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PREFACE

In most electronic systems, voltage regulation is required for various
functions. Today’s complex electronic systems are requiring greater reg-
ulating performance, higher efficiency and lower parts count. Present
integrated circuit and power package technology has produced IC voltage
regulators which can ease the task of regulated power supply design,
provide the performance required and remain cost effective. Available
in a growing variety, Motorola offers a wide range of regulator products
from fixed and adjustable voltage types to special-function and switching
regulator control ICs.

This handbook describes Motorola’s voltage regulator products and
provides information on applying these products. Basic Linear regulator
theory and switching regulator topologies has been included along with
practical design examples. Other relevant topics include: trade-offs of
Linear versus switching regulators, series pass elements for Linear reg-
ulators, switching regulator component design considerations, heatsink-
ing, construction and layout, power supply supervisory and protection,
and reliability. A Motorola regulator selector guide along with data
sheets and an industry cross-reference are also contained in this handbook.
A transistor and rectifier selector guide for switching regulators of various
configurations and power levels is provided in Appendix A and B.
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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 + (—YIC{E_—:-—;ZEZ-) 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



Vece

1

Error
Reference Amplifier Vo

VREF
+
[y

T

— 7

Figure 1-1. Voltage Regulator Functional Block Diagram
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Figure 1-2. Voltage Regulator Equivalent Circuit Model

Vee

Vz

Vz zz

Vez

(a) = (b)

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:

_ Veeat
Iz = 5== 2

where VBeQ: = base-emitter voltage of QI
This gives a reference voltage of:

Vrer = Vz + VBEQ1 = VBz + [2Zz + VBEQI 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 = VBEQ3: + [2R2 4)

_ VBeQ1 — VBEQ
R1

where I2 (neglecting base currents)

The change in Vrer with junction temperature is given by:

AVRrer = AVsg3 + {AVBEQ1 1;1 AVBEQZ} R2 5)

It can be shown that,

AVeeqr = AT; K InTu 6)
and AVeee = ATjK Inlz @)
where K = a constant

ATj = change in junction temperature
and - I >D

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

AVrer = AVeegs + ATK (_11%) 1n% 8)

Vce

O VREer

Vgeal VBEQ2

Figure 1-5. Bandgap Reference
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Since AVBeqs is negative, and with I > I2, 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 Ii, 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 {(Vrer= Vio) — Vo B} — ZoL o ©)]

where AvoL = amplifier open loop gain
Vio = input offset voltage

ZoL = open loop output impedance
. Ri

F=R+w

Io = output current

= feedback ratio (8 is always< 1)

vi = true differential input voltage

Manipulating (9)

(VRer £ Vio) — Zo

Vo = 1 AvoL (10)

B+ AvoL

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

Vo =—1B—-(VREFi Vio) = (Vrerx Vio) (1 +%) (11)

The output voltage can thus be set any value equal to or greater than (Vrer= Vio).
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 R1 and Ra,
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.

5



Vee

Rq

Figure 1-6. Typical Voltage Regulator Configuration

2. Amplifier power supply sensitivity —

Changes in regulator output voltage due to power supply voltage variations can be
attributed to two amplifier performance parameters: power supply rejection ratio
(PSRR) and common-mode rejection ratio (CMRR). In 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, Veu, illustrated by Figure 1-7a, is:

Vaw= (W + Vo (Vs - V-

) (12)

where V1 = voltage on amplifier non-inverting input

V2 = voltage on amplifier inverting input

<
+
Il

positive supply voltage

b
I

negative supply voltage

In an ideal amplifier, only the differential input voltage (V1 — V2) has any effect on
the output voltage; the value of Vcm would not effect the output. In fact, Veum does
influence the amplifier output voltage. This effect can be modeled as an additional
voltage offset at the amplifier input equal to Ve/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:

6
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Figure 1-7. Definition of Common-mode Voltage Error

VREF

(+)

Vem
CMRR

Vee

Rq

Figure 1-8. Common-mode Regulator Effects

7




_ o _Vem
Vo = AvoLvi = AvoL(VREr — CMRR — — BVo) (13)

Manipulating,
VM
Vo = (VREF — SGMRR) (14)
1
Bt Ao
Ve
where Vom = 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 Avot, a high
CMRR, and by choosing the feedback ratio, 3, to be unity.

3. Amplifier Output Impedance —

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

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 Zov 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/heeqi in its output
current, Io’. Therefore ZoL in equation (16) has been effectively reduced to
Zoi/hreq1, reducing the overall regulator output impedance, Zo.

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, f3, 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.



(+)

VREF

Vce

R2

Rq

Figure 1-9. Emitter Follower Output

TABLE 1-1

Vo CHANGES
SECTION

EFFECT CAN BE
INDUCED BY

MINIMIZED BY SELECTING

Reference

Vce

N -

. Constant current-zener method
. Bandgap reference

Ti

. Bandgap reference

TC compensated zener method

Amplifier

Vce

. High CMRR ampilifier
. High AvoL amplifier

B =1

T

. Low Vio drift amplifier

High AvoL amplifier
B=1

pov=lopa|ons|ns

Low ZoL amplifier

. High AvoL amplifier
. Additional emitter follower output

g=1




As shown in Figure 1-10, amplifier Al sets up a voltage, V1, given by:
R2
V1 = Vrer (1 +—§T) a7
Vinow serves as the reference voltage for amplifier A2, whose output voltage, Vo,
is given by:
Vo= Vi= Vrer (1 + —II%) (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 R1 and Ra.

VREF
Vi

Rg

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.”
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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 2-1¢ 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.
¢) Obtaining greater current capability is more difficult than with other
regulators. (Methods for obtaining greater output currents are shown in
Section 3.)

1
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Figure 2-1. Regulator Configurations
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3. Three Terminal, Adjustable Qutput 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 gof 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/MC1466 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.

13
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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. ’

. Positive, Adjustable
. Negative, Adjustable
Positive, Fixed
. Negative, Fixed
Tracking
Floating
. Special
1. Obtaining Extended Output Voltage Range

2. Electronic Shutdown

H. General Design Considerations

ommgA®m»>

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 LMI117L, LM117M, LM117, 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.
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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).

v LM117L Vout
n ou
LM117M + Vo
L4 O LM117 o— ®
LM150
*
7~ Cin
0.1 uF

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

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

t CAgj is not required; however, it does improve Ripple Rejection
R2
Vout = 126V {1 + R_1 + IAdj Ra

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 (100 Rsc
Vin —o Vo +15V
20V 417 10(2)| 220 Isc=30mA
MC1723 __LL___‘
© a4 | (Mc17230)
R3 25.1k
(5)3
0.01 uF Cref
= 066V . 45k <R1+R2<100 k2
Isc
R3 = R1 || R2 ; OSCREE<0.14F
v
R2 = ~BEE (R14R2) ~ 2L (R1+R2)
Vo 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 VRgg < Vg < 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 —o Vo +5V
+10v. - [(11)7 10(2)| 220 I5c=30mA

MC1723

—o0— ¢
mciz2sc) | 1@ 0 Sag
2 (4)

9(13)

inF
manlll

; 10k <R1+R2<100k2

1

R ~ 0.66V
\ 's ~V
=VQ_ ~VYO . R3=

R2 AE (R1+R2) Iv (R1+R2); R3=R1 || R2

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 +Vo
T 45V
+10V Isc = .5 A

MC1569
MC1469

~
—
o
z
-
o
r
m
A
i

Vo
R2=6.8k; R1=( -1) R2=(2Vg -7) kQ
VREF 0.6
CN = 0.1 uF; Cc > InF; Rge =,—

Isc
See Section 3H for General Design Considerations

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

+—\—9—0 Vg

2N3055 1.3
or Equiv 172w +18v
*ViN (12)8 'sc=5A
@4
+20V 10 (2)
D ——
(11) 7 1)
MC1723 |—o-
>
(MC1723C) R1S12
(6) 4 2 (4)
s —T
5.1k 3(5) 3 <1000 F
9 (13) R22 10k
0'1”F$CREF
= }_5 (7)
Rgcx 286V . 1010 <R1+R2<100KS

v IEC 7V
r2=-BEF n11r2)=2Y (R1+R2)
Vo \
0<CREF<0.1MF ; R3=R1 || R2

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

Values shown are for a |15V, 5600mA | regulator using an MC1723CL (unheatsinked) and a 2N3055 on a
6°C/W heatsink for Ta 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 Rsc
+18 V.0 AMN—9—O V= +12 V
91 9 Isc = .75A
1/2 W
R4 (11) 7
—VN— & — 00— p——O——g
100 6(10)
(12) 8
MC1723
(MC1723C)
(6) 4
5.1k 2 R3
(6) 3

0.1uF CREF
j__: 5(7)

Rgc = °I'ZZ" ; 10k <R1+R2<100kL ; 0 < CReF < O.14F

R2 - YBEE (R1+R2) zz,—‘g(mmz) : R3=R1 || R2
O<R4<VgE oy (a1) /5MA

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

Values shown are fora |12V, 760mA| regulator using an unheatsinked MC1723CL and a 2N3791 on
a 4°C/W heatsink for Ta up to +70°C

Figure 3-6A. MC1723(C) PNP Boost Configuration
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Q1 Rsc=.1202,5W Vg =+5 Vdc

Vin @

+10V 2N3055 ImPs6512
or Equiv or Equiv. Isc =5A
3 1 R3
o 1.0uF
100 I
9 4 1
MC1569 =

6 MC1469 5
—O0—
7

3.0k 8 )
R1 10 or ¢
2 Case N Cc

0.1uF == InF

R2=6.8k ; R1=(XQ_.1),(F;2 = (2VQ-7) kQ
VREF
0.6V VBEqn (A1)
CN=0.1KF ; Cc> InF ; Rsc=Tgc : 0<R3<izE5gT)

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

IhL

2N49%quw 0.2, 2W +Vo
*Vin @ AAA ®
+15V a1 +1oVv
Isc=3A
R3
20 MPS6512
3 1 ‘or Equiv
9 4
s| Mcises [g
MC1469 —O
8 7
R1<513«k
UnF +
Case 1uF 5 1~ 10uF
R2 I

\%
R2=6.8k ; R1=(V o F-1)xR2E(2Vo-7)kﬂ;CN=0.1MF;Cc>InF

Rsc—‘)—sl' 0<R3< YBEgn (Q1)

Isc 12mA
Selection of Q1 based on considerations of Section 4
See Section 3H for General Design Considerations

Values 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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2N::;J155 Rsc \g,
A +5V
AN 4 628 1A
1w SC
MPS6512 or

6 (10) R=15Q 7 " Equivalent

MC1723
Mc1723c | 2 (@) 1.3k
AN

9 (13) R3

Pin Numbers Adjacent to Terminals are for the Metal Package.
Pin Numbers in Parenthesis are for the Dual In-Line Package.
Vo
Rscafary i RRERY 10 k2 <R1+A2<100 kQ; R2Z2- (R1+R2)= 7(r1+R2)
O0<CREF<0.1uF; R3=R1 || R2; Selection of Q1 based on considerations of Section 4; See Section
3H for general design considerations
Values shown fora | 5V, 1A regulator using an MC1723CL unheatsinked and a 2N3055 on a
10°C/W heatsink for TauPto +70°C

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

Vin1 2N3055 or Equiv Rge  +5.0 V, Isc=5A
o Q1
+7V %) HVo
Vin2 R=2.4Q
n 3
+10V 9 o 2N706 or oz’rNE?u;:?
3.0k MC1569
6 MC1469
R1T _8

—<Cc 100pF

,
~las -
il l—«LL
(2]
z
hY
3
m
AR

6.8 k2> R2 2 10 o
Case

.

Vo
R2=6.8Kk; n1=(v - “1IxR2=(2V 7KDL ; Cy=0.14F; Ce>InF , Rge™ °S?:V
06V
IbmaX

See Section 3H for General Design Considerations

Values shown are fora [5V, 5A ragulator using an MC1469R on a 26°C/W heatsink and Q1 mounted on a

o
1" C/W heatsink for Tamax =7 o°c

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.

GND
[—“ L 4 -0
0.1uF
Cn
- 2 3
Co
~ 10
4 MF
 EamE—— e S MC1563
MC1463
c 8
I — o0
Ing -6.2V
-10V I 5 6 Igc=1256mA
[ - ' )

hd
Vin Rsc=10Q Vo

Vo
Rp=6.8k§2;Ra=Rpx(T=_-1)=(2[Vgl-7)kQ
B A=Rexig o o Vo

CN=0.14F ; Cc > InF ; Rge ~ %’

See Section 3H for General Design Considerations

Values shown are for a |-5.2V, 126mA/| regulator usinga MC1463R at T 5 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)

(11) 7
= R1212k] =
2 (4)
MC1723
614 | (mc17230) .
100 7~ 10uF
pF -
(5)3
9 (13) | A2g10k
.
_ ~JVo=-15v
Vz=14v 2N3055
a1 or Equiv

Vin = -20V to -23V

v
IVoI>10V; 10k SR1+R2<100kS2; R2= (e (R1 +R2)—N (R1+R2)

Vz<IV|NI-VBE(Q1)-3V; Vz>|V|NI-|Vo|-VaE(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 fora |-15V 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
—0- . . 5
[ T
= 6.8kSRp
2 3 Case
1
+| Co
=100
33kSRA T
1N4001 or Equiv a ° A uF
¢ e MC1563
cR1 7 MC1463 o
O
L—io—-—<
2N3771 Igc=2.5A
-0V |.560,1/2W or Equiv Ve
o4 S
Vin Vo=-6.2Vdc
1.4V

N=(2IVol- 1)k C>InF; Rgc=s -

Rg=6.8k&2; Rao=R

=6. ; =Rpx (2
B A=Rp (Vn
CRI: add one diode in series with CRI 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

Valuesoshown are for a | -5.2V, 2.65A | regulator using an MC1463R (unheatsinked) with Q1 mounted
on a 1" C/W heatsink for T p 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
ViIN ——— . Vo
MC78LXX 0.1A
MC78MXX  0.5A

MC78XX 1.0A

I 0.33uF MC78TXX  3.0A Co I

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 14F may be needed for CIN- C|'N should be a
high frequency type capacitor

Cp: 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 Fositive, Fixed Output Three Terminal Regulators

MJ2955

VIN 0.120
- Equi
Input 5W or Equlv
+10V. EJ Q1
. Y Isc(a1)
2N6049
or Equiv 1C1 v
2 IscTtoT O
MC78XXC 04
- Output + 5V

1.0uF I ig Isc(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)
IBIAS(ICT)

~

. 0.6V
conducting. 0<R< P RsC ¥ 5c(a1j 'SCTOT = Isc(an*lsciict)

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

Values 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.

ViN 1 2 Output
® O MC7805C [O- ’ 2 g Vo
Input
3
;T 0.33uF - ?“3
10 k
1k

* _:I__ ¢ *
V=7V t0 33V; V|N-Vp = 2V; V| N=356V

See Section 3H for General Design Considerations

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

v MC7805C
lnp':‘t 1 |mc7emosc | 2
’I‘O‘ MC78LO5A,C
0.33uF s VogR
I Constant
= Vo current to
s o Grounded Load

\Z: /
‘O=R—O+I|B; Current Reg Alo=é;—o+A||B
Vo+V+2VSV | <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 Vinmax) (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

VIN 2N6569 1 2
MC78XXC —0—O Vo

is

ING5363
30V 5wW

X X=2 digits of type number indicating voltage

VIN-30
1

R1=(—5—)xhFEQ1: VCEOQ1ZVIN

See Section 3H for General Design Considerations

Val%es shown for V| \y=60V; Q1 should be mounted on a 2°C/W heatsink for operation at Taup to
+70 C. IC1 should be appropriately heatsinked for the package type used.

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

Ic1

Vin 2N6576 ; 2 Vo

MC7824CT  |—O—4
60V a8v

3 +
17.26:; Q1 0.33 uF 104F, 50V
IN4751
zZ2 30V, 1W IN4001
' D1
. - P+ 1
21 IN4749

24V, 1W

VIN-(VZz1+tVZz2)
Vo=Vz1+24; R1= [—-é:—ﬂlxm:e(oz)

See Section 3H for General Design Considerations

V(?lues shown are for a|48V, 1A rggulator; Q1 mounted on a 10°C/W heatsink and I1C1 mounted on a
2" C/W heatsink for T4 up to +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
VN MC79LXX0.1A Vo
Cin 1 co
0.33uF
ol ] 0w
1

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

Cp: 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

’ |
I sC
-0V 0.56, 1W sc(Q1) TOT
Input @—4 0 Output
Vin ( 2N3055 Vop
R |~ or Equiv
SC a1
l < “SC(ICH
Ic1
3 2
$—0O— MC79XXC O—¢
R
AN
5.6
=< 1.0uF f 1.0pF 32
Gnd & —F I -0 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(Q1)
IBIAS(IC1)
Isc ToT=Isc(an*Isciic)

Renn 06V
SCiscan

conducting. O<R<

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

Values shown are for a regulator using an MC7805CK on a 1.5° C/W heatsink with Q1
mounted on a 1" C/W heatsink for Tp 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

MY 3 MC79r02C 2 R
Ol ———— AN
MC79L03A,C {

Y
v

—

ILOuF I TLOMF

VN=-35V for MC7902C
VN=-30V for MC791L03C
VIN<Y0+VO'2V

Vo
'o=R *hs
. Avg
Current regulation, Alg=—47— +Al|g

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.

30 Vo

» ®
Reet +15 V
3 (5)% s¢ %2 (@) ics
T 1.0uF

Vg Sense (+)
Input (+) 4(7) ° c - 1(3)C2
*——0—V ompen (+ ——O—K——j
+20V Sc ce 1.5nF
+V T %in MC1568 10 (1)
N MC1468 Gnd|o ~® Gnd
VIN = g, c1
20v - 7 8(12)
VEg Compen (-)|—o——
Input () 5 (8) Vg Sense () 1.5nF
+;:%‘o F
6 (10) 7(11) -0k
30 Vo
—® 15v

Rsc-
C1 and C2 should be located as close to the device as possible. A 0.1 uF ceramic capacitor (Cj,) 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.

Rant=08Y o 06V
See Section 3H for General Design Considerations sc Isct SC ~isc”

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

Figure 3-1E. MC1568, 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 (+) MJ2955 \
+20 V or Equiv RSC +V015 va
+ c
1.0uF
+
~ 10uF
(7)4? (5)3
Vce VotSense (+)]1(3)
Compen (+) o 1 SK_F
MC1568 analoten
MC1468 ndro 1
Compen (-)| (—J =
VEE Vo~ Sense (-) (12) 8 1.5nF
1*
(8) 51(10) 6 T 1OuF
1.0uF -
e -15 Vdc
Input (-) 0.3Q Vo
20V 2N3055 2w
or Equiv
0.6V 0.6V
Rsc™~—% —

Isc”
Selection of Q1 based on consideratgons of Section 4
See Section 3H for General Design Considerations

Values shown are for a 15V +2A] regulator using an MC1468R on 2°C/W heatsink with
Q1 & 02 mounted on a 1" C/W heatsink for T4<70°C.

Figure 3-2E. MC1568, MC1468 Current Boost Configuration
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N +
Vin 3 _l Rsc Vo
+20Vdc 9 4 2.4 +156 Vdc
1 MC1569 [ g
6 | MCla6e | & InF  MESEBIZor i3y 10MF
g |(Positive 7
o— Regulator) | o
= lz Case
820 820
65 K 0.1uF l 33k
i ! 1 _‘%—3 92 (Case —l
= -r—o— t_ -
22 k 9 10uF <
L o MC1563
—F 2] Mc1463 8 +Vo
n -
Vin |Rsc E}—o—7 (Negative L6 16 Vdc
K - Regulator) |-o—
20 Vdc 50 5
Rsct~2SY -~14V
Isc Isc
See Section 3H for General Design Considerations
Values shown are fora |+15V, +260mA | regulator using an MC1569R and
MC15663R mounted on a 3°C/W heatsink for Tp <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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Valuesoshown are for a (
on a 1" C/W heatsink for To<70 C.

DESIGN CONSIDERATIONS

Constant Voltage: 6. The RC network (10 pF, 240 pF, 1.2 k

For constant voltage operation, output ohms) is used for compensation. The

voltage Vg is given by: values shown are valid for all applica-
Vo = (lef) (R2) tions. However, the 10 pF capacitor may

where R2 is the _resistance from pin 8 to be omitted if fT of Q1 and Q2 is greater
g(ound and |.of is the output current of than 0.5 MHz,

pin 3. . 7. For remote sense applications, the posi-

The recommended value of lpef is 1.0 tive voltage sense terminal (pin 9) is

mAdc. Resistor R1 sets the value of et connected to the positive load terminal

8.5 through a separate sense lead; and the
Iref “Ra negative sense terminal (the ground side
where R1 is the resistance between pins of R2 is connected to the negative load

2 and 12. terminal through a separate sense lead.

Constant Current: 8. Co may be selected by using the rela-

For constant current operation: tionship: )

(a) Select Rg for a 2560 mV drop at the Co = (100 #F) 1 (max). Where || (max)
maximum desired regulated output is the maximum load current in amperes.
current, 1 max. 9. C2 is necessary for the internal compen-

(b) Adjust potentiometer R3 to set con- sation of the MC1466/MC1566.
stant current output at desired value 10.  For optimum regulation, current out of
between zero and |- pin 5, Ig, should not exceed 0.5 mAdec.

If Vi, is greater than 20 Vdc, CR2, CR3, Therefore select Q1 and Q2 such that:

and CR4 are necessary to protect the

MC1466/MC1566 during short-circuit or 1 2<0'5 mAdc

transient conditions.

In applications where very low output where: lphax = maximum short-circuit

noise is desired, R2 may be bypassed load current (mAdc)

with C1 (0.1uF to 2.0uF). When R2 is 1 = minimum beta of Q1

bypassed, CR1 is necessary for protec- 2 = minimum beta of Q2

tion during short-circuit conditions. Although Pin 5 will source up to 1.5

CR5 is recommended to protect the mAdc, 15 > 0.5 mAdc will result in a

MC1466/MC1566 from simultaneous degradation in regulation.

pass transistor failure and output short- 11.  CR6 is recommended when Vo > 150

circuit.

Vdc and should be rated such that Peak
Inverse Voltage > V.

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

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

_ — — — — MDA104A
| l l L ¥YCR6
: | I =<1s00uF
s ) | | | 300V oy Ving+275
110 V (rms) | - o 5= .
| IN4001 o.?;%g[f" 512k 10 ¢ 02
Fuse i Eauiv |, AR (YREPT MJ413
K18 v _ 13 15k
! =~150 MC1466L 240 pF b
il (rms) ARE T oF MC1566L 11
: 30V
: K 9 Current
= R3 | Limit crsy Rs$2.5Q
80 390 szgu 500y Adjust
VW
0.1uF CR1 8.5k 18k l
I | —Pt- - o+
= ref{] CR2 ) T
Pins 1 and 4 no connection. v
300k CR3 Ch = R o
c1 2 o L2 0to
0.1uF I Voltage 1ouFI 250V
275V L Adjust 275V

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 5.6 Vo = 100 Vdc
.- *NN$—o
a1 Qﬁ Rsc
4.7 k Q2
b —
R3 2N4123
1/4M275Z &, | ‘or Equiv
Vin(2) = 1N4001 D1
30 Vde 3 or Equiv §68 K
P R2
9
6
MC1569 . inF =
. MC1469 26 k —
Ra
N 8 7
V1 R1
8k % } l 20 k
gB 2 1o T 0.1uF \ %
h x[Vin(1)-Vol
RSCQ?.GV . Ra~"FEQEDXIVIN ol. Vz1=Vo-V1;
scC Isc

V1ixh

3.5V<VI<(V|N(2)-3.0V); R4<—IS@
= R2

RE=6.8k; RA={(2xV17]kQ; VorV1 [1+72]

Selection of Q1 based on considerations of Section 4
See Section 3H for General Design Co'nvsiderations

Values shown are fora [100V, 80mA regulator usmg an MC1469G on a 30° C/W heatsink
with Q1 mounted on a 1° C/W heatsink for TA<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 1mA 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)
+V N
VIN-5.1v
R~ 6mA
_ R3
VPi"z'Riﬁs x 5.1V
MC1569
+5.1V MC1469 0
Vpin2~1.38V-3.4x10-3(T ypmax-25°C)
IN%8r26 Where T jpax=junction temp. at which
Equiv shutdown occurs
R2+R3~2,5k
Values shown for T jpax~140°C
Figure 3-2G. MC1569 Thermal Shutdown Configuration
(Shutdown circuitry shown only)
VIN
O- » -O—
ViNt5.1V
R~ 6mA
R3
MC1563 Vpin2=ga3g2% (-8-1V)
5V MC1463 Pin® R2+R3
Vpin2~-0.83+1.9x103(T jpax-25°C)
where T jp ax=junction temp at which
IN%?ZG shutdown occurs
Equiv R2+R3%~2.5k
Values shown for T jpmax~140°C

Figure 3-3G. MC1563 Thermal Shutdown Configuration
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Rsc Vo
@ (+10 V)

3 T 4] 2ns223
+Vin (+15V) -———-O-i or Equiv
11k 9 MC1569
?—-o— MC1469 F
8 7 :E In
13k =
ci*
2 10 + b+ Co
10uF or i
0.1uF T~ 1.0uF
- 6.8 k Case |- -
= = = +
= 2
2N5223
or Equiv 5.1k
—I AAA's
Push to
Re-Start i

1.0 k%' ﬁsi- Push to
— _?_ 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. VINmMax

c. (Vin — Vour) MiN

d. Vomin

e. Vowmax

For example, the voltage between pins 8 and 5 (Vi) 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 a1 I |
MPS5172

és (7)
- BVceo(@1)®Vo

VCESAT(Q1 )<1 OV @ 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, Cy > 10 uF). Diode D, prevents C
from discharging through the regulator during an input short-circuit. Diode D,
protects against capacitor C,y; 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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+Viy O— ¢

Regulator

1N4001
or

_L Equiv

1N4001
or
Equiv
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o
g

Negative
-Vin O— 9

Regulator

|
<
o

=

Figure 3-1H. Output Polarity Reversal Protection

%‘

VinO- ) O +Vo
Positive
Regulator

I 7

Figure 3-2H. Reverse Bias Protection

ah

1N4002
Vin Positive Vout + Vo
Adjustable
Regulator
Cin ™ Co
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 (Is) to the pass
element, Q2, which acts as a current amplifier and provides the increased output
current (Io) capability.

External
Series Pass Element

Y,
lc(Q2) : CE(a2) o
Ving® O —_— agr -~ g »
IN1 Vo
N\ A
uger

IC Regulator (simplified)

Vin2 Vo 'B(Q2)

A <

GD'BIAS Vs

Sense Lead

i *V N1 may or may not equal V|2, 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(Q2) Ic(Q2)

"/

ViN1

IC Regulator (simplified)

VIN1 Vo

IBlAS

1

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:

0 <R < YBEON(Q2) (4.0)
IBiAs
B. SERIES PASS ELEMENT SPECIFICATIONS

Independent of which configuration is utilized, the transistor or transistors that
compose the pass element must have adequate ratings for Icmax, Vceo, hre, power
dissipation, and safe-operating-area.

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

Icmax@Q2) = Tomax —IBmMax(Q2) = Iomax — %%gz—) 4.1
= Jomax 4.2)
For the configuration of Figure 4-1B:
Icmax@Q2) = Iomax + IBMAX(Q2) 4.3)
= Jomax (4.4)
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2. Vceo— since VceQ is equal to Vinivax) when the output is shorted or during
start up:

Vceowy = VinimMax) 4.5)

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

hrFeMING2) =
@ IBMax(Q2)

@ Vce = (Vnimm) — Vo) (4.6)
4. Maximum Power Dissipation, Ppimax) 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, ViNi, 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 Q1, the IC regulator’s
internal series pass element. Base drive (I2) 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)
Ise= —Ree “.7
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Figure 4-2. 2N3055 Safe-Operating-Area
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External Pass Element

lc(Q2) VcE(Q2) lo
- _—— =
ViN1 Vo
AN
Q2
a1 ¢'b(°2) VBE(Q3)
1
DRIVE a3

|

|

|
IC Regulator

Figure 4-3A. Constant Current Limiting

Py
\

<
o
c
pr)

Output Voltage
Vo

Qutput 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 (In«2) to
Isc/hreQ), 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@2 = Vint — Vo — IoRsc = Vini — Vo 4.8)

Ic@ = 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.

lcmAX N
AN
N\ Pass Element SOA
N /
N\
N\
- \
c
[
N
38 \
s
88 \
o
o
Isc T 3|

|

|

|

I

|

|

L.

L v

\" -V \"} v
INT"YouT Collector-Emitter Voltage IN1 VCEO
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 Rscincreases until Va and Vr2 are
great enough to bias Q3 on. The output current at which this occurs is Ik, the
“‘knee’’ current.

Nl
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‘External Pass Element

. VCE(Q2) o
Q2
c( ) ‘/‘\ Va —

ViN1

Qal

IDRIVE

|
|

|C Regulator

Figure 4-5A. Foldback Current Limiting
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|
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(]

Ed |

o |

o

2 |

5 |

& |

F]
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|
|
1
t

Isc Ik
Output Current
lo

Figure 4-5B. Foldback Current Limiting

The output voltage will now decrease. Less output current is now required to
keep Vaand Vr2at alevel 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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and

where

Vout/Isc

Rsc = ay Vour Z e 4.12)
Veeon@3y Isc
R2 _ VBeonQ)
R1 + R2 TIsc Rsc (4.13)
Rl + R2 < ———I‘]’) o (4.14)

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, Ix. 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.
le(max) \
\
AN
AN
1k + ______\______,__‘
| Constant Current
o ! / Limiting
S |
Eg | |
3 o] ‘
25 [
25 | Foldback |
] f_; Current I
§ l Limiting
|
[ |
l |
Isc T ,
' I
I |
' |
} \
VinN1-VouT VINt 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:

Ix _ Vour
(TSE) MAX 1 VBEON(Q3)

For these reasons, foldback ratios greater than 2:1 or 3:1 are not usually
practical for the lower output voltage regulators.

for Rsc = o 4.15)

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,

VBe1 + Vi = Vg2 + V2 (4.16)
and AVee = AV 4.17)
where AVBe = VBE1 — VB2
and AV = V2-—- Vi

L
er b e  L______ | QN
N
VBEI 1| H
L
4
<,
>
V1( §HE >
9
I
|
|

Figure 4-7. Paralleling Pass Element Transistors
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Assuming Ie1 = Ic1 and Ig2 = Ic2, the collector current mismatch is given by,

(ReHe)

Ic2 — Ict \REe/ \RE/ V2 — Vi_ AV

I <_V_g) T V2 TV (4.18)
Re
_ AVeg
=, 4.19)

and,

percent collector current mismatch = A\\//:E X 100% 4.20)

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

_ 05t01.0V_05VtolOV 05Vtol0OV
I - Ic2 - Ic/2

Re 4.21)

E. TRANSISTOR SELECTION GUIDE

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

VcEo Vee(sat) fr Pp
Device and Polarity Volts hge 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 01 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 07 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

TIP29C 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 0.5 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 7.5 10 01

46



PREFERRED SILICON POWER TRANSISTORS (continued)

VcEo Vce(sat) T Pp
Device and Polarity Volts heg ic Volts Ic MHz | Watts
NPN PNP Min Min/Max Amps Max Amps Min Max Case
3.0 Amps
MJE520 30 25/ 1.0 25 77
MJE31 MJE32 40 25/ 1.0 1.2 3.0 3.0 40 77
2N3867 40 40/200 1.5 0.75 15 60 6.0 31
2N3868 60 30/150 15 0.75 1.5 60 6.0 31
MJE31A MJE32A 60 25/ 1.0 1.2 3.0 3.0 40 77
MJE318 MJE32B 80 25/ 1.0 1.2 3.0 3.0 40 77
MJE181 MJE171 80 50/250 0.1 0.9 1.5 50 1.5 77
MJE3IC MJE32C 100 25/ 1.0 1.2 3.0 3.0 40 77
35 Amp
2N3902 400 30/90 1.0 0.8 1.0 2.8 100 01
4.0 Amp
2N5190 2N5193 40 25/100 1.5 0.6 1.5 2.0 40 77
2N6037 2N6034 40 750/15K 2.0 20 2.0 1.0 40 77
MJE3300 MJE3310 40 1000/ 1.0 15 1.5 20 15 77
2N6121 2N6124 45 25/100 1.5 0.6 1.5 2.5 40 221A
2N3054A 2N6049 55 25/250 0.5 1.0 0.5 3.0 75 80
2N6122 2N6125 60 25/100 1.5 0.6 15 25 40 221A
2N6413 2N6415 60 40/250 0.2 25 4.0 50 15 77
2N5191 2N5194 60 25/100 1.5 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 2.0 2.0 4.0 50 80
2N6038 2N6035 60 750/15K 2.0 2.0 2.0 1.0 40 77
MJE3301 MJE3311 60 1000 1.0 1.5 1.5 20 15 77
MJES800 MJE700 60 750/ 1.5 25 1.5 1.0 40 77
2N6123 2N6126 80 20/80 1.5 0.6 1.5 25 40 221A
MJE3302 MJE3312 80 1000/ 1.0 1.5 1.5 20 15 77
2N5192 2N5195 80 20/80 1.5 0.6 1.5 2.0 40 77
2N3741 80 30/100 0.25 0.6 1.0 3.0 25 80
2N6295 2N6297 80 750/18K 2.0 2.0 2.0 4.0 50 80
2N6039 2N6036 80 750/15K 2.0 20 2.0 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 15 0.7 1.5 4.0 75 80
MJE1100 MJE1090 60 750/ 3.0 25 3.0 70 90
2N4233A 2N6314 80 25/100 15 0.7 15 4.0 75 80
2N6233 225 25/125 1.0 0.5 1.0 20 50 80
2N6497 250 10/75 25 1.0 25 5.0 80 221A
MJES1T 250 5/ 5.0 2.0 5.0 25 80 221A
2N6234 275 25/125 1.0 0.5 1.0 20 50 80
2N6498 300 10/75 25 1.25 25 80 5.0 221A
MJES2T 300 5/ 5.0 2.0 5.0 25 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 10/75 25 1.5 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 Volts 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 1.5 6.0 3.0 2.0 221A
TIP41A TIP42A 60 15/75 3.0 15 6.0 3.0 2.0 221A
TIP41B TIP428 80 15/75 3.0 1.5 6.0 3.0 2.0 221A
TiP41C TIP42C 100 15/75 3.0 1.5 6.0 3.0 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 1"
8.0 Amp
2N6300 2N6298 60 750/18K 4.0 2.0 4.0 4.0 75 80
2N6055 2N6053 60 750/18K 4.0 2.0 4.0 4.0 100 1"
2N6043 2N6040 60 1K/10K 4.0 2.0 4.0 4.0 75 221A
MJ1000 MJ900 60 1000/ 3.0 2.0 3.0 90 1
2N6301 2N6299 80 750/18K 4.0 2.0 4.0 4.0 75 80
2N6056 2N6054 80 750/18K 4.0 2.0 4.0 4.0 100 1
2N6044 2N6041 80 1K/10K 4.0 2.0 4.0 4.0 75 221A
2N6045 2N6042 100 1K/10K 3.0 2.0 3.0 4.0 75 221A
2N6306 250 15/75 3.0 0.8 3.0 5.0 125 01
2N6307 300 15/75 3.0 1.0 3.0 5.0 125 01
2N6308 350 12/60 3.0 15 3.0 5.0 125 01
10.0 Amp
2N6383 2N6648 40 1K/20K 5.0 2.0 5.0 20 100 1
2N6384 2N6649 60 1K/20K 5.0 2.0 5.0 20. 100 1
MJE3055 MJE2955 60 20/100 4.0 1.1 4.0 2.0 90 90
MJE3055T MJE2955T 60 20/100 4.0 1.1 4.0 2.0 20 221A
MJE4340 MJE4350 100 50/ 10.0 0.5 5.0 1.0 125 340
MJE4341 MJE4351 120 50/ 10.0 0.5 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 1
2N5878 2N5876 80 20/100 4.0 1.0 5.0 4.0 150 1
2N6385 2N6650 80 1K/20K 5.0 2.0 5.0 20 100 1
2N3716 2N3792 80 50/150 1.0 0.8 5.0 4.0 150 1
2N5632 2N6229 100 25/100 5.0 1.0 75 1.0 150 1"
2N5633 2N6230 120 20/80 5.0 1.0 7.5 1.0 150 1
2N5634 2N6231 140 15/60 5.0 1.0 75 1.0 150 1
MJ413 325 20/80 0.5 0.8 05 25 125 1
MJ423 325 "30/90 1.0 0.8 1.0 25 125 1
12.0 Amp
2N6569 40 15/200 4.0 15 4.0 15 100 1
2N5989 2N5986 40 20/120 6.0 0.7 6.0 2.0 100 90
2N5990 2N5987 60 20/120 6.0 0.7 6.0 2.0 100 90
2N6057 2N6050 60 750/18K 6.0 2.0 6.0 4.0 150 01
2N5991 2N5988 80 20/120 6.0 0.7 6.0 2.0 100 90
2N6058 2N6051 80 750/18K 6.0 2.0 6.0 4.0 150 01
2N6059 2N6052 100 750/18K 6.0 2.0 6.0 4.0 150 01
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PREFERRED SILICON POWER TRANSISTORS (continued)

Vceo Vcelsat) fr Pp
Device and Polarity Volts hgg Ic Volts Ic MHz | Watts
NPN PNP Min Min/Max Amps Max Amps Min Max Case
15.0 Amp
2N6486 2N6489 40 20/150 5.0 1.3 5.0 5.0 75 221A
2N6487 2N6490 60 20/150 5.0 1.3 5.0 5.0 75 221A
2N3055 MJ2955 60 20770 4.0 11 4.0 25 15 1
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 1.3 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 1"
2N6578 120 500/5K 10.0 4.0 15 120 1"
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 "
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 n
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 30/120 10.0 1.0 10 40 200 01
2N6340 140 30/120 10.0 1.0 10 40 200 01
2N6341 150 30/120 10.0 1.0 10 40 200 01
30.0 Amp
2N5301 2N4398 40 15/60 15.0 0.75 10 2.0 200 1"
2N5302 2N4399 60 15/60 15.0 0.75 10 2.0 200 1"
MJ802 MJ4502 90 25/100 7.5 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 2.0 300 197
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 20/120 20.0 1.0 20 30 250 197

SILICON POWER DEVICE PACKAGES

CASE 31-03
(TO-205AA) 'CASE 77-04
CASE 1-04 CASE 3-01 CASE 11-01 (T0-5) (TO-225AA)
CASE 1-03 CASE 3-04 (TO-204AA) (TO-126 Type)
(TO-204AA) CASE 54-05 (TO-3 TYPE) Add pkg from
(T0-3) CASE 197-01 page 2

CASE 90-05
(TO-225AB) CASE 221A-02
CASE 80-02 (TO-127

(TO-213AA) Type)
(T0-66)

49



50



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 &0 l—o —AM * +Vq
)
|
o.0lFRC 5 | 4 61% l
| al o. oo1m= —L Q2
4 9 MC1569R 5 ZLCc
= &S 1 wMmclaeoRr | 2
R1Z g $Ry/
4’ *
| 2 Ra Co7= 1.0
2 Case - uF

0.14F
R2-6.8 k $ I
= < =

*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 Co Gnd

PIN'2 Vi, Ci» Cc Gnd R2

*Cj 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
Circuit

R
VouT Vi L
to
XFMR
-
iripple
Viead
Figure 5-2. Filter Capacitor Ground Loop
RIGHT!
Regulator AT
9—0O— Circuit —CO-
+
:: c agre VOUT VL § RL
to
XFMR
-
iripple A
¢ 2

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
——0— —O ek AAY - = —
Regulator
Circuit
Sense .
Lt
-1 Gnd
"N Load
. i
{ : - NV - -
— RLEAD
Figure 5-4. Effects of Resistance in Output Leads
VIN Output RLEAD
—@—C0O— . —O 4YAYAY;
Regulator
Circuit O
Sense
+
— Gnd
Wr 7% RL
# A
RLEAD i

Figure 5-5. Remote Voltage 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 \Z

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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o

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.

