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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, Vo, is equal to, or a multiple of,
Vrer. 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, Zo. The value of the voltage source, V, is not constant; instead,
it varies with changes in supply voltage, Vcc, and with changes in IC junction
temperature, Tj, induced by changes in ambient temperature and power dissipation.
Also, the regulator output voltage, Vo, is affected by the voltage drop across Zo,
caused by the output current, lo. 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, VREr.

The Zener Diode Reference

The simplest form of a voltage reference is shown in Figure 1-3a. It consists of
aresistor 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, VR1, 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):

Vz = Vsz + 1zZz = VBz + (yﬁcl——;:z) Zz @)

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.

1-1




Vee

=
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Reference Amplifier Vo
VREF

oA
T

Figure 1-1. Voltage Regulator Functional Block Diagram

Vece

r4o) lo

—
A% O Vo
Q Vv =f(Vge. Ti)

Figure 1-2. Voltage Regulator Equivalent Circuit Model

Vee
Vce
R
R
lz VZ
Vz ZZ
VR1
Vez
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Figure 1-3. Zener Diode Reference
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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:

_ VBEQ!
Iz = Wee 2

where VBeQi = base-emitter voltage of Q1
This gives a reference voltage of:

Vrer = Vz + VBeQ = Vsz + 12Zz + VBEQ 3)

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 additional 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, VR1. The stability of zener
diodes used in most integrated circuitry is about +2.2 mV/°C or = .04%/°C(for a
.6.2 V zener). If the junction temperature varies 100°C, 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/°C temperature coefficient (TC) of the zener diode is offset by the
negative 2.2 mV/°C TC of the Vse of Q1. This results in a reference voltage with
very stable temperature characteristics.

VREF

Figure 1-4. Constant Current — Zener Reference
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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 Widlar' and is shown in
Figure 1-5. In this circuit Vrer is given by:

Vrer = VBeQs + I2R2 4)

_ VBEQ: — VBEQ

¥ (neglecting base currents)

where j &

The change in Vrer with junction temperature is given by:
AVBeQi — AVBEQ

AVrer = AVee3 + { R + Rz 5)
It can be shown that,

AVeeqr = ATi K In It 6
and AVee@ = ATiK 1In L2 @)
where K = a constant

AT;j = change in junction temperature
and Lii>-1o
Combining (5), (6), and (7)
3 K & 1Lt
AVrer = AVee@s + ATK (Rl) In L (8)
Vee
\ 4 O VRer

Veea1 VseaQ2

Figure 1-5. Bandgap Reference
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Since AVBEe is negative, and with I1 > Iz, 1n Ii/I2 is positive, the net change in
Vrer with temperature variations can be made to equal zero by appropriately
selecting the values of I, R1, and Ro.

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:

Vo = AvoL vi — ZoL Io = AvoL {(Vrerx Vio) — Vo B} — ZoL Io 9)

where AvoL = amplifier open loop gain

Vio = input offset voltage

ZoL = open loop output impedance
B = ﬁl—m = feedback ratio (B is always=< 1)
Io = output current

vi = true differential input voltage

Manipulating (9)

(Vrer £ Vio) — 00 Io

- AvoL (10)
gy 4

Vo =

Note that if the amplifier open loop gain is infinite, this expression reduces to:
1

V0=B

(Vrerx Vo) = (Vrerx Vio) (1 +%) (11)

The output voltage can thus be set any value equal to or greater than (Vrer+ Vi0).
Note also that if AvoL is not infinite, with constant output current (a non-varying
output load), the output voltage can still be ‘‘tweaked in’’ by varying R: and Rz,
even though Vo will not exactly equal that given by equation 11.

Assuming a stable reference and a finite value of AvoL, 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 Vrer or 1/ 8. However, Vio drifts with temperature,
typically =5 to 15 wV/°C, 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, B, to be close to unity.
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Vee

O Vo

Rq

Figure 1-6. Typical Voltage Regulator Configuration

2. Ampilifier 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 modern 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, Vcw, illustrated by Figure 1-7a, is:

A% e
Vo = (LEP) - (R (12)
where V1 = 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 (V1 — V2) has any effect on
the output voltage; the value of Veum would not effect the output. In fact, Vem 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
and1-8. 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:

1-6



+: Vi O—
Vi
Vo
Va2
M2 O
V-
(a)
Figure 1-7. Definition of Common-mode Voltage Error
Vce
(+)
Vem
VREF CMRR

OVO

Figure 1-8. Common-mode Regulator Effects
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VM

Vo = AvoLvi = AvoL( VREF — TMRR — BVo) (13)
Manipulating,
Vo = (VR ~ cURR) (14)
B+ o
where Vcm = VRer — % (15)

and CMRR = common-mode rejection ratio

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 Avor, a high
CMRR, and by choosing the feedback ratio, 3, to be unity.

3. Amplifier Ouiput Impedance —

Referring back to equation (9), it can be seen that the equivalent regulator output
impedance, Zo, is given by:
Zo — AVo _ ZoL

‘Alo ~ BAvoL

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 AvoL, and by selecting the feedback ratio, 3, to be unity.

A simple way of lowering the effective value of ZoL is to make an impedance
transformation with an emitter follower, as shown in Figure 1-9. Given a change in
output current, Alo, the amplifier will see a change of only Alo/hreqi in its output
current, Io’. Therefore ZoL in equation (16) has been effectively reduced to
Zov/hreq1, reducing the overall regulator output impedance, Zo.

(16)

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 AvoL as high as possible and 8 = 1. Since a limit is soon approached in
how much AvoL can 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 Vrer. The solution is to utilize a different regulator configuration known
as the “‘regulator within a regulator approach.”’? Its greatest benefit is in reducing
total regulator output impedance.

1-8



(+)
VREF
lo
—
o O Vo
(=)
R2
Ry
Figure 1-9. Emitter Follower Output
TABLE 1-1
Vo CHANGES | EFFECT CAN BE
SECTION INDUCED BY MINIMIZED BY SELECTING
Vee 1. Constant current-zener method
2. Bandgap reference
Reference
Ti 1. Bandgap reference
2. TC compensated zener method
1. High CMRR ampilifier
Vee 2. High AvoL amplifier
3.8=1
1. Low Vio drift amplifier
Amplifier Tj 2. High AvoL amplifier
3.8=1
1. Low ZoL amplifier
2. High AvoL amplifier
lo 3. Additional emitter foliower output
4. g=1




As shown in Figure 1-10, amplifier Al sets up a voltage, V1, given by:
Vi1 = Vrer (1 + —-I;—?) a7

V1now serves as the reference voltage for amplifier A2, whose output voltage, Vo,
is given by:

Vo= Vi= Vi (1 + =) (18)
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 Vrer by adjusting R1and Ra.

Vo
4
VHEF§
Vi

= A1 -+

Rq

Figure 1-10. The “Regulator within a Regulator” Configuration

'Widlar, 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 2-1d 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.
¢) 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.)



Positive

* Regulator +
Input
A"
Supply V.lN ] o
—_ (a) —_
Positive Output Using Positive Regulator
N L T Iy
Input — —
Supply VIN - - Vo
E Negative
Regulator
(b)
Negative Output Using Negative Regulator
Input
Sty ViIN Vo
J Negative &
Regulator I
(c)
Positive Output Using Negative Regulator
Positive
Regulator
+ | +
Input ey
Supply ViN L — . BVFN
(d)

Negative Output Using Positive Regulator

Figure 2-1. Regulator Configurations




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 +15V tracking regulator.

5. Floating Regulators

If the desired output voltage is in excess of 40 volts, a floating regulator such
as the MC1566/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.
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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

1. 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 LM117L, LMI117M, LMI117, and
LM150 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 3-1A.

MC1723(C)

The basic circuit configurations for the MC1723(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, MC1469
regulator IC. Depending on VIN, TA, heatsinking and package utilized, output
currents in excess of 500 mA can be obtained with this configuration.

3-1



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).

% LM117L Y

W LM117M aut + Vo
o ' LM117
LM150

IAdjL 240
- *-w
+
< Cin - Co
0.1 uF 1 uF
@ @

* Cin is required if regulator is located an appreciable distance from power
supply filter.
** Cp is not needed for stability, however it does improve transient response.

t CAdj is not required; however, it does improve Ripple Rejection
R
Vout = 1.26V (1 s R—z) + Iagj Ra
1

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

Figure 3-1A — Basic Configuration for Positive, Adjustable Ouput
Three-Terminal Regulators
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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
Vin —@ Vo +15V
0% |(11)7 10(2)| 28 Isc=30mA
3
MC1723 i
(6) 4 (MC1723C)
R3 25.1k
(58)3
0.01 uF Cref
Rge = O]sz : 10 kS2<R1+R2<100 k2

R3 = R1 || R2 ; OSCRgp<0.1uF

v v
R2 = SEF (R1+R2) ~—— (R1+R2)
o Vo

See Section 3H for General Design Considerations

Values shown are fora |15V, 30mA | regulator using an MC1723CL for a TAMAX =25°C

Figure 3-2A. MC1723 Basic Circuit Configuration for VRgr < Vo < 37V

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

(12) 8

6 (100 Rsc
+Vin —® Vo +5V
+10v  [(11)7 10(2)| 229 Isc=30mA
MC1723 o {
(MC1723C) 3.6k S R3
2 (4)
9(13)

inF
(7) 5‘{ I .
Rep ~ 066V

; 10kQ<R1+R2<100 k&
Isc

v 2V

R2 = (R1+R2) ~Q (R1+R2); R3=R1 || R2
Vaer Foen | :

O<CRgF <0.1uF

See Section 3H for General Design Considerations

Values shown are for a | 5V, 30mA| regulator using an MC1723CL for a TAMAX =70°C

Figure 3-3A. MC1723 Basic Circuit Configuration for 2v < Vg < VRgf
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MC1723(C)

To obtain greater output currents with the MC1723 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 1 Rsc +Vo
i =
1.2, 1/2W +5V
MPS 6512 Isc=-5A
or Equiv

+10V

MC1569 'C"F
MC1469 I c
5 =
—O-

Z 1.0 uF TS

2 10 or | Cn

R2=6.8k Case I 0.1 uF
L 1 L =
Vo
R2=6.8k; R1=( -1) R2=(2Vg -7) kQ
VREF e
Cn = 0.1 uF; Cc > InF; Rgc = —

“lIsc
See Section 3H for General Design Considerations

Values shown are fora |5V, 500mA| regulator usinga MC1569R on a 3°C/W heatsink at Taupto +70°C

Figure 3-4A. MC1569, MC1469 Basic Circuit Configuration

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

Q1 RSC
T 130 Vo
1/2W il
VN (12) 8 Isc=-5A
[ —
+20V
a7
MC1723 |f—o-
(MC1723C) o 2
€4 2 (4)
e i
5.1k 9(5) 3 <1008 F
9 (13) R2
0.14F Reper 10k
S _{5(7)
Rsc= % : 10k <R1+R2<100kS

v

R2=-PEF r1+r2)=2Y (R1+R2)
Vo \"

O<CRep<O0.14F ; R3=R1 | R2

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

Values shown are fora |15V, 500mA | regulator using an MC1723CL (unheatsinked) and a 2N3055 on a
6°C/W heatsink for Tp up to +70°C

Figure 3-5A. MC1723(C) NPN Boost Configuration
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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 3-10A 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 MC1723(C), while Figure 3-10A is for the MC1469, MC1469.

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

2N3791
or Equiv
Vin Q1 HSC
+18 V.@0— AMN—9—@ Vg = +12 V
91 2 [} = .75A
9 172w G
R4 12
et ——0——tb
100 6(10)
S
(12) 8 10 (2)
MC1723 |—o-
(MC1723C 1 >
) (3) 10 k
(6) 4
5.1k 2 R3
(5)3 9 (13) R2 2 13k

0.1uF CREF
J_: 5(7)

Rsc = °;§6C" ; 10k <R1+R2<100kf ; 0 < CRef < 0.1uF

R2 = !\955 (R1+R2) =L¥ (R1+R2) ; R3=R1 || R2
o Vo
O<R4<VBEop (1) /5MA
Selection of Q1 based on considerations of Section 4

See Section 3H for General Design Considerations

Values shown are fora |12V, 750mA| regulator using an unheatsinked MC1723CL and a 2N3791 on
a 4°C/W heatsink for T4 up to +70°C

Figure 3-6A. MC1723(C) PNP Boost Configuration



Q1 Rgc =.1202,5W Vg = +5 Vdc
TN

Vin & AAA- o
+10V 2N3055 MP56512 e aBA
or Equiv or Equiv. | sSC
3 1 R3 +
e 1.0uF
100 s
9 4 —
e =
MC1569
MC1469
6 - 5
8

3.0k
R1 10 or
2 |Cc
0.1uF = InF
6.8 kS R2 I

|

R2=6.8k; R1=(XQ_ -1)xR2 = (2V-7) kQ
VREF v (Q1)

¥ . ] 6V BEon
CN=0.1kF ; Cc> InF ; Rgc=Tge : 0<R3<|zE57a7)

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

Values shown are for a 5V, 5A | regulator using an MC1469R regulator on a 20° C/W heatsink with

Q1 mounted on a 0.9° C/W heatsink for TAMAX =+70°C

Figure 3-7A. MC1569, MC1469 NPN Boost Configuration

InF +

2N4904 or Equiv 0.2, 2W +Vo
*Vin @ ; AN ®
+15V a1 +1ov
Igc=3A
R3
20 1 MPS6512
3 or Equiv
9 4
6| Mcises [
MC1469 —O-
8 7
or
Case

I Al
\|
7
°
®
m

R1513k
2ji j’
R2S$ 6.8k -l

v
R2=6.8k ; R1=(; = - 11xR2=(2V o7 k CN=0.14F;Cc>InF

_0.6V (@1
Rgc=TY 0<R3<___q.n__
SC™Tsc 12mA

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

Vaiues shown are for | 10V, 3A| regulator using an MC1469R unheatsinked with Q1 on a 0.5°c/w

heatsink for TAMAX = +70°C

Figure 3-8A. MC1569, MC1469 PNP Boost Configuration
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pros 2N3055 e Vo
Q1 ANA——0 +5V
b £ 628
IN1 W Igc=1A
+10v 12 (8) sto  msa | o MERRRIEN
ViN2 I 11(7) 10 (2) _"b
6 (4) 1(3)
‘ MC1723
9 2 (a) o
R192k MC1723C i
S s@ 9 (13) R3
s
>
R2 I; 51k-
CREF I o.1uf WL im 5 I InF

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

v v
Rsex28Y . R=266Y 45 L0 <R1+R2<100 k2 R2=-2 (R1+R2)==2(R1+R2)
sc
! lbMA X v 7V

O<SCRref<0.14F; R3=R1 || R2; Selection of Q1 based on considerations of Section 4; See Section
3H for general design considerations

Values shown fora | 5V, 1A rogtélator using an MC1723CL unheatsinked and a 2N3055 on a
10°C/W heatsink for T 5 up to +70°C

Figure 3-9A. MC1723(C) High Efficiency Regulator Configuration

v 2N3055 or Equiv R +5.0 V., ler=5A
'21 i f? Py (s
@ VA~ o
+7V a1 01| Vg
5W
Vin2 3 VWA
1 2N4123
+10V 9 or Equiv
3.0k MC1569
6| Mc1469
R1 8
+
( 100uF ﬁ:
6.8k 2> R2 2 =
>
X e
= = = =
R2=6.8k; R1=( : -1)xR2=(2V-7)k2 ; C\=0.1uF; Cc=>InF , Rsc;"ﬂ’_
0.6V e 2
R~'t;MA)( Selection of Q1 based on considerations of Section 4

See Section 3H for General Design Considerations

Values shown are for a

/& regulator using an MC1469R on a 26° C/W heatsink and Q1 mounted on a
1°C/W heatsink for T, o°c

max ~*

Figure 3-10A. MC1569, MC1469 High Efficiency Regulator Configuration
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B. NEGATIVE, ADJUSTABLE OUTPUT IC REGULATOR
CONFIGURATIONS

1. Basic Regulator Configurations

MC1563, MC1463

Figure 3-1B illustrates the basic circuit configuration for the MC1563,
MC1463 negative regulator IC. Output currents in excess of 500 mA can be
obtained depending on input voltage, heatsinking and maximum ambient
temperature.

4
R MC1563
? MC1463

ro_' 8

(] R e

lng -56.2V

-10v | 5 . Isc=125mA
o -@

Vin Rgc=1092 Vo

Vo
Rg=6.8kQ;Ra=Rpgx(—=_-1)=(2|Vol-7)k2
B T o

1.4v
CN=0.1uF ;Cc 2 InF ; Rgc & __'sc

See Section 3H for General Design Considerations

Values shown are fora [-5.2V, 126mA| regulator usinga MC1463R at T 4 up to +70°C

Figure 3-1B. MC1563, MC1463 Basic Regulator Configuration

MC1723(C)

Although a positive regulator, the MC1723(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 V, 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).
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(12) 8 6 (10)
(1) 7
= R1212k| —
2 ()
MC1723
6)4 | (mc1723¢) .
100 L= j0uF
pF F
(5)3
9i(13)1| 210k
5 (7)
Vo = -16V
VeV 2N3055
a1 or Equiv

Vin = -20V to -23V

o=

VR
IVgl210V; 10kQ2 <R1+R2<100k2; R2= |V I(i'-!‘l«i»Fl2)—|"—(i"!1+R2)

Vz<IV|NI-VBE(Q1)-3V: VZ2IV NIV -VBE(Q1)+6V

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

Warning: Do not short circuit output

Values shown are for a |16V, 750mA] regulator using the MC1723CL with Q1 mounted on a
20°C/W heatsink at TA up to +70 C. (DO NOT SHORT CIRCUIT OUTPUT)

Figure 3-2B. MC1723(C) Negative Regulator Configuration

GND
°
l’OJMF
= 6.8k2R
+| Co
33kgRA T~ 10
1N4001 or Equiv a -l m
MC1563
CR1 7 MC1463 8
cc InF 5 6
2N3771 Igc=2.5A
-10V |.6602,1/2W or Equiv Vo
(- Py
Vin PRsc Q1 Vo=-5.2Vdc
Rg=6.8kS; R a=Rpx (ol -1)=(2|Vo|- 1)k iCa>InF; Rga=14Y
Bg=6. i Ra gx\/ -1) (2IVol-7)k c=In sc=T— e

CRI: add one diode in series with CR| for each additional base emitter junction in composite Q1

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

Vulu. shown are for a | -5.2V, 2.5A | regulator using an MC1463R (unheatsinked) with Q1 mounted
on a 1°C/W heatsink for T up to +70°C

Figure 3-3B. MC1563, MC1463 Current Boost Configuration
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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 1 ampere MC7800C in this configuration.

1 DEVICE o 2

MC78LXX OTA
MC78MXX 0.5A
MC78XX 1.0A

Cin I i MC78TXX  3.0A Co I

ViN Vo

CyN: required if regulator is located more than a few (2’ to 4") inches away from input supply
capacitor; for long input leads to regulator, up to 1uF may be needed for C)p . Cy\ should be a
high frequency type capacitor

Co: improves transient response

XX: these two digits of the type number indicate nominal output voltage.

See Section 3H for General Design Considerations
See Section 17 for available device output voltages
See Section 15 for heatsinking

Figure 3-1C. Basic Circuit Configuration for the Positive, Fixed Output Three Terminal Regulators

MJ2955
VIN 0.122 o Equiv
Input 5W
+10V 8sc Q1
Isc(at)
2N6049
or Equiv 1C1
B 1 2 IscToT Vo
MC78XXC O+ o————@
500 e Qutput + 5V

|
1.0uF I ia SC(IC1)

XX = 2 digits of type number indicating voltage. See Section 17 for available device output voltages

R: used to divert IC regulator bias current and determines at what output current level Q1 begins

VBEON(Q1) 6

» 0.6V
conducting. KRS ————— ; R ~ P = +1
IBIAS(IC1) SC ISC(Q‘” SCTOT sc(Q1)T'sc(ic1)

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

Voalues shown are fora [5V 5A regulator using an MC7805CK on a 2.5° C/W heatsink and Q1 on a
1 C/W heatsink for T 5 up to 70 C.

Figure 3-2C. Current Boost Configuration for Positive Three Terminal Regulators
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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 MC78MO05C (0.5A) 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

ViIN 1
o

on
4

MC7805C

oV
Input o

Vo=7V to 33V; V|-V > 2V; V y>35V

_See Section 3H for General Design Considerations

Figure 3-3C. Adjustable Ouput Voltage Configuration Using a Three Terminal Positive Regulator

MC7805C
mc7smosc | 2

VIN 1

Ietpes "l“* MC78LO5A,C

0.33uF " o3R
:]: Constant
— l-_.— Vo current to

o Grounded Load

\Z [
|O=R—o+l|a,‘ Current Reg A|o=-A%O+AI|B
Vo+Vo+2VSV y<35V

See Section 3H for General Design Considerations

Figure 3-4C. Current Regulator Configuration
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5. High Input Voltage

Occasionally, it may be necessary to power a three terminal regulator from a
supply voltage greater than Vinemax) (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 Z1 sets the output voltage, while Q1, Z2, & D1

assure that the MC7824C does not have more than 30 V across it during short
circuit conditions.

Ic1

MC78XXC —0—O vo

| 0.33uF i 3
p

IN5363
30V 5w

X X=2 digits of type number indicating voltage

R1=(% )thEm, VcEOQ1ZVIN

See Section 3H for General Design Considerations

Valyes shown for VNy=60V; Q1 should be mounted on a 2°C/W heatsink for operation at TAupto
+70°C. IC1 should be appropriately heatsinked for the package type used.

Figure 3-5C. Preregulator for Input Voltages Above ViNMAX

1c1
i 2N6576 . 5 Yo
MC7824CT —O0—4
60v a8v
3 -
17;‘?; Q1 Q.33.4E 10uF, 50V
IN4751
z2 30V, 1W IN40O1
’ D1
* P o
21 IN4749

24V, 1W

ViN-(VZ1+VZ2)
Vo=Vz1+24; R1= I—IN,Z;,;HI xhEE(Q2)

See Section 3H for General Design Considerations

Values shown are for a|48V, 1A regulator Q1 mounted on a 10°C/W heatsink and 1C1 mounted on a
2°C/W heatsink for Taupto +70°C.

Figure 3-6C. High Output Voltage Configuration for Three Terminal Positive Regulators
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D. NEGATIVE, FIXED OUTPUT IC REGULATOR CONFIGURATIONS

1. Basic Regulator Configurations
Figure 3-1D gives the basic circuit configuration for the MC79XX and
MC79LXX three 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 3-2D may be used.
Currents which can be obtained with this configuration are limited only by the
capabilities of the external pass transistor(s).

3 or Case | Device o |2

Input MC79XX 1A Output
-v MC79LXX0.1A v

IN o
Cin f1

Co
o T T o.1uF

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 1uF may be required. C|p; 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

See Section 3H for General Design Considerations

See Section 15 for heatsinking

Figure 3-1D. Basic Circuit Configuration for the Negative Three Terminal Regulators

|
-'10 v 0.56, 1W Isc(a1) SCroT
nput —4 - € Output
M-l 4 2N3055 Vop
Rgc or Equiv
l l'scucﬂ
Ic1
3 2
b —O— MC79XXC —O—¢
R
Lam——9
5.6
=21 IOhFE 1.0pF =2
T
Gnd o T o Gnd

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 Q1 begins

VBEoN(a1)
IB1AS(1C1)
Isc ToT=!sc(a1)*Isc(ic1)

0.6V
g bl
SC isc(a1)

conducting. O<R<

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

Values shown are fora |-5V,4A | regulator u%ing an MC7805CK on a 1.5° C/W heatsink with Q1
mounted on a 1" C/W heatsink for T 5 up to 70 C.

Figure 3-2D. Output Current Boost Configuration for Three Terminal Negative Regulators
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2. Current Regulator

The three terminal negative regulators may also be used to provide a constant
current sink, as shown in Figure 3-3D. 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.

| Constant Current
O From Grounded
Load

Vo
VIN 3 Mc?rozc 2 R
]
MC79L03A,C —o\ ﬂ
Vo
- o
—

ILOMF 15 -:-'ELOMF

V|N=-35V for MC7902C
V|N=-30V for MC79L03C
VINSVotVg-2V

vg
I°=?+I|B

NS
Current regulation, A|°=-R— +Alg

See Section 3H for General Design Considerations

Figure 3-3D. Current Regulator Configuration for the Three Terminal Negative Regulators

E. TRACKING IC REGULATOR CONFIGURATIONS

MC1568, MC1468

Figure 3-1E shows the basic circuit configuration for the MC1568, MC1468
Dual Tracking Regulator. The outputs of this device are internally set at = 15V.
(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 = 100mA 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, MC1468 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.

MC1563/MC1569

If a “‘true’’ tracking regulator configuration is desired, the MC1569, MC1469
can be used in conjunction with the MC1563, MC1463 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.
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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. C

30v ~ +Vo
Rsc"' +15 V
3 (5) 2(a) a5
T 1.0uF
Vg Sense (+)
Input (+) 4(7) 1(3)C2
®&——e 0 —{Vcc Compen (+)—0———
+20V _}_c 1.5nF
+V %in MC1 10 (1)
Ny MC1d68 Gndf—o- aand
ViIN + —i—c.
20v - “F 0 8(12)C1
&—¢—0—Vgg Compen (-)—0—]
Input (-) 5 (8) v s 1.5nF
o ense (-) +| ca
™~
6 (10) 7(11) SOkt
30 -Vo
R ® -i15 Vv
SC-

C1 and C2 should be located as close to the device as possible. A 0.1 uF ceramic capacitor (C;,) 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 0.1uF ceramic
disc capacitor.

Repnta0:6V Ren-=0:6Y
See Section 3H for General Design Considerations sc s(:+ . TSC T lge

Values shown are for a | +15V, 20mA| regulator using an MC1468R regulator for TA<75° C.

Figure 3-1E. MC1 568, MC1468 Basic Regulator Configuration

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.

Input (+) MJ%QSfS o
+20 V or Equiv Rsc +V

(7) 4(l> (5) 3

Vee Vot Sense (+)]1 (3)
Compen (+)
(1)1.5nF

MC1568

Gnd o
MC1468 ook F

Compen (-) o— =
VEE Vo Sense () (12) se‘rng _J

g
(s)s(L (10) 6 ~ 104F

b—eo -15 Vdc

Input (-) 0.392 Vo
20V 2N3055 2w
or Equiv
ApetlY | g . 08V
Isc Isc

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

Values shown are for a 15V +2A] regulator using an MC1468R on a 2° C/W heatsink with
Q1 & Q2 mounted on a 1° C/W heatsink for T5<70°C.

Figure 3-2E. MC1568, MC1468 Current Boost Configuration
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1 Rgc?t
V‘ﬂ 3 b sSC Vo
+20Vdc 9 4 24 +15 Vdc
o= -MC1669— 1 I+
6 MC1469 |5 lnF#:M"ES“'ﬁ or 3 T 10WF
uiv

g |(Positive - i
o— Regulator)

= $a Case

820 820
| 0.uFL 33k
A4 t 5 - g 17
22k o 10pF 5
L o MC1563
T‘-’O—w MC1463 -—g Vo
Vin |Rsg [F5o—(Negative e -16 Vde
’ 5 Regulator
20 Vdc 56 P
RgctaO8Y | pgonlAV
Isc Isc

See Section 3H for General Design Considerations

Values shown are fora |16V, $250mA | regulator using an MC1569R and

MC1563R mounted on a 3°C/W heatsink for Ty <70°C

Figure 3-3E. Tracking Regulator Configuration Using the MC1569 & MC1563

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, MC1723, 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.)
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110 V (rms)

Values shown are for a

— — — — MDA104A
— o e
] Y<R6
! | ==1s00uF
= : | 300 V qy Vine+275
.
._._:3 : L |5 e -
| HO— Pt
: B3, 210 3 @ a2
e 18 1 PF  Suaao MJ413
MC1466L 240 pF e e
MC1566L 11

=

=
(=]

Current )
R3 | Limit crsy Rs32.50
2 500y Adjust )

Adjust

85k 18k s :
.
Pins 1 and 4 no connection. L* L
Co Al ALS VO
o LS o
10u.FI 1 250y
275V L 2s0v

DESIGN CONSIDERATIONS

Constant Voltage:

For constant voltage operation, output

voltage Vg is given by:
Vo = (lref) (R2)

where R2 is the resistance from pin 8 to

ground and l.o¢ is the output current of

pin 3.

The recommended value of I.gf is 1.0

mAdc. Resistor R1 sets the value of Iq¢:

8.5
Iref =R

where R1 is the resistance between pins

2 and 12.

Constant Current:

For constant current operation:

(a) Select Rg for a 260 mV drop at the
maximum desired regulated output
current, | ax.

(b) Adjust potentiometer R3 to set con-
stant current output at desired value
between zero and | a .

If V;p 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 C1 (0.14F to 2.0uF). When R2 is
bypassed, CR1 is necessary for protec-
tion during short-circuit conditions.

CR5 is recommended to protect the

MC1466/MC1566 from simultaneous

pass transistor failure and output short-

circuit.

6.

.

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 f_ of Q1 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 senise terminal (the ground side
of R2 is connected to the negative load
terminal through a separate sense lead.
Cpo may be selected by using the rela-
tionship:

Co = (100 kF) I (max). Where |} (max)
is the maximum load current in amperes.
C2 is necessary for the internal compen-
sation of the MC1466/MC1566.

For optimum regulation, current out of
pin 5, Ig, should not exceed 0.6 mAdc.
Therefore select Q1 and Q2 such that:

]
ﬁ;ko.s mAdc

where: i,y = maximum short-circuit

load current (mAdc)

B1 = minimum beta of Q1

= minimum beta of Q2

Aithough Pin 5 will source up to 1.5
mAdc, Ig > 0.5 mAdc will resuit in a
degradation in regulation.
CR6 is recommended when Vg > 150
Vdc and should be rated such that Peak
Inverse Voitage > V.

Q1 & Q2 selected on the basis of considerations given in Section 3
See Section 3H for General Design Considerations

on a 1°C/W heatsink for TA<70°C.

0 to 250V, 100 mA| regulator using an MC1466L with Q1 & Q2 mounted

Figure 3-1F. MC1566, MC1466 Floating Regulator Configuration
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G. SPECIAL REGULATOR CONFIGURATIONS

1. Obtaining Extended Output Voltage Range

As mentioned in the prev1ous 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 MC1569, MC1469. This technique can be used with any
adjustable output regulator so long as the IC 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) = 2N3738
110 Vdc or Equiv 56 Vo=100 Vdc
a1 g Rsc
4.7 k Q2
A b
el
B 2N4123
1/aM275Z &, ‘or Equiv
Vin(2) = 1N4001 @ D1
30 Vde 3 or Equiv €68 "
e—O—— < R2
9
6
MC1569 e 5 ualy
MC1469
43 k 25 L
Ra
Vi1 &
R1
6.8 k % % I 20 k
i 2 10 R \
T B
k & 7 3 °
hF X[V (1)'V ]
Rsczc:.ev . pa~"FE@NXIVIN o, V2q=Vo-V1;
SC 'sc
V1 xheg(Q1)

3.5V<V1<(VN(2)-3.0V); Ra< e

Re=6.8k; RAS(2xV 7]k ; Vo~V [1+532]

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

Values shown are for a 100V, 80mA| regulator using an MC1469G on a 30°C/W heatsink
with Q1 mounted on a 1°C/W heatsink for T 5<70°C.

Figure 3-1G. MC1569, MC1469 Output Voltage Boosting Configuration
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MC1569 and MC1563

These regulators have internal electronic shutdown circuitry. To activate the
shutdown feature, a ImA minimum, 10mA 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.
(Shutdown circuitry shown only)
*VIN 3
O— P {)-—+
VN-B.1
R1~ IN v

+5.1V

MC1569
MC1469

6mA
__R3
Vein2Tz+Rs* 1V

Vpin2~1.38V-3.4x10°3(T ;) ax-25° C)

‘N:zarzs Where T jpax=junction temp. at which
Equiv shutdown occurs
R2+R3~2.65k
Values shown for T jax~140°C
Figure 3-2G. MC1569 Thermal Shutdown Configuration
(Shutdown circuitry shown only)
VIN
o—
V|Nt5.1V
T TemA
MC1563 Vpin2=gangx (5.1V)
5.1V MC1463
Vpin2~-0.83+1.9x103(T jmax-25°C)
where T jpax=junction temp at which
IN::,BrZG shutdown occurs
Equiv R2+R3~2.5k
Values shown for TJMAX~14O°C

Figure 3-3G. MC1563 Thermal Shutdown Configuration
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RSC +V0
-@ (+10 V)
4
3 1 2N5223
Eadi
+Vin (+15V) 6 e a4 or Equiv
e 9] mciase [ B S
L 8 7 9
13 k
[ g
N 2 "*_J Co
10uF 0.1uF 1.0uF
s 6.8k I -
2N5223 :
or Equiv 5.1k
Q- A'A's
Push to 6
Re-Start Push to
= i Latch “OFF*
(Normally “ON") = =
*C1 is used to allow automatic “START-UP’ when V;, is first applied.

Figure 3-4G. MC1569 Automatic Latch into Shut-Down When Output is Short Circuited with
Manual Reset

MC1723

Although the MC1723 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 IC.

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 — Vour) MIN

d. Vomin

e. Vomax

For example, the voltage between pins 8 and 5 (Vin) of an MC1723CG must
never fall below 9.5V, even instantaneously, or the regulator will not function
properly.
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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

(Shutdown circuitry shown only)

6 (10)
Vo

9 (13) 1mA

MC1723
MC1723C o1 I |
MPS5172

10k

5 (7)

BVceo(@1)®Vo

VCESAT(Q1)\1 0V @ Ic=1mA

Figure 3-5G. MC1723 Electronic Shutdown Configuration

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 3-1H. 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 uF, Cpyq; > 10 uF). Diode D, prevents C,
from discharging through the regulator during an input short-circuit. Diode D,
protects against capacitor C,g; from discharging through the regulator during an
output short circuit. The combination of diodes D, and D, prevents C,4 from
discharging through the regulator during an input short circuit.
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+Vo
Positive
+vin O Regulator ?
1N4001 !
or |
I Equiv :
= |
= L
-3
< Load
5
1N4001 |
or !
Equiv |
= 1
Negative ™
-VinO Regulator b
-Vo

<

Figure 3-1H. Output Polarity Reversal Protection

¢

VinG £ O +Vo
Positive
Regulator

oo oo 2

Figure 3-2H. Reverse Bias Protection

Dy

i~

1N4002

Vin Positive Vout +Vo
Adjustable
Regulator

Cin 7 Co
P Adjust
1N4002

@

Figure 3-3H. Reverse Bias Protection for Three Terminal Adjustable Regulators
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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 4-1A. 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 (I) to the pass
element, Q2, which acts as a current amplifier and provides the increased output
current (Io) capability.

External
Series Pass Element

v
Ic(a2) CE(az) 'o
—_— g - g -

L RSO

B”

ViN1® O-

IC Regulator (simplified)
Vin2 Vo B(Q2)

Toreifnsllio Nyt i

GD'BIAS Vs

Sense Lead

i *V|N1 may or may not equal V2, depending on application

Figure 4-1A. NPN Type Series Pass Element Configuration
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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 4-1B 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.

External Series Pass Element
Vce(a2) Ic(a2)
ViN1 & o —
e e
R -
* IC Regulator (simplified)
8(Q2) o
—
s O Q1
ViN1 Vo
|
|
IBIAS

Figure 4-1B. PNP Type Series Pass Element Configuration

This configuration functions in a similar manner to that of Figure 4-1A, in that
the regulator supplies base current to pass element. The resistor, R, serves to route
the IC regulator bias current, Isias, 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 Isias flows through this resistor, and is given by:

VBE o~ (Q2)

O<R =
IB1as

(4.0

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, hre, power
dissipation, and safe-operating-area.

1. Icmax — for the pass element of Figure 4-1A, IcMAX is given by:

lemMax@Q2)
I = | | = e ——— 4.1
CMAX(Q2) omax —IBMax@2) = Iomax o 4.1
= Jomax 4.2)
For the configuration of Figure 4-1B:
" Icmax@2) = Tomax + IBMAX(Q2) 4.3)
= Jomax 4.4)
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2. Vceo— since Ve is equal to Vinimax) when the output is shorted or during
start up:

Vceo@) = VINIMAX) 4.5)

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

hremMINGQ2) = %%2 @ Vce = (VinimmN) — Vo) (4.6)
4. Maximum Power Dissipation, Poimax) and Safe-Operating Area (SOA) —
for any transistor there are certain combinations of Ic and Vce at which it may safely
be operated. When plotted on a graph, whose axes are Vce and Ic, 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
Vceo ratings of the transistor. Notice, that the power dissipation and second
breakdown ratings are given for a case temperature of +25°C, 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 Ic and VcE operating points must be known. This locus of points is
determined by the input voltage (ViN1), output voltage ( Vo), output current (Io) and
the type of output current limiting technique employed.

In most cases, Vi1, Vo, 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 (Vseon(Q3)), Q3
conducts. This diverts base current (Iprive) away from QI1, the IC regulator’s
internal series pass element. Base drive (Is@2) 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:

'VBEON(Q3)

Rsc o

Isc =
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Figure 4-2. 2N3055 Safe-Operating-Area
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External Pass Element
lcia2) . VcE(Q2) o
wS-E=iip T =i
ViN1 Vo
5 Rsc
Q2
a1 ?'b(02) VBE(Q3)
1
7 DRIVE &
1
|
|
IC Regulator
Figure 4-3A. Constant Current Limiting
VouT
S
2
(=]
> o0
= o
g8
3
(¢}
=
Output Current Isc
lo

Figure 4-3B. Constant Current Limiting

By using the base of Q1 in the IC regulator as a control point, this configura-
tion has the added benefit of limiting the IC regulator output current (Is@2) to
Isc/hreQ2), 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 Ic of Q2 given by:

Vce@) = Vit — Vo — IoRsc = Vi — Vo (4.8)

Ico = Io (4.9)

where Vo = Vour for 0 < Io < Isc (4.10)
and Io = Isc for 0 < Vo < Vour 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.
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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.

lcmAax N\
N\
N\ Pass Element SOA
- /
N
N\
- \
&
R
o
38 \
¥
83 \
°
o
Isc T+ -
|
|
|
|
I
I
Il
v
\" -V \" Vv
Lpigie) Collector-Emitter Voltage Ny CED
log VcE(Q2)

Figure 4-4. Constant Current Limit SOA Requirements

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 Q1
with Q3.

