage Line Regulation (3.0 V '" VCC '" 40 VI Regline - 0.04 0.2 mVN

Input Bias Current (Vin = 0 V) liB - 40 400 nA

Supply Current ICC - 2.4 3.5 mA
5.0 V '" VCC '" 40 V. CT = 0.001 I-'F
Ipk(sense) ~ VCC. V pin 5 > Vth.
Pin 2 ~ Gnd. Remaining pins open

NOTES:
1. Tlow - 55"C for MC35063 Thigh

- 40"C for MC33063
O"C for MC34063

+ 125"C for MC35063
+ 85"C for MC33063
+ 70"C for MC34063

2. Output switch tests are performed under pulsed conditions
to minimize power dissipation.



RGURE 1 - OUTPUT SWITCH ON·OFF TIME
versus OSCILLATOR TIMING

CAPACITOR
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FIGURE 3 - EMITTER·FOLLOWER CONFIGURATION
OUTPUT SWITCH SATURATION VOLTAGE

versus EMmER CURRENT
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CT = 0.001 p.F
Ipk(sense) = VCC
Pin 2 = Gnd
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FIGURE 4 - COMMON· EMmER CONFIGURATION
OUTPUT SWITCH SATURATION VOLTAGE

versus COLLECTOR CURRENT
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11220 ILH

RSC
0.33

Vin 6
25V 100';-

ILF =

Vout
470 + 5.0 V/500 p.A
fLF ':fCO

Test Conditions Results

Line Regulation Vin = 15 to 25 V, 10 = 500 mA 15 mV

load Regulation Vin = 25 V, 10 = 50 to 500 mA 5.0 mV

Output Ripple Vin = 25 V, 10 = 500 mA 40 mVo_o

Short Circuit Current Vin = 25 V, Rl = 0.1 n 2.3 A

Efficiency Vin = 25 V, 10 = 500 mA 84.7%

FIGURE 6 - EXTERNAL CURRENT BOOST CONNECTIONS
FOR IC PEAK GREATER THAN 1.5 A

8

Vout
7

Rse Vout Rse

Vin 6
Vin



Vin 6
12 V +

100~
I-'F -

R2

R1 2.2 k 47 k

Vout
150 + 28 V/175 mA

I-'F 1'Co

Test Conditions Results

Line Regulation Vin = 8.0 to 16 V. 10 = 175 mA 12 mV

Load Regulation Vin = 12 V. 10 = 75 to 175 mA 45 mV

Output Ripple Vin = 12 V. '0 = 175 mA 150 mVo_o
Short Circuit Current Vin = 12 V. RL = 0.1 11 2.0 A

Efficiency Vin = 12 V. 10 = 175 mA 93%

FIGURE 8 - EXTERNAL CURRENT BOOST CONNECTIONS
FOR IC PEAK GREATER THAN 1.5 A

8 8
Vout Vout

7 7

Rsc Rsc

Vin 6 Vin 6



Calculation Step-Down Step-Up

ton Vout + VE Vout + VE - Vinlmin)
toff Vin(max) Vsat Vout Vinlminl - Vsat

1 1
(ton + toff)max --

fmin fmin

CT 4 X 10-5 ton 4 X 10-5 ton

'pk(switch) 210ut(max) 210ut(max) Con t:ff
toff

)

RSC O.33/Iok(switch) O.33/Ioklswitch)

L(min) (Vin(max) - Vsat - Vout)t ( ) (Vinlmin) - Vsat)t
'ok(switch) on max I;:>k(switch) on (max)

Co
Ipklswitch) (ton + toffl ~~

8 Vrioole(o-o) Vrioole

The following power supply characteristics must be chosen:
Vin - Nominal input voltage. If this voltage is not constant, then use Vin(max) for step-down and Vin(min) for step-

up converter.

Vout - Desired output voltage, Vout = 1.25 (1 + ~).
lout - Desired output current.
fmin - Minimum desired output switching frequency at the selected values for Vin and 10,

V,ipple(p-p) - Desired peak-to-peak output ripple voltage. In practice, the calculated value will need to be increased
due to the capacitor's equivalent series resistance and board layout. The ripple voltage should be
kept to a low value since it will directly effect the line and load regulation.

Pl SUFFIX
PLASTIC DUAL-IN-L1NE PACKAGE

CASE 626-04
eJA = l00"CIW

~~
~--.L

/L.~
~"~--r rr= l=l
Mi~'i8Lt~J.~1 :J

NOTES
1. LEAOPOSlTlONAL TOLERANCE

1.1. 0.1310.0051@!lIASIISl
1.626-030850lETENEWSTD626·04
J. DIMENSION ··L~ TO CENTER OF

lEADS WHEN FORMEO PARAllEL
4. PACKAGE CONTOUR OPTIONAL

IAQUNOOASOUAAECORNERSI
S.DIMENSIONSAANDBAREDATUMS.
6. DIMENSIONING AND TOLEAANCING

PERAN$IY14.5,1913.

MILLIMETERS
DIM MIN MAX
A ,.0 10.16
• &.10 6.60
C ••
o 0 ,
f 1.02 1.52
G
H
J,
l.
N 0.51

.,.
WO
0240

"O.IS
0.040,
0.0300.050
!l.GOS 0.012
0.115 0.135

0.30085C
10

0.020 0.030

.76 1.27
0.20 0.30
.92 J.4J

7.62BSC",
0.76

U SUFFIX
CERAMIC DUAL-IN-LINE PACKAGE

CASE 693-02
eJA = 100'C/W

HOTES
1 lEAOSWIT+UHO IJmm 10.~1

RAO OF TRUE POSITION AT
SEATING PLANE AT MAXIMUM
MATERIAL COHOITIOH

20IMEHSIOH'T'TOCENTEA
OF LEAO$WHEN FORMED
PARALLEL

~ A-,
O'~
, ,_I
'--IF •..

'g~~E=h7/-i\
, ---1'1- 0 N -1'---. J'

-H J V
~ [ SEATING PLANE M

MILLIMETERS INCHES
OIM .,. ... MI. MAX
• '" "92 10,,1 oJO· 622 '" 0 ,,
C 0.32 liifltuiil
0 0.41 " 0.016 '020
F '00 1.65 0.055 0,065
G 2.548SC 0.1008SC
H 1.14 1.65 0.045 0.065
J 0.20 '.JO o.oOB 0.012, 3.18 0.10 0.125 0,160
l 7.37 717 0.290 0310• 15 - 15• 0.51 IOl 0.0211 0.040