Below. v' '

6-32 HEX HEAD SCREW / . \

4-40 HEX HEAD SCREW

B09489A035 ‘—T—_IJ—:I B09489A 034
(1) RECTANGULAR STEEL\ —LJ ™"~ NYLON INSULATING BUSHING
WASHER S S — B51547F015
B09002A001 -

SEMICONDUCTOR >

(2) RECTANGULAR MICA l (CASE 221, 221A)
]

INSULATOR —
BO8853A001 i I

AN
RECTANGULAR
HEAT SINK g I § MICA INSULATOR
B08853A001
(2) NYLON BUSHING ———___ \
B51547F005 HEAT SINK

-4

(3) FLAT WASHER
B51567F036 COMPRESSION WASHER

/
(4) COMPRESSION or _——-——-EZU B52200F 005

LOCK WASHER
B52200F004

1

B09490A005
6-32 HEX NUT — [
BO9490A006 i

TORQUE

(1) Used with thin chassis and/or large hole.
REQUIREMENTS

(2) Used when isolation is required.

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

0.9 N-M (8 in-lbs) 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. R2is then given by: R2 =~ 4¥ (R1 + R2) = .7 (10K) = 7K

d. Since VRrer can 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. R1 = 10K — R2 = 10K — 7K = 3K

0.6V 0.6V

f. R~ =71a

g. R3 =R11IR2 =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:

=.6Q); .56, 1W chosen for Rsc.
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9.5V < VN < 40V and (Vv — Vo) =
For the configuration of Figure 3-5A, (VIN — Vo) is given by:
(Vv — 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
(Vi — Vo). Therefore,

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

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

b. In order to simplify the design of the input supply (see Section 8), Vi 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 = Ta + 6ia Pp (Eq. 6.1 from Section 15)

61a = heatsink and/or pkg total junction-to-ambient thermal
resistance

Pp = Vv X (Io + IB)

where

Iis = quiescent current of IC regulator

Io = IC regulator output current
solving for lo:
_ [m=-Ta] _
Io = m Iis ) (6. 1)

From the device data sheet, we can find the values of TJ, 61A, and I1B. 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.

TABLE 6-1
MC1723CL MC1723CG MC1723CG
Heatsink None None Infinite
TJ 175°C 150°C 150°C
TA 70°C 70°C 70°C
6UA 150°C/W 184°C/ W 70°C/W
lis 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 (hr) 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. Iemax = Isc
c. hte B-IIS—OC@ Vee = Vin — Vo — ¢

where ¢ = Veeon = 0.6V
d. Pomax = Vi, X Isc
e. Oic such to allow practical heatsinking
f. SOA such that it can withstand
Vce = Vin @ Ic = Isc

for this example:

\

25V
1A
25@ Ve =5V @ Ic = 1A
Pomax = 16W
fic = 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

W

Iemax

hfe

Vv

I

7. Q1 Heatsink Calculation
Ti = Ta + A Pp (Eq 15.1 from Section 15)
where Pp = Vv X Isc
01a = Oic + BOcs + Osa (Eq 6.2)
solving for fsa:

| T —Ta
Osa = [—-——-———PD

] — (Oic + fcs) (6.2)

From the 2N3055 data sheet, T1 = 200°C and 6ic = 1.52°C/W. The transistor
will be mounted with thermal grease directly to the heatsink. Therefore, 6cs is
found to be 0.1°C/W from Table 15-1.

Solving 6.2:
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200°C — 70°C 0

Osa =

< 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.

2N 3055 on
Thermalloy #6003  0.56, 1W

Vo =
+10 V,
1A
VIN=+16V

12
e
11

MC1723CL 5
6 3
R3 6,4=150"C/W 3K < R1
2.2K 5 4
—o-

R2
13 2K
.'UlFICREF 7 100pf

— 6.2K

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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LINEAR REGULATOR CIRCUIT

SECTION 7

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 (ViNMmiIN, 2,3,18
Heavy Loads IVIN — VolMm) 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, IcMmax)
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 1. IC current or SOA capability 2, 18
During Short Circuit exceeded
2. Inadequate heatsinking
IC Regulator Fails 1. Input voltage transient (ViNMaXx) 2,18
During Power Up 2. IC current or SOA capability 2,18
exceeded as load (capacitor) is
charged up.
IC Regulator Fails 1. Regulator reverse biased 3.H
During Power-Down
Output Voltage Does | 1. Output polarity reversal 3.H
Not Come Up During | 2. Load has ‘‘latched-up’’ in some
Power-Up or After manner (usually seen with op amps,
Short Circuit current sources, etc.)
Excessive 60 or 120 | 1. Input supply filter capacitor ground 5

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.

EE

Half-Wave

K]
T

N

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 L T T TTTTIT T 1 r 0.05
4T
Rg /:,-r ?.5
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w = 27 f, 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.)

64



T Y — 20
Vm Ry Full-Wave 0.5
al
Pt -~ 1

cfv. $n
o ST [P 2
e 4
Full-Wave /‘,/ 6
Bridge // .
80 . e
4 P 8
‘ ’-l ;/ﬂ T 10
2 AT
$ ]- 4/:#"’ 12.5
70 R 7 ;’ sl 15
sl R
Ve(oe),, %/4*. 20 —=(%)
Vm / Vel L
60 : A4 25
Ss2ea ? AL 30
L1 / /’,‘au 35
—H“’//", 40
50
P":::.?, 50
nv// 60
T 70
40 80
anl —
"1 90
:V_:‘r 100
"1
30
0.1 1 10 100 1,000
wCR_(C in farads, R|_in ohms) w=2nf, f=line frequency

Figure 8-3. Relation of applied alternating peak voltage to direct output voltage in full-
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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 wCRL = 40 to obtain less than
2 percent reduction. However, it will also be seen that these voltage-reduction
figures require Rs/RL, where Rs is now the total series resistance, to be about
0.1% which, if attainable, causes repetitive peak-to-average current ratios from
10 to 17 respectively, as can be seen from Figure 8-4. These ratios can be satisfied
by many diodes; however, they may not be able to tolerate the turn-on surge
current generated when the input-filter capacitor is discharged and the transformer
primary is energized at the peak of the input waveform. The rectifier is then
required to pass a surge current determined by the peak secondary voltage less
the rectifier forward drop and limited only by the series resistance Rs. In order
to control this turn-on surge, additional resistance must often be provided in series
with each rectifier. It becomes evident, then, that a compromise must be made
between voltage reduction on the one hand and diode surge rating and hence
average current-carrying capacity on the other hand. If small voltage reduction,
that is good voltage regulation, is required, a much larger diode is necessary than
that demanded by the average current rating.
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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 Irsmrating 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(AvVG) 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 1N1183A

BRIDGES

1.0A 30A MDA100A
2.0A 50A MDA200
4.0A 100A MDA400
8.0A 400A MDAS800
12A 400A MDA1200
25A 400A MDA2500
36A 400A MDA3500

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

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

the maximum full load peak-to-peak ripple voltage

VRipple(p-p)
Vm = the maximum no load output voltage
Io = the full-load filter output current
f = the input AC line frequency

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

_VRipple(p-p>

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

If =

C. Next, determine the range of Rs/RL from Figure 8-2 or 8-3 using VcDc) 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 wCRL 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 VcdC)/Vm can be found.

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

from:
wCRL (8.2)

2 ( Vo) )

Io
E. The rectifier requirements may now be determined:

C=

1. Average Current
Io for half-wave rectification (8.3)

I

Irave)

I

Io/2 for full-wave rectification

2. RMS and Peak repetitive rectifier current ratings can be determined from Figure
8-4.

3. The rectifier PI'V 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
Isurce = 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 = {Vm + (n) 1.0}/V2 (8.5)

1 for half-wave and full-wave

Il

where n

I

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

Full-Wave Bridge = V2 Irms

where Iims = rms rectifier current (from part E.1 and E.2).

Irms

4. Transformer VA rating
Half-Wave = Vs Ims
Full-Wave = 2 Vs Ims (8.7)
Full-Wave Bridge = Vs Ims (V2)
where Irms = 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)
- 3 _
If = ) \/2—(16) X 100% = 6.6%
from Figure 8-5, ®CRL = 7 to 10

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

Veoo _ 16
Vm 25

.64 = .64%

.. Rs/RL = 20% or Rs = .2 X RL = .2(V—‘I:gﬂ)= 2(16)

Rs = 3.2 Q)
D. From Equation (8.2), the filter capacitor size is found:
_ oCRL _ 10 _
C= TR = 1657 uF

. The rectifier ratings are now specified:
Irave) = 1o/2 = 0.5 A from Eq (8.3)
IFRMs) = 2 X IF@vG) = 1 A from Fig. 8-4
IF(PEAK) = 5.2 X IF@vG) = 2.6 A from Fig. 8-4
PIV = VM = 25 V (use 50 V for safety margin)

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

ok L b = m

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.

Ll O e
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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% T -

——— - Linear

40% -

20%

Percentage of Available Market

1980 1981 1982 1983 1984 1085

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 50 W break even point is expected to drop to
20 W in the next couple of years. An example of present parts cost in a S0 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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20 kHz Switcher versus Linear Performance

TABLE 9-2

Parameter Switcher Linear
Efficiency 75% 30%
Size 2.0 W/IN3 0.5 W/IN3
Weight 40 W/lb. 10 Wilb.
Cost 200-500 W* $1.00/W $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 1ms 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 CV2.
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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

”g ' I ~—
Line Output
If]\ r‘(ﬁ T

Input Rectifier Output 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:

Py, = 12 L I*f,
where I = the peak choke current
f, = the operating frequency
and L = the inductance

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

Vo = VPR, = 1 LR,

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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Figure 10-2. Non-Isolated DC-DC Converters
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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 flyback 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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10-3A. Flyback
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Needed)

Figure 10-3. Low Power Popular (20-200 W) Converter Topologies
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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 V(gg () ratings comparable to
the turn-on requirements.

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

800 V

VCE l
VCE /400 V
oV 1
I
| |
| |
| |
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|
|
|
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|
oA lc (‘

Discontinuous Mode Continuous Mode

——— ——

Figure 10-4. Flyback Transistor Waveforms
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Figure 10-5. Forward Converter Transistor Waveforms

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 uF = C. < 5.0 uF) 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. (o}
Pulse Engineering San Diego, CA. T
Coilcraft Cary, IL. T
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Finally, once a mechanical fit has been obtained, it is time for the circuit
tests. The voltage rating is strictly a mechanical problem and is one of the reasons
why U.L. normally does not allow high voltage bifilar windings. The inductance
and saturating current level of the primary are inherent to the design, and should
be checked in the circuit or other suitable test fixture. Such a fixture is shown
in Figure 11-2 where the transistor and diode are sized to handle the anticipated
currents. The pulse generator is run at a low enough duty cycle to allow the core
to reset. Pulse width is increased until the start of saturation is observed (I,).
Inductance is found using

L=V at

In forward converters, the transformer generally has no gap in order to
minimize the magnetizing current (Iy,). 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:

L,>> L./w

L, = gap length
L, = magnetic path length
p = 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

=~~~ lsat

TIME ——»
Current Transformer

Alg
L=V At

Figure 11-2. Simple Coll Tester

89



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 I MJ12010 100 ns 100K
SWITCHMODE Ili 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 Vgy 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 Vgg (s 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 (Vcgg = 400 V)
which would be appropriate for 220 Vac and 380 Vac bridge circuits. Tables 4
and 5 list devices by their V gy rating. These tables can therefore be used to
select devices for either 120 or 220 Vac single transistor circuits (flyback and
forward converters).

l—4

A
]
o

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:

R )
\%
where I = The peak switching current
t =  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 Pr =  The power rating of the resistor
and f =  The operating frequency

Most of today’s transistors that are used in 20 kHz converters switch slow enough
so that most of the energy stored in the leakage inductance is dissipated by the
snubber or transistor, causing very little voltage overshoot. Higher speed con-
verters and transistors present a slightly different problem. In these newer designs,
snubber elements are smaller and voltage spikes from energy left in the leakage
inductance may be a more critical problem depending on how good the coupling
is between the primary and clamp windings. If necessary, protection from these
spikes may be obtained by adding a zener and rectifier across the primary as
shown in Figure 11-3. Motorola’s 1.0 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 = L 0
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 Vg5 = 7.0 to 8.0 V. Gate waveforms will
show a step at a point just above the threshold voltage which varies in duration
depending on the amount of drive current available. The drive current determines
both the rise and fall times for the drain current. To estimate drive current
requirements, two simple calculations with gate capacitances can be made:

1. Iy = Cpgdv/dt
and 2. I; = Cgsdv/dt
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 Cp; = 100 pF and Cgg = 500 pF, then

Iy = 100 pF x 300 V/30 ns = 1.0 A and
I; = 500 pF x 6.0 V/30ns = 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 T; = 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 (I)) and time (t) using:
_ 14V,
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 Ig 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 Irgp and 12Vt = K.
4. If line 3 is less than line 2, use a larger rectifier or increase Rg.

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 Ig 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.ov — the single cycle (8.3 ms) surge current rating.

® 2Vt = K which applies when the thermal response, r(t), is propor-
tional to \/t_(for t<8.3 ms). This gives:

ISZ \/t_= IZFSM \% 8.3 ms or

8.3 ms\% o
[, = Iggm B (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
tr 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 %

o ON BOARD ERROR AMPLIFIERS

e ON BOARD REFERENCE REGULATOR

o ADJUSTABLE DEAD TIME

® UNDERVOLTAGE (LOW V) INHIBIT

® GOOD OUTPUT DRIVE (100 TO 200 mA)

e OPTION OF SINGLE OR DUAL CHANNEL OUTPUT

e UN-COMMITTED OUTPUT COLLECTOR AND EMITTER OR TOTEM POLE DRIVE
CONFIGURATION

e SOFT START

o 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 Cr. The oscillator
frequency is determined by:

1.1
fosc = RTCT

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

Output Mode Control Vce
13 T Q
8
6 A Flip-Flop —o—9
T .
5 Oscillator Q Qi 9
I o
RT C1 Dead-Time CK _.0_411 >
Comparator =
I = Q Q2| 4o
= f 0.12V
o s pZ
Dead-Time 07V
Control 4’L A
. + PWM.
Comparator
= 07mA
Reference 12
Gnd Vee o—
Error | Amplifier T Vr‘ef
1J>A2 3<L 15L £16 7}- 14&
Feedback/PW.M. = 50V

Comparator Input

Figure 13-1. TL494 Block Diagram
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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-cycle time. This would result in a maximum duty
cycle of 96% with the output mode control (Pin 13) grounded, and 48% with it
connected to the reference line. Additional dead time may be imposed on the
output by setting the dead time-control input to a fixed voltage, ranging between
0Oto3.3V.

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 (Vo —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 TL494, 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 ate 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 P.A.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 QS5 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 TS 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 TL494 provides the pulse-width modulation control for the power supply.
The minimum output dead-time is set to approximately 4% by grounding Pin 4
through RS. The soft start is controlled by C5 and RS. Transistor Q11 is used
to discharge C5 and to inhibit the operation of the power supply if a low ac line
voltage condition is sensed indirectly by Q10, or the output inhibit line is
grounded.
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oLl

AC Input Section

Power Section

Output Section

.
| 0%LW
5 5§ 2 3 i °(°_
s 9o £ MJ13333 MJ13333 !
a & 3 | ¢ »t 12V, 84 A
160 10k H ! E MR870 47 iR 10
14w % o 1 0w @ Feov 1N4001 K "W
© ! 3 Re |08
RFI Filter B AN | W CcaU
MDA c1.L 4800 Lo 14936 | ¢ 46000 |+
2504 200V T8 | 0.0 10V ¥ 330
200 ~
2N il . ~ ca
6164 | » —o o— 12v
s ! MRS70 T4 33 1 ™ SEN
v—H/—A ~
I ~
at @ i '} H 4L 2200
815/75;& 1 2> h x HilS 1 B ov
3AG 10 8971 2 IN 1 % MRE70 MCR
Al A o |19 ! » 100-3 ¥, 2
o> = ! [¢1F3 1 -
lok ssaw 382 TS I 00 « 12 SEN RTN
FAN 5w 1 €
J15 V) 1 39 W ” L - 10
: & T S sk "W
R T T T S J MR870 \ 12 RTN
115 230 s 230 115 ]
—_ == — ps 00
) {6 4 Output
3% W Inhibit
L) LMJ 2
15k 82k
MPS
A70
alo
s 22k & o0 3K
TP 31 10
N\ ™ 0001 a7
N y a7k TE0V| SOV
Y o ¥ om 9 mps| €5 w 47k
+¢
0 330 330 1Nao01 Nass » ,
MDA w I:nv 42| TP a2 anl s 16
100 A as  |a7
- " TLaga 5 sk
u2
4 6
All Capacitors in pF
ul
7| 9[10[13j14f 2 ﬂ 3 All Resistors in
N Ohms 1/4 Watt
K ’_o" 21_1 crlos (Unless otherwise noted)
0k 50V a8
+ 1000 |+ + S 5k
200 & 18V 1000 % 18k 01 1 me r
Y 51k 18V o 10k 82k T 10 229 output
RT urn Turn Voltage Adj

Low Voltage Supply Section

Control Section

Current Limit Ad)|

Set fiv 87 A

Figure 13-4. 1000 Watt SWITCHMODE Power Supply



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
Cy. 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 wH

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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Figure 13-6. The Power Supply’s Control Functions Are Obtained from The MC34060
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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

Output Test 301 3428 UPT VPR 432D

Capacitance/volts 5,100 pF, 12V 800 pF, 7.5V 5,000 uF, 12V 5,300 uF, 20 V 5,600 uF, 10 V
+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 uF, 12V 1,200 pF, 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 n.a.

Capacitance/volts 470 uF, 12V 2,100 pF, 10V 680 pF, 12V 1,200 uF, 12V 560 pF, 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 s
— and then causes the transjstor’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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Figure 13-8. 2N6545 Current and Voltage Wave Forms
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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 12V
outputs. At 120 Vac, full-load output voltages are 5.001, —4.977, —12.98 and
12.94 V. At 140 Vac, full-load voltages are 5.983, —5.061, —13.16 and 13.10
V.

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

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

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

1<
Vout
* T o
DC +
1 ov
Power T~
Sense
Supply Cout
& l O
Vin . Vout
oO— T O
DC +
Power Cout ov
Supply T Sense
o—| ¢ 0
*Needed if supply not current limited

Flghre 14-1. Typical Crowbar OVP Circuit Configurations
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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 Alus
MCR68 300 A 75 Alps
MCR69 750 A 100 A/ps
MCR70 850 A 100 A/us
MCR71 1700 A 200 A/ps

*tw = 1 ps, 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 Igy) 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/us, assuming a gate current of five times I5p
and < 1 s 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).

_——— Y 4"A"A%
RL Lo
R*
ESR
Output
Capacitor
ESL L*

T
——_—

*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
©“723.”

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

replacement.

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 14-5. The Discrete Sense Circuit

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/pus 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/S 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 ps to 1.0 ms) before actuation occurs. This feature allows
the OVP circuit to operate in noisy environments without nuisance tripping.

Current
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8
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6

7 3 5
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EE A

Y% VSense 2 CT. 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, Q1,
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.

7y * 4’ +
N
: )
1 Q1 =
8 V_ :
Power MC3423 -w»] I
Supply Rg | To
k Load
7 \
,-»‘ St*
(—Sense :
Lead) |
L/

R1 R1
VTRIP = Vref (1+75) =268V (1+57)

R2 < 10 k) 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 Cp 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, V¢p to reach V., 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, V¢, below 4.5
V as in Figure 14-10. This output can be used to clock an edge triggered flop-
flop whose output inhibits or shuts down the power supply when the OVP trips.
This reduces or eliminates the heatsinking requirements for the crowbar SCR.

9. Remote Activation Input — Another feature of the MC3423 is its Remote
Activation Input, Pin 5. If the voltage on this 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
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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+, C1—, 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 (V) at the comparator
input can be calculated using the equation:

Vu = Ry Iy

equivalent resistance

I

Where Ry
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. ‘ V

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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Figure 14-12. MC3424/MC3524 Block Diagram
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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 providing overvoltage protection, the
MC3424 can also be used to detect line loss or brownout conditions which will
soon cause the power supply to fail. This is particularly important in many small
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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:

t = C (VC — Vm'm)
I

max

ps
=
e
o
@!
I

filter capacitance

L
I

time to power supply failure

p—
I

maximum load current

<
a
|

= 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.

= minimum regulator input voltage

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

Ti = Ta + Pp 0ia (15.1)

junction temperature (°C)

where Tj
Ta = ambient air temperature (°C)
Pp = power dissipated by device (watts)
0ia = 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:

61a = Oic + Ocs + Osa (15.2)
where fic = junction-to-case thermal resistance
Ocs = case-to-heatsink thermal resistance
0sa = 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 OA given on the data sheet.)

Oic depends on the device and its package (case) type, while @sa 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

6cs For Various Packages &
Mounting Arrangements

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

CASE DRY Compound Compound Type

N N 0.36°C/'W 3 mil MICA
703 0-2C/W 0-1°C/W 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 6sa for an MC7805CT; given:

Timax (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, 6¢cs = 2.6°C/W
3. Using Equation 15.1 and 15.2, solve for 6sa:

Osa = (T—Ta _ Ocs —0ic
Pp

ox = (125 =70

< 19.9°C/W required

0 -50-26

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

Tjmax (desired) = +125°C
Po = .25 watt
1. From MC78LI15CT data sheet, &a = 200°C/W
2. Using Equation 15.1 find TAa:
Ta = Tj — Pp 61
= 125 — .25 (200)
= +75°C

B. SELECTING A HEATSINK

Usually, the maximum ambient temperature, power being dissipated, the
Timax, and @ic for the device being used are known. The required 6sA 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
0sA*(°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
0sa*(°C/W) CASE T0-220
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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TO-92

0sa*(°C/W) Manufacturer/Series or Part Number

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

80-90 Wakefield 292
85 Thermalloy 2224

DUAL-INLINE-PIN ICS

20 Thermalloy — 6007
30 Thermalloy — 6010
32 Thermalloy — 6011
34 Thermalloy — 6012
45 IERC — 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:
ISR S
a A’Y} (Fchc + €Hr) (

area of the heatsink surface

Osa

°C/W) (15-3)

where A

m = heatsink effectiveness

*If greater precision is desired, or more information on heat flow and heatsinking is sought, consult the references
list at the end of this section.
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Fc. = convective correction factor

he = convection heat transfer coefficient

Il

€ = emissivity

H: = normalized radiation heat transfer coefficient

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

by: Ts — Ta = 6sa Pp

where Ts = heatsink temperature
Ta = ambient temperature
0sa = heatsink-to-ambient thermal resistance

Pp = power dissipated

(15.4)
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Figure 15-1. Convection Coefficient, h¢

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 Fc
vertical height — (max 2 ft) Vertical Plane 1.0
Horizontal Plane
Rectangular Plane horizontal length x width both surfaces 1.35
length + 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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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
Oil 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 + eHr from Figures 15-1, 15-2 and Tables 15-3 and 15-4,
and locate this point on the nomograph.

b. Draw a line from ht through chosen heatsink fin thickness, x, to find .

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 1 by 0.7 (for vertically mounted plates only).

Note that in order to calculate 6sa 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 fsA evaluated, and the original size reduced or enlarged
as necessary. This process is iterated until the smallest heatsink is obtained that
has the required @sa. The following design example is given to illustrate this

procedure:
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Heatsink Design Example

Design.a flat rectangular heatsink for use with a horizontally mounted power
device on a PC card, given the following:

Heatsink fsa = 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 selection
and reduce the number of necessary iterations.)

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

I

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
o = 0.13 (from Figure 15-3)
D = 1.77 (from Figure 15-4)
n > 0.94 = 1 (from Figure 15-3)
c. Using Equation 15.3, find 6sa

1 — o 0

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 (T'ype I improper decision). In a similar way, the
reverse may happen: a lot may be accepted on the basis of the sample quality
(sample rejects are fewer than those prescribed by the mathematics of sampling and
our goal) and yet, if a 100% inspection was performed, the actual percent rejects in
the lot could be more than our established goal (Type II improper decision). A
sampling plan is specified by the sample size and the maximum allowable defec-
tives (known as the acceptance number (ACCN)).

The risks involved in sampling are described by the operating characteristic
(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, thatis 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 Astgurance Sampling Plan
or
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 2.3 0

A-5: Dynamic Tests, Max. Temp. 3.8 1

A-6: Dynamic Tests, Min. Temp. 3.8 1

A-7:  Funct. Test, 25°C 2.3 0

A-8: Funct. Test, Min/Max Temps. 23 0

A-9: Switching Tests, 25°C 2.3 0

A-21: Key Parameters, 25°C 2.3 0 0.11

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

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 (X?) distribution. (The X2 is a statistical distribution used to relate the
observed and expected frequencies of an event). In practice, a reliability calculator
rule is used that gives the failure rate at the confidence level desired for the number
of rejects and device hours under question.

It is also important to note that, as the number of device hours increases,
our confidence in the estimate increases. In integrated circuits, it is preferred to
make estimates on the basis of 1,000,000,000 device hours or more. If such large
numbers of device hours are not available for a particular device, then the point
estimate is obtained from devices that are similar in process, voltage, construction,
design, etc., and for which we expect to see the same failure modes in the field.
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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) Ti = Ta + 61aPp

or
(B) Ts = Tc + 6ic Pp
where Ty = Junction Temperature
Ta = Ambient Temperature

Tc

Case Temperature
01a = Junction to Ambient Thermal Resistance

6ic = Junction to Case Thermal Resistance

Pp = Power Dissipation
100
Typical Failure Rate
vs
o Junction Temperature
1

for Regulators
Non-burned-in Product

\

-

7

Failure Rate (%/1000 HRS)
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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 T = 25°C.
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Line Regulation (Reg;,.)

The percent change of output voltage for a change in input supply voltage.
Given by:

AVOU 1
Regi. (%) = _Vo_utt X AV, X 100
where AV, = change in V \
AV, = 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;,,4)

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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POSITIVE OUTPUT REGULATORS

TABLE 17-1
ADJUSTABLE OUTPUT REGULATORS

. Regulation
‘SJ ‘c:ut Wl:tt)ts % Vout E@
F Vout Vin Differ- Max Ta = 25°C
o F Volts Volts ential Typ TCVout | Ty =
mA Device | Voits | Tao = | Tc = Typ °C
Max Type X Min Max | Min [ Max Min 25°C 25°C Line Load %/°C Max Case
100 LM317L H,Z 1.2 37 5.0 40 3.0 Internally 0.04 0.5 0.006 125 29,79
LM217L Limited 002 | 03 0.004 150
LM117L* 0.003
150 MC1723 CP 20 37 9.5 40 3.0 1.25 — 0.1 0.3 0.003 150 646
CG 1.0 21 0.1 0.003 603C
G 0.2 0.002
CL 1.5 - 0.1 0.003 175 632
L — 0.2 0.002
CD 1.25 —_ 0.1 0.003 150 751A
250 MC1469 G 25 32 9.0 35 3.0 0.68 1.8 0.03 0.13 0.002 150 603
MC1569 37 8.5 40 2.7 0.015
500 LM317M T 1.2 37 5.0 40 3.0 Internally 0.02 0.1 0.0056 125 221A
LM317M R Limited 80
LM217M 0.004 150
LM117M* 0.0036
600 MC1469 R 25 32 9.0 35 3.0 3.0 14.0 0.03 0.05 0.002 150 614
MC1569 37 85 40 2.7 0.015
1500 LM317 T 1.2 37 5.0 40 3.0 Internally 0.07 1.5 0.006 125 221A
LM317 H, K Limited 79,1
LM217 0.004
LM117* 0.05 1.0 0.003 150
3000 |~ LM350 T 1.2 33 5.0 36 3.0 Internally 0.02 0.1 0.008 125 221A
LM350 K Limited 1
LM250 0.0057 150
LM150* 0.0051
#Ty = —-40to +125°C
*Ty = -56t0 +150°C
tOutput Voltage Tolerance for Worst Case
NEGATIVE OUTPUT REGULATORS
Vip — Regulation
ol Vou | wis | 1Vows
F out Vin Differ- Max TA = 25°C
o F Volts Volts ential Typ TCVout | Ty =
mA Device | Volts | TA= | Tc = Typ °C
Max Type X Min Max | Min | Max Min 25°C 25°C Line Load %I°C Max Case
250 MC1463 G -3.8 -32 9.0 35 3.0 0.68 1.8 0.03 0.05 0.002 150 603
MC1563 -3.6 -33 8.5 40 2.7 0.015 0.13
600 MC1463 R -3.8 -34 9.0 35 3.0 24 9.0 0.03 0.05 0.002 175 614
MC1563 -3.6 -37 8.5 40 2.7 0.015
1500 LM337 T -1.2 -37 5.0 40 3.0 Internally 0.02 0.3 0.0048 125 221A
LM337 H, K Limited 79,1
LM237 0.0034 150
LM137* 0.0031

*Ty = -55t0 +150°C
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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 QOutput 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.

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,.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.
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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 ) T
5 *2 3 000} 1{o oja G ®2y, y
@1 1 ) 1
3 '2 2 9
CASE 1 29 79 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 4 G, H R T G G - R
CASE 620 632 646 648 707 726 751A
(TO-116)
MATERIAL Ceramic Ceramic Plastic Plastic Plastic Ceramic Plastic
SUFFIX J, L L P N, P N J D
TABLE 17-2

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

155

lo . AVQ/AT
Vout Tol.t mA Device Type Device Type Vin Regline Regload mv/rC
Volts Volts Max Positive Output Negative Output Min/Max mvV 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 +0.5 100 MC78L05C MC79L05C 6.7/30 200 60 —_ 29,79
+0.256 MC78LOSAC MC79L05AC 150
500 MC78M05C — 7/35 100 100 1.0 79, 221A
+04 1500 LM109 — 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 7/35
+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* — 7.3/356 10 25 0.1 1
MC78T05C -
+0.2 1, 221A
MC78TO5A* —_ 1
MC78T0SAC - 1, 221A
+04 LM123* - 7.5/20 5.0 25 —_ 1
LM223 —_
+0.25 LM323 —_
(continued)



Fixed Output Voltage Regulators (continued)

o AVQ/AT
Vout Tol.t mA Device Type Device Type Vin Regline Regioad mv/re
Volts Voits Max Positive Output Negative Output Min/Max mv mV Typ Case
5.2 +0.26 1500 - MC7905.2C 7.2/35 105 105 1.0 1, 221A
6 +0.3 500 MC78M06C —_ 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 8/35
+0.24 MC7806A* — 8.6/35 " 50 1
MC7806AC — 100 1, 221A
+0.3 LM140-6* — 8/35 60 60 1
LM340-6 —
3000 MC78T06* — 8.3/35 " 25 0.12 1
MC78Te6C — 1, 221A
8 +0.8 100 MC78L08C — 9.7/30 200 80 - 29,79
MC78LOBAC — 178
+04 500 MC79M08C — 10/35 100 160 1.0 79, 221A
1500 MC7808* — 11.5/35 80 100 1
MC7808B# —_ 11.5/356 160 160 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 1
LM340-8 —
3000 MC78T08* — 10.4/35 13 25 0.16 1
MC78T08C — 1,221A
12 2 100 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* —_ 15.5/35 120 120 15 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 1.5 1
LM340-12 —
3000 MC78T12* — 14.5/35 18 25 0.24 § 1
MC78T12C — 1, 221A
*05 MC78T12A* —_ 1
MC78T12AC — 1, 221A
15 +15 100 MC78L15C MC78L15C 16.7/35 300 150 —_ 29,79
+0.75 MC78L15AC MC78L15A
500 MC78M15C — 17/36 100 300 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 MC7815A* C— 17.9/35 22 50 1
MC7815AC — 100 1, 221A
+0.76 LM140-15* — 17.5/35 150 150 1
LM340-15 —
3000 MC78T15* — 17.5/40 22 25 0.3 1
MC78T15C — 1, 221A
+0.6 MC78T15A* —_ 1
MC78T15AC —_ 1, 221A
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Fixed Output Voltage Regulators (continued)

lo AVQ/AT
Vout Tol.t mA Device Type Device Type Vin Regline Regjoad mV/°C
Volts Volts Max Positive Output Negative Output Min/Max mvV mV Typ Case
18 +18 100 MC78L18C MC79L18C 19.7/35 325 170 — 29,79
+0.9 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 21/35
+0.7 MC7818A* — 31 50 1
MC7818AC — 100 1, 221A
+0.9 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
+1.2 MC78L24AC MC79L24AC 300
500 MC78M24C — 26/40 100 480 1.2 79, 221A
1500 MC7824* — 28/40 240 240 3.0 1
MC7824B# — 480 480 1, 221A
MC7824C MC7924C 27/40
*1.0 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 = —551t0 +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 (Vg)

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.
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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 Vv 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.

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.
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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
\%I'_TT';‘:;L AUXILIARY
Vo) MAX OUTPUT | VOLTAGE
° CURRENT LINE LOAD CURRENT TYPICAL
DEVICE | MIN| MAX loMAX MIN | MAX | REGULATION | REGULATION |.REGULATION | TC OF V, | PpMAX |PACKAGE
MC1566L* | 0 * * 20V | 35V | .01%+1mV | 01%+1mV | .1%+1mA | +.006%/°C 75W 632
MC1466L 0 * * 21V | 30V | .03%+3mV | .03%+3mV | .1%+1mA | +.01%/°C 75W 632
TRACKING REGULATORS
OUTPUT INPUT
V°("J A)GE MAX OUTPUT Vo('\','_"‘)GE LINE LOAD
© CURRENT n REGULATION | REGULATION | TYPICAL
DEVICE MIN MAX 1oMAX MIN | MAX %Vo %Vo TCofV, | PpMAX | PACKAGE
MC1568G* | +14.8V | =15.2v +100mA =17V | =30V 13% 2% +.006%/°C 8W 603C
MC1568L* | +14.8V | +£15.2v +100mA £17V | =30V 13% 2% +.006%/°C 1.0W 632
MC1568R* | +14.8V | =152V +100mA £17V | =30V 13% 2% +.006%/°C 2.4W 614
MC1468G | =145V | +155V +100mA £17V | =30V 13% 2% +.013%/°C 8W 603C
MC1468L +145V | =155V +100mA +17V | =30V 13% 2% +.013%/°C 1.0W 632
MC1468R | =145V | +155V +100mA £17V | =30V 13% 2% +.013%/°C 2.4W 614

Switching Regulator Control Circuits

Motorola offers a complete line of switching regulator I.C.s to meet the
various demands of the market. Table 17-4 lists devices offered along with key
parameters. For detailed specifications, refer to Section 18.
An explanation of the column headings shown in Table 17-4 follows:

Maximum Output Current (I ,,,,)

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 1.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.

159



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

TABLE 17-4
SWITCHING REGULATOR CONTROL CIRCUITS

o Vee fo
mA Volts khz Device Ta
Max Min Max Min Max Numb Suffix °C Case
40 10 30 2.0 100 MC3420 P Oto +70 648
) L 620
MC3520 L ~55t0 +125 620
250* 7.0 40 1.0 300 MC34060 P Oto + 70 646
L 632
MC35060 L 55to +125 632
250 7.0 40 1.0 300 TL494 CN 0to +70 648
cJ 620
N ~25t0 +.85 648
1 620
MJ ~55t0 +125 620
250 >40 1.0 300 TLA495 CN 0to +70 707
cJ 726
IN —~25t0 +85 707
J ~-25t0 +85 726
SG3525A N 0°to +70 648
SG3525A J 0to +70 620
+ . N
+400 8 40 0.1 400 SG2525A 4010 +85 648
$G2525A J 620
SG1525A J ~55t0 +125 620
SG3527A N 0to +70 648
SG3527A J 620
+400 8 40 0.1 400 $G2527A N 4010 +85 648
SG2527A J 620
SG1527A J ~55t0 +125 620
$G3526 N 0to +70 707
$G3526 J 726
+200 8 40 0.001 400 $G2526 N _40t0 +85 707
SG2526 J 726
$G1526 J -55t0 +125 726
PA78540 PC 0to +70 648
1500 5 40 1 40 pA78S40 DC 620
wA78S40 DM ~-55t0 +125

*Single output device
**Internal 39 V zener for <40 volt operation
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LM109
@ MOTOROLA LM209
LM309

MONOLITHIC POSITIVE THREE - TERMINAL POSITIVE
FIXED VOLTAGE REGULATOR 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.

INPUT OUTPUT

K SUFFIX
. . . . (bottom
® High Maximum Output Current — Over 1.0 Ampere in TO-3 type METAL PACKAGE view)
Package — Over 200 mA in TO-39 type Package. CASE1
(TO-3 Type)
® Minimum External Components Required
. . . Output
® [nternal Short-Circuit Protection 2
- Input
® Internal Thermal Overload Protection 1 3
Ground
® Excellent Line and Load Transient Rejection
(BOTTOM VIEW)
i i . H SUFFIX
® Designed for Use with Popular MDTL and MTTL Logic METAL PACKAGE
CASE 79
(TO-39)
ORDERING INFORMATION
Device Temperature Range Package
- _6§O )
CIRCUIT SCHEMATIC LM109H | T = ~556°C to +150°C| Metal Can
] LM109K | Ty =-55°C to +150°C | Metal Power
* O INPUT LM209H | Ty = -55°C to +150°C | Metal Can
;/T LM209K | T, = -55°C to +150°C | Metal Power
210 LM309H | T;=0°Cto +125°C | Metal Can
x ‘%r\ 63V LM309K | Ty =0°C to+125°C [Metal Power
3.1k %
130
6.3V M
200 s TYPICAL APPLICATION
33
FIXED 5.0 V REGULATOR
2
1 2
$—OOUTPUT 5V
Input @——eo—=O0— LM109 F—O—¢—@ Output
et L
> ~ 3 -~ C2
i’4k 0.224F Ground
X%
=
4k )
*Required if regulator is located an appreciable
3 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 Ty oC
LM109 -55to +160
LM209 -55 to +150
LM309 0to+125
Storage Temperature Range Tstg -65 to +150 oC
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 5.3 4.8 5.05 5.2 Vdc
Input Regulation (T = +25°C) Reg,n - 40 50 - 4.0 50 mV
70KV, <25V
Load Regulation (T = +25°C) Reg|oad mV
Case 11-01 (type TO-3)5 0 mA < Ip< 15A - 50 100 - 50 100
Case 79-02(T0-39) 50 mA < Ig < 05A - 20 50 - 20 50
Output Voltage Range Vo 46 - 5.4 475 - 5.25 Vdc
70V<V, <25V
50 mA <10 < Imax: P <Pmax
Quiescent Current (70 V <V, <25 V) Ig - 5.2 10 - 52 10 mAdc
Quiescent Current Change (7 0 V <V, <25 V) Alg - 05 - - 0.5
5.0 mA < 1o <lmax - - 08 - - 08
Output Noise Voltage (T p = +25°C) VN - 40 - - 40 - Y
10 Hz << 100 kHz
Long Term Stability S - - 10 - - 20 mVv
Thermal Resistance, Junction to Case @ 8JC oc/w
Case 1 (type TO-3) - 3.0 - - 3.0 -
Case 79-02 (TO-39) - 15 - - 15 N
NOTES
(D) Unless otherwise specified, these specifications apply for -55°C < T, <+150° (-26°C < T, <+150°C for the LM209) For Case 79 02

(TO39) Vin = 10V, 10=01A, Ima=02A and Prax =20W

Pmax = 20 W

For Case 1

(type TO-3) V,, =10V, 15 =05 A, I = 10 A and

(@) Unless otherwise specitied, these specifications apply for 0°C < T < +125°C, V,, = 10V For Case 79 02 (TO-39) 15 = 0 1A, Ipay = 0 2A

and Pax =20W For Case 1 (type TO-3)

1005 A,

Imax =10 A and P, =20W

@ Without a heat sink, the thermal resistance of the Case 79 02 (TO-39) package is about 150°C/W, while that of the Case 1 (type TO 3)
package i1s 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
(Vjn =10 V, T = +25°C unless otherwise noted.)