At low output currents, Va approximately equals Vo and Vrzis 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 Va and Vrz are
great enough to bias Q3 on. The output current at which this occurs is Ik, the
‘‘knee’’ current.
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External Pass Element

. VcE(Q2) o

ViN1 Q2 —— \\N\——@——— Vo
6 S 30 ML

b(Q2)
a1 § Ry

IDRIVE

|
Q3
|
IC Regulator J
Ra
VBE(Q3) VR2

Figure 4-5A. Foldback Current Limiting

Vour

1
Output Current
lo
Figure 4-5B. Foldback Current Limiting

Output Voltage
Vo
w
) \
7(_"'_"' —— v o o " o’

The output voltage will now decrease. Less output current is now required to
keep Va and Vrz ata 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 R1, R2, and Rsc
(neglecting base current of Q3) are given by:
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Rsc = Vourt/Isc 4.12)

Vour Ik
(L= VBEON(QS)) T Isc
R2 _ Vseon)
RT1+ R2™ IscRsc (1)
and Rl +R2< ok 4.14)

where Vour = normal regulator output voltage
Ix = knee current
Isc = short circuit current
Iprive = 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.

lc(max) N\

N\

: N _
'k T ... VT

» | Constant Current
|/ Limiting
|
|
|
|
|

Foldback
Current
Limiting

Collector Current
log Ic(Q2)

[
I
[
[
[
[
[
|
[
[
[
I
I
+

Vin1-VouT ViN1 VcEo
Collector-Emitter Voltage
log Vce(Q2)

Figure 4-6. Foldback Current Limit SOA Requirements
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Referring to Equation (4.12), as the foldback ratio, Ik/Isc, 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 _ Vour =
(_IE) W 1+ VBEON(Qa)for Rsc = = 4.15)

For these reasons, foldback ratios greater than 2:1 or 3:1 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 Q1 and Q2.
The collector current mismatch can be determined by considering the following:

From Figure 4-7,

Veer + Vi = Veez + V2 (4.16)
and AVee = AV ‘ (4.17)

where AVBE = VBEl — VBE2
and AV = V2 — Vi

Figure 4-7. Paralleling Pass Element Transistors
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Assuming Ie1 = Ic1 and Ie2 = Ic2, the collector current mismatch is given by,

(ReHzs)
Icc — Iar _\Re/ \Re/ V2 — Vi_ AV
I (&) T V2 T V2 4is)
Re
_ AVse
= 4.19)
and,
? AVEEe
percent collector current mismatch = " 100% (4.20)

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

_05t1.0V_05Vto 1.0V_05VtloV

Re Ici I o Ic/2 4.21)

E. TRANSISTOR SELECTION GUIDE

As an aid in selecting an appropriate series pass element, the following
selection guide has been included.

Vceo Veelsat) fr Pp
Device and Polarity Volts hfge ic Volts Ic MHz | Watts
NPN PNP Min Min/Max Amps Max Amps Min Max Case

0.3 Amp

MJE3440 250 40/160 0.02 0.5 0.05 15 15 77

MJE3439 350 40/160 0.02 0.5 0.05 15 15 77
0.5 Amp

2N5655 250 30/250 0.1 1.0 0.1 10 20 77

2N5656 300 30/250 0.1 1.0 0.1 10 20 77

MJE340 MJE350 300 30/240 0.05 20 77

2N5657 350 30/250 0.1 1.0 0.1 10 20 77
1.0 Amp

TIP29 TIP30 40 15/75 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

TIP29A TIP30A 60 15/75 1.0 0.7 1.0 3.0 30 221A

2N4922 2N4919 60 30/150 0.5 0.6 1.0 3.0 30 77

TIP29B TIP30B 80 15/75 1.0 0.7 1.0 3.0 30 221A

2N4923 2N4920 80 30/150 0.5 0.6 1.0 3.0 30 77

TiP2SC TIP30C 100 15/75 1.0 0.7 1.0 3.0 30 221A

2N3738 2N6424 225 40/200 0.1 25 0.25 10 20 80

TIP47 250 30/150 0.3 1.0 1.0 10 40 221A

TIP48 300 30/150 0.3 1.0 1.0 10 40 221A

2N3739 2N6425 300 40/200 0.1 25 0.25 10 20 80

TIP49 350 30/150 0.3 1.0 1.0 10 40 221A
2.0 Amp

2N3583 2N6420 175 40/200 05 5.0 1.0 10 35 80

2N3584 2N6421 250 8/80 1.0 0.75 1.0 10 35 80

2N3585 2N6422 300 8/80 1.0 0.75 1.0 10 35 80

2N4240 2N6423 300 30/150 0.75 1.0 0.75 15 35 80
2.5 Amps

BU205 750 2/ 25 5.0 25 75 10 01
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PREFERRED SILICON POWER TRANSISTORS (continued)

VceEo Vee(sat) fr Pp
Device and Polarity Volts hfrg Iic Volts MHz | Watts
NPN PNP Min Min/Max Amps Max Amps Min Max Case
3.0 Amps
MJES520 30 25/ 1.0 25 77
MJE31 MJE32 40 25/ 1.0 1.2 3.0 3.0 40 77
2N3867 40 40/200 15 0.75 15 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
MJE318B MJE32B 80 25/ 1.0 1.2 3.0 3.0 40 77
MJE181 MJE171 80 50/250 0.1 03 15 50 15 77
MJE31C MJE32C 100 25/ 1.0 1.2 3.0 3.0 40 77
35 Amp
2N3902 400 30/90 1.0 08 1.0 28 100 01
4.0 Amp
2N5190 2N5193 40 25/100 1.5 0.6 15 2.0 40 77
2N6037 2N6034 40 750/15K 20 2.0 20 1.0 40 77
MJE3300 MJE3310 40 1000/ 1.0 15 15 20 15 77
2N6121 2N6124 45 25/100 1.5 0.6 15 2.5 40 221A
2N3054A 2N6049 55 25/250 0.5 1.0 0.5 3.0 75 80
2N6122 2N6125 60 25/100 15 0.6 15 25 40 221A
2N6413 2N6415 60 40/250 0.2 25 4.0 50 15 77
2N5191 2N5194 60 25/100 15 0.6 1.5 2.0 40 77
2N3740 60 30/100 0.25 0.6 1.0 3.0 25 80
2N6294 2N6296 60 750/18K 20 2.0 4.0 50 80
2N6038 2N6035 60 750/15K 20 20 2.0 1.0 40 77
MJE3301 MJE3311 60 1000 1.0 1.5 1.5 20 15 77
MJES800 MJE700 60 750/ 1.5 25 15 1.0 40 77
2N6123 2N6126 80 20/80 p -3 0.6 1.5 25 40 221A
MJE3302 MJE3312 80 1000/ 1.0 1.5 15 20 15 77
2N5192 2N5195 80 20/80 1.5, 0.6 %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 20 20 1.0 40 77
5.0 Amp
MJE200 MJE210 40 45/180 2.0 0.75 2.0 65 15 77
2N4232A 2N6313 60 25/100 1.5 0.7 1.5 4.0 75 80
MJE1100 MJE1090 60 750/ 3.0 25 3.0 70 90
2N4233A 2N6314 80 25/100 S 0.7 35 4.0 75 80
2N6233 225 25/125 1.0 0.5 1.0 20 50 80
2N6497 250 10775 25 1.0 25 5.0 80 221A
MJESIT 250 5/ 5.0 20 5.0 25 80 221A
2N6234 275 25/125 1.0 0.5 1.0 20 50 80
2N6498 300 10775 2.8 1.25 25 80 5.0 221A
MJES2T 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 1075 25 15 25 5.0 80 221A
MJES3T 350 5/ 5.0 2.0 5.0 25 80 221A
BU208 700 2.25/ 45 5.0 45 4.0 1.25 01
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PREFERRED SILICON POWER TRANSISTORS (continued)

Vceo Vee(sat) fr Pp
Device and Polarity Volits hgg ic Volts ic MHz | Watts
NPN PNP Min Min/Max Amps Max Amps Min Max Case
6.0 Amp
TIP41 TIP42 40 15/75 3.0 15 6.0 3.0 20 221A
TIP41A TIP42A 60 15775 3.0 15 6.0 3.0 20 221A
TIP41B TIP42B 80 15/75 3.0 15 6.0 3.0 20 221A
TIP41C TIP42C 100 15/75 3.0 15 6.0 3.0 20 221A
2N5758 2N6226 100 25/100 3.0 1.0 3.0 1.0 150 1
2N5959 2N6227 120 20/80 3.0 1.0 3.0 1.0 150 1
2N5760 2N6228 140 15/60 3.0 1.0 3.0 1.0 150 "
8.0 Amp
2N6300 2N6298 60 750/18K 4.0 20 4.0 4.0 75 80
2N6055 2N6053 60 750/18K 4.0 20 4.0 4.0 100 1
2N6043 2N6040 60 1K/10K 4.0 20 4.0 4.0 75 221A
MJ1000 MJ900 60 1000/ 3.0 20 3.0 90 n
2N6301 2N6299 80 750/18K 4.0 20 4.0 4.0 75 80
2N6056 2N6054 80 750/18K 4.0 20 40 4.0 100 1"
2N6044 2N6041 80 1K/10K 4.0 20 4.0 4.0 75 221A
2N6045 2N6042 100 1K/10K 3.0 20 3.0 4.0 75 221A
2N6306 250 15/75 3.0 0.8 3.0 5.0 125 o0
2N6307 300 157756 3.0 1.0 3.0 5.0 125 01
2N6308 350 12/60 3.0 1.5 3.0 5.0 125 01
10.0 Amp
2N6383 2N6648 40 1K/20K 5.0 20 5.0 20 100 1
2N6384 2N6649 60 1K/20K 5.0 20 5.0 20. 100 n
MJE3055 MJE2955 60 20/100 4.0 11 4.0 20 90 90
MJE3055T MJE2955T 60 20/100 4.0 1% 4.0 20 90 221A
MJE4340 MJE4350 100 50/ 10.0 0.5 5.0 1.0 125 340
MJE4341 MJE4351 120 50/ 10.0 05 5.0 1.0 125 340
MJE4342 MJE4352 140 50/ 10.0 0.5 5.0 1.0 125 340
MJE4343 MJE4353 160 50/ 10.0 0.5 5.0 1.0 125 340
2N5877 2N5875 60 20/100 4.0 1.0 5.0 4.0 150 1"
2N3715 2N3791 60 50/150 1.0 0.8 5.0 4.0 150 n
2N5878 2N5876 80 20/100 4.0 1.0 5.0 4.0 150 n
2N6385 2N6650 80 1K/20K 5.0 20 5.0 20 100 n
2N3716 2N3792 80 50/150 1.0 08 5.0 4.0 150 1
2N5632 2N6229 100 25/100 5.0 1.0 75 1.0 150 "
2N5633 2N6230 120 20/80 5.0 1.0 7.5 1.0 150 13
2N5634 2N6231 140 15/60 5.0 1.0 1.5 1.0 150 1
MJ413 325 20/80 0.5 0.8 0.5 25 125 1n
MJ423 325 30/90 1.0 0.8 1.0 25 125 1"
12.0 Amp
2N6569 40 15/200 4.0 1.5 4.0 15 100 1
2N5989 2N5986 40 201120 6.0 0.7 6.0 20 100 920
2N5990 2N5987 60 20/120 6.0 0.7 6.0 2.0 100 90
2N6057 2N6050 60 750/18K 6.0 20 6.0 4.0 150 01
2N5991 2N5988 80 20/120 6.0 0.7 6.0 20 100 90
2N6058 2N6051 80 750/18K 6.0 20 6.0 4.0 150 01
2N6059 2N6052 100 750/18K 6.0 20 6.0 4.0 150 01




PREFERRED SILICON POWER TRANSISTORS (continued)

Vceo Vce(sat) fr Pp
Device and Polarity Volts hfg Ic Volts MHz | Watts
NPN PNP Min Min/Max Amps Max Amps Min Max Case
15.0 Amp
2N6486 2N6489 40 20/150 5.0 13 5.0 5.0 75 221A
2N6487 2N6490 60 20/150 5.0 1.3 5.0 5.0 75 221A
2N3055 MJ2955 60 20/70 4.0 1.1 4.0 25 115 n
2N5881 2N5879 60 20/100 6.0 1.0 7.0 4.0 160 1"
2N6576 60 500/5K 10.0 4.0 15 120 1"
2N6488 2N6491 80 20/150 5.0 13 5.0 5.0 75 221A
2N5882 2N5880 80 20/100 6.0 1.0 7.0 4.0 160 1"
2N6577 90 500/5K 10.0 4.0 15 120 n
2N6578 120 500/5K 10.0 4.0 15 120 -
2N6249 200 10/50 10.0 15 10 25 175 01
2N6250 275 8/50 10.0 15 10 25 175 01
2N6251 350 6/50 10.0 1.5 10 25 175 01
16.0 Amp
2N5629 2N6029 100 25/100 8.0 1.0 10 1.0 200 1
2N5630 2N6030 120 20/80 8.0 1.0 10 1.0 200 1"
2N5631 2N6031 140 15/60 8.0 1.0 10 1.0 200 1"
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 1
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 1"
2N5886 2N5884 80 20/100 10.0 1.0 15 4.0 200 1
2N6338 100 30/120 10.0 1.0 10 40 200 01
2N6339 120 307120 10.0 1.0 10 40 200 01
2N6340 140 30120 10.0 1.0 10 40 200 01
2N6341 150 30/120 10.0 1.0 10 40 200 01
30.0 Amp
2N5301 2N4398 40 15/60 15.0 0.75 10 20 200 1
2N5302 2N4399 60 15/60 15.0 0.75 10 20 200 1
MJ802 MJ4502 90 25/100 75 0.8 75 2.0 200 1
50.0 Amp
2N5685 2N5683 60 15/60 25.0 1.0 25 2.0 300 197
2N5686 2N5684 80 15/60 25.0 1.0 25 20 300 197
2N6274 100 30/120 20.0 1.0 20 30 250 197
2N6275 120 30/120 20.0 1.0 20 30 250 197
2N6276 140 30/120 20.0 1.0 20 30 250 197
2N6277 150 201120 20.0 1.0 20 30 250 197

SILICON POWER DEVICE PACKAGES

CASE 3-01

CASE 3-04

CASE 54-05
CASE 197-01

CASE 90-05
(TO-225A8)
(To-127
Type)

CASE 11-01
(TO-204AA)
(TO-3 TYPE)

CASE 221A-02

CASE 77-04
(TO-225AA)
(TO-126 Type)
Add pkg. from
page 2

413




| . | ﬂ \ . AT
=
U
T
i




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 transistors are used in
modern 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, modern 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 0.01-1.0uF 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.

3 1 Rsc
+Vjp o —p————o— o ™ °+V,
]
I
pe=: 6 4 (é)
0.01uF T SR spies S & b l
! ; Q2
e 3 MC1569R °'°°5’“F T Ce
G b el o o MCTABE By | Lotgrs =
R13 SR’
< 8 7 b
E= R I £1.0
A Cora=1.
1 2 Case °T ur
1 CN < 0.14F
R2=6.8k 3 :[
= = = = =

*C; - May be required if long input leads are used.

Figure 5-1. Typical Regulator Circuit Layout
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Typical Printed Circuit Board Layout

Location of Components

Vo J1 Cp Gnd

R
Rsc
Q1 v : Ra
Q2

HS

PIN2 Vj,Cijs CcGnd R2

*C; not shown

Figure 5-1. Typical Regulator Circuit Layout (cont.)

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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WRONG!

Regulator A
Circuit —O
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Figure 5-2. Filter Capacitor Ground Loop
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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.

VIN Output RLEAD
- —O —AAN W ey
Regulator
Circuit
Sense
+
= Gnd
Vi ? Load
iL
i AN B
RLEAD

Figure 5-4. Effects of Resistance in Output Leads

VIN Output RLEAD
——0 }—c AN N
Regulator
Circuit | —6-
Sense
s
e Gnd
[ Wi S
L 2 hVAVAY
RLEAD iL

Figure 5-5. Remote Voitage Sensing

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.
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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.

Sheet Metal
Screws

Clearance
Holes

Insulator
Clearance
Holes

Chassis or

Heat Sink \

Thermal
Grease
Applied
Here

Insulating

Bushing

Socket

Screws or Rivets

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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PREFERRED ARRANGEMENT ALTERNATE ARRANGEMENT

for Isolated or Non-isolated for Isolated Mounting
Mounting. Screw is at Semi- T0-220 when Screw must be at
conductor Case Potential. Heat-Sink Potential.
6-32 Hardware is Used. 4-40 Hardware is Used.
Choose from Parts Listed Use Parts Listed Below.

suow. L 2

6-32 HEX HEADSCREW/ . \

4-40 HEX HEAD SCREW

B09489A035 IEI BO9489A034
(1) RECTANGULAR STEE‘-\ ] T~ NYLON INSULATING BUSHING
WASHER — — B51547F015
B09002A001 e L

| SEMICONDUCTOR
(2) RECTANGULAR MICA i (CASE 221, 221A)
INSULATOR [ H H |

BO8853A001 |
t=F H =

.
HEAT SINK — | RECTANGULAR
: ! z MICA INSULATOR
B A001
(2) NYLON BUSHING — \ 08853A00
B51547F005 HEAT SINK
1

(3) FLAT WASHER
B51567F036 COMPRESSION WASHER

i
,/
(4) COMPRESSION or /m B52200F 005

LOCK WASHER g
B52200F004

1
6-32 HEX NUT s | B09490A005
BO9490A006 .
TORQUE
REQUIREMENTS

(1) Used with thin chassis and/or large hole.
(2) Used when isolation is required.

Insulated . (3) Required when nylon bushing and lock washer are used.
0.68 N-M (6 in-Ibs) max (4) Compression washer preferred when plastic insulating
Noninsulated material is used.

0.9 N-M (8 in-Ibs) max

Figure 5-7. Mounting Scheme for the TO-220 (Case 221A)
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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 = +10V = .1V
Output Current, Io = 1A, current limited
Load Regulation, < .1% for Io = 10mA to 750mA
Line Regulation, < .1%

Output ripple, < 2mV p-p

Max Ambient Temperature, Ta < + 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 MC1723C 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
MC1723C/ series pass element combination is the most economical approach.

2. Circuit Configuration: In Section 3, an appropriate circuit configuration is
found. This is the MC1723 NPN boost configuration of Figure 3-5A.

3. Determination of Component Values: Using the equations given in Figure
3-5A, the values of Crer, R1, R2, R3 and Rsc are determined:

a. Crer is chosen to be 0.1uF for low noise operation.

b. R1 + R2 is chosen to be = 10K.

c. R2 is then given by: R2 = % (R1 + R2) = .7 (10K) = 7K

d. Since Vrercan vary by as much as = 5% for the MC1723C, R2 should be made
variable by at least that much, so that Vo can be set to the required value of +10V =
.1V. R2 is therefore chosen to consist of a 62K resistor and a 2K trimpot.
e. Rl = 10K — R2 = 10K — 7K = 3K

0.6V _ 0.6V _

f. Rsc = I— =——— = .6{); .56(), 1W chosen for Rsc.
sC 1A

g. R3=RINR2 =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 Vi and (2) the
minimum input-output voltage differential. These limits are found on the device
data sheet (Section 18.) to be:
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9.5V < Vv < 40V and (Vin — Vo) = 3V
For the configuration of Figure 3-5A, (VIN — Vo) is given by:
(Vin — Vo) = [Vin — (Vo + 2¢)] = 3V where ¢ = Vaeon = 0.6V

Note that (Vin — Vo) is defined on the device data sheet to be the differential
between the input and output pins. Since the base-emitter junction drops of Q1 and

Rsc have been added to the circuit, they must be added to the minimum value of
(Vin — Vo). Therefore,

ViNn=Vo+20+3V=10+12+3

Vin= 14.2V
This condition also satisfies the requirement for a minimum Vi~ of 9.5V.

b. In order to simplify the design of the input supply (see Section 8), V| 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 14.2V. Now, the output ripple can be determined. The MC1723C 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 Im V p-p, which
meets the regulator output ripple requirements.

5. Determination of regulator package and available output current: Refer-
ring to the MC1723 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:

Ty = TaA + 6a Pp (Eq. 6.1 from Section 15)

where O = hegtsink and/or pkg total junction-to-ambient thermal
resistance
Pp = ViNn X (Io + L)
Iis = quiescent current of IC regulator
Io = IC regulator output current

solving for Io:

_ [ — Tajpv
Ll el Ml
From the device data sheet, we can find the values of Ti, @A, and IiB. Eq 6.1
can then be solved. The results are summarized below for an unheatsinked
MC1723CL (ceramic DIP), an unheatsinked MC1723CG (metal can), and an
infinitely heatsinked MC1723CG packages.

6.1)

TABLE 6-1
MC1723CL MC1723CG MC1723CG
Heatsink None None Infinite
T 175°C 150°C 150°C
TA 70°C 70°C 70°C
0JA 150°C/ W 184°C/ W 70°C/ W
liB 4mA 4mA 4mA
lo 40mA 23mA 67mA
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A choice must now be made. Since it is desirable to have as much available current
as possible to drive Q1 (thereby lowering its gain (hf) requirements), an infinitely
heatsinked MC1723CG is the most desirable choice. However, the construction of
an infinite heatsink is hardly practical. Therefore, the choice is between an unheat-
sinked MC1723CL and an MC1723CG with some form of heatsinking. The
unheatsinked MC1723CL is chosen since this approach is the least complex.

6. Selection of the Series Pass Element, Q1: The transistor type chosen for Q1
must have the following characteristics (see Section 4):

a. Vceo = VinMax

b. Icmax = Isc
c. hree Blli;@ Vce = Vin — Vo — ¢

where ¢ = Vseon = 0.6V
d. Pomax = VN, X Isc
e. Oic such to allow practical heatsinking
f. SOA such that it can withstand

Vce = VINn @ Ic = Isc

for this example:

\

25V
1A
25@ Vee=5V@Ic = 1A
Ppmax 16W
6ic = 1.52°C/W
SOA: 1A @ 16V

A 2N3055 transistor is chosen as a suitable device for Q1 using the selection
guide of Section 4 and the transistor data sheets (available from device
manufacturer).

Vceo

\%

Iemax

hfe

\%

V

If

7. Q1 Heatsink Calculation
Ti = Ta + 6a Pp (Eq 15.1 from Section 15)

where Po = VN X Isc
01a = Oic + fcs + Osa (Eq 6.2)

solving for Osa:
Inieil
Osa = [TA] = (@€ +0cs) (6.2)

From the 2N3055 data sheet, T = 200°C and #ic = 1.52°C/W. The transistor
will be mounted with thermal grease directly to the heatsink. Therefore, fcs is
found to be 0.1°C/W from Table 15-1.

Solving 6.2:
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_41200°C <q0°€ ] ;
Osa = TIRYSOIR - (15200415 C/W

< 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 6cs of 6.2°C/W was used.

8. Clamp Diode: Since the regulator can power a load which is also connected to a
negative supply, a 1N4001 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
Thermalloy #6003 0.56, 1W
Vo =
+10 V,
1A
V|N-f16V 12
, SEERE
11
MC1723CL
R3 y
6,,=150"C/W
22K QP JA
5
AMF

CREF i-;

IIH

Figure 6-1. + 10V, 1A Design Example

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.
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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: 48
Heavy Loads IVIN — Vo|MmN) 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 heatsinking 15
IC Regulator or Pass | 1. Inaequate heatsinking 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 heatsinking 15
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TROUBLESHOOTING CHECKLIST

Hz Output Ripple

loop

REFER TO
SYMPTOM DESIGN AREA TO CHECK SECTION
IC Regulator Fails . IC current or SOA capability 2,18
During Short Circuit exceeded
. Inadequate heatsinking
IC Regulator Fails 1. Input voltage transient (VINMAXx) , 18
During Power Up . IC current or SOA capability 2,-18
exceeded as load (capacitor) is
charged up.
IC Regulator Fails . Regulator reverse biased 3.H
During Power-Down
Output Voltage Does . 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 . Input supply filter capacitor ground 5

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.
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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.

T

Half-Wave

Pt—
WS

2

Full-Wave or Full-Wave Center Tap

|

Full-Wave Bridge

Figure 8-1. Rectification Schemes
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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' 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.

100 o O . 0 0 13 0 T [TH 0.05
G 1] 0.5
¥ A 1 /al"* 1
90 H| ., STV 3R, - 4
{ A.—'
80 // =
L~ 6
W
70 5 -
ﬁ'/ 10
60 | 12.5
] 15
il 20 R
v
22 (%) 50 A 25 (%)
- A 30
/ P"—F " 35
40 =
g8 50
. Z 93
-
it 80
20 st 100
—
10
0
0.1 1 10 100 1,000

wWCR (C in farads, R_in ohms)

w = 2nf, f = line frequency

Figure 8-2. Relation of applied alternating peak voltage to direct output voltage in half-
wave capacitor-input circuits. (From O. H. Schade, Proc. IRE, vol. 31, p. 356,
1943.)
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Figure 8-3. Relation of applied alternating peak voltage to direct output voltage in full-
wave capacitor-input circuits. (From O. H. Schade, Proc. IRE, vol. 31, p. 356, 1943.)
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Figure 8-5. Root-mean-square ripple voltage for capacitor-input circuits. (From O. H.
Schade, Proc. IRE, vol. 31, p. 356, 1943.)

Returning to the above curves, the full-wave circuit will be considered.
Figure 8-3 shows that a circuit must operate with ®CRL = 10 in order to hold
the voltage reduction to less than 10 percent and @CRL = 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.
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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/Rs and the capacitor charges with a time
constant 7 = Rs C1. As a rough — but conservative — check, the surge will not
damage the diode if VM/Rs is less than the diode Irsm rating and 7 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(AVG) IFsm SERIES
1.0A 30A 1N4000
1.5A 50A 1N5391
3.0A 100A MR500
3.0A 200A 1N5400
6.0A 400A MR750
12A 300A MR1120
20A 400A MR2000S
25A 600A MR2500S
40A 800A TN1183A

BRIDGES

1.0A 30A MDA100A
2.0A 50A MDA200
4.0A 100A MDA400
8.0A 400A MDAS800
12A 400A MDA1200
25A 400A MDA2500
35A 400A MDA3500

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

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

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

Vm = the maximum no load output voltage

Io
f

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

_  VRiplepp)
= 272—\—,;:(%@ X 100% (8.1)

a range for ®CRL can now be found from Figure 8-5.

the full-load filter output current

the input AC line frequency

C. Next, determine the range of Rs/RL from Figure 8-2 or 8-3 using Vc(c) and
the values for wCRL found in part B. If the range of wCRL values initially
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determined from Figure 8-5 is above = 10, Rs/RL can be found from Figures
8-2 and 8-3 using the lowest ®CRL value. Otherwise, several iterations between
Figures 8-2 or 8-3 and 8-5 may be necessary before an exact solution for Rs/RL
and wCRL for a given rf and Vc(DC)/Vm can be found.

D. Once wCRL is found, the value of the filter capacitor, C, can be determined

from:
wCRL (8.2)

C = v
2ar ( Vcoo)

Io )

E. The rectifier requirements may now be determined:

1. Average Current

Io for half-wave rectification (8.3)

Irave)

Io/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 Vm for the half-wave and full wave circuits, Vm for
the full-wave bridge circuit. In addition, a safety margin of 20% to 50% is advisable
due to the possibility of line transients.
4. Maximum Surge Current

Isure = Vm/(Rs + ESR) (8.4)

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

F. Transformer Specification
1. Secondary Leg RMS Voltage
Vs = {Va + (n) 1.0}/V2 8.5)

where n = 1 for half-wave and full-wave

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.1 and E.2).

4. Transformer VA rating
Half-Wave = Vs Ims
Full-Wave = 2 Vs Ims (8.7)
Full-Wave Bridge = Vs Ims (V2)
where Ims = rms rectifier current (from part E.1 and E.2)
and Vs = Secondary Leg RMS Voltage
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3..Design Example
A. Find the values for the filter capacitor, transformer rectifier ratings, given:

Full-Wave Bridge Rectification

Veoo = 16V
VRIPPLE(pp) = 3 V
Vm =25V
Io=1A
f = 60 Hz

B. Using Equation (8.1)
BT [ -
I = 2 \/2—(16) X 100% = 6.6%
from Figure 8-5, @CRL = 7 to 10

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

Veoo 16 _
Ve T .64 = .64%
12 RRLY D% b R 115 R .2(%# 2 (16)
Rs =320
D. From Equation (8.2), the filter capacitor size is found:
= «CRL 2 10 = ¢V
C= s = = 1657 uF

2mf(—1o2-)  2m(60)16

. The rectifier ratings are now specified:
IFave) = lo/2 = 0.5 A from Eq (8.3)
IFRMS) = 2 X IFavG) = 1 A from Fig. 8-4
IFPEAK) = 5.2 X IFAvVG) = 2.6 A from Fig. 8-4
PIV = VM = 25 V (use 50 V for safety margin)

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

B W b =i

The transformer should have the following ratings:

Vs = {Vm + n(1.0)}/V2 = (25 + 2)/V2 = 19 VRMS {from Eq (8.5)}
Secondary Resistance should be 3.2 ().

Secondary RMS current rating should be 1.4 A {from Eq (8.6)}

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

St el S ot
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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.
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SECTION 9

SWITCHING REGULATORS VERSUS
LINEAR REGULATORS

A. THE MARKET

A switching power supply or switcher is a high frequency power conversion
circuit. It 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 switchers (See
Figure 9-1). The chart indicates that this market will enjoy a compound growth
rate (CGR) of about 15% annually but that switchers will average a 30% CGR
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

$3B $6B
(20M Units) (50M Units)
100%
80% ~
60% =

Percentage of Available Market

1980 1981 1982 1983 1984 1985

Figure 9-1. Market Trends for Power Supplies
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Note: The crossover or breakeven point was at 500 W in 1975.
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Figure 9-2. 1980 Cost Comparison

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 S0 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 IC’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

TABLE 9-1

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

20 kHz
Switcher 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

*Semiconductors account for 22% of the total cost in linear power supplies and 33.4% for switchers.
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TABLE 9-2

20 kHz Switcher versus Linear Performance

Parameter Switcher Linear
Efficiency 75% 30%
Size 2.0 W/IN3 0.5 W/IN3
Weight 40 W/lb. 10 W/lb.
Cost 200-500 W* $1.000W $1.25/W
Cost 50-150 W* $1.50/W $1.50/W
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 ps
Hold-Up Time 20-30 ms 1-2 ms

*Based on 1980 Cost Figures

operate with typical efficiencies of only 30%. The overall size reduction of a 20
kHz switcher is about 4:1 over an equivalent linear supply. Newer designs in the
100 to 200 kHz region end up at about 6:1. 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 (100—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 CV?2.






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.

Inverter

R gl
T _ 3

Input Rectifier Qutput Rectifier
and Filter and Filter
Control Circuit

PWM @
Osc @

Note: Input to output isolation is not shown.

* High Frequency
I
|
|
|
|

A

Figure 10-1. Functional Block Diagram — Switching Power Supply
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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 10-2A & 10-2B. 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 10-2A). 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 V,,
= V,, 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 10-2B) 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
10-2C. 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 input 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:

P, = 1/2 L I’f,

where I = the peak choke current
f, = the operating frequency
and E

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 = VBR, =1 szglﬁ-_
where R, = 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 10-3 and 10-6. Each circuit has a practical power range or capability
associated with it as follows:

Circuit Power Range Motorola Reference
Flyback 50 to 100 watts EB87

Forward 100 to 200 watts Power Leader

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-85

First to be discussed will be the low power (20-200 W) converters which
are dominated by the single transistor circuits shown in Figure 10-3. 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 10-3A). 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 fiyback design requires transistors that block twice the peak
line plus transients or about 1.0 kV. Presently, variations of 1200 to 1500 V
horizontal deflection transistors are used here. These bipolar devices are relatively
slow (t; = 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
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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 Vg (g, 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.
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Figure 10-4. Flyback Transistor Waveforms
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2. Forward — The single transistor forward converter is shown in Figure
10-3B. 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 10-3C 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.
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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 10-6A 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 10-6B). 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 pF < C; = 5.0 pF) 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 10-6C. 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 10-6D. 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.
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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 W and 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, N.Y. C
Indiana General Keasby, N.J. C
Stackpole St. Marys, PA. C
TDK El Segundo, CA. C
Pulse Engineering San Diego, CA. T
Coilcraft Cary, IL. H [
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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 (I,).
Inductance is found using di

L=V dat
In forward converters, the transformer generally has no gap in order to
minimize the magnetizing current (I,). For these applications the core should be
chosen to be large enough so that the resulting LI product insures that I, at
operating voltages is less than I,. 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:

b L gl

L, = gap length

Lg& magnetic path length
= permeability

Under this stipulation, the gap directly controls the LI parameters. Doubling
it will decrease L by two and increase I, by two. Again, the anticipated switching
currents must be less than I, 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 IC in an open loop
configuration. :

+20V

= il

TIME ——»
Current Transformer

Alg
L=V

Figure 11-2. Simple Coil Tester

11-3



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 MJ12002 and MJ8500 series and the plastic
MIJE12007. 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 I. 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.

TABLE 11-2
Motorola High Voltage Switching Transistor Technologies
Approximate
Typical Typical Fall Switching
Family Device Time Frequency
SWITCHMODE | 2N6545 200-500 ns 20K
MJE 13005
MJE12007
SWITCHMODE || MJ12010 100 ns 100K
SWITCHMODE I MJ13010 50 ns 200K
T-FET'S MTP565 20 ns 500K
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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 (flyback and forward) is the blocking or V gy rating. Bridge
circuits, on the other hand, turn on and off from the dc bus and their most critical
voltage is the turn on or V¢gg (4 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 < Vgo < 400 V for use in 120
Vac bridge circuits. Tables 2 and 3 list the remaining devices (Vg = 400 V)
which would be appropriate for 220 Vac and 380 Vac bridge circuits. Tables 4
and 5 list devices by their Vgy rating. These tables can therefore be used to
select devices for either 120 or 220 Vac single transistor circuits (flyback and
forward converters).

.

be

Figure 11-3. Zener Clamp and Snubber for Single Transistor Converters
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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 (100 ns to
1 ws). 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 R and C values:

It

L
where I = The peak switching current
te =  The transistor fall time
V = The peak switching voltage
(Approximately twice the dc bus)
also R = t,/C (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 Pp = CVi
2
where Pg =  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 W and 5.0 W zener devices with ratings
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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=. LIt
2
where P, = The zener power rating
and L, = 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
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Figure 11-4. Typical Bipolar Base Drive Circuits
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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 11-4E emphasize performance over cost.
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Figure 11-5A. Typical Transformer Coupled FET Drive
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Figure 11-5B. FET Drive Current Requirements
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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 Vg rating of 20 V would be
adequate for one condition, but not the other. Higher Vg 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 Cpg, 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 (Vg
= 2.0to 3.0 V) and be fully on with V55 = 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:

15 IM =3 CngV/ dt
and 2 - IG — Ccst/d[
where Iy 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 I 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 Cpg = 100 pF and Cgg = 500 pF, then

Iy = 100 pF X 300 V/30 ns = 1.0 A and
Ig = 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, Cp; will have the greatest effect on
switching speed and that Cgg 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 Ty = 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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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 I, required.
2.  Estimate the peak surge current (1) and time (t) using:
o ks
P Rg
Where V,, is The RMS input voltage
Rg = the total limiting resistance, and
C

I t =RsC

the filter capacitance
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Steps:

1. Choose a rectifier with an g 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 IFgpm and 12Vt = K.
4. If line 3 is less than line 2, use a larger rectifier or increase Rs.

Bridge

Figure 11-7. Choosing Input Rectifiers

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

® I\ — the single cycle (8.3 ms) surge current rating.

® 12Vt = K which applies when the thermal response, r(t), is propor-
tional to \/t—(for t<8.3 ms). This gives:

12Vt = IZgV8.3 ms or

8.3 ms\% 43 g8
I, = Iggm Tbpr (t is in milliseconds)

4. If I < Ip, consider either increasing the limiting resistor (Rg) 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 (1.0 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.
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TABLE 11-4

Output Rectifier
Type Comparisons

SBR UFR FR
VE 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

NOTES: 1. Low VF improves efficiency
2. Low tyr 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 *‘lytics’” 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.

TABLE 11-5

Partial List of Capacitor Companies
Company (U.S.) Location
Sprague North Adams, MA
Mepco/Electra Columbia, SC
Cornell-Dublier Sanford, NC
Sangamo Pickens, SC
Mallory Indianapolis, IN
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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 and 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 1” OD) with distributed windings to minimize interwinding ca-
pacitance. The output is bypassed using a small 0.1 wF ceramic or a 10 to 50
wF tantalum 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 IC’s could
be found. Since that time, various semiconductor companies recognized the de-
signer’s needs for a dedicated control IC. 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 of these 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 Switchmode Control IC’s

e PROGRAMMABLE (TO 500 kHz) FIXED FREQUENCY OSCILLATOR
e LINEAR PWM SECTION WITH DUTY CYCLE FROM 0 TO 100 %

e ON BOARD ERROR AMPLIFIERS

e ON BOARD REFERENCE REGULATOR

e ADJUSTABLE DEAD TIME

® UNDERVOLTAGE (LOW V¢c) INHIBIT

e GOOD OUTPUT DRIVE (100 TO 200 mA)

® OPTION OF SINGLE OR DUAL CHANNEL OUTPUT

e 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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Figure 11-8. Basic Pulse Width Modulator Control IC

Features required by a control IC vary to some extent because of the 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 SG1525A/27A and SG1526 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 TL431 from Motorola.
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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 FET 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.

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.
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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.
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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 flyback 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
fOSC RTCT

I

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

Output Mode Control Vee
13 T ?
8
8 ¥ Flip-Flop —
5 Oscillator Q Q1 9
Cr ——
RT on Dead-Time gK £ .101_4,
Comparator .
I i 2 Q2| 4
== 0.12V
4 |
o- it
Dead-Time 0.7V &
Control B
= ¥
e PW.M.
Comparator
= 07mA
Reference 12
Gnd Vce o—
Error | Amplifier T "'le'
18 b2 38 156 416 7}' 144
Feedback/PW.M. i 50V
Comparator Input L

Figure 13-1. TL494 Block Diagram
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Figure 13-2. TL494 Timing Diagram

gates, which drive output transistors Q1 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-cyclé 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
0te33 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 (Ve —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 Cy 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, Q1 and Q2. With the output-mode control connected to
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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
Q1 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, Q1 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 TL494 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 W and 1000 Watt Off-Line Power
Supply

A 5V, 80 A line operated 25 kHz switching power supply, designed around
the TLA494, 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 V, 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 Vac 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 R1. It is shorted
out of the circuit by triac Q1, only after capacitors C1 and C2 are fully charged,
and the high frequency output transformer T1, 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 QS, 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 of T3, forward biasing the base-emitter
of Q3, and charging C3 through CR1. 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.
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TABLE 13-1
400 Watt Switcher Performance Data

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 PA.R.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 T1 are cross connected through the
core of T4, forming a 1-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 TS5 is used to reduce output switching spikes by providing common
mode noise rejection, and its use is optional.

The MC3423, Ul, 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 us. 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. Q12 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 TLA494 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 Q11 is used
to discharge CS5 and to inhibit the operation of the power supply if a low ac line
voltage condition is sensed indirectly by Q10, or the output inhibit line is
grounded.
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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 () and peak detected by BR1 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 Ry and
Cr. 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 SWITCHMODE 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 EI75.
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 uH.
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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 (Q3, Q5): 44 turns total, #18 AWG Bifilar Split
wound about secondary.
Primary (Q1): 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 EI75.
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 Quad 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 pH

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 flyback 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.C. 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 IC. 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.

TABLE 13-4. Ripple Test Data for Various Capacitors

Sangamo Mepco/Electra CDE Mallory Sprague

2hsh i 301 3428 UPT VPR 432D

Capacitance/volts 5,100 pF, 12V 800 uF, 75V 5,000 pF, 12V 5,300 uF, 20 V 5,600 pF, 10V
+5.0V | Ripple (P-P) 200 mV 360 mV 170 mV 250 mV 200 mV

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

Capacitance/volts 1,200 pF, 20 V 1,400 pF, 20 V 1,000 pF, 20 V 1,200 pF, 12V 1,200 uF, 20 V
+12V Ripple 210 mV 260 mV 200 mV 200 mV n.a.

Spikes 740 mV 1,100 mV 1,800 mV 1,440 mV na. #

Capacitance/volts 470 uF, 12V 2,100 uF, 10V 680 uF, 12V ‘1,200uF. 12V 560 uF, 40 V
-5.0V | Ripple 160 mV 160 mV 180 mV 140 mV 180 mV

Spikes 540 mV 1,300 mV 680 mV 360 mV 440 mV
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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 ps
— 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
ps with a 5.0 V pulse, a 10 ps 10 V pulse is needed to reset if after it has been
turned off.

At the ac line input, two axial-lead 310 wF, 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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Vertical Scale:
Ic = 0.5 Alcm

Horizontal Scale:
t = 10 ps/cm

Figure 13-8. 2N6545 Current and Voltage Wave Forms

Vertical Scale:
| = 0.2 A/cm

Horizontal Scale:
= 100 V/cm

Figure 13-9. 2N6545 Load Line

60-W FLYBACK REGULATOR WAVEFORMS
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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. Ata 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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Figure 13-10. Current Limiting with the MC34060
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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

<
Vin Vout
3 ? O
DC %
Power ==y S(e)r:/se
pely Cout
O —@— L O
Vin . Vout
=== T O
DC +
Power Cout ov ‘
Supply Sense
S I . o
*Needed if supply not current limited

Figure 14-1. Typical Crowbar OVP Circuit Configurations
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Supply Output

/. o

Figure 14-2. Crowbar SCR Surge Current Waveform

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 any one of three mechanisms: di/dt, peak surge current,
or I?t. 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* di/dt*
MCR67 300 A 75 Alps
MCR68 300 A 75 Alps
MCR69 750 A 100 A/ps
MCR70 850 A 100 A/ps
MCR71 1700 A 200 A/ps

*tw = 1 us, exponentially decaying
** All devices available with 25, 50, and 100 V ratings
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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 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 di/dt capability than a corner-gate-fire type, and heavily overdriving
(3 to 5 times I5y) the SCR gate with a fast (< 1 ws) rise time signal will maximize
its di/dt capability. A typical maximum di/dt in phase control SCRs of less than
50 A rms rating might be 200 A/ps, assuming a gate current of five times Igp
and < 1 us rise 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).

L o A

RL
ESR
Output
Capacitor
ESL.

M

*R & L Empirically Determined!

Figure 14-3. Circuit Elements Affecting SCR Surge & di/dt
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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
5

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.

Figure 14-4. The Zener Sense Circuit

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.
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Figure 14-6. The “723” Sense Circuit
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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 mA/ps rise time in order to maximize the di/dt capabilities of the crowbar
SCR. In addition, its features include:

1. 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 s to 1.0 ms) before actuation occurs. This feature allows
the OVP circuit to operate in noisy environments without nuisance tripping.

Vec
T
Current
Source
O
4
2
C L +:
VSense 1
Le =
Vref
26V 7 o
_o
Output
Y L
&7 3 5 6
w8 AMT.O O
VEE Sense 2 ACT. Indication Out

Figure 14-7. MC3423 Block Diagram
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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 R1 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, S1, 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, F1, should be used to protect the SCR and/or the load.

*
- g— +
o (+Sense | \
F1 Lead) |
1 Q1 :
8 |
Power :
MC3423
Supply RG ! > To
\ Load
" \
l’\ S1*
(—Sense :
Lead) |
I /

R1 R1
VTRIP = Vref (1+55) ~ 2.6V (1+25)

R2 < 10 kQ 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 Vgg. The value of this
capacitor determines the minimum duration of the overvoltage condition (tp)
which is necessary to trip the OVP. The value of C can be found from Figure
14-11. The circuit operates in the following manner: when V rises above the
trip point set by R1 and R2, the internal current source begins charging the
capacitor, Cp, connected to pins 3 and 4. If the overvoltage condition remains
present long enough for the capacitor voltage, Vcp to reach Vg, 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, Vc, 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 S. If the voltage on this CMOS/TTL 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

1.0
a
v
v
,
0.1

ic
3 7
w
(&)
Z om
= o
o
<<
o
<
o
(=]
O oom

0.0001

0.001 0.01 0.1 1.0 10
tp DELAY TIME (ms)

Figure 14-11. Cp versus Minimum Overvoltage Duration, tp for The MC3423 OVP
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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 (C1+, Cl1—, 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 (Vy) at the comparator
input can be calculated using the equation:

VH = RH IH
Where Ry = equivalent resistance
Iy = comparator hysteresis current

If hysteresis is not required, it can be eliminated by making the equivalent re-
sistance in series with the C— input (Ry) 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.
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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, any one of the indicator outputs can activate all of the crowbars
without any interference.

2. Line Loss Detection — In addition to providingvovervoltage 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

+Viupply > 4
Ry
vee
C1+ DRV1
R, C1- = IND1 ] 1
Vret C RA2 -
IF - .
- g2+ 4 A
3 4 IND2
C2-  DRv2
I
Ry = |DLY1 Gnd DLY2
oL | Lo, o\
= VsuppLy =
R R
+Vrrip = Vet [1 + R_;] —Virp = Vet [R_; ‘1]

Figure 14-13. OVP for Split Supply Operation
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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 (Cp).
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 ~ Voie)
lmax
Where C = filter capacitance

[
Il

time to power supply failure

I.x = maximum load current

<
o)
|

= filter capacitor voltage
A%

By setting t equal to the maximum time for the system to store all required
data, and solving the equation for V., 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 V.

min = Minimum regulator input voltage

14-13



Rectified
Line

Line Fault

Line |——Normal Line

Conditions

Brownout

(<80% VNominal)

Line Loss —|

Figure 14-16. Waveforms lllustrating Brownout and Line Loss Detection for the Circuit of Figure 14-14.

POWER SUPPLY SUPERVISORY CIRCUITS

TYPE Operating Typ. Drive Sense trip Device Suffix Ta Case I
Voltage Range | Output Current Voltage Number °C
v) (mA) v)
Min. ! Max.
ovP 45 | 40 300 26+5% | MC3423 2 w70 | 528
U 693
MC3523 U | -55t0125 | 693
”'g"‘\’,';" 45 | 40 350 25+4% | MC3424A . e |90
- 1% L 620
MC3324,A . -40 to 86 | 48
L 620
MC3524.A L | —66to125 | 620
OUVP | 45 | 40 300 25+4% | Mc34a25A | P! Bip 70 | 528
* 1% u 693
MC3525A° | U | -55t0125 | 693
3;3;,'“ 30 | 40 200 25+ 2% |MC34061,A | P otw70 | 2°
*1% P1 626
] 626
MC35061A°| U | —55t0o125 | 693
Pin T 626
Program:| +30. 140 200 25+ 3% | MC34062 - o070 |23
W MC35062° U | -55t0125 | 692

*To be introduced
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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 + Pp 6ia (15.1)

where Tj = junction temperature (°C)
Ta = ambient air temperature (°C)
Pp = power dissipated by device (watts)

61a = thermal resistance from junction to ambient air (°C/W)

The junction-to-ambient thermal resistance, 1A, in Equation (15.1) can be
expressed as a sum of thermal resistances as shown below:

G1a = Oic + Ocs + 0Osa ¢15:2)
where fic = junction-to-case thermal resistance
fcs = case-to-heatsink thermal resistance
fsa = heatsink-to-ambient thermal resistance

(Equation (15.2) applies only when an external heatsink is used. If no heat-
sink is used. @A is equal to the device package 61A given on the data sheet.)

0ic depends on the device and its package (case) type, while 6sa is a property
of the heatsink and fcs depends on the type of package/heatsink interface
employed. Values for fic and 6sa are found on the device and heatsink data sheets,
while 6cs is given in Table 15-1.

TABLE 15-1

fcs For Various Packages &
Mounting Arrangements

fcs
METAL-TO-METAL* USING AN INSULATOR*
With Heatsink With Heatsink

CASE DRY Compound Compound Type

= . 0.36°C/W 3 mil MICA
. s sl 0.28°C/W Anodized Aluminum

TO-66 1.5°C/W 0.5°C/W 0.9°C/W 2 mil MICA
TO-220 1.2°C/W 1.0°C/W 1.6°C/W 2 mil MICA

*Typical values; heatsink surface should be free of oxidation, paint, and anodization
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Examples showing the use of Equations 15.1 and 15.2 in thermal calculations
are as follows:

Example 1: Find required heatsink @sa for an MC7805CT; given:

Tjmax (desired) = +125°C
Tamax = +70°C
Pp = 2 watts

Mounted directly to heatsink with silicon thermal grease at interface
1. From MC7805CT data sheet, 8ic = 5°C/W

2. From Table 15-1, fcs = 2.6°C/W
3. Using Equation 15.1 and 15.2, solve for 6sa:

Osa = (le:—DTA) — fcs —6ic

osn = 1210 _50 - 26
< 19.9°C/W required

Example 2: Find the maximum allowable Ta for an unheatsinked
MC78LI15CT, given:

Tjmax (desired) = +125°C
Po = .25 watt
1. From MC78L15CT data sheet, 14 = 200°C/W
2. Using Equation 15.1 find Ta:
Ta = Tj =~ Pp@ia
="125"— ,25(200)
= £T5C

B. SELECTING A HEATSINK

Usually, the maximum ambient temperature, power being dissipated, the
Tjmax, and 6ic for the device being used are known. The required 6saA for the
heatsink is then determined using Equations 15.1 and 15.2, as in Example 1.
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.
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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
6sa*(°C/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
IERC — HP

Staver — V3-3-2

5.0-7.0 Wakefield — 690

Thermalloy — 6002, 6003, 6004, 6005, 6052, 6053, 6054, 6176, 6301
IERC — LB

Staver — V3-5-2

7.0-10.0 Wakefield — 672

Thermalloy — 6001, 6016, 6051, 6105, 6601
IERC — 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

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

TO-5
0sa*(°C/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
IERC — 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, 2207, 2209, 2210, 2211, 2226, 2230,
2257, 2260, 2262

Staver — F1-5, F5-5

9sa*(°C/W) CASE TO-220
5.0-10.0 IERC 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.
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T0-92

0sa*(°C/W) Manufacturer/Series or Part Number
46 Staver F5-7A, F5-8
50 IERC RUR
87 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 Thermalioy — 6011
34 Thermalloy — 6012
45 IERC — LIC
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, @sa. Therefore, a means of determining 6sa is
necessary in the design. Unfortunately, a precise calculation method for 6sa 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 aspectratio 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:
o 1
~ An (Fche + €Hy) (

area of the heatsink surface

Osa °C/W) (15-3)

where A

n

*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.

heatsink effectiveness
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F. = convective correction factor

he = convection heat transfer coefficient

€ = emissivity
H: = normalized radiation heat transfer coefficient

The convective heat transfer coefficient, hc, 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

o T~ Ta = fsaPo (15.4)

where Ts = heatsink temperature
Ta = ambient temperature
fsa = heatsink-to-ambient thermal resistance

Pp = power dissipated
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Figure 15-1. Convection Coefficient, hg

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

The convective correction factor, Fc, 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 Fc for
Convection Thermal Resistance

Significant Dimension L Correction Factor Fc
Surface Position L Position Fe
vertical height — (max 2 ft) Vertical Plane 1.0
Horizontal Plane
Rectangular Plane horizontal length x width both surfaces 1.35
Tength + width exposed
Circular Plane vertical 7 /1 x diameter top only exposed 0.9
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The normalized radiation heat transfer coefficient, Hr, is dependent on the
ambient temperature, TA, and the heatsink temperature rise, Ts — TA, given by
Equation (15.4). Hr can be determined from Figure 15-2.
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3 g 0.6 —t| o e al
£ 2w 50°C ]
=
o 0.5 —
Z
2 25°C //
I 0.4 —
10 20 30 50 70 100 200
Ts-Ta, Temperature Rise of Plate (°C)

Figure 15-2. Normalized Radiation Coefficient, H;

The emissivity, €, can be found in Table 15-4 for various heatsink surfaces.

TABLE 15-4.
Typical Emissivities of Common Surfaces
Surface Emissivity, €
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
Qil Paints (any color) 0.92 — 0.96
Varnish 0.89 — 0.93

Finally, the heatsink efficient, 1, can be found from the nomograph of Figure
15-3. Use of the nomograph is as follows:

a. Find ht = Fche + €Hr 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 hr 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 a, which was found in (b), to determine 7.

d. If power dissipating element is not located at heatsink’s center of symmetry,
multiply n 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 0sA evaluated, and the original size reduced or enlarged
as necessary. This process is iterated until the smallest heatsink is obtained that
has the required 6sa. 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:

Heatsink 6sa = 25°C/W

Power to be dissipated, Pp = 2W

Maximum ambient temperature, Ta = 50°C

Heatsink to be constructed from %'’ (0.125"") thick anodized aluminum.

. First, a trial heatsink is chosen: 2"’ x 3"’ (experience will simplify this selectnon
and reduce the number of necessary iterations.)

b. The factors in Equation (15.3) are evaluated by using the Figures and Tables
given.

B W

A =2"x3" = 6sq. in.
L = 6/5" = 1.2 in. (from Table 15-3)
Ts — Ta = 50°C (from Equation 15.4)
he = 5.8 x 1073 W/in? — °C from Figure 15-1)
Fc = 0.9 (from Table 15-3)
Hr = 6.1 x 1073 W/in? — °C (from Figure 15-2)
€ = 0.9 (from Table 15-4)
ht = Fche + Hre = 10.7 x 1073 w/in? — °C
a = 0.13 (from Figure 15-3)
D 1.77 (from Figure 15-4)
m > 0.94 = 1 (from Figure 15-3)
c. Using Equation 15.3, find 6sa

1
AT) (Fchc + EH)

Osa = = 16.66°C/W < 25°C/W

d. Since 2"’ x 3"’ is too large, try 2'' x 2''. Following the same procedure, 6sa is
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 (T'ype 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
(0.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
0O.C. curve.

Two points on the curve are of interest. The AQL, (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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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-38510 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/1000 hours
Commercial (no burn-in) 0.1%
Class C 0.04%
Class B 0.004%
Class A 0.002%
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TABLE 16-1

Outgoing Quality Assunnee Sampling Plan
Regulators Standard Product

Subgroups
(Per Mil-Std-883, Method 5005) LTPD ACCN AQL

A-1: Static Tests, 25°C 2.3 0
A-2: Static Tests, Max. Temp. 3.8 1
A-3: Static Tests, Min. Temp. 3.8 1
A-4: Dynamic Tests, 25°C 23 0
A-5: Dynamic Tests, Max. Temp. .8 1
A-6: Dynamic Tests, Min. Temp. 3.8 1
A-7: Funct. Test, 25°C 23 0
A-8: Funct. Test, Min/Max Temps. 23 0
A-9: Switching Tests, 25°C 23 0
A-21: Key Parameters, 25°C 23 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.

B. RELIABILITY CONCEPTS

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

(A) Ts = Ta + 61aPp

or
(B) Ts = Tc + 6ic Pp
where Ts = Junction Temperature
Ta = Ambient Temperature
Tc = Case Temperature
61a = Junction to Ambient Thermal Resistance
6ic = Junction to Case Thermal Resistance
Pp = Power Dissipation
100
Typical Failure Rate
vs
Junction Temperature
10 for Regulators
Non-burned-in Product
2 \
E 3 1
o =
Q''®
2.2
~ o
X3
b
3
o
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Figure 16-2
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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 EPIIC. 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 betweenplastic
vs hermetic regulators. In general, for all Linear integrated Circuits, including
regulators, the field removal rates for plastic and hermetic I/C’s are 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 I/C’s (including reg-
ulators) are coated with protective materials, provided that the coating is done
properly (adhering properly) and no new contaminants are introduced.
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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 (I ,..,)
Maximum output current in which key device parameters are specified.

Device
Motorola part number for the IC regulator.

Suffix
Designator for case type; and, in some products, includes temperature range.

Output Voltage (V)

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 (V,,)

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 (V,,-V,,,)
This is the minimum voltage across the regulator for proper operation.

Maximum Power Dissipation (Pp ..,,)

Maximum power the device can dissipate in free air at T, = 25°C without
a heatsink; and with case temperature held constant at To = 25°C.
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Line Regulation (Regy;,.)
The percent change of output voltage for a change in input supply voltage.
Given by:
1

AV
Reg (%) = == X —— X 100
— Voul AVin

where AV,
AV,, = change in V,,

= change in V,

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 (Reg;,.q)

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 (T of V)

Percent change in output voltage per degree Celsius rise in junction tempera-
ture.

Maximum Operating Junction Temperature (T} ,,,)

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 221A: ‘““TO-220"’ plastic package

Case 603: 10-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.
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TABLE 17-1
ADJUSTABLE OUTPUT REGULATORS

POSITIVE OUTPUT REGULATORS

== Regulation
3 ‘c:m w?m % Vout @
E Vout Vin Differ- . Ta = 25°C
o F st Naits ential Typ TCVout | Ty =
mA Device 1 Voits | Ta= | Tc = Typ c
Max Type X Min Max | Min | Max Min 25°C 25°C Line Load %/°C Max Case
100 | LM317L Hz [ 12 37 [ 50 | 40 30 Internally 004 | 05 0.006 125 | 29,79
LM217L Limited 002 | 03 0.004 150
LM117L* 0.003
150 | MC1723 ce | 20 37 [ 95 | 40 30 125 | — 0.1 03 0.003 150 646
cG 1.0 2.1 0.1 0.003 603C
G 0.2 0.002
Gl 15 = 0.1 0.003 175 632
L = 0.2 0.002
co |, a8 | = 0.1 0.003 150 | 751A
250 | MC1469 6 | 28 32 | 90 | 35 30 | 068 | 18 | 003 | 013 0.002 150 603
MC1569 37 | 85 | 40 2.7 0.015
500 | LM317M T 12 37 | 50 | 40 3.0 Internally 002 | 0.1 0.0056 125 | 221A
LM317M R Limited 80
LM217M 0.004 150
LM117M* 0.0036
600 | MC1469 R 25 32 ' | 90 | 35 3.0 30 | 140 | 003 | 005 0.002 150 614
MC1569 37 | 85 | 40 27 ’ 0.015
1500 | LM317 T 1.2 37 | 50 | 40 3.0 Internally 007 | 15 0.006 125 | 221A
LM317 H, K Limited 79, 1
LM217 0.004
LM117* 005 | 1.0 0.003 150
3000 LM350 T 12 R T 30 Internally 002 | 01 0.008 125 | 221A
LM350 K Limited 1
LM250 0.0057 150
LM150* 0.0051
#T) = —40t0 +125°C (Continued)

*Ty = -55to +150°C
tOutput Voltage Tolerance for Worst Case

17-3



ADJUSTABLE OUTPUT REGULATORS (Continued)
NEGATIVE OUTPUT REGULATORS

T
~ 3
: | Aol
u v - Vout Watts = -°u25°c
F out in Differ- Max A=
10 F pobi Vol ential Typ TCVout | Ty =
mA Device I Volts Ta= | T¢c = Typ °c
Max Type X Min Max Min Max Min 25°C 25°C Line Load %/°C Max Case
250 MC1463 G 38 32 9.0 35 3.0 068 18 003 005 0.002 150 603
MC1563 36 33 85 40 27 0.015 013
500 LM337M T =12 -3.7 5.0 4.0 3.0 Internally 0.02 03 0.0048 125 221A
LM337M R Limited 20
LM237M 0.0034 150
LM137M* 0.0031
600 MC1463 R 38 34 9.0 35 30 24 9.0 0.03 0.05 0.002 175 614
MC1563 36 37 85 40 27 0.015
1500 LM337 T Y2 37 50 40 30 Internally 0.02 0.3 0.0048 125 221A
LM337 H, K Limitad 79.1
LM237 0.0034 150
LM137* 0.0031

*Ty= -551t0 +150C

B. FIXED OUTPUT REGULATORS

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 (V,,,)

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 (I ,.,)

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 min/max (V,,)

Range of allowable instantaneous dc input voltage. Exceeding maximum V,,
could result in regulator damage, while dropping below minimum value will
cause loss of regulation.
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Line Regulation (Reg,;,.)

Change in output voltage for a given change in input voltage. Test speci-
fications are given in the data sheets of Section 18.

Load Regulation (Reg,y,q)

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 (AV/AT)
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 2
Styles ) !
o1 o1 2 J c
3 -2 2 9
CASE 1 29 p ) 80 221A 603 603C 614
(TO-3) (TO-92) (TO-39) (TO-66) (TO-220) (TO-5 Type) (TO-66)
MATERIAL Metal Plastic Metal Metal Plastic Metal Metal Metal
SUFFIX K G, H R j G G R
16 14 1
1 1
CASE 620 632
(TO-116)
MATERIAL Ceramic Ceramic Plastic Plastic Plastic Ceramic Plastic
SUFFIX J, L L P N, P N J D
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Fixed/Voltage, 3-Terminal Regulators for Positive or Negative Polarity Power Supplies.

TABLE 17-2
FIXED OUTPUT VOLTAGE REGULATORS
FIXED/VOLTAGE, 3-TERMINAL REGULATORS FOR POSITIVE OR NEGATIVE POLARITY POWER SUPPLIES.

lo AVQ/AT
Vout Tol.t mA Device Type Device Type Vin Regline Regload mVvrc
Volits Volts Max Positive Output Negative Output Min/Max mV mV Typ Case
2 +0.1 1500 - MC7902C 5.5/35 40 120 1.0 1, 221A
3 *=0.15 100 _— MC79L03AC 4.7/30 60 72 — 29,79
=0.3 MC79L03C 80
5 =05 100 MC78L05C MC79L05C 6.7'30 200 60 d 29,79
+0.25 MC78L0O5AC MC79L05AC 150
500 MC78M05C — 735 100 100 1.0 79, 221A
=04 1500 LM108 — 1.1 1,79
LM209 =
+0.25 LM309 — 50 1.0
+0.35 MC7805* = 8.0/35 0.6 1
+0.25 MC7805B# — 8/35 100 1.0 1, 221A
MC7805C MC7905C 735
0.2 MC7805A* — 7.5/35 10 50 0.6 1
MC7805AC MC7905AC 100 1, 221A
+0.25 LM140-5* —_ 7/35 50 50 1
LM340-5 —
3000 MC78T05* = 7.3/35 10 25 0.1 1
MC78T05C =
+0.2 1, 221A
MC78T05A* — 1
MC78T05AC — 1 221A
+0.3 LM123 = 7.5/20 25 100 0.4 1
+0.1 LM123A ~— 15 50
+0.3 Lm223 = 25 100
+0.1 LM223A 2 15 50
+0.2 LM323 - 25 100 1,221A
+0.1 LM323A — 15 50
5.2 +0.26 1500 — MC7905.2C 7.2/35 105 105 1.0 1, 221A
6 +0.3 500 MC78MO06C - 8/35 100 120 1.0 79, 221A
>0.35 1500 MC7806* — 9/35 60 100 0.7 1
*=0.3 MC7806B# — 9:35 120 120 1,221A
MC7806C MC7906C 835
+0.24 MC7806A* — 8.6/35 1" 50 1
MC7806AC — 100 1, 221A
*0.3 LM140-6* —_ 8/35 60 60 1
LM340-6 —
3000 MC78T06* == 8.3/35 1 25 0.12 1
MC78T06C — 1, 221A
8 =08 100 MC78L08C — 9.7/30 200 80 — 29,79
MC78LOBAC - 125
+0.4 500 MC79M08C s 10/35 100 160 1.0 79, 221A
1500 MC7808* — 11.5/35 80 100 1
MC7808B# = 11.5/35 160 160 1, 221A
MC7808C MC7908C 10.5/35
+0.3 MC7808A* — 10.6/35 13 50 1
MC7808AC — 100 1, 221A
=04 LM140-8* = 10.5/35 80 80 ;)
LM340-8 —
3000 MC78T08* = 10.4/35 13 25 0.16 1
MC78T08C — 1, 221A
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Fixed Output Voltage Regulators (continued)

) AVQ/AT
Vout Tol.t mA Device Type Device Type Vin Regline Regload mvV/C
Volts Voits Max Positive Output Negative Output Min/Max mV mV Typ Case
12 =12 100 MC78L12C MC79L12C 13.7/35 250 100 - 29,79
+0.6 MC78L12AC MC79L12AC
500 MC78M12C —_ 14/35 100 240 1.0 79, 221A
1500 MC7812* = 16.5/35 120 120 1.5 1
MC7812B# —_ 240 240 1, 221A
MC7812C MC7912C 14.5/35
+0.5 MC7812A* —_ 14.8/35 18 50 1
MC7812AC —_ 100 1, 221A
+0.6 LM140-12* — 14.5/35 120 120 18 1
LM340-12 =
3000 MC78T12* —_ 14.5/35 18 25 0.24 1
MC78T12C —_ 1, 221A
+0.5 MC78T12A* —_ 1
MC78T12AC —_ 1, 221A
15 +156 100 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* - 18.5/35 150 150 18 1
MC7815B# — 300 300 1, 221A
MC7815C MC7915C 17.5/35
+0.6 Mé78‘l 5A* —_ 17.9/35 22 50 1
MC7815AC = 100 1, 221A
+=0.75 LM140-15* —_ 17.5/35 150 150 1
LM340-15 —
3000 MC78T15* —_ 17.5/40 22 25 0.3 1
MC78T15C - 1, 221A
+06 MC78T15A* — 1
MC78T15AC - 1, 221A
18 +1.8 100 MC78L18C MC79L18C 19.7/35 325 170 —_ 29,79
+09 MC78L18AC MC79L18AC
500 MC78M18C — 20/35 100 360 1.0 79, 221A
1500 MC7818* — 22/35 180 180 23 1
MC7818B# = 360 360 1, 221A
MC7818C MC7918C 2135
=0.7 MC7818A* -z 31 50 1
MC7818AC — 100 1, 221A
=09 LM140-18* —_ 180 180 1
LM340-18 —
3000 MC78T18* — 20.6/40 31 25 0.36 1
MC78T18C — 1, 221A
20 +1.0 500 MC78M20C — 22/40 10 400 1.1 79, 221A
24 24 100 MC78L24C MC79L24C 25.7/40 350 200 == 29,79
=12 MC78L24AC MC79L24AC 300
500 MC78M24C — 26/40 100 480 1.2 79, 221A
1500 MC7824* — 28/40 240 240 30 1
MC7824B# — 480 480 1, 221A
MC7824C MC7924C 27.40
=10 MC7824A* — 27.3/40 36 50 1
MC7824AC — 100 1, 221A
*1.2 LM140-24* — 240 240 1
LM340-24 —
3000 MC78T24* 26.7/40 36 25 0.48 1
MC78T24C 1, 221A

#T) = —40to +125°C
*Ty = -55to0 +150°C
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
MC1466 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 0°C to
+70°C operating ambient temperature range. * indicates —55°C to + 125°C
operating ambient temperature range.)

Output Voltage (Vo)
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 (I ,,.,)

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 (V;,)

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 (V,,,)

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 (Reg;;,.)

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 (Reg,,,q)

Percent change in output voltage for a given change in output current. Test
specifications are given in the data sheets of Section 18.
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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 Vo)

Typical percent change in output voltage per degree Celsius change in junction
temperature.

Maximum Power Dissipation (Ppmax)

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: 10-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
FLOATING REGULATORS

\?OLTAGE AUXRIARY
V) |MAXOUTPUT| VOLTAGE
L CURRENT LINE LOAD CURRENT TYPICAL
DEVICE |MIN| MAX | IoMax | MIN | MAX | REGULATION | REGULATION | REGULATION | TC OF V, | PpMAX |PACKAGE
MciseeL® | o | = . 20v | 35V | 01%+1mV | 01%+1mV | .1%+1mA | =.006%~C | .75W 632
MC14e6L | O | * . 21V | 30V | .03%+3mV | .03%+3mV | .1%+1mA |=.01%"C 75W 632
TRACKING REGULATORS
OUTPUT INPUT
vo:.vr ‘)GE MAX OUTPUT V‘)('\',“)GE LINE LOAD
o CURRENT in REGULATION | REGULATION | TYPICAL
DEVICE | MIN MAX loMAX MIN | MAX %Vo %Vo TCofVy | PpmMax | PACKAGE
MC1568G* | =148V | =152V | =100mA | =17v | =30v 13% 2% +.006%/°C W 603C
Mc1se8L* | =148v | =152v [ =100mA | =17v | =30v 13% 2% +.006%°C [ 1.0W 632
MC1568R" | =148V | =152v [ =100mA | =17v | =30v 13% 2% +.006%°C | 2.4wW 614
MC1468G | =145V | =155V | =100mA | =17v | =30v 13% 2% +.013%°C W 603C
MC1468L | =145V | =155V | =100mA | =17v | =30v 13% 2% =013%°C | 1.0W 632
MC1468R | +145v | =155v | =100mA | =17v | =30v 13% 2% +.013%°C | 24w 614
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Voltage References

Output Device Voltage Temperature Operating Dynamic Description Case
Voltage Type Tolerance Coefficient Current Impedance
ppm/°C e
1.235V **LM385 +1% 20 10pA to 20mA 1 Micro Power 29
Voltage Reference
25Vt TL 431 +2% 50 1 to 100mA 0.22 Adjustable Precision 626,29
26V Shunt Regulator 693
** To be introduced
Low Temperature Drift, Low Voltage Reference
Vout 10 | AVout/AT
Volts mA | ppm/°C Device Regline Regload TA
Typ Max Max Number mV Max mV Max c Case
25 = 50 mV =10 25 MC1400U2 30 10 Oto +70 693
10 MC1400AU2 (Note 1) (Note 4)
40 MC1500U2 -55t0 +125
10 MC1500AU2
25 = 25mV 10 40 MC1403 3.04.5 10 Oto +70 693, 79
25 Mcgaan, (Note 2) (Note 5)
55 MC1503 =55'to #1256
25 MC1503A
50 = 10 mV =10 25 MC1400U5 4.0 20 Oto +70 693
L METEnAUG (Note 1) (Note 4)
40 MC1500U5 -55t0 +125
10 MC1500AUS
5.0 = 50 mV 10 40 MC1404U5 6.0 10 Oto +70
5 MC1404AUS (Note 3) (Note 5)
55 MC1504U5 ~6510 +125
25 MC1504AU5
6.26 = 10 mV =10 25 MC1400U6 4.0 20 Oto +70 693
10 Mci4o0Ate (Note 1) (Note 4)
40 MC1500U6 -55to +125
10 MC1500AU6
6.25 = 60 mV 10 40 MC1404U6 6.0 10 0to +70
. MCAs0sALS (Note 3) (Note 5)
55 MC1504U6 =8RG 125
25 MC1504AU6
10 + 20 mV =10 25 MC1400U10 4.0 20 Oto +70
10 MC1400AU1T0 (Note 1) (Note 4)
40 MC1500U10 it
10 MC1500AU10
10 = 100 mV 10 40 MC1404U10 6.0 10 0to +70
25 MC1404AU10 (Note 3) (Note 5)
55 MC1504U10 =550 +125
25 MC1504AU10
Notes:
1. (Vout = IV) < Vjp <40V
2. 45V<Vin <15V
15V < Vip < 40V

3. (Vout + 26 V) <Vjp <40V
-10mA=<I_=< +10mA
5. 0mA=<I_<10mA

17-10




Switching Regulator Control Circuits

Motorola offers a complete line of switching regulator [.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 (Ig a,)

This is the maximum output current capability of the switching control circuit
outputs. Most of the devices have dual push-pull outputs, except for the MC34060/
35060 and wA78S40 devices which are single ended.

Supply Voltage (V) min/max

Minimum applied voltage to V¢ in which normal operation occurs. Max-
imum applied voltage to V., 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 (f,)

The range in which the oscillator will operate to effectively drive the internal
logic and outputs.

Package

Case 620: 16-pin ceramic dual-in-line package
Case 632: 14-pin ceramic dual-in-line 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-line package
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TABLE 17-4 '
SWITCHING REGULATOR CONTROL CIRCUITS

a - 3
mA Device Ta
Max Min Max -__Min Max Number Suffix °c Case
40 10 30 2.0 100 MC3420 P Oto +70 648
L 620
MC3520 5 -55to0 +125 620
250* 7.0 40 1.0 300 MC34060 i Oto + 70 646
L 632
MC35060 [ 55to +125 632
250 7.0 40 1.0 300 TL494 CN Oto +70 648
cJ 620
ul -25t0 +.85 "
J 620
MJ -55t0 +125 620
250 > 40 1.0 300 TL485 CN Oto +70 707
c 726
IN -25to +85 707
IJ —-25t0 +85 726
SG3525A N 0°to +70 648
SG3525A J 0to +70 620
+400 8 40 0.1 400 SG2525A N 40 185 648
SG2525A J 620
SG1525A J -55t0 +125 620
SG3527A N O'to 470 648
SG3527A J 620
+400 8 40 0.1 400 SG2527A N _4010 +85 648
SG2527A J 620
SG1527A J -55to +125 620
SG3526 N 0to +70 707
SG3526 J 726
+200 8 40 0.001 400 SG2526 N _4010 +85 707
$G2526 J 726
SG1526 J -55t0 +125 726
IATES S0 £ Oto +70 938
1500 25 40 1 40 wA78S40 DC 620
nA78S40 DM -55t0 +125
8 20 20 70 TDA4600 = -15to + 85 762

*Single output device
**Internal 39 V zener for >40 volt operation
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@ MOTOROLA

LM109
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 LM109 Series devices. Even
this component may be omitted if the power-supply filter is not lo-
cated an appreciable distance from the regulator.

QUTPUT

NPUT

K SUFFIX
METAL PACKAGE (bottom

GROUND

® High Maximum Output Current — Over 1.0 Ampere in TO-3 type Glawe)
Package — Over 200 mA in TO-39 type Package. CAHSEN
(TO-3 Type)

® Minimum External Components Required

o t
® Internal Short-Circuit Protection m;u

Input

® Internal Thermal Overload Protection 1 3

@ Excellent Line and Load Transient Rejection

Designed for Use with Popular MDTL and MTTL Logic

Ground

(BOTTOM VIEW)
H SUFFIX
METAL PACKAGE
CASE 79
(TO-39)

ORDERING INFORMATION

Device Temperature Range Package

CIRCUIT SCHEMATIC

LM109H | T = -55°C to +150°C | Metal Can

1 LM109K | T, = -55°C to +150°C | Metal Power
-0 INPUT LM209H | T = -55°C to +150°C [ Metal Can
4 ;J LM209K [ T = -55°C to +150°C | Metal Power
S LM309H [ T;=0°C to +125°C | Metal Can
¥ #‘ 63V LM309K | T, =00°C to +126°C | Metal Power
1 130 "
63V .
- ) o TYPICAL APPLICATION

FIXED 5.0 V REGULATOR

2
HUUTPUT . 2 5V
Input @—e—0— LM108 F—O—9—@ Output
[ T
=~ 3 ~C
0224F Ground
63V

* Required if regulator is located an appreciable
distance from power supply filter.
Although no output capacitor is needed for
O GND stability, it does improve transient response.
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Pp, POWER DISSIPATION (W)

LM109, LM209, LM309

MAXIMUM RATINGS

Rating Symbol Value Unit
Input Voltage Vin 35 Vdc
Power Dissipation Pp Internally Limited
Junction Temperature Range q oC
LM109 -55 to +150
LM209 -55 to +150
LM309 0 to +125
Storage Temperature Range Tstg -65 to +150 oe
Lead Temperature Ts 300 oC
(soldering, t = 60 s)

ELECTRICAL CHARACTERISTICS

LM109/LM209 (1) LM309 (2
Characteristic Symbol Min Typ Max Min Typ Max Unit
Output Voltage (T = +25°C) Vo 4.7 5.05 53 48 5.05 5:2 Vdc
Input Regulation (T = +25°C) Regin = 4.0 50 - 4.0 50 mv
7.0< Vi <25V
Load Regulation (T = +25°C) Regjoad mV
Case 11-01 (type TO-3)50 mA < Ig < 1.5A 50 100 50 100
Case 79-02(T0-39) 5.0 mA < Ig < 05A 20 50 — 20 50
Output Voltage Range Vo 46 54 4.75 5.25 Vdc
JOVSV, <25V :
50mA<Ig< Imax- P <Pmax
Quiescent Current (7.0 V <V, <25 V) g 8.2 10 5.2 10 mAdc
Quiescent Current Change (7.0 V < Vi, < 25 V) alg 0.5 = = 0.5
5.0mA < 10 <lmax 0.8 = = 0.8
Output Noise Voltage (T 5 = +25°C) VN 40 - - 40 = uVv
10 Hz << 100 kHz
Long Term Stability S - - 10 - - 20 mV
Thermal Resistance, Junction to Case (3 6JC °c/w
Case 1 (type TO-3) - 3.0 - = 3.0 =
Case 79-02 (TO-39) - 15 = = 15 z

NOTES

®

©)
®

Unless otherwise specified. these specifications apply for -55°C < T, <+150° (-25°C <T;<+150°C for the LM209) For Case 79-02
(TO39) Vin= 10V, Ig=01A, Ipay=02A and Py, =2.0W. ForCase1 (typeTO-3) V;, =10V, 15 =05 A, I, = 1.0 A and
Prmax = 20W

Uniess otherwise specified, these specifications apply for 0°C < T; < +125°C, V;, = 10V. For Case 79 02 (TO-39) Ig = 0.1A, |5y = 0.2A
and Prax - 20W. ForCase1 (type TO3) 15=05A, Imay = 1.0Aand Pya, = 20 W.