FIGURE 1 — MAXIMUM AVERAGE POWER DISSIPATION
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Pp, POWER DISSIPATION (W)

FIGURE 2 — MAXIMUM AVERAGE POWER DISSIPATION
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LM109, LM209, LM309

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

FIGURE 3 — MAXIMUM AVERAGE POWER DISSIPATION
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FIGURE 7 — PEAK OUTPUT CURRENT (H PACKAGE)
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FIGURE 4 — MAXIMUM AVERAGE POWER DISSIPATION
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INPUT-OUTPUT DIFFERENTIAL (V)

Vg, GUTPUT VOLTAGE (V)

I8, QUIESCENT CURRENT (mA)

LM109, LM209, LM309

TYPICAL CHARACTERISTICS (continued)

FIGURE 9 — DROPOUT VOLTAGE
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FIGURE 11 — OUTPUT VOLTAGE
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FIGURE 13 — QUIESCENT CURRENT
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LM109, LM209, LM309

TYPICAL APPLICATIONS

FIGURE 15 — ADJUSTABLE OUTPUT REGULATOR

INPUT OUTPUT

¢ 3 CASE
0.22uF

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

19
5w MJE370 OR EQUIV

LM109K

0.22 4F
I_ is CASE

FIGURE 19 — 5.0-VOLT, 10-AMPERE REGULATOR

MJ2955 OR EQUIV

INPUT LM109
Cq ] 1 2

30 Vimax)

10 V(min)
2N6049

_OREQUIV
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FIGURE 16 — CURRENT REGULATOR

0.22;1FC_D Ry

3 CASE
OUTPUT

*DETERMINES OUTPUT CURRENT.

FIGURE 18 — 5.0 VOLT, 4.0-AMPERE TRANSISTOR
(with plastic Darlington boost transistor)

MJE1090 OR EQUIV
| it 1

0V
50V

LM103H

i 3 CASE

022uF A

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

0.1,5W

MJ2955 QR EQUIV

MJ2955 OR EQUIV

LM109K

0.22 uF T
= i 3 CASE
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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.

® OQOutput 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

o & 0 & o o o o

Eliminates Stocking Many Fixed Voltages

STANDARD APPLICATION

L ¢
0.1 uF

* = Cjip 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.

R
Vout=1.25V (1+ R—?) + lagj R2

Since 1pqj is controlled to less than 100 A, the error associated with this
term is ible in most 1

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.

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

Pin 1 Adjust

Pin 2 Vout

Pin 3 vin

Heatsink surface connected
to Pin 2

H SUFFIX
METAL PACKAGE
CASE 79 1 3
(T0-39)

(Bottom View)

(Case is output)

Pin1 Vi,

Pin 2 Adjust
Pin3 Vi,

ORDERING INFORMATION

Device Temperature Range Package
LM117H | Tj=-55°C to +150°C | Metal Can
LM117K | Ty=-550C to +150°C | Metal Power
LM217H | Ty=-25°C to +150°C | Metal Can
LM217K | Ty=-25°C to +150°C | Metal Power
LM317H | Ty =0°C to +125°C Metal Can
LM317K | Tj=0°C to +125°C Metal Power
LM317T | T;=0°C to +125°C Plastic Power

167




LM117, LM217, LM317

MAXIMUM RATINGS
Rating Symbol Value Unit
Input-Output Voltage Differential Vi-Vo 40 Vde
Power Dissipation Pp Internally
Limited

Operating Junction Temperature Range Ty oc

LM117 -55 to +1560

LmM217 ~25 to +150

LM317 0to +126
Storage Temperature Range Tstg -65 to +150 °c

ELECTRICAL CHARACTERISTICS (V| — Vg =5 V;Ig = 0.5 A for K and T packages; Ig = 0.1 A for H package;
Ty =Tiow to 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 %/V
Ta=25°C,3V<V|—-Vg<40V — 0.01 0.02 — 0.01 0.04
Load Regulation (Note 3) 2 Regjoad
Ta =25°C, 10 mA < Ig < Imax
Vos<b6V — 5 15 - 5 25 mV
V=5V - 0.1 0.3 - 0.1 0.5 % Vo
Adjustment Pin Current 3 'Adj - 50 100 - 50 100 kA
Adjustment Pin Current Change 1,2 AIAdj uA
25V<V)-Vp<40V
10 mA < I < Imax. PD < Pmax - 0.2 5 - 0.2 5
Reference Voltage (Note 4) 3 Vief \
3V<V|-Vg<40V
10 mA < 19 < Imax. PD < Pmax 1.20 1.25 130 | 1.20 | 1.25 | 1.30
Line Regulation (Note 3) 1 Regjine %IV
3V<V)-Vg<40V i - 0.02 | 0.5 - 0.02 | 0.07
Load Regulation (Note 3) 2 Regjoad
10 mA < 19 < 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) - 3.5 5 - 3.5 10
Maximum Output Current 3 Imax A
Vi —Vo <15V, Pp < Pmax
K and T Packages 1.5 2.2 - 15 2.2 —
H Package 0.5 0.8 - 0.5 0.8 -
V| —VQ =40V, Pp < Ppax, Ta = 25°C
K and T Packages 0.25 04 - 0.15 0.4 -
H Package - 0.07 - - 0.07 -
RMS Noise, % of Vo - N %Vo
Ta =25°C, 10 Hz < f < 10 KHz - 0.003 - - 0.003 | —
Ripple Rejection, Vo = 10 V, f = 120 Hz (Note 5) 4 RR : dB
Without CApy - 65 - - 65 -
CaApJ = 10 uF 66 80 - 66 80 -
Long Term Stability, T) = Thigh (Note 6) 3 S %/1.0k Hrs
Ta = 25°C for Endpoint Measurements — 0.3 1 - 03 1
Thermal Resistance Junction to Case - RgJc ocw
H Package (TO-39) - 12 15 - 12 15
K Package (TO-3) - 23 3 - 23 3
T Package (TO-220) - - - - 5

NOTES: (1) Tjow =-55°C for LM117  Thjgy = +150°C for LM117
=-25°C for LM217 = +150°C for LM217
=0°C for LM317 = +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

junction temperature. Changes in Vo due to heating
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effects must be taken into account separately. Puise
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 befare shipment, this specification is an
engineering estimate of average stability from lot to
lot.




LM117, LM217, LM317

SCHEMATIC DIAGRAM

O Vin

w r

TS

103 310 23§ 120 }5.66(

e
L 170
Z :
‘t ~ 12 K 160
oS BpF

125K§

13 K

105

N
“Teav

o

fo.
* O Vout

O Adjust

FIGURE 1 — LINE REGULATION AND Alpgj/LINE TEST CIRCUIT

Vece
\ -V
Line Regulation (%/V) = ﬁ—OE X 100
I-I N VoL
ﬂ ViH H VoH
ViL Vin Vout VoL
LM117 L 5 ° .
240
R
1% L
N +
Cin 7~ 0.1 uF Co 1 uF
* Pulse Testing Required:
1% Duty Cycle
is suggested. PY o
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LM117, LM217, LM317

FIGURE 2 — LOAD REGULATION AND Alpgj/LOAD TEST CIRCUIT

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

Load Regul

Vout
O

Cin < 0.1 uF

fon (%V o) =

VO (min. Load) — Vo (max. Load)

VO (min. Load)

RL

(max. Load)

00 —‘U-—Vo (min. Load)

RL

(min. Load)

VO (max. Load)

L - *
*'Pulse Testing Required: J_
1% Duty Cycle is suggested. —
FIGURE 3 — STANDARD TEST CIRCUIT
Vin Vout
LM117 @
I
O Adjust
vy RL
+ L
Cin == 0.1 kF = 1 uF VQ
R2
1%
l To Calculate Ry
Pulse Testing Required: = Vo = IsgT Rg + 1.250 vV
1% Duty Cycle is suggested. Assume IggT = 5.25 mA
FIGURE 4 — RIPPLE REJECTION TEST CIRCUIT
24 v -——{\/’
14v - Vin Vout Vo=10V
f=120Hz O——@——O— Lm117 * * L 4
Dq*
Adjust R 240 1N4002 R
1< 1% N L
+
Cin ;‘L\. 0.1 uF Co A~ 1W4F Vo
h
1.65 K JI.+
R2 1% CaDJ 77X 10KF
|
|
é
L - y

*D1 Discharges Cpopy if Output is Shorted to Ground.
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LM117, LM217, LM317

FIGURE 5 — LOAD REGULATION
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FIGURE 7 — ADJUSTMENT PIN CURRENT
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FIGURE 6 — CURRENT LIMIT
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FIGURE 8 — DROPOUT VOLTAGE
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FIGURE 10 — MINIMUM OPERATING CURRENT
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LM117, LM217, LM317

FIGURE 11 — RIPPLE REJECTION VS OUTPUT VOLTAGE FIGURE 12 — RIPPLE REJECTION VS, OUTPUT CURRENT
100 T T
Capy = 104F
ad 120 ‘
5 8 —
=~y )
= \\1 2 1m0
s ~~——— WITHOUT Cppy 3 | cang=104F
g S 80 Bt i
g E _.-/ .H\
-é,» 20 Vy-Vg=5V g 60 WITHOUT Cppy
= =500 mA < v,=15V
) =120 Hz oY Vg=10V
< 9 T =25% « =120 Hz
20 T,=25°
u LI |
0 5 015 0 2% I 0.01 0.1 1 10
V(. OUTPUT VOLTAGE (V) 1. OUTPUT CURRENT (A)
FIGURE 13 — RIPPLE REJECTION VS. FREQUENCY FIGURE 14 — OUTPUT IMPEDANCE
100 l 10!
1 V=15V =
I, =500 mA Vg=10V
g % ~J \h=15v = .0 1, =500 mA
s Vg=10V =0 =25
T=250C =
e 1/ J g = =
o 60 < P
g 2y \ g = =
= ERI
5 . 2 WITHOUT Cp; =2 =
o 2 A -
] \ g — 7
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< 5102 Capy = 104F
20 WITHOUT Cap; N = =
0 I 103
10 100 1K 10K 100K 1M 10M 10 100 K 10K 100K ™
f, FREQUENCY (H2) f, FREQUENCY (H2)
FIGURE 15 — LINE TRANSIENT RESPONSE FIGURE 16 — LOAD TRANSIENT RESPONSE
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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 (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 to ground. The
regulated output voltage is given by:

R2
Vout = Vref (1 +27) + 1adj R2

Since the current from the adjustment terminal (1adj)
represents an error term in the equation, the LM117 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. |f 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

LmM117

Adjust

|Adj

Vyef=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.
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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 (CADJ) 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 (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 LM117 with the recommended
protection diodes for output voltages in excess of 25 V or
high capacitance values (Co > 25 uF, Capy > 10 uF).
Diode D1 prevents Co from discharging thru the I.C.
during an input short circuit. Diode D2 protects against
capacitor CApJ discharging through the [.C. during an
output short circuit. The combination of diodes D1 and
D2 prevents CaopJ from discharging through the I1.C.
during an input short circuit.

FIGURE 18 — VOLTAGE REGULATOR WITH
PROTECTION DIODES

D1
1
N
IN4002
Vin Vout
Cin 1~ Co

D2

Adjust IN4002




LM117, LM217, LM317

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

Dg
11
N
IN4002
\Y R Vin2 v lo
outl Rsc in out2 —
ViN LM117 O—AAA—9 o LM117 Vo
(1) (2)
32t0 40V Vint .
0.1 uF Dg 1uF
9 Tantalum
Dy IN4001
Adjust 1
-1 IN4001 Adjust 2 N L
- IN4001 -
K
Current x b 5 Voltage 10 kF
Limit 2 ) Adijust
Adjust IN4001 —
Qq b3 -
2N3822 L
D4 OUTPUT RANGE:
0< V<25V
IN4001 o
-10Vv Qy 0<Ig<12A
Diodes D1 and D3 and transistor Q5 are added to allow adjustment 2N5640
of output voltage to O volts.
Dg protects both LM117’s during an input short circuit.
-10v

FIGURE 20 — ADJUSTABLE CURRENT LIMITER

4
D1
Adjust R2 IN4001
** To provide current limiting of 1o 100 D2
to the system ground, the source of IN4001
the FET must be tied to a negative r

voltage below -1.25 V.
Vref
'pss
Vref
lomax + 'Dss
Vo< BVpgg + 1.26 V+ Vgg

ILmin —lpss < 1o <156 A
Asshown 0< 15 < 1A

Ro 2>

Ry =

ﬁ 2N5640
Vss*

25V Vout R1 Vo —» lo
0—‘ LM117 —O—AAA—@———@
Vin 1.25

FIGURE 22 — SLOW TURN-ON REGULATOR

Vin Vout
O— LmM117 O
/\ IN4001
Adjust O
R
2 +
10 uF
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FIGURE 21 — 5V ELECTRONIC SHUT DOWN REGULATOR

Adjust

TTL

720 Control

Minimum Vg ¢ = 1.26 V

D4 protects the device during an input short circuit.

FIGURE 23 — CURRENT REGULATOR

lout

Vin Vout R1
o—] M7 — o AAn—e— 8
] "
Adijust Adj

Vref
| = (~——) + lagi
out R Adj

1.26 v
R1

10mMA< It <1.5A
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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 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 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)

Pin1  Adjust
Pin2 Vout
Pin3 Vi

STANDARD APPLICATION

Vln
*—0o—— LM117L p————0
* * %
+
L C; |7 C
;"\ in o

* = Cin 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
Vout=1.25V (1 + E) +1agj R2

Since lagj is controlled to less than 100 LA, the error associated with this
term is negli in most icati

H SUFFIX
METAL PACKAGE
CASE 79
(TO-39)

(Bottom View)

(Case is output)

Pin1 V.,

Pin 2  Adjust
Pin 3 Vout

ORDERING INFORMATION

Device Temperature Range Package

LM117LH | Ty = -56°C to +150°C | Metal Can

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

LM317LH Ty =0°C to +125°C | Metal Can

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

MAXIMUM RATINGS

Rating Symbol Value Unit

Input-Output Voltage Differential V|-Vo 40 Vdc

Power Dissipation Pp Internally Limited

Operating Junction Temperature Range LM117L Ty -55 to +150 °C

LM217L -25to +150
LM317L Oto+125

Storage Temperature Range Tstg -65 to +150 °C

ELECTRICAL CHARACTERISTICS

(Vi-VQ =5V, 10 =40 mA; Tj = Tiow t0 Thigh [see Note 1]; Imax and Pmax per Note 2; unless otherwise specified.)

LM117L/217L LM317L
Characteristic Figure | Symbol Min Typ Max Min Typ Max Unit

Line Regulation (Note 3) 1 Regline %/V
TA=25°C,3V<V|-Vo<40V — 0.01 002 — 0.01 0.04

Load Regulation (Note 3), Tp = 25°C 2 Regioad
5 MA< g < Imax — LM117L/217L
10 mMA <1 < lpax — LM317L

Vo< 5V — 5 15 — 5 25 mV
Vo=5V — 0.1 03 — 01 05 | %Vo

Adjustment Pin Current 3 IAd) — 50 100 — 50 100 uA

Adjustment Pin Current Change 1.2 Alady uA
25V VI-Vo <40V, Pp < Ppax

5 MA<Ig < lmax — LM117L/217L — 0.2 5 — 02 5
10 MA< IQ < Ipax — LM317L

Reference Voltage (Note 4) 3 Vref Y

3V<V|-Vo <40V, Pp< Ppax
5 MA<IQ < Ipax — LM117L/217L 1.20 1.25 1.30 120 125 130
10 MA< I < Ijgx — LM317L

Line Regulation (Note 3) 1 Regjne %/V
3V V-Vp<40V — 0.02 0.05 — 002 007

Load Regulation (Note 3) 2 Reg|oad
5mMA<IQ < Imax — LM117L/217L
10 MA< 1o < Ijax — LM317L

Vo5V — 20 50 — 20 70 mV
Vo=5V — 0.3 1 — 03 15 %Vo

Temperature Stability (Tiow < Tj < Thigh) 3 Ts — 0.7 — — 0.7 — %Vo

Minmimum Load Current to 3 ILmin mA

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

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

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

RMS Noise, % of Vg — N Vo
Ta=25°C, 10 Hz< < 10 kHz — 0003 — — 0.003 —

Ripple Rejection (Note 5) 4 RR dB
Vp=125V,f=120 Hz 66 80 — 60 80 —
CApy=10uF V=100V — 80 — — 80 —

Long Term Stability, T = Thigh (Note 6) 3 S %/1.0 k
Ta = 25°C for Endpoint Measurements — 0.3 1 — 0.3 1 Hrs.

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

Z Package (TO-92) — — — — 160 —

NOTES: (3) Load and line regulation are specified at constant junction temperature
(1) Tiow = -565°C for LM117L Thigh = +150°C for LM117L Changes 1n Vg due to heating effects must be taken into account

-25°C for LM217L =+150°C for LM217L separately. Pulse testing with low duty cycle is used.

0°C for LM317L =+125°C for LM317L (4) Selected devices with tightened tolerance reference voltage available
(2) Imax =100 mA (5) CApy. when used, is connected between the adjustment pin and

Pmax = 2 W for H (TO-39) Package ground.
=625 mW for Z (TO-92) Package (6) Since Long Term Stability cannot be measured on each device before

shipment, this spetificztion is an engineering estimate of average
stability from iot to lot.
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1% Duty Cycle
is suggested.

* Pulse Testing Required:

[—l Vin
ViL Vin

\%
Line Regulation (%/V) =

Vout

Cin A

LM117L

L 0.1 uF

240
1%

CO/

Ru
+
‘J< 1 uF

SCHEMATIC DIAGRAM
ViINO- 4
300 300 300 3k 300 70 6.8V
J_— 6.8V
4
350§ 18 k
-
_*ty 1 8f7 500
130 k{ [
541 ] 400
200 k k
3V - 3
’;’3 180 180 s 80 328
2k 6 k ‘70
pF
DA v J 14 OVouTt
2.4 k
128k 50
Adjust
FIGURE 1 — LINE REGULATION AND Alagj/LINE TEST CIRCUIT
Vee

X 100

'-l VoH
Vou

oH-VoL
VoL
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FIGURE 2 — LOAD REGULATION AND Alagj/LOAD TEST CIRCUIT

vi* Vin

Cin == 0.1 uF

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

V, - .
Load Regulation (%Vg) = —2{min. Load) Vg (max. Losd)

Vout
O

. \"
X '°°—l r‘ O (min. Load)

VO (mex. Load)

RL
(min. Load)

* Puise Testing Required:

1% Duty Cycle is suggested.

[ ]

FIGURE 3 — STANDARD TEST CIRCUIT

Vout
LM117L o
QO Adjust
\ @ Rq RL
Cin < 0.1 uF
R2
1%
l To Calculate Ry:
Pulse Testing Required: = Vo = IggT R+ 1.250 V
1% Duty Cycle is suggested. Assume IggT = 5.26 mA
FIGURE 4 — RIPPLE REJECTION TEST CIRCUIT
14.30 V—(\J
430V Vin Vout Vo =1.25 V-~
f=120Hz O—@¢—O0—— LM117L o—¢ 9
240 o1
Adjust
) Adiu R1 S ix 1N4002
Cin =< 0.1 wF Vo
h
1.65 K J'.+
1% Capy /T\ 10 uF
H
b
L -

'D, Discharges Cap, if Output is Shorted to.Ground.
**CADJ Provides an AC Ground to the Adjust Pin.
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FIGURE 5 — LOAD REGULATION FIGURE 6 — RIPPLE REJECTION
g 04
w
2 02 Vip=45V | @ 80 |
é / Vout=5V =
S0 Y I =5t040mA__J g — -4
« (%]
5 02 N 2 5 —
g N Vip=10V w
£ -04 Vour=5V i E l|__=40mA - ]
H (=51 100 mA z f=120 e
3 -06 = 60 Vg=10V
e = Vip= 14024V
o
3 -08
-10 50
-50 -25 0 25 50 75 100 125 150 -50 -25 0 25 50 75 100 125 150
Ty, JUNCTION TEMPERATURE (°C) T,, JUNCTION TEMPERATURE (0C)
FIGURE 7 — CURRENT LIMIT FIGURE 8 — DROPOUT VOLTAGE
050 25
T
_ Ty=250€ &
£ 0w = N
< 2z w
= >3 \\
2 030 =S | 1L = 100mA
& & = I~ I~
3 AN 3E 15 —
b \ N T2 ~—J
20 N L —
g0 " Ty=1500C N N 2 1L=5mA
3 ) \\ = T~
Y=}
1 | AN 5 u
1
| AN =
0 ] N 05
0 10 20 30 40 50 ’ 60 -25 0 25 50 5 100 125 150
Vi - Vg, INPUT — OUTPUT VOLTAGE DIFFERENTIAL (VOLTS) 7,, JUNCTION TEMPERATURE (oC)
FIGURE 9 — MINIMUM OPERATING CURRENT FIGURE 10 — RIPPLE REJECTION versus FREQUENCY
50 100
o I w 11
I | I | T
I 40— Ty=550C——— — 80 IL=40mA —
E Ty =250C e N Vin =5V £1Vpp
= 35— Ty=1500¢ = — — z 0 \ Vg = 1.25V —
= 30 5 60
= L= 2 \
8 25 L u 50
z s “ N
8 20 e g 40
5 15 =327 € 5 A\
S ~ == = = N
B 1.0f ==t 20
05 10
0 10 20 30 40 10 00 1K 10K 100K Im
V1 - Vg, INPUT — OUTPUT VOLTAGE DIFFERENTIAL (VOLTS) f, FREQUENCY (Hz)
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FIGURE 11 — TEMPERATURE STABILITY

1.260
s
w 1.250 B
o - — i\
5 e
S /
w NG
© 1.240
z N
o«
e
& Vip=42V
1.230 Vo = Vet
> I =5mA
\
1220 ]
50 -256 0 25 50 75 100 125 150
T,, JUNCTION TEMPERATURE (°C)
FIGURE 13 — LINE REGULATION
g M Vin=4.25104125V
o Vo = Vret
z 02 IL=40mA
3
w 0
2
g -02
3 L
5 -04 - /
B "]
>
o -06
°
a -08
-10
-50 -25 0 25 50 75 100 125 150
T, JUNCTION TEMPERATURE (°C)
FIGURE 15 — LINE TRANSIENT RESPONSE
W
<
EE 10 Cy =1uF
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55 0 7
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& -05 V=125V
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4V, OUTPUT VOLTAGE
DEVIATION (V)

1, LOAD
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FIGURE 12 — ADJUSTMENT PIN CURRENT

I
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FIGURE 14 — OUTPUT NOISE
T
Bandwidth 100 Hz to 10 kHz /
10 P’
_~
8.0
] //‘
+
8.0
40
-50 -25 0 25 50 7 100 125 150
T), JUNCTION TEMPERATURE (°C)
FIGURE 16 — LOAD TRANSIENT RESPONSE
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APPLICATIONS INFORMATION

BASIC CIRCUIT OPERATION

The LM117L is a 3-terminal floating regulator. In
operation, the LM117L 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 13),
and this constant current flows through R2 to ground.
The regulated output voltage is given by:

R2
Vout = Vref (1+ 27 + 1adj R2

Since the current from the adjustment terminal (1Adj)
represents an error term in the equation, the LM117L was
designed to control Iagj 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 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

'Ad]

Vief = 1.25 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 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 (CADJ) 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 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 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 Cy from discharging thru the |.C.
during an input short circuit. Diode D) protects against
capacitor CApJ discharging through the 1.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

D4
11
™~
IN4002
Vin Vout
’T LM117L
Cin -~

IN4002

1\ CapJ
°

Adjust
R2
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FIGURE 19 ~ ADJUSTABLE CURRENT LIMITER FIGURE 20 — 5 V ELECTRONIC SHUTDOWN REGULATOR
. D4
+25 V Vout R4 Vo —p o %
O— LM117L  —O0—"\\N\—@¢— @ 1N4002
Vin 125k Vin Vout
LM117L p————O
L
. R2 D4
Adjust 500 1N914
*To provide current limiting of 15 to Dy Adjust
the system ground, the source of the 1N9S14
current limiting diode must be tied TTL
to a negative voltage below -7.25 V. 720 Control
Vref
Ry >
22 Toss 1N5314
Vref

Rt = G ¥ Toss = Minimum Vo, = 1.25 V
Vo <Poy +1.25V + Vgg
fLmin = 1P < 1o < 100 mA - Ip Vss
As shown O < |5 < 95 mA.

* D4 protects the device during an input short circuit

FIGURE 21 — SLOW TURN-ON REGULATOR FIGURE 22 — CURRENT REGULATOR
g lout
Vin Vout Vin Ry Rp
O— LM117L OoO— LM117L p———@
Vout
IN4001 b
V Ami
Adjust Adjust Adj
\
R ref 1.25 V
2 loutmax = ( oF > + ladj = Ry
10 uF

oo Vet N, 125V
outmin = | BT R, adi = RI T R,

N 5mA < lgyt < 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 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 LM117M series serve a wide variety of applications including
local, on card regulation. This device also makes an especially
simple adjustable switchingregulator, aprogrammable 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 1.2 Vand 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)

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

STANDARD APPLICATION

LM117M

p———@ Vo

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

R2
Vo=125V (1+ .51_)«» ladj R2

Since lgdj is controlled to less than 100 4A, the error associated with this
term is negligible in most applications

T SUFFIX
PLASTIC PACKAGE
CASE 221A-02

(TO-220)

Pin 1 Adjust
Pi

in2 Vout
Pi

in3 Vin

Heatsink surface connected

to Pin 2
ORDERING INFORMATION
Device Temperature Range Package

LM117MR | T;=-55°Cto +150°C Metal Power

LM217MR | T;=-256°C to +150°C Metal Power

LM317MR | T;=0°Cto +125°C Metal Power

LM317MT | T,=0°Cto +1256°C Plastic Power
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MAXIMUM RATINGS

Rating Symbol Value Unit
Input-Output Voltage Differential Vi-Vo 40 Vdc
Power Dissipation Pp Internally Limited
Operating Junction Temperature Range LM117M Ty -55 to +160 °C
LM217M -25to +150
LM317M Oto+125
Storage Temperature Range Tstg -65 to +150 °C
ELECTRICAL CHARACTERISTICS
(Vi-Vo=5V.10=0.1 A Tj=Tigw to Thigh [see Note 1], Pmax 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 ) %/
TA=25°C, 3V V|-Vo< 40V — 0.01 0.02 — 0.01 0.04
Load Regulation (Note 3), 2 Reg|oad
TA=25°C, 10mA<Ig<O05A
Vo<56V — 5 15 — 5 25 mV
Vo=5V — 01 0.3 — 01 0.5 % Vo
Adjustment Pin Current 3 lad) — 50 100 - 50 100 uA
Adjustment Pin Current Change 1,2 AladJ uA
25V V|-Vg<40V,
1T0mMA< I <05A Pp<Ppax — 0.2 5 — 0.2 5
Reference Voltage (Note 4) 3 Vref \
3V V|-Vp<40V
10 mMA<Ig<05A, Pp<Pmpax 1.20 1.25 1.30 1.20 125 1.30
Line Regulation (Note 3) 1 Regjne % /N
3V V)-Vp<40Vv — 0.02 0.05 — 0.02 0.07
Load Regulation (Note 3) 2 Reg|oad
10mMA<Ig<O05A
Vo5V — 20 50 - 20 70 mvV
Vo=56V — 0.3 1 — 0.3 15 %Vo
Temperature Stability (Tiow < TJ < Thigh) 3 Ts — 0.7 — — 0.7 - %Vo
Minimum Load Current to 3 I min mA
Maintain Regulation (V|-Vg = 40 V) — 35 5 = 35 10
Maximum Output Current ) 3 Imax - A
VI-VOo <15V, Pp < Ppax 0.5 0.9 — 0.5 0.9 —
VI-Vo =40V, Pp < Pmax. TA = 25°C 0.156 0.25 — 0.15 0.25 —
RMS Noise, % of Vg — N %Vo
Ta=25°C, 10 Hz< f< 10 kHz — 0.003 — — 0.003 —
Ripple Rejection, Vo =10V, f= 120 Hz 4 RR dB
(Note 5)
Without Caq — 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 — 0.3 1 — 0.3 1 Hrs.
Thermal Resistance Junction to Case — RgJc °C/W

R Package (TO-66) — 7 7 — 7 —
T Package (TO-220) — — — — 7 —
NOTES
(1) Tjow=-55°C for LM117M Thigh = +150°C for LM117M (4) Selected devices with tightened tolerance reference voltage available.
=-256°C for LM217M =+150°C for LM217M (5) Cag). when used, is connected between the adjustment pin and ground
= 0°Cfor LM317M =+125°C for LM317M
(2) Phax=75W (6) Since Long Term Stability cannot be measured on each device before
(3) Load and line regulation are specified at constant junction temperature. shipment, this specification 1s an engineering estimate of average
Changes in Vg due to heating effects must be taken into account stability from lot to lot.

separately. Pulse testing with low duty cycle is used.
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SCHEMATIC DIAGRAM

Vin O~ *
%300 300 300 3k 300 70 6.8V
8V
A K N | N e
3
350 18k
—J
e
by
—ai q 8.67 )
Kk ésoo
130 y
51/ 400
200 k * R
3V 1 =
c3 180 180 N DF] 60 1.25
2k ek To
"N
- @ g @ A .‘ v v OVDU(
24k
128k 50
Adjust
FIGURE 1 — LINE REGULATION AND alagj/LINE TEST CIRCUIT
Vec

Von-V
Line Regulation (%/V) = —2H 9L x 100
Vou

[—l ViH l_l Vou
Vit Vin Vout VouL
o LM117M

RL

Cin 7~ 0.1 uF

* Pulse Testing Required:
1% Duty Cycle
is suggested.
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FIGURE 2 - LOAD REGULATION AND Alaq4j/LOAD TEST CIRCUIT

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

Load Regulation (%Vg) =

\Z — Vg (max. Load)
O (min. Load) (o} X 10

VO (min. Load)

Vo (min. Load)
o'j ’— .
) VO (max. Load)

vi* Vin Vout
*—@—O0— LM117M
RL
(max. Load)
RL
(min. Load)
Cin < 0.1 wF
* *—o
* Pulse Testing Required: _I_
1% Duty Cycle is suggested.
FIGURE 3 — STANDARD TEST CIRCUIT
Vin Vout
-O- LM117M
Q Adjust
V) RL
+
Cin < 0.14F = 1 uF Vo
R2
1%

_T_ To Calculate Rj.

Pulse Testing Required: = Vo = IggT R + 1.250 Vv

1% Duty Cycle is suggested. Assume IggT = 5.26 mA

FIGURE 4 — RIPPLE REJECTION TEST CIRCUIT
- AV,
14V Vin Vout Vo= 10V
f=120 Hz O—@—O0— LM117M * *
Dy *
Adjust A 240
12 1% 1N4002 RL
47
Cin a: 0.1 uF Co 1 uF °
T
1.65 k o1t
R2 1% Cadj :T: 10 uF
1
&-
_L A A A4
— *Dq Discharges Cqqj if Output is Shorted to Ground.
* *Cgqqj Provides an AC Ground to the Adjust Pin.
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AV, OUTPUT VOLTAGE CHANGE (%)

1g. OUTPUT CURRENT (AMPS)

QUIESCENT CURRENT (mA)

FIGURE 5 — LOAD REGULATION

V1 - Vg, INPUT — OUTPUT VOLTAGE DIFFERENTIAL (VOLTS)

04
0.2 V=45V N
4 Vp=5V
0 / IL=5t040mA
-02 AN
N vi=10v
-04 Vg=56V
1= 50 500 mA
-06
-08
-10
-50 -25 0 25 50 75 100 125 150
T, JUNCTION TEMPERATURE (9C)
FIGURE 7 — CURRENT LIMIT
1.0
~
0.80 / \
N
0.60 NG Ty=25°C
~
\\
0.40 \
L Ty=1500C \\
0.20 N
0
0 10 20 0 40 50
V) - Vg, INPUT — OUTPUT VOLTAGE DIFFERENTIAL (VOLTS)
FIGURE 9 — MINIMUM OPERATING CURRENT
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e 1
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FIGURE 6 — RIPPLE REJECTION
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With Cog, = 10 uF
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3 \\- /
e
(=]
o
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< ool 1= 100mA ——
=120 Hz
Vg=10V
Vi=14t024V
50 4 -
-50 -25 0 25 50 75 100 125 150
T;, JUNCTION TEMPERATURE (°C)
FIGURE 8 — DROPOUT VOLTAGE
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FIGURE 11 — TEMPERATURE STABILITY

1.260
=
w 1.250 —
2 ™~
5 I~
S /
&1.240 N
2 N
-3
w
& V)=42V
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FIGURE 13 — LINE REGULATION
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FIGURE 15 — LINE TRANSIENT RESPONSE
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FIGURE 12 — ADJUSTMENT PIN CURRENT
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FIGURE 14 — OUTPUT NOISE
Bandwidth 100 Hz to 10 kHz /
10
S
2
e
<
580 (/
S /
g ~
=]
=4
sof— 1|
40
-50 -25 0 25 50 75 100 125 150
Ty, JUNCTION TEMPERATURE (°C)
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APPLICATIONS INFORMATION

BASIC CIRCUIT OPERATION

The LM117Mis 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 (lprog) by R1 (see Figure 17),
and this constant current flows through R2 to ground.
The regulated output voltage is given by:

R2
VO = Vyef (1 +E-1- ) + ladjR2

Since the current from the adjustment terminal (lagj)
represents an error term in the equation, the LM117M
was designedto control Iagj 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 1s
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

O—— LM117M

Adjust

'adi

Vief = 1.26 V TYPICAL

LOAD REGULATION

The LM117M 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 uF disc or1 uF tantalum input bypass capaciter
(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 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 1t 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 Cqy from discharging thru the | C.
during an input short circuit. Diode D2 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

D4
IN4002
Vin Vout
LM117M Vo
+
Cin R Ry TCO
D2
Adjust 1N4002
R2 T~ Cad|
*

1 )




LM117M, LM217M, LM317M

FIGURE 19 — ADJUSTABLE CURRENT LIMITER FIGURE 20 — 5 V ELECTRONIC SHUTDOWN REGULATOR
D1

+25 V Vout R Vo — 1o

O— LM117M —O—"\\N—@¢—@ 1N4002
Vin 2.5k v, Vin Vout

O—€—0— LMI117M e Vo
Ra 1 D4
Adjust 500 1N914 I_ 1.0 uF
*To provide current limiting of 15 to D2 Adjust

the system ground, the source of the 1N914
current limiting diode must be tied TTL
to a negative voltage below -7.25 V. 720 Control
Ao > Vref

27 15ss 1N5314
R Vref

1 — Minimum Vg = 1.25 V

lomax * Ipss =
Vo <Poy + 1.25 V + Vgg
'Lmin - Ip < 1o < 500 mA — I Vgs* D protects the device during an input short circuit

As shown O < 1o < 495 mA

FIGURE 21 — SLOW TURN-ON REGULATOR FIGURE 22 — CURRENT REGULATOR

Vin Vout Vin R R2 —>
O——— LM117M Q Vo LM117M p—— O
Vout
1N4001 )
Vadj
Adjust O Adjust
Vref 1.25 V
R2 4 lgmax = ( P + ladj = .R‘I
10 uf

I in = Vret + ladj = 1.25 V
omin = \ &7+ R adi =R TRy

- 5mA < lgyy < 500 mA
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LM123, LM123A
LM223, LM223A
LM323, LM323A

Specifications and Applications

Info

rmation

3 AMPERE, 5 VOLT POSITIVE VOLTAGE REGULATOR

The LM123, 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
1s avatlable 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, 56 VOLT
POSITIVE
VOLTAGE REGULATOR

SILICON MONOLITHIC
INTEGRATED CIRCUIT

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

O

Input  Output

Case
Gnd
O

Pin 1 INPUT
2 OUTPUT
CASE GROUND

(Bottom View)

MAXIMUM RATINGS

T SUFFIX
PLASTIC PACKAGE
(LM323 and LM323A)

CASE 221A
(T0-220)

Pin1  INPUT ‘2
2. GROUND 5

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 Ty -55 to +150 °C
Range LM223, A -251t0 +150
LM323, A Oto+125
Storage Temperature Range Tst_g -65 to +150 °C
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% -25to +150°C
LM223AK 2%
LM323K 4% 0to +125°C
LM323AK 2%
LM323T 4% Plastic Power
LM323AT 2%

STANDARD APPLICATION

Input T LM123, A H)I. Output
Cin® c

0.33 uF Y

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 1s required if regulator 1s located an
appreciable distance from power supply
filter. (See Applications Information for
details.)

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

ELECTRICAL CHARACTERISTICS (T = Tjo\y to Thigh [see Note 1] unless otherwise specified )

ch L Symbol LM123A/LM223A/LM323A LM123/LM223 LM323 Unit
aracteristic ymbo Min Typ Max Min Typ Max Min Typ Max

Output Voitage Vo 49 5.0 51 47 5.0 53 48 50 52 v
(Vin=75V,0< 5, <30A, T =25°C)

Output Voltage Vo 48 50 52 4.6 5.0 54 475 5.0 525 \2
(75VS V<16V, 0< g <30A,

P < Pmax [Note 2])

Line Regulation Regjine — 10 15 — 10 25 — 10 25 mV
(75 V<V, < 16V, Ty = 25°C) (Note 3)

Load Regulation Regjoad - 10 50 — 10 100 — 10 100 mv
Vin=75V,0< gt <3.0A, T =25°C)

(Note 3)

Thermal Regulation Regtherm — 0.001 001 — |[0002| 003 — 10002 | 0.03 |%vg/W
(Pulse = 10 ms, P=20 W, Ta = 25°C)

Quiescent Current I} - 35 10 — 35 20 - 35 20 mA
(75VSVp<15V,0< 5, <30A)

Output Noise Voltage VN — 40 — — 40 — — 40 — uVrms
(10 Hz < < 100 kHz, T = 25°C)

Ripple Rejection RR 66 75 — 62 75 — 62 75 — dB
(BOVSVn <18V, I, =20A,
f=120 Hz, T )= 256°C)

Short Circuit Current Limit Isc A
(Vin =15V, T = 25°C) - 45 - - 45 — — 45 —
(Vin=75V, T =25°C) — 55 — - 55 - - 55 —

Long Term Stability S — — 35 — — 35 — — 35 mV

Thermal Resistance Junction to Case Rguc — 20 - — 20 — — 20 — °C/wW
(Note 4)

Note 1 Tjo, = -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. Although power dissipation 1s internally imited, specifications
apply only for P< Ppax
Pmax = 30 W for K (TO-3) package
Pmax = 25 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 1t desirable to specify
thermal regulation.

Thermal regulation 1s 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 pef watt. The

192

Note 3 Load and line regulation are specified at constant junction tem-
perature Pulse testingisrequired with a pulse width<< 1 O msand
a duty cycle < 5%.