Without a heat sink, the thermal resistance of the Case 79 02 (TQ-39) package is about 150°C/W, while that of the Case 1 (type TO 3)
package is aoproximately 35°C/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, T = +25°C unless otherwise noted.)

FIGURE 1 — MAXIMUM AVERAGE POWER DISSIPATION FIGURE 2 — MAXIMUM AVERAGE POWER DISSIPATION
(LM109K, LM209K) (LM109H, LM209H)
100
WAKE FIELD 1
50 HEAT SINK
680-75 or EQUIV
S INFINITE s
= HEAT SINK —_ = INFINITE
10 - S HEAT SINK ]
0 == = — WAKE FIELD \\
: N 3 —_— HEAT SINK
2| P —
~J i 210 207 OR EQUIV
NO HEAT > s ~_ C
INK NIA = NO HEAT X
10 S! =] SINK o~ B B )
N : =
05 S—TX e N
a0
AN
01 01 AN
% 100 125 150 25 50 75 100 125 150
Ta, AMBIENT TEMPERATURE (°C) TA. AMBIENT TEMPERATURE (0()
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LM109, LM209, LM309

TYPICAL CHARACTERISTICS (continued)
(Vin = 10V, Tp = +25°C unless otherwise noted.)

FIGURE 3 — MAXIMUM AVERAGE POWER DISSIPATION

(LM309K)
100
50
= INFINITE
= I HEAT SINK
S 19 WAKE FIELD 3
5 = —— =Se——F HEATSINK 3
= 0 —~ 680-75 OR EQUIV ]
2 - \\
= NO HEAT [ ]
210 SINK —=
S 0s ==
0.1
% 50 75 100 125 150
TA . AMBIENT TEMPERATURE (°C)
FIGURE 5 - OUTPUT IMPEDANCE versus FREQUENCY
10t1
]
w 10-0 I =20 mA
= = s
H =
w L
£ 4
= o “500mA
= 10-1 [ 1L =500 m
2
o
2
10-2
10 100 10k 10k 100k 10M
1, FREQUENCY (H2)
FIGURE 7 — PEAK OUTPUT CURRENT (H PACKAGE)
40
30
‘E \
- [ ~_
w , o
E - /-\‘ \
h T o~ 7= 550
- ] e — %
& —]
3 1.0 \\ TS
—Q‘ ¢ — T— T
/ \\ TA=+1250C
TA = +1500C —
V=45V
0 L
50 10 15 0 25 30 35 0 4

Vin, INPUT VOLTAGE (V)

18-4

FIGURE 4 — MAXIMUM AVERAGE POWER DISSIPATION

(LM309H)
"  ——
. ¢ o
1 1
WAKE FIELD
s HEAT SINK
= 680-75 OR EQUIV
4 &
(=] X
= \ INFINITE
g = \\ \\N:AT SINK
73
% 10 -
[=] "'y
= e 1 X
= \ .
2 \Y
- |——NO HEAT X
& |—sink < i
< i, ) i
N
0.1 \\\
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FIGURE 6 — PEAK OUTPUT CURRENT (K PACKAGE)
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o
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- e
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Vin, INPUT VOLTAGE (V)
FIGURE 8 — RIPPLE REJECTION
100 T
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INPUT-OUTPUT DIFFERENTIAL (V)

Vo, OUTPUT VOLTAGE (V)

Ig. QUIESCENT CURRENT (mA)

25

-
o

o

=

e
o

TYPICAL CHARACTERISTICS (continued)

FIGURE 9 — DROPOUT VOLTAGE

T[] s
~ IL=1.0A L;"iw
\m, (K Pac'kago Only) —— ONLY ——
— e S
g
= G ooy
LmM109 i IL=20mA
e —anil
Lm209 L=
[ ONLY
kK=
-1 50 -5 0 +25 +50 475 +100 +125 +150 +175

Ty, JUNCTION TEMPERATURE (°C)

FIGURE 11 — OUTPUT VOLTAGE
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FIGURE 13 — QUIESCENT CURRENT
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FIGURE 10 — DROPOUT CHARACTERISTIC
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FIGURE 12 — OUTPUT NOISE VOLTAGE
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LM109, LM209, LM309

TYPICAL APPLICATIONS

FIGURE 15 — ADJUSTABLE OUTPUT REGULATOR FIGURE 16 — CURRENT REGULATOR

p—@ OUTPUT
> Ry

INPUT LM108

INPUT

LM1G3

3 CASE

‘)
3300
1 1%

0.22 uF b

FIGURE 17 — 5.0-VOLT, 3.0-AMPERE REGULATOR
(with plastic boost transistor)

19
5w MJE370 OR EQUIV

nv 50V
- 0-30A
< 10 uF

FIGURE 19 — 5.0-VOLT, 10-AMPERE REGULATOR

MJ2955 OR EQUIV

50V
0-10A

10 uF

30 V(max)

~ @

Cq 1

0.22 uFT

SRy
3 CASE
®0UTPUT

*DETERMINES OUTPUT CURRENT.

FIGURE 18 — 5.0 VOLT, 4.0-AMPERE TRANSISTOR
)

(with plastic Darling boost i )

MJE1090 OR EQUIV
r

v

FIGURE 20 — 5.0-VOLT, 10-AMPERE REGULATOR
(with Short-Circuit Current Limiting for
Safe-Area Protection of pass transistors)

0.1,5wW

VWA~

MJ2955 OR EQUIV

10 V(min)

2N6049
OR EQUIV

18-6

MJ2955 OR EQUIV

LM103K
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@ MOTOROLA

LM117
LM217
LM317

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 LM117 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 LM117 series can be used as a precision current-

regulator.

® Qutput 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

3-TERMINAL
ADJUSTABLE POSITIVE
VOLTAGE REGULATOR

SILICON MONOLITHIC
INTEGRATED CIRCUIT

K SUFFIX

METAL PACKAGE
CASE 1

(TO-3 Type)

Pins 1 and 2 electrically isolated from case.
Case is third electrical connection.

STANDARD APPLICATION

* = Cy, Is required if regulator is
supply filter.
** = Cg is not needed for stability, however it does improve transient
response.

an appreciable distance from power

R
Vour=1.25V (1 + R_z.) +1agj R2
1

Since 'Adl is controlled to less than 100 uA, the error associated with this
term is in most

T SUFFIX
PLASTIC PACKAGE
CASE 221A
(TO-220)

Pin 1 Adjust
Pi

in2 Ve
Pin3

= vin

Heatsink surface connected
to Pin 2

2

H SUFFIX
METAL PACKAGE
CASE 79 1 3
(TO-39)

(Bottom View)

(Case is output)
PRI - Vo
Pin 2 Adjust
Pin3 Vg,

ORDERING INFORMATION

Device Temperature Range Package

LM117H | T, =-55°C to +150°C | Metal Can
LM117K | T =-550C to +150°C | Metal Power
LM217H | Tj=-25°C to +150°C | Metal Can
LM217K | T;=-25°C to +150°C | Metal Power
LM317H | T =0°C to +125°C Metal Can
LM317K | T;=0°C to +125°C Metal Power
LM317T | T;=0°C to +125°C Plastic Power
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LM117, LM217, LM317

MAXIMUM RATINGS

Rating Symbol Value Unit
Input-Output Voltage Differential V|-Vo 40 Vdc
Power Dissipation Pp Internally
Limited

Operating Junction Temperature Range Ty o¢

LM117 -55 to +150

LM217 -25 to +150

LM317 0 to +125
Storage Temperature Range Tstg -65 to +150 9c

ELECTRICAL CHARACTERISTICS (V| — Vg =5V; g =05 A for K and T packages; Ig = 0.1 A for H package;
T = Tiow t© Thigh [see Note 1]; Imax 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 Regjine %IV
TA=25°C,3V<V|-Vg<40V — 0.01 0.02 - 0.01 0.04
Load Regulation (Note 3) 2 Regjoad
TaA =25°C, 10 mA < Ig < Imax
Vo<5V - 5 15 - 5 25 mV
Vo225V - 0.1 03 - 0.1 0.5 % Vo
Adjustment Pin Current 3 | Adj = 50 100 = 50 100 HA
Adjustment Pin Current Change ) [ AIAdj MA
25V<V|-Vg<40V
10 mA < I < Imax. PD < Pmax = 0.2 5 — 0.2 5
Reference Voltage (Note 4) 3 Vief Y
3V<V|-Vg<40V
10 mA < 10 < Imax. PD < Pmax 120 | 1.25 | 1.30 | 1.20 | 1.25 | 1.30
Line Regulation (Note 3) 1 Regjine %IV
3V<V|—Vg<40V = 002 | 0os | — | 002 | 007
Load Regulation (Note 3) 2 Regjoad
10 mA < 10 < Imax
Vo<5V = 20 50 = 20 70 mv
Vo>5V = 0.3 1 = 03 | 15 %Vo
Temperature Stability (Tjow < Ty < Thigh) 3 Ts = 0.7 - - 0.7 - %Vo
Minimum Load Current to 3 ILmin mA
Maintain Regulation (V| — Vg =40 V) - 35 5 — 35 10
Maximum Output Current 3 Imax A
V| —VQ <15V, Pp < Pmax
K and T Packages 15 2.2 - 15 22 =
H Package 0.5 0.8 - 0.5 0.8 -
V| =V =40V, Pp < Pmax, Ta = 25°C
K and T Packages 0.25 04 - 0.15 04 -
H Package — 0.07 - — 0.07 -
RMS Noise, % of Vg - N %Vo
TA =25°C, 10 Hz < f < 10 KHz - 0.003 - = 0.003 =
Ripple Rejection, Vg = 10 V, f = 120 Hz (Note 5) 4 RR dB
Without CApy = 65 = = 65 =
CapJ = 10 wF 66 80 - 66 | 80 -
Long Term Stability, Tj = Thjgh (Note 6) 3 S %/1.0k Hrs
TA = 25°C for Endpoint Measurements - 0.3 1 - 03 1
Thermal Resistance Junction to Case - RgJc o°cw
H Package (TO-39) - 12 15 - 12 15
K Package (TO-3) - 23 3 - 23 3
T Package (T0O-220) - - — - 5 -

NOTES: (1) Tjow = ~55°C for LM117
=-25°C for LM217

=0°C for LM317

Thigh

= +150°C for LM117
= +150°C for LM217
= +125°C for LM317

(2) Imax = 1.5 A for K (TO-3) and T (TO-220) Packages
=0.5 A for H (TO-39) Package
Pmax = 20 W for K (TO-3) and T (TO-220) Packages

=2 W for H (TO-39) Package

(3) Load and line regulation are specified at constant

Ch

in Vo due to hesting

18-8

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) Capy. when used, is connected between the
adjustment pin and ground.

(6) Since Long Term Stability cannot be measured on
each device before shi , this specifi is an
engineering estimate of average stability from lot to
lot.




LM117, LM217, LM317

SCHEMATIC DIAGRAM

ﬂ ViH
ViL Vin

P

Cin 0.1 uF

* Pulse Testing Required:
1% Duty Cycle
Is suggested.

Vout
LM117 O

240
1%

5 O Vin
12§ } 5.6 K
= 63V
ﬁ 170
‘t 12K 160
y o 5 pF
©
i i 200 13K
0 6.8 K
o~
s 6.3V
= 30 30
5 pF PF (2.4 k
2§ ; 105
o ¥
= v-, 12.5 K %
- ¥ 4
<
i 0.1
0 VOUI
O Adjust
FIGURE 1 — LINE REGULATION AND Alpgj/LINE TEST CIRCUIT
Vee
v v
Line Regulation (%/V) = oinielel X 100
ﬂ . VoL

H VoH

VoL

Co A~ 1 4F

®




LM117, LM217, LM317

FIGURE 2 — LOAD REGULATION AND Alpgj/LOAD TEST CIRCUIT

Load

LM117

0.1 uF

*'Pulse Testing Required:

Vout
O

Load Regulation (mV) = Vo (min. Load) — VO (max. Load)

VO (min. Load) — Vo (max. Load)

(%Vg) =
= V0 (min. Load)

RL
(max. Load)

Vv
OD—LI_ O (min. Load)

VO (max. Load)

BL
(min. Load)

"

1% Duty Cycle is suggested.

(]

FIGURE 3 — STANDARD TEST CIRCUIT

Vin Vout
& LM117 o >
I
O Adjust
V) Rq Ry
+ \
Cin 0.1 uF CoEe A HE ﬁo \
e
R2
1%
_T_ To Calculate Ryp:
Pulse Testing Required: = Vo = IsgT R + 1.250 v
1% Duty Cycle is suggested. Assume IggT = 5.26 mA
FIGURE 4 — RIPPLE REJECTION TEST CIRCUIT
24 v '—_f\)
T Vin Vout Vigiz 10V
f = 130 Hz<, O—@——0——1 LM - + e o
Dq*
Adjust = 240
123 1% 1N4002 RL
+
Cin 0.1 uF

(5 1 uF

1.65 K
1%

|+
P .
Capy ~7< 10 WF

-

Il}—<>—lv:)/v—<

Dy Discharges Caopy if Output is Shorted to Ground.
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FIGURE 5 — LOAD REGULATION FIGURE 6 — CURRENT LIMIT
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FIGURE 7 — ADJUSTMENT PIN CURRENT FIGURE 8 — DROPOUT VOLTAGE
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LM117, LM217, LM317

FIGURE 11 — RIPPLE REJECTION VS OUTPUT VOLTAGE
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FIGURE 12 — RIPPLE REJECTION VS. OUTPUT CURRENT
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LM117, LM217, LM317

APPLICATIONS INFORMATION

BASIC CIRCUIT OPERATION

The LM117 is a 3-terminal floating regulator. In opera-
tion, the LM117 develops and maintains a nominal 1.25
volt reference (V ef) between its output and adjustment
terminals. This reference voltage is converted to a pro-
gramming current (IPROG) 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 + R_l) +ladj R2

Since the current from the adjustment terminal (Iadj)
represents an error term in the equation, the LM117 was
designed to control IAgj to less than 100 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 LM117 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.

FIGURE 17 — BASIC CIRCUIT CONFIGURATION

LM117

Adjust (

ladj

Vief = 1.25 V TYPICAL

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 (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 uyF disc or 1 uF 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 (CApJ) prevents
ripple from being amplified as the output voltage is
increased. A 10 uF 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 (Cp) in the form of a 1 uF tantalum or 25 uF
aluminum electrolytic capacitor on the output swamps
this effect and insures stability.

PROTECTION DIODES

When external capacitors are used with any |.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 (Cqo > 25 uF, Capy > 10 uF).
Diode D1 prevents Cqy from discharging thru the 1.C.
during an input short circuit. Diode D7 protects against
capacitor CApj discharging through the |.C. during an
output short circuit. The combination of diodes D1 and
D2 prevents Capy from discharging through the I.C.
during an input short circuit.

FIGURE 18 — VOLTAGE REGULATOR WITH
PROTECTION DIODES

D4
11
N
IN4002
Vin Vout
Cin

*
CO
o2 |

IN4002




LM117, LM217, LM317

FIGURE 19 — “LABORATORY" POWER SUPPLY WITH ADJUSTABLE
CURRENT LIMIT AND OUTPUT VOLTAGE

Ds
!
N
IN4002
\'% R. Vin2 A ‘o
outl SC n: out2 —p
VN (SRR etonbe s gl SN i el 1 Vo
1) (2)
321040V Vin1 ( .
240 Ds 1 uF
P < Tantalum
D4 IN4001
Adjust 1
s IN40O1 Adjust 2 * =5
el IN4001 &
Current % o b Voltage 1oLk
Limit 2 Adijust
Adjust b IN4001
Qq D3 "
2N3822 —
D4 OUTPUT RANGE:
0< V<25V
-1ov Q, ki 0<ig<1.2A
Diodes D4 and D5 and transistor Q5 are added to allow adjustment 2
of output voltage to O volts.
Dg protects both LM117’s during an input short circuit.
-10v

FIGURE 20 — ADJUSTABLE CURRENT LIMITER

FIGURE 21 — 5V ELECTRONIC SHUT DOWN REGULATOR

D
+25 V Vout Rj Vo2 Lot m
i LM117 —0—"\\—4 1N4002
Vin 1.25 Vin Vout
LM117 e
[
D4 &
Adjust Ry IN4001 f 1.0 uF
** To provide current limiting of I = 100 D2 Adjust =
to the system ground, the source o IN4001 -
the FET must be tied to a negative L MPS2222
voltage below - 1.25 V. 720 TTL
g Vref Control
27 Tpss 2N5640
s Vref
'” iomax * lDss = Minimum Vg e = 1.25 V
Vo< BVpgs + 1.26 V+ Vgg =
ILmin — lDss < l0 < 1.5 A Viee ® . : ; -
Plospor o255 o 'O <1A ss D4 protects the device during an input short circuit.
FIGURE 22 — SLOW TURN-ON REGULATOR FIGURE 23 — CURRENT REGULATOR
I
Vin Vout Vin Vout R4 gt
(o LM117 O . ] O— LM117 —O0—\——@
240 /\ 1N4001
Adjust & Adjust 'adi
Ra 5 i (VM
10 uF out = 7 + lag)
125 v
= =
Ry
i 10mMA< Igy < 1.6A
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LM117L
LM217L
LM317L

3-TERMINAL ADJUSTABLE
OUTPUT POSITIVE VOLTAGE REGULATOR

The LM117L/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 oniy 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 LM117L 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 LM117L 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

LOW-CURRENT
3-TERMINAL
ADJUSTABLE POSITIVE
VOLTAGE REGULATOR

SILICON MONOLITHIC
INTEGRATED CIRCUIT

Z SUFFIX
CASE 29
TO 92
PLASTIC PACKAGE
(LM317L only)

STANDARD APPLICATION
Vin Vout
*r—O— LM117L
lagj
- e
+
i4& sArel
0.1 uF 1 uF
* = Cjp is requi i lator is an appreci i from power
supply filter.
** =C,is not ded for ility, it does imp;

response.

82
Vout=1.25V (1+ E) +lagj R2

Since 154j is controlled to less than 100 uA, the error associated with this
term is in most

H SUFFIX
METAL PACKAGE
CASE 79
(TO-39)

(Bottom View)

(Case is output)
Pin 1 Vi
Pin 2 Adjust
Pin 3 Vout

ORDERING INFORMATION

Device Temperature Range Package

LM117LH | T =-55°C to +150°C | Meta! Can

LM217LH | T;=-25°C to +150°C | Metal Can

LM317LH | T;=0°Cto +125°C | MetalCan

LM317LZ T, =0°C to +125°C Plastic
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LM117L, LM217L, LM317L

MAXIMUM RATINGS

Rating Symbol Value Unit
Input-Output Voltage Differential Vi-Vo 40 Vde
Power Dissipation Pp Internally Limited
Operating Junction Temperature Range LM117L Ty -55 to +150 °c
LM217L -25to +150
LM317L Oto +125
Storage Temperature Range Ts‘g -65 to +150 - o

ELECTRICAL CHARACTERISTICS

(V1-Vo =5V, Ig =40 mA; Tj = Tow to Thigh [see Note 1]; Imax and Pmax per Note 2; unless otherwise specified.)

LM117L/2 7L LM317L
Characteristic Figure | Symbol Min Typ Max Min Typ Max Unit

Line Regulation (Note 3) 1 Regjine %/V
TA=25°C,3V<V|-Vg<40V — 0.01 0.02 T 0.01 0.04

Load Regulation (Note 3), Tp = 25°C 2 Regjoad
5 MA <10 < Imax — LM117L/217L
10 mA<Ig < Imax — LM317L

Vo< 5V — 5 15 — 5 25 mV
Vo=5V — 0.1 0.3 — 0.1 05 | %Vo

Adjustment Pin Current 3 IAdj — 50 100 - 50 100 uA

Adjustment Pin Current Change 12 Aladj A
25V V|-Vo <40V, Pp<Pmpax

5 mMA<IQ < Imax — LM117L/217L — 0.2 5 — 0.2 5
10 MA < Ig < Imax — LM317L

Reference Voltage (Note 4) 3 Vet Vv

3V<V|-Vg<40V,Pp<Pmpax
5 MA<Ig < Imax — LM117L/217L 1.20 1.25 1.30 1.20 1.25 1.30
10 MA< Ig < Imax — LM317L

Line Regulation (Note 3) 1 Regjine % /N
3VLSV)-Vg<40V — 0.02 0.05 — 0.02 0.07

Load Regulation (Note 3) 2 Regjpad
5 MA<IQ < Imax —LM117L/217L
10 MA< g < Imax — LM317L

Vo<5V — 20 50 — 20 70 mV
Vo=5V — 0.3 1 — 0.3 1.5 %Vo

Temperature Stability (Tiow < T) < Thigh) 3 Ts — 0.7 — - 0.7 — %V

Minimum Load Current to 3 ILmin A

Maintain Regulation (Vj-Vg = 40 V) — 3.5 5 — 35 10

Maximum Output Current 3 Imax A
V|-VQ < 20V, Pp < Pmax H Package 100 200 - 100 200 —

VI-Vo < 6.25 V, Pp < Ppax, Z Package 100 200 - 1005 200 —
VI-Vo =40V, Pp < Pmax. Ta = 25°C
H Package — 50 — — 50 —
Z Package == 20 - = 20 —

RMS Noise, % of Vg — N %Vo
TA=25°C, 10Hz< f< 10 kHz — 0.003 — — 0.003 —

Ripple Rejection (Note 5) 4 RR dB
Vo=125V,.f=120Hz 66 80 — 60 80 —
CAapy=10uFVp=100V — 80 — — 80 —

Long Term Stability, T = Thigh (Note 6) 3 S %/1.0 k
Ta = 25°C for Endpoint Measurements — 03 1 — 03 1 Hrs.

Thermal Resistance Junction to Case - Reuc °C/W
H Package (70-39) — 40 — — 40 —

Z Package (TO-92) - — — — 160 —

NOTES:
(1) Tiow = -55°C for LM117L Thigh = +150°C for LM117L
-25°C for LM217L = +150°C for LM217L
0°C for LM317L = +125°C for LM317L

(2) Imax = 100 mA
Pmax = 2 W for H (TO-39) Package
= 625 mW for Z (TO-92) Package

(3) Load and line regulation are specified at constant junction temperature
Changes in Vg due to heating effects must be taken into account
separately. Pulse testing with low duty cycle is used.

(4) ices with tigh t reference voltage available.

(58) Capy. when used, is the adj 1t pin and
ground. k

(6) Since Long Term Stability cannot be measured on each device before
shipment, this spetificction is an engineering estimate of average
stability from lot to lot.
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SCHEMATIC DIAGRAM

VINO- = -
300 300 300 3k 300 70 6.8V
6.8V
N
b
18 k
500
8 =
51
Kk
i
pF
OVouTt
Adjust
FIGURE 1 — LINE REGULATION AND AIAdj/LINE TEST CIRCUIT
Vee
Vor-V
Line Regulation (%/V) = eistibde/ X 100
ﬂ ViH H VoH
ViL Vin Vout VoL
99— LM117L O < < = <
240
R
1% L
+
Cin 0.1 uF (5 1 uF

* Pulse Testing Required:
1% Duty Cycle
is suggested.

[

®
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LM117L, LM217L, LM317L

FIGURE 2 — LOAD REGULATION AND Alagj/LOAD TEST CIRCUIT

Load Regulation (mV) = Vg (min. Load) — VO (max. Load)

Cin ;‘: 0.1 uF

1.656 K
1%

v — Vg (max. Load) ’ v
o (%vo) = O (min. Lo.:) o WT O (min. Load)
v, Vin Viee O (min. Load) VO (mex. Load)
*—@—0— LM117L O I
ay
(min. Load)
Cin ;J: 0.1 uF
* 2l
* Pulse Testing Required: _I_
1% Duty Cycle is suggested. —
FIGURE 3 — STANDARD TEST CIRCUIT
Vin Vout
LM117L e o
7 L8
+
Cin 7~ 0.1 uF Co A7~ 1 4F Vo
l To Calculate Ry:
Pulse Testing Requlired: = Vo = IsgT R + 1.250 V
1% Duty Cycle is suggested. Assume IgeT = 5.25 mA
FIGURE 4 — RIPPLE REJECTION TEST CIRCUIT
14.30 V_(\J
430V Vin Vout Vo =1.25 V-
=120 Hz ©&—@—O0— LM117L o 2 &
Dy*
Adjust
- 1N4002 RL

@

D
N
||}—4>—-'VW—1
(2]
>
2 2
N
r-——n--o—'vw————o
7 i
3 ® 8
®
m
O
-]
i AT

"Dy Discharges CAp, if Output is Shorted to Ground.
**CapyJ Provides an AC Ground to the Adjust Pin.
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4V, OUTPUT VOLTAGE CHANGE (%)

Ig, OUTPUT CURRENT (AMPS)

Ig, QUIESCENT CURRENT (mA)

FIGURE 5 — LOAD REGULATION

04
02 Vip=45v |
Y Vour=5V
0] r/ Ip =540 mA__{
-02 =
N Vip= 10V
-04 Vour =5V B
I =510 100 mA
-08
-08
-10
-50 -25 0 25 50 75 100 125 150
T,, JUNCTION TEMPERATURE (0C)
FIGURE 7 — CURRENT LIMIT
0.50
]' s
T)=25C 2
0.40 =
5
o
>
0.30 ]
NG 5
o
N N ]
B Y 5
Ty =150 \ \ S
- AN B
1 1
\\\ F
0
10 20 30 a0 50
V} = Vg, INPUT — OUTPUT VOLTAGE DIFFERENTIAL (VOLTS)
FIGURE 9 — MINIMUM OPERATING CURRENT
b | P
E I 1 1
a0l Ty=850C—=-—
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35— Ty=1500¢ = — —
30
- I -
25 AT
o
24 =
15 e -/‘ ~
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: ’___ =
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0 10 20 30 )

V1 - Vg, INPUT — OUTPUT VOLTAGE DIFFERENTIAL (VOLTS)
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DIFFERENTIAL (VOLTS) RR, RIPPLE REJCTION (dB)

R.R. RIPPLE REJECTION (dB)

FIGURE 6 — RIPPLE REJECTION

80 .4
e — i 18
e~
70
I =40mA L )
f=120 Hz i
Vg=10V
%0 Vip=141028 V
50
-50 -25 0 25 50 75 100 125 150
T, JUNCTION TEMPERATURE (°C)
FIGURE 8 — DROPOUT VOLTAGE
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e
T \\
N | I =100mA
I~ Tl
15 R —~
\
IL=5mA
~
10
05
-50 -25 0 25 50 5 100 125 150

Ty, JUNCTION TEMPERATURE (°C)

FIGURE 10 — RIPPLE REJECTION versus FREQUENCY

T I
IL =40 mA
Vin =5V +1Vpp
Vg =125V

A
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LM117L, LM217L, LM317L

FIGURE 11 — TEMPERATURE STABILITY

FIGURE 12 — ADJUSTMENT PIN CURRENT

1.260
3n Vin =6.25V
s = b g PR
z -l = 10mA
w 1.250 Z 65 L
& =T =100 mA
: \ E I =100 m,
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> I =5mA S
i 2w
| {
1.220 35
50 -25 0 25 50 75 100 125 150 -50 -25 0 25 50 75 100 125 150
T,. JUNCTION TEMPERATURE (°C) T, JUNCTION TEMPERATURE (°C)
FIGURE 13 — LINE REGULATION FIGURE 14 — OUTPUT NOISE
g 04 Vin=4.251041.25V ! !
p Vo = Viet Bandwidth 100 Hz to 10 kHz
2 02 1L=40mA 10
T >
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5
a -08
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FIGURE 15 — LINE TRANSIENT RESPONSE FIGURE 16 — LOAD TRANSIENT RESPONSE
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APPLICATIONS INFORMATION

BASIC CIRCUIT OPERATION

The LM117L is a 3-terminal floating regulator.
operation, the LM117L develops and maintains a nominal
1.25 volt reference (Vef) between its output and adjust-
ment terminals. This reference voltage is converted to a
programming current (IpROG) by R1 (see Figure 13),
and this constant current flows through R2 to ground.
The regulated output voltage is given by:

In

R2
Vout = Vref (1 +23) + 1adj R2

Since the current from the adjustment terminal (l1adj)
represents an error term in the equation, the LM117L was
designed to control IAdj to less than 100 pA 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 LM117L 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.

FIGURE 17 — BASIC CIRCUIT CONFIGURATION

LM117L

Adjust

'Adij

Vet = 1.26 V TYPICAL

LOAD REGULATION

The LM117L 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 yF disc or 1 yF 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 (CADY) prevents
ripple from being amplified as the output voltage is
increased. A 10 uF capacitor should improve ripple
rejection about 15dB at 120 Hz in a 10 volt application.

Although the LM117L is stable with rio output capaci-
tance, like any feedback circuit, certain values of external
capacitance can cause excessive ringing. An output capaci-
tance (Cg) in the form of a 1 uF tantalum or 25 uF
aluminum electrolytic capacitor on the output swamps
this effect and insures stability.

PROTECTION DIODES

When external capacitors are used with any |.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 LM117L with the recommended
protection diodes for output voltages in excess of 25 V or
high capacitance values (Co > 10 uF, CApy > 5 uF!).
Diode D1 prevents Cg from discharging thru the I.C.
during an input short circuit. Diode D2 protects against
capacitor CApyJ discharging through the |.C. during an
output short circuit. The combination of diodes D1 and
D2 prevents Caopy from discharging through the I.C.
during an input short circuit.

FIGURE 18 — VOLTAGE REGULATOR WITH
PROTECTION DIODES

D
-1
™~
IN4002
Vin Vout
O—T—— LM117L
+
Cin /= R4 / Co
=)
Adijust IN4002
c
Ry ,F ADJl




LM117L, LM217L, LM317L

FIGURE 19 — ADJUSTABLE CURRENT LIMITER

FIGURE 20 — 5V ELECTRONIC SHUTDOWN REGULATOR

+25 v Vout Ry Vo 3 Ip
Oo— LMI117L p—O—"\N—@p—O
Vin 125k
1 D
R2 1
Adjust 500 1N914
*To provide current limiting of Ip to Dy
the system ground, the source of the 1IN914

current limiting diode must be tied
to a negative voltage below -7.25 V.

Vret
Ry >
2 IDSSV 1N5314
Rq= ref

lomax * Ipss

Vo <Pgy +1.25V + Vgg

ILmin - 1p < 1o < 100 mA - Ip Vss®
As shown O < Ig < 95 mA.

175
N
1N4002
Vin Vout
O LM117L P

Adjust

720

Minimum Vg, = 1.25 V

D4 protects the device during an input short circuit

FIGURE 21 — SLOW TURN-ON REGULATOR

FIGURE 22 — CURRENT REGULATOR

O LM117L

Adjust O

Az

l
Vin Ry R2 i
o—— LwM117L O
Vout
e,
Adjust Ad)
e ;e e b LA
utma: G adj = A1
i 2 Vref R
outmin Fl—1 TRy adj = —R1 + Ry

S mA < lgye < 100 mA
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LM117M
LM217M
LM317M

3-TERMINAL ADJUSTABLE
OUTPUT POSITIVE VOLTAGE REGULATOR

The LM117M/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 LM117M series serve a wide variety of applications including
local, on card regulation. This device also k an especially
simple adjustable switching regulator, a programmable output
regulator, or by connecting a fixed resistor between the adjustment
and output, the LM117M series can be used as a precision current
regulator.

® Output Current in Excess of 500 mA
@ Output Adjustable Between 1.2V 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

MEDIUM-CURRENT
3-TERMINAL
ADJUSTABLE POSITIVE
VOLTAGE REGULATOR

SILICON MONOLITHIC
INTEGRATED CIRCUIT

R SUFFIX
METAL PACKAGE
CASE 80-02
(TO-66 Type)

W

Pins 1 and 2 electrically isolated from case.
Case is third electrical connection.

(Bottom View)

STANDARD APPLICATION

p———o Vo

V) 00— LM117M

e 1* c
= b o
0.1 uF 1 uF
l .
* Cjp is req if regul, is an appreciable distance from power
supply filter.
% Cg is not for ifity, it does imp;

response.

R
vo-i.zsv(nﬁ)u.d, R2

Since lgq) is controlled to less than 100 4A, the error associated with this
torm is ible in most

T SUFFIX
PLASTIC PACKAGE
CASE 221A-02

(TO-220)

Pin 1 Adjust

Pin 2 Vigui

Pin3 v,

Heatsink surface connected
to Pin 2

ORDERING INFORMATION

Device Temperature Range Package

LM117MR T, =-556°C to +150°C Metal Power

LM217MR | T,=-25°C 10 +150°C | Metal Power

T,=0°C to +125°C Metal Power

TM3T7MT | T,=0°C 10 +126°C Plastic Power
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LM117M, LM217M, LM317M

MAXIMUM RATINGS

Rating Symbol Value Unit
Input-Output Voltage Differential V|-Vo 40 Vdc
Power Dissipation Pp Internally Limited
Operating Junction Temperature Range LM117M T -55 to +150 e
LM217M -251t0 +150
LM317M Oto+125
Storage Temperature Range Tstg -65 to +150 ac

ELECTRICAL CHARACTERISTICS

(Vi-Vo=5V.1g=0.1 A, Tj=Tiow to Thigh [see Note 1]. Pmay per Note 2, unless otherwise specified.)

LM117M/217M LM317M
Characteristic Figure | Symbol Min Typ Max Min Typ Max Unit
Line Regulation (Note 3} 1 Regjine %/V
TA=25°C.3V<V|-Vp<40V - 0.01 0.02 - 0.01 0.04
Load Regulation (Note 3), 2 Regjoad
TA=25°C. 10 mA<Ip<05A
Vo5V — 5 15 - 5 25 mV
Vo=5V — 0.1 03 — 0.1 0.5 % Vo
Adjustment Pin Current 3 ladj — 50 100 — 50 100 uA
Adjustment Pin Current Change 1.2 Aladj uA
25V V|-Vp<40V,
10mMA< I <05A Pp<Pmax — 0.2 5 — 0.2 5
Reference Voltage (Note 4) 3 Vref Vv
3V<VVp<40V
10mMA<Ig<05A, Pp<Pnax 120 | 1.25 1301 120 | 125 1.30
Line Regulation (Note 3) 1 Regjine %/V
3V V|-Vp<40V — 0.02 0.05 — 0.02 0.07
Load Regulation (Note 3) 2 Regjoad
10mA<Ig<O05A
Vos<5V — 20 50 — 20 70 mV
Vo=5V — 0.3 1 — 0.3 18 %VO
Temperature Stability (Tiow < TJ < Thigh) 3 Fg — 0.7 — — 0.7 — %Vo
Minimum Load Current to 3 ILmin mA
Maintain Regulation (V}-Vg = 40 V) — 35 5 — 35 10
Maximum Output Current 3 Imax A
VI-Vo <15V, Pp < Pmax 05 09 — 0.5 0.9 —
V|-Vo = 40V, Pp < Pmax. TA = 25°C 015 | 025 = 015 | 025 =
RMS Noise, % of Vo — N %Vo
Ta=25°C, 10 Hz< f< 10 kHz — 0.003 — — 0.003 -
Ripple Rejection, Vg = 10V, f = 120 Hz 4 RR dB
(Note 5)
Without Cadj — 65 — — 65 —
Cadj = 10 uF 66 80 — 66 80 —

Long Term Stability, T = Thigh (Note 6) 3 S %/1.0 k
Ta = 25°C for Endpoint Measurements — 03 1 — 03 1 Hrs.
Thermal Resistance Junction to Case — Rguc °C/W

R Package (TO-66) — 7 7 — A —
T Package (TO-220) — — — — 7 —
NOTES:
(1) Tjow = -55°C for LM117M Thigh = *1 50°C for LM117M (4) Si d with tig tolerance reference voltage available.
=-25°C for LM217M =+150°C for LM217M (5) Cagj when used. is b the ad 1t pin and ground
= 0°Cfor LM317M =+125°C for LM317M

(2) Pmax=76W

(3) Load and line regulation are specified at constant junction temperature.
Changes in Vg due to heating effects must be taken into account
separately. Pulse testing with low duty cycle is used.

(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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LM117M, LM217M, LM317M

SCHEMATIC DIAGRAM

Vin O— : : o . ' 4
300 300 300 3k 300 70 68V
68V
]
18 k
_’t i,500
: 400
10
3
PF| 60 1.25
Tio
e B
d i = O VOUX
24k
128k 50
Adjust
FIGURE 1 — LINE REGULATION AND AIAdi/LINE TEST CIRCUIT
Vee
VoH-V
Line Regulation (%/V) = bl Lo rif o] X 100
ﬂ = VouL
,—] Vi ﬂ VoH
ViL Vin Vout VoL
xS LM117M Ol ® - °
240
RL

1%

Cin 0.1 uF Co 1 uF

* Pulse Testing Required:
1% Duty Cycle
is suggested.
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FIGURE 2 — LOAD REGULATION AND Alagj/LOAD TEST CIRCUIT

Load Regulation (mV) = Vg (min. Load) — VO (mex. Load)
VO (min. Load) — Vo (max. Load)

Load R

fon (%Vg) =

Vo (min. Load)

OOTVO (min. Losd)

A\
V) Vin Vout O (mex. Load)
._T_—o_— LM117M o P o—0
LT
(mex. Load)
. RL
_J l_ (min. Load)
+
Cin == 0.1 uF Co = 1 HF
< @ = J
* Pulse Testing Required: _L
1% Duty Cycle is suggested. —
FIGURE 3 — STANDARD TEST CIRCUIT
Vin Vout
LM117M I P
Q Adjust -
v R Vv R
| 1 1% ref L
+
— —
Cin 7= 0.1 uF Co 1~ 1 KF Vo
2
1%
l To Calculate Ry:
Pulse Testing Required: = Vo = IggT Rg + 1.250 v
1% Duty Cycle is suggested. Assume IggT = 5.25 mA
FIGURE 4 — RIPPLE REJECTION TEST CIRCUIT
24V —K\J
1av Vin Vout Vg = 10V
f=120 Hz GO LM117M & ®
Dy*
Adjust = 240
Jrar 1N4002 RL
+
Cin == 0.1 uF Colzre NUE Vo

e
wd e
Cadj >73 10 uF
I
1
&

A2 % 1.16:k
B
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LM117M, LM217M, LM317M
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FIGURE 6 — RIPPLE REJECTION

With Cog; = 10 uF
//
\‘r\‘
Without Cyg;
£
== =
— /
| 1L=100mA
=120 Hz
- vg=10v
Vi=181024V
i i
-50 -25 0 25 50 75 100 125 150
T, JUNCTION TEMPERATURE ©c)
FIGURE 8 — DROPOUT VOLTAGE
l_ !
~ \\\ I =500 mA
I~ —~—
e
IL=100mA |
L \\
-50 -25 0 25 50 75 100 125 150

T,.JUNCTION TEMPERATURE (°C)

100
4 |
T I
80 I =40 mA
Vi=5V£1Vpp
70 / AN Vg = 1.25V |

= N W o
s 88 8 88

1K

100

10K 100 K m
f, FREQUENCY (Hz2)




LM117M, LM217M, LM317M

FIGURE 11 - TEMPERATURE STABILITY

FIGURE 12 — ADJUSTMENT PIN CURRENT
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LM117M, LM217M, LM317M

APPLICATIONS INFORMATION

BASIC CIRCUIT OPERATION

The LM117M is a 3-terminal floating regulator. In
operation, the LM117M develops and maintains a nominal
1.25 volt reference (Vyef) between its output and adjust-
ment terminals. This reference voltage is converted to a
programming current (Iprog) by R1 (see Figure 17),
and this constant current flows through R2 to ground.
The regulated output voitage is given by:

R2
Vo =Vref (1 +53 1+ ladjR2

Since the current from the adjustment terminal (ladj)
represents an error term in the equation, the LM117M
was designed to control Iagj to less than 100 uA and keep
it constant. To do this, all quiescent operating current is
returned tothe 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 LM117M 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.

FIGURE 17 — BASIC CIRCUIT CONFIGURATION

LM117M

Adjust C

Vet = 1.25 V TYPICAL

LOAD REGULATION

The LM117M is capable of providing extremely good
load regulation, but a few precautions are needed to
obtain maximum performancé. 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 uF disc or1 uF 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 uF capacitor should improve ripple
rejection about 15 dB at 120 Hz in a 10 volt application.

Although the LM117M is stable with no output capaci-
tance, like any feedback circuit, certain values of external
capacitance can cause excessive ringing. An output
capacitance (Co) in the form of a 1 4F tantalum or 25 uF
aluminum electrolytic capacitor on the output swamps
this effect and insures stability.

PROTECTION DIODES

When external capacitors are used with any |.C. regu-
lator it is sometimes necessary to add protection diodes to
preventthe capacitors fromdischarging through low
current points into the regulator.

Figure 18 shows the LM117M with the recommended
protection diodes for output voltages in excess of 25 V or
high capacitance values (Co > 10 uF, Cadj > 5 uF).
Diode D1 prevents Cq from discharging thru the I.C.
during an input short circuit. Diode D2 protects against
capacitor Caqj discharging through the I.C. during an
output short circuit. The combination of diodes D1 and
D2 prevents Caqj from discharging through the |.C. during
an input short circuit.

FIGURE 18 — VOLTAGE REGULATOR WITH
PROTECTION DIODES

D4
IN4002
Vin Vout
LM117M Vo
+
Cin /< Ry /]-\ Co
D2
Adjust 1N4002
Ry 1~ Cadj
—o




LM117M, LM217M, LM317M

FIGURE 19 — ADJUSTABLE CURRENT LIMITER

FIGURE 20 — 5 V ELECTRONIC SHUTDOWN REGULATOR

'omax * lDss

Vo <Poy + 125V + Vgg
ILmin - Ip < Ig < 500 mA — I,
As shown O < Ig < 495 mA

+25 V Vout Rjq Vo —p 1o
O0—— wM117IM |—O0—"\\N\—4
Vin 25k
; oy
Adiust 1N914
*To provide current limiting of Ig to D2
the system ground, the source of the 1N914
current limiting diode must be tied
10 a negative voltage below -7.25 V.
“Vret
Rz > 'DSSV 1N5314
Ry = ref

D,

1N4002
A\ Vin Vout
O—e—0— LM117M

Adijust

720

Minimum Vg = 1.25 V

D4 protects the device during an input short circuit

FIGURE 21 — SLOW TURN-ON REGULATOR

FIGURE 22 — CURRENT REGULATOR

Vin Vout
O—— LM117M 0 Vo
1N4001
Adjust O
R
2 +
10 uF

Vin Ry Rp _"Q
oO—— LwM117IM —o—w—&b———o
Vout

]

e
Adjust adj

Vret 1.25 Vv
Ilgmax s( G + ladj s—?;—

Vret 1.25 v
i = —_— ] H _—
Igmin (H-. TG + ladj = Ry * A2

S mA < lgye < 500 mA
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LM123, LM123A
LM223, LM223A
LM323, LM323A

Specifications and Applications

Information

3 AMPERE, 5 VOLT POSITIVE VOLTAGE REGULATOR

TheLM123, A/LM223, A/LM323, A are a family of 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 (LM123A/LM223A/LM323A) device types.

These regulators are offered in a hermetic TO-3 metal power
package in three operating temperature ranges. A 0°C to +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 Excess of 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

3-AMPERE, 5 VOLT
POSITIVE
VOLTAGE REGULATOR

SILICON MONOLITHIC
INTEGRATED CIRCUIT

K SUFFIX
METAL PACKAGE
CASE 1
(TO-3 Type)

Pin 1

INPUT
2. OUuTPUT
CASE GROUND

(Bottom View)

MAXIMUM RATINGS

T SUFFIX
PLASTIC PACKAGE
(LM323 and LM323A)

CASE 221A
(T0-220)

Pin 1. INPUT 4

2. GROUND 3
3. OUTPUT

(Heatsink surface connected
to Pin 2)

Rating Symbol Value Unit
Input Voltage Vin 20 Vdc
Power Dissipation Pp Internally Limited
Operating Junction Temperature LM123, A i -55 to +150 26,
Range LM223, A -25to +150
LM323 A Oto +125
Storage Temperature Range Tst_L -65 to +150 S
Lead Temperature (Soldering, 10's) Tsolder 300 °C
ORDERING INFORMATION
Output Voltage Junction

Device Tolerance Temperature Range Package
LM123K 6% -55 to +150°C Metal Power
LM123AK 2%
LM223K 6% -25 to +150°C
LM223AK 2%
LM323K 4% Oto +125°C
LM323AK 2%
LM323T 4% Plastic Power
LM323AT 2%

STANDARD APPLICATION

Input .Io- —OIC Output
Cin® Cot*

0.33 4F 0

LM123 A

A common ground is required between the
input and the output voltages. The input volt-
age mustremain typically 2.5 V above the out-
put voltage even during the low point on the
input ripple voltage.

* = Cjp is required if regulator is located an
appreciable distance from power supply
filter. (See Applications Information for
details.)

** = Cp is not needed for stability; however,
it does improve transient response
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LM123, LM123A, LM223, LM223A, LM323, LM323A

ELECTRICAL CHARACTERISTICS (T = Tig to Thignh [see Note 1] unless otherwise specified.)

e Symbbl LM123A/LM223A/LM323A LM123/LM223 LM323 it
Etrsctaiviic = Min Typ Max Min Typ Max Min Typ Max
Output Voltage Vo 49 50 51 4.7 50 53 48 50 52 v
(Vin=75V,0< 5y <30A,T,=25°C)
Output Voltage Vo 48 5.0 52 46 50 54 475 50 5.25 v
75V Vjn<15V,0< Iy <30A,
P < Pmpax [Note 2])
Line Regulation Regjine - 10 15 - 10 25 - 10 25 mV
(7.5 V< Vi < 15 V, T = 25°C) (Note 3)
Load Regulation Regjoad = 10 50 — 10 100 - 10 100 mV
(Vin=758V,0< 15,1 <30A, T =256°C)
(Note 3)
Thermal Regulation Regtherm — 0.001 0.01 — |0002| 0.03 — 0002 | 003 |%Vog/W
(Pulse= 10 ms, P= 20 W, Tp = 25°C)
Quiescent Current g — 35 10 - 35 20 == 35 20 mA
(75VE Vin<15V,0< g,y <30 A)
Output Noise Voltage VN = 40 = = 40 = & 40 o #Vrms
(10 Hz< f< 100 kHz, T j = 25°C)
Ripple Rejection RR 66 75 - 62 75 — 62 75 — dB
(BOVSVn<18V.i5,=20A,
f=120 Hz, Tj = 25°C)
Short Circuit Current Limit Isc A
(Vin =15V, T = 25°C) o 45 - — 45 = = 45 —
(Vin = 7.5V, Ty = 25°C) — 55 — — 55 — — 55 =
Long Term Stability S — - 35 — — 35 — — 35 mV
Thermal Resistance Junction to Case Rguc = 20 - - 20 - == 20 = °C/W
(Note 4)

Note 1. Tjg = -55°C for LM123, A
=-25°C for LM223, A
= 0°Cfor LM323 A

Thigh = +150°C for LM123, A
= +150°C for LM223, A
= +125°C for LM323, A

Note 2. Aithough power dissipation is internally limited, specifications
apply only for P< Pay
Pmax = 30 W for K (TO-3) package
Pmax = 26 W for T (TO-220) package

VOLTAGE REGULATOR PERFORMANCE

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. 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 width< 1.0 msand
a duty cycle < 5%.

Note 4. Without a heat sink, the thermal resistance (Rg ;) is 35°C/W for
the TO-3, and 65°C/W for the TO-220 packages. With a heat sink,
the effective thermal resistance canapproach 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 inputvoltage or the load current. Thermal regulationisa func-
tion of 1.C. 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 LM123A to a 20 watt input pulse. The variation of the out-
put voltage due to line regulation is labeled @ and the thermal
regulation component is labeled . Figure 2 shows the load and
thermal regulation response of a typical LM123A to a 20 watt load
pulse. The output voltage variation due to load regulation is labeled

and the thermal regulation component is labeled @
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LM123, LM123A, LM223, LM223A, LM323, LM323A

SCHEMATIC DIAGRAM
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FIGURE 1 — LINE AND THERMAL REGULATION FIGURE 2 — LOAD AND THERMAL REGULATION
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LM123, LM123A, LM223, LM223A, LM323, LM323A

FIGURE 3 — TEMPERATURE STABILITY

FIGURE 4 — OUTPUT IMPEDANCE
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LM123, LM123A, LM223, LM223A, LM323, LM323A

FIGURE 9 — DROPOUT VOLTAGE FIGURE 10 — SHORT CIRCUIT CURRENT
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LM123, LM123A, LM223, LM223A, LM323, LM323A

APPLICATIONS INFORMATION

Design Considerations

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-Circuit 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 transistor is increased

In many low current applications. compensation capacitors are not
required. Hi LitisT ded that the reg input be b
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 by-
pass capacitor should be selected to provide good high-frequency charac-
teristics to insure stable operation under all load conditions. A 0.33 uF 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 used
to minimize ground loops and lead resistance drops since the regulator has
no external sense lead.

FIGURE 15 — CURRENT REGULATOR

Input LM123, A
0.33 uF L
I Constant
= Current to
T: Grounded Load

The LM 123, A regulator can also be used as a current source when con-
nected as above. Resistor R determines the current as follows

e 5V -
o R Q
419 =0.7 mA over line, load and temperature changes
lg=35mA

For example, a 2-ampere current source would require R tobe a 2.5 ohm,
15 W resistor and the output voltage compliance would be the input volt-
age less 7.5 volts

FIGURE 16 — ADJUSTABLE OUTPUT REGULATOR

Output
o o0 LM123,A o =]
Input
L F 5 01
A~ 033 uF 6 o2 =~ S
3 >
b + 310k
> <
Kol €
3 MC1741

=

Vo.80V1020V
Vin-Vg=25V

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

FIGURE 17 — CURRENT BOOST REGULATOR

2N4398 or Equiv

2

Input

LQOuw\.n

LM123, A

10uFI —

IO.I uF

The LM123, A series can be current boosted with a PNP transistor. The
2N4398 provides current to 15 amp: . Resi Rin j ion with
the Vgg 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 VBE of the pass transistor.

FIGURE 18 — CURRENT BOOST WITH
SHORT-CIRCUIT PROTECTION

2N4398

or Equiv
Input Rsc °

MJ2955
or Equiv

LM123, A

1o;n=l i

Output

The circuit of Figure 17 can be modified to provide supply protection against
short circuits by adding a short-circuit sense resistor, Rgc, 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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LM137
LM237
LM337

Specifications and Applications Information

3-TERMINAL ADJUSTABLE
OUTPUT NEGATIVE VOLTAGE REGULATOR

The LM137/237/337 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

Internal Short-Circuit-CurrentLimiting, Constant with
Temperature

Output Transistor Safe-Area Compensation
Floating Operation for High Voltage Applications
Standard 3-Lead Transistor Packages

Eliminates Stocking Many Fixed Voltages

3-TERMINAL
ADJUSTABLE NEGATIVE
VOLTAGE REGULATOR

SILICON MONOLITHIC
INTEGRATED CIRCUIT

K SUFFIX
METAL PACKAGE
CASE 1
(TO-3 Type)

(Bottom View)
Case is input

Pins 1 and 2 electrically isolated from case.
Case is third electrical connection.

STANDARD APPLICATION

*Cin is required if regulator is iocated more than 4 inches from power supply

filter. A 1 uF solid tantalum or 10 uF aluminum electrolytic is recommended.

**Cois necessary for stability. A 1 uF solid tantalum or 10 uF aluminum electro-
lytic is recommended.

R2
Vout=-1.28 V(1 + 2=

T SUFFIX
PLASTIC PACKAGE
(LM337 only)
CASE 221A
(TO-220)
Pin 1 Adjust
Pin2 v,
Pin3 v

out

Heatsink surface connected
to Pin 2

H SUFFIX
METAL PACKAGE
CASE 79 1 3
(TO 39)

(Case Is output) N

(Bottom View)

Pin 1  Adjust
Pin 2 Output

Pin3 Input
-

ORDERING INFORMATION

Device Temperature Range Package

LM137H Ty=-66°Cto +150°C Metal Can
LM137K Tj=-66°C to +160°C Meteal Power
LM237H Ty= -26°Cto +160°C Metal Can
LM237K Ty = =26°Cto +160°C Metal Power

LM337H Ty =0°Cto+126°C Metal Can
LM337K TJ=0°Cto+126°C Metal Power
LM337T TJ=0°Cto+126°C Plastic Power
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LM137, LM237, LM337

MAXIMUM RATINGS

Rating Symbol Value Unit
Input-Output Voltage Differential V|-Vo 40 Vdc
Power Dissipation Pp Internally Limited
Operating Junction Temperature Range LM137 Xy -55 to +150 °Cc
LM237 -25to +150
LM337 Oto +125
Storage Temperature Range Tsl_g r -65to +150 °C
ELECTRICALCHARACTERISTICS (|V;-Vpl=5V.Ig=0.5Afor Kand T packages; Ig=0.1 Afor Hpackage; T j = Tjo t0 Thighlsee
Note 1], 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 Regjine — 0.01 0.02 - 0.01 0.04 %/V
TA=25°C.3V<|V|-Vpl <40V
Load Regulation (Note 3), 2 Regjoad
Ta = 25°C, 10 mA <10 < Imax
Vol <5V - 15 25 "R 15 50 mV
IVol=5V - 0.3 0.5 = 03 1.0 % Vo
Thermal Regulation — Regtherm — 0.002 0.02 — 0.003 0.04 |%Vo/W
10 mS Pulse, Tp = 25°C
Adjystment Pin Current 3 ladij — 65 100 — 65 100 uA
Adjustment Pin Current Change 1.2 Alagj — 20 5.0 - 20 5.0 uA
25V<|V)-vgl <40V,
10 MA< I < Imax.
Pp < Pmax. TA = 25°C
Reference Voltage (Note 4) 3 Vref "
3V|V|-Vpl €40V, 10 mA < 10 < Imax.
Pp < Pmax. TA = 25°C -1.225 | -1.250| -1.275 |-1.213| -1.250 |-1.287
Tiow to Thlgh -1.20 -1.25 -1.30 -1.20 -1.25 -1.30
Line Regulation (Note 3) 1 Regjine - 0.02 0.05 7 0.02 0.07 %/V
3V<|V)-Vol <40V
Load Regulation (Note 3) 2 Reg|oad
10 mA< 10 < Imax
Vol <5V — 20 50 - 20 70 mV
Vol =5V — 03 1.0 = 03 1.5 %V0
Temperature Stability (Tiow < Ty < Thigh) 3 Ts — 0.6 — — 0.6 — %V0
Minimum Load Current to 3 ILmin mA
Maintain Regulation (|V|-Vg| < 10 V) — 1.2 3.0 = 15 6.0
(IVi-Vol <40 V) = 25 5.0 = 25 10
Maximum Output Current 3 Imax A
[VI-Vol € 15 V, Pp < Pmax
K and T Packages 1.6 22 — 1.6 2.2 —
H Package 0.5 08 — 0.5 0.8 —
|VI-Vol < 40V, Pp < Pmax. Ty = 25°C
K and T Packages 0.24 04 — 0.15 04 —
H Package 0.15 0.20 — 0.10 0.20 —
RMS Noise, % of Vo — N - 0.003 — = 0.003 - %Vo
TA=25°C, 10 Hz< f< 10 kHz
Ripple Rejection, Vo = -10V, f= 120 Hz 4 RR dB
(Note 5)
Without Cagj - 60 — — 60 —
Cadj = 10 uF 66 77 —_ 66 77 -
Long Term Stability, T = Thigh (Note 6) 3 S — 0.3 1.0 = 0.3 10 |[%/1.0k
Ta = 25°C for Endpoint Measurements Hrs.
Thermal Resistance Junction to Case = Rouc °C/W
H Package (TO-39) — 12 15 — 12 15
K Package (TO-3) — 23 3.0 — 2.3 3.0
T Package (TO-220) — — — — . 40 —
NOTES:
(1) Tiow = -55°C for LM137 Thigh = +150°C for LM137 (5) Cagj. when used, is d the ad 1t pin and
= -25°C for LM237 = +150°C for LM237 ground.
= 0°Cfor LM337 = +125°C for LM337 (6) Since Long Term Stability cannot be measured on each device before
(2) Imax = 1.5 Afor K (TO-3) and T (TO-220 Packages shipment, this specification is an engineering estimate of average
=0.5 A for H (TO-39) Package stability from lot to lot.
Pmax = 20 W for K (TO-3) and T (TO-220) Packages (7) Power dissipation within an |.C. voltage regulator produces a tempera-
=2 W for H (TO-39) Package ture gradient on the die, affecting individual |.C. components on the die.
(3) Load and line regulation are specified at a constant junction tempera- These effects can be minimized by proper integrated circuit design and
ture. Pulse testing with a low duty cycle is used. Change in Vo because layout q . Thermal R lation is the effect of these tempera-
of heating effects is covered under the Thermal Regulation specifi- ture gradients on the output voltage and is expressed in percentage of
cation. output change per watt of power change in a'specified time

(4) Selected devices with tightened tolerance reference voltage available.
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SCHEMATIC DIAGRAM
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FIGURE 1 — LINE REGULATION AND A laqj/LINE TEST CIRCUIT
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FIGURE 2 — LOAD REGULATION AND A l,4j/LOAD TEST CIRCUIT

i]—

V) O——0—

LM137

Vout
I

Load Regulation (mV) = Vo (min. Load) — VO (max. Load)

O

*Pulse Testing required:
1% Duty Cycle is suggested.

R2 S 1%
>
ﬁ
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Cin AR 1.0 uF A~ 1 uF
A
adj
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mf | I .
Adjust

RL
(max.

=VO (min. Load)
Load)

e 1

Load Regulation (%Vg) =

VO (max. Load)

VO (min. Load) — Vo (max. Load)
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FIGURE 3 — STANDARD TEST CIRCUIT

To Calculate R2:

o
Vref

)m This assumes 'adi is negligible.

Pulse Testing Required:
1% Duty Cycle is suggested

R2 2 1%
+
Cin = F Co-~ 1 uF
GD I oA o 01’\ s :’RL
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R13120
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FIGURE 4 — RIPPLE REJECTION TEST CIRCUIT
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*D1 Discharges Cqyj if Output is shorted to Ground.

Vo=1.25V
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4V, OUTPUT VOLTAGE CHANGE (%)
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FIGURE 11 — RIPPLE REJECTION VS OUTPUT VOLTAGE
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FIGURE 12 — RIPPLE REJECTION VS. OUTPUT CURRENT
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LM137, LM237, LM337

APPLICATIONS INFORMATION

BASIC CIRCUIT OPERATION

The LM137 is a 3-terminal floating regulator. In opera-
tion, the LM137 develops and maintains a nominal -1.25
volt reference (Vef) between its output and adjustment
terminals. This reference voltage is converted to a pro-
gramming current (IpROG) by R1 (see Figure 17), and
this constant current flows through R2 from ground. The
regulated output voltage is given by:

R2
Vout = Vref (1 + 27 ) * ladj R2

Since the current into the adjustment terminal (ladj)
represents an error term in the equation, the LM137 was
designed to control lagj to less than 100 xA 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 LM137 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.

FIGURE 17 — BASIC CIRCUIT CONFIGURATION

S{R2
>
ladj ' IPROG

>
Vref 2RI

Vout

Vref = -1 25 V Typically

returned near the load ground to provide remote ground
sensing and improve load regulation.

EXTERNAL CAPACITORS

A 1 uF tantalum input bypass capacitor (Cjn) 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 uF capacitor should improve ripple
rejection about 15 dB at 120 Hz in a 10 volt application.

An output capacitor (Cp) in the form of a 1 uF tantalum
or 10 uF aluminum electrolytic capacitor is required
for stability.

PROTECTION DIODES

When external capacitors are used with any |.C. regu-
lator it is sometimes necessary to add protection diodes to
preventthe capacitorsfromdischarging through low
current points into the regulator.

Figure 18 shows the LM137 with the recommended
protection diodes for output voltages in excess of -25 V or
high capacitance values (Co > 25 uF, Caqj > 10 uF).
Diode D1 prevents Co from discharging thru the I.C.
during an input short circuit. Diode D7 protects against
capacitor Caqj discharging through the 1.C. during an
output short circuit. The combination of diodes D1 and
D2 prevents Cadj from discharging through the |.C. during
an input short circuit

FIGURE 18 — VOLTAGE REGULATOR WITH
PROTECTION DIODES

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 (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

.
L R2 Cadj &
(575 & Vout
R1  Xp2
1\l
1N4002
D1
1N4002
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LM137M
LM237M
LM337M

Specifications and Applications
Information

3-TERMINAL ADJUSTABLE
OUTPUT NEGATIVE VOLTAGE REGULATOR

The LM137M/237M/337M are adjustable 3-terminal negative
voltage regulators capable of supplying in excess of 500 mA over an
outputvoltage 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

MEDIUM-CURRENT
3-TERMINAL
ADJUSTABLE NEGATIVE
VOLTAGE REGULATOR

SILICON MONOLITHIC
INTEGRATED CIRCUIT

R SUFFIX
METAL PACKAGE
CASE 80
(TO-66 Type)

(Bottom View)
Case is input

Pins 1 and 2 electrically isolated from case.
Case is third electrical connection.

STANDARD APPLICATION

LM137M

*Cin is required if regulator is located more than 4 inches from power supply
filter. A 1 uF solid tantalum or 10 uF aluminum electrolytic is recommended.
**Cois necessary for stability. A 1 uF solid tantalum or 10 uF aluminum electro-
lytic is recommended.
R2

Vout=-125V (1 +2%)

T SUFFIX
PLASTIC PACKAGE
(LM337M only)
CASE 221A
(TO-220)
1
2 N -
3 Pin 1 Adjust
Pin2 Vi
Pin3 Vout

Heatsink surface connected
to Pin 2

ORDERING INFORMATION

Device Temperature Range Package

LM137MR | T,;=-55°C to +150°C Metal Power

LM237MR | T,=-25°Cto +160°C | Metal Power

LM337MR | T,=0°Cto+126°C Metal Power
T3=0°Cto+125°C Plastic Power
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LM137M, LM237M, LM337M

MAXIMUM RATINGS

Rating Symbol Value Unit
Input-Output Voltage. Differential V|-Vo 40 Vdc
Power Dissipation Pp Internally Limited
Operating Junction Temperature Range LM137M Ty -55 to +150 °c
LM237M -25 to +150
LM337M 0to +125
Storage Temperature Range Tstg -65 to +150 °c
ELECTRICAL CHARACTERISTICS (|V|-Vp|=5.0V, Ig=0.1;Tj = Tjow to Thigh [see Note 1], Pmax per Note 2,
unless otherwise specified.)
LM137M/237M LM337M
Characteristic Figure | Symbol in Typ ax Min Typ Max Unit
Line Regulation (Note 3) 1 Regjine - 0.01 0.02 - 0.01 0.04 %/V
TA=25°C, 3.0 V<|V|-Vg| <40V
Load Regulation (Note 3), 2 Regjoad
TA=25°C, 10 mA<Ip<O05A
|Vol<5.0V — 15 25 — 15 50 mV
Vol =5.0V = 0.3 05 e 0.3 1.0 % Vo
Thermal Regulation — Regtherm — 0.002 0.02 - 0.003 0.04 | %Vg/W
10 mS Pulse, Tp = 25°C
Adjustment Pin Current 3 ladj — 65 100 — 65 100 uA
Adjustment Pin Current Change 1.2 Alagj - 20 5.0 — 20 50 A
25V<|V-vg/ <40V,
10mAS< I  <05A,
Pp < Pmax. TA = 25°C
Reference Voltage (Note 4) 3 Vref "
3.0V<|V]-Vpo/<40V, 10mA<Ig<05A,
Pp < Pmax. TA = 25°C -1.225 | -1.250 | -1.275 |-1.213 |-1.250 |-1.287
Tiow t© Thigh -1.20 | -1.25 | -130 | -1.20 |-1.25 |[-1.30
Line Regulation (Note 3) 1 Regjine - 0.02 0.05 — 0.02 0.07 %/V
30V<|V|-Vg| <40V
Load Regulation (Note 3) 2 Regjpad
10mA<Ip<O05A :
|Vol < 5.0V — 20 50 — 20 70 mv
Vol = 5.0V — 0.3 1.0 — 0.3 1.5 %Vo
Temperature Stability (Tiow < Ty < Thigh) 3 Ts = 0.6 o = 0.6 - %VO
Minimum Load Current to 3 ILmin mA
Maintain Regulation (|V|-Vg| < 10V) — 1.2 3.0 — 1.5 6.0
(IV|-Vol <40 V) — 25 5.0 — 25 10
Maximum Qutput Current 3 Imax A
|VI-Vol < 15V, Pp < Pmax 0.5 0.9 — 0.5 0.9 —
|[VI-Vpol =40V, Pp < Pmax. TA = 25°C 0.15 0.25 — 0.1 0.25 -
RMS Noise, % of Vg — N — 0.003 — 0.003 —_ %Vo
Ta=25°C, 10 Hz< f< 10 kHz
Ripple Rejection, Vo =-10 V, f= 120 Hz 4 RR dB
(Note 5)
Without Cagj — 60 — — 60 —
Cagdj= 10 uF 66 77 — 66 77 —
Long Term Stability, Tj = Thigh (Note 6) 3 S —_ 0.3 1.0 — 0.3 1.0 %/1.0 k
Ta = 25°C for Endpoint Measurements Hrs.
Thermal Resistance Junction to Case - Rguc °C/W
R Package (TO-66) — 7.0 — — 7.0 —
T Package (TO-220) — — — — 7.0 —

NOTES:
(1) Tiow = -55°C for LM137M Thigh

+150°C for LM137M

= -25°C for LM237M =+150°C for LM237M

= 0°C for LM337M
(2) Pmax=75W

+125°C for LM337M

(3) Loadandliner ion are ified at junction P e.
Changes in Vg 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) Cagj. 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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SCHEMATIC DIAGRAM
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FIGURE 2 — LOAD REGULATION AND A lagj/LOAD TEST CIRCUIT
e o
4 ]
R2 :: 1% *Pulse Testing required:
1% Duty Cycle is suggested.
»r— L’
Cinx 1 uF Co 7~ 1 WF
sd] 0y s 120
1% | I -
Adjust Ry
(max. v .
Vin Vst Load) I I O (min. Load)
-Vi o0—&—0— LM137M L . 4 —O VO (max. Load)
" X v in. Load) — Vo (max. Load)
Load Regulation (mV) = Vg (min. Load) — VO (max. Load) Load Regul %vg) =—2 fmin O-V:) (mi‘: Load) =180
FIGURE 3 — STANDARD TEST CIRCUIT
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FIGURE 4 — RIPPLE REJECTION TEST CIRCUIT
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FIGURE 5 — LOAD REGULATION
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FIGURE 11 — RIPPLE REJECTION VS OUTPUT VOLTAGE
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FIGURE 12 — RIPPLE REJECTION VS. OUTPUT CURRENT
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LM137M, LM237M, LM337M

APPLICATIONS INFORMATION

BASIC CIRCUIT OPERATION

The LM137M is a 3-terminal floating regulator. In
operation, the LM137M develops and maintains a nomi-
nal -1.25 volt reference (Vigf) between its output and
adjustment terminals. This reference voltage is converted
to a programming current (IpROG) by R1 (see Figure 17),
and this constant current flows through R2 from ground.
The regulated output voltage is given by:

Vout = Vref (1 + %12 ) + lagjR2

Since the current into the adjustment terminal (ladj)
represents an error term in the equation, the LM137M
was designed to control Iagj to lessthan 100 uA and keep
it constant. To do this, all quiescent operating current is
returned to the output terminal. Thisimposes 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.

FIGURE 17 — BASIC CIRCUIT CONFIGURATION

O +
i
- >
$|R2
ladj 1" IPROG |,
4 o~cC Vout
Vref :E R1
Vin —0-

Vout

Veef = -1.25 V Typically

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 (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 1 uF tantalum input bypass capacitor (Cjn) 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 uF capacitor should improve ripple
rejection about 15 dB at 120 Hz in a 10 volt application.

An output capacitor (Cgp) in the form of a 1 uF tantalum
or 10 uF aluminum electrolytic capacitor is required
for stability.

PROTECTION DIODES

When external capacitors are used with any |.C. regu-
lator it is sometimes necessary to add protection diodes to
preventthe capacitors fromdischarging 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 uF, Cagj > 10 wF).
Diode Dy prevents Cqy from discharging thru the I.C.
during an input short circuit. Diode D2 protects against
capacitor Caqj discharging through the |.C. during an
output short circuit. The combination of diodes D1 and
D2 prevents Ca(j from discharging through the I.C. during
an input short circuit.

FIGURE 18 — VOLTAGE REGULATOR WITH
PROTECTION DIODES

+
'L' R2 3” Cadj =:‘
Gnt [ 3 Vout
Adjust R1 ZADp2
-Vin ILM137M N -
Vinl——IVout | 1N4002
D1
1N4002
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LM140 series
@ O EE—— - LM340 series

THREE-TERMINAL
3-TERMINAL POSITIVE VOLTAGE REGULATORS POSITIVE

FIXED VOLTAGE
REGULATORS

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 K SUFFIX o)
load regulation that is a factor of two better than the 7800 series. METAC';\;‘;ﬁKAGE

Although the LM140/340 series was designed primarily as a fixed (TO-3 TYPE) 1 2
regulator, it can be used with external components to obtain ®
adjustable voltages. Input  Output

@ Output Currents in Excess of 1.0 A
® Internal Thermal Overload Protection Foesm ’
lom view
@ Internal Short Circuit Limiting
® Output Transistor Safe-Area Compensation
@® No External Components Required
; : . - Pins 1 and 2 electrically isolated fi §
® Available in Both Commercial and Military Temperature Ranges is"::i,;:,m:;ﬂf:n:c"s::m T oatnicass
STANDARD APPLICATION
ORDERING INFORMATION Input @&—¢—0—LM140/LM340 Output
Device Voltage Temperature Range (Ta) Cin® 1 I =
10uF T Co
LM140K-5.0 5.0 Volts -55 to +125°C
LM140K-6.0 6.0 Volts -55 to +125°C
LM140K-8.0 8.0 Volts -55 to +125°C 1
LM140K-12 12 Volts -55 to +125°C =
LM140K-15 15 Volts -55 to +125°C
LM140K-18 18 Volts -55 to +125°C
LM140K-24 24 Volts -55 to +125°C A common ground is required between
LM340K-5.0 5.0 Volts 0 to +70°C the input and the output voltages. The input
LM340K-6.0 6.0 Volts 0 to +70°C voltage must remain typically .ZAO V above
LM340K-8.0 8.0 Volts 0 to +70°C thg output v‘oltage' even during the low
LM340K-12 12 Volts 0 to +70°C point on the input ripple voltage.
- 0
tmg:g:_:: :: xg::: g :: :;gog *=Cjn (solid tantalum) is required, if
LM340K-24 24 Vol 0 to +70°C regulator is located an appreciable
~ oits o distance from power supply filter.

**=Co is not needed for stability;
however, it does improve transient
response. If needed, its value should
be greater than 0.1 uF.
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LM140 Series, LM340 Series

LM140 series/LM340 series MAXIMUM RATINGS (Ta = +25°C unless otherwise noted.)

Rating Symbol Value Unit
Input Voltage Vin Vde
(5.0v-18V) 35
(24 V) 40
Power Dissipation and Thermal Characteristics
(Metal Package)
Ta = +26°C Pp Internally Limited Watts
Derate above T = +25°C 1/RgJA 225 mwW/°C
Thermal Resistance, Junction to Air RgJA 45 °C/W
T =+25°C Pp Internally Limited Watts
Derate above T = +65°C (See Figure 2) 1/RgJc 182 mW/°C
Thermal Resistance, Junction to Case RgJc 55 °C/W
Storage Junction Temperature Range Tstg -65 to +150 8
Operating Junction Temperature Range Ty °c
LM140 -55 to +150
LM340 0to +125
NOTES:
1. Tjow = -55°C for LM140 Thigh = +1560°C for LM140
=0°C for 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.
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LM140 Series, LM340 Series

LM140/340 — 5.0 ELECTRICAL CHARACTERISTICS
(Vin = 10V, Ig = 500 mA, T = Tjow to Thigh (Note 1), unless otherwise noted).

Characteristic Symbol Min Typ Max Unit

Output Voltage (T = +26°C) Vo 48 5.0 5.2 Vdc
l0=5.0mAto 1.0 A

Input Regulation (Note 2) Regin mV
8.0 to 20 Vdc - -
7.0 to 25 Vdc (T = +25°C) - -
80to12Vdc, lp=10A - —
7.3 to 20 Vdc, Ig = 1.0 A (T = +25°C) — —

Load Regulation (Note 2) Regjoad
50mA<Ip<10A - -
50mA<Ig<15A(T)=+25°C) - =
250 mA < g < 750 mA (T = +25°C) — ==

Output Voltage Vo Vdc
LM140
80<Vjh<20Vde, 50 mA<Ipo<1.0A, 475 5.0 5.25
PO<15W
LM340
70<Vin<20Vde, 50 mA<Igp< 1.0A, 475 5.0 5.25
Po<15W

Quiescent Current Ib mA
lo=10A
LM140 — 4.0 7.0
LM340 — 4.0 85
LM140 (T = +25°C) - 4.0 6.0
LM340 (T j = +25°C) —_ 4.0 8.0

Quiescent Current Change Alp mA
8.0 < Vjn < 25 Vde LM140 — — 08
7.0< Vjn < 25 Vde LM340 — — 1.0
50mA<Iig<10A LM140, LM340 — — 05
80<Vjh<20Vde,lp=10A LM140 — — 08
75<Vip<20Vde,Ip=1.0A LM340 — — 1.0

Ripple Rejection RR dB
LM140 68 80 —
LM340 62 80 —

Io=1.0A(T = +25°C)
LM140 68 — —
LM340 62 - -

Dropout Voltage Vin-Vo — 20 - Vdc

mV

588 |8R888

Output Resistance Ro — 30 — mi

Short-Circuit Current Limit Isc — 20 — A

Output Noise Voltage (Ta = +25°C) Vn - 40 — mi
10 Hz < f < 100 kHz

Average Temperature Coefficient of Output Voltage TCVo — +0.6 — mV/°C
lo =5.0 mA

Peak Output Current (T = +25°C) lo — 24 — A

Input Voltage to Maintain Line Regulation (Tj = +25°C) 73 — — Vdc
Io=10A

NOTES:

1. Tjow = -55°C for LM140 Thigh = +150°C for LM140

=0°C for LM340 = +126°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.
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LM140 Series, LM340 Series

LM140/340 — 6.0 ELECTRICAL CHARACTERISTICS
(Vin =11V, Ig = 500 mA, T = Tiow 0 Thigh (Note 1), unless otherwise noted).