Note 4. Without a heat sink, the thermal resistance (Rg ja)1s35°C/ W for
the TO-3, and 65°C/ W for the TO-220 packages With a heat sink,
the effective thermal resistance can approach the specified values

of 2 0 °C/W, depending on the efficiency of the heat sink.

change in dissipated power can be caused by a change in erther
the inputvoltage or the load current. Thermal regulationisa func-
tion of I.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 @



LM123, LM123A, LM223, LM223A, LM323, LM323A

SCHEMATIC DIAGRAM

Input
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67V
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Q23 N~
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>
50 200
Output
O

Taow 840

’I‘ 72k
AN\
(o1
56V
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Gnd
O
FIGURE 1 — LINE AND THERMAL REGULATION FIGURE 2 — LOAD AND THERMAL REGULATION
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Vg=50V Vg=50V
Vin=80V-+18V-=80V (D =Regjpe = 2.4 mV Vip=15 @ = Regjgad = 4.4 mV
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LM123, LM123A, LM223, LM223A, LM323,

FIGURE 3 — TEMPERATURE STABILITY
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rg. OUTPUT IMPEDANCE ((})

LM323A

FIGURE 4 — OUTPUT IMPEDANCE
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FIGURE 9 — DROPOUT VOLTAGE
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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 However, itisrecommended that the regulator input be bypassed
with a capacitor if the regulator 1s 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 O 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 mimimize ground loops and lead resistance drops since the regulator has
no external sense lead

FIGURE 15 — CURRENT REGULATOR

Input

033 u

0T0—1 LM123, A
F R
I Constant

Current to
'O> Grounded Load

The LM123, A regulator can also be used as a current source when con-
nected as above Resistor R determines the current as follows

|O=5._v + 'Q
R

A1g=0.7 mA over line, load and temperature changes
lg=35mA

For example, a 2-ampere current source would require R to be 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 LmM123, A o Py
Input
L L o1
R 033 uF s
‘>
210k
1k w
MC1741

1

V0.80V1020V
Vin-Vo=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 1s 3 O volts greater than
the regulator voltage

FIGURE 17 — CURRENT BOOST REGULATOR

2N4398 or Equiv
Input @9

LM123, A —® Output

1.0;.AFI =

IOIMF

The LM123, A series can be current boosted with a PNP transistor. The
2N4398 provides current to 15 amperes. Resistor R in conjunction with
the Vg of the PNP determines when the pass transistor begins conduc-
ting; this circuit 1s not short-circuit proof. Input-output differential voltage
minimum is increased by the Vgg of the pass transistor.

FIGURE 18 — CURRENT BOOST WITH
SHORT-CIRCUIT PROTECTION

2N4398

or Equiv
Input Rsc a

MJ2955
or Equiv

LM123, A

1

Output

IOMFI

The circuit of Figure 17 canbe modified to provide supply protection against
short circurts 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.

196



@ MOTOROLA

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 T0O-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, Constantwith
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 I1s input

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

STANDARD APPLICATION

M 'PROGL 1 —:r-o

Vin
-Vin O——@—0—

*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.

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

R2
Vout=-1.26 V(1 + 25

T SUFFIX
PLASTIC PACKAGE
(LM337 only)
CASE 221A
(TO-220)

Pin 1 Adjust
Pin 2 Vin
Pin 3 Voul

Heatsink surface connected
to Pin 2

-Vout

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

(Bottom View)

(Case Is output)

Pin 1 Adjust

Pin 2 Output
Pin3 Input

ORDERING INFORMATION

Device Temperature Range Package

LM137H T, = -656°Cto +160°C Metal Can
LM137K T, = -68°Cto +160°C Metal Power
LM237H T =-26°Cto +160°C Metal Can
LM237K Ty=-26°Cto +150°C Metal Power

LM337H Ty=0°Cto+126°C Metal Can
LM337K Ty=0°Cto+126°C Metal Power
LM337T Ty=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 Vde
Power Dissipation Pp Internally Limited
Operating Junction Temperature Range LM137 Ty -55to +150 °C
LM237 -25to +150
LM337 Oto+125
Storage Temperature Range Tstg -65to +150 °C

ELECTRICALCHARACTERISTICS (|V|-Vgl=5V,I0=0.5Afor Kand T packages, |g=0.1 Afor Hpackage, T ;= Tjow to Thigh[see
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, 3VL|V)-Vol <40V
Load Regulation (Note 3), 2 Regjoad
TA = 25°C, 10 mA <O < Imax
Vol <5V — 15 25 — 15 50 mv
Vol =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 ladj — 65 100 — 65 100 uA
Adjustment Pin Current Change 1.2 Alggdj — 20 5.0 — 20 5.0 uA

25V<|V)-Vpl <40V,
10 mMA I < Imax.
Pp < Pmax. TA = 25°C
Reference Voltage (Note 4) 3 Vref \Y
3V<IV|-Vol <40V, 10 mA < 10 < Imax.
Pp < Pmax. TA = 25°C

-1.225| -1.250( -1.276 |-1.213| -1.250 |-1287

Tiow to Thigh -1.20 | -125 | -130 {-120 ]| -1.25 -1.30
Line Regulation (Note 3) 1 Regjine — 0.02 0.05 — 0.02 0.07 %/V
3v<|Vi-vol <40V )
Load Regulation (Note 3) 2 Regjoad
10 MA <10 < Imax
Vol <5V — 20 50 — 20 70 mvV
Vol =56V — 0.3 1.0 — 0.3 1.5 %Vo
Temperature Stability (Tiow < Ty < Thigh) 3 Ts — 0.6 — — 0.6 — %Vo
Minimum Load Current to 3 ILmin mA
Maintain Regulation (|V|-Vg| < 10 V) — 1.2 3.0 — 1.5 6.0
(IV)-Vol < 40 V) — 25 5.0 — 25 10
Maximum Output Current 3 Imax A
IVi-Vol < 16 V, Pp < Pmax
K and T Packages 15 22 — 15 2.2 —
H Package 0.5 0.8 — 05 0.8 —
IVI-Vol <40V, Pp < Prpay. Ty =25°C
K and T Packages 0.24 0.4 — 0.15 0.4 —
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 =-10 V, f= 120 Hz 4 RR dB
(Note 5)
Without Cagj — 60 — — 60 —
Cadj = 10 uF 1 66 77 — 66 77 -

Long Term Stability, Tj = Thigh (Note 6) 3 S | = 0.3 10 — 0.3 1.0 | %/1.0k
Ta = 25°C for Endpoint Measurements Hrs.
Thermal Resistance Junction to Case — RgJc °C/W

H Package (TO-39) — 12 15 — 12 15
K Package (TO-3) — 23 3.0 — 23 3.0
T Package (TO-220) — — — — 4.0 —
NOTES.
(1) Tjow = -55°C for LM137 Thigh = *150°C for LM137 (5) Caqy. when used, is connected between the adjustment 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 =15 Afor 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 a constant junction tempera-
ture. Pulse testing with alow duty cycle is used ChangeinVgbecause
of heating effects 1s covered under the Thermal Regulation specifi-
cation.
(4) Selected devices with tightened tolerance reference voltage available.

shipment, this specification 1s an engineering estimate of average
stability from lot to lot.

{7) Power dissipation withinan | C. voltage regulator produces a tempera-
ture gradient on the die, affecting individual | C components on the die.
These effects can be minimized by proper integrated circuit design and
layout techniques. Thermal Regulation is the effect of these tempera-
ture gradients on the output voltage and Is expressed in percentage of
output change per watt of power change in a specified time
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LM137, LM237, LM337

SCHEMATIC DIAGRAM

60
-0 Adjust
100 T
2k
25k
10 X
8 21k
o Vout
10k 3 220
) 4 Y 4 ) 4 ®
w w
::.J u?
el
5k N T/
A L
LAY v 2k k
750 60k 100k 15pF | 1
18ks S —t
) i
4k V
- v
' ’-—‘W\'—b ‘ 100;
1k
x b= 2.2k 18k
b= .
@ = 30k
2 T e
~ 'Y o
~ 100 pF =< = 5pF 24027 k| B
- a
> o 5.0k
8k Q 02
7( 3100k .
15
x 155
600 z 4k 500 2.4k 15 500 0.05
o Vin
FIGURE 1 — LINE REGULATION AND Aladi/LlNE TEST CIRCUIT
—0

1% Duty Cycle
is suggested.

* Pulse Testing Required:

Cin /~ 1.0 uF

Co 7R 1 4F

$ 120
> 1%

LM137

RL

— *—O U- VoH
---- Vou
VoL V
Line Regulation (%v ) - -0 YOHI, o0
VoHl
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LM137, LM237, LM337

FIGURE 2 — LOAD REGULATION AND A l,qj/LOAD TEST CIRCUIT

||H

0

*Pulse Testing required:

1% Duty Cycle is suggested.
+
Cin 7

RL

{max. -Vo (min. Load)
Vin Load)
-V, o—iLo—J

VO (max. Load)

\ in. L — Vg (max. Load)
Load Regulation (MmV) = V5 (min. Load) — VO (max. Load) Load Regulation (%Vg) = O (min. Load) o

VO (min. Load) )

FIGURE 3 — STANDARD TEST CIRCUIT

.
Cin 7R 1.0 uF

CoA~ 1 uF

R12120
Adjust O
Vin Vout
b—O0— LM137 O N - .
To Calculate R2:
Pulse Testing Required.
2 ’( Vref "1)m This assumes laq) 1s negligible. 1% Duty Cycle is suggested.

FIGURE 4 — RIPPLE REJECTION TEST CIRCUIT

‘>
R2 2 1%
<

| +
Cin 7R 1.0 4F [

Co 7R 1 KF RL 69
Adjust T

R1$120 ©1° 1N4002

Vin Vout
o—8—0— (mi37 [ —0—# o .
Vo =1.25V
43V meme D *Dq Discharges Cadj if Output is shorted to Ground.
f=120 Hz
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AV, OUTPUT VOLTAGE CHANGE (%)
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~ ~
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@
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IAdy ADJUSTMENT PIN CURRENT (uA)
o o @
S & S

S
o

&
=)

1.270

1.260

E VOLTAGE (V)

1.250

1.240

Vg, REFERENC

1.230

FIGURE 5 — LOAD REGULATION

FIGURE 6 — CURRENT LIMIT
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0
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FIGURE 7 — ADJUSTMENT PIN CURRENT = FIGURE 8 — DROPOUT VOLTAGE
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>
530 T T
,<-_( Vg=-5V
z Vg =100 mV —
&
< — w 25 - ¢ —
L — a — IL=15A
. | w >~“\> L —
g ™
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> =1
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z 1L =20mA ~J
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FIGURE 9 — TEMPERATURE STABILITY

T, JUNCTION TEMPERATURE (°c)

FIGURE 10 — MINIMUM OPERATING CURRENT
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- 0,
1o s
J° Z
14 > 203
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FIGURE 11 — RIPPLE REJECTION VS OUTPUT VOLTAGE
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FIGURE 13 — RIPPLE REJECTION VS. FREQUENCY
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FIGURE 15 — LINE TRANSIENT RESPONSE
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FIGURE 12 — RIPPLE REJECTION VS. OUTPUT CURRENT
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FIGURE 16 — LOAD TRANSIENT RESPONSE
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LM137, LM237, LM337

APPLICATIONS INFORMATION

BASIC CIRCUIT OPERATION

The LM137 1s a 3-terminal floating regulator. In opera-
tion, the LM 137 develops and maintains a nominal -1 25
volt reference (Vyef) between its output and adjustment
terminals. This reference voltage is converted to a pro-
gramming current (IprROG) 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 +£T) + lad) R2

Since the current into the adjustment terminal (lad))
represents an error term in the equation, the LM137 was
designed to control Iagj to less than 100 uA and keep 1t
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 LM137 1s a floating regulator, it 1s only the
voltage differential across the circuit that is important
to performance, and operation at high voltages with
respect to ground 1s possible

FIGURE 17 — BASIC CIRCUIT CONFIGURATION

Vout

Vref = -1 25V Typically

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

EXTERNAL CAPACITORS

A1 uF tantalum input bypass capacitor (Cp) 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 1s
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 i1s required
for stability

PROTECTION DIODES

When external capacitors are used with any | C regu-
lator it issometimes necessary to add protection diodes to
preventthe capacitorsfromdischargingthrough 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, Cady > 10 uF)
Diode D1 prevents Cq from discharging thru the | C
during an input short circuit Diode D2 protects against
capacitor Cad] discharging through the | 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 1s 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

R2 37 Cad) &

Cin :‘; Co T Vout
Adjust R1 Zp2

D1
1N4002




@ MOTOROLA

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
output voltage range of -1.2 Vto-37 V. These voltage regulators are
exceptionally easy to use and require only two external resistors to
set the output voltage. Further, they employ internal current
limiting, thermal shutdown and safe area compensation, making
them essentially blow-out proof.

The LM137M series serve a wide variety of applicationsincluding
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

Qutput 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

-Vin LM137M

*Cjn 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.

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

R2
Vout=-1.26 V(1 +2%)

T SUFFIX
PLASTIC PACKAGE
(LM337M only)
CASE 221A
(TO-220)

Pin1 Adjust
Pin2 Vip
Pin3 Vout

Heatsink surface connected
to Pin 2

ORDERING INFORMATION

Device Temperature Range Package
LM137MR Ty=-55°C to +150°C Metal Power
LM237MR T;=-25°Cto +150°C Metal Power
LM337MR Ty=0°C to +125°C Metal Power
LM337MT | T;=0°Cto+125°C Plastic Power
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LM137M, LM237M, LM337M

MAXIMUM RATINGS

Rating Symbol Value Unit
Input-Output Voltage. Differential Vi-Vo 40 Vdc
Power Dissipation Pp Internally Limited
Operating Junction Temperature Range LM137M Ty -55 to +150 °C
LM237M -25to +150
LM337M Oto+125
Storage Temperature Range Tst_,L -65 to +160 °C

ELECTRICAL CHARACTERISTICS (|V|-Vp|=5.0V,Iig=

0.1; T = Tow to Thigh [see Note 1], Pmax per Note 2,

unless otherwise specified.)

LM137M/237M LM337M
Characteristic Figure | Symbol in Typ Max Min Typ Max Unit
Line Regulation (Note 3) 1 Regjine - 0.01 0.02 — 0.01 0.04 %/N
TA=25°C, 3.0 V<|V|-Vo| <40V
Load Regulation (Note 3), 2 Regjoad
TA=25°C, 10 mA<Ig<05A
|Vol< 5.0V — 15 25 — 15 50 mV
Vol =5.0V — 03 0.5 - 03 1.0 % Vo
Thermal Regulation — Regtherm — 0.002 0.02 — 0.003 0.04 | %Vo/W
10 mS Pulse, Tp = 26°C
Adjustment Pin Current 3 ladj — 65 100 - 65 100 A
Adjustment Pin Current Change 1.2 Alggdj — 2.0 5.0 — 2.0 5.0 HA
25 V<|V-Vpl <40V,
10mMA< I <O05A,
Pp < Pmax. TA = 25°C
Reference Voltage (Note 4) 3 Vref \
3.0V<|V|-VoI <40V, 10mA<Ig<O05A,
PD < Pmax. TA = 26°C -1.226 | -1.250 | -1.276 |-1.213 [-1.2560 [-1.287
Tiow t0 Thigh -1.20 | -1.25 | -130 | -1.20 |-125 |-1.30
Line Regulation (Note 3) 1 Regline - 0.02 0.05 — 0.02 0.07 %/
3.0V<|V|Vp| <40V
Load Regulation (Note 3) 2 Regload
10mMA<Ig<05A
|Vol <5.0V — 20 50 — 20 70 mV
|Vol=25.0V — 0.3 1.0 — 0.3 1.6 %Vo
Temperature Stability (Tiow < Ty < Thigh) 3 Ts — 0.6 — — 0.6 — %VO
Minimum Load Current to 3 ILmin mA
Maintain Regulation (|V|-Vo| < 10 V) — 1.2 3.0 — 15 6.0
(IVI-Vol < 40 V) = 25 5.0 — 25 10
Maximum Output Current 3 Imax A
|ViI-Vol € 15V, Pp < Pmax 05 0.9 — 05 0.9 —
|VI-Vpl =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< < 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 — 03 1.0 — 0.3 1.0 | %/1.0k
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 = +160°C for LM237M
= 0°C for LM337M = +126°C for LM337M

(2) Pmax=75W

(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) Selected devices with tightened tolerance reference voltage available.

5) Cadjr when used, 1s 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
60
-0 Adjust
100 $
25k 2k
810 21k x
-0 Vout
10k 8 220
h 4 Y Y 4 ®
25
E 15pF X R oF
5k ¢ . K
750 60k 100k 16 pF |/T 2k
18k3 8 — "K
4k
et ¥ v
N 6ok T
4 100
T 30 2.2k 18k
9.6 k : 30k
<) k 1 W
N { 4 3 20| o
100 pF = \Lx 5.0 pF 240 3 pF | 9
J E K 16
8.0 = - 5.0k
k o 3100k 0.2
15
> 3 {5% S
600 29 4.0 500 24k 2 15 500 0.1
0 Vin
FIGURE 1 — LINE REGULATION AND Aladi/LlNE TEST CIRCUIT
J_ -0
k= <
R2 :; 1%
+
Cin 7= 1 pF - Co PR 1KF
R3S 120 $AL
* Pulse Testing Required: Adiust q1% W
1% Duty Cycle !
is suggested. Vin Vout
¢——— 00— LMI37M —O -0 —U—' - VoH
| I ViH ---- VoL
) VoL~V
Line Regulation (%Vg) = |MIX 100
NVon
VEE
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FIGURE 2 — LOAD REGULATION AND A l34j/LOAD TEST CIRCUIT

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

= R2 21%
b3
..—_ .
Cin /< 1uF Co AN 1 uF
lad]
120
R1S 1% I I *
Adijust RL
(max.
Vin Vout Load)
-Vy o0—@—0— LM137M _O—@ &

-0

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

-VO (min. Load)

LdL

Load Regulation (%Vg) =

VO (max. Load)

VO (min. Load) — Vo (max. Load)

X 100
VO (min. Load)

FIGURE 3 — STANDARD TEST CIRCUIT

To Calculate R2:

G
Vref

This assumes lagj

is negligible.

= R2 3 1%
Cin 7R 1uF Co A
D @
rR1$120
Adjust
Vin Vout
> = —O0—— LM137M O e

- 1

N1 uF

Pulse Testing Required:

1% Duty Cycle is suggested.

FIGURE 4 — RIPPLE REJECTION TEST CIRCUIT

il

(b
R2 & 1%
<

T
! +

Cadj $ 10 uF

| +
Cin 7R 14F 4 CommIMF  3RL 6’9
<
Adjust
R1$ 120 ©O1° A 1N4002
Vin Vout
O—8—0— LM137M [—O- @
Vo=-1.25V
43V mce e = D *Dq Discharges Caqj if Output is shorted to Ground.

=120 Hz
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-1.2

4V, OUTPUT VOLTAGE CHANGE (%)
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Iad), ADJUSTMENT PIN CURRENT (uA)

1.270

1.260

1.250

REFERENCE VOLTAGE (V)

[N
s
S

Vref:

1.230

FIGURE 5 — LOAD REGULATION
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FIGURE 7 — ADJUSTMENT PIN CURRENT
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FIGURE 9 — TEMPERATURE STABILITY
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FIGURE 6 — CURRENT LIMIT
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FIGURE 8 — DROPOUT VOLTAGE
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FIGURE 11 — RIPPLE REJECTION VS OUTPUT VOLTAGE
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FIGURE 15 — LINE TRANSIENT RESPONSE
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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 (Vyef) between its output and
adjustment terminals. This reference voltage is converted
to a programming current (IprROG) 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 ) + ladjR2

Since the current into the adjustment terminal (lagj)
represents an error term in the equation, the LM137M
was designed to control Iagj to less than 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, itis 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
3
IPROG
-~ Co Vout

‘ad]
-

—AAA

Vief 3 R1

LM137M

Vout

Vref = -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 (Cjp) 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 I.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, Cadj > 10 uF).
Diode D1 prevents Co from discharging thru the I.C.
during an input short circuit. Diode D2 protects against
capacitor Cadj discharging through the I.C. during an
output short circuit. The combination of diodes D1 and
D2 prevents Cagj from discharging through the I.C. during
an input short circuit.

FIGURE 18 — VOLTAGE REGULATOR WITH
PROTECTION DIODES

+
'i' R2 3 Cadj L
Cin & Co ﬁg Vout
Adjust R1 & D2
-V LM137Ml A\ -
n Vinl——Vout | 1N4002
D1
1N4002
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LM140 series
LM340 series

3-TERMINAL POSITIVE 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
load regulation that is a factor of two better than the 7800 series.
Although the LM140/340 series was designed primarily as a fixed
regulator, it can be used with external components to obtain
adjustable voltages.

THREE-TERMINAL
POSITIVE
FIXED VOLTAGE
REGULATORS

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

©®

Input  Output

(bottom view)

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

® Output Currents in Excess of 1.0 A

® Internal Thermal Overload Protection

@ Internal Short Circuit Limiting

® Output Transistor Safe-Area Compensation

® No External Components Required

® Available in Both Commercial and Military Temperature Ranges

ORDERING INFORMATION
Device Voltage Temperature Range (Tp)

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
LM140K-12 12 Volts -55 to +125°C
LM140K-15 15 Volts -55 to +125°C
LM140K-18 18 Volts -55 to +1256°C
LM140K-24 24 Volts -55 to +125°C
LM340K-5.0 5.0 Volts 0 to +70°C
LM340K-6.0 6.0 Volts 0 to +70°C
LM340K-8.0 8.0 Volts 0 to +70°C
LM340K-12 12 Volts 0 to +70°C
LM340K-15 15 Volts 0 to +70°C
LM340K-18 18 Volts 0 to +70°C
LM340K-24 24 Volts 0 to +70°C

STANDARD APPLICATION

Input o———d——oJ LM140/LM340 —O—I_—c Output
Cin" n
1.0 uF 7] T Co™

Al

A common ground is required between
the input and the output voltages. The input
voltage must remain typically 2.0 V above
the output voltage even during the low
point on the input ripple voltage.

* =Cjn (solid tantalum) is required, if
regulator is located an appreciable
distance from power supply filter.

**=Co is not needed for stability;
however, it does improve transient
response. 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 (Tp = +25°C unless otherwise noted.)

Rating Symbol Value Unit
Input Voltage Vin Vdc
(5.0v-18V) 35
(24 V) 40
Power Dissipation and Thermal Characteristics
(Metal Package)
TA = +25°C Pp Internally Limited Watts
Derate above Tp = +25°C 1/RgJA 225 mwW/°C
Thermal Resistance, Junction to Air RouA 45 °C/W
Tc =+26°C Pp Internally Limited Watts
Derate above T¢ = +66°C (See Figure 2) 1/Rgyc 182 mW/°C
Thermal Resistance, Junction to Case ReJc 55 °c/W
Storage Junction Temperature Range Tstg -65 to +150 °c
Operating Junction Temperature Range Ty °c
LM140 -55 to +150
LM340 Oto+125
NOTES:

1. Tiow = -55°C for LM140
=0°C for LM340

Thigh = +160°C for LM140
=+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, Tj = Tigw to Thigh (Note 1), unless otherwise noted).

Characteristic Symbol Min Typ Max Unit

Output Voltage (T = +25°C) Vo 4.8 5.0 5.2 Vdc
10=50mAto 1.0A

Input Regulation (Note 2) Regin mV
8.0 to 20 Vdc — —
7.0 to 25 Vdc (T = +25°C) — —
80to12Vdc, ig=1.0A — —
7.3 t0o 20 Vdc, Ig = 1.0 A (T j = +25°C) — —

Load Regulation (Note 2) Regload mVv
50mA<Ip<10A — — 50
50mA<Ig<15A(Ty=+26°C) — — 50
250 mA < lg < 750 mA (T = +25°C) — — 25

Output Voltage Vo Vdc
LM140
80<Vin<20Vdc, 50 mA<Iig< 1.0A, 475 5.0 5.25
PO<15W
LM340
70< Vi <20Vde, 5.0 mA< i< 1.0A, 4.75 5.0 5.25
PO<15W

Quiescent Current b mA
Io=10A
LM140 — 40 7.0
LM340 — 4.0 85
LM140 (T = +256°C) — 4.0 6.0
LM340 (T j = +25°C) — 4.0 8.0

Quiescent Current Change Alp mA
8.0 < Vjp < 25 Vdc LM140 — — 0.8
7.0 < Vjn < 25 Vdc LM340 - — 10
50mA<Igp<10A LM140, LM340 — — 05
8.0<Vin<20Vde, Io=10A LM140 — — 08
75<Vin<20Vde,Ig=10A LM340 — — 10

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

lo=10A(Ty=+25°C)
LM140 68 —_ —
LM340 62 — —

Dropout Voltage Vin- VO — 2.0 — Vdc

E5888

Output Resistance Ro — 30 — mQ

Short-Circuit Current Limit Isc — 2.0 — A

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

Average Temperature Coefficient of Output Voltage TCVo — +0.6 — mV/°C
10 =56.0mA .

Peak Output Current (T = +25°C) ~ 10 — 24 — A

Input Voltage to Maintain Line Regulation (T = +25°C) 7.3 — — Vdc
lo=10A

NOTES:
1. Tiow = -55°C for LM140 Thigh = +160°C for LM140
=0°C for LM340 = +126°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 — 6.0 ELECTRICAL CHARACTERISTICS
(Vin =11V, 10 = 500 mA, T = Tiow to Thigh (Note 1), unless otherwise noted).

Characteristic Symbol Min Typ Max Unit

Output Voltage (Tj = +25°C) Vo 5.75 6.0 6.25 Vdc
l0=50mAto1.0A

Input Regulation (Note 2) Regin mV
9.0 to 21 Vdc - - 60
8.0 to 26 Vdc (T = +25°C) - - 60
9.0t0 13 Vdc, Ip=1.0A - - 30
8.3 to 21 Vdc, Ig = 1.0 A (T = +25°C) — — 60

Load Regulation (Note 2) Regload mV
50mA<Ip<10A - - 60
5.0mA<|o$1.5A(TJ=+25°C) - - 60
250 mA < I < 750 mA (T = +25°C) — — 30

Output Voltage Vo Vdc
LM140
9.0< Vi <21 Vde, 50 mAS o< 1.0A, 5.7 6.0 6.3
PO<15W
LM340
80<Vinh<21Vde, 60mMAIo<1.0A, 5.7 5.0 6.3
PO<15W

Quiescent Current b mA
lo=10A
LM140 - 4.0 7.0
LM340 - 4.0 8.5
LM140 (T = +25°C) - 4.0 6.0
LM340 (T = +26°C) — 4.0 8.0

Quiescent Current Change Alp mA
9.0< Vin < 25 Vde LM140 - - 0.8
8.0< Vin < 25 Vdc LM340 - - 1.0
50mA<Ip<10A LM140, LM340 - — 0.5
9.0<Vijn<21Vde, Ip=10A LM140 - - 08
86<Vin<21Vdc, Ip=10A LM340 - - 1.0

Ripple Rejection RR dB

LM140 65 78 -
LM340 59 78 -
o =1.0A(Ty=+25°C)
LM140 65 - -
LM340 59 — -

Dropout Voltage Vin - VO - 2.0 — Vdc

Output Resistance Ro — 35 — mQ

Short-Circuit Current Limit lsc - 1.9 - A

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

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

Peak Output Current (T j = +26°C) lo — 24 — A

Input Voltage to Maintain Line Regulation (Tj = +256°C) 8.3 — — Vdc
I0=10A

NOTES:

1. Tiow = -56°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 =14 V, ig = 500 mA, T = Tjow to Thigh (Note 1), unless otherwise noted).

Characteristic

Symbol

Min

Typ

3
®
H

Unit

Output Voltage (T = +25°C)
lo=5.0mAto 1.0 A

Vo

77

8.0

8.3

Vde

Input Regulation (Note 2)
11 to 23 Vdc
10.5 to 25 Vdc (T = +25°C)
111017 Vde, | 0=1.0A
10.5 to 23 Vdc, Ig = 1.0 A (T = +256°C)

Regin

8888

mV

Load Regulation (Note 2)
50mA<Ip<10A
50mA< Ip<1.6A(Ty=+25°C)
250 mA < Ig < 750 mA (T = +256°C)

Regjoad

888

mvV

Output Voltage
LM140
11.5<Vin3<23Vde, 50 mMA<Ig<1.0A,
PO<15W
LM340
105<Vin<23Vde, 5.0 mMA< o< 1.0A,
Po<15W

Vo

7.6

7.6

8.0

8.0

8.4

Vde

Quiescent Current
Io=10A
LM140
LM340
LM140 (T = +25°C)
LM340 (T = +25°C)

4.0
4.0
4.0
4.0

7.0
8.5
6.0
8.0

mA

Quiescent Current Change
11.5 < Vjn < 25 Vde LM140
10.6 < Vi < 25 Vdc LM340
50mA<Ig<1.0A LM140, LM340
115<Vjn3<23Vde, Ip=1.0A LM140
10.6 < Vi <23 Vdc, Ip=1.0A LM340

Alp

08
10
05
08
1.0

mA

Ripple Rejection
LM140
LM340
lo=1.0A(Ty=+25°C)
LM140
LM340

RR

62
56

62
56

76
76

dB

Dropout Voltage

Vin - Vo

2.0

Vdc

Output Resistance

mQ

Short-Circuit Current Limit

1.5

Output Noise Voltage (Tp = +25°C)
10 Hz < < 100 kHz

62

v

Average Temperature Coefficient of Output Voltage
10 =5.0mA '

mv/°C

Peak Output Current (T = +256°C)

Input Voltage to Maintain Line Regulation (T = +25°C)
lp=10A

10.5

Vdc

NOTES:
1. Tiow = -55°C for LM140

Thigh = +160°C for LM140
=0°C for LM340

= +1258°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

P y. Pulse ing with low duty cycle is used.
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LM140 Series, LM340 Series

LM140/340 — 12 ELECTRICAL CHARACTERISTICS
(Vin =19 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 115 12 125 Vdc
I0=50mAto1.0A

Input Regulation (Note 2) Regin mV
15 to 27 Vdc — — 120
14.6 to 30 Vdc (Ty = +25°C) — — 120
16t022Vdc, I0=10A — — 60
14.6 to 27 Vdc, Ig = 1.0 A (T j = +25°C) — - 120

Load Regulation (Note 2) Regjoad mv
50mA<Ig<1.0A - - 120
50mA<Ilg<15A(Ty=+25°C) — — 120
250 mA < Ig < 750 mA (T = +25°C) — — 60

Output Voltage Vo Vde
LM140
155 < Vjph <27 Vde, 5.0 mMA<SIg<1.0A, 114 12 12.6
Po<15W
LM340
145 < Vjpn <27 Vde, 50 mMA<Ig< 1.0A, 114 12 12.6
Po<15W

Quiescent Current Ip mA
lo=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 < Vjn < 30 Vdc LM140 - - 08
14.5 < Vjp < 30 Vdc LM340 - - 1.0
50mA<Ip<10A LM140, LM340 - - 0.5

08
1.0

15 <Vin<27Vde, lg=10A  LM140 — —
14.8< Vip < 27 Vdc, g = 1.0 A LM340 — —

Ripple Rejection RR dB
LM140 61 72 _—
LM340 55 72 -

I0=1.0A (T =+25°C)
LM140 61 - —
LM340 55 — -

Dropout Voltage Vin-Vo — 20 — Vdc
Output Resistance Ro - 75 — mQ

Short-Circuit Current Limit Isc — 1.1 — A

Output Noise Voltage (Ta = +25°C) Vn — 75 — uVv
10 Hz < f< 100 kHz

Average Temperature Coefficient of Output Voltage TCVo — +156 — mV/°C
10=5.0 mA

Peak Output Current (T = +25°C) 1o — 24 — A

Input Voltage to Maintain Line Regulation (T = +25°C) 14.6 — — Vde
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 Vg due to heating effects must be taken into
account separately. Puise testing with low duty cycle is used.
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LM140 Series, LM340 Series

LM140/340 — 15 ELECTRICAL CHARACTERISTICS
(Vin =23 V, Ig = 500 mA, Tj = Tiow to Thigh (Note 1), uniess otherwise noted).

Characteristic Symbol Min Typ Max Unit
Output Voltage (T = +25°C) Vo 144 15 15.6 Vdc
I0=50mAt0 1.0 A
Input Regulation (Note 2) Regin mV
18.5 to 30 Vdc — — 150
17.5 to 30 Vdc (T4 = +256°C) — — 150
201026 Vdc, | 0=10A — — 75
17.7 10 30 Vdc, Ig = 1.0 A (T = +25°C) — — 150
Load Regulation (Note 2) Regjoad mV
50mA<Ip<1.0A — — 150
50mMA<Ig<1.5A(Ty=+25°C) — — 150
250 mA < lp < 750 mA (T = +25°C) — — 75
Output Voltage Vo Vdc
LM140
18.5 < Vi < 30 Vdc, 5.0 mA<Ig< 1.0A, 14.25 15 15.75
PO<15W
LM340
175 < Vijn<30Vde, 50 mMA<Ig< 1.0A, 14.25 15 15.75
PO<15W
Quiescent Current Ib mA
lo=10A
LM140 — 4.0 7.0
LM340 — 4.0 8.5
LM140 (T = +25°C) — 4.0 6.0
LM340 (T = +25°C) — 4.0 8.0
Quiescent Current Change Alp mA
18.5 < Vjn < 30 Vdc LM140 — — 0.8
17.5 < Vin < 30 Vde LM340 — — 1.0
50mA<Ig<10A LM140, LM340 — — 0.5
185 < Vjn<30Vde, Ip=1.0A LM140 — — 0.8
179 < Vi <30 Vdc, Ip=1.0A LM340 — — 1.0
Ripple Rejection RR dB
LM140 60 70 —
LM340 54 70 -
lo=1.0A(Ty=+25°C)
LM140 60 _ _
LM340 54 — —
Dropout Voltage Vin - Vo — 2.0 — Vdc
Output Resistance Ro — 95 — mQ
Short-Circuit Current Limit Isc — 800 — mA
Output Noise Voltage (Ta = +25°C) Vn — 90 — uVv
10 Hz < £ < 100 kHz
Average Temperature Coefficient of Output Voltage TCVo — +1.8 — mV/°C
10 =5.0 mA
Peak Output Current (Tj = +256°C) lo — 24 — A
Input Voltage to Maintain Line Regulation (Tj = +25°C) 17.7 — — Vde
lo=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 Vg due to heating effects must be taken into
account separately. Pulse testing with low duty cycle is used.



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 173 18 18.7 vde
10=50mAto 1.0 A

Input Regulation (Note 2) Regin mVv
21.5 to 33 Vdc - - 180
21 to 33 Vdc (T = +25°C) — — 180
24 030 Vdc, | 0= 1.0 A - - 90
21 t0 33 Vdc, o = 1.0 A (T = +25°C) — - 180

Load Regulation (Note 2) Regjoad mVv
50mA<Igp<10A - - 180
5.0mA< o< 1.5 A(T = +25°C) — - 180
250 mA < Ig < 750 mA (T = +25°C) - - 90

Output Voltage Vo Vdc
LM140
22 < Vin <33Vde, 50mA<Ig< 1.0A, 171 18 18.9
POo<15W
LM340
21 < Vjp<33Vde, 50 mA< o< 1.0A, 171 18 18.9
Po<15W

Quiescent Current Ip mA
Ip=10A
LM140 —_ 4.0 7.0
LM340 — 4.0 8.5
LM140 (T = +25°C) —_ 4.0 6.0
LM340 (T = +26°C) — 4.0 8.0

Quiescent Current Change Alp mA
22 < Vjp < 33 Vdc LM140 — — 08
21 < Vjp < 33 Vde LM340 — - 1.0
50mMASIo<1.0A LM140, LM340 — — 0.5
22<Vip<33Vde, Ip=1.0A LM140 — — 0.8
21 < Vih <33Vde, Ig=1.0A  LM340 — — 1.0

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

lop =1.0A(Ty=+25°C)
LM140 59 —_ -
LM340 53 - —

Dropout Voltage Vin - VO — 2.0 - Vdc

Output Resistance Ro — 110 — mQ
Short-Circuit Current Limit Isc —_ 500 — mA
Output Noise Voltage (Ta = +25°C) Vn — 110 — my
10 Hz < <100 kHz
Average Temperature Coefficient of Output Voltage TCVo — +2.3 — mV/°C
lo=5.0mA
Peak Output Current (T = +25°C) o — 24 — A
Input Voltage to Maintain Line Regulation (T j = +26°C) 21 — — 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 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 = Tigy to Thigh (Note 1), unless otherwise noted).

Characteristic Symbol Min Typ Max Unit
Output Voltage (T = +25°C) Vo 23 24 25 Vdc
10=50mAt1.0A
Input Regulation (Note 2) Regin mV
28 to 38 Vdc — — 240
27 10 38 Vdc (T = +25°C) — — 240
3010 36 Vdc, | o= 1.0 A — — 120
27.1 to 38 Vdc, Ig = 1.0 A (T = +25°C) - — 240
Load Regulation (Note 2) Regjoad mV
50mA<Igp<10A — — 240
50mMA<Ig<1.5A(T)=+25°C) — — 240
250 mA < lp < 750 mA (T = +26°C) — — 120
Output Voltage Vo Vdc
LM140
28< Vin <38Vdec 50mA<Ig<10A, 228 24 252
PO<15W
LM340
27< Vin <38Vdc, 50 mA< Ig< 1.0 A, 228 24 252
POo<15W
Quiescent Current I mA
Io=10A
LM140 — 4.0 7.0
LM340 — 4.0 8.5
LM140 (T = +25°C) —_ 4.0 6.0
LM340 (T = +25°C) — 4.0 8.0
Quiescent Current Change Alp mA
28 < Vjp < 38 Vdc LM140 — — 0.8
27 < Vjp < 38 Vde LM340 — — 1.0
50mA<Iip<10A LM140, LM340 — — 0.5
28 <Vin<38Vde, Ip=10A LM140 — — 08
273< Vi <38Vdc, Ip=1.0A LM340 — — 1.0
Ripple Rejection RR dB
LM140 56 66 —
LM340 50 66 —
10 = 1.0 A (Ty = +25°C)
LM140 56 — —
LM340 50 — —
Dropout Voltage Vin- Vo — 2.0 - Vdc
Output Resistance Ro — 150 — mQ
Short-Circuit Current Limit lsc — 200 — mA
Output Noise Voltage (Ta = +25°C) Vn — 170 — uVv
10 Hz < £ < 100 kHz
Average Temperature Coefficient of Output Voltage TCVo — +3.0 — mV/°C
o =5.0 mA
Peak Output Current (Tj = +25°C) lo — 24 — A
Input Voltage to Maintain Line Regulation (Tj = +25°C) 271 — — 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 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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FIGURE 3 — INPUT-OUTPUT DIFFERENTIAL
AS A FUNCTION OF JUNCTION TEMPERATURE
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@ MOTOROLA

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 1.2V to 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 areacompensation, 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 switchingregutator, 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 1solated from case.
Case is third electrical connection.

STANDARD APPLICATION

* = Cj, 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
Vout=1.25V (1 + a_) +1adj R2

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

T SUFFIX

PLASTIC PACKAGE

CASE 221A
(TO-220)

Pin 1 Adjust
Pin2 Vout
Pin3 Vjp

Heatsink surface connected
to Pin 2

ORDERING INFORMATION

Device Temperature Range Package

LM150K Ty=-65°Cto+150°C Metal Power
LM250K Ty=-25°Cto+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 V|-Vo 35 Vdc
Power Dissipation Pp Internally Limited
Operating Junction Temperature Range LM150 Ty -55 to +150 °C

LM250 -25to +150

LM350 Oto+125
Storage Temperature Range Tsll -65 to +150 °C
Soldering Lead Temperature (10 seconds) 300 °C

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

LM150/250 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)-Vg<35V
Load Regulation (Note 2) 2 Regjoad
TA=25°C, 1O mA< I < 3A
Vo< 5V — 5 15 — 5 25 mV
Vo=5V — 0.1 0.3 — 0.1 0.5 % Vo
Thermal Regulation Pulse = 20 ms — Regtherm - 0.002 — — 0.002 — %/W
Adjustment Pin Current 3 ladj — 50 100 — 50 100 kA
Adjustment Pin Current Change 1,2 Alpadj uA
3VLEV)Vpos35V
10mA< I <3 A, Pp< Ppax — 0.2 5 — 0.2 5
Reference Voltage (Note 3) 3 Vref \
3VLV|-Vp<35V
10mA< I <3A Pp< Ppax 1.20 1.25 1.30 1.20 1.25 1.30
Line Regulation (Note 2) 1 Regjine %/V
3VSV|-Vo<35V — 0.02 0.05 — 0.02 0.07
Load Regulation (Note 2) 2 Reg|oad
T0OmMASIL<3A
Vo5V — 20 50 — 20 70 mv
Vo=5V — 0.3 1 — 0.3 1.5 %Vo
Temperature Stability (Tiow < Ty < Thigh) 3 Ts — 1 — — 1 — %Vo
Minimum Load Current to 3 ILmin mA
Maintain Regulation (V|-Vg = 35 V) — 3.5 5 — 3.5 10
Maximum Output Current 3 Imax A
VI-Vo< 10V, Pp < Ppax 3.0 45 — 3.0 45 —
V)-Vg =30V, Pp < Ppax. TA = 25°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, Vo =10V, f= 120 Hz . 4 RR dB
(Note 4)
Without CApy - 65 — - 65 -
CapJy=10uF 66 80 - 66 80 —

Long Term Stability, T = Thigh (Note 5) 3 S %/1.0k
Ta = 256°C for Endpoint Measurements — 0.3 1 — 0.3 1 Hrs.
Thermal Resistance Junction to Case - Rguc °C/W
Peak (Note 6) K Package (TO-3) - 23 - — 23 —

T Package (TO-220) — — — — 23 —
Average (Note 7) K Package (TO-3) — — 1.5 — - 1.5
T Package (TO-220) — — — - - 1.5

NOTES:

(1) Tiow = -55°C for LM150 Thigh = +150°C for LM150
-26°C for LM250 = +150°C for LM250
0°C for LM350 = +125°C for LM350

(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 tasting 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
shipment, this specification is an engineering estimate of average
stability from lot to lot.

(6) Thermal Resistance evaluated measuring the hottest temperature on
the die using an infrared scanner. This method of evaluation yields very
accurate thermal resistance values which are conservative when
compared to other measurement techniques.

(7) The average die temperature is used to derive the value of thermal
resistance junction to case (average).
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SCHEMATIC DIAGRAM

%10}310 23(§ 12§

N N

5.1 k

O Vip

6.3V

13 k

63V

105

BE

0.045

-&- -0 Vout
—O Adjust

FIGURE 1 — LINE REGULATION AND Alpgj/LINE TEST CIRCUIT

1% Duty Cycle
is suggested.

Vee

I—l ViH
Vin

ViL

Cin 0.1 puF

* Pulse Testing Required:

Vout

VoV
Line Regulation (%/V) = zoHr oL X 100
VoL

H VoH

VoL
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FIGURE 2 — LOAD REGULATION AND Algj/LOAD TEST CIRCUIT
Load Regulation (mV) = Vg (min. Load) — VO (max. Load)
Load Regu! (%Vo) =

Vi Vin

— ¢ —O0— LM150

VO (min. Load) = Vo (max. Load)

VO (min. Load)
X 100
VO (min. Load) ° U
@

VO (max. Load)
. -
RL
240 . (max. Load) AL
1% . (min. Load)
Co A~ V1 HF

FIGURE 3 — STANDARD TEST CIRCUIT

Vout
O

Cin < O.
in T 0.1 uF

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

>

LM150

Vout
O

O Adjust

@ )
Cin == 0.1 uF

@
o'

RL

Co A= 1 MF

1%
0
l To Calculate Ry:
Puise Testing Required: = Vo = IseT R + 1.250 V
1% Duty Cycle is suggested. Assume IggT = 5.26 mA
FIGURE 4 — RIPPLE REJECTION TEST CIRCUIT
24 v —-/\J
1y Vin Vo =10V
=120 Hz 9 —O— LM150 L
Adjust :
1N4002 RL
+
Cin == 0.1 WF L
1%

-d -
CapJy -7~ 10 uF

Co A~ 1 uF Ga
T
1.65 K Lt
Rap )

g

*D4 Discharges Capy

if Output is Shorted to Ground

|
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FIGURE 5 — LOAD REGULATION
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FIGURE 7 — ADJUSTMENT PIN CURRENT
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FIGURE 9 — TEMPERATURE STABILITY
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Ig. OUTPUT CURRENT (A}

V| - Vg, INPUT — QUTPUT VOLTAGE DIFFERENTIAL (Vdc)

Ig. QUIESCENT CURRENT (mA)
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FIGURE 6 — CURRENT LIMIT
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FIGURE 8 —- DROPOUT VOLTAGE
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FIGURE 10 — MINIMUM OPERATING CURRENT
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FIGURE 11 — RIPPLE REJECTION VS OUTPUT VOLTAGE
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Capy = 104F
— 80
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a |- =
= 1, =500 mA
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FIGURE 13 — RIPPLE REJECTION VS. FREQUENCY
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FIGURE 15 — LINE TRANSIENT RESPONSE
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FIGURE 12 — RIPPLE REJECTION VS. OUTPUT CURRENT
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APPLICATIONS INFORMATION

BASIC CIRCUIT OPERATION

The LM150 is a 3-terminal floating regulator. In opera-
tion, the LM 150 develops and maintains a nominal 1.25
volt reference (Vyef) 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 +27) + Iadj R2

Since the current from the adjustment terminal (1adj)
represents an error term in the equation, the LM150 was
designed to control Iagj 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 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

Ay

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.

227

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 LM150 is stable with no output capaci-
tance, like any feedback circuit, certain values of external
capacitance can cause excessive ringing. An output capaci-
tance (Cgy) 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 25 V or
high capacitance values (Co > 25 uF, Capg > 10 uF).
Diode D1 prevents Cy from discharging thru the 1.C.
during an input short circuit. Diode D2 protects against
capacitor Capy discharging through the 1.C. during an
output short circuit. The combination of diodes D1 and
D2 prevents Capyg from discharging through the 1.C.
during an input short circuit.

FIGURE 18 — VOLTAGE REGULATOR WITH
PROTECTION DIODES

D
11
™~
IN4002
Min Vout
LM150
+
Cin 7

CO
b2 T

IN4002

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

Ds
— 11
N
IN4002
v R Vin2 v 'o
out1 SC in out2 e
ViN LM150 O— AN o LM150 Vo
33V Vin1 1 (2)
+
0.1 uF 240 Dg ]r“F '
w D4 IN4001 antalum
Adjust 1
us IN4001 Adjust 2 . L
- IN4001 -
K
Current K b 5 Voltage 10 uF
Limit 2 . Adijust
Ve Adjust IN4001 L
R = -
S€ " Tomax * IDsS 04 D3
2N3822
___125V =
lomax * 'Dss
Da OUTPUT RANGE:
0<Vp<25V
“10v a, IN4001 0<1c< 3A
Diodes D4 and D5 and transistor Q5 are added to allow adjustment 2N5640
of output voltage to O volts.
Dg protects both LM150s during an input short circuit.
-10Vv

FIGURE 20 ~ ADJUSTABLE CURRENT LIMITER

Vout

+25 V R4 Vo —— 3 o
o0— LM150 —O—\VWN\—@¢—— @
Vin 620
L
Dy
Adjust R2 IN4001
** To provide current limiting of | 100 D2
to the system ground, the source of IN4001
the FET must be tied to a negative
voltage below —1.25 V.
Vret
R2>Toes 2N5640
\%
Ry = ref
lomax * 'DSS
Vo< BVpgg +1.256 V+ Vgg
'Lmin —Ipsg <lp <3 A vgs*
Asshown 0< I <2A
FIGURE 22 — SLOW TURN-ON REGULATOR

Vout
LM150 o

Adjust O

R2

/\ IN4001

10 uF
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FIGURE 21 — 5V ELECTRONIC SHUT DOWN REGULATOR

1101
<
1N4002

Vout

LM150

Adjust

720

Minimum Vg, ¢ =1.25 V

D4 protects the device during an input short circuit.

FIGURE 23 — CURRENT REGULATOR
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@ MOTOROLA

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.

Case is at Ground Potential (R package)

Electronic “'Shutdown’’ and Short-Circuit Protection

Low Output Impedance — 20 Milliohms typical

High Power Capability — 9.0 Watts

Excellent Temperature Stability — AVQ/AT = + 0.002%/°C typical
High Ripple Rejection — 0.002% typical

e 500 mA Current Capability

NEGATIVE-POWER-SUPPLY
VOLTAGE REGULATOR

SILICON MONOLITHIC
INTEGRATED CIRCUIT

G SUFFIX R SUFFIX
METAL PACKAGE METAL PACKAGE
CASE 603 CASE 614

FIGURE 1 — TYPICAL CIRCUIT CONNECTION
(1-3.5] < vpo <[-37] Vde, 1 <1 <500 mA)

FIGURE 2 ~

TYPICAL NPN CURRENT BOOST CONNECTION
(Vo =5.2 Vdc, I|_ = 10 Adc [max])

oND GND
. Y
J_ Forur J_ o
= G KSR =
h : : o PPRER - 2 3 case  SBrSFe |
| Vet . -
W oo i e [oama
Ra ZR 10 S AL 33kSRa R0 SR
B 9 1 e 4001 or Equiv . o A
MC1563R MC1563R
7 MC1463R 7 MC1463R
0001 uF T
5 5 o 1 5 5
=
Ver A Vo 0001 4F
Ra N3TTY
Select Rp to Give Desired Vg RA = (21VQl-T) k2 Vo =350 0020 or Equv Vo

Vin R 5W

2o = 50 miliohms V@ = -52 Vde

FIGURE 3 — £15 V, +400 mA COMPLEMENTARY TRACKING
VOLTAGE REGULATOR

500 mA max
015 vae
12 3k IN4001 FS 104F
o Equw |
M wioe €
n 3 1 or Equiv ™
ovee & weise " a 1
° MC1469R ° ¢
_[__05_ (POSITIVE LSo
8 | REGULATOR) |7
o Ho
= 0001 uF 7=
2J> CASE
104
AYhd
820 3 J_
;{ ZT CASE 820 3K  1Na001
. or Equiv
9 MC1563R [ 86 vo
Vin 4 MC1463R -— 15Vdc
20 Vde . 7 500 mA max
ounuE [ (NEGATIVE 6
1 5| wesuLaTom) o

ORDERING INFORMATION

DEVICE TEMPERATURE RANGE PACKAGE
MC1463G 0°C10+70°C Metal Can
MC1463R 0°C10+70°C Metal Power
MC1563G —55°C 10 +125°C Metal Can
MC1563R —55°C10+125°C Metal Power
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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 e 250 600 mA
Current, Pin 2 D] 10 10 mA
Power Dissipation and Thermal Characteristics
Ta = 256°C Pp 0.68 2.4 Watts
Derate above Tp =25°C 1/Rg A 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 Tg = 25°C 1/Rg yc 14.4 61 mw/°C
Thermal Resistance, Junction to Case ReJc 69.4 17 oc/w
Operating and Storage Junction Temperature | T, Tstg -65 to +150 oc
Range

OPERATING TEMPERATURE RANGE

Operating Ambient Temperature Range Ta oc
MC1463 0to+70
MC1563 -55 to +125

ELECTRICAL CHARACTERISTICS (I = 100 mAdc, T¢ = +26°C, V;, = 15 V, Vg = 10 V unless otherwise noted.)

MC1563 MC1463
Characteristic Fig. | Note | Symbol |Min | Typ Max |Min | Typ Max Unit
Input Voltage 4 16 \7] —-8.5 - —-40 [ -9.0 — -35 Vdc
Ta=Tiow D t0 Thigh @ 1L=1.0mA)
Output Voltage Range (| = 1.0 mA) 4 - Vo ~3.6 - -37 |-38 — -32 Vdc
Reference Voltage (Pin 1 to Ground) 4 - Vref -3.4| -35 -3.6 | -3.2| -3.5 -38 Vdc
Minimum Input-Output Voltage Differential 4 2 |(Win-voll - | 18 27 (| - | 18 3.0 Vdc
(Rgc =0)
Bias Current (Standby Current) 4 - [T} - 7.0 1" - 7.0 14 mAdc
(I, =1.0mAdc, g =1} = I)
Output Noise 4 - VN - | 120 - | - | 120 — | wVirms)
(Ch=0.1 uF,f =10 Hz to 5.0 MHz)
Temperature Coefficient of Output Voltage 4 3 AVQ/AT | — | 10.002 - - |$0.002| - %/°C
Operating Load Current Range 4 - ILR mAdc
(Rsc = 0.3 0hm) R Package 1.0 - 500 | 1.0 | — 500
(Rgc = 2.0 ohms) G Package 1.0 - 200 | 10| - 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
(T, = Constant [1.0 mA <I|_ <20 mA]) - 0.4 16 | — 0.7 2.4 mv
(Tc = +25°C [1.0 mA <I_<50 mA]) R Package - 0.005 { 0.05| — | 0.005 | 0.05 %
G Package - 0.01 0.13| - | 0.01 | 0.13
Output Impedance (f = 1.0 kHz) 7 - 2o - 20 - = 35 — | milliohms
Shutdown Current 8 — lsg - 7.0 15 - 14 50 uAdc
(V| =-35Vdc)
® Tiow = 0°C for MC1463 @ Thigh = +70°C for MC1463 Heat sink required for Thgh testing of “G"" package.
= -65°C for MC1563 =+125°C for MC1563
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Note 1

Note 2.

Note 3.

Note 4.

“Minimum Input Voltage' is the minimum “'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 — V] 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 (Rp and Rg) must
have matched temperature characteristics in order to main-
tain a constant ratio independent of temperature

Input regulation 1s the percentage change in output voltage
per volt change in the input voltage and is expressed as

Note 5.

Note 6.

TEST CIRCUITS
(IL = 100 mAdc, T = +25°C unless otherwise noted.)

FIGURE 4 — GENERAL TEST CIRCUIT

il

Vo

Input Regulation = ————
9 Vo (V))

100 (%/Vo).
where vg is the change in the output voltage Vg for the
input change vjp.
The following example illustrates how to compute maxi-
mum output voltage change for the conditions given:
Regjn = 0.016%/Vo
Vo =10 Vdc
Vin = 1.0 V(rms)
_ (Regjine) (Vy) (V)
100
- (0.015)(1.0)(10)

Vo

=0.0015 V(rms)

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 - - Vo -
IL=1.0mA IL =50 mA
Load Regulation = li= 1.0 mal” YOfi = 50m L 100
VO|i_ = 1.0ma|

Not to exceed maximum package power dissipation

FIGURE 5 — LOAD TRANSIENT RESPONSE

il

0 ‘“il/
2 ‘{3 CASE 10
1

I 68k 200
A oce N
ARI04F SR . ARWLFS200 0070
. 3k PULSE
5  — e GENERATOR
"1 wcise3 7 MC1563 3
MC1463 MC1463
e I 9 8
0001 uF 0001 uF
6 I
v .J»—-\,V\,io—- ) o4 —O-
- R 5 Vi=-15vde 10 5 ®V0:-10Vic
Iy Select RA 10 gie desired VO RA = (2'VQ!-7) k2
FIGURE 6 — LOAD REGULATION FIGURE 7 — OUTPUT IMPEDANCE
’ @O GND ! !
T’ \L _[ l 50 mV{rms)
= = t=1kHr
014F 01uF
2 3 @ CASEND 68k i 2 3 QOCASEN0 S g,
1 1
L howr ofrowr .
- b 1
. Bk R RL . Ra i3k T8 00 ARI004F
] MC1563 SRR
9 MC1563
MC1463 \ MC1463 s 0
| 7 I 9 8
0001 uF 0001 4F !
I _ o 1 ° I v 1l=5mA(mvsl
Vi=-15Vde 10 5 6 Vg = -10 Vde Vo -1
Vi=-15vde 1.0 5 6 n: == Pvgs-0ve
FIGURE 8 — SHUTDOWN CURRENT
r— ’ @ GND
L o]
2 -{3 CASE/0 68k
3
351 S R = [VinlKQ for 1 W0k
1 1 mAdc ‘--ro . RL
" R M ‘I,u
—————
MC1563 9
MC1863
I 7 8
0001 uF —o-—l
—o- P
Vi=-35Vvde 10 5 6
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GENERAL DESIGN INFORMATION

1. Output Voitage, Vo FIGURE 9 — TYPICAL CIRCUIT CONNECTION
a) Output Voltage is set by resistors R and Rg (see Figure 9).
’ ’ ’ ’ @ GND
oL

Set Rg = 6.8 k ohms and determine Rp from the graph of
Figure 11 or from the equation:
RA ™ (2 |Vg|-7) kQ o soxShs
b) Output voltage can be varied by making Rp adjustable as 2 3 CASE/10
shown in Figures 9 and 10. 1 Vref

[ ]

il

Nt
F
=

c|

therefore optimum temperature performance can be achieved 4
.

if Rp and Rp have the same temperature coefficient. Q MC1563

Output voltage,V(, 1s determined by the ratio of Ra and Rg
RA
MC1463

d

V0 = Vet (1 + RA); therefore the tolerance on e

9
Re 0001 uF 5
output voltage is determined by the tolerance of Ve and V) ot Rsc. I 5 —o—

Ra and Rg. 6 RA
A B Select RA to Gve Desired Vg RA = (2, Vg -1 k22 Vos-35(1+ Rg )

2. Short-Circuit Current, Isc
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 Vo
adequate compensation in most applications, with or without 50
current boost. Smaller values of C will reduce stability and i [
larger values of C. will degrade pulse response and output (RA =(2VQ-7)kS2) /
impedance versus frequency. The physical location of C¢ 50 (R =68 k) A
should be close to the MC1563/MC1463 with short lead /
lengths.

4. Noise Filter Capacitor, Cp
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 Cpy can be increased or decreased, depending on the noise
voltage requirements of a particular application. A minimum
value of 0.001 uF is recommended.

30 %

—
S

RA. RESISTANCE (k2}

5. Output Capacitor, Co 10 s
The value of Cshould be at least 10 uF in order to provide /
good stability. /

6. Shutdown Control 0 50 -10 -15 220 25 230 -35
One method of turning "OFF"’ the regulator is to draw 1 mA
from Pin 2 (See Figure 8). This control can be used to VQ,OUTPUT VOLTAGE (VOLTS)
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 — Igc versus Rge
put short-circuiting. As the magnitude of the input-thresho!d 500
voltage at Pin 2 depends directly upon the junction temper-
ature of the integrated circuit chip, a fixed dc voltage at Pin 2
will cause automatic shutdown for high junction temper-
atures. This will protect the chip, independent of the heat
sinking used, the ambient temperature, or the input or out-
put voltage levels. Standard Logic levels of MRTL, MDTL*
or MTTL* can also be used to turn the regulator "“ON' or
“OFF".

Ty=+250C
400

300

200 \

100 \
T~ |

7. Remote Sensing .
The connection to Pin 8 can be made with a separate lead
direct to the load. Thus, ‘‘remote sensing’ can be achieved
and the effect of undesired impedances (including that of
the milliammeter used to measure 1 ) on zq can be greatly
reduced.

1sC, SHORT-CIRCUIT LOAD CURRENT (mA)

0 10 20 30 40 50
Rsc, EXTERNAL CURRENT-LIMITING RESISTOR (OHMS)
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FIGURE 12 — TEMPERATURE DEPENDENCE

TYPICAL CHARACTERISTICS
Cn=0.1uF,C¢c=0.001uF,Co=10uF, Tc = +25°C,

Vi{nom) = =15 Vdc, VQ(nom) = ~10 Vdc, I = 100 mAdc.

FIGURE 13 — FREQUENCY DEPENDENCE

Unless otherwise noted:

OF SHORT-CIRCUIT LOAD CURRENT OF OUTPUT IMPEDANCE
800 2000
A/

Z 700 t A
£ Ry =29 1000
[= =
Z 600 g
] o 500
2 500130 ¥\ £
< ~ o
§ 400 4o K g 200 y
é 50 I~ \\ = //
€ 30} — 5
S S~ T~ & 100
E 200 T E
2 100 J I $ 50
% 130 1 N ’
2 100
z 30 7

0 20

75 -50 -25 0 +25 +50 +75 +100 +125 +150 +175 1.0 10 100 1000

T), JUNCTION TEMPERATURE (°C) f, FREQUENCY (kHz)
FIGURE 14 — DEPENDENCE OF OUTPUT
IMPEDANCE ON OUTPUT VOLTAGE FIGURE 15 — OUTPUT IMPEDANCE versus Rg;

40 50

35
s VI - Vgi =30V, Ty = +259C ~ 40 'Lf:f%"'A

B | 3 =1.0kHz

E 30 Rsc =0, 1L = 10 mA to 500 mA E
5 f=1.0kHz w
z B R
2 E L~
& 20 &
H H
(g [ 20 —_,
5 15
< $ 10

50

0 0

0 -10 -20 -30 -40 0 30 6.0 9.0 12 15
Vg, OUTPUT VOLTAGE (VOLTS) Rsc, CURRENT LIMITING RESISTOR (OHMS)

FIGURE 16 — CURRENT LIMITING CHARACTERISTICS
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o
S

Rs = 13 OHMS

o

=3
S

=)
©
3

o
w©
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w©
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V@, NORMALIZED OUTPUT VOLTAGE
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=

20 40 60 80 100 120 140 160
IL, LOAD CURRENT (mA)
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VQ, OUTPUT VOLTAGE (VOLTS)

MC1463, MC1563

TYPICAL CHARACTERISTICS (continued)

FIGURE 17 — BIAS CURRENT versus INPUT VOLTAGE

FIGURE 18 — EFFECTS OF LOAD CURRENT
ON INPUT-OUTPUT VOLTAGE DIFFERENTIAL

6.0 T 18 j
L=10m
—+ Rg=6.8kQ
e s 2,
N r <
<
£ =] 23 Tg = -550C ///
= AY 2=
Z 50 I — | 24 Tg = +250C N A
« /\ ;—:, E 7 /
3 1 5& \ /
% — ER > /
K Ty = +1250¢ 35, — 1] N~ e g0
. = = —
? >I e S L1
>
40 10
0 -5.0 -10 -15 -20 -25 -30 -35 -40 0 100 200 300 400 500
Vin, INPUT VOLTAGE (Vdc) 1L, LOAD CURRENT (mAdc)
FIGURE 19 — EFFECT OF INPUT-OUTPUT VOLTAGE
DIFFERENTIAL ON INPUT REGULATION FIGURE 20 — INPUT TRANSIENT RESPONSE
0.008 2 -10
5
= 58 -15 l ! 1.7
5 = o tPHL = tPLH = 10 us
£ f=1KkHz e
= 0.006 >
S 5 -25
>
2 Ty=+1250C 5
© \ J )
< 0,004 S -9998
\ <
§ § -10 000
E \ Ld
- Ty =+250C = -10.002
£ 0om2 P~ f S 1150 mA
& T_|=-55°C> 5 -10004
} a.
1 5 10,006
Vo=-10V Vo=-36V | B
) 1 S-10008
0 5.0 10 15 20 25 30 35 40 =
IVI = VoI, INPUT-OUTPUT VOLTAGE DIFFERENTIAL (VOLTS) 100 us/0IV
FIGURE 21 — LOAD TRANSIENT RESPONSE FIGURE 22 — DC OPERATING AREA
+12
22 [ e m .
E +100 - +100 04 R PACKAGE M~
= 0.3 3
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€ 450 190 & gy 7 MC1463R
&
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@ MOTOROLA MC1566L

L Specifications and Applications Information

MONOLITHIC VOLTAGE AND

RRENT REGULAT PRECISION WIDE-RANGE
v 6y OR VOLTAGE and
This unique “‘floating”” regulator can deliver hundreds of volts — CURRENT REGULATOR

limited only by the breakdown voltage of the external series pass tran- EPITAXIAL PASSIVATED
sistor. Output voltage and output current are adjustable. The MC 1466/ INTEGRATED CIRCUIT
MC1566 integrated circuit voltage and current regulator is designed to

give “laboratory’’ power-supply performance.

® Voltage/Current Regulation with Automatic Crossover
. . CERAMIC PACKAGE
® Excellent Line Voltage Regulation, 0.01% +1.0 mV CASE 632
® Excellent Load Voltage Regulation, 0.01% +1.0 mV To-116
® Excellent Current Regulation, 0.1% +1.0 mA
® Short-Circuit Protection
® Output Voltage Adjustable to Zero Volts ORDERING INFORMATION
e Internal Reference Voltage Device Temperature Range Package
e Adjustable Internal Current Source MC1466L 0°C 10 +70°C Ceramic DIP
MC1566L —550C to +125°C Ceramic DIiP
TYPICAL APPLICATIONS
FIGURE 1 — 0-TO-15 VDC, 10-AMPERES REGULATOR FIGURE 2 — 0-TO-40 VDC, 0.5-AMPERE REGULATOR
wrsgsss 012
4 4
+ + 50 Vdc
2N3055| 2N3055
I oR T 0
01 EQuIv EQuIv
* T W
3
AN S
] ‘ (o
‘ } 7 |l
i 7 10 100 01 0
*—0 ¢ e nagon il 0s
30 30 30 20 1 CURRENT j[g;mm 30 3? 9b 2 12 on Eou
85+ 18k 500 )';lnjl\}Sf EQUIV 0075‘ N > 85k 18k 500 o
15k o 1N400T v,
VOLTAGE W000uF IR AL 0 o ké 0R EQUIV s0ufF 3= R g
ADJUST Puns 1 306 & i CONNECON I 1 ¥ —i¢- Pins 1 and & no conuection L :\: l

FIGURE 3 - 0-TO-250 VDC, 0.1-AMPERE REGULATOR FIGURE 4 — REMOTE PROGRAMMING

1N4005 OR EQUIV " ai
M 5 MJE30 OR EQUIV B Wi
. +275 Ve .
s ] © i o
o1 uF ]
3 MIa13
s ro 3 oR 3 MC1466 280 pF
13 MC1466 25 Ve MC1566
240 pF Ton |EQUIV n
25 Ve MC1566 " o
ro
7 10
7 10 - ——0 a
-o—o] 1N4001 crs Y s
orcauvy 28 ) ) 7
85§ 3§ 90 20 12 cR2
D ? o R > 18K 500 -
> 85k 18k 500 - WeoT vy - . b
INA001 €L v - R=VYp 20 FOR V<20 Vde, R0 L -
300k OR EQUIV 10uF A o i« ( s 3 . R=0) I 3 l
—¢— Puns 1 and 4 no connection I 1 = = = =
= = = = Pins 12,3, and 4 no connection
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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 5 = +50°C UZIN 6.0 mw/°c
Operating Temperature Range TA “C
MC1466 Oto +70
MC1566 —55 to +125
Storage Temperature Range Tstg —65 to +150 oc
ELECTRICAL CHARACTERISTICS (Tp = +259C, V,,x = +25 Vdc unless otherwise noted)
Characteristic Definition Characteristic Symbol |Min Typ |Max Units
Auxiliary Voltage (See Notes 1 & 2) Vaux Vde
(Voltage from pin 14 to pin 7) MC1466 21 - 30
MC1566 20 - 35
w2222 Auxiliary Current laux mAdc
e onouy MC1466 - | 90 |12
] " MC1566 - 7.0 8.5
01
oF N3055 Internal Reference Voltage VIR Vdc
VI? Hogs: L& I OREIUV) (v itage from pin 12 topin7)  MC1466 17.3 | 182 |197
‘ O — MC1566 176 | 182 | 19
—o 3 Reference Current (See Note 3) lref mAdc
30 30 98 2 718k | 10k MC1466 0.8 1.0 1.2
o ?m:mm% MC1566 o9 | 10 |14
6 L i’\ ' |Input Current-Pin 8 Ig uAdc
| Ge T §H e MC1466 - 60 | 12
) 7 MC1566 - 30 |60
Power Dissipation Pp mw
MC1466 - — 360
MC1566 - - 300
Input Offset Voltage, Voltage Control Viov mVdc
Amplifier (See Note 4) MC1466 [ 15 40
MC1566 3.0 15 25
14 Load Voltage Regulation AVioy
% (See Note 5) MC1466 - 1.0 | 30 mv
ﬁ; MC1566 - 0.7 1.0
Vaun Hees: MC1466 |AV ef/Vref| — | 0.015 [0.03 %
1 " MC1566 - | 0.004 |0.01
7 10 Re Line Voltage Regulation AVioy
- @—0-
o ;l (See Note 6) MC1466 - | 10 [30] mv
5039 59 TR , MC1566 - 07 | 1.0
855kx 1% 18k 10k
J et Ve ol 7o MC1466 [AV ef/Vief| — | 0.0156 |0.03| %
- |our__: _5“ ."_! MC1566 - 0.004 | 0.01
= Temperature Coefficient of Output Voltage| TCy, %/°C
(Ta =010 +75°C) MC 1466 - oot | -
(Ta = —55 to +25°C) MC 1566 - | 0.006 | -
(Ta =+25 to +125°C) MC1566 - 0.004 -
2N2222
. N OR EQUIV Input Offset Voltage, Current Control Vioi mVdc
" Amplifier (See Note 4) MC1466 0 15 40
‘[f; I R s (Voltage from pin 10 to pin 11) MC1566 3.0 15 25
Vane -0 MC1566 Fo-T~
Lo
n
10 Vi
7w 7, Load Current Regulation Al
GT 2Q #1012 500 125 (See Note 7) MC1466 - — 0.2 %
BS5k21% 18k MC1566 - - 0.1
[—0/ G =< & .8
s mpwo ] rouf] Wl—i Vg_! mg:ggg Alpef - - }g mAdc
*Pins T and & o connection.
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NOTE 1:
The instantaneous input voltage, Vayx, 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 Vayx. must ~“float” and be
electrically isolated from the unregulated high voltage
supply. Vip.

NOTE 3:
Reference current may be set to any value of current
less than 1.2 mA%%bv applying the relationship:

Iref (mA) = =—

R1 (k)
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 AVief, where AVjgy is the
change in input offset voltage (measured between pins 8
and 9) and AV(ef is the change in voltage 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 Vioy (1)
and Vref (1)
b. Close S1, adjust R4 so that |4 = 500 gA and note
Viov (2) and Vref (2).
Then AVigy = Vioy (1) =~ Viov (2)
% Reference Regulation =

(Vref (1) — Vref (2)) _BVref
e et 2l (100%) Vor (100%

Load Voltage Regulation =

AVret (100%) + AVioy -
Vref
NOTE 6:
Line Voltage Regulation is a function of the same two
additive components as Load Voltage Regulation, AV oy
and AVef (see note 5). The measurement procedure is
a. Set the auxiliary voltage, V4,x. to 22 volts for
the MC 1566 or the MC1466. Read the value of
Viov (1) and Vyef (1)- .
b. Change the V,,,, to 28 volts for the MC1566 or
the MC1466 and note the value of Vi, (2) and
Vyef(2)- Then compute Line Volitage Regulation:

AViov = AViov (1) — Viov (2)
% Reference Regulation =
— \Y
[ Vref (1) = Vref (2)) (100%) = AVyet (100%)
Vref (1) Vref
Line Voltage Regulation =

\Y
AVref (100%) + AVioy -
Vret
NOTE 7:
Load Current Regulation is measured by the following
procedure:
a. With S2 open, adjust R3 for an initial load current,
1L(1). such that V, is 8.0 Vdc.
b. With S2 closed, adjust RT for Vo = 1.0 Vdc and read
1L(2)- Then Load Current Regulation =
(L@ =yl
L
where lref is 1.0 mAdc, Load Current Regulation is
specified in this manner because lyef passes through
the load 1n a direction opposite that of load current
and does not pass through the current sense re-

(100%) + lref

sistor, Rg.
FIGURE 5
CURRENT BLOCK DIAGRAM
INTERNAL O 12 1 2 ¢
REGULATED SET 9 be
VOLTAGE | w185V [ | ——— ]
14 I 1 YT ) d | 5
W, O————] ———o0 outeur
aux INTERNAL REFERENCE VOLTAGE CURRENT UTPUT
VOLTAGE L{ "cuRRent CONTROL CONTROL AMPLEIER
wreanaL B3 REGULATOR SOURCE AMPLIFIER AMPLIFIER 6
coMPENSATION § | 0
- p wm T T T COMPENSATION
Vaux O t— T T | 1 o
3 s e tTBY onw on
CURRENT VOLTAGE CURRENT
SOURCE SENSE INPUT SENSE INPUT
1
. on 10 o1 CIRCUIT SCHEMATIC 0
14 —‘\M'j
O
750
30k l 75k
13 K 43k 15k
i3 che Y 196Kk 80
s 4 15k
. cR6 Y 5
wbll Sy | »
] [N s
Va2
378 4
Ry
15k
Ry 16k 550
4 15k 30 30
qF CR1
125V K‘ 1
22k
4 1" k{ ? 18k
7
O-
>
L
s00L_yq 15003
3 8 o9 on 0
INTERNAL REFERENCE VOLTAGE CURRENT oR ouTeuT
VOLTAGE CURRENT CONTROL CONTROL AMPLIFIER
REGULATOR SOURCE AMPLIFIER AMPLIFIER
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MC1468
MC1568

DUAL £15-VOLT 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.

DUAL £15-VOLT
TRACKING REGULATOR

SILICON MONOLITHIC
INTEGRATED CIRCUIT

(bottom view)

CASE 603C
METAL PACKAGE
TO-100
G SUFFIX

® 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 Output 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)
CIRCUIT SCHEMATIC
vee
o
47
Tk ik ﬁ)\/a‘
-O SENSE (+)
2(4)
'Y
x
100 k 4k
COMPEN (+) 7 @
¥ T
rak = (L package only)
] “
2
21 g K S
x ’ 200 b0 SENSE ( )
Ik-] 60100
-4 | Vo
L L L L E
9k
VEE
Lo .
5(8) VOLTAGE
GNDO10(1) ADJUST O © COMPEN( }
9(14) 8(12)

Pin numbers adjacent to termnals are for the G
and R suffix packages only P numbers i pa
rentheses are for the L suffix package only

Pin 10 15 ground for the G suffix package only
For the R package, the case is ground

(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 10 +70°C Metal Can

MC1468L 0°Cto +70°C Ceramic DIP
MC1468R 0°Cto+70°C Metal Power
MC1568G —55°C to +125° C Metal Can

MC1568L ~55° C to +125° C Ceramic DIP
MC1568R —55°C to +125°C Metal Power
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MAXIMUM RATINGS (T = +25°C unless otherwise noted.)

Rating Symbol Value Unit
Input Voltage vee | Veel Vdc
30
Peak Load Current Ipk 100 mA
Power Dissipation and Thermal Characteristics G Package | R Package | L Package
Ta = +25°C Pp 0.8 2.4 1.0 Watts
Derate above Ta = +25°C 1/6 5A 6.6 285 10 mw/°c
Thermal Resistance, Junction to Air 0JA 150 35 100 oc/w
Tg = +25°C Pp 2.1 9.0 25 Watts
Derate above T¢ = +25°C 1/84c 14 61 20 mwW/°cC
Thermal Resistance, Junction to Case 0JC 70 17 50 oc/w
Storage Junction Temperature Range TJ,Tstg -65 to +175 oc
Minimum Short-Circuit Resistance Rgcimin) 4.0 Ohms
OPERATING TEMPERATURE RANGE
Ambient Temperature TA oc
MC1468 0to +70
MC1568 -55 to +125

ELECTRICAL CHARACTERISTICS (Vce = +20V, Vg = 20V, C1 = C2 = 1500 pF, C3 = C4 = 1.0 uF, Rgct = Rgc™ = 4.0 02,
ILY = 1" =0, T = +26°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 +152 | +145 +15 +15.5 Vdc
Input Voltage Vin - - +30 - - +30 Vdc
Input-Output Voltage Differential |Vin-Vo! 2.0 - - 2.0 - - Vdc
Output Voltage Balance VBal - 150 +150 - +50 +300 mV
Line Regulation Voltage Regijn mV
(Vin =18 V t0o 30 V) - - 10 - - 10
(Tiow™t0 Thigh - - 20 - - 20
Load Regulation Voltage Reg| mV
(I =0t0 50 mA, T = constant) - - 10 - - 10
(TA = Tiow 10 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 - +20
Ripple Rejection (f = 120 Hz) RR - 75 - — 75 - dB
Output Voltage Temperature Stability | TSVO | %
(Tiow to Thigh! - 0.3 1.0 - 0.3 1.0
Short-Circuit Current Limit Isc mA
(Rgc = 10 ohms) - 60 - - 60 -
Output Noise Voltage VN uV(RMS)
(BW = 100 Hz - 10 kHz) - 100 - - 100 -
Positive Standby Current |B+ mA
(Vin = +30 V) - 2.4 4.0 - 24 4.0
Negative Standby Current g~ mA
(Vin=-30V) - 1.0 3.0 - 1.0 3.0
Long-Term Stability aVo/at - 0.2 - - 0.2 - %/k Hr

@ Tiow = 0°C for MC1468

@ Thigh = +70°C for MC1468

= -55°C for MC1568 = +125°C for MC1568
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TYPICAL APPLICATIONS
FIGURE 2 - VOLTAGE ADJUST AND
FIGURE 1 — BASIC 50-mA REGULATOR BALANCE ADJUST CIRCUIT
. (145 V<V, <20 V)
- ¢ 'V0
Rsc* sy Rsc* g
3(5) 2(a) does —.— . °
vo* SENSE ( T row
B
WRUT () . 0 ) o @2 3(5) 24 Oera 39k
——e—o—vee COMPEN (+) Vo' SENSE(+) Vg
20V L, 1500 pF INPUT (4] " rw 20k
L MC1568 10(1) *—o0—V COMPEN (+
- MC1468  GND}—C- @ GND a(7) € " 1500 pF 39k
v = RCm spz O meises ool 1040 GND
——0— vee COMPEN (-)—0—]¢—— MC 1468 ° ¢ hd
INPUT (-) 5(8) vo- SENSE (1) 1500 pF INPUT (-) 8(12)
2 - docq &—O0— Ve COMPEN (-) *1_ca
o 5(8) 1500 pF T 10uF
6(10) 701 H VO™ SENSE () Balag
47
—o V0 [v]) 100k &
AsC - -5V snu){ izm) 3
A

C1 and C2 should be located as close €3 and C4 may be increased to improve load ve

1o the device as possble A 01 uF ceramic  transient response and to reduce the output Rsc” Vo
capacitor (Cin) may be required on the nput noise voltage At low temperature operation, it
lnes 1f the device 15 located an appreciable  may be necessary to bypass C4 with a 0 1 uF Balance adjust available in MC1568L, MC1468L ceramic
distance from the rectifier filter capacitors ceramic disc capacitor duat in line package only
FIGURE 3 — +1.5-AMPERE REGULATOR FIGURE 4 — OUTPUT VOLTAGE ADJUSTMENT
(Short-Circuit Protected, with Proper Heatsinking) FOR 80V < Itvo l< 145V
(Metal-Packaged Devices Only, R Suffix) (Ceramic-Packaged Devices Only, L Suffix.)
Rsc*
INPUT (+) M 2955
(+20vw0+30y)  OREQUIV Rsc* Vo
; s ® +15 Vdc 5 4 ® Vg
|+ 03392 SRl
104F 4 20w INPUT (+) 1 [Vor SENSE() 14 LU
3
*————O0—] v
= +
=0 uF _[——O—{COMPEN (+) SR2
=
4 3 2 T 1500 pF 1 MC1568L 2
GND  mC1468L  Balag) [—O-
1500 pF
vee Vgt SENSE()] 1 =
compeN (1[04 Lg—‘ COMPEN () 4
1500 pF =
_06VvV MC1568R @——————O0—{ VEE
Ise = ep MC148R GND e 1 INPUT () 8§ | Voo SENSE() e
COMPEN ( )‘—0"%‘— = 3
VEE vg- SENSE( )| § 10 o
1500 pF N Rsc
5 6 7 A< 10 .F b PR
£1 The presence of the Balady, pin 2, on devices Some common design values are listed below
10 of = housed in the dual in line package (L suffix) allows N 0
T the user to adjust the output voltages down to Vov) B2 TgVo (4/9C) g+ (mA)
47 +80 V The requured value of resistor R2 can 1412k 0003 10
1 . calcutated from 12 18k 0022 72
Rsc 10 35k 0025 50
—ANA— Vevlﬁvdc R2- R1Rpntlo+ Vg 80 o 0028 26
'Nz"UvT( ) IN3055 OICLSVSVI Vo Rint (VQ - - Vz) -0 RT
VO30V o equiy Where Ryt = An Internal Resistor = R1 = 1 ke2
0=068V
V=66V
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OUTPUT VOLTAGE DEVIATION (mV)

1L, IL”, TOTAL LOAD CURRENT (mA)

IS¢, SHORT-CIRCUIT CURRENT (mA)

TYPICAL CHARACTERISTICS
(Vee = +20 V, VEg = -20 V, Vg = £15 V, Tp = +25°C unless otherwise noted.)