Characteristic Symbol Min Typ Max Unit

Output Voltage (T = +25°C) Vo 5.75 6.0 6.25 Vdc
l0=5.0mAto1.0A

Input Regulation (Note 2) Regin mV
9.0 to 21 Vdc e == 60

8.0 to 25 Vdc (T = +25°C) - - 60

9.0t0 13 Vdc, Ip=10A — - 30

8.3 t0 21 Vdc, Ig = 1.0 A (Tj = +25°C) — - 60

60

60

30

Load Regulation (Note 2) Regload mV
50mA<Iip<10A — —
50mA< g < 1.5A(T;=+25°C) = =

250 mA < Ig < 750 mA (T = +26°C) = =

Output Volitage Vo Vdc
LM140
9.0< Vi <21Vde, 50mA<Ip<1.0A, 5.7 6.0 6.3
Po<15W
LM340
80<Vijn<21Vde, 60mA<Ig<1.0A, 57 5.0 6.3
POo<15W

Quiescent Current Ip mA
Ip=10A
LM140 — 4.0 7.0
LM340 — 4.0 85
LM140 (T = +25°C) — 40 6.0
LM340 (T = +25°C) — 4.0 8.0

Quiescent Current Change Alp mA
9.0 < Vjp < 25 Vdc LM140 = = 08
8.0 < Vjp < 25 Vde LM340 = - 10
50mA<Iipg<10A LM140, LM340 = = 0.5
9.0<Vjh<21Vdc, lp=1.0A LM140 = = 08
86<Vijh<21Vde, lg=1.0A LM340 = — 1.0

Ripple Rejection RR dB
LM140 65 78 -
LM340 59 78 —

lo=1.0A(Ty=+25°C)
LM140 65 - —
LM340 59 — e

Dropout Voltage Vin - Vo - 20 = Vdc
Output Resistance Ro — 35 — m

Short-Circuit Current Limit Isc — 1.9 — A

Output Noise Voltage (Tp = +25°C) Vn — 45 — my
10 Hz < f < 100 kHz

Average Temperature Coefficient of Output Voltage TCVo - +0.7 — mV/°C
Io = 5.0 mA

Peak Output Current (T = +25°C) o — 24 — A

Input Voltage to Maintain Line Regulation (Tj = +25°C) 8.3 — - Vdc
lo=10A

NOTES:

1. Tiow = -55°C for LM140 Thigh = +150°C for LM140

=0°C for 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.
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LM140 Series, LM340 Series

LM140/340 — 8.0 ELECTRICAL CHARACTERISTICS
(Vin = 14V, Ig = 500 mA, T = Tjow to Thigh (Note 1), unless otherwise noted).

Characteristic Symbol Min Typ Max Unit

Output Voltage (T = +25°C) Vo 27 8.0 83 Vdc
lIo=50mAto1.0A

Input Regulation (Note 2) Regin mvV
11 to 23 Vdc = —
10.5 to 25 Vdc (T = +25°C) = =
11t017 Vde, Ip=1.0A — —
10.5 to 23 Vdc, Ig = 1.0 A (Tj = +25°C) = =

Load Regulation (Note 2) Regjoad
50mA<Igp<10A = —
50mA<Ig<15A(T)=+25°C) = —=
250 mA < lg < 750 mA (T = +25°C) - s

Output Voltage Vo Vde
LM140
115<Vjh<23Vde, 50mA<Ig<1.0A, 76 8.0 84
Po<15W
LM340 '
105<Vin<23Vde, 50mA<Ig<10A, 76 8.0 84
PO<15W

Quiescent Current Ip mA
lp=10A
LM140 — 4.0 7.0
LM340 - 4.0 85
LM140 (T = +25°C) — 4.0 6.0
LM340 (T = +26°C) — 4.0 8.0

Quiescent Current Change Alp mA
11.5 < Vjp < 25 Vde LM140 — - 08
10.5 < Vjn < 25 Vde LM340 - — 1.0
50mA<Ip<10A LM140, LM340 ~— — 05
11.5<Vjh<23Vde, Ig=1.0A LM140 - - 08
10.6 < Vjn <23 Vdc, Ip=1.0A LM340 — A 1.0

Ripple Rejection RR dB
LM140 62 76 —
LM340 56 76 —

lo=1.0A(Ty=+25°C)
LM140 62 — —
LM340 56 — —

Dropout Voltage Vin - Vo — 2.0 —_ Vdc

mV

888 |8588

Output Resistance Ro == 40 == mO
Short-Circuit Current Limit Isc —_ 1.5 -—_ A
Output Noise Voltage (Tp = +25°C) Vn — 52 — uVv
10 Hz < f < 100 kHz
Average Temperature Coefficient of Output Voltage TCVo — *+110 — mV/°C
Io = 5.0 mA 1
Peak Output Current (T j = +26°C) lo — 24 — A
Input Volitage to Maintain Line Regulation (Tj = +25°C) 10.5 - — Vdc
I0=10A

NOTES:
1. Tiow = -55°C for LM140 Thigh = +160°C for LM140
=0°C for 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.
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LM140 Series, LM340 Series

LM140/340 — 12 ELECTRICAL CHARACTERISTICS
(Vin =19V, Ig = 500 mA, T = Tiow to Thigh (Note 1), unless otherwise noted).

Characteristic Symbol Min Typ Max Unit

Output Voltage (T = +25°C) Vo 1.5 12 125 Vde
lp=50mAto1.0A

Input Regulation (Note 2) Regin mV
15 to 27 Vdc —= = 120
14.6 to 30 Vdc (T = +25°C) s - 120
161022 Vde, 10=10A = = 60
14.6 to 27 Vdc, Ig = 1.0 A (T = +25°C) =L =3 120

Load Regulation (Note 2) Regload mV
50mA<Ig<10A — = 120
50mA<Ig<15A(T)=+25°C) — = 120
250 mA < Ig < 750 mA (T = +25°C) — — 60

Output Voltage Vo Vde
LM140
166 < Vjn <27 Vde, 50 mA<Ig< 1.0A, 1.4 12 126
PO<16W
LM340
145< Vi <27Vde, 50 mMA<Ig<1.0A, 14 12 12.6
PO<15W

Quiescent Current Ip mA
fo=10A
LM140 — 4.0 7.0
LM340 — 4.0 85
LM140 (T = +25°C) - 4.0 6.0
LM340 (T = +25°C) — 4.0 8.0

Quiescent Current Change Alp mA
15 < Vjp < 30 Vde LM140 — —
14.5 < Vjn < 30 Vde LM340 —4 =<
50mA<Ip<10A LM140, LM340 — -
15<Vin<27Vde, lg=1.0A LM140 — —
148 < Vjn <27 Vdc, Igp=1.0A LM340 — —

Ripple Rejection RR dB

LM140 61 72 -
LM340 55 72 -
lp =1.0 A (T =+25°C)
LM140 61 - -
LM340 55 — —

Dropout Voltage Vin - VO — 20 - Vde

Output Resistance Ro — 75 — mQ

Short-Circuit Current Limit Isc — %) - A

Output Noise Voltage (T = +25°C) Vn — 75 — my
10 Hz < f < 100 kHz
Average Temperature Coefficient of Output Voltage TCVo — #16 — mV/°C
lp =5.0 mA

Peak Output Current (T j = +25°C) . o — 24 = A
Input Voltage to Maintain Line Regulation (Tj = +25°C) 14.6 — — Vdc
Io=10A

NOTES:
1. Tiow = -55°C for LM140 Thigh = +150°C for LM140
=0°C for 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.

20929
ocwwom®
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LM140 Series, LM340 Series

LM140/340 — 156 ELECTRICAL CHARACTERISTICS
(Vin=23V, Ig = 500 mA, T = Tiow to Thigh (Note 1), unless otherwise noted).

Characteristic Symbol Min Typ Max Unit

Output Voltage (T = +25°C) Vo 144 15 15.6 Vdc
I0=50mAto1.0A

Input Regulation (Note 2) Regin mVv
18.5 to 30 Vdc = . 150
17.5 to 30 Vdc (T = +26°C) — = 150
2010 26 Vdc, | 0= 1.0 A = i 75
17.7 t0 30 Vdc, Ig = 1.0 A (Tj = +25°C) — — 150

Load Regulation (Note 2) Regjoad mV
50mA<Ip<10A - - 150
5.0mA< Ig< 1.6 A (T =+25°C) — - 150
250 mA < Ig < 750 mA (T = +25°C) — — 75

Output Voltage Vo Vde
LM140
185 < Vi3 <30Vde, 50 mA<Ig<1.0A, 14.25 15 16.756
PO<15W
LM340
175<Vjh <30Vde, 50 mMA<Ig< 1.0A, 14.25 15 15.75
PO<15W

Quiescent Current Ib mA
lop=10A i
LM140 - 40 7.0
LM340 = 4.0 85
LM140 (T = +25°C) — 4.0 6.0
LM340 (T = +25°C) = 4.0 8.0

Quiescent Current Change Alp mA
18.5 < Vjp < 30 Vde LM140 — - 08
17.5 < Vjn < 30 Vde LM340 — - 10
50mA<Ip<10A LM140, LM340 = — 0.5
185 < Vjh <30 Vdc, Ip=1.0A LM140 — — 08
17.9< Vjp <30 Vde, Ip = 1.0 A LM340 — — 1.0

Ripple Rejection RR dB
LM140 60 70 —
LM340 54 70 _

Io = 1.0 A (T = +25°C)
LM140 60
LM340 54 = —

Dropout Voltage : Vin-Vo — 20 — Vde

Output Resistance Ro — 95 — mQ

Short-Circuit Current Limit Isc = 800 - mA

Output Noise Voltage (T = +25°C) Vn — 90 — my
10 Hz < f < 100 kHz
Average Temperature Coefficient of Output Voitage TCVo - *1.8 —_ mV/°C
Ilp =5.0mA

Peak Output Current (T = +25°C) o — 24 - A

Input Voltage to Maintain Line Regulation (T j = +256°C) 17.7 — — Vde
lp=10A
NOTES:
1. Tiow = -55°C for LM140 Thigh = +150°C for LM140
= 0°C for LM340 = +125°C for LM340
2. Load and line regulation are specified at junction p Changes in Vg due to heating effects must be taken into
account separately. Pulse testing with low duty cycle is used.
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LM140 Series, LM340 Series

LM140/340 — 18 ELECTRICAL CHARACTERISTICS
(Vin =27 V, Ig = 500 mA, T = Tjow to Thigh (Note 1), unless otherwise noted).

Characteristic Symbol Min Typ Max Unit

Output Voltage (T = +25°C) Vo 17.3 18 18.7 Vdc
Ip=50mAto1.0A

Input Regulation (Note 2) Regin mVvV
21.5 to 33 Vdc - - 180
21 to 33 Vdc (T = +25°C) = — 180
241030 Vdc, I p=10A 3 - 90
2110 33 Vdc, Ig = 1.0 A (T = +25°C) — = 180

Load Regulation (Note 2) Regload mV
50mA<Ip<10A o . 180
50mA<Ig<1.5A(T)=+25°) o= 22 180
250 mA < g < 750 mA (T = +25°C) = cX 90

Output Voltage Vo Vde
LM140
22<Vin <33Vde, 50 mMA<Ip< 1.0A, 1A 18 18.9
Po<15W
LM340
21 < Vi <33Vde, 50mA<Ig<1.0A, 1724 18 18.9
PO<15W

Quiescent Current Ip mA
lp=10A
LM140 — 4.0 7.0
LM340 = 4.0 85
LM140 (T = +26°C) — 4.0 6.0
LM340 (T = +25°C) = 4.0 8.0

Quiescent Current Change Alp mA
22 < Vjn < 33 Vde LM140 — — 08
21 < Vjp < 33 Vde LM340 — — 1.0
50mA<Ip<10A LM140, LM340 — — 05
22<Vjn<33Vde,ilp=10A LM140 — — 038
21 <Vjp<33Vde, Ip=10A LM340 — — 1.0

Ripple Rejection RR dB
LM140 59 69 —
LM340 53 69 —

lp=1.0A(T =+25°C)
LM140 59 — —
LM340 53 = =

Dropout Voltage Vin - Vo — 20 S Vdc

Output Resistance Ro - 110 — mQ

Short-Circuit Current Limit Isc — 500 — mA

Output Noise Voltage (Tp = +25°C) Vn — 110 — mY
10 Hz < f < 100 kHz

Average Temperature Coefficient of Output Voltage TCVp — *2.3 — mV/°C
10 = 5.0 mA

Peak Output Current (T = +25°C) o — 24 — A

Input Voltage to Maintain Line Regulation (T j = +25°C) 21 — — Vdc
lo=10A

NOTES:

1. Tjow = -55°C for LM140 Thigh = +150°C for LM140

= 0°C for LM340 =+125°C for LM340

2. Load and line regulation are specified at constant junction temperature. Changes in Vg due to heating effects must be taken into
account separately. Pulse testing with low duty cycle is used.
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LM140 Series, LM340 Series

LM140/340 — 24 ELECTRICAL CHARACTERISTICS
(Vin =33 V. Ig = 500 mA, T = Tjow t0 Thigh (Note 1), unless otherwise noted).

Characteristic Symbol Min Typ Max Unit
Output Voltage (T = +25°C) Vo 23 24 25 Vdc
I0=5.0mAt01.0A
Input Regulation (Note 2) Regin mV
28 to 38 Vdc — — 240
27 to 38 Vdc (T = +25°C) — — 240
3010 36 Vdc, Ip=10A — — 120
27.1 t0 38 Vdc, Ig = 1.0 A (T = +256°C) — — 240
Load Regulation (Note 2) Regload mV
50mA<Ig<10A — — 240
50mA<Ipo<1.5A(T =+25°C) — — 240
250 mA < lp < 750 mA (T = +25°C) — — 120
Output Voltage Vo Vdc
LM140
28< Vijpn <38Vdc 50mA<ip<10A, 228 24 25.2
PO<15W
LM340
27< Vin <38Vde, 50 mA<Ig< 10A, 228 24 252
POo<15W
Quiescent Current Ip mA
Ip=10A
LM140 — 40 7.0
LM340 — 4.0 8.5
LM140 (T = +25°C) - 40 6.0
LM340 (T = +25°C) — 4.0 8.0
Quiescent Current Change Alp mA
28 < Vjn < 38 Vdc LM140 — — 08
27 < Vjp < 38 Vdc LM340 — L 1.0
50mA<Ip<10A LM140, LM340 — — 0.5
28<Vjn<38Vdc, Ip=10A LM140 = = 08
273<Vjp<38Vdc, Igp=1.0A LM340 — — 1.0
Ripple Rejection RR dB
LM140 56 66 -
LM340 50 66 -
lo=1.0A(Ty=+25°C)
LM140 56 — —
LM340 50 — —
Dropout Voltage Vin - VO - 2.0 = Vdc
Output Resistance Ro — 150 e mQ
Short-Circuit Current Limit lsc — 200 - mA
Output Noise Voltage (Ta = +25°C) Vn — 170 — my
10 Hz < f< 100 kHz
Average Temperature Coefficient of Output Voltage TCVo — +3.0 — mV/°C
10 =5.0 mA
Peak Output Current (T j = +25°C) lo — 2.4 — A
Input Voltage to Maintain Line Regulation (T j = +25°C) 271 - — Vdc
Ip=10A
NOTES:
1. Tjow = -55°C for LM140 Thigh = +150°C for LM140
=0°C for LM340 = +125°C for LM340

2. Load and line regulation are specified at constant junction temperature. Changes in Vg due to heating effects must be taken into
account separately. Pulse testing with low duty cycle is used.
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LM140 Series, LM340 Series

FIGURE 1 — WORST CASE POWER DISSIPATION
versus AMBIENT TEMPERATURE
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Ig, QUIESCENT CURRENT (mA)

FIGURE 2 — DROPOUT CHARACTERISTICS
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FIGURE 4 — PEAK OUTPUT CURRENT AS A FUNCTION
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LM150
LM250
LM350

Advance Information

3-TERMINAL ADJUSTABLE
OUTPUT POSITIVE VOLTAGE REGULATOR

The LM150/250/350 are adjustable 3-terminal positive voltage
regulators capable of supplying in excess of 3.0 A over an output
voltage range of 1.2 Vto 33 V. These voltage regulators are excep-
tionally easy to use and require only two external resistors to set the
outputvoltage. Further, they employ internal currentlimiting,
thermal shutdown and safe area compensation, making them
essentially blow-out proof.

The LM150 series serve a wide variety of applications including
local, on card regulation. This device also makes an especially
simple adjustable switching regulator, aprogrammable output
regulator, or by connecting a fixed resistor between the adjustment
and output, the LM150 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

3-TERMINAL
ADJUSTABLE POSITIVE
VOLTAGE REGULATOR

SILICON MONOLITHIC
INTEGRATED CIRCUIT

K SUFFIX
METAL PACKAGE
CASE 1
(TO-3 Type)

(Bottom View)

Pins 1 and 2 electrically isolated from case.
Case is third electrical connection.

STANDARD APPLICATION

®

I .
* = Ci is required if regulator is located an appreciable distance from power
supply filter.

*%* = C, is not needed for stability, however it does improve transient
response.

R2
Vigut =-1.25. V. (3 +§)+ lagj B2

Since 'Adj is controlled to less than 100 uA, the error associated with this
term is negligible in most applications

T SUFFIX
PLASTIC PACKAGE
CASE 221A
(TO-220)
17 /
"’3 Pin1 Adjust
Pin2 Vgut
Pin3 Vi

Heatsink surface connected
to Pin 2

ORDERING INFORMATION

Device Temperature Range Package

LM150K Ty=-55°Cto +150°C Metal Power
LM250K T4=-25°C 10 +150°C Metal Power
LM350K T)=0°Cto +125°C Metal Power
LM350T Ty=0°Cto+125°C Plastic Power
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LM150, LM250, LM350

MAXIMUM RATINGS

Rating Symbol Value Unit
Input-Output Voltage Differential Vi-Vo 35 Vdc
Power Dissipation Pp Internally Limited
Operatiqg Junction Temperature Range LM150 T -55 to +150 2C

¢ LM250 -25to +150
LM350 Oto+125

Storage Temperature Range Tst_g -65 to +150 o¢
Soldering Lead Temperature (10 seconds) 300 °G

ELECTRICAL CHARACTERISTICS (Unless otherwise specified, V|-Vo =5 V: I| = 1.5 A; T j=Tjow 10 Thigh[see Note 1], Pmax = 30 W)

LM150/2 LM350
Characteristic Figure| Symbol Min Typ Max Min Typ Max Unit
Line Regulation (Note 2) 1 Regjine — 0.005 0.01 — 0.005 0.03 %/V
TA=25°C,3V<V|-Vo<35V
Load Regulation (Note 2) 2 Regjoad
Ta=25°C, 10mA< I <3A
Vo < 5V — 5 s B ] 25 mV
Vo=5V — 0.1 0.3 — 0.1 05 % Vo
Thermal Regulation Pulse = 20 ms — Regtherm — 0.002 = o 0.002 — %/ W
Adjustment Pin Current 3 'Adj — 50 100 — 50 100 uA
Adjustment Pin Current Change 1.2 AlAdj pA
3V<V-Vg<35V
10mA< I <3 A Pp<Pmpax — 0.2 5 — 0.2 5
Reference Voltage (Note 3) 3 Vref \%
3V<V)-Vo<35V
10mA< I <3 A Pp<Pmax 1.20 1.25 1.30 1.20 1,25 1.30
Line Regulation (Note 2) 1 Regjine %/V
3VLSV|-Vo<35V — 0.02 0.05 — 0.02 0.07
Load Regulation (Note 2) 2 Regjoad
10mASI <3A
Vos5V — 20 50 — 20 70 mV
Vo=5V — 0.3 1 - 0.3 5 %V0
Temperature Stability (Tiow < Ty < Thigh) 3 1S - 1 — — 1 — %Vo
Minimum Load Current to 3 ILmin mA
Maintain Regulation (V|-Vg = 35 V) - 35 5 = 3.5 10
Maximum Output Current 3 Imax A
V|I-Vo < 10V, Pp < Pmax 3.0 45 — 3.0 4.5 —
Vi-Vg = 30 V, Pp < Pax. TA = 256°C 0.3 1 — 0.25 1 —
RMS Noise, % of Vo = N %Vo
TA=25°C, 10 Hz< f< 10 kHz - 0.003 = = 0.003 =
Ripple Rejection, Vg =10V, f= 120 Hz 4 RR dB
(Note 4)
Without CApy — 65 — - 65 —
CapJy= 10 uF 66 80 — 66 80 —
Long Term Stability, T = Thigh (Note 5) 9 S %/1.0k
Ta = 25°C for Endpoint Measurements -+ 0.3 1 = 0.3 1 Hrs.
Thermal Resistance Junction to Case = RgJc °C/W
Peak (Note 6) K Package (TO-3) — 23 —_ — 2.3 —
T Package (TO-220) - = — — 2.3 —
Average (Note 7) K Package (TO-3) — — 1.5 — — 1.5
T Package (TO-220) — - — — — .5

NOTES:

(1) Tjow = -55°C for LM150 Thigh = +150°C for LM150
-25°C for LM250 =+150°C for LM250
0°C for LM350 =+125°C for LM350

(2) Loadandline regulation are specified at constant junction temperature.

Changes in Vg due to heating effects must be taken into account
separately. Pulse testing with low duty cycle is used.

(3) Selected devices with tightened tolerance reference voltage available.

(4) Capy. when used, is connected between the adjustment pin and

ground.

(5) Since Long Term Stability cannot be measured on each device before

h, this ifi is an eng g of average
stability from lot to lot.
(6) Thermal Resi e ing the hottest temperature on

thedie using an infrared scanner. This method of evaluation yields very
accurate thermal resistance values which are conservative when
compared to other measurement techniques.

(7) The average die temperature is used to derive the value of thermal
resistance junction to case (average).
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LM150, LM250, LM350

SCHEMATIC DIAGRAM

O Vln
63V
170
t : 12k 160
A ©2 5pF
i 200 13k
x
© 6.8k
o
6.3V
>
o 30
© PF(M 2.4k

125k
9 % 4

FIGURE 1 — LINE REGULATION AND Alagj/LINE TEST CIRCUIT

Vee

A\ -V
Line Regulation (%/V) = —2H""OL y 400
VoL

ﬂ ViH H VoH
ViL Vin VoL
SR
RL

—
Cin 1~ 0.1 uF A1~ 1 UuF

* Pulse Testing Required:
1% Duty Cycle
is suggested.
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LM150, LM250, LM350

FIGURE 2 — LOAD REGULATION AND Alagj/LOAD TEST CIRCUIT

Load Regulation (mV) = Vg (min. Load) — VO (max. Load)
VO (min. Load) — Vo (max. Load)

X 100_1_]—"0 (min. Load)
VO (mex. Load)

Load R

Vi Vin
LM150

Vout
O

Cin == 0.1 uF

l Adjust

Ry

(%Vg) =

VO (min. Load)

RL
(max. Load)

RL
(min. Load)

* Pulse Testing Required: _L
1% Duty Cycle is suggested. =
FIGURE 3 — STANDARD TEST CIRCUIT
Vin Vout
LM150 (I8 Py
Q Adjust 240
Vi B RL
+
Cin 0.1 uF Co /T~ 1KF VS
R2
1%

Pulse Testing Required:
1% Duty Cycle is suggested.

=

To Calculate Ry:
Vo = IsgT Rp + 1.250 V
Assume IggT = 5.26 mA

FIGURE 4 — RIPPLE REJECTION TEST CIRCUIT

24v—/\-)
14av

=120 Hz

Cin

0.1 uF

LM150

Y Adjust

&

n?f 116: K
B g

*Dq Discharges Cap, if Output is Shorted to Ground.
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LM150, LM250, LM350

V.ot REFERENCE VOLTAGE (V)

4V, OUTPUT VOLTAGE CHANGE (%)
&
~

04

02

-1.0

-75

FIGURE 5 — LOAD REGULATION

T4, JUNCTION TEMPERATURE (°C)

FIGURE 7 — ADJUSTMENT PIN CURRENT

e I =500 mA
—
IL=15 A/, =
Vi=15V IL=3.0A/
vg=10V
50 -25 0 25 50 75 100 125 150

T,, JUNCTION TEMPERATURE (°C)

g0
=
Z 65 =
o«
-
3 60} i
z
a
- 55 —
2 L—
Z 50
%
3
S A
= /
= a0
35
75 50 25 0 25 50 75 100 125 150
T,, JUNCTION TEMPERATURE (°C)
FIGURE 9 — TEMPERATURE STABILITY
1.260
1.250 ]
4/ — \
~
1.240
1.230
1.220
75 50 -25 0 25 50 75 100 125 150
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lg. OUTPUT CURRENT (A)

V| = Vg, INPUT - OUTPUT VOLTAGE DIFFERENTIAL (Vdc)

Ig, QUIESCENT CURRENT (mA)

FIGURE 6 — CURRENT LIMIT

p |
L —
ﬁ’ S~ _Ty=-55%
s T=25C N
= \
’, ol | = \ 8
l Ty=150°C N \\
3 N
[i N
A S
g, “Y——
1 = ~ = 4
, |
0 10 20 30 a0
V| - Vg, INPUT - OUTPUT VOLTAGE DIFFERENTIAL (Vdc)
FIGURE 8 — DROPOUT VOLTAGE
30 T T
E aVg =100 mV
~ \ )
\\ \1-\ IL=30A
25 — —t -
\\ 1L =20 :R
20 ] =
— \\ . S U ey
I~ ~— I, =500 mA
L
15 \'\ t\\\\L
: S~ =200mA
\
I =20mA
1.0
75 50 -25 0 26 60 75 100 125 150
T,, JUNCTION TEMPERATURE (°C)
FIGURE 10 — MINIMUM OPERATING CURRENT
5.0
45
40
T)=-85°C |
35
T =25°C %,
3.0 77
g /‘V//
A
20 P T1,=150°C
1= ?" J
15 —
G 7?
05
0
0 10 20 30 40

V| = Vg, INPUT — OUTPUT VOLTAGE DIFFERENTIAL (Vdc)



LM150, LM250, LM350

FIGURE 11 — RIPPLE REJECTION VS OUTPUT VOLTAGE FIGURE 12 — RIPPLE REJECTION VS. OUTPUT CURRENT
100 T T
Capy =104F
120
_ 80
2 e g
= = 100
= o~
3 ~—~—| WITHOUT Cp £ e AT
= ADJ
S 60 5 80 — o
= o ol |l \\
< = q__/»/
= 4 = w 60
z V) -Vg=5V T V=15V
& 1 sofma g 1 WITHOUT Cpp
= L % Vg=10V
e 12120 H2 = 020
= T,=25% 3 e
20 J = T, =259
41
0 0
0 5 015 0 5 3 3 0.01 0.1 1 10
Vg, OUTPUT VOLTAGE (V) Ig. OUTPUT CURRENT (A)
FIGURE 13 — RIPPLE REJECTION VS. FREQUENCY FIGURE 14 — OUTPUT IMPEDANCE
100 [ 10!
1 V=15V
- 1§ S0ma Vg=10V
5 ~ 1 =15V = 1, =500 mA
= A Vg=10V g 0l =1 -0 ﬁﬁ
3 C > T)=25° g == o=
5 60 =< - n
w \ = = =
= s 10!
- E WITHOUT Cpp, =2 =
g \ = T T =
= Cany=104F 5 —t =
= ADy = 104 = =7
= 107 Capy = 10uF ==—=
20 WITHOUT Cap, N — =
| ~ =
0 l
0 100 1K 10K 100K M 10M 10 100 K 10K 100K ™
f, FREQUENCY (Ha) f, FREQUENCY (Hz)
FIGURE 15 — LINE TRANSIENT RESPONSE FIGURE 16 — LOAD TRANSIENT RESPONSE
3
“GET clgheded 4 1
el 2 T \
:§ 10 :S 1| Cp=1uF;Cppy=104F £
o Gt Copyyatlul Sz i N
=2 U =2 0 A4
3 : \ 25 <
2., [/ g WS
& 3 <
== 05 Vo=10V 57 2 Gy REMEOUT Gy —+— 5:3 Zov
= e e \ Sy \/ Iy =50 mA
. = 25% ia 1’} = 259¢
w  -15 €| = 0;WITHOUT Cppyy — =16 +
i | a2 I
g= " | E L
>w NS vV, | aw
.
S 05 I 2 05
5z L -3 \
E A ° 0
= 0 10 20 30 40 0 10 2 30 40
3 t, TIME (us) t, TIME (us)
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LM150, LM250, LM350

APPLICATIONS INFORMATION

BASIC CIRCUIT OPERATION

The LM150 is a 3-terminal floating regulator. In opera-
tion, the LM150 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 (IpROG) 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 + ﬁ) +1adj R2

Since the current from the adjustment terminal (Iagj)
represents an error term in the equation, the LM150 was
designed to control Iadj to less than 100 uA 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 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.

FIGURE 17 — BASIC CIRCUIT CONFIGURATION

LM150

Adjust

'Adj

Vief = 1.25 V TYPICAL

LOAD REGULATION

The LM150 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.
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EXTERNAL CAPACITORS

A 0.1 uF disc or 1 uF 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 (CApJ) prevents
ripple from being amplified as the output voltage is
increased. A 10 uF 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 (Cg) in the form of a 1 uF tantalum or 25 uF
aluminum electrolytic capacitor on the output swamps
this effect and insures stability.

PROTECTION DIODES

When external capacitors are used with any |.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 LM150 with the recommended
protection diodes for output voltages in excess of 256 V or
high capacitance values (Cq > 25 uF, CaopJy > 10 uF).
Diode D1 prevents Co from discharging thru the 1.C.
during an input short circuit. Diode D2 protects against
capacitor CApy discharging through the |.C. during an
output short circuit. The combination of diodes D1 and
D2 prevents Capy from discharging through the |.C.
during an input short circuit.

FIGURE 18 — VOLTAGE REGULATOR WITH
PROTECTION DIODES

D1y
11
N
IN4002
Vin Vout
LM150
+
Cin <

CO
b2 T

IN4002

Adjust




LM150, LM250, LM350

FIGURE 19 — “LABORATORY* POWER SUPPLY WITH ADJUSTABLE
CURRENT LIMIT AND OUTPUT VOLTAGE

Dg
!
N
IN4002
\ R v v 2
outl HRsc in2 out2 —_—
ViN M150 | 5 AN o | LMISO Vo
azv Vi m 2
+
Dg 1 ufF
0.1 uF L Tantalum
D4 IN4001
Adjust 1
- iNs00Y Adjust 2 o ==
o IN4001 2
Current UL b ik Voltage e
Limit 2 ) Adjust
o 1o Vref Adjust IN4001 =
S€ " Tomax * 'Dss Q D3
2N3822
s 1.25 V =
lomax * 'Dss
Dg OUTPUT RANGE:
0<SVp<25V
4 o
-10v Qy byt 0<Ig< 3A
Diodes D4 and D3 and transistor Q5 are added to allow adjustment 2nase0
of output voltage to O volts.
Dg protects both LM150s during an input short circuit.
-10v

FIGURE 20 — ADJUSTABLE CURRENT LIMITER FIGURE 21 — 5V ELECTRONIC SHUT DOWN REGULATOR

121
+25 V Vout R Vo N <t
=1 LM150 ——O0—AAN\—4 1N4002
Vin 620 Vin Vout

LM150 ———o
4
Dq
Adjust Ro IN4001 1.0 uF

** To provide current limiting of lo 100 D2 Adjust
to the system ground, the source of IN4001
the FET must be tied to a negative

voltage below -1.25 V.

TRE

720 Control

e Vret
27 Tpss 2N5640
A Vref
' iomex * Ibss = Minimum Vg ,¢ = 1.25 V
Vo < BVpgg *+ 1.25 V + Vgg =
lemin =~ Ipss = lg < 3 A Vgs™ D4 protects the device during an input short circuit.

Asshown 0< Ig<2A

FIGURE 22 — SLOW TURN-ON REGULATOR FIGURE 23 — CURRENT REGULATOR

lout

Vin Vout Ry
O—— wLM150 ——O0— AN @

Vin Vout
o— LM150

IN4001

i
Adijust Adi

Adjust O

v

R
2 S iV eaf:
lout = =) + lag

+
~ 10 uF

~ 125V
Rq

i 10mA < gy < 3 A
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MC1400 MC1400A
MC1500 MC1500A

Advance Information

TIGHT-TOLERANCE, LOW-DRIFT
VOLTAGE REFERENCE FAMILY

The MC1400 series of 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 technigues
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 references.
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 Qutput 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)< Vi <40V
® Three-Terminal Operation:
Positive References That 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

PRECISION
VOLTAGE REFERENCES

2.5,5.0, 6.25 and 10-VOLT

LASER-TRIMMED SILICON
MONOLITHIC INTEGRATED CIRCUIT

U SUFFIX
CERAMIC PACKAGE
CASE 693

[
wlE
VTEMPE

Gnd | 4

SISy PR

a
ENC
Evout
ETRIM

ORDERING INFORMATION

PACKAGE (ALL TYPES)

FUNCTIONAL SCHEMATIC

RS > 3
ﬂ 9
20 ol ) Vout R
TRIM T :
= 25V 5 kQ
50V 15k
: 625V | 20k0
s TEMP 100V 35 k)
n

Ceramic DIP
Device Temperature Range

2.5 Volts

MC1500U2 ~55:c to +125°C

MC1500AU2 ~55Ct0+125°C

MC1400U2 0Cto+70 C

MC1400AU2 0Cto+70 C
5.0 Volts

MC1500U5 -55°C to +425°C

MC1500AU5 -55°C to +125°C

MC1400U5 0°C to +70°C

MC1400AUS 0°C to +70°C
6.25 Volts

MC1500U6 -55°C to +125°C

MC1500AU6 -55°C to +125°C

MC1400U6 0°C to +70°C

MC1400AU6 0°C to +70°C
10 Volts

MC1500U10 -559C to +125°C

MC1500AU10 -55°C to +125°C

MC1400U10 0°C to +70°C

MC1400AU10 0°C to +70°C
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MC1400,A — MC1500,A

MAXIMUM RATINGS

Rating Symbol Value Unit
Applied Voltages A\
Vin -0.3 to +40
VIRIM -0.3 10 +5.0
Load Current
VTEMP. Pin 3 ITEMP +50 kA
Output, Pin 6 lout +40 mA
Output Short Circuit Duration tsc seconds
To Ground Continuous
To Vin 10
Storage Temperature ng -65 to +150 2C
Junction Temperature Ty +150 °C
Operating Ambient Temperature Range N i
MC1500,A -55to +125
MC1400,A 0 to +70

ELECTRICAL CHARACTERISTICS (Vi = 15 Volts, Tp = 25°C and Trim Terminal not connected unless otherwise noted)

_MC1400.A MC1500.A
Characteristic Symbol Min Typ Max Min Typ Max Unit
Output Voltage Vo Volts
(o =0 mA) U2, AU2 2.495 2500 2.505 |2.495 2500 | 2.505
Us, AUS 4.990 5.000| 5.010 |4.990 5.000 | 5.010
U6, AUB 6.240 6.250| 6.260 |6.240 6.250 | 6.260
u10, AU10 9.980 (10.000| 10.020 [9.980| 10.000 |10.020
Output Voltage Tolerance — — 0.05 0.20 — 0.05 0.20 %
Output Trim Range (Rp = 100 k() AVTRIM +6.0 — = +6.0 e = %
Temperature Coefficient (Notes 1, 4) TcVo ppm/°C
(Tmin t© Tmax) MC1400/1500 — = 25 — = 40
MC1400A/1500A — — 10 = 7% 10
Line Regulation (Note 2) RegINE mV
(Vin=3.5 V1040 V) U2, AU2 = 1.0 3.0 = 10 3.0
(Vin = 6.0 V 10 40 V) U5, AU5 = 15 4.0 = 15 4.0
(Vin=7.5V to 40 V) U6, AU6 — 1.6 4.0 — 1.5 4.0
(Vin=115Vt040V) U10, AU10 = 2.0 4.0 — 2.0 4.0
Load Regulation (Note 3) Regl 0AD mV
(-10< I <+10 mA) U2, AU2 = 6.0 10 < 6.0 10
Us, AUS — 8.0 20 = 8.0 20
U6, AU6 — 8.0 20 o 8.0 20
u10, AU10 — 8.0 20 — 8.0 20
Quiescent Current (Io =0 mA) I} — 0.77 1S — 0.77 1.5 mA
Zener Mode Regulation (Figure 1) Vz mV
(1.0< 1< 10 mA) U2, Au2 — 3.0 — = 3.0 =
U5, AUS — 6.0 = = 6.0 —
ue, AU6 — 8.0 — — 8.0 —
u10, AU10 — 12 — — 12 —
Long Term Stability — —_ 25 — — 25 — ppm/ 1000 hrs
DYNAMIC CHARACTERISTICS (Vi = 15V, Tp = 25°C all voltage ranges unless otherwise noted)
MC1400.A MC1500.A
Characteristic Symbol Min Typ Max Min Typ Max Unit
Turn-On Settling Time (Figure 2) tg — 50 — — 50 — us
(to £0.01%)
Output Noise Voltage — P to P en uVv
(0.1 <f< 10 Hz) U2, Au2 — 8.0 — == 8.0 —
U5, AUS — 12 — — 12 —
U6, AU6 — 14 — — 14 —
u10, AU10 — 16 — — 16 —
Small-Signal Output Impedance (f = 120 Hz) Zg = 03 =+ = 03 — Q0
Power Supply Rejection Ratio (f = 120 Hz) PSRR 60 87 — 60 87 — dB
NOTES:
1. Tmin = -55°C for MC1500,A 3. Load Regulation is defined as the maximum excursion in output voltage

=0°C for MC1400,A
Tmax = +125°C for MC1500,A
= +70°C 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.
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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 (TcV,) is defined as the
maximun change in output voltage over applicable temperature divided
by the device operating temperature range and expressed as ppm/°C.




MC1400,A — MC1500,A

1.0004
1.0000
0.9996
0.9992
0.9988

0.9984

NORMALIZED OUTPUT VOLTAGE

FIGURE 1 — ZENER MODE REGULATION

TEST CIRCUIT

V+
2

DUT

4

o

0.1 uF
1our’<1—

NOTE: |, is the net current flowing into the device.