FIGURE 5 — LOAD REGULATION

FIGURE 6 — REGULATOR DROPOUT VOLTAGE

w40
(3]
s RSC = 4.0 OHMS
0 ﬁ\‘\ :w:GATlVE OUTPUT -550C < TA < +1250C g AVQ <100 mV
1.0 ~ — S5z 30 ! Jr
\‘ —— == POSITIVE REGULATOR, L
20 o>
< +25%C<TA<+1250C £ By _—
g l/ ]
3.0 o El= 2.0 ] —
40 > § = —_
Aok - 4 0 OHMS POSITIVE 0UTPUT 2T z & NEGATIVE REGULATOR
| _Rsc= _ ~ =)
5.0 T)-Ta TA = -550C : 10
60 >
€
>
7.0 -0
0 20 ) 60 80 100 0 20 ) 60 80 100
IL. LOAD CURRENT (mA) IL. LOAD CURRENT (mA)
FIGURE 7 — MAXIMUM CURRENT CAPABILITY FIGURE 8 — MAXIMUM CURRENT CAPABILITY
200 200 .
| RN \ \ ! lr \ N
' ! A z L PACKAGE—~ N
160 ——Vin-Vo =30V \ \ g £ 150 \ \ A <
Voo - Vee| \ A = AVAN | .
v w W = 3
G PACKAGE <P 1 < Nk 6 PACKAGE ] N <
120 —~ ‘ = 120 \\ ~NJ
L NO HEATSINK \ \ 2 | _Vce=!IVEE! \
— — — INFINITE HEATSINK \\A/ A g I \\\\ A PACKAGE ——1
80 } 280 } <]
<
LPACKAGE =]\ E | ——— NOHEATSINK N
A PACKAGE N i = — — — INFINITE HEATSINK
40 DO =40 =
(MC 1468) NN\ 5
o MC1568) .
55 25 0 25 750 75 +100 4125 0 20 40 60 80 10 12 14 6
Ta, AMBIENT TEMPERATURE (°C) {Vin-Vo |, INPUT-OUTPUT VOLTAGE DIFFERENTIAL (V)
FIGURE 9 — Igc versus Rgc FIGURE 10 — CURRENT-LIMITING CHARACTERISTICS
100 100
90 \
80 80
<
7 E
0 Ty=250C = e Rgc = 10 OHMS
60 & 60
N £ ——
50 N 5
a0 AN 2 4
20 \\ é i Rs( = 20 OHMS
30 ~
\ 5 F\.\
20 = 2 B—
10
0 0
0 40 80 12 16 20 % 28 32 15 50 25 0 125 +50  +15  +100 125

RsC, SHORT-CIRCUIT RESISTOR (OHMS)

T4, JUNCTION TEMPERATURE (°C)

241




MC1468, MC1568

I, INPUT CURRENT (mA)

THERMAL SHIFT (%/9C,

OUTPUT VOLTAGE DEVIATION, 20 mV/DIV

TYPICAL CHARACTERISTICS (continued)
(Vog =+20 V, VEE =-20 V, Vg =15 V, T = +25°C unless otherwise noted.)

FIGURE 11 — STANDBY CURRENT DRAIN

50
—Vee =1 VEE !
4.0
3.0 POSITIVE STANDBY CURRENT
S -550C
.__——-L—,f-, +250C 7
2.0 ] ya
) 7 +1250C
-550C
10 = 260C —
| NEGATIVE ——J£” +1259C
STANDBY cunism%
16 18 20 22 2% 26 28 30 32

£V, INPUT VOLTAGE (£V)
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@ MOTOROLA

MC1469
MC1569

Specifications and Applications Information

MONOLITHIC VOLTAGE REGULATOR

The MC1569/MC1469 is a positive voltage regulator designed to
deliver continuous load current up to 500 mAdc. Output voltage is
adjustable from 2.5 Vdc to 37 Vdc. The MC1569 is specified for
use within the. military temperature range (—55 to +125°C) and the
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 MC1563 negative
voltage regulator. Systems requiring both a positive and negative
regulated voltage can use the MC1569 and MC1563 ascomplementary
regulators with a common input ground.

® Electronic ‘“Shut-Down’’ Control

® Excellent Load Regulation (Low Output Impedance — 20 milli-
ohms typ)

® High Power Capability: up to 17.5 Watts
® Excellent Temperature Stability: +0.002 %/°C typ
e High Ripple Rejection: 0.002 %/V typ

FIGURE 1—+15 V, £400 mA COMPLEMENTARY TRACKING
VOLTAGE REGULATOR
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FIGURE 2 — TYPICAL CIRCUIT CONNECTION
135 <V <37 Vdc, 1 < <500 mA)

FIGURE 3 — TYPICAL NPN CURRENT BOOST CONNECTION
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MC1469, MC1569

Rating Symbol Value Unit
Input Voltage Vin Vdc
MC1469 35
MC1569 40
G Package | R Package
Peak Load Current P 250 600 mA
Current, Pin 2 Ipin 2 10 10 mA
Current, Pin 9 lpin9 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)A 5.44 24 mW/°C
Thermal Resistance, Junction to Air 6JA 184 41.6 °c/w
Tg=+25°C Pp 1.8 14 Watts
Derate above T = +25°C 1/8c 14.4 140 | mw/°C
Thermal Resistance, Junction to Case 64c 69.4 7.15 oc/w
Operating and Storage Junction Temperature Ty Tsig -65 to +160 °c
OPERATING TEMPERATURE RANGE
‘Ambient Temperature TA oc
MC1469 0to +70
MC1569 -55 to +125
ELECTRICAL CHARACTERISTICS
(Tc = +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 ~ 1 Thigh Q)
Output Voltage Range 4,5 Vo 25 - 37 25 — 32 Vdc
Reference Voltage (Pin 8 to Ground , V;, = 15V 4 Vref 34 3.5 3.6 3.2 3.5 3.8 Vdc
Minimum Input-Output Voltage Differential 4 2 Vin—Vo| — 21 2.7 — 2.1 3.0 Vdc
(Rgc =0)
Bias Current (V;, = 15V) 4 Iig - 4.0 9.0 - 5.0 12 mAdc
(I = 1.0 mAdc, Rp = 6.8k ohms, I} = lin- L)
Output Noise 4 VN - 0.150 - — 0.150 — | mV(rms)
(Cy =0.1 uF, f= 10 Hz to 5.0 MHz)
Temperature Coefficient of Output Voltage 4 3 TCVo - +0.002 - — 1+0.002 - %/°C
Operating Load Current Range mAdc
(Rsc < 0.3 ohms) R Package 4 I 1.0 - 500 | 1.0 | - 500
(Rgc < 2.0 ohms) G Package 1.0 - 200 | 1.0 - 200
Input Regulation 6 4 Regin - 0.002 0015 | — 0.003 [0.030] %/Vo
Load Regulation 7 5 Regjoad
(T = Constant [1.0 mA=I <20 mA]) - 0.4 1.6 - 0.7 2.4 mV
(Tc = +259C [1.0 mA=I =50 mA]) R Package - 0.005 0.05 - 0.005 0.05 %
G Package — 0.01 0.13 - 0.01 0.13
Output |mpedance 8 6 z0 - 20 - — 35 — | milliohms
(Cc = 0.001 uF, Rgc = 1.0 ohm, f = 1.0 kHz,
Vin = +14 Vdc, Vg = +10 Vdc)
Shutdown Current 9 Isd - 70 150 - 140 500 uAdc
(Vin = +35 Vdc)

@ Tiow = 0°C for MC 1469
= -55°C for MC1569

@ Thigh =+70° Cfor MC1469
= +125°C for MC1569
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MC1469, MC1569

Note 1. “Mimimum Input Voltage' is the minimum total instan- where vg is the change in the output voltage Vo for
taneous Input voltage’” required to properly bias the in- the input change v,p,.
ternal zener reference diode. For outputvoltages greater ) i
than approximately 5.5 Vdc the minimum “‘total instan- The following example illustrates how to compute
taneous input voltage” must increase to the extent that maximum  output voltage change for the conditions
it will always exceed the output voltage by at least the given:

“input-output voltage differential”. Regjy = 0.015 %/Vg
. Vo =10 Vdc

Note 2. This parameter states that the MC1569/MC1469 wiil = 1.0 V(rms)
regulate properly with the input-output voltage differ- :m= F(eg- )r(r\]/s ) el
ential (Vin — V(@) as low as 2.7 Vdc and 3.0 Vdc o~ HinJin. 0
respectively. Typical units will regulate properly with = (0.015) (1.0) (10)

(Vin — Vo) as low as 2.1 Vdc as shown in the typical 100
column. (See Figure 21.) =0.0015 V(rms)

Note 3. “Temperature Coefficient of Output Voltage' is defined Note 5.  Load regulation is specified for small (<+17°C) changes
as: . . in junction temperature. Temperature drift effect must
MC1569. TGV = % (Vg max — Vg min) “00)_ o /0 be taken into account separately for conditions of high

' o~ (180°C) (Vo @ 25°c) %/°C junction temperature changes due to the thermal feed-
back that exists on the monolithic chip.
* (Vg max — Vg min) (100) VollL =1 —| =
MC1469, TCVQ = o7 o M = %/°C Load Regulation <+ o|'L = 1.0 mA-[VoliL = 50 mA]
(75°C) (Vg @ 25°C) 9 Vo[iL=10mA X100

The output-voltage adjusting resistors (R1 and R2) must . . ) .
have matched temperature characteristics in order to Note 6. The resulting low level output 5|gnz?l (vg) wn!l require the
maintain a constant ratio independent of temperature. use of a tuned voltmet.er to obtain a reading. Special
K care should be used to insure that the measurement tech-

Note 4. Input regulation is the percentage change in output nique does not include connection resistance, wire re-
voltage per volt change in the input voltage and is sistance, and wire lead inductance (i.e., measure close to
expressed as the case). Note that No. 22 AWG hook-up wire has approx-

vo imately 4.0 milliohms/in, dc resistance and an inductive
Input Regulation = =———— 100 (%/V (), reactance of approximately 10 milllohm§/in. at 100 kHz.
P 9 Vo (vip) (% o Avoid use of alligator clips or banana plug-jack combination.
TEST CIRCUITS
FIGURE 4 — CONNECTION FOR Vg >>3.5 Vdc FIGURE 5 — CONNECTION FOR 2.5 Vdc 2>V <3.5 Vdc
{Rsg =27 ohms unle noted)
,lelv s s ohms unless otherwise noted| , e wo . _,1. . {Rgc = 2 7 ohms unless otherwise noted) hee o
*~—0—] n o0 —o— -
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MC1469, MC1569

GENERAL DESIGN INFORMATION

1. Output Voltage, Vg
a) For Vg 2 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) k§2

b) For 2.5 < 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:

R2~2 (Vo) k§2
R1~ (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.
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, |
Short Circuit Current, lg, is determined by Rge. Rge may
be chosen with the aid of Figure 12 or the expression:

d

Rsc ~ 0.6 ohm

sC
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 grounq 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
Cc shouid be close to the MC1569/MC1469 with short lead
lengths.

4. Noise Filter Capacitor, Cpy
A 0.1 UF capacitor, Cyy, from pin 7 to ground will typically
reduce the output noise voltage to 150 UV (rms). The value
of Cy 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 Rgg:

Cp max z250_uF
RSC

where Rgc is measured in ohms. Values of C( greater than
this will degrade the pulse response characteristics and
increase the settling time.
6. Shut-Down Control

One method of turning “OFF’’ the regulator is to apply a
dc voltage at pin 2. This control can be used to eliminate
power consumption by circuit loads which can be put in
“standby’’ mode. Examples include, an ac 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",
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7. Remote Sensina

R1, RESISTANCE (k$2)

R1, RESISTANCE (k%2)

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 zg can.be greatly
reduced.

FIGURE 10 — R1 versus Vg
(Vg =3.5 Vdc, See Figure 4)
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FIGURE 11 — R1 and R2 versus Vg
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MC1469, MC1569

TYPICAL CHARACTERISTICS
Unless otherwise noted:  Cpy =0.1 UF, Cc = 0.001 uF, Co=1.0 uF, Tc = +25°C,

Vin nom = +9.0 Vdc, Vg nom = +5.0 Vdc,
I >>200 mA for R package only.
FIGURE 13 — DEPENDENCE OF OUTPUT

IMPEDANCE ON OUTPUT VOLTAGE FIGURE 14 — OUTPUT IMPEDANCE versus Rgc
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FIGURE 15 — FREQUENCY DEPENDENCE FIGURE 16 — FREQUENCY DEPENDENCE
OF INPUT REGULATION, Cq = 10 uF OF INPUT REGULATION, Cg = 2.0 uF
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FIGURE 17 — CURRENT-LIMITING CHARACTERISTICS FIGURE 18 — BIAS CURRENT versus INPUT VOLTAGE
1.03 50
1.02 I T
] Ty =+750C AND +1250C
< 1o
S 100 g \
> <
5 099 \ £ o )\TL‘+25°C
e B9 = — B
= = /
3 098 Rsc = 6.8 ohms g 45 ;/\\‘
(=]
SRLY 3 Ty=09¢
é 096 = L i=10mA \\
] 2=6.8k
S 095 = | R Ty =-550C
N e — -
0.01
NI w0
0 20 40 60 80 100 0 5.0 10 15 20 25 30 3% 40
1L, LOAD CURRENT (mA) Vin, INPUT VOLTAGE (VOLTS)

247




MC1469, MC1569

TYPICAL CHARACTERISTICS (continued)

Unless otherwise noted:

Cn = 0.1 4F, C¢ = 0.001 uF, Co = 1.0 uF, Tg = +25°C,

Vin nom = +9.0 Vdc, Vo nom = +5.0 Vdc,

1 >200 mA for R package only.

FIGURE 19 — EFFECT OF LOAD CURRENT ON
INPUT-OUTPUT VOLTAGE DIFFERENTIAL
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@ MOTOROLA

MC1723
MC1723C

MONOLITHIC VOLTAGE REGULATOR

The MC1723 is a positive or negative voltage regulator designed
to deliver load current to 150 mAdc. Output current capability can
be increased to several amperes through use of one or more external
pass transistors. MC1723 is specified for operation over the military
temperature range (-55°C to +125°C) and the MC1723C over the
commercial temperature range (0 to +70°C)

® Qutput Voltage Adjustable from 2 Vdc to 37 Vdc
® Qutput Current to 150 mAdc Without External Pass Transistors
® 0.01% Line and 0.03% Load Regulation
® Adjustable Short-Circuit Protection
FIGURE 1 — CIRCUIT SCHEMATIC
vee Ve
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500 }Zﬁk 1k
v
N
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PIN NUMBERS ADJACENT TO TERMINALS ARE FOR THE METAL  PACKAGE
PIN NUMBERS (N PARENTHESIS ARE FOR DUAL IN LINE PACKAGES

VOLTAGE REGULATOR

SILICON
MONOLITHIC

INTEGRATED CIRCUIT

1

ANANNNN
(topViOW)
TV VY VYV

PSUFFIX %
PLASTIC PACKAGE
1 CASE 646
(top view)
G SUFFIX
METAL PACKAGE
CASE 603
(TO-100 Type)
L SUFFIX
1 CERAMIC PACKAGE
CASE 632
(TO-116)
ORDERING INFORMATION
Device Alternate T"'g':’;‘“” Package

MC1723CG|LM723CH, nA723HC| 0°C to 70°C Metal Can

MC1723CL| LM723Cy, pA723DC| 0°C to +70°C Ceramic DIP

MC1723CP [ LM723CN, tA723PC| 0°C to +70°C Plastic DIP

MC1723G6 - ~550C to +1250C [Metal Can
MC1723L — -55°C to +125°C |Ceramic DIP
FIGURE 2 — TYPICAL CIRCUIT CONNECTION FIGURE 3 — TYPICAL NPN CURRENT BOOST CONNECTION
(1< Vg<37)
(12) 8 60100 Rsc
Vin VWA Vo Rgc =033
an7 1u|z)l e Vo= *15 Ve
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w [@ ) Sm lon 10
i 2@ ] 143)
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&3 o 'LTWUVF MC1723¢) 12k
01ufF 3

?‘ﬁ Cref® 9(13) 2R alls (6) 4 24
J M 5_{ J [ ()3 1 *mom:

= = = 9(13) 10k

R1+R2 Vsense _ 066 J
27— IS¢ = = o= atT)=+250C 5 (7

vo ( "2 ) € Rse “Asc " | " i

For best results 10 k < R2 < 100 k

For mimimum dnft R3 = R11IR2
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MC1723, MC1723C

MAXIMUM RATINGS (T = +25°C unless otherwise noted.)

Rating Symbol Value Unit
Pulse Voltage from V¢ to VEE (50 ms) Vin(p) 50 Vpeak
Continuous Voltage from V¢ to VEE Vin 40 Vdc
Input-Output Voltage Differential Vin — Vo 40 Vdc
Maximum Output Current L 150 mAdc -
Current from Vgf Iref 15 mAdc
Current from V, [ 25 mA
Voltage Between Non-Inverting Input and VEg Vie 8.0 Vdc
Differential Input Voltage Vid +5.0 Vdc
Power Dissipation and Thermal Characteristics
Plastic Package
Ta = +25°C Pp 1.25 w
Derate above T p = +25°C 1/6 A 10 mw/°c
Thermal Resistance, Junction to Air 0JA 100 oc/w
Metal Package
Ta = +25°C Pp 1.0 Watt
Derate above Tp = +25°C /6, 6.6 mW/°C
Thermal Resistance, Junction to Air 64A 150 o°c/w
Tc = +25°C ' Pp 2.1 Watts
Derate above Tp = +25°C 1/6,a 14 mWw/°c
Thermal Resistance, Junction to Case 04C 35 oc/w
Dual In-Line Ceramic Package Pp 1.5 Watt
Derate above T p = +25°C 1/64A 10 mw/°c
Thermal Resistance, Junction to Air 0JA 100 oc/w
Operating and Storage Junction Temperature Range Ty Tstg oc
Metal Package -65 to +150
Dual In-Line Ceramic and Ceramic Flat Packages -65 to +175
Operating Ambient Temperature Range TaA °c
MC1723C 0 to +70
MC1723 -55 to +125

ELECTRICAL CHARACTERISTICS (Unless otherwise noted: Tp = +25°C, Vi, 12 Vdc, Vg = 5.0 Vdc, I|_= 1.0 mAdc, Rgc =0,
C1 =100 pF, Cref = 0 and divider impedance as seen by the error amplifier < 10 kQ2 connected as shown in Figure 2)

MC1723 MC1723C
Characteristic Symbol Min Typ Max Min Typ Max Unit
Input Voltage Range Vin 9.5 - 40 9.5 = 40 Vdc
Output Voltage Range Vo 2.0 — 37 2.0 — 37 Vdc
Input-Output Voltage Differential Vin—Vo 3.0 - 38 3.0 - 38 Vdc
Reference Voltage Vyef 6.95 7.15 7.35 6.80 7.15 7.50 Vdec
Standby Current Drain (I|_=0, Vi, =30 V) T - 23 3.5 — 2.3 4.0 mAdc
Output Noise Voltage (f = 100 Hz to 10 kHz) VN 1V(RMS)
Cref =0 - 20 - - 20 -
Cref =5.0 uF - 2.5 = — 25 -
Average Temperature Coefficient of Output TCVo - 0.002 0.015 - 0.003 0.015 %/°C
Voltage (T)ow <TA <Thigh @)
Line Regulation Regin %Vo
v <y, < — . . - 0.01 0.1
(Ta =+25°C) {:g v 2 v <l§)\\l/ - g.g; g.; - 0?1 0.5
(Tiow ®<TA <Thigh @)
12v<v;, <15V - - 0.3 - - 0.3
Load Regulation (1.0mA<I <50 mA) Regjoad %VOo
Ta =+25°C - 0.03 0.15 - 0.03 0.2
Tiow D<TA <Thigh @ - - 0.6 - - 06
Ripple Rejection (f =50 Hz to 10 kHz) Reir dB
Cref =0 - 74 - - 74 -
Cref = 5.0 uF - 86 - - 86 —
Short Circuit Current Limit(Rgc =109, Isc — 65 — - 65 — mAdc
Vo =0)
Long Term Stability aVg/at - 0.1 — — 0.1 — %/1000 Hr

@D Tiow = 0°C for MC1723C
= -65°C for MC1723

@Th~ h = +70° C for MC1723C
ig o
=+125°C for MC1723
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MC1723, MC1723C

TYPICAL CHARACTERISTICS
(Vin =12 Vdc, Vg = 5.0 Vdc, 1= 1.0 mAdc, Rsc =0, Ta = +25°C unless otherwise noted.)

FIGURE 4 — MAXIMUM LOAD CURRENT AS A FUNCTION
OF INPUT-OUTPUT VOLTAGE DIFFERENTIAL
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FIGURE 6 — LOAD REGULATION CHARACTERISTICS
WITH CURRENT LIMITING
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FIGURE 8 — CURRENT LIMITING CHARACTERISTICS
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FIGURE 5 — LOAD REGULATION CHARACTERISTICS

WITHOUT CURRENT LIMITING
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FIGURE 9 — CURRENT LIMITING CHARACTERISTICS

AS A FUNCTION OF JUNCTION TEMPERATURE
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MC1723, MC1723C

OUTPUT VOLTAGE DEVIATION (mV)

TYPICAL CHARACTERISTICS (continued)

FIGURE 10 — LINE REGULATION AS A FUNCTION FIGURE 11 — LOAD REGULATION AS A FUNCTION
OF INPUT-OUTPUT VOLTAGE DIFFERENTIAL OF INPUT-OUTPUT VOLTAGE DIFFERENTIAL
+0.2 +0.1 l ]
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RN 2 o
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s S -0 ~
& s N
£ g
o«
-0.1 -0.2
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FIGURE 12 — STANDBY CURRENT DRAIN AS
A FUNCTION OF INPUT VOLTAGE FIGURE 13 — LINE TRANSIENT RESPONSE
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FIGURE 15 — OUTPUT IMPEDANCE AS
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MC1723, MC1723C

TYPICAL APPLICATIONS

Pin numbers adjacent to terminals are for the metal. package;
pin numbers in parenthesis are for the dual in-line packages .

FIGURE 16 — TYPICAL CONNECTION FOR2< Vo< 7

FIGURE 17 — MC1723,C FOLDBACK CONNECTION

(12) 8 6(10)  Rsc (12) 8 60100 Rsc
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FIGURE 19 — +5 V, 1-AMPERE HIGH
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@ MOTOROLA

MC3420
MC3520

SWITCHMODE REGULATOR CONTROL CIRCUIT

The MC3520/3420 is an inverter control unit which provides all

the control circuitry for PWM push-pull, bridge and series type
switchmode power supplies.

These devices are designed to supply the pulse width modulated

drive to the base of two external power transistors. Other applica-
tions where these devices can be used are in transformerless voltage
doublers, transformer coupled dc-to-dc converters and other power
control functions.

The MC3520 is specified over the military operating range of

~559C to +125°C. The MC3420 is specified from 0°C to +70°C.

Includes Symmetrical Oscillator

On Chip Pulse Width Modulator, Voltage Reference,
Dead Time Comparator, and Phase Splitter

Output Frequency Adjustable (2 kHz to 100 kHz)
Inhibit and Symmetry Correction Inputs Available
Controlled Start-Up

Frequency and Dead Time are Independently Adjustable
(0% to 100%)

Can be Slaved to Other MC3420s
Open Collector Outputs
Output Capability 50 mA (Max.)

On Chip Protection Against Double Pulsing of Same Output
During Load Transient Condition

FIGURE 1-TYPICAL APPLICATION

SWITCHMODE REGULATOR
CONTROL CIRCUIT

SILICON MONOLITHIC
INTEGRATED CIRCUITS

P SUFFIX
PLASTIC PACKAGE
CASE 648
L SUFFIX
CERAMIC PACKAGE
CASE 620
Output 2
PIN CONNECTIONS Tnhibit/
—~_ Symmetry
R Correction
ext| 1 Input
Cext | 2 15 | Inhibit
Osc.
F/Fout E 14| Sutput
PWMoe [ 4 3] output 2
Rame 5 12] Ground
Vcontrol | 6 11{Output 1
Dead Time
Adjust |7 [10] vee
Ramp v,
o 8 9 ref

ORDERING INFORMATION

+10to 30 V
10k
jTom === o lra 10 2 16
i Inrush ; 11 o1 to
I current| 15 Base
i D‘elav‘ 1l 13 D.rive.
| Circuit | 9 7 1 2 6 5 8 3 12 Circuit
,_;" i i
e S l—l
< _ 120k =
A I v
[ t =
------ Livg = e
| - XB___1 0 Vsense
1Soft !
tR |Start 1=~ 5
{Cireuit] vy © lsgmse
= VR

DEVICE TEM:im"E'U"E PACKAGE
MC3420P 0to +70°C Plastic DIP
MC3420L 0to +70°C Ceramic DIP
MC3520L -55 to +125°C | Ceramic DIP
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MC3420, MC3520

MAXIMUM RATINGS

Rating Symbol MC3520 MC3420 Unit

Power Supply Voltage Vee 30 v
Output Voltage (pins 11 and 13) Vout 40 \
Oscillator Output Voltage (pin 14) Via 30 \
Voltage at pin 4 Va 2.0 \4
Voltage at pins 3and 8 V3, Vg 5.0 \
Voltage at pin 5 Vg 7.0 A\
Power Dissipation Pp See Thermal Information
Operating Junction Temperature Ty oc

Plastic Package - 125

Ceramic Package 150 150
Operating Ambient Temperature Range TA -55t0 +125( 0to +70 oc
Storage Temperature Range Tstg |-66to +150 [-65to +150 °C

ELECTRICAL CHARACTERISTICS (Vcc =10 to 30 V, Tp = 25°C unless otherwise noted.)

MC3520 MC3420
Characteristic Figure Symbol Min I Typ ] Max Min [ Typ | Max UnitJ
REFERENCE SECTION
Reference Voltage 5 Vief 76 7.8 8.0 7.4 78 8.2 v
(Iref = 400 pA)
Temperature Coefficient of Reference Voltage 5 TCVyef - 0.008 | 0.03 - 0.008 | 0.03 | %/°C
(Vee =15 V, lref = 400 wA)
Input Regulation of Reference Volitage 5 Reg(in) mV/V
(lref = 400 pA) - 3.0 75 - 40 75
(Iref = 1.0 mA) - 5.0 — - 5.0 -
DC SUPPLY SECTION
Supply Voitage 5 Vin 10 - 30 10 — 30 \
Supply Current 5 Ip - - 16 - - 22 mA
(Rext = 10 k€, excluding load and current and
reference current)
OSCILLATOR SECTION
Line Frequency Stability 5
(f = 20 kHz) af - —_ 3.0 - - 5.0 %
(f = 20 kHz, Vg = 15 V, Tiow 10 Thigh! af - 0.03 - - 0.04 - %/°C
Maximum Output Frequency 6 fmax 100 200 - 100 200 - kHz
(Veec=15V)
Minimum Output Frequency 6 fmin - 20 5.0 - 2.0 5.0 kHz
(Vec=15V)
Oscillator Output Saturation Voltage 1 Vosc(sat) - 0.2 05 - 0.2 05 Vv
(114 sink = 5.0 mA)
OUTPUT SECTION
Output Saturation Voltage 7 VCE(sat) \
(I =40 mA, Thigh to Tiow) - 0.33 05 - 0.33 05
(I =25 mA, Thigh to Tiow) - 0.22 - - 0.22 -
Qutput Leakage Current 8 IcE - - 50 - - 50 uA
(Vcg =40V, pins 11 and 13)
COMPARATOR SECTION
Pulse Width Adjustment Range 9 APW 0 - 100 (] - 100 %
Dead Time Adjustment Range 9 ADT (4] - 100 0 - 100 %
Temperature Coefficient of Dead Time — TCDT 0.1 - - 0.1 — %/°C
Comparator Bias Currents 12,13 hB - 5.0 15 - 5.0 15 KA
14 T - 10 30 - 10 30 | wA
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MC3420, MC3520

ELECTRICAL CHARACTERISTICS (continued)

MC3520 MC3420
Characteristic Figure Symbol Min I Typ I Max | Min | Typ I Max | Unit
AUXILIARY INPUTS/OUTPUTS
Ramp Voitage 5 v
Peak High Veamp(Hi) 6.5 6.0 6.5 55| 60| 65
Peak Low Vramp(Low) | 20 24 2.8 20| 24| 28
Ramp Voltage Change 5 AVramp 3.0 3.5 4.0 30| 35| 40 \
(Vramp Hi = Vramp Low)
Ramp Out Sink Current 5 Isink - 400 - - | 400| - LA
Ramp Out Source Current 5 Isource — 3.0 - - | 30| - mA
Inhibit Input Current — High 10 m - - 40 - — | 40 | »A
(ViH=2.0 V)
Tnhibit Input Current — Low 10 he - | -25 | -180 | — |-25 |-180| nA
(ViL=08V)
Symmetry Correction Input/Output 2 Inhibit Current — High 10 ISY/H - - 40 - - 40 HA
(Vgy =2.0 V, pin 16)
Symmetry Correction Input/Output 2 Inhibit Current — Low 10 Isy/L - -10 | -180 | — [ -10 [-180| nA
(Vgy =08V, pin 16)
F/Fout Source Current - Isource - 20 - - 20| - mA
OUTPUT AC CHARACTERISTICS (TA =Thigh, Vcc =+15V, f=20 kHz)
Rise Time 15 tr - 40 - - 40 — ns
Fall Time 15 tf - 150 - - 150 - ns
Overlap Time 15 tov - 275 - - | 275 - ns
Assymmetry 15 ton1 -ton2 - +1.0 - - {10} — %
(Duty Cycle = 50%) I
on1 -
NOTE:
Thigh = +125°C for MC3520
+70°C for MC3420
Tiow = -55°C for MC3520
0°C for MC3420
FIGURE 2—-EQUIVALENT CIRCUIT
Ramp Ramp PWM Oscillator
Out in  Vcontrol Out output  Vce
80 5 T T 6 49 14 T 10T
. Output 1
Py —0 11
. .
PWM
Q
Vret Ggﬂaer:‘a‘:or Ta
Output 2
Dead Dead 0 13
Time Time f
Adjust -_4+ —
o -
7 : ‘/ =
98 1324 34 lu 515 166 symmetry
Vret Rext Cext F/F Ground TARIBIt Correction
Out Input/Output 2 Tnhibit
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FIGURE 3 — CIRCUIT SCHEMATIC
(continued next page)
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(continued)

FIGURE 3 — CIRCUIT SCHEMATIC
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MC3420, MC3520

GENERAL INFORMATION

The internal block diagram of the MC3420 is shown in
Figure 2, and consists of the following sections:

Voltage Reference

A stable reference voltage is generated by the MC3420
primarily for internal use. However, it is also available
externally at Pin 9 (Vef) for use in setting the dead
time (Pin 7) and for use as a reference for the external
control loop error amplifiers.

Ramp Generator

The ramp generator section produces a symmetrical
triangular waveform ramping between 2.4 V and 6.0 V,
with frequency determined by an external resistor (Rext)
and capacitor (Cext) tied from Pins 1 and 2, respectively,
to ground.

PWM Comparator

The output of the ramp generator at pin 8 is normally
connected to Pin 5, RAMP IN. The PWM (pulse width
modulation) comparator compares the voltage at Pin 6
(Vcontrol) to the ramp generator output. The level of
Vecontrol determines the outputs’ pulse width or duty
cycle. The duty cycle of each output can vary, exclu-
sive of dead time, from 50% (when Vcontrol is at
approximately 2.4 V) to 0% (Vcontrol approximately
6.0V).

Dead Time Comparator

An additional comparator has been included in MC3420
to allow independent adjustment of system dead time or
maximum duty cycle. By dividing down Vyef at Pin 9
with a resistive divider or potentiometer, and applying
this voltage to Pin 7, a stable dead time is obtained for
prevention of inverter switching transistor cross conduc-
tion at high duty cycles due to storage time delays.

Phase Splitter

A phase splitter is included to obtain two 180° out of
phase outputs for use in multiple transistor inverter
systems. It consists of a toggle flip-flop whose clock
signal is derived by “ANDing” the output of the PWM
comparator and a signal from the ramp generator section.
This “AND" gate ensures that the outputs truly alternate
under control loop transient conditions. Better under-
standing of this feature and MC3420 operation may be
gained by studying the circuit waveforms, shown in
Figure 4.

FIGURE 4 — INTERNAL WAVEFORMS

Voltage at

Voltage at
Dead Time

Adjust

*High Level Corresponds to
Output Transistor
Saturation

LUy .

7 [

%6‘ \.\Q > on
>/ .& /| Normal Steady State

\,*Q N | Operation (Constant Power
o oxq‘ | Supply Input Voltage & Load)

\)& |
9

|
|
|
I
1
]
|

Illustration of Max. Duty Cycle

Prevention of ““Double- (Limited By )
Pulsed’’ Outputs During Dead Time Setting)
Transient Conditions (Low Input

Voltage and/or

f AND Gat
By Useo ate Heavy Output Load)

At F/F Clock Input
(Transient Output Load)

Ramp In, Ramp Out Tied Together (Pins 8 & 5)
PWM Out, Output 2 Inhibit Tied Together (Pins 4 & 16)




MC3420, MC3520

FIGURE 5 — STANDARD AC, DC TEST CIRCUIT
+30 V

10k L 0.0025 uF

2

i

1 1.0k
—O—9—A

13 1.0k +5.0 v
p—O
12
3 L =

TTL-Compatible
Frequency Meter

b
L———-’ + Peak Detector

FIGURE 6 — FREQUENCY LIMIT TEST CIRCUIT

+10Vv O

<

1 2
10k 3
T T 750 £,
1 Tw
—O A
15
L ——0— 750 £,
13 1
9 - N— ]
20k 6 7 (Ls ls Ls }12 01 kF
L +4.0V +6.0 vV
) T () G
+50V O +30vV = =

Note: Use voltage change on pins 6, 7 to change output states.
A voltage must always be present on pins 6 and 7.
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MC3420, MC3520

10 k
p

FIGURE 8 — OUTPUT LEAKAGE TEST CIRCUIT

+10VvO

-0 -
—on

11 : 10k

13 10k +40 V
| p—O
y—i7 5<L+4.o $8 ia 12 0.1 uF 3=
ul +3.0V v +6.0 V
Note: A voitage - .> ;( A - -
must always be
applied to O+s.0V
pins 6 and 7.
FIGURE 9 — OUTPUT DUTY CYCLE TEST CIRCUIT
+30V O
10k 0.0025 uF
10 k 16 =
1 2
1 1.0k
—O—¢———AVW————
13 1.0k +5.0 V
—o0 —AAA- 0
]
+1.0V (V) 0.1 uF
7 (0T) c [ ] (L
20k 7 6 12 > =
5 8 3 -
= 0+7.0V O+7.0V = -
b
1.0V
TYPICAL DUTY CYCLE TYPICAL DUTY CYCLE v v
versus DEAD TIME VOLTAGE || versus PWM VOLTAGE (V¢ontrot! 6 7
PIN7. % DUTY PIN 6. % DUTY Volts
DEAD TIME CYCLE Veontrot (V) CYCLE 100% Adjust
VOLTAGE (V) |(FOR EACH (DEAD TIME | (FOR EACH Dead Time 1.0 10
A = Pin 11 + Pin 13 = Logic "'1"
(Vecontrol =2.0 V)| OUTPUT) || VOLTAGE =1.0 V)| OUTPUT) Pulse Width 10 1o | ®m n ogic “'1")
20 50 20 50 0% Adjust
25 46 25 46 .
Dead T 7.0 1.0
30 40 30 40 ead Time (Pin 11)(Pin 13) = Logic 1"
35 33 35 33 Pulse Width 1.0 7.0
4.0 26 4.0 26
45 18 45 18 NOTE: Logic “1" is TTL-Compatible V4.
50 1" 5.0 1
55 40 55 4.0
6.0 0 6.0 0
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MC3420, MC3520

FIGURE 10 — INHIBIT/SYMMETRY TEST CIRCUIT
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FIGURE 11 — OSCILLATOR OUTPUT (pin 14) TEST CIRCUIT
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FIGURE 12 — Vgontrol BIAS CURRENT TEST CIRCUIT
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FIGURE 13 — DEAD TIME BIAS CURRENT TEST CIRCUIT
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FIGURE 14 — RAMP IN BIAS CURRENT TEST CIRCUIT
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FIGURE 156 — AC TEST CIRCUIT AND WAVEFORMS
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MC3420, MC3520

DRAIN CURRENT (mA) VE(sat), OUTPUT SATURATION VOLTAGE (VOLTS)

Ip, SUPPLY CURRENT (mA)

TYPICAL CHARACTERISTICS

FIGURE 16 — OUTPUT SATURATION VOLTAGE
versus LOAD CURRENT
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FIGURE 18 — DRAIN CURRENT versus
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FIGURE 20 — DRAIN CURRENT versus TEMPERATURE
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OPERATION AND APPLICATIONS INFORMATION

The Voltage Reference

The temperature coefficient of Vyef has been optimized
for a 400 uA (=20 kS2) load. If increased current capa-
bility is required, an op amp buffer may be used, as
shown in Figure 22.

FIGURE 22

Veef Vref

Dead Time

Figure 24 illustrates how to set or adjust the MC3420
outputs’ dead time or maximum duty cycle. For mini-
mum dead time drift with temperature or supply voltage,
Vp 7. should be derived from V ef as shown.

FIGURE 24

Vp.T.-2
4

Vret

Dead Time =~ :—(
o

where fg is the output

R
Dead Time 20 kQ frequency

Adjust

Output Frequency

The values of Rext and Cext for a given output frequency,
fo. can be found from:

fo =055 50K < Rexy <20k (Eq. 1)
Rext Cext

or from the graph shown in Figure 23,
Note that fy refers to the frequency of Output 1 (Pin

11) or Output 2 (Pin 13). The frequency of the ramp
generator output waveform at Pin 8 will be twice fg.

FIGURE 23
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Connections to the V., o o1 Pin

In many systems, it is necessary to make multiple con-
nections to the V¢ontrol Pin in order to implement
features in addition to voltage regulation such as current
limiting, soft start, etc. These can be made by the use of
a simple “diode-OR" connection, as shown in Figure 25.
This allows whichever control element is seeking the
lowest PWM duty cycle to dominate. Note that a re-
sistor, R1, whose value is < 50 k{2 is placed from the
Vcontrot Pin to ground. This is necessary to provide a dc
path for the PWM comparator input bias current under
all conditions.

The system duty cycle is given by:

Ve -2
ontrol
D.C. (%) = —a X 100 (Eq. 2)
FIGURE 25
IN4148's
to soft start circuit
s 1 |
Veontrol t? vo.ttage contro
circui
R1 to current limit
circuit
R1<50 k2
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Soft Start

In most PWM switching supplies, a soft start feature is
desired to prevent output voltage overshoots and magne-
tizing current imbalances in the power transformer
primary. This feature forces the duty cycle of the
switching elements to gradually increase from zero to
their normal operating point during initial system power-
up or after an inhibit. This feature can be easily imple-
mented with the MC3420. One method is shown in
Figure 26.

FIGURE 26

FIGURE 27
T
to control
circuitry
Q1
l + .

110 . Rg to power switching
Vac Rectifiers c1 _ section
-] _I T

Vee

c1

MPS-A70
im
D2y

= To Voltage

D3
T &
Inhibit O - Current
R1 Control
- Loops

R1<50 k2 % D1 - D4 IN4148

After an inhibit command or during‘power-up, the volt-
age on R1 and Pin 6 exponentially decays from Vcc
toward ground with a time constant of R1C1, allowing a
gradual increase in duty cycle. Diodes D2 — D4 provide
a diode-or function at the V¢ontrol Pin, while Q1 serves
to reset the timing capacitor, C1, when an inhibit com-
mand is received thereby reinitializing the soft-start
feature. D1 allows C1 to reset when power (Vcg) is
turned off.

Inrush Current Limiting

Since many PWM switching supplies are operated directly
off the rectified 110 Vac line with capacitive input
filters, some means of preventing rectifier failure due to
inrush surge currents is usually necessary. One method
which can be used is shown in Figure 27.