TYPICAL CHARACTERISTICS

Vout

FIGURE 3 — NORMALIZED OUTPUT VOLTAGE

versus TEMPERATURE
I |
I =0mA
Vo/Vg (25°C)
o N
—
‘\\\
-50 -25 0 +25 +50 475  +100 +125

Ta. AMBIENT TEMPERATURE (°C)

FIGURE 5 — LOAD REGULATION versus TEMPERATURE
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FIGURE2 —TURN-ON SETTLING TIMETEST CIRCUIT
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FIGURE4 — LINEREGULATION versus TEMPERATURE
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I [
Vin = VRep +1.0Vto 40V
IL=0mA
Vv
/
A
-50 -25 0 +25  +50  +75 +100 +125
Ta. AMBIENT TEMPERATURE (°C)
FIGURE 6 — ZENER MODE REGULATION
versus TEMPERATURE

Iz, Zener Current Change 2.0 mA to 10 mA

(Test Circuit per Figure 1)
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r/
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MC1400,A — MC1500,A

FIGURE 7 — OUTPUTIMPEDANCE versus FREQUENCY
100

T

Vip =15V
[ IL=0mA I 1A
201 1, =250¢

10

20 i il
10

Zp, OUTPUT IMPEDANCE ()

0.2

0.1
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f. FREQUENCY (kHz)

il
Il

FIGURE 9 — QUIESCENT CURRENT versus
TEMPERATURE
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e
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o
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e
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1. QUIESCENT CURRENT (mA)

S
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0
-565 -25 0 25 50 75 100 125
TA. AMBIENT TEMPERATURE

FIGURE 11 — OUTPUT TRIM CONFIGURATION
+15V

912

Vin 6

Vo \_O—w Output
MC1400

ZRp
Trim F———0—=< 100 k
Gnd i

_4 TC

= 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 k) or 200 k() trimpot 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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FIGURE 8 — POWER SUPPLY REJECTION RATIO
versus FREQUENCY
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FIGURE 10 — VTemp. OUTPUT versus TEMPERATURE
1.2
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=
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£ il
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a
=
=
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Ta. AMBIENT TEMPERATURE (°C)

FIGURE 12 — FIXED REFERENCE

+15V
2

Vin 6
Vo
MC1400

Gnd Cc

*For better stability, transient response, and minimum noise
voltage, the device should be bypassed with a 0.1 uF ceramic
capacitor from pins 6 to 4 as shown.



MC1400,A — MC1500,A

FIGURE 14 — TRIMMABLE FLOATING REFERENCE

FIGURE 13 — NEGATIVE REFERENCE OPERATION OPERATION
V+
: !
2 SRy
i, 2
6 B 6
MC1400 . = - o +
.4 TE MC1400 el
7 L = 2 KQ C Output
) Output T
R r—o + al : o -
V-
Ve

*For better stability, transient response, and minimum noise voltage, the device should be bypassed with a 0.1 uF ceramic

and a 10 uF electrolytic capacitor from pins 6 to 4 as shown.

OUTLINE DIMENSIONS

T —

NOTES:
1. LEADS WITHIN 0.13 mm (0.005)

RAD OF TRUE POSITION AT
SEATING PLANE AT MAXIMUM
MATERIAL CONDITION.

2. DIMENSION “L" TO CENTER
OF LEADS WHEN FORMED
PARALLEL

154 = 1300CW

051 02

'y )
CASE 693
e p
. \] m

Ifl—o
e 4 LY
G SEATING PLANE

THERMAL INFORMATION

The maximum power consumption an integrated voltages and supply currents at the worst-case oper-

circuit can tolerate at a given operating ambient ating condition.

temperature, can be found from the equation:
TJ(max) = Maximum Operating Junction
TJ(max) -Ta Temperature as listed in the
PD(TA) - Rgua (Typ) Maximum Ratings Section
Ta = Maximum Desired Operating Ambient
Temperature

Ryya(Typ) = Typical Thermal Resistance

Where: PD(TA) = Power Dissipation allowable at a
Junction to Ambient

given operating ambient temperature. This must be
greater than the sum of the products of the supply
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MC1403,A

@ T —— MC1503 A

LOW-VOLTAGE REFERENCE PRECISION LOW-VOLTAGE

0 = B REFERENCE

A precision band-gap voltage reference designed for critical
instrumentation and D/A converter applications. This unit is LASER TRIMMED
designed to work with Motorola MC1506, MC1508, and MC3510 SILICON MONOLITHIC
D/A converters, and MC14433 A/D systems. Low temperature drift INTEGRATED CIRCUIT
is a prime design consideration.
® Output Voltage = 2.5V £25 mV

Input Voltage Range =4.5V to40 V

Quiescent Current = 1.2 mA typ T ST

Output Current = 10 mA CERAMIC PACKAGE

Temperature Coefficient = 10 ppm/°C typ CASE 693

Guaranteed Temperature Drift Specification
Equivalent to AD580
Standard 8-Pin DIP Package

8] ne

Typical Applications

® Voltage Reference for 8- 12 Bit D/A Converters Vout E F
® Low T¢ Zener Replacement Gnd[3 E NC
® High Stability Current Reference

® Voltmeter System Reference NC |4 B NC

MAXIMUM RATINGS (T = 25°C unless otherwise noted.)

Rating Symbol Value Unit ORDERING INFORMATION
Input Voltage V) 40 v
> Temperature
Storage Temperature Tstg _-651to0 150 C Device Range Package
Junction Temperature Ty +178 °c MC1503U 65 to +125°C Ceramic DIP
Operating Ambient Temeprature Range Ta MC1503AU -55 to +125°C Ceramic DIP
MC1503,A ~55 to +125 oe MC1403U 0 to +70°C Ceramic DIP
MC1403,A 0to +70 i MC1403AU 0 to +70°C Ceramic DIP
FIGURE 1 — A REFERENCE FOR MOTOROLA MONOLITHIC D/A CONVERTERS
Full-
Scale _——— e —— e —— ——— ———
1.0k Adjust Ir_ _‘l
500
+5.0V 1 |Mc1403, A 2 2,'5,, ,V - i: 1 o | Pins Numbers for |
i Series R1 R2 14 - MC1508/1408/3408 |
3 I Amplifier Series; device
15 | could also be |
MC1506/1406 or MC3510/3410 |

Al

|
ke SR e e e e i

PROVIDING THE REFERENCE CURRENT
FOR MOTOROLA MONOLITHIC D/A CONVERTERS

recommended to provide means for full-scale adjust on the
D/A 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

The MC1403/1503 makes an ideal reference for the
Motorola monolithic D/A converters. The MC1406/1506,

MC1408/1508, MC3410/3510 and MC3408 D/A converters 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, R1. A variable resistor, R2, is

reference line. It is essential if the D/A converter is located any
appreciable distance from the reference.

A single MC1403/1503 reference can provide the required
current input for up to five of the monolithic D/A converters.

DS 9468
(Replaces NP-64)




MC1403,A — MC1503,A

ELECTRICAL CHARACTERISTICS (V| = 15V, Ta = 256°C unless otherwise noted.)

Characteristic Symbol Min Typ Max Unit
Output Voltage Vo 2475 250 2525 \
(lg =0mA)
Temperature Coefficient of Output Voltage AVQ/AT ppm/°C
MC1503 - - 55
MC1503A - — 25
MC1403 - 10 40
MC1403A = 10 25
Output Voltage Change AVo mV
(over specified temperature range)
MC1503 } _55°C to +125°C - - 25
MC1503A - - 13
MC1403 07 4900 - - 7.0
mc1a03a § O C1*70°C - - 44
Line Regulation Regin mV
15V <V <40V) = T4 45
45VvV<V<15V) — 0.6 3.0
Load Regulation Regjoad e = 10 mV
(0mA < Ig < 10 mA)
Quiescent Current 1y = T2 1.5 mA
(lp = 0mA)
FIGURE 2 — MC1403/1503 SCHEMATIC
Tvin
2k 2k J
l .
1k N
2k 2k
32
N
Voul
1.5k
==
306k L
10 k 1.483 k
237k 1.73 g g
k
1k
5.61 k
. 8
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MC1403,A — MC1503 A

FIGURE 3 — TYPICAL CHANGE IN V¢ versus Vin

(NORMALIZED TO Vj, = 15 V @ T¢ = 25°C)
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+1
- 250C
s
E O
~':=- ./
= - 0°C
= -
w 750C
; -2 _— 4
x g “550¢
5" /
3 4 //
> = =
a

o el 1250C

| —
-6 s
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Vin, INPUT VOLTAGE (VOLTS)

FIGURE 5 — QUIESCENT CURRENT versus TEMPERATURE
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FIGURE 7 — CHANGE IN Vg versus TEMPERATURE
(NORMALIZED TO T @ Vin =15V, lgyr=0 mA)
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AVgyt, CHANGE IN Vyq (mV)
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CHANGE IN Vgyq (mV)

Vout

AV gyt, CHANGE IN OUTPUT VOLTAGE (mV)

FIGURE 4 — CHANGE IN OUTPUT VOLTAGE

versus LOAD CURRENT

(NORMALIZED TO Vout @ Vin = 16V, loye = 0 mA)
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FIGURE 6 — CHANGE IN Vg versus TEMPERATURE
(NORMALIZED TO Vgt @ Vi =15 V)
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= N
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OUTLINE DIMENSIONS

BN |
c
i1
I ~~_ i
1 J u\‘/
SEATING PLANE
MILUMETE NCHI NOTES:
| o ["WiN ] 1.LEADS WITHIN 0.13 mm (0.005)
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X MATERIAL CONDITION.
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MC1403,A — MC1503,A

3-1/2-DIGIT VOLTMETER — COMMON ANODE
DISPLAYS, FLASHING OVERRANGE

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
2.5V 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, R| is also
changed, as shown on the diagram.

When using R equal to 300 k§2, 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.

FIGURE 8 — 3-1/2-DIGIT VOLTMETER

MC1403
20 k
+5V o9—1 2
1 -5V
0.1uF ? l
;[. 3 5V — +5V +5V
0.1uF 30:"F l o.mr!
c 0.1uF
I I I Segment Resistors
¥ = 11 10 2 12 24 ¥ = T 1509 (7)
Vx 3 23 4 9 7 10!
1 22 2 g 10 6 1
I? A 21 3 9 1l—ds 8 12
la 20 5 9 12 4 T 13—
15 o 13 3 3 14—
—Is MC14433 5 o | [
0.1uF** 130 -5V 8 6 7 1 16
7 9 -5V -5vo—|
$g 14 & Minus Sign f gedcba
0.1uF 15 19 18 17 16 3 2000
[—0 5V MPs-A12 Plus Sign
DS1 -5V
S . Gé : 1100
Ds3
Dsa 3 o 9 2 Common
Q Anode
R 1k CEd
MC140138
4 —l c140 +5V Display
: l
9 [s i3 '
=12 %M 50uF'J' lo.mF j L .Z L j
Cc - apb—
R
710] 14 )
*R, = 470 k2 for 2 V Range T OII T -5V MPS-
R| = 27 kQ2 for 200 mV Range AT2
**Mylar Capacitor -5V o—I I_o +5V (4)

Circuit diagrams utilizing Motorola products are included as a means
of illustrating typical semiconductor applications; consequently,
complete information sufficient for construction purposes is not
necessarily given. The information has been carefully checked and

is believed to be entirely reliable. , no P Yy is
assumed for inaccuracies. Furthermore, such information does not
convey to the purchaser of the ssmiconductor devices described any
license under the patent rights of Motorola Inc. or others.
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@ MOTOROLA

MC1404 MC1404A
MC1504 MC1504A

Advance Information

LOW-VOLTAGE REFERENCE FAMILY

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 F/V. 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, 5.0V, 6.25V, 10 V
Trimmable Output: > + 6%

Wide Input Voltage Range: VREF + 2.5V to 40 V
Low Quiescent Current: 1.25 mA Typical
Temperature Coefficient: 10 ppm/©C Typical

® & & o o 0 o

PRECISION LOW-DRIFT
VOLTAGE REFERENCES

5.0,6.25, and 10-VOLT OUTPUT VOLTAGES

LASER TRIMMED SILICON
MONOLITHIC INTEGRATED CIRCUIT

Low Output Noise: 12 uV p-p Typical U SUFFIX
5 = - 5 CERAMIC PACKAGE
Excellent Ripple Rejection: > 80 dB Typical CASE 693
TYPICAL APPLICATIONS
® Voltage Reference for 8 -12 Bit D/A Converters
® Low T¢ Zener Replacement
® High Stability Current Reference e E NS 3 S
® MPU D/A and A/D Applications
va[7] 7] e
VTEMP E B Vout
FIGURE 1 — VOLTAGE OUTPUT 10 BIT DAC USING MC1404U10
Gnd E BTRIM
+5
? 200 k
1 Cermet +15
P 16 5k 20 Turn 2j
= 6
0-08HF =Mc140au10
6 15 5k ORDERING INFORMATION
B | — PACKAGE (ALL TYPES)
= = Ceramic DIP
8 Device Temperature Range
cmos
e MC3410 5.0 Volts
TTL 2 150 pF MC1504U5 -55°C to +125°C
It MC1504AUS -55°C to +125°C
19 MC1404U5 0°C to +70°C
25k
i L-—Hs'wv—< MC1404AUS 0°C to +70°C
25 k Cermet 6.25 Volts
12 A ek MC1504U6 55°C to +125°C
MC1504AU6 -55°C to +125°C
13 — MC1404U6 0°C to +70°C
e MC1404AUS 0°C to +70°C
& 10 Volts
= s =4b MC1504U10 ~56°C to +125°C
MC1504AU10 -55°C to +125°C
MC1404U10 0°C to +70°C
MC1404AU10 0°C to +70°C
ADI-521
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MC1404 A — MC1504,A

ELECTRICAL CHARACTERISTICS (v;, = 15 Volts, Tp = 26°C and Trim Terminal not connected unless otherwise noted)

MC1404 A MC1504, A
Characteristic Symbol Min Typ Max Min Typ Max Unit
Output Voltage Vo Volt
(I = 0mA)
Us, AUS 495 | 500 | 505 | 495 | 500 | 5.05
U6, AU6 6.19 | 6.25 | 6.31 6.19 | 6.25 | 6.31
uU10, AU10 9.90 10 10.10| 9.90 10 10.10
Output Voltage Tolerance — — +0.1 +1.0 = +0.1 +1.0 %
Output Trim Range (Figure 10) AVTRIM 6.0 - - 6.0 = - %
(Rp =100 kQ2)
Output Voltage Temperature Coefficient, AVo/AT ppm/°C
Over Full Temperature Range
MC1404, MC1504 - 10 40 — = 55
MC1404A, MC1504A - 10 25 = - 25
Maximum Output Voltage Change AVg mV
Over Temperature Range
MC1404U5, MC1504U5 - - 14 - - 50
MC1404AUS, MC1504AUS - - 9.0 - - 23
MC1404U6, MC1504U6 - - 12.5 = - 62
MC1404AUB, MC1504AU6 - - 11 - - 28
MC1404U10, MC1504U10 - - 28 - - 99
MC1404AU10, MC1504AU10 = = 18 = — 45
Line Regulation (1) Reg INE o 20 6.0 = 20 6.0 mV
(Vin =Vout +25V 1040V, Ig,; =0 mA)
Load Regulation (1) Reg; 0AD — - 10 — - 10 mV
(0 <1 <10mA)
Quiescent Current I = 1.2 1.5 = 1.2 1.5 mA
(1o =0mA)
Short Circuit Current Isc 15 20 30 = = 30 mA
Long Term Stability — - 25 - — 25 - ppm/1000 hrs
Note 1: Includes thermal effects.
DYNAMIC CHARACTERISTICS (V;, = 15 V, Ta = 25°C all voltage ranges unless otherwise noted)
MC1404, A MC1504,A
Characteristic Symbol Min Typ Max Min Typ Max Unit
Turn-On Settling Time tg = 50 - = 50 = Hs
(to +0.01%)
Output Noise Voltage — P to P en - 12 - - 12 - ny
(Bandwidth 0.1 to 10 Hz)
Small-Signal Output Impedance o Q
120 Hz - 0.15 - = 0.15 =
500 Hz — 0.2 — — 0.2 —
Power Supply Rejection Ratio PSRR 70 80 - 70 80 - dB
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MC1404 A — MC1504 A

PSRR, POWER SUPPLY REJECTION RATIO (dB)

FIGURE 2 — SIMPLIFIED DEVICE DIAGRAM
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.
R
3 AAA— TRIM
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Vi 3.75k | 50V
5.0k 6.25 V
875k | 10V e e

FIGURE 4 — OUTPUT VOLTAGE versus TEMPERATURE
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FIGURE 6 — POWER SUPPLY REJECTION RATIO
versus FREQUENCY
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FIGURE 3 — LINE REGULATION versus TEMPERATURE
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FIGURE 5 — LOAD REGULATION versus TEMPERATURE
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FIGURE 7 — QUIESCENT CURRENT versus TEMPERATURE
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MC1404,A — MC1504,A

FIGURE 8 — SHORT CIRCUIT CURRENT versus TEMPERATURE FIGURE 9 — VTgmp OUTPUT versus TEMPERATURE
40 10
z 3 s
E 5 08
=230 a
5 Vin=15V - | ——]
€2
3 4 @ 06 —
s T 5 L —
S 5 1/
—
5 15 — g 04
= =
S - Ivrgmp = 100A
10 s
2 & 02
2 (=
T 50 S
0
-50 -25 0 +25 +50 +75 +100 +125 -50 =25 0 +25 +50 +75 +100 +125
Ta. AMBIENT TEMPERATURE (°C) Ta. AMBIENT TEMPERATURE (°C)
FIGURE 10 — OUTPUT TRIM CONFIGURATION FIGURE 11 — PRECISION SUPPLY USING MC1404
+15V
D2
Vin 6
Output
w 5.0, 6.25,
Vin 6 10V @ 1/2 Amp-
Vo e}
| MC1404
=  Output Adjustment Output Power Boosting
Gnd
The MC1404 trim terminal can be used to adjust the output

4
voltage over a *+6% range. For example, the output can be set to _l_
10.000 V or to 10.240 V for binary applications. For trimming, -
Bourns type 3059, 100 k£2 or 200 k{2 trimpot is recommended.

The addition of a power transistor, a resistor, and a capacitor
converts the MC1404 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.

FIGURE 12 — ULTRA STABLE REFERENCE FOR MC1723 VOLTAGE REGULATOR

Supply

8(12) 7(11) MC1723G

(MC1723L or P)
J_ 0.1 2(4) L1 6(10) R )
I HF Vout
= 10(2)
Ro +4.7k
1(3) Vout=5.0V \—75—

5(7) | 9(13) . y 06V

R omax ~ "R__

= 0.001 uF ) =
%3.7 k

6 as | N
MC1404US +

Ul
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FIGURE 13 — 5.0 V, 6.0 AMP, 25 kHz SWITCHING REGULATOR WITH SEPARATE ULTRA-STABLE REFERENCE

+10to +30 In

1000 uF
50 V

|
1

MC1404U5

5 > 100 k
‘—>§TR|M

(opt)

120 uH

2N5879
& ° +5.0 Out
l 1 200 mA t0 6.0 Amps
0.01 uF a3 5000 uF 0.01 uF
o 50 V 1N3889 - 6.8V Ceramic
Ceramic -(Low ESR) 1
130 130
12 8 1l Motorola
TL495CN
iz
Pulse Width 18
Modulator §2.2 k
+
1
* +
Oscillator 1 2
3‘
l 220 k
5 6 7 9 10 |a 14
0.005 uF =<
T 10 k 0.001 uF §2~2 K

=L

*40 Turns #16 Wire, Arnold A-894075-2 Ferrite Core
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MC1404,A — MC1504 A

FIGURE 14 — HIGH SPEED 8-BIT D/A CONVERTER USING MC1404U10
Igg is set to 51.000 mA with R1

— "I
50.0 §2
50 1LS8 16 Transmission Line
Vout = 1.25 V FS Settling Time,
2
@ 50 13 Typically 10 ns
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o—9 3 14
50
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Inputs are o 50 = 13 St
MECLIA0K L«NV—G MC10318L oA 5 a
Compatible *R2 24k +10V 1
4 5 12 6 3 =
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4 F—7 2
Bradley M (12.5 to 40.0 V max)
o—e 6 11——-)}—_] Type RT '— —8 1
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OUTLINE DIMENSIONS

NOTES:

1. LEADS WITHIN 0.13 mm (0.005)
RAD OF TRUE POSITION AT
SEATING PLANE AT MAXIMUM
MATERIAL CONDITION.

2. DIMENSION “L" TO CENTER
OF LEADS WHEN FORMED
PARALLEL.

[MILLIMETERS| _INCHES |
DIM [ MIN | MAX | MIN | MAX |

1 i | 055 = 1309CW

K c

- _—}'_l I

N J CASE 693

L e - \

,_j;"l"’ ) A
G SEATING PLANE
THERMAL INFORMATION
The maximum power consumption an integrated voltages and supply currents at the worst-case oper-

circuit can tolerate at a given operating ambient ating condition.
temperature, can be found from the equation:
T j(max) = Maximum Operating Junction

- 3 Tymax) - TA Temperature as listed in the
D(Tp) = Rgya (Typ) Maximum Ratings Section
Ta = Maximum Desired Operating Ambient
Temperature

Where: PD(TA) = Power Dissipation allowable at a
given operating ambient temperature. This must be
greater than the sum of the products of the supply

Ry ja(Typ) = Typical Thermal Resistance
Junction to Ambient

This device contains circuitry to protect the inputs against damage due to high static voitages or electric fields; however, it is ad-

vised that normal precautions be taken to avoid ication of any vol higher than maximum rated voltages to this high im-
pedance circuit. For proper operation it is recommended that Vi, and Vgt be constrained to the range Vs < (Vin or Vo)
<Vpp.

Unused inputs must always be tied to an appropriate logic voltage level (e.g., either Vgg or Vpp).
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MC1463
MC1563

Specifications and Applications Information

|

NEGATIVE VOLTAGE REGULATOR

The MC1563/MC1463 is a “three terminal’’ negative regulator designed to deliver con-
tinuous load current up to 500 mAdc 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 are
nearly identical to the MC1569/MC1469 Positive Voltage Regulator. For systems re-
quiring both a positive and negative power supply, these devices are excellent for use as
complementary regulators and offer the advantage of operating with a common input
ground.

The MC1563R/MC1463R case can be mounted directly to a grounded heat sink which
eliminates the need for an insulator.

e Case is at Ground Potential (R package)

NEGATIVE-POWER-SUPPLY
VOLTAGE REGULATOR

SILICON MONOLITHIC

INTEGRATED CIRCU

IT

e Electronic ““Shutdown’ and Short-Circuit Protection
® Low Output Impedance — 20 Milliohms typical
e High Power Capability — 9.0 Watts
e Excellent Temperature Stability — AVQ/AT = £ 0.002%/°C typical
e High Ripple Rejection — 0.002% typical G SUFFIX R SUFFIX
METAL PACKAGE METAL PACKAGE
@ 500 mA Current Capability CASE 603 CASE 614
FIGURE 1 — TYPICAL CIRCUIT CONNECTION FIGURE 2 — TYPICAL NPN CURRENT BOOST CONNECTION
(|-3.5| < vo <|-37| vde, 1 <1 <500 mA) (Vo =5.2 Vdc, I_ = 10 Adc [max])
GND GND
l Foiuf l Mo 01uf
‘i 2 3 case S8k SR = 5 S case | S8 3Ms |
1 Vrel L=
o] Co wh - L ot |10Am
Ra T~ 10 AL 33k3Rs =100 Spy
4 3 | wf TN4001 or Equiv ‘ 9 o
7 WrdEn " : prves
G 8
0,001 4F
g T 2 e A 5 5
Vin Rec Vo 0001 uF T
RA N3
Select RA 10 Ge Desired V. R = (2'V0!-71%Q Vo350 o) 0028 oriEauly Vo
Vin R SW 2o+ 5.0 milliohms V0 = -5.2 Vde
FIGURE 3 — +15 V, +400 mA COMPLEMENTARY TRACKING
VOLTAGE REGULATOR
500 mA max
Vo
+15 Vdc
b 3 IN4001 a‘:’ 104F
o Equw
N106 i
Vin i 1 or Equiv - i 4
20vic ® o hiodiord . = ORDERING INFORMATION
%] e 5 DEVICE TEMPERATURE RANGE PACKAGE
8 AEGULATOR) 7 MC1463G 0°C to +70°C Metal Can
= o— —o -t
= 00015F 7R MC1463R 0°C 10+70°C Metal Power
:l case MC1563G —55°C 10 +125°C Metal Can
= “‘:l‘, MC1563R —559C 10 +1259 C Metail Power
L e QU - 2 i _:L
3 ’T CASE = 3 X vaoo
2k 1 o0 S
3 MC1563R L] vo
Vin 4 MC 14638 - 15Vdc
20 Vdc ) 500 mA max
soonut [ (NEGATIVE [
L ke 5 | REGULATOR)
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MAXIMUM RATINGS (T¢ = +25°C unless otherwise noted.)

Rating Symbol Value Unit
Input Voltage 7 Vdc
MC1463 -35
MC1563 —40
G Package | R Package
Load Current — Peak L 250 600 mA
Current, Pin 2 12 10 10 mA
Power Dissipation and Thermal Characteristics
Ta =25°C Pp 0.68 24 Watts
Derate above T = 259C 1/Rgya | 5.44 16 mw/°c
Thermal Resistance, Junction to Air RgJa 184 62 oC/W
Tc = 25°C Pp 1.8 9.0 Watts
Derate above T = 25°C 1/Rg 4 14.4 61 mw/°C
Thermal Resistance, Junction to Case Rgyc 69.4 17 oc/w
Operating and Storage Junction Temperature [T, Tstg -65 to +150 °Cc
Range

OPERATING TEMPERATURE RANGE

Operating Ambient Temperature Range Ta o¢
MC1463 0 to +70
MC1563 -55 to +125

ELECTRICAL CHARACTERISTICS (I = 100 mAdc, T¢ = +25°C, V;, = 15V, Vg = 10 V unless otherwise noted.)

MC1563 MC1463
Characteristic Fig. [ Note | Symbol |Min | Typ Max |Min | Typ Max Unit
Input Voltage 4 16 A7 -85 - —40 | -9.0| - -35 Vdc
(Ta = Tiow @ to Thigh @ I =1.0mA)
Output Volitage Range (1| = 1.0 mA) 4 - Vo -3.6 - -37 |-38 = -32 Vdc
Reference Voltage (Pin 1 to Ground) 4 - Vref —-34| -35 -36(-32| -35 -38 Vdc
Minimum Input-Output Voltage Differential 4 2 IVin - Vo] - 15 27 - 15 3.0 Vdc
(Rge =0)
Bias Current (Standby Current) 4 - T} - | 70 1 - |70 14 mAdc
(IL=1.0mAdc, jg =1} — 1)
Output Noise 4 - VN - 120 - - 120 — uVirms)
(Cnh=0.1 uF, f =10 Hz to 5.0 MHz)
Temperature Coefficient of Output Voltage < 3 AVQ/AT | — | £0.002 - — |*0.002 - %/°C
Operating Load Current Range 4 =~ ILR mAdc
(Rgc = 0.3 0hm) R Package 10| - 500 [ 1.0 | — 500
(Rgc = 2.0 ohms) G Package 1.0 - 200 1.0 - 200
Input Regulation (V; = 1.0 Vrms, f= 1.0 kHz) 4 4 Regjine | — 0.002 | 0.015 | — 0.003 | 0.030| %/Vo
Load Regulation 6 5 Regjoad
(T4 = Constant [1.0 mA <1< 20 mA]) - 0.4 16 | — 0.7 24 %
(Tc= +25°C [1.0 mA <IL<5° mA]) R Package - 0.005 0.05 - 0.005 | 0.05 %
G Package - 0.01 013 | — | 0.01 | 0.13
Output Impedance (f = 1.0 kHz) 7 3 2o - 20 = - 35 — | milliohms
Shutdown Current 8 - Isg - 7.0 15 - 14 50 uAdc
(Vy = -35 Vdc)
® 71,0 = 0°C for MC1463 @ Thigh = +70°C for MC1463 Heat sink required for Thjgh testing of “G" package.
= -55°C for MC1563 = +125°C for MC1563
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Note 1.

Note 2.

Note 3.

Note 4.

“Minimum Input Voltage” is the mimimum "‘total instanta-
neous input voltage” required to properly bias the internal
zener reference diode.

This parameter states that the MC1563/MC 1463 will regu-
late properly with the input-output voltage differential
IVy — Vol as low as 2.7 Vdc and 3.0 Vdc respectively.

Typical units will regulate properly with |[V| — Vol as low

as 1.5 Vdc as shown in the typical column.

““Temperature Coefficient of Output Voltage” is defined
as:
+ (Vg max — Vg min) (100)
AVQ/AT =

O TA (Vo @Tp = +25°C)
where A Tp = +180°C for the MC1563
+75°C for the MC1463

The output-voltage adjusting resistors (Ra and Rg) must
have matched temperature characteristics 1n order to main-
tain a constant ratio independent of temperature

Input regulation is the percentage change in output volitage

per volt change in the input voltage and is expressed as

Note 5.

Note 6.

TEST CIRCUITS
(I = 100 mAdc, Tc = +259C unless otherwise noted.)

FIGURE 4 — GENERAL TEST CIRCUIT

L

i
01 uF
3 Qcaseinorg S68x
1

Co
Vg 4
o 0uF SAL
Ra -
4 9
e
MC1563
MC1463
Cc I 7 8
0,001 4F _o_l
6
vi w—wv—T-o-—- —o- ® Vo
—

Select Ra to give desired Vg Ra = (2'Vgi-7) k02

FIGURE 6 — LOAD REGULATION

3
f 1F 1=

CASE/10 68k i
L [rowr
Bk A 4
4 i
I ——y 1 e
MC1863
| . 8
0,001 uF —o—l

*—d o

Vi=-15Vde 10 5 6 Vg = -10 Ve

Vo

—— 100
Vo (Vy)

Input Regulation = (%/VQ).

where vq is the change in the output voltage V, for the
input change vjn.
The following example illustrates how to compute maxi-
mum output voltage change for the conditions given
Regjn = 0.015%/Vgo
Vo = 10 Vdc
Vin = 1.0 V(rms)
_ (Regjing! (V)) (Vo)
100
_ (0.015)(1.0)(10)

100
=0.0015 V(rms)

Vo

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 chip.

~ Vo|i_ = 1.0ma|" VO|i_ =50 ma|
Load Regulation = x 100
Voli_ = 1.0mA|

Not to exceed maximum package power dissipation

FIGURE 5 — LOAD TRANSIENT RESPONSE

I s
2 Q3 QCASE 10 6
—{ 68k EIECLIS SO
1 ar Equis
_ARI0:F$200 20070
13k
4 PULSE
e GENERATOR
3 MC1563 3
MC1463
8
0001 4F
6
- —o-
Vi=-15vde 10 5 Vo - -10 Vde
FIGURE 7 — OUTPUT IMPEDANCE
T > S it
e {1 kHz
0.1 uF
2 3 QCASENN S g,
l
Jrowr 2
HEEnee 100 21004
4
—_——
-y MC1563 9
MC1463 10
| 1 8
0001 uF
I s 1+ 5 mA(rms)
Vi=-15vee 10 5 3 Yo e
- . W o= T VO:-10Vde

FIGURE 8 — SHUTDOWN CURRENT

? © GND
e o]
2 ‘{J CASE/0 68k
3643 R~ VinlKE for ! 0k
1 mAdc + R
0, t
7 fa T 40
—
MC1563 9
MC1463
I 7 8
0.001 4F —oj
-4 > -e \o
Vi=-35Vde 10 5 5
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GENERAL DESIGN INFORMATION

1. Output Voltage, Vo FIGURE 9 — TYPICAL CIRCUIT CONNECTION
a) Output Voltage is set by resistors Ra and Rg (see Figure 9).
Set Rg = 6.8 k ohms and determine Rp from the graph of z -
i B
Ra = (2 |Vg|-7) kQ 2 MF-{: e .

Figure 11 or from the equation:
b) Output voltage can be varied by making R adjustable as CASE/10

shown in Figures 9 and 10. 1 Vret & | 'L‘
—_— >
c) Output voltage,VQ, is determined by the ratio of R and Rg T~ "‘E < "

therefore optimum temperature performance can be achieved 4 Ra

if Ra and Rg have the same temperature coefficient. O

> ~® GND

1

: MC1563
A MC1463
d) Vo = Vyef (1 + _A); therefore the tolerance on Ce 9

Rg 0.001 4F 3
output voltage is determined by the tolerance of Vi gf and vhe Rsc. | 5 s

6 Ra
Ra ?“d ,RBA Select RA to Give Desired Vg RA = (2 Vg -T)ke VO=-3501% Re
2. Short-Circuit Current, Igc
Short-Circuit Current, Igc is determined by Rgc. Rge may
be chosen with the aid of Figure 11 when using the typical
circuit connection of Figure 9.

3. Compensation, C¢
A 0.001 uF capacitor (C., see Figure 9), will provide FIGURE 10 — Rp, versus Vg
adequate compensation in most applications, with or without 60

current boost. Smaller values of C will reduce stability and _I I
larger values of C. will degrade pulse response and output (RA=(2Vg-7) k) //

impedance versus frequency. The physical location of C¢ 50 (Rg = 6.8 k<2) /
W

4. Noise Filter Capacitor, Cp,

should be close to the MC1563/MC1463 with short lead
40 /
A 0.1 uF capacitor, Cp,, from Pin 3 to ground will typically

reduce the output noise voltage to 120 uV(rms). The value
of Cp, can be increased or decreased, depending on the noise

voltage requirements of a particular application. A minimum
value of 0.001 uF is recommended.

5. Output Capacitor, Cqo 10 /|

RA. RESISTANCE (k<)

lengths.

The value of Cq should be at least 10 uF in order to provide /
good stability. N

6. Shutdown Control 0 50 -10 -15 -20 25 230 35
One method of turning "OF F" 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- FIGURE 11 — Ig versus Rge
put short-circuiting. As the magnitude of the input-threshol!d 500

VQ,OUTPUT VOLTAGE (VOLTS)

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-

Ty=+250¢C

atures. This will protect the chip, independent of the heat 400

sinking used, the ambient temperature, or the input or out-

put voltage levels. Standard Logic levels of MRTL, MDTL* Yo

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

200 \

100 ™.

~—

the milliammeter used to measure I ) on zg can be greatly
reduced.

Isc, SHORT-CIRCUIT LOAD CURRENT (mA)

0 10 20 30 40 50

Rsc, EXTERNAL CURRENT-LIMITING RESISTOR (OHMS)
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TYPICAL CHARACTERISTICS
Cn=0.14F,Cc = 0.001uF,Co=10uF, Tg = +25°C,

Unless otherwise noted: v il = <15 Ve, VD onai® xiDlde 41, = 00 onde.