In this circuit, a series resistor, RS, is used to provide
inrush surge current limiting. After the filter capacitor,
C1, is charged, Q1 receives a trigger signal from the con-
trol circuitry through T1 and shorts Rg out of the cir-
cuit, eliminating its otherwise larger power dissipation.
The trigger signal for Q1 may be derived from either the
oscillator output (Pin 14) or one of the MC3420's out-
puts. If the oscillator oltput is used, it will be necessary

to provide a time delay on the inhibit pin to keep it low
until the input filter capacitor, C1, has had time to
charge, whereas the initial portion of the soft start
timing cycle can be used for this delay if this signal is
derived from one of the output pins. However, using the
Oscillator Output Pin does offer the advantage that its
waveform has a constant 50% duty cycle, independent
of the outputs’ duty cycle which can simplify the design
of adrive circuit for T1.

Slaving

In some applications, as when one PWM inverter/con-
verter is used to feed another, it may be desired that
their frequencies be synchronized. This can be done
with multiple MC3420s as shown in Figure 28. By
omitting their Rext and Cext, up to two MC3420s may
be slaved to a master MC3420.

FIGURE 28 — SLAVING THE MC3420

8 o °
5
“MASTER"’
Out In
Ramp g/pi 3
Out g
Rext Cext

1

2$
Ramp
3 Out in
L

—O— F/Fout

Rext Cext
1i 2
8 5
“SLAVES"

Ramp
3 Out In
—O— F/F Out

Rext Cext

b2l
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MC3423
MC3523

Specifications and Applications
Information

OVERVOLTAGE “CROWBAR’" SENSING CIRCUIT

These overvoltage protection circuits (OVP) protect sensitive elec-
tronic circuitry from overvoltage transients or regulator failures
when used in conjunction with an external “‘crowbar”” SCR. They
sense the overvoltage condition and quickly ‘“crowbar’ or short
circuit the supply, forcing the supply into current limiting or open-
ing the fuse or circuit breaker.

The protection voltage threshold is adjustable and the MC3423/
3523 can be programmed for minimum duration of overvoltage
condition before tripping, thus supplying noise immunity.

The MC3423/3523 is essentially a “two terminal’’ system, there-
fore it can be used with either positive or negative supplies.

OVERVOLTAGE
SENSING CIRCUIT

SILICON MONOLITHIC
INTEGRATED CIRCUIT

P1SUFFIX
PLASTIC PACKAGE
CASE 626
(MC3423 only)

8
1
U SUFFIX
CERAMIC PACKAGE
MAXIMUM RATINGS CASE 693
Rating Symbol Value Unit

Differential Power Supply Voltage Vee-VEE 40 Vdc
Sense Voltage (1) Vsense 1 6.5 Vdc 8
Sense Voltage (2) Vsense 2 6.5 Vdc .
Remote Activation Input Voltage Vact 7.0 Vdc
Output Current lo 300 mA
Operating Ambient Temperature Range TA °C

MC3423 0to +70

MC3523 -55 to +125 PIN CONNECTIONS
Operating Junction Temperature Ty °c U

Plastic Package 125 Vee |1 8 | Output

Ceramic Package 150
Storage Temperature Range T -65 to +150 oC

9 sto Vsense 1 E Zl 33

Vsense 2 | 3 3 g\:‘i;zttor
Current | 4 5 Remote
Source Activation
TYPICAL APPLICATION (top view)

Vin Vout
o— - a o)

Current T a

Limited +

oc O.V.P.

Power Cout MC3523/3423

Supply J_
0— » _ o

NOTE: A 2N6504 or equivalent is suggested for Q1.

ORDERING INFORMATION

DEVICE | TEMPERATURE RANGE | PACKAGE

MC3423P1 0to +70°C Plastic DIP
MC3423U 0to+70°C Ceramic DIP
MC3523U ~55 to +125°C Ceramic DIP
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ELECTRICAL CHARACTERISTICS (5 V < Voc -VEE < 36 V, Tiow < Ta < Thigh unless otherwise noted.)

Characteristic Symbol Min Typ Max Unit
Supply Voltage Range Vce-VEE 4.5 — 40 Vdc
Output Voltage Vo Vee-2.2 Vee-1.8 - Vdc
(lp = 100 mA)
Indicator Output Voltage VoLrlind) - 0.1 04 Vdc
(10(ing) = 1.6 mA)
Sense Voltage Vsense 1, 245 26 2.75 Vde
(Ta =25°C) VSense 2
Temperature Coefficient of Vgense 1 TCVgq — 0.06 - %/°C
(Figure 2)
Remote Activation Input Current KA
(VIH=20V,Vee-VEg=5.0V) I} - 5.0 40
(VL =08V, Vce-VEg =5.0V) TR - -120 -180
Source Current Isource 0.1 0.2 0.3 mA
Output Current Risetime ty - 400 - mA/us
(Ta =25°C)
Propagation Delay tpd — 0.5 — us
(Ta = 25°C)
Supply Current Ip mA
MC3423 - 6.0 10
MC3523 - 5.0 7.0
Tiow = ~565°C for MC3523 Thigh = +125°C for MC3523
= 0°C for MC3423 = +70°C for MC3423
FIGURE 1 — BLOCK DIAGRAM
Vee @
'SOUYCE $
Current
a Source
2
Vsense 10 - +
+ -
VRef
~26V R | o Output
- % 8
1 .
7& VEg 3 Vsensez 50 60 Indicator
Remote Output
Activation
FIGURE 2 — SENSE VOLTAGE TEST CIRCUIT
T Vee .
Switch 1 1
(A) Q/—————zﬂ
3 8
(s)® I Switch 1 Switch 2
R Vsense 1 Position A Closed
v, Switch 2 ﬁ 4 ,; . Vsense 2 Position B Open

the Vggnse threshold.

1l
1t

Ramp V| until output goes high; this is
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\

FIGURE 3 — BASIC CIRCUIT CONFIGURATION

_\:, . ; +
F1 (+ Sense |
Lead) ll
R1 1 y o : Virp = Vret (1420 s 26 v (1D
Power 2 meas23 :Nj : o R2 < 10 k2 for minimum drift
Supply C3: Rg : Load For minimum value of Rg, see Figure 9
R2 4 5 ﬂ L\ Q1 is 2N6504 or equivalent
_;\ *See text for explanation
[51'
(— Sense Lead) |
L
FIGURE 4 — CIRCUIT CONFIGURATION FOR SUPPLY VOLTAGE ABOVE 36 V
P - +N
% (+ Sense
Lead)
R.
2’s
R1
<
] Yo
e |/
To Vg - 10
IN4 =
Power |14 40 Mc3523 |2 Load Rs= (g5 1kl
Supply MC3423 _ R1 R1
3 Vs Virip = Vref (1*55) = 2.6 V (1455)
+. 10 uF 4 *R2< 10 k2
15 Vv . *R2
(= Sense Q1 Vg<50 V;2N6504 or equivalent
Lead) Vg < 100 V, 2N6505 or equivalent
J Vg < 200 V, 2N6506 or equivalent
- Vg < 400 V, 2N6507 or equivalent
Vg < 600 V, 2N6508 or equivalent
Vg < 800 V, 2N6509 or equivalent
FIGURE 5 — BASIC CONFIGURATION FOR PROGRAMMABLE DURATION OF
OVERVOLTAGE CONDITION BEFORE TRIP
Vece
Vtrip -
'@ +Vee 0
R12 A3 \
1|6 Vio ]
Indication L 2N6504 or Vref
Power 2 8 Out equivalent
Supply MC3423 R 0
4|jj [s] 7 Vo
>
R2 c Vo
AT
i 4
o I g~
- Vio -
Virip L AN
A3 2 oma
v
t ='—‘1' x C =~ [12x103] C (See Figure 10)
source
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APPLICATIONS INFORMATION

BASIC CIRCUIT CONFIGURATION

The basic circuit configuration of the MC3423/3523
OVP is shown in Figure 3 for supply voltages from 4.5 V
to 36 V, and in Figure 4 for trip voltages above 36 V. The
threshold or trip voltage at which the MC3423/3523 will
trigger and supply gate drive to the crowbar SCR, Q1, is
determined by the selection of R1 and R2. Their values
can be determined by the equation given in Figures 3 and
4, or by the graph shown in Figure 8. The minimum value
of the gate current limiting resistor, RG, is given in
Figure 9. Using this value of R, the SCR, Q1, will receive
the greatest gate current possible without damaging the
MC3423/3623. If lower output currents are required, RG
can be increased in value. The switch, S1, shown in Figure
3 may be used to reset the SCR crowbar. Otherwise, the
power supply, across which the SCR is connected, must
be shut down to reset the crowbar. If a non current-
limited supply is used, a fuse or circuit breaker, F1,
should be used to protect the SCR and/or the load.

The circuit configurations shown in Figures 3 and 4
will have a typical propogation delay of 1.0 us. If faster
operation is desired, pin 3 may be connected to pin 2 with
pin 4 left floating. This will result in decreasing the propo-
gation delay to approximately 0.5 us at the expense of a
slightly increased TC for the trip voltage value.

CONFIGURATION FOR PROGRAMMABLE MINIMUM
DURATION OF OVERVOLTAGE CONDITION
BEFORE TRIPPING

In many instances, the MC3423/3523 OVP will be used
in a noise environment. To prevent false tripping of the
OVP circuit by noise which would not normally harm the
load, MC3423/3523 has a programmable delay feature. To
implement this feature, the circuit configuration of Figure
5 is used. In this configuration, a capacitor is connected
from pin 3 to VEE. The value of this capacitor determines
the minimum duration of the overvoltage condition which
is necessary to trip the OVP. The value of C can be found
from Figure 10. The circuit operates in the following
manner: When Vg rises above the trip point set by R1
and R2, an internal current source (pin 4) begins charging
the capacitor, C, connected to pin 3. If the overvoltage
condition disappears before this cccurs, the capacitor is
discharged at a rate = 10 times faster than the charging
rate, resetting the timing feature until the next overvoltage
condition occurs.

Occasionally, it is desired that immediate crowbarring
of the supply occur when a high overvoltage condition
occurs, while retaining the false tripping immunity of
Figure 5. In this case, the circuit of Figure 6 can be used.
The circuit will operate as previously described for small
overvoltages, but will immediately trip if the power
supply voltage exceeds Vz1 + 1.4 V.

FIGURE 6 — CONFIGURATION FOR PROGRAMMABLE
DURATION OF OVERVOLTAGE CONDITION BEFORE
TRIP/WITH IMMEDIATE TRIP AT
HIGH OVERVOLTAGES

(+ Sense
Lead)

+ 0

R1

2
21
R2

Aoyl

MC3523
Power 5
Supply

(- Sense Lead)
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ADDITIONAL FEATURES
1. Activation Indication Output

An additional output for use as an indicator of OVP
activation is provided by the MC3423/3523. This out-
put is an open collector transistor which saturates
when the OVP is activated. It will remain in a saturated
state until the SCR crowbar pulls the supply voltage,
Vce, below 4.5 V as in Figure 5. This output can be
used to clock an edge triggered flip-flop whose output
inhibits or shuts down the power supply when the OVP
trips. This reduces or eliminates the heatsinking re-
quirements for the crowbar SCR.

2. Remote Activation Input

Another feature of the MC3423/3523 is its remote
activation input, pin 5. If the volage on this CMOS/TTL
compatible input is held below 0.8 V, the MC3423/
3523 operates normally. However, if it is raised to a
voltage above 2.0 V, the OVP output is activated
independent of whether or not an overvoltage con-
dition is present. It should be noted that pin 5 has an
internal puil-up current source. This feature can be
used to accomplish an orderly and sequenced shut-
down of system power supplies during a system
fault condition. In addition, the activation indication
output of one MC3423/3523 can be used to activate
another MC3423/3523 if a single transistor inverter is
used to interface the former’s indication output to
the latter’'s remote activation input, as shown in
Figure 7. In this circuit, the indication output (pin 6)
of the MC3423 on power supply 1 is used to activate
the MC3423 associated with power supply 2. Q1 is
any small PNP with adequate voltage rating.
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FIGURE 7 — CIRCUIT CONFIGURATION FOR
ACTIVATING ONE MC3523 FROM ANOTHER

Note that both supplies have their negative output
leads tied together (i.e., both are positive supplies). If
their positive leads are common (two negative supplies)
the emitter of Q1 would be moved to the positive lead
of supply 1 and R1 would therefore have to be resized
to deliver the appropriate drive to Q1.

CROWBAR SCR CONSIDERATIONS

Referring to Figure 11, it can be seen that the crowbar
SCR, when activated, is subject to a large current surge
from the output capacitance, Coyt!. This surge current is
illustrated in Figure 12, and can cause SCR failure or
degradation by any one of three mechanisms: di/dt,
absolute peak surge, or 12t. The interrelationship of these
failure methods and the breadth of the application make
specification of the SCR by the semiconductor manu-
facturer difficult and expensive. Therefore, the designer
must empirically determine the SCR and circuit elements
which result in reliable and effective OVP operation.
However, an understanding of the factors which influence
the SCR’s di/dt and surge capabilities simplifies this task.

1. di/dt

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

1Cout consists of the power supply output caps, the
load’s decoupling caps, and in the case of Figure 11A, the
supply’s input filter caps.

~ ~ w
S > s

Ve, SUPPLY VOLTAGE (VOLTS)

@

o +
1
FIGURE 8 — R1 versus TRIP VOLTAGE
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FIGURE 11 — TYPICAL CROWBAR OVP CIRCUIT
CONFIGURATIONS

“ 11A
Vin Vout
o O
be + oV
Power T~Cout Sense
Supply
[e; o O
1B
Vin . Vout
o— —M\_ O
DC .
Power | c - ov
suppty | T ? Reset
o— ¢ +——O0
*Needed if supply not current limited

FIGURE 12 — CROWBAR SCR SURGE CURRENT
WAVEFORM

di
dt

Surge Due to
QOutput Capacitor

Current Limited
Supply Output

s~

FIGURE 13 — CIRCUIT ELEMENTS AFFECTING
SCR SURGE & di/dt

R & L EMPIRICALLY DETERMINED!

The usual design compromise then is to use a garden
variety fuse (3AG or 3AB style) which cannot be relied on
to blow before the thyristor does, and trust that if the
SCR does fail, it will fail short circuit. In the majority of
the designs, this will be the case, though this is difficult to
guarantee. Of course, a sufficiently high surge will cause
an open. These comments also apply to the fuse in Figure
118B.
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The value of di/dt that an SCR can safely handle is
influenced by its construction and the characteristics
of the gate drive signal. A center-gate-fire SCR has
more di/dt capability than a corner-gate-fire type and
heavily overdriving (3 to 5 times IGT) the SCR gate
with a fast (< 1 us) rise time signal will maximize its
di/dt capability. A typical maximum number in phase
control SCRs of less than 50 Arms rating might be
200 A/us, assuming a gate current of five times IGT
and < 1 us rise time. If having done this, a di/dt prob-
lem is seen to still exist, the designer can also decrease
the di/dt of the current waveform by adding induc-
tance in series with the SCR, as shown in Figure 13.
Of course, this reduces the circuit’s ability to rapidly
reduce the dc bus voltage and a tradeoff must be made
between speedy voltage reduction and di/dt.

2. Surge Current

If the peak current and/or the duration of the surge
is excessive, immediate destruction due to device
overheating will result. The surge capability of the SCR
is directly proportional to its die area. If the surge
current cannot be reduced (by adding series resistance
— see Figure 13) to a safe level which is consistent with
the system’s requirements for speedy bus voltage
reduction, the designer must use a higher current SCR.
This may result in the average current capability of
the SCR exceeding the steady state current require-
ments imposed by the dc power supply.

A WORD ABOUT FUSING

Before leaving the subject of the crowbar SCR, a few
words about fuse protection are in order. Refering back to
Figure 11A, it will be seen that a fuse is necessary if the
power supply to be protected is not output current limi-
ted. This fuse is not meant to prevent SCR failure but
rather to prevent a fire!

In order to protect the SCR, the fuse would have to
possess an 12t rating less than that of the SCR and yet
have a high enough continuous current rating to survive
normal supply output currents. In addition, it must be
capable of successfully clearing the high short circuit
currents from the supply. Such a fuse as this is quite
expensive, and may not even be available.

CROWBAR SCR SELECTION GUIDE

As an aid in selecting an SCR for crowbar use, the
following selection guide is presented.

DEVICE IRMs | ITsm PACKAGE
2N 6400 Series 16A 160A TO220 Piastic
2N6504 Series 25A 160A TO220 Plastic
2N 1842 Series 16A 126A Metal Stud
2N2573 Series 25A 260A | Metal TO-3 Type
2N681 Series 25A 200A Metal Stud
MCR3935-1 Series| 35A 350A Metal Stud
MCR81-5 Series 80A 1000A Metal Stud




@ MOTOROLA

Product Preview

MC3424 e MC3424A
MC3524 e MC3524A
MC3324 e MC3324A

POWER SUPPLY SUPERVISORY CIRCUIT/
DUAL VOLTAGE COMPARATOR

The MC3424 series is a dual-channel supervisory circuit, con-
sisting of two uncommitted input comparators, a reference, out-
put comparators, and high-current drive and indicator outputs for
each channel. The input comparators feature programmable hys-
teresis, high common-mode rejection, and wide common-mode
range, capable of comparing at ground potential with single-sup-
ply operation. Separate delay-filter pins are provided to increase
noise immunity by delaying activation of the outputs. A 2.5 V
bandgap voltage reference is pinned-out for referencing the input
comparators, or other external functions. Independent high-cur-
rent drive and indicator outputs for each channel can source and
sink up to 300 mA and 50 mA respectively. CMOS/TTL compatible
digital inputs provide remote activation of each channel’s outputs.
An input-enable pin allows control of the input comparators.

Although this device is intended for power supply supervision,
the pinned-out reference, uncommitted-input comparator, and
many other features, enable the MC3424 series to be utilized for
a wide range of applications.

® Pinned-Out 2.5 V Reference

® Wide Common-Mode Range

® Programmable Hysteresis

® Programmable Time Delays

® Two 300 mA Drive Outputs

® Remote Activation Capability

® Wide Supply Range: 45V < Vce <40V
o Low Current Drain

Applications

Dual-Over Voltage ““Crowbar’” Protection
Dual-Under Voltage Supervision
Over/Under Voltage Protection
Split-Supply Supervision

Line-Loss Sensing

Proportional Control

Over/Under-Speed Indicator
Sequential-Time Delay

Battery Charging

POWER SUPPLY SUPERVISORY
CIRCUIT/DUAL VOLTAGE
COMPARATOR

SILICON MONOLITHIC
INTEGRATED CIRCUIT

i P SUFFIX

16 PLASTIC PACKAGE
1 CASE 648

L SUFFIX

CERAMIC PACKAGE
CASE 620
H
1

=
o

TYPICAL APPLICATION
Over-Voltage Crowbar Protection, Under-Voltage Indication

Vin 0=\ *—o 9—O Vout
Current Q1
Limited
DC . Mmc3424/ Under-Voltage
A 3524 -

Power Co = Indication
Supply

o— hd -0

PIN CONNECTIONS

"

Enable Vref E EG] €
Select 1/C1+E E]c2+

c1-[3] ha]c2-

DLY1[4] [13] DLY2
RAT[5 | 2] RA2
IND 1[6| [11]IND 2
Gnd[7| [10] DRV2
DRV1[8] [9]vee

(Top view)

ORDERING INFORMATION

This document contains information on a product under development. Motorola reserves the
right to change or discontinue this product without notice
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Temperature
Device Range Package
MC3524L, AL —55 to +125°C |Ceramic DIP
MC3324L, AL Ceramic DIP
—40to + 85°C -
MC3324P, AP Plastic DIP
MC3424L, AL Ceramic DIP
0to + 70°C "
MC3424P, AP Plastic DIP
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FIGURE 1 — POWER SUPPLY OVERVOLTAGE PROTECTION (CROWBAR)
AND LINE LOSS DETECTOR

5V
Vin >—6\,0— Power " 9 S = ' s 0 +
Supply i_ Vo
__._l___ 15kﬁ 50k 5 9T12 <‘lOk =
16| RAT Ve RAZ MCR67-1
1 | IE DRV1
1.0 uf 1 =
10k Vref
3
C1- 1
= - 15 IND2 >
C2+ Line Loss Indication
2 MC3524
CR1 crr
20k 14 4
C2- DLY1
110V Gnd |
60 Hz 7k 7 001 uf
126V CT I
@100 mA = = = = =
FIGURE 2 — OVERVOLTAGE PROTECTION, WITH DELAY, OF SPLIT SUPPLIES
USING SCR “CROWBAR” SHUTDOWN AND LATCHED-FAULT INDICATION.
(The Positive Sense is Chosen to Have IRy Hysteresis Voltage.)
Positive +VTRIP
+V,n 0—6\_o—e— Power 0 +Vo
Supply
_]_ L 2 0 +5V
= 500 50001 | $R1
*VTRIP = Vref (1 + g—;) Fault-vo Fault+Vg 16 9
IE V,
R4 A CC 1y R2
-VTRIP = Vref (R—3 -1) IND1 C1+ vvv—_l-
Latch/ _ RH =
o= Iptp _ 200 kA tp Unlatch RA1 c1- 34‘%‘
Vref 25V v
1 MC3524 =—IH
4 IND2 1
Vref
4.7k 12| s
1000 g T
A~ DRV1 L s
MPS6562 -
14
DRV2 Cc2-
DLY2 Gnd DLY1
IERTN
Cp I I Cp
Negative = = = -VTRIP
-Vin Power & -Vo
Supply
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MC3524/3424/3324 BLOCK DIAGRAM
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| 1.4V
= l L L
| = =
T
13548 | 5’2_120 % 7%
DLY2 DLY1 : RAT RA2 Vief Gnd
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|

Note: All voltages and currents are nominal.

275



@ MOTOROLA

MC34060
MC35060

Specifications and Applications Information

SWITCHMODE PULSE WIDTH MODULATION

CONTROL CIRCUITS

The MC35060 and MC34060 are low cost fixed frequency, pulse
width modulation control circuits designed primarily for single
ended SWITCHMODE power supply control. These devices feature:

® Complete Pulse Width Modulation Control Circuitry

® On-Chip Oscillator With Master or Slave Operation

® On-Chip Error Amplifiers

® On-Chip 5.0 Volt Reference

® Adjustable Dead Time Control

® Uncommitted Output Transistor for 200 mA Source or Sink
t

SWITCHMODE
PULSE WIDTH MODULATION
CONTROL CIRCUITS

SILICON MONOLITHIC
INTEGRATED CIRCUITS

Non-Inv
Input

Inv
Input

Compen/PWM
Comp Input

Dead-Time
Control

Cr

RT

Ground

PIN CONNECTIONS

S

Oscillator

o

(top view)

Non-Inv
Input

Inv
Input

Vref

NC

Vee

P SUFFIX
PLASTIC PACKAGE
CASE 646

L SUFFIX
CERAMIC PACKAGE
CASE 632
(TO-116)

The MC34060 is specified over the commercial operating range of
0°Cto+70°C. The MC35060 is specified cver the full military range

of -565 to +125°C.

ORDERING INFORMATION

Temperature
Device Range Package
MC35060L | -55to +125°C | Ceramic DIP
MC340€0P 0to +70°C Plastic DIP
MC34060L 0to +70°C Ceramic DIP
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MC34060, MC35060

FIGURE 1 — BLOCK DIAGRAM

6
2
5 Oscillator Reference 0 Ref Out
Regulator
Rt i
Cr I Dead-Time ( 10
= = Comparator O Vee
4 =012V
o {}
Dead-Time =07V
Control {Ir
9
~ PWM
— Comparator 8
- =07 mA
S
2 | Gnd
1 2 3 13l 14 7
Ll ] } o
Error Amp Feedback/P W M Error Amp —
1 Comparator Input 2 -
FIGURE 2 — TIMING DIAGRAM
f
Capacitor Ct \' i ‘ ’ i \ | i I
Feedback/P W M
Comparator \
/— l/ vV v
Dead-Time Control
Output Q1,
Emitter
Description

The MC35060/34060 s a fixed-frequency pulse width
modulation control circuit, incorporating the primary
building blocks required for the control of a switching power
supply. (See Figure 1.) An internal-linear sawtooth oscilla-
tor 1s frequency-programmable by two external compo-
nents, Rrand C1 The oscillator frequency i1sdetermined by:

RN
0S¢~ Ry @ CT
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Output pulse width modulation is accomplished by compar-
1son of the positive sawtooth waveform across capacitor CT
to erther of two control signals The output s enabled only
during that portion of time when the sawtooth voltage is
greater than the control signals Therefore, anincrease in
control-signal amplitude causes a corresponding linear
decrease of output pulse width (Refer to the timing dia-
gram shown in Figure 2 )



MC34060, MC35060

The control signals are external inputs that can be fed into
the dead-time control, the error amplifier inputs, or the feed-
back input. The dead-time control comparator has an effec-
tive 120 mV input offset which limits the minimum output
dead time to approximately the first 4% of the sawtooth-
cycle time. This would result in @ maximum duty cycle of
96%. Additional dead time may be imposed on the output by
setting the dead time-control input to a fixed voltage, ranging
between O to 3.3 V.

The pulse width modulator comparator provides a means
for the error amplifiers to adjust the output pulse width from
the maximum percenton-time, established by the dead time
time control input, down to zero, as the voltage at the feed-

back pin varies from 0.5 to 3.5 V. Both error amplifiers have
acommon-mode inputrange from-0.3 Vto(Vcc -2 V), and
may be used to sense power supply output voltage and cur-
rent. The error-amplifier outputs are active high and are
ORed together at the non-inverting input of the pulse-width
modulator comparator. With this configuration, the ampli-
fier that demands minimum output on time, dominates
control of the loop.

The MC35060/34060 has an internal 5.0 V reference
capable of sourcing up to 10 mA of load currents for external
bias circuits. The reference has an internal accuracy of
+5% with a thermal drift of less than 50 mV over an

operating temperature range of O to +70°C.

MAXIMUM RATINGS (Full operating ambient temperature range applies unless otherwise noted)

Rating Symbol MC35060 MC34060 Unit
Power Supply Voltage Vee 42 42 \%
Collector Output Voltage Ve 42 42 \
Collector Output Current Ic 250 250 mA
Amplifier Input Voltage Vin Vec +0.3 Vee +0.3 \
Power Dissipation @ Tp < 45°C Pp 1000 1000 mwW
Operating Junction Temperature Ty 150 150 °C
Operating Ambient Temperature Range Ta -551t0 125 Oto 70 °C
Storage Temperature Range Tstg -65 to 150 -65 to 150 °C
THERMAL CHARACTERISTICS
L Suffix P Suffix
Characteristic Symbol Ceramic Package | Plastic Package Unit
Thermal Resistance, Junction to Ambient RouA 100 80 °C/W
Power Derating Factor 1/RgJA 10 125 mW/°C
Derating Ambient Temperature Ta 50 45 °C
RECOMMENDED OPERATING CONDITIONS
Condition/Value Symbol Mi’:\ﬁC35OG?r;:ﬂC34OG('Jwax Unit
Power Supply Voltage Vee 7.0 15 40
Collector Output Voltage Ve — 30 40
Collector Output Current Ic - — 200 mA
Amplifier Input Voltage Vin -0.3 - Vee —2.0 Y
Current Into Feedback Terminal Ifp. — - 0.3 mA
Reference Output Current Iref - - 10 mA
Timing Resistor RT 1.8 47 500 k()
Timing Capacitor Cr 0.00047 0.001 10 uF
Oscillator Frequency fosc 1.0 25 200 kHz
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MC34060, MC35060

ELECTRICAL CHARACTERISTICS Vcc= 151, fosc = 25 kHz unless otherwise noted. For typical values TA = 25°C, for min/max
values Tp is the operating ambient temperature range that applies unless otherwise noted.

- MC35060 MC34060 .
Characteristic Symbol Min [ Typ | Max | Min l Typ ] Max Unit

REFERENCE SECTION

Reference Voltage Vref 4.75 5.0 525 | 475 5.0 5.25 \
(I0= 1.0 mA)

Reference Voltage Change with Temperature Vref(AT) — 0.2 20 — 1.3 2.6 %
(ATA = Min to Max)

Input Regulation Regjine — 2.0 25 — 2.0 25 mV
(Vcc=70Vto40V)

Output Regulation Reg|oad — 3.0 15 - 3.0 15 mV
(lo=1.0mAto 10 mA)

Short-Circuit Output Current Isc 10 35 50 — 35 — mA
(Vref =0V, Ta = 25C)

OUTPUT SECTION

Collector Off-State Current IC(off) — 20 100 — 2.0 100 uA
(Vcc=40V,Vcg=40V)

Emitter Off-State Current IE(off) — — -150 — — -100 uA
(Vcc=40V,Vc=40V,VE=0V)

Collector-Emitter Saturation Voltage Vsat(C) — 1.1 1.5 — 1.1 1.3 \
Common-Emitter

(VE=0V, Ic =200 mA)
Emitter-Follower Vsat(E) — 1.5 2.5 — 1.5 25 \
(Vc=15V, Ig=-200 mA)

Output Voltage Rise Time (T = 25°C)
Common-Emitter (See Figure 12) tr — 100 200 - 100 200 ns
Emitter-Follower (See Figure 13) — 100 200 — 100 200

Output Voltage Fall Time (Tp = 25°C)
Common-Emitter (See Figure 12) tf — 25 100 — 25 100 ns
Emitter-Follower (See Figure 13) — 40 100 — 40 100

Characteristic Symbol MC35060/MC34060 Unit

Min 1 Typ | Max

ERROR AMPLIFIER SECTIONS

Input Offset Voltage Vio — 2.0 10 mV
(Vo[pin3)=25V)

Input Offset Current o — 50 250 nA
(Vepin 31=2.5V)

Input Bias Current g — 0.1 1.0 uA
(VO[Pin 3] 2.5 V)

Input Common-Mode Voltage Range VICR -0.3 — Vee-2.0 \%
(Vcc=70Vto40V)

Open Loop Voltage Gain AyvoL 70 95 — dB
(AVp=3.0V,Vp=0561t0 3.5V, R_=20kQ2)
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ELECTRICAL CHARACTERISTICS Vcc = 15y, fosc = 25 kHz unless otherwise noted. For typical values Tp = 25°C, for min/max
values Ty is the operating ambient temperature range that applies unless otherwise noted.

Characteristic Symbol MC35060/MC34060 Unit
Min. l Typ. ] Max.

ERROR AMPLIFIER SECTIONS (Continued)

Unity-Gain Crossover Frequency fc — 350 — kHz
(Vo=05,t035V, R =20k0)

Phase Margin at Unity-Gain dm — 65 — deg.
(Vo=05t035V, R =20k)

Common-Mode Rejection Ratio CMRR 65 90 — dB
(Ve =40V)

Power Supply Rejection Ratio PSRR — 100 — dB
(AVec=33V,Vp=25V,R . =2.0k0)

Output Sink Current lo- 03 07 — mA
(Vorpin 31=0.7 V)

Output Source Current lo+ -2.0 -4.0 — mA
(Voipin 31=3.5V)

PWM COMPARATOR SECTION (Test circuit Figure 11)

Input Threshold Voltage VTH — 35 45 \
(Zero Duty Cycle)

Input Sink Current - 0.3 0.7 — mA
(ViPin 3)=07V)

DEAD-TIME CONTROL SECTION (Test Circuit Figure 11)

Input Bias Current (Pin 4) iB(DT) — -20 -10 A
(Vin=0to525V)

Maximum Output Duty Cycle DCmax %
(Vin=0V,Cr=01uF, RT=12k0) 90 96 100
(Vin=0V, CT=0.001 uF, RT =47 k) - 92 100

Input Threshold Voltage (Pin 4) VTH \
(Zero Duty Cycle) — 28 33
(Maximum Duty Cycle) 0 — —

OSCILLATOR SECTION

Frequency fosc — 25 — kHz
(CT=0001 uF, RT=47 k)

Standard Deviation of Frequency* ofosc — 3.0 — %
(CT=0001 uF, RT =47 k)

Frequency Change with Voltage Afgsc(AV) — 01 — %
(Vcc=70V1to40V, Tp=25°C)

Frequency Change with Temperature Afoscl(AT) —_ 1.0 2.0 %
(ATA = 25°C to TA Jow: 25°C to TA high)

TOTAL DEVICE

Standby Supply Current Icc mA
(Pin 6 at Vyef, all other inputs and outputs open)

(Vec=15V) — 55 10
(Vcc=40V) — 70 15

Average Supply Current Is — 7.0 — mA

(V{Pin 4)= 2.0V, CT=0.001, Ry = 47 k(). See Figure 11.

*Standard deviation i1s a measure of the, statistical distribution about the mean as derived from the formula, o =
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MC34060, MC35060

FIGURE 3 — OSCILLATOR FREQUENCY
versus TIMING RESISTANCE

FIGURE 4 — OPEN LOOP VOLTAGE GAIN AND PHASE
versus FREQUENCY
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FIGURE 10 —ERROR AMPLIFIER CHARACTERISTICS

]

FIGURE 12 — COMMON-EMITTER CONFIGURATION

Vref o P

FIGURE 9 — STANDBY-SUPPLY CURRENT

versus SUPPLY VOLTAGE

Icc. SUPPLY CURRENT (mA)
- .
o~

Error Amphfier
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Other Error
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TEST CIRCUIT AND WAVEFORM

Output
Transistor

90%
Ve
10%

15V
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(Pin 3)
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Ve, SUPPLY VOLTAGE (V)
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FIGURE 11 — DEAD-TIMEAND FEEDBACK CONTROL

TEST CIRCUIT
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t:; Error
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FIGURE 13 — EMITTER-FOLLOWER CONFIGURATION
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FIGURE 14 — ERROR AMPLIFIER SENSING TECHNIQUES
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FIGURE 15 — DEAD-TIME CONTROL CIRCUIT
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FIGURE 16 — SOFT-START CIRCUIT

Output O—

FIGURE 17 — SLAVING TWO OR MORE
CONTROL CIRCUITS
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FIGURE 18 — STEP-DOWN CONVERTER WITH SOFT-
START AND OUTPUT CURRENT LIMITING

150 uH@ 20 A
Vin=8.01040V TIP 32 Vout
(o { L O
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T 13 8
- E e
12 7
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? Dt Cr Rt
5 6
0.001
47k 47k
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O
TEST CONDITIONS RESULTS
Line Regulation Vin=80V1t040V,Ipg=10A 25mV 05%.,.
Load Regulation Vin=12V,lp=10mAto10A 30mVv 006%
Output Ripple Vin=12V,lIp=10A 75 mVp-pPARD
Short Circuit Current Vin=12V,R =010 16A
Efficiency Vin=12V,lIp=10A 73%
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FIGURE 19 — STEP-UP CONVERTER

150 uH @ 4.0 A 20 uH 10A
Vin-8.01026V nH@4o mrsso 2OHLEIO0AL
° Y DT
28 V/
05A
22 k
10
0.05 . Vee
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4.7k - c —
27M
3 Comp
* 1 MC34060 M o
50/35 V =R 41, = =
/

8 300 470/35V 470/35V

E TIP 111

7
Gnd —
RT
6
47 k
O O
TEST CONDITIONS RESULTS
Line Regulation Vihn=80Vto26V,Ig=05A 40mV 014%
Load Regulation Vin=12V,Ip=10mAtc05 A 50 mV 018%

Output Ripple

Vin=12V,1g=05A

24 mVp-pPARD

Efficiency

Vin=12V,Ig=05A

75%

*Optional circuit to minimize output ripple
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FIGURE 20 — STEP-UP/DOWN VOLTAGE INVERTING
CONVERTER WITH SOFT-START AND
CURRENT LIMITING

Vin=801040V MR851 N Vout
° TIP 32C 1 aaal °
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] b
+1
]
47k 47k OOO;; §47k
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33k % 820§
- 0
1.0
O A%
TEST CONDITIONS RESULTS
Line Regulation Vin=8.0V1t040V, Ig=250mA 52 mV 035%
Load Regulation Vin=12V,1g =1 mAto 2560 mA 47 mV 0.32%
Output Ripple Vin=12V, Ig=250 mA 10 mV p.p. P.AR.D.
Short Circuit Current| Vip =12V, R =0.1 0 330 mA
Efficiency Vin=12V, g =260 mA 86%

* Optional circuit to minimize output ripple
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1N4003

FIGURE 21 — 33 WATT OFF-LINE FLYBACK CONVERTER
WITH SOFT-START AND PRIMARY POWER LIMITING

3 each
00047 UL-CSA

= 3/200

T2

1N5824

50V/30A

2200 10V]100 10V]

Vac 1N4934 )
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1N4001 47/25V 15 ) . +
C, 1000 25 V] 10 35V] | Common
22k ’ . 1 51 ©
10 1000 - 25 V: 10 35V
+
_ v
™~ 180/200 V 1 ce 9 2N 1na93a -12/078 A
* ¢ 1N4937
2 -
22ms L 5%
Toor 2 comp ﬂ Coilcraft W2961
115 Vac 75K 7Y \aegy 68 K MC34060 MPS
-20% 4] AO5 T2
10/25V, Core:
13] £l g g{')é% Coilcraft 11-464-16, 0.025" gap
“Optional R F | Fiiter * in each leg
12 7 MPS )
A~ V, Gnd — Bobbin:
82k re;T - AS5 Collcraft 37-573
4 5 5 Windings:
N 200 3 47 Primary, 2 each:
001 75 turns #26 Awg Bifilar wound
Voutl P 10 000
out| Tout 15k 47 k 4 Feedback:
50kL25 k 27 k 10 15 turns #26 Awg
f% r ooﬂ\ Tk % ) Secondary, 5.0 V:
Py 6 turns #22 Awg Bifilar wound
1N4148 27k Secondary, 2 each:
K} A 14 turns #24 Awg Bifilar wound
R U
TEST CONDITIONS RESULTS Coilcraft 27156, 15 uH @ 5.0 A

Line Regulation 50 V

Vin=951t0135 Vac, Ig=30 A

20 mV  040%

Line Regulation £12 V

Vin = 95 to 135 Vac, Ig = +0 75 A

52 mV 026%

Load Regulation 5.0 V

Vin=115Vac, Ig=101040 A

476 mV. 95%

Load Regulation £12 V

Vin =115 Vac, Ig= 0.4 to +0.9 A

300 mV 2.5%

Output Ripple 50 V

Vin=116Vac, Ip=30A

45 mVp-pPARD

Output Ripple +12 V

Vin=116Vac, Ig=+*075 A

75mVp-pPARD

Efficiency

Vin=116Vac, ig50V=30A
0 £12=40.75 A

74%

12, 13
Coilcraft 27157, 25uH @ 1.0 A

' 090SEDN “090VEIN
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MC7800
Series

3-TERMINAL POSITIVE VOLTAGE REGULATORS

These voltage regulators are monolithic integrated circuits de-
signed as fixed-voltage regulators for a wide variety of applications
including local, on-card regulation. These regulators employ internal
current limiting, thermal shutdown, and safe-area compensation.
With adequate heatsinking they can deliver output currents in excess
of 1.0 ampere. Although designed primarily as a fixed voltage regu-
lator, these devices can be used with external components to obtain

adjustable voltages and currents.

® Output Current in Excess of 1.0 Ampere

® No External Components Required

@ Internal Thermal Overload Protection

® Internal Short-Circuit Current Limiting

® Output Transistor Safe-Area Compensation

® Output Voltage Offered in 2% and 4% Tolerance

THREE-TERMINAL
POSITIVE FIXED
VOLTAGE REGULATORS

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

(Bottom View)

SCHEMATIC DIAGRAM

S
100k§ soog

100

AN
\4

Fau

O Input

240
A

L
200 %

0.3

-O Output

‘?O-19k

A

T SUFFIX
PLASTIC PACKAGE
CASE 221A
TO-220 TYPE

1
Pin 1. Input 2
2. Ground 3

3. Output

STANDARD APPLICATION

Input MC78X X -OIQOumut
Cin® ..
033 uF Co

A common ground s required between the
input and the output voltages. The input volt-
age must remain typically 2.0 V above the out-
put voltage even dunng the low point on the
input ripple voltage.

XX = these two digits of the type number indi-
cate voltage.

* =Cjp 1s required if regulator is located an
appreciable distance from power supply
filter.

*8 =

=CQ is not needed for stability; however,
it does improve transient response.
XX indicates nominal voltage

TYPE NO /VOLTAGE

o
2.7k ::
>
— 2 5k
i Pin2is ground
for Case 221A.
500 b3 Case is ground
< for Case 1.
O Gnd
ORDERING INFORMATION
Device o".:.z':;'::::‘:ge Temperature Range Package
MC78XXK 4% -55 to +150°C Metal Power
MC78XXAK 2%
MC78XXBK 4% -40 to +125°C
MC78XXCK 4% 0to+125°C
MC78XXACK 2%
MC78XXCT 4% Plastic Power
MC78XXACT 2%
MC78XXBT 4% -40 to +125°C

MC7805 5.0 Volts | MC7815 15 Volts
MC7806 6.0 Volts | MC7818 18 Volts
MC7808 8.0 Volts | MC7824 24 Volts
MC7812 12 Volts
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MC7800 Series

MC7800 Series MAXIMUM RATINGS (Ta = +25°C unless otherwise noted.)

Rating Symbol Value Unit
Input Voltage (5.0 V- 18V) Vin 35 Vdc
(24 V) 40
Power Dissipation and Thermal Characteristics
Plastic Package
Ta=+25°C Pp Internally Limited Watts
Derate above Tp = +25°C 1/64A 154 mW/°C
Thermal Resistance, Junction to Air CAYN 65 °C/W
Tc=+25°C Pp Internally Limited Watts
Derate above T¢ = +95°C (See Figure 1) 1/64¢ 200 mwW/°C
Thermal Resistance, Junction to Case AT 50 °C/W
Tc=+25°C Pp Internally Limited Watts
Derate above Tp = +25°C 1764 225 mwW/°C
Thermal Resistance, Junction to Air 0JA 45 °C/W
Tc=+25°C Pp Internally Limited Watts
Derate above T = +65°C (See Figure 2) 1/64¢c 182 mW/°C
Thermal Resistance, Junction to Case 64c 55 °C/W
Storage Junction Temperature Range Tstg -65 to +150 °C
Operating Junction Temperature Range T °C
MC7800, A -55 to +150
MC7800C, AC 0 to +150
MC7800, B -40 to +150
DEFINITIONS

Line Regulation — The change in output voltage for a change 1n
the input voltage The measurementis made under conditions of
low dissipation or by using pulse techniques such that the aver-
age chip temperature 1s not significantly affected.

Load Regulation — The change in output voltage for a change in
load current at constant chip temperature.

Maxnmum Power Dissipation — The maximum total device dissi-
pation for which the regulator will operate within specifications.

289

Quiescent Current — That part of the input current that 1s not
delivered to the load.

Output Noise Voltage — The rms ac voltage at the output, with
constant load and no input ripple, measured over a specified fre-
quency range

Long Term Stability — Output voltage stability under accelerated
life test conditions with the maximum rated voltage listed in
thedevices electrical characteristics and maximum power
dissipation



MC7800 Series

MC7805, B, C

ELECTRICAL CHARACTERISTICS (Vjy = 10V, Ig = 500 mA, T = Tigw 10 Thigh [Note 1] unless otherwise noted).

Ch teristi Curmhnl MC7805 MC78058 MC7805C Unit
aracteristic v Min Typ Max Min Typ Max Min Typ Max
Output Voltage (T = +25°C) Vo 4.8 5.0 5.2 4.8 5.0 5.2 4.8 5.0 5.2 Vdc
Output Voltage Vo Vdc
(BOMA<SIg<1.0A Pp<15W)
7.0 Vde <V, < 20 Vde — — — - - — 4.75 50 525
8.0 vuc < Vi < 20 Vdc 4.65 5.0 5.35 4.75 5.0 5.25 — — —
Line Regulation (T j = +256°C, Note 2) Regin mV
7.0 Vde < Vi < 25 Vde - 2.0 50 — 7.0 100 — 7.0 100
8.0 Vdc < Vi, < 12 Vde — 1.0 25 — 2.0 50 — 2.0 50
Load Regulation (T = +25°C, Note 2) Regjoad mV
BOMASIg<15A - 25 100 — 40 100 - 40 100
250 mA < Ig < 750 mA — 8.0 25 — 15 50 — 15 50
Quiescent Current (T j = +26°C) Ig — 3.2 6.0 — 4.3 8.0 — 4.3 8.0 mA
Quiescent Current Change Alg mA
7.0 Vde < V) < 25 Vdc — — — — - — - - 1.3
8.0 Vdc < V5 < 25 Vdc — 0.3 0.8 — —_ 1.3 - —_ —
50mA<Ig<10A — 0.04 0.5 — — 0.5 — — 05
Ripple Rejection RR 68 75 — — 68 — 68 — dB
80 Vdc < Vi, < 18 Vdc, f= 120 Hz
Dropout Voltage (o= 1.0 A, T = +26°C) Vin - Vo - 2.0 25 —_ 20 — — 20 — Vdec
Output Noise Voltage (Tp = +25°C) Vn — 10 40 — 10 — — 10 — uVv/
10 Hz < f< 100 kHz Vo
Output Resistance f= 1 0 kHz Ro — 17 — — 17 — — 17 — m()
Short-Circuit Current Limit (Tp = +25°CT lge — 02 1.2 - 0.2 — — 02 — A
Vin = 35 Vdc
Peak Output Current (T j = +26°C) Imax 13 25 33 - 22 — — 22 — A
Average Temperature Coefficient of TCVp — +0.6 — — -1.1 — — -11 — mv/
Output Voltage oC
MC7805A, AC
ELECTRICAL CHARACTERISTICS (v,=10V,lg=10A, T, = Tjo to Thign [Note 1] unless otherwise noted)
gt MC7805A MC7805AC .
Characteristics Symbol ™in Typ Max Min Typ Max Unit
Output Voltage (T j = +25°C) Vo 4.9 5.0 51 49 50 51 Vdc
Output Voltage Vo Vdc
(BOMA<Ig<10A Pop<15W) 48 50 52 48 50 52
75 Vdc < V|, < 20 Vde
Line Reguiation (Note 2) Regn mV
75 Vdc < Vi < 25 Vdc, Ig = 500 mA - 2.0 10 — 70 50
80 Vdc < V,n< 12 Vdc — 3.0 10 — 10 50
80 Vde < V,,< 12 Vdc, Ty=+25°C — 1.0 40 — 20 25
7 3Vdc< V<20 Vdc, T = +256°C — 20 10 — 70 50
Load Regulation (Note 2) Regjpad mV
50mA<Ig<S15A — 25 50 — - —
50mA<Ig<10A — — — — 25 100
50mA<Ig<1.5A T =+26°C — — — — 25 100
250 mA < Ig < 750 mA — 80 25 — 80 50
Quiescent Current Ig — — 50 — - 6.0 mA
Ty=+25°C — 32 40 — 43 60
Quiescent Current Change Alg mA
80 Vdc < Vi < 25 Vde, Ig = 500 mA — 03 05 — — 08
7 5 Vdc <V, < 20 Vdc, Ty = +25°C — 0.2 0.5 — — 08
§0mMA<Ig<10A — 004 0.2 — — 05
Ripple Rejection RR dB
80 Vde <V, < 18 Vdc, f= 120 Hz,
Ty=+25°C 68 75 - - - —
80 Vdc < V,n < 18 Vdc, = 120 Hz,
lp = 500 mA 68 75 - — 68 —
Dropout Voltage (Ig = 1.0 A, T = +25°C) Vin-Vo — 2.0 25 — 2.0 — Vdc
Output Noise Voltage (Tp = +256°C) Vi — 10 40 — 10 — uV/ Vo
10 Hz < f < 100 kHz
Output Resistance (f = 1.0 kHz) Ro — 17 — — 17 — mi)
Short-Circuit Current Limit (T = +256°C) lse — 0.2 1.2 — 0.2 — A
V\p = 35 Vdc !
Peak Output Current (T j = +25°C) Imax 1.3 2.5 3.3 — 2.2 — A
Average Temperature Coefficient of Output Voltage TCVo - +0.6 - — -1.1 — mV/°C

NOTES: 1 Tjow = -65°C for MC78XX, A

Thigh = +150°C for MC78XX, A
= +126°C for MC78XXC, AC, B

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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MC7800 Series

MC7806, B, C

ELECTRICAL CHARACTERISTICS (Vi =11V, Ig =500 mA, T, = Tjoy t0 Thigh [Note 1] unless otherwise noted).

g Sumbaol MC7806 MC78068B MC7806C .
Characteristic \J Min Typ Max Min Typ Max Min Typ Max Unit

Output Voltage (T j = +25°C) Vo 5.75 6.0 6.25 5.76 6.0 6.25 575 6.0 6.25 | Vdc

Output Voltage Vo Vdc
(B.OMA<Ig<1.0A Po<15W)

8.0 Vdc < Vi < 21 Vdc — — — — - — 57 60 63
9.0 Vdc < Vi < 21 Vdc 5.65 6.0 6.35 57 6.0 6.3 — — —

Line Regulation (T = +25°C, Note 2) Regin mV
8.0 Vdc < Vi, < 25 Vde — 30 60 — 90 120 — 90 120
90Vde< V)< 13 Vde — 2.0 30 — 3.0 60 — 30 60

Load Regulation (T = +25°C, Note 2) Regjpad mvV
50mMA<Igp<15A - 27 100 —_ 43 120 — 43 120
250 mA< Ig < 750 mA — 9.0 30 — 16 60 — 16 60

Quiescent Current (T = +26°C) g — 32 60 — 4.3 80 — 43 8.0 mA

Quiescent Current Change Alg mA
80 Vdc < V< 25 Vde — — — — — — — — 13
90 Vdc < V| < 25 Vde - 03 08 — — 13 — — —
50mA<Ig<10A — 004 05 — — 05 — — 05

Ripple Rejection RR 65 73 — — 65 — 65 — dB
90 Vde< V), < 19 Vdc, f= 120 Hz

Dropout Voltage (g = 1 0 A, T) = +25°C) Vin - Vo — 20 25 — 20 — — 20 — Vdc

Output Noise Voltage (T = +25°C) Vn — 10 40 — 10 — — 10 — uV/
10 Hz < f< 100 kHz Vo

Output Resistance f= 1 0 kHz Ro — 17 — — 17 — — 17 — m)

Short-Circuit Current Limit (T = +25°C) Isc — 02 12 — 0.2 — — 02 — A
Vi = 36 Vdc

Peak Output Current (T j = +25°C) Imax 13 25 33 — 22 — — 22 — A

Average Temperature Coefficient of TCVo — +0.7 — — -08 — — -08 — mvVv/
Output Voltage oC

MC7806A, AC

ELECTRICAL CHARACTERISTICS (V= 11V, 19 =10A, T, = Tioy t0 Thigh [Note 1] unless otherwise noted)

. MC7806A MC7806AC .
Characteristics Symbol Min Typ Max Min Typ Max Unit

Output Voltage (T j = +25°C) Vo 588 60 612 588 60 612 Vde

Output Volitage Vo Vde
BOMALIg<10A Po<16W) 576 60 624 576 60 624
86 Vdc < V| < 21 Vde

Line Regulation (Note 2) Regn mV
86 Vdc < V|5 < 25 Vdc, Ig = 500 mA — 30 11 — 90 60
90 Vde< V<13 Vdc — 50 15 — 11 60
90 Vdc< V|, <13 Vdc, Tj=+25°C - 20 50 — 30 30
83 Vde < V,,, < 21 Vdc, Tj = +25°C — 40 ik — 90 60

Load Regulation (Note 2) Regjpad mVv
B0mMA<Ip<15A — 27 50 — — —
50mA<Ig<10A — — — — 43 100
S50mA<Ig<15A T =+25°C — - — — 43 100
250 mA < g < 750 mA — 90 25 — 16 50

Quiescent Current I} — — 50 — - 60 mA
Ty=+25°C — 32 4.0 — 43 60

Quiescent Current Change Alg mA
90 Vdc < V< 25 Vdc, Ig = 500 mA — 03 0.5 — — 08
86 Vde < V| < 21 Vdc, T = +25°C — 02 05 — — 08
50mA<Ig<10A — 004 02 — — 0.5

Ripple Rejection RR dB
90 Vde < Vi< 19Vdc, f=120 Hz,

Ty=+25°C 65- 73 - — — —
9.0 Vdc <V, < 19 Vdc, f = 120 Hz,
1o = 500 mA 65 73 — — 65 —

Dropout Voltage (Ig = 1 0 A, T = +25°C) Vin - Vo — 2.0 2.5 - 20 — Vde

Output Noise Voltage (Tp = +25°C) Vn - 10 40 — 10 — uV/Ng
10 Hz < £< 100 kHz

Output Resistance (f = 1.0 kHz) Ro — 17 — — 17 — mQ

Short-Circuit Current Limit (Tp = +26°C) lsc — 0.2 12 — 02 — A
V,n = 35 Vdc

Peak Output Current (T j = +25°C) Imax 1.3 2.5 3.3 — 2.2 — A

Average Temperature Coefficient of Output Voltage TCVp — +0.7 — — -0.8 — mV/°C

NOTES" 1. Tigw = -55°C for MC78XX, A
= 0° for MC78XXC, AC
= -40°C for MC78XXB

Thigh = +150°C for MC78XX, A
=+126°C for MC78XXC, AC, B

2. Load and line regulation are specified at constant junction temperature. Changes in V(g due to heating effects must be taken into account
separately. Pulse testing with low duty cycle is used.
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MC7800 Series

MC7808, B, C

ELECTRICAL CHARACTERISTICS (Vjn = 14V, Ig = 500 mA, T = Tio\ to Thigh [Note 1] unless otherwise noted).

g MC7808 MC78088 MC7808C .
Characteristic Symbol Min Typ “Max Min Typ Max Min *v—Ty;—- Max Unit
Output Voltage (T = +25°C) Vo 7.7 8.0 8.3 7.7 8.0 8.3 7.7 8.0 8.3 Vdc
Output Voltage Vo Vdc
(5.0MA<SIg<1.0A Po<156W)
10.6 Vdc < Vi < 23 Vdc — — — — — — 7.6 8.0 8.4
11.5 vVdc < Vi, < 23 Vde 7.6 8.0 8.4 7.6 8.0 8.4 — — —
Line Regulation (T j = +26°C, Note 2) Regin mV
10.5 Vdc < Vi, < 25 Vdc — 3.0 80 — 12 160 — 12 160
11 Vde < Vi < 17 Vde — 2.0 40 — 5.0 80 - 5.0 80
Load Regulation (T j = +25°C, Note 2) Regjoad mV
50mA<Ig<156A — 28 100 — 45 160 — 45 160
250 mA< Ip < 750 mA — 9.0 40 — 16 80 — 16 80
Quiescent Current (T j = +25°C) g — 32 6.0 — 43 8.0 — 43 8.0 mA
Quiescent Current Change Alg mA
10.5 Vde < V), < 25 Vdc — — — - — — — — 10
11.5 Vde < V), < 25 Vde — 03 08 — — 1.0 — — —
50mA<Ig<1.0A — 0.04 0.5 — — 05 — — 05
Ripple Rejection RR 62 70 — — 62 — — 62 — dB
115Vde< V< 21.5Vdc, f=120 Hz
Dropout Voltage (Ig = 1.0 A, T = +25°C) Vin - Vo — 2.0 25 — 2.0 — - 2.0 — Vdc
Output Noise Voltage (Tp = +26°C) Vi — 10 40 — 10 - — 10 — uv/
10 Hz < f< 100 kHz Vo
Output Resistance f = 1.0 kHz Ro — 18 — — 18 — — 18 — m()
Short-Circurt Current Limit (Tp = +25°C) lsc — 0.2 1.2 — 0.2 — - 0.2 - A
Vi = 36 Vdc
Peak Output Current (T = +25°C) Imax 13 5 3.3 — 22 — — 22 — A
Average Temperature Coefficient of TCVo — *1.0 — — -0.8 — — -08 — mv/
Output Voltage °C
MC7808A, AC
ELECTRICAL CHARACTERISTICS (V=14 V,l0=1.0A, T, =Tjow to Thigh [Note 1] unless otherwise noted)
c gt MC7808A MC7808AC .
Characteristics Symbol Min Typ Max Min Typ Max Unit
Output Voltage (T j = +25°C) Vo 7.84 8.0 816 784 80 816 Vdc
Output Voltage Vo Vdc
(BOMASIg<10A Pp<15W) 77 80 83 77 80 83
10 6 Vde < V,, < 23 Vdc
Line Regulation (Note 2) Reg,n mvV
10.6 Vde < V,, < 25 Vdc, Ig = 500 mA — 4.0 13 — 12 80
11 Vde < V), < 17 Vde — 6.0 20 — 15 80
11 Vde < V|, < 17 Vde, Ty = +25°C — 20 60 — 50 40
104 Vde <V, < 23 Vdc, T = +25°C — 4.0 13 — 12 80
Load Regulation (Note 2) Regjpad mV
50mA<Ig<15A — 28 50 — — —
50mA<Igp<10A — — — — 45 100
50mA<Ig<1.5A T =+25°C — — — — 45 100
250 mA < g < 750 mA — 90 25 — 16 50
Quiescent Current [} — — 50 — — 60 mA
Ty=+25°C — 3.2 40 — 43 60
Quiescent Current Change Alg mA
11 Vde < V)5 < 25 Vdc, Ig = 500 mA — 0.3 05 — - os
10 6 Vdc <V, < 23 Vdc, T = +256°C — 0.2 05 — — 08
50mA<Ig<1.0A — 004 02 — — 05
Ripple Rejection RR dB
115 Vde < V), < 21.5 Vdc, f= 120 Hz,
Ty=+25°C 62 70 — — — —
11.5 Vdc < V|, < 21.5 Vdc, f= 120 Hz,
o = 500 mA 62 70 — — 62 —
Dropout Voltage (Ig = 1.0 A, T j = +25°C) 3 Vin-Vo —_ 20 25 — 20 — Vdc
Output Noise Voltage (T = +25°C) Vi - 10 40 - 10 — uV/Vo
10 Hz < < 100 kHz
Output Resistance (f = 1.0 kHz) Ro — 18 — — 18 — m)
Short-Circuit Current Limit (T = +25°C) Isc — 0.2 1.2 — 02 - A
Vin =35 Vdc
Peak Output Current (T = +25°C) Imax 13 25 33 ~ 2.2 — A
Average Temperature Coefficient of Output Voltage TCVo — +1.0 — — -08 — mV/°C

NOTES: 1. Tigw = -56°C for MC78XX, A
= 0° for MC78XXC, AC
=-40°C for MC78XXB

Thigh = +150°C for MC78XX, A
= +126°C for MC78XXC, AC, B

2. Loadandliner I are

d at constantj

separately. Pulse testing with low duty cycle is used.
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MC7800 Series

MC7812,8B,C

ELECTRICAL CHARACTERISTICS (V4= 19 V.19 = 500 mA, T = Tjow t0 Thigh [Note 1] unless otherwise noted)

o MC7812 mc78128 MC7812C .
Characteristic Symbol Min Typ Max Min Typ Max Min T Typ Max Unit
Output Voltage (T j = +26°C) Vo 1.5 12 125 1156 12 125 115 12 125 Vdc
Output Voltage Vo Vdc
(BOMA<Ig<10A Po<15W)
14 5 Vde < Vp < 27 Vde — — — — — — 14 12 126
16 5 Vdc < V|, < 27 Vdc 1.4 12 12.6 114 12 126 —_ — —
Line Regulation (T j = +26°C, Note 2) Reg,n mV
14 6 Vdc < V,, < 30 Vdc — 50 120 — 13 240 — 13 240
16 Vdc <V < 22 Vde — 30 60 — 60 120 — 60 120
Load Regulation (T = +25°C, Note 2) Regioad mV
50mA<Ig<15A — 30 120 — 46 240 — 46 240
250 mA < g < 750 mA —_ 10 60 - 17 120 — 17 120
Quiescent Current (T j = +25°C) g — 34 60 — 44 80 — 44 80 mA
Quiescent Current Change Alg mA
14 5 Vdc <V, < 30 Vdc — — — — — — — — 1.0
15 Vde < V) < 30 Vde - 03 08 — — 10 — — —
50mA<Ig<10A — 004 05 — — 05 — — 05
Ripple Rejection RR 61 68 — — 60 — — 60 dB
15 Vde < V|, < 25 Vdc, f = 120 Hz
Dropout Voltage({lg =10 A, T) = +25°C) Vin - Vo — 20 25 — 20 —_ — 20 — Vde
Output Noise Voltage (T = +25°C) Vi —_ 10 40 — 10 — — 10 — uv/
10 Hz < f< 100 kHz Vo
Output Resistance f = 1 0 kHz Ro — 18 — —_ 18 — — 18 — m
Short-Circuit Current Limit (T = +25°C) lse — 02 12 — 02 — — 02 — A
Vin = 36 Vdc
Peak Output Current (T j = +25°C) Imax 13 25 33 — 22 — — 22 — A
Average Temperature Coefficient of TCVo — +15 — — -10 — — -10 — mv/
Output Voltage °C
MC7812A, AC
ELECTRICAL CHARACTERISTICS (Vin=19V.19=10A, T, = Tioy to Thgn [Note 1] unless otherwise noted)
gt MC7812A MC7812AC B
Characteristics Symbol Min Tvp Max Min Tvp Max Unit
Output Voltage (T = +25°C) Vo 1175 12 1225 1175 12 1225 Vdc
Output Voltage Vo Vdc
(BOMA<Ig<10A Po<15W) 15 12 125 15 12 125
14 8 Vdc < V,, < 27 Vdc
Line Regulation (Note 2) Reg,n mVv
14 8 Vdc <V, < 30 Vdc, Ig = 500 mA — 50 18 — 13 120
16 Vdc < V,n < 22 Vdc - 80 30 - 16 120
16 Vdc < V|3 < 22 Vdc, T = +25°C — 30 9.0 — 60 60
14 5 Vdc < V|, < 27 Vdc, Ty = +25°C — 6.0 18 — 13 120
Load Regulation (Note 2) Regjoad mvV
50mA<Ip<15A — 30 50 — — —
50mMA<Ig<10A — — - — 46 100
50mA<Ig<15A T =+25°C — — — - 46 100
250 mA < g < 750 mA — 10 25 — 17 50
Quiescent Current ig — — 50 — — 60 mA
T,=+25°C — 34 40 — 44 60
Quiescent Current Change Alg mA
15 Vdc <V, < 30 Vdc, Ig = 500 mA - 3 05 — — 0.8
14 8 Vdc < V,, < 27 Vdc, Ty = +25°C - 0.2 0.5 - — [oF:]
S50mMA<Ig<10A — 004 02 — — 05
Ripple Rejection RR dB
15 Vde < V) < 25 Vdc, f = 120 Hz,
Ty =+25°C 61 68 — — — —
16 Vde < V< 25 Vdc, f= 120 Hz,
ip = 500 mA 61 68 — — 60 —
Dropout Voltage (Ig =10 A, T = +25°C) Vin-Vo — 2.0 25 — 2.0 — Vdc
Output Noise Voltage (T = +25°C) Va — 10 40 — 10 — uV/Vo
10 Hz < f< 100 kHz
Output Resistance (f = 1.0 kHz) Ro — 18 — — 18 — mQ)
Short-Circuit Current Limit (Tp = +25°C) lsc — 0.2 1.2 — 0.2 — A
Vi = 35 Vdc
Peak Output Current (T j = +26°C) Imax 1.3 8 3.3 — 22 — A
Average Temperature Coefficient of Output Voltage TCVo —_ +1.5 — — -1.0 — mV/eC

NOTES' 1. Tjo = -56°C for MC78XX, A
= 0° for MC78XXC, AC
= -40°C for MC78XXB

Thigh = +150°C for MC78XX, A
= +125°C for MC78XXC, AC, B

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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MC7800 Series

MC7815, B, C

ELECTRICAL CHARACTERISTICS (Vj, =23V, Ig = 500 mA, T, = Tjow 10 Thigh [Note 1] unless otherwise noted).

. Svmbol MC7815 MC7815B MC7815C .
Characteristic 4 Min | Typ Max Min Typ Max Min | Typ Max Unit
Output Voltage (T ) = +25°C) Vo 14.4 15 15.6 144 15 15.6 14.4 15 15.6 Vdc
Output Voltage Vo Vdc
(5.0mA<Ig<1.0A Pp<15W)
17.5 Vdc < Vi < 30 Vde — — — — - - 14.25 15 15.76
18.5 Vdc < Vjn < 30 Vdc 14.25 15 16.75 | 14.25 15 15.75 — — —
Line Regulation (T = +25°C, Note 2) Regin mV
175 Vde < V,n < 30 Vde - 6.0 150 - 13 300 — 13 300
20 Vdc <V, < 26 Vdc — 3.0 75 — 6.0 150 — 6.0 150
Load Regulation (T j = +256°C, Note 2) Regjoad mvV
50mA<Ig<15A - 32 150 - 52 300 — 52 300
250 mA< Ig < 750 mA — 10 75 — 20 150 — 20 160
Quiescent Current (T = +25°C) g — 34 6.0 — 44 8.0 — 44 8.0 mA
Quiescent Current Change Alg mA
17.5 Vdc < Vj, < 30 Vdc - - - - - - - - 1.0
18 5 Vdc < Vi, < 30 Vdc — 03 08 — — 10 - — —
50mA<Ig<10A — 0.04 0.5 — —_ 0.5 — — 0.5
Ripple Rejection RR 60 66 — — 58 - — 58 - dB
18.5 Vdc < V,, < 28.5 Vdc, f= 120 Hz
Dropout Voltage (Ig = 1.0 A, T = +25°C) Vin- Vo — 2.0 25 - 20 — - 2.0 — Vdc
Output Noise Voltage (Tp = +25°C) Vn — 10 40 — 10 — —_ 10 — uV/
10 Hz < f< 100 kHz Vo
Output Resistance f = 1.0 kHz Ro - 19 — - 19 - — 19 — mi)
Short-Circuit Current Limit (Tp = +25°C) lsc - 02 12 - 02 - - 02 — A
Vin = 35 Vdc
Peak Output Current (T j = +25°C) Imax 13 5 3.3 - 2.2 — — 22 — A
Average Temperature Coefficient of TCVo - 18 - - -10 -— - -10 - mv/
Output Voltage °C
MC7815A, AC
ELECTRICAL CHARACTERISTICS (Vn =23V, Ip=10A, T = Tiow t0 Thign [Note 1] uniess otherwise noted)
. MC7815A MC7815AC .
Characteristics Symbol Min Typ Max Min Typ Max Unit
Output Voltage (T j = +25°C) Vo 14.7 15 153 14.7 15 153 Vdc
Output Voltage Vo Vdc
(B.OMA<SIg<10A Pp<15W) 14.4 15 1566 144 15 1566
17 9 Vdc < V,,, < 30 Vdc
Line Regulation (Note 2) Reg,n mV
17 9 Vdc < V|, < 30 Vdc, Ig = 500 mA — 6.0 22 — 13 150
20 Vdc < V), < 26 Vdc -_ 60 22 - 16 150
20 Vde < V), < 26 Vdc, T = +26°C - 3.0 10 — 60 75
17.5 Vdc < Vj, < 30 Vdc, T = +26°C — 6.0 22 — 13 150
Load Regulation (Note 2) Regjoad mV
50mA<Ig<15A - 32 50 - - —
50mA<Ip<10A — — — — 52 100
50mA<Ig<15A T =+25°C - — - - 52 100
260 mA < Ig < 750 mA - - 10 25 - 20 50
Quiescent Current g - - 55 - - 60 mA
Ty=+25°C — 3.4 45 — 44 60
Quiescent Current Change Alg mA
17 5 Vdc < V< 30 Vdc, Ig = 500 mA - 0.3 0.5 - - 08
17 5 Vde < V| < 30 Vdc, Ty = +256°C — 0.2 05 — — 08
50mA<Ig<10A — 004 02 — - 0.5
Ripple Rejection RR dB
18.5 Vdc < V,n < 28.5 Vdc, f = 120 Hz,
Ty=+25°C 60 66 - - - —
18 6 Vdc < V,, < 28 5 Vdc, f= 120 Hz,
1o =500 mA 60 66 - — 58 —
Dropout Voltage (Ig= 1.0 A, T ) = +25°C) Vin - Vo — 2.0 2.5 — 20 — Vdc
Output Noise Voltage (Tp = +25°C) Vi — 10 40 — 10 — uV/Vo
10 Hz < f< 100 kHz
Output Resistance (f = 1.0 kHz) Ro — 19 — — 19 — m()
Short-Circuit Current Limit (T = +25°C) lsc — 0.2 1.2 — 0.2 — A
Vi = 35 Vdc
Peak Output Current (T j = +26°C) Imax 13 3.3 — 2.2 — A
Average Temperature Coefficient of Output Voltage TCVo — +1.8 — — -1.0 — mV/°C

NOTES: 1 Tjguw = -56°C for MC78XX, A
= 0° for MC78XXC, AC
= -40°C for MC78XXB

Th:gh =+150°C for MC78XX, A

=+125°C for MC78XXC, AC, B

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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MC7800 Series

MC7818,8B,C

ELECTRICAL CHARACTERISTICS (Vjs = 27V, Ig = 500 mA, T, = Tjow 10 Thign [Note 1] unless otherwise noted).

. MC7818 MC78188B MC7818C .
Characteristic Symbol Min Tvp Max Win Tvp Max Min Tvp Max Unit
Output Voltage (T = +25°C) Vo 17.3 18 18.7 17.3 18 18.7 17.3 18 18.7 | Vdc
Output Voltage Vo Vdc
(50MA<Ig<S10A Po<15W)
21 Vdc < V)5 < 33 Vde —_ - — - - - 171 18 18.9
22 Vdc <V, < 33 Vdc 171 18 18.9 171 18 189 - —_ -
Line Regulation (T j = +25°C, Note 2) Regin mV
21 Vdc <V, < 33 Vde — 70 180 - 25 360 - 25 360
24 Vdc < V,, < 30 Vde — 40 90 — 10 180 — 10 180
Load Regulation (T = +25°C, Note 2) Reg|oad mv
50mA<Ig<15A - 35 180 - 55 360 — 55 360
250 mA < Ig < 750 mA — 12 90 — 22 180 — 22 180
Quiescent Current (T j = +25°C) g — 3.5 6.0 — 45 80 —_ 45 8.0 mA
Quiescent Current Change Alg mA
21 Vdec <V, < 33 Vde — - - — - - - - 1.0
22 Vdc <V, < 33 Vdc — 03 [oX:] - - 1.0 - - —
50mA<Ig<1.0A — 0.04 0.5 — — 0.5 — — 05
Ripple Rejection RR 59 65 — — 57 — — 57 dB
22 Vde <V, < 32 Vdc, f = 120 Hz
Dropout Voltage (Ig =1 0 A, T = +25°C) Vin-Vo - 2.0 25 — 2.0 — - 20 — Vdc
Output Noise Voltage (Tp = +25°C) Vn — 10 40 —_ 10 — — 10 — uV/
10 Hz < f< 100 kHz Vo
Output Resistance f = 1 0 kHz Ro — 19 — — 19 — - 19 — m()
Short-Circuit Current Limit (Tp = +25°C) lse — 0.2 12 - 02 - - 0.2 - A
Vin = 35 Vdc
Peak Output Current (T j = +25°C) Imax 13 5 33 — 22 — — 22 — A
Average Temperature Coefficient of TCVo — 23 — — -10 — — -10 — mv/
Output Voltage oc
MC7818A, AC
ELECTRICAL CHARACTERISTICS (V= 27V, Ig = 1.0 A T = Tjow t0 Thigh [Note 1] unless otherwise noted)
. MC7818A MC7818AC .
Characteristics Symbol Min Typ Max in Typ Max Unit
Output Voltage (T = +25°C) Vo 17 64 18 18 36 17 64 18 18 36 Vdc
Output Voltage Vo Vdc
BOmMA<Ig<10A Po<15W) 173 18 187 173 18 173
21 Vdc < V,, < 33 Vdc
Line Regulation (Note 2) Regn mV
21 Vdc < V,n < 33 Vdc, Ig = 500 mA — 70 31 - 25 180
24 Vdc < V|, < 30 Vdc - 12 45 — 28 180
24 Vdc < V,, < 30 Vdc, T = +25°C — 40 15 - 10 90
20 6 Vdc < V,, < 33 Vdc, T = +25°C - 70 31 - 25 180 —
Load Regulation (Note 2) Regjpad mV
50mA<Ig<15A - 35 50 - - —
50mA<Ig<10A - - — — 55 100
S50mMA<Ig<15A T =+25°C — - - - 55 100
250 mA < Ig < 750 mA — 12 25 - 22 50
Quiescent Current I} — — 55 - - 60 mA
Ty =+25°C - 34 45 - 45 60
Quiescent Current Change Alg mA
21 Vde < V,, < 33 Vdc, Ig = 500 mA - 0.3 0s - - 08
21 Vde < V< 33 Vdc, Tj=+25°C - 0.2 05 - — 08
50mA<Ip<10A — 004 02 — — 0.5
Ripple Rejection RR dB
22 Vde < V,, < 32 Vdc, f = 120 Hz,
Ty=+25°C 59 65 - - - -
22 Vde < V|, < 32 Vdc, f= 120 Hz,
1o = 500 mA 59 65 — — 57 —_
Dropout Voltage (ig =10 A, T = +25°C) Vin-Vo — 2.0 2.5 — 2.0 — Vdc
Output Noise Voltage (Tp = +25°C) Vn - 10 40 — 10 - wV/Vo
10 Hz < f< 100 kHz
Output Resistance (f = 1 0 kHz) Ro — 19 — —_ 19 — mQ
Short-Circuit Current Limit (Tp = +25°C) Isc - 0.2 12 - 0.2 - A
V,n = 35 Vdc
Peak Output Current (T = +25°C) Imax 1.3 25 3.3 - 2.2 — A
Average Temperature Coefficient of Output Voltage TCVo — +2.3 — — -10 - mV/°C

NOTES 1 Tjow = -55°C for MC78XX, A
= 0° for MC78XXC, AC
= -40°C for MC78XXB

Thigh = +150°C for MC78XX, A
= +125°C for MC78XXC, AC, B

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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MC7800 Series

MC7824,B, C

ELECTRICAL CHARACTERISTICS (V=33 V, Ig = 500 mA, T, = Tiow to Thigh [Note 1] unless otherwise noted).

e Sumbal MC7824 MC7824B MC7824C .
Characteristic 4 Min Typ Max Min Typ Max Min Typ Max Unit
Output Voltage (T j = +25°C) Vo 23 24 25 23 24 25 23 24 25 Vdc
Output Voltage Vo Vde
(BOMA<Ig<1.0A Po<15W)
27 Vde < Vi < 38 Vdc — — — — — — 228 24 252
28 Vdc < Vi, < 38 Vdc 228 24 252 228 24 25.2 — — —
Line Regulation (T = +26°C, Note 2) Regin mVv
27 Vdc < Vi, < 38 Vdc — 10 240 — 31 480 — 31 480
30 Vdc < Vi, < 36 Vdc — 50 120 — 14 240 — 14 240
Load Regulation (T ) = +25°C, Note 2) Regjoad mvV
50mA<Ig<15A — 40 240 — 60 480 — 60 480
250 mA < Ig < 750 mA — 15 120 — 25 240 — 25 240
Quiescent Current (T = +26°C) I} — 3.6 6.0 — 4.6 8.0 — 4.6 80 mA
Quiescent Current Change Alg mA
27 Vdc < Vi < 38 Vdc — — — - — — - — 10
28 Vdc < V< 38 Vdc — 0.3 08 - - 10 — — —
50mA<Ig<10A — 0.04 0.5 — — 05 — — 05
Ripple Rejection RR 56 62 — — 54 — — 54 dB
28 Vdc <V, < 38 Vdc, f = 120 Hz
Dropout Voltage (Ig =10 A, T = +25°C) Vin- Vo — 20 25 — 2.0 — — 20 — Vde
Output Noise Voltage (Tp = +25°C) Vn — 10 40 — 10 — — 10 — uV/
10 Hz < < 100 kHz Vo
Output Resistance f = 1.0 kHz Ro — 20 — — 20 — — 20 — m()
Short-Circuit Current Limit (Tp = +25°C) Ise — 02 12 — 0.2 — — 02 — A
V,n = 36 Vdc
Peak Output Current (T j = +25°C) Imax 13 25 33 — 2.2 — — 22 — A
Average Temperature Coefficient of TCVo — +30 — — -15 — — -15 — mv/
Output Voltage °C
MC7824A, AC
ELECTRICAL CHARACTERISTICS (v,,=33V,ig=10A,T;= Tjoy to Thgh [Note 1] unless otherwise noted)
. MC7824A MC7824AC .
Characteristics Symbol Min Tvp Max Min Tvp Max Unit
Output Voltage (T j = +25°C) Vo 235 24 245 235 24 245 Vdc
Output Voltage Vo Vde
(BOMASIg<ST10A Pogs15W) 23 24 25 23 24 25
27 3 Vdc < V|, < 38 Vdc
Line Regulation (Note 2) Regn mv
27 Vde < Vi, < 38 Vdc, Ig = 500 mA — 10 36 - 31 240
30 Vdc < V), < 36 Vdc — 15 60 — 35 240
30 Vde < V|, < 36 Vdc, Ty = +25°C — 50 19 — 14 120
26 7 Vdc < V|, < 38 Vdc, T = +26°C — 10 36 — 31 240
Load Regulation (Note 2) Regjoad mV
50mA<Ig<15A — 40 50 — — —
50mA<Ig<10A — — — — 60 100
50mAS<Ig<15A T =+25°C — — — — 60 100
250 mA < Ig < 750 mA — 15 25 — 25 50
Quiescent Current g — — 60 — — 60 mA
Ty=+26°C — 36 5.0 — 46 6.0
Quiescent Current Change Alg mA
27.3 Vdc <V, < 38 Vdc, Ip = 500 mA — 03 0.5 — — 08
27.3Vde< V)< 38 Vdc, Ty =+26°C - 0.2 05 — — 0.8
50mA<Ip<10A — 004 0.2 — — 05
Ripple Rejection RR dB
28 Vde < V|, < 38 Vdc, f = 120 Hz,
Ty=+25°C 56 62 — — _ _
28 Vdc < Vi < 38 Vdc, f= 120 Hz,
1o = 500 mA 56 62 — — 54 —
Dropout Voltage (Ig = 1.0 A, Tj = +25°C) Vin-Vo — 20 2.5 — 2.0 — Vde
Output Noise Voltage (T = +25°C) Vn — 10 40 — 10 — uV/Vo
10 Hz< f< 100 kHz
Output Resistance (f = 1.0 kHz) Ro — 20 — - 20 - m(}
Short-Circuit Current Limit (Tp = +25°C) lsc —_ 0.2 1.2 - 0.2 — A
Vin = 35 Vdc
Peak Output Current (T j = +25°C) Imax 1.3 25 33 — 2.2 — A
Average Temperature Coefficient of Output Voltage TCVo — +3.0 — — -15 — mV/°C

NOTES: 1. Tjo\ = -55°C for MC78XX, A
=0° for MC78XXC, AC
=-40°C for MC78¥XB

Thigh = +150°C for MC78XX, A
= +125°C for MC78XXC, AC, B

2. Load and line regul rare ified at

s separately. Pulse testing with low duty cycle is used.

i
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MC7800 Series

TYPICAL CHARACTERISTICS
(TA = +25°C unless otherwise noted.)

FIGURE 1 — WORST CASE POWER DISSIPATION
versus AMBIENT TEMPERATURE (Case 221A)
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FIGURE 3 — INPUT OUTPUT DIFFERENTIAL AS A
FUNCTION OF JUNCTION TEMPERATURE
(MC78XXC, AC, B)
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FIGURE 5 — PEAK OUTPUT CURRENT AS A FUNCTION
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Vin = Vp. INPUT/OUTPUT VOLTAGE

Ig. OUTPUT CURRENT (AMPS)

Pp, POWER