FIGURE 12 — TEMPERATURE DEPENDENCE FIGURE 13 — FREQUENCY DEPENDENCE
OF SHORT-CIRCUIT LOAD CURRENT OF OUTPUT IMPEDANCE
800 2000 7
| d
z 700
£ R =28 1000
- =
- £ 50
= w W
3 5001 S E
o 3a ‘\ Z 300
K T — 2
S 40040 <] g 200 ;
2 sofse T~ —— 5 100 f
- \ o
E = \ \_\i\' §
o — A
z 109 4 S 50
3 130 T ——]
3 10032 ——
< 30 -
‘!
0 20
75 50 25 0 +25 +50 +75 +100 +125 +150 +175 10 10 100 1000
Ty, JUNCTION TEMPERATURE (°C) f, FREQUENCY (kHz)
FIGURE 14 — DEPENDENCE OF OUTPUT
IMPEDANCE ON OUTPUT VOLTAGE FIGURE 15 — OUTPUT IMPEDANCE versus Rgc
40 50
35 )
s IV} - VoI=3.0V, T = +250¢ =~ 40 ’;;f%':ﬁz
E 30 Rsc=0,1L=10mA to 500 mA — E 3
w f=1.0kHz w /
z 5 E 30
o (=}
& 2 g //
= \ =
5 1 e s @ e s
E B
3 5 T~ 3 et
< g 10
5.0
0 0
0 -10 -20 -30 -a0 0 30 6.0 9.0 12 15
Vg, OUTPUT VOLTAGE (VOLTS) Rsc, CURRENT LIMITING RESISTOR (OHMS)

FIGURE 16 — CURRENT LIMITING CHARACTERISTICS

1.03

o
~

Rsc = 13 OHMS

o

2
=]

(=)
w©
©

o
©
=

Vo, NORMALIZED OUTPUT VOLTAGE
2
3

o
w0
>

o~ —— ]
20 40 60 80 00 120 140 160

o

o

IL, LOAD CURRENT (mA)
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IL, LOAD

V0. OUTPUT VOLTAGE (VOLTS)

MC1463, MC1563

TYPICAL CHARACTERISTICS (continued)

FIGURE 18 — EFFECTS OF LOAD CURRENT

FIGURE 17 — BIAS CURRENT versus INPUT VOLTAGE ON INPUT-OUTPUT VOLTAGE DIFFERENTIAL
6.0 18
[ I'L =10 m'A 1 /
¥ Rg=6.8k2
T)=-559 /
J=-550C e i M //
\ = < A
3 N G LV
E —] — . Te = -859¢ ///
- N 2
z Ty = +250C _— EZ st A AN 4
5214 Tg = +250C
= 5.0 L/r 3 5 T ]
g e F AN ~
@ Z w
= Ty =+1250C T — T T~ T = +1250C
- o5 =+ s
E = s ¢
=
40 10
0 50 -0 -15 -20 25 30 -3 40 0 100 200 300 400 500
Vin, INPUT VOLTAGE (Vdc) IL. LOAD CURRENT (mAdc)
FIGURE 19 — EFFECT OF INPUT-OUTPUT VOLTAGE
DIFFERENTIAL ON INPUT REGULATION FIGURE 20 — INPUT TRANSIENT RESPONSE
0.008 2 -0 7
5
.E —FF
'; T w tPHL = tPLH = 10 us
£ f=1kHz =9 -20
Z 0.006 =
= 2 -
= >
< & "‘L-:/_T\L—, =
3 Ty =+125°C 5
(=]
o 0.004 \\\ /l S 99
E
2 § -10.000
z
= - 4250 =P
£ 0.002 = 45 s g1 IL=50 mA
& - -550¢ )Q / 5 10008
1
i 5 -10.006
vo=-10V Vp=-36V | 3
A ;) S -10.008
0 5.0 10 15 20 25 30 35 40 =
IV{ = VoI, INPUT-OUTPUT VOLTAGE DIFFERENTIAL (VOLTS) 100 us/DIV
FIGURE 21 — LOAD TRANSIENT RESPONSE FIGURE 22 — DC OPERATING AREA
+125 +105
: I T
E +100 . +100 04 R PACKAGE M=
=
IR tPLH = tPHL = 500 us +95 e
E .50 o0 & g2 f . ~ MC1463R
= 0
3 :lpHLqPLlan,, ” z T ACKAT ~ . MC1563R
+25 \J_/-L\L_j +85 < ~
( = 01 >
’—\,_/—\_‘/\\_\/—-—Jy% E . ~ =
” N
-9.750 -9.998 gu P ~
” 2 e SECONDARY BREAKDOWN LIMITATIONS : [N
] S 003 BONDING WIRE LIMITATIONS |
-10.000 -10000 —— = —THERMAL LIMITATIONS gl
{ 002 —5 MC14636
j\ —T¢ = 259C MC15636
-10.250 -10.002 0.01
30 40 50 10 10 20 30 40 50
Wwe/any e/ IVi - Vgl. INPUT-QUTPUT VOLTAGE DIFFERENTIAL (VOLTS)
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MC1466L
MC1566L

Specifications and Applications Information

MONOLITHIC VOLTAGE AND
CURRENT REGULATOR

This unique “floating”’ regulator can deliver hundreds of volts —
limited only by the breakdown voltage of tfie external series pass tran-
sistor. Qutput 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

VOLTAGE and

PRECISION WIDE-RANGE

CURRENT REGULATOR

EPITAXIAL PASSIVATED
INTEGRATED CIRCUIT

CERAMIC PACKAGE
CASE 632
TO-116

ORDERING INFORMATION

Device Temperature Range Package
MC1466L 0°C to +70° C Ceramic DIP
MC1566L ~-55°C to +125°C Ceramic DIP

TYPICAL APPLICATIONS

uf
13
25 Vde

FIGURE 1 — 0-TO-15 VDC, 10-AMPERES REGULATOR

+ 20 Vdc

MPS6530
EQUIV

MC1456
MC 566

wesgsss 912

MC1466
MC1566

FIGURE 2 — 0-TO-40 VDC, 0.5-AMPERE REGULATOR

+50 Ve

Na922
OR EQUIV

10 100 01 01
IN&OOT 0s
o fauiv ¥
i 10 50 20 17 CURRENT L INa0OT 80 18 83 7 i r
LIMIT Yor 0025
85v 18% 500 |Anjusr €Uy & B 85% 18k 50 2
15 ol Ll .
A7 TNGDOY v
‘;ﬁﬁ.};,‘" 1000uF 35 Ay 9 o 0R EQUIV S0uF o= Ry o

FIGURE 3 — 0-TO-250 VDC, 0.1-AMPERE REGULATOR

5 MJE340 OR EQUIV

FIGURE 4 — REMOTE PROGRAMMING

a1

1N4005 OR EQUIV

215 Vde

M1l

08 MC1466 2600F
MC1456 MC1566
e oy ‘I‘IGoF 1oy |EQUIV ‘ n
Ho-
i 7 10
7 10 >
N4001 cRS i
oreouny 28 T o) 7] ‘[
88 3H 99 29 12
,__§ ? o=k i 8K 500 —
85k 18k 500 Pt .-
— 9+ INPUT vy o s v,
14001 v, i Vo 20 £OR V<20 Ve A=0) == Ry g
OR EQUIV WaF 3 Ry 8. 1 s (R=Ys p<20 Vdc. R = I—
_@ g Pins 1 and 4 no connection ] 1 = e - - =
= = —— Pins 1.2.3, and 4 no connection il
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MAXIMUM RATINGS (Tp = +25% unless otherwise noted)

Rating Symbol Value Unit
Auxiliary Voltage Vaux Vdc
MC1466 30
MC1566 35
Power Dissipation (Package Limitation) Pp 750 mwW
Derate above T p = +50°C Vg ya 6.0 mwW/°C
Operating Temperature Range Ta b o
MC1466 Oto +70
MC1566 —551t0 +125
Storage Temperature Range Tstg —65 to +160 o

ELECTRICAL CHARACTERISTICS (Tp = +25°C, 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) MC 1466 2 - 30
MC1566 20 = 35
. w2 Auxiliary Current laux mAdc
- e MC1466 - 9.0 | 12
1 MC1566 2 70 |85
o
| T . R e Internal Reference Voltage VIR Vdc
Ve © ] Fo—T~ (Voltage from pin 12 to pin 7)  MC1466 17.3 | 182 [19.7
‘ o—— MC 1566 175| 182 | 19
1 Reference Current (See Note 3) Iref mAdc
-~ MC1466 0.8 1.0 1.2
: ’T 23 MC1566 09 | 10 |11
ot R1=855k 115
[ 8 i"l v Input Current-Pin 8 I8 uAdc
s T 19 e MC1466 - 6.0 12
= - MC1566 - 30 6.0
Power Dissipation Pp mwW
MC 1466 = = 360
MC1566 - - 300
Input Offset Voltage, Voltage Control Viov mVdc
Amplifier (See Note 4) MC1466 0 15 40
MC1566 3.0 15 25
0 Load Voltage Regulation AVioy
"‘I"‘, (See Note 5) MC1466 - 1.0 | 30 mv
,[‘ii MC1566 = 0.7 1.0
Y Lo oo MC1466 AV ef/Viet| — | 0015 [0.03 | %
MC1566 - 0.004 |0.01
? 1 L Line Voltage Regulation AVioy
7° :’ o P (See Note 6) MC1466 - | 10 |30 | mv
. M AL MC1566 3 07 |10
BS5ks 1% 18k 10k
} o Vor oL 3n ¢ MC1466 [V ef/Vief | — | 0.015 [0.03 %
Siam LI N A ] MC1566 — | 0.004 |0.01
= " [Temperature Coefficient of Output Voltage TCv, %/°C
(TA = 0to +75°C) MC1466 - 0.01 -
(Ta = —55 to +25°C) MC1566 e 0.006 -
(Ta = +25 to +125°C) MC1566 - 0.004 -
. 1 Input Offset Voltage, Current Control Vioi mVdc
m Amplifier (See Note 4) MC1466 0 15 40
| T+ (Voltage from pin 10 to pin 11) MC1566 3.0 15 25
v 3 MC1466°
e MC1566
n
10 ¢ Vo
- Load Current Regulation Alp/ip
- BN 1D 500 (See Note 7) MC1466 - - 0.2 %
L.oinm 18k MC1566 = = 0.1
Cp —=—
’—‘W"j ST MC1466 al - - 1.0 | mAdc
2 R 104F ref
e MC1566 = gwme | 10

ins T an no connection.
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NOTE 1:
The instantaneous input voltage, Va,x. must not exceed
the maximum value of 30 volts for the MC1466 or 35
volts for the MC1566. The instantaneous value of Vayx
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 Va,x. must “float” and be
electrically isolated from the unregulated high voltage
supply, Vi,

NOTE 3:
Reference current may be set to any value of current
less than 1.2 mAdscsby applying the relationship:

Iref (mA) = ——

R1 (k€2)
NOTE 4:
A built-in offset voltage (15 mVdc nominal) 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, AVioy and AV ef, where AVgy is the
change in input offset voltage (measured between pins 8
and 9) and AV ef is the change in voitage across R2
{measured 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 S1 open (l4 = 0) measure the value of Vigy (1)
and Vref (1)
b.Close S1, adjust R4 so that I4 = 500 A and note
Viov (2) and Vref (2).
Then AVijoy = Viov (1) — Viov (2)
% Reference Regulation =

= AVref
[Vref (1) — Vref (2)] (100%) = (100%)
Vret

Load Voltage Regulation =
AVref

Vref
NOTE 6:

Line Voltage Regulation is a function of the same two

additive components as Load Voltage Regulation, AVioy

and AVef (see note 5). The measurement procedure is:

a. Set the auxiliary voltage, V,,x. to 22 volts for
the MC 1566 or the MC1466. Read the value of
Viov (1) and Vet (1) )

b. Change the V,,,, to 28 volts for the MC1566 or
the MC1466 and note the value of Vg, (2) and
Vyef(2)- Then compute Line Voltage Regulation:

(100%) + AVigy -

AVioy = AVioy (1) = Viov (2)
% Reference Regulation =

(Vref (1) = Vref (2] (100%)= 2Vref (100%)
ref (1) Vref
Line Voltage Regulation =
AVref
——— (100%) + AVigy *
ref
NOTE 7:

Load Current Regulation is measured by the following
procedure:

a. With S2 open, adjust R3 for an initial load current,
IL(1). such that V is 8.0 Vdc.
b. With S2 closed, adjust RT for Vg = 1.0 Vdc and read
1L(2)- Then Load Current Regulation =
(L) - 'u)
L
where lref is 1.0 mAdc, Load Current Regulation is
specified in this manner because l;ef passes through

the load in a direction opposite that of load current
and does not pass through the current sense re-

(100%) + |ref

ref (1) sistor, Rs.
FIGURE §
CURRENT BLOCK DIAGRAM
INTERNAL 12 1 2 5
REGULATED B 5 3
VOLTAGE | +185v | )
- b 4 =i : ¢ = 5
T - S, R ——o oureur
— INTERNAL REFERENCE VOLTAGE CURRENT oUTP
s VOLTAGE CURRENT CONTROL CONTROL L
INTERNAL REGULATOR SOURCE AMPLIFIER AMPLIFIER R 5
COMPENSATION § | f—u
" ——— e e B e S
Vux O T 3T I = COMPENSATION
3 08 03BV o On
CURRENT VOLTAGE RRENT
SOURCE SENSE INPUT SENSE INPUT
» of | EON CIRCUIT SCHEMATIC ‘o
4 —‘V\Nj
9 750
30k S. 75k
13 196k S tun 43k Bk
P cRe . g 8.
. 4 15k
>
- cre Y 5
- LY SPT e >
o s
Ve
cRe W
cRIY
75k
oy 16k 550
o Bk % »
& cR1
S Lot
22k
b 4 11k ’} 18k
7
>
St
¢
3 8 o9 on | o
INTERNAL REFERENCE VOLTAGE CURRENT oR ouTPUT
VOLTAGE CURRENT CONTROL CONTROL AMPLIFIER
REGULATOR SOURCE AMPLIFIER AMPLIFIER
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MC1468
MC1568

DUAL +15VOLT REGULATOR

The MC1568/MC 1468 is adual polarity tracking 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 +15 V Tracking Outputs

Output Currents to 100 mA

Outputs Balanced to within 1% (MC1568)

Line and Load Regulation of 0.06%

1% Maximum Qutput Variation due to Temperature Changes
Standby Current Drain of 3.0 mA

Externally Adjustable Current Limit

Remote Sensing Provisions

Case is at Ground Potential (R suffix package)

DUAL £15-VOLT
TRACKING REGULATOR

SILICON MONOLITHIC
INTEGRATED CIRCUIT

1
°°°° o
’v—
o
o
° 1

(bottom view)

CASE 603C
METAL PACKAGE
TO-100
G SUFFIX

COMPEN (+)

CIRCUIT SCHEMATIC

vee

“n
" * uw
vo
SENSE (+)
L 24
100k
@
BALANCE
"y 1{ b>—C ansust
140 f (L package only)
>
x 2n [ f w0
) »—O SENSE [ )
1k 6010)
4 L vo:
2 Sk
Vee
5(8) ) VOLTAGE ]
SNDOT0M ADJUST O O COMPEN( )
91e 8012
Pin numbers adjacent 1o terminals are for the G Pin 10 15 ground tor the G sulfix package only.
and R sufhix packages only Pin numbers in pa For the R package. the case s ground

rentheses are for the L sulfix package only

(bottom view)

CASE 614
METAL PACKAGE
R SUFFIX

CASE 632
CERAMIC PACKAGE
TO-116
L SUFFIX

14

1 (top view)

ORDERING INFORMATION

DEVICE | TEMPERATURE RANGE | PACKAGE
MC1468G 0°C 1o +70°C Metal Can

MC1468L 0°C 10 +70° C Ceramic DIP
MC1468R 0°Cto+70°C Metal Power
MC1568G —559C 10 +125°C Metal Can

MC1568L -55°C t0 +125°C Ceramic DIP
MC1568R -55° C 10 $125°C Metal Power
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MC1468, MC1568

MAXIMUM RATINGS (T = +25°C unless otherwise noted.)

Rating Symbol Value Unit
Input Voltage Vce. | VEe! Vde
30
Peak Load Current IpK 100 mA
Power Dissipation and Thermal Characteristics G Package | R Package | L Package
Ta = +25°C Po 08 24 1.0 Watts
Derate above Tp = +25°C 1/6 A 6.6 285 10 mw/°C
Thermal Resistance, Junction to Air 6JA 150 35 100 o°c/w
Tc = +25°C Pp 2.1 9.0 25 Watts
Derate above T = +25°C 1/6 )¢ 14 61 20 mw/°c
Thermal Resistance, Junction to Case a.jc 70 17 50 oc/w
Storage Junction Temperature Range TJ,Ts(g -65 to +175 oc
Minimum Short-Circuit Resistance Rgc(min) 4.0 Ohms
OPERATING TEMPERATURE RANGE
Ambient Temperature Ta oc
MC1468 0to +70
MC1568 -55 to +125

ELECTRICAL CHARACTERISTICS (Ve = +20 V, VEg =-20 V, C1=C2 = 1500 pF, C3=C4 = 1.0 uF, Rgc* = Rgc™ = 4.0 22,
'L+ =l==0Tec= +25°C unless otherwise noted.) (See Figure 1.)

MC 1568 MC1468
Characteristic Symbol* Min Typ Max Min Typ Max Unit
Output Voltage Vo +14.8 +15 #1572 +14.5 +15 +15.5 Vdc
Input Voltage Vin = - +30 - - +30 Vdc
Input-Output Voltage Differential |Vin-Vol 2.0 - - 20 = = Vdc
Output Voltage Balance Vgal = +50 +150 = +50 +300 mV
Line Regulation Voltage Regin mV
(Vin=18V t0 30 V) o5 = 10 - = 10
(TionDto Thigh = 5 20 - - 20
Load Regulation Voltage Regi mV
(I =0to 50 mA, T = constant) = = 10 = = 10
(TA = Tiow t© Thigh) — - 30 — — 30
Output Voltage Range VoR Vdc
L Package (See Figure 4.) +8.0 - +20 +8.0 - +20
R and G Packages (See Figures 2 and 13.) +14.5 = +20 +14.5 s +20
Ripple Rejection (f = 120 Hz) RR — 75 - - 75 - dB
Output Voltage Temperature Stability | Tsvo | %
(Tiow 10 Thigh! - 0.3 1.0 - 0.3 1.0
Short-Circuit Current Limit Isc mA
(Rgc = 10 ohms) - 60 - - 60 =
Output Noise Voltage VN rV(RMS)
(BW = 100 Hz - 10 kHz) - 100 - - 100 =
Positive Standby Current IB* mA
(Vin =+30 V) = 24 4.0 - 24 4.0
Negative Standby Current g~ mA
(Vin =-30 V) - 1.0 3.0 - 1.0 3.0
Long-Term Stability aVo/at - 0.2 - - 0.2 - %/k Hr

@ Tiow = 0°C for MC1468
= -65°C for MC1568

@ Thigh = +70°C for MC1468

= +125°C for MC1568
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TYPICAL APPLICATIONS

FIGURE 1 — BASIC 50-mA REGULATOR

47
OVD
Rsc* 15V
2(4)
3(5) (4 w183
T 1o
vo* SENSE (+)
INPUT () an 1y @2
vee COMPEN (+) —0—{——
“20V e 1500 pF
% ir MC1568 0
== MC1ag8  GND —@GND
=+ i,
= ~m~Un cl
20V 1 8(12)
o————o0—uge COMPEN (-)—o—{F——
INPUT (-) 5(8) 1500 pF
Vo~ SENSE ()| "
S
600) 701 0.
47
—e iy
Rsc ~ )

€1 and C2 should be located as close
10 the device as possible A 01 oF ceramic
capacitor (C,n) may be requied on the mput
lines +f the device 1s located an appreciable
distance from the rectitier filter capacitors

€3 and C4 may be increased to improve load
transient response and 1o reduce the output
noise voltage At low temperature operation. it
may be necessary to hypass C4 with 2 0.1 uf
ceramic disc capacitor

FIGURE 3 — +1.5-AMPERE REGULATOR
(Short-Circuit Protected, with Proper Heatsinking)
(Metal-Packaged Devices Only, R Suffix)

INPUT (+) M~ 2955

+20vw0-30y)  OREOUWV Rsc* Vo

—@ +15 Vdc
I’ 3
H]MFI ”:.

'
~ 10 uF
vee Vo' SENSE()] 1
COMPEN (+)
1500 pF
06V MC1568R
IS¢ = —— GND |—o-
SC*Rsc MC1468R TASE ..L
COMPEN ( )| ¢ =
VEE Vo~ SENSE( ) 8 1500 45
.
¥ ¥ 2 IR0
10 uFJ: -
» >
47 :;
Rsc™
{ &—AAA—e ® -15 Vdc
INPUT () 03352 -Vo
IN3055
- - w
(20Vw-30v) LR 20
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FIGURE 2 — VOLTAGE ADJUST AND
BALANCE ADJUST CIRCUIT

145V <V, <20V)

RsC Vo
VWA  J
315 20 Qg S
<
Vo' SENSE (1) V, | tLic3
INPUT (+} e ol T gkl T r10uF
vee COMPEN (+)
am 1500 pF 39k o
MC1568 LG 4
T B Rt
INPUT () 8012)
&—o—jvee COMPEN (-)—o——— <€ C:] )
F 104
VQ"  SENSE(-) Balsg; el
@ 100k §
6(10) 101 3
AN °
Rsc” Vo
Balance adjust availahle in MC1568L MC 14681 ceramic
dlual in line package only
FIGURE 4 — OUTPUT VOLTAGE ADJUSTMENT
FORBOV < |#vg IK145V
(Ceramic-Packaged Devices Only, L Suffix.)
Rsc*
5 4 @ +Vo
SR
INPUT (+) 7 Vo+  SENSE (+) 7] e 1k R3
o—————o—{ve Vadi 15k
3 >
_[——O—{COMPEN (+) IR
1500 oF 1 MC1568L 2
GND  MC1468L  Balagj[—O-
1500 pF
= Lo—comre~(~)
12
VEE
INPUT (-} 8 Vg~ SENSE () =
S5k
10 n
Rsc”
A PR

The presence of the Balagj. pin 2. on devices

Some common design values are listed below
housed in the dual in-line package (L suffix) allows

the user 1o adjust the output voltages down 1o *Vav) R2  Tg Vg (%/°C)  Ig+ (mA)
+80 V. The requiced value of resstor R2 can " 12k 0003 10
b 12 18k 0022 12
10 35k 0025 50
R1 Byt (o + Vy) 80 e 0028 26

[ e Sl BB,
Rint (VQ -0 - Vg -0 R1

Wherz: Ryny = An Internal Resistor = R1 = 1 k2
068V

V;=66V



MC1468, MC1568

TYPICAL CHARACTERISTICS
(Voo =+20 V, VEg =-20 V, Vg = 215 V, Tp = +25°C unless otherwise noted.)

FIGURE 5 — LOAD REGULATION FIGURE 6 — REGULATOR DROPOUT VOLTAGE
w 40
o s
0 NEGATIVE OUTPUT -550C < TA < +1250C = :36 ;‘1300"\7 .
% §\_\ : e 0 m
=10 == = 53 30 It
= ~] e 0
2 _ —— ES POSITIVE REGULATOR |+
<20 s3 —
= 7500 < T < +1259C £S5 1
S, B 23 20 4./)— L—1
w30 EF 2
[z] = _<%
~ 4.0 § E i l/ A
g POSITIVE OUTPUT <] 2 "\ NEGATIVE REGULATOR
= 5o AsC - 400HMS TA=-55bc§~ 25,
g Ty=Ta =
3 60 =
E <
>
70 = 0
0 20 40 60 80 100 0 20 40 60 80 100
IL. LOAD CURRENT (mA) IL, LOAD CURRENT (mA)
FIGURE 7 — MAXIMUM CURRENT CAPABILITY FIGURE 8 — MAXIMUM CURRENT CAPABILITY
200 200 ~ -
S T T R
3 I | 1 z L PACKAGE—~ N
g 160 Vin-V0 =30V \ \ \ “ % w0 \ \ . - ~
E vee = IVEE! \ oy 3 E \ \ l N
t 3
g GPACKAGE<DN_ \ \ 1 £ Nedt- 6 PACKAGE ] S
3 120 t \ vl 3 1 \ \ =
2 F = NO HEATSINK 2 |_Vce = VEE! .
S — — — INFINITE HEATSINK \\A//\‘-l S I \\\ R PACKAGE 1
—] 80 | | = 80 t \ S
5 LPACKAGE T\ \ 5 | ——— noweatsing k. R
T EEUTES
= P PACKAGE NN \| I INFINITE HEATSINK L]
= 40 \ = —t ]
> (MC 1468) \\ ik
» =
i MC1568) .
55 .25 0 +25 +50 +75 +100 +125 0 20 4.0 6.0 8.0 10 12 14 16
TA, AMBIENT TEMPERATURE (°C) | Vin- Vo I, INPUT-QUTPUT VOLTAGE DIFFERENTIAL (V)
FIGURE 9 — Igc versus Rgc FIGURE 10 — CURRENT-LIMITING CHARACTERISTICS
100 \ 100
_ % \
<
£ 80 80
. 2
& 7 5 -
= Ty=250¢C = R - 100HMs
o w
50 p E T
g N s
S 4 S 2w
Sax - g —— RsC = 20 OHMS
o JuU =
z et E |
5 20 20
®»
0 0
0 40 80 12 16 20 24 28 32 5 60 . % 0 +25 50  +75  +100 +125
RsC, SHORT-CIRCUIT RESISTOR (OHMS) T, JUNCTION TEMPERATURE (°C)
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MC1468, MC1568

Ig, INPUT CURRENT (mA)

THERMAL SHIFT (%/9C,

OUTPUT VOLTAGE DEVIATION, 20 mV/DIV

TYPICAL CHARACTERISTICS (continued)
(Vg =+20V,VEE=-20V, Vo =%15V, T = +25°C unless otherwise noted.)

FIGURE 11 — STANDBY CURRENT DRAIN

50
—Vee = IVEE|
"ﬂ
30 POSITIVE STANDBY CURRENT
py. -55°C
—_ey ——+25° ]
- A
20 7 +1259C
5500
10 = 259€
| NEGATIVE —— L 1250
STANDBY cum}ENT%
16 8 20 22 24 2% 8 30 32
Vi, INPUT VOLTAGE (£V)
FIGURE 13 — TEMPERATURE COEFFICIENT OF
OUTPUT VOLTAGE
0.06

0.05—pe( = 4.0 OHMS

0.04

0.03

0.02

0.01

I T T
vee= VEE =30V

e

|

—

Ry

4

R
—— THERMAL SHIFT =

it

“% CHANGE IN Vg

e

CHANGE IN JUNCTION TEMPERATURE

l

15 16

17 18

£V, OUTPUT VOLTAGE (+V)

19 20

FIGURE 15 — LINE TRANSIENT RESPONSE

AVCC=+20V 0 +23V

POSITIV!

E REGULATOR

|

L avip=+20t0+23v
Rs( = 10 OHMS

T 0
AVEE=-20V 10-23V

NEGATIVE REGULATOR

el
5

TIME, 50 us/0IV

Ig, INPUT CURRENT (mA)

INPUT RIPPLE ATTENUATION (d/B)

18-97

FIGURE 12 — STANDBY CURRENT DRAIN

9.0

8.0

70

6.0

50

POSITIVE STANDBY CURRENT
1/\

=

40

30

20

NEGATIVE STANDBY CURRENT

10

15

17 18 19 20

+Vp, OUTPUT VOLTAGE (+V)

FIGURE 14 — LOAD TRANSIENT RESPONSE

POSITIVE REGULATOR

- /

R Al =0-10mA
[RsC = 10 OHMS 3
N\ NEGATIVE REGULATOR

e

OUTPUT VOLTAGE DEVIATION, 50 mV/DIV
—

TIME, 20 us/DIV

FIGURE 16 — RIPPLE REJECTION
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30} Rsc = 10 OHMS
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MC1469

@ MOTOROLA MC1569

Specifications and Applications Information J

MONOLITHIC VOLTAGE REGULATOR
POSITIVE VOLTAGE REGULATOR

The MC1569/MC1469 is a positive voltage regulator designed to INTEGRATED CIRCUIT
deliver continuous load current up to 500 mAdc. Output voltage is
adjustable from 2.5 Vdc to 37 Vdc. The MC1569 is specified for SILICON NONOLITHIC
use within the military temperature range (—55 to +125°C) and the EPITAXIAL PASSIVATED

MC1469 within the 0 to +70°C temperature range.

For systems requiring a positive regulated voltage, the MC 1569
can be used with performance nearly identical to the MC 1563 negative
voltage regulator. Systems requiring both a positive and negative
regulated voltage can use the MC 1569 and MC 1563 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: +0.002 %/°C typ - (Bottom View)
e High Ripple Rejection: 0.002 %/V typ MET&“;J;‘S&AGE
FIGURE 1— 115 V, £+400 mA COMPLEMENTARY TRACKING
VOLTAGE REGULATOR
Vin 3 1 12 500 mA max - - ,,)
ey —e V0 —{ i;}
+20 Vi " 4 ﬁ ] +15 Vde @E \Q z
;H sl = L zuzusron EOUIV $,, A I04F 'ﬁ’r
o |PoSITIVE = Tl e
o REGULATOR)|
= é CASE CASE 614
2 METAL PACKAGE (bottom view)
820 820 R SUFFIX
1
01 ur}, K
o 3 92 Qcase ’—I
1 { f L ORDERING INFORMATION
2k - 10uF 3= DEVICE | TEMPERATURE RANGE | PACKAGE
e et 5 vo MC1469G 0°C to +70°C Metal Can
- T o wecaye E = b MC1469R 0°C 10 +70° C Metal Power
-20 vde REGULATOR) [ o MC1569G —55°C to +125° C Metal Can
8 MC1569R —55°C to +125° C Metal Power
FIGURE 2 — TYPICAL CIRCUIT CONNECTION FIGURE 3 — TYPICAL NPN CURRENT BOOST CONNECTION
(3.5 <V <37 Vdc, 1 ) <500 mA) (Vg =5.0 Vdc, I}_= 10 Adc [max])
Vin 3 1 Rsc *Vo Vi85 Ve Rec=60mis Vg =+5Vde
o—0—| -
2N706 N g:_ﬂ% u“l“vh
J 4 oREQUV | : oR Enul\{ f
——O0— 10ufF
MC1569R 0.001 4F 01 uF == 3 . 100 I
MC1469R I = MC1569R o =
9 e 5 MCWBSR |5
R o [+ Sa 3
8 7 10uF TS = 30k -
2 l N
R2=68k CASE 0.14F 4 s 01 4F 0001 AR
g 68k I
= = = = vp=35 no?) e i - s
Select R to Give Desied Vg~ Ry = (2 Vg - 7) k&2 2 = = = = = =
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Rating Symbol Value Unit
Input Voltage Vin Vdc
MC1469 35
MC1569 40
G Package | R Package
Peak Load Current IPK 250 600 mA
Current, Pin 2 Ipin 2 10 10 mA
Current, Pin 9 |pin 9 5.0 5.0
Power Dissipation and Thermal Characteristics
Ta =+25°C Pp 0.68 3.0 Watts
Derate above Tp = +25°C 1/6 3A 5.44 24 mw/°c
Thermal Resistance, Junction to Air 0JA 184 41.6 o°c/w
Tc= +25°C Pp 1.8 14 Watts
Derate above T ¢ = +25°C 1/6,¢ 14.4 140 | mw/°C
Thermal Resistance, Junction to Case 6,)c 69.4 7.1 oc/w
Operating and Storage Junction Temperature T Tstg -65 to +150 2%c
OPERATING TEMPERATURE RANGE
‘Ambient Temperature TA = oc
MC1469 0to +70
MC1569 -55 to +125
ELECTRICAL CHARACTERISTICS
(T = +25°C unless otherwise noted) (Load Current = 100 mA for “R"* Package device,

MAXIMUM RATINGS (T¢ = +25°C unless otherwise noted)

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
(TA = Tiow @ to Thiw®)
Output Voltage Range 45 Vo 25 - 37 25 = 32 Vdc
Reference Voltage (Pin 8 to Ground , V; = 15V Vref 34 3.5 3.6 3.2 35 38 Vdc
Minimum Input-Output Voltage Differential 4 2 Vin—Vo| — 21 2.7 - 2.1 3.0 Vdc
(Rgc = 0)
Bias Current (V; =15 V) 4 Iig - 4.0 9.0 - 5.0 12 mAdc
(I_ = 1.0 mAdc, Rp = 6.8 k ohms, 11 = lin - IL)
Output Noise 4 VN - 0.150 - - 0.150 — | mV(rms)
(Cn = 0.1 uF, f=10 Hz to 5.0 MHz)
Temperature Coefficient of Output Voltage 4 3 TCVo - +0.002 - - +0.002 - %/°C
Operating Load Current Range mAdc
(Rgc 0.3 ohms) R Package 4 I 1.0 = 500 | 1.0 | — 500
(Rge <2.0 ohms) G Package 1.0 - 200 | 1.0 = 200
Input Regulation 6 4 Regjn = 0.002 0.015 | — 0.003 |0.030| %/Vo
Load Regulation i 5 Regjpad
(T3 = Constant [1.0 mA=I| =20 mA]) - 0.4 1.6 - 0.7 24 mV
(Tc = +259C [1.0 mA =1 =50 mA]) R Package - 0.005 0.05 - 0.005 0.05 %
G Package - 0.01 0.13 - 0.01 0.13
Output Impedance 8 6 z5 - 20 - - 35 — | milliohms
(Cc = 0.001 uF, Rgc = 1.0 ohm, f = 1.0 kHz,
Vin =+14 Vdc, Vg = +10 Vdc)
Shutdown Current 9 lsd - 70 150 - 140 500 uAdc
(Vin = +35 Vdc)

@ Tiow = 0°C for MC1469
= -55°C for MC1569

= +125°C for MC

@ Thigh =+70° Cfor MC1469

1569

18-99




MC1469, MC1569

Note 1. “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”’.

Note 2. This parameter states that the MC1569/MC1469 will
regulate properly with the input-output voltage differ-
ential (Vj, — VQ) as low as 2.7 Vdc and 3.0 Vdc
respectively. Typical units will regulate properly with
(Vin — VQ) as low-as 2.1 Vdc as shown in the typical
column. (See Figure 21.)

Note 3. ‘“‘Temperature Coefficient of Output Voltage” is defined
as:

MC1569, TCV( =

* (Vg max — Vg min) (100)
(180°C) (Vg @ 25°C)

= %/°C

* (Vg max — Vg min) (100)
MC1469, TCVQ = o = 2 = = %/°C
(75 C) (Vo @25 C)
The output-voltage adjusting resistors (R1 and R2) 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

Input Regulation = ) 100 (%/VQ).

= Yo
Vo vin

where v, is the change in the output voltage Vg for
the input change v;,.

The following example illustrates how to compute
maximum output voltage change for the conditions
given:
Regjn = 0.0156 %/Vgo
Vp =10 Vdc
Vin = 1.0 V(rms)

vo = (Regip) (vin) (V)
100
= (0.015) (1.0) (10)

100
=0.0015 V(rms)

Note 5. Load regulation is specified for small (<+17°C) 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.

oflL = 1.0 mA]-[VpliL = 50 mA]
VollL=10mA

Load Regulation = X 100

Note 8. The resulting low level output signal (vg) will require the
use of a tuned voltmeter to obtain a reading. Special
care should be used to insure that the measurement tech-
nique does not include connection resistance, wire re-
sistance, and wire lead inductance (i.e., measure close to
the case). Note that No. 22 AWG hook-up wire has approx-
imately 4.0 milliohms/in. dc resistance and an inductive
reactance of approximately 10 milliohms/in. at 100 kHz.
Avoid use of alligator clips or banana plug-jack combination.

TEST CIRCUITS

FIGURE 4 — CONNECTION FOR Vg =35 Vdc

i (Rg = 2.7 hms unless otherwise roted)
— 1 Rx 0

*V
Vi oo ]
2NT06
. OR EQUIV
MC1569 0,001 4F
MC1469 I “
1% =8 | ~ ol 4t
L

7 ouF| L
Cul
10 0r Case qur

Select R1 10 give desired Vg: R1 = (2Vg T k2

FIGURE 5 — CONNECTION FOR 2.5 Vdc 2> Vg <3.5 Vdc

= (R = 2.7 ohms unless otherwise noted)

B R Vo
Vin g—0— O
2N706
d OF EQUIV
s |
MC1569 0,001 uF "
MC1469 I 2
(i al, |
9 ? - LIS
A1 & 10pF |

8 = l
2 Cn
R2 1001 Case Inv,.i
== 1S

Seiect R2 1o give desired V- R2 = (2Vg) k2 Select R1- A1~ (70k82 Rk

FIGURE 6 — INPUT REGULATION

FIGURE 7 — LOAD REGULATION

*Vin = 17 Vde 27 Vi 10 Vd
1 0 = 10 Ve -
aV asVee 3 \ 1.2 Vo= 10v
—o— 5 & 2
Vin = 1.0 virms} 2706 I
1= 10kHz L ‘ OR EQUIV 4 o8 Eourv:
MC1569 0001 4F MC 1563 0.001 uF e
; Wiies = it i
5 = col,
R S o—————— 1 " v g
ES L
13k 3
Y » A , 10uF
CN = +
L 2 0.1 uf 10k 10uF 2
R2=63Kk i -{mm CASE I :[ R Er—— Ion,r ]
FIGURE 8 — OUTPUT IMPEDANCE FIGURE 9 — SHUTDOWN CURRENT
Win 3 1 12 o Win § vo
- -4 —2 o
706
[ 4 0R EQUIV 5 ;
. 78 '
1000 uF
MC1569 I 0.001 uF MC1569 l
10mA
= MC1468 B | e Barest i
s = o Jroue L
z AL 210
Rl
s ! mEPZ2- 4 7 ST L1
2 1 2
L 1orcase NS 014F 2 Worcase CNFROTWF
50 mytemsl T
= L < i 1= 10kH: L L = 4 4+ L

R3= Vi - 161 ke
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MC1469, MC1569

GENERAL DESIGN INFORMATION

1. Output Voltage, Vo
a) For Vg = 3.5 Vdc — Output voltage is set by resistors R1
and R2 (see Figure 4). Set R2 = 6.8 k ohms and determine
R1 from the graph of Figure 10 or from the equation:

R1=~(2Vg - 7) k2

b) For 2.6 < Vg < 3.5 Vdc — Output voltage is set by resis-
tors R1 and R2 (see Figure 5). Resistors R1 and R2 can be
determined from the graph of Figure 11 or from the
equations:

R2 22 (Vo) k2
R12 (7 k§2-R2) k2

c) Output voltage, V(, is determined by the ratio of R1 and
R2, therefore optimum temperature performance can be
achieved if R1 and R2 have the same temperature
coefficient.
d) Output voltage can be varied by making R1 adjustable as
shown in Figure 43.
e) If Vg = 3.5 Vdc (to supply MRTL" for example), tie pins 6,
8 and 9 together. R1 and R2 are not needed in this case.
2. Short Circuit Current, lgc
Short Circuit Current, lgc, is determined by Rge. Rge may
be chosen with the aid of Figure 12 or the expression:

R ~ 0.6 ohm
o T

where lg: is measured in amperes. This expression is also
valid when current is boosted as shown in Figure 2.

3. Compensation, C
A 0.001 uF capacitor, C¢, from pin 4 to ground will provide
adequate compensation in most applications, with or with-
out current boost. Smaller values of C will reduce stability
and larger values of C will degrade pulse response and out-
put impedance versus frequency. The physical location of
C¢ should be close to the MC1569/MC1469 with short lead
lengths.

4. Noise Filter Capacitor, Cy
A 0.1 uF capacitor, Cpy, from pin 7 to ground will typically
reduce the output noise voltage to 150 uV(rms). The value
of Cp can be increased or decreased, depending on the
noise voltage requirements of a particular application. A
minimum value of 0.001 uF is recommended.

5. Output Capacitor, Co
The value of Co should be at least 1.0 UF in order to
provide good stability. The maximum value recommended
is a function of current limit resistor Rge:

Co max ~ 250 uF
Rsc

where Rgc is measured in ohms. Values of Cq 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 consumpticn by circuit loads which can be put in
“standby’’ mode. Examples include, an ac ordc “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-down 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

R1, RESISTANCE (k$2)

R1, RESISTANCE (k)

Isc, SHORT-CIRCUIT LOAD CURRENT (mA)

The connection to pin 5 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 ) on z can be greatly
reduced.

FIGURE 10 — R1 versus Vg
(Vg =3.5 Vdc, See Figure 4)
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MC1469, MC1569

TYPICAL CHARACTERISTICS )
Unless otherwise noted:  Cp = 0.1 UF, Cc = 0.001 uF, Co = 1.0 uF, Tc = +26 C,
Vin nom = +9.0 Vdc, Vg nom = +5.0 Vdc,
1 >>200 mA for R package only.

FIGURE 13 — DEPENDENCE OF OUTPUT

IMPEDANCE ON OUTPUT VOLTAGE FIGURE 14 — OUTPUT IMPEDANCE versus Rge
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MC1469, MC1569

TYPICAL CHARACTERISTICS (continued)
Unless otherwise noted:  Cpy = 0.1 UF, Cc = 0.001 UF, Cg = 1.0 uF, Tc = +25°C,
Vin nom = +9.0 Vdc, Vg nom = +5.0 Vdc,
1 >200 mA for R package only.

FIGURE 19 — EFFECT OF LOAD CURRENT ON FIGURE 20 — EFFECT OF INPUT-OUTPUT VOLTAGE
INPUT-OUTPUT VOLTAGE DIFFERENTIAL DIFFERENTIAL ON INPUT REGULATION
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FIGURE 22 — TEMPERATURE DEPENDENCE OF
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@
40
-z 25 0
2= 1 < 350
Zw E
22 155 te=1g= 104 &
=5 & 300
g 13 E \
_\d_/—L\\’_,_l\‘ e 1 3 250 2oy
1 — - - ~ Rsc=24 0
10,003 [T ] S w0 '\I]L
@ N
i Banin Cc=0.1pF g '\_\ Ry =330
28 Cc = 0.01 uF R
> c=0.01 4 =]
5510001 =
2g = 100
S 10000 2 e Rec = 1092
S 9.999 ‘; 50
9.998 . T
15 50 25 0 +25  +50  +15  +100 +125
100 us/DIV Ta, AMBIENT TEMPERATURE (°C)
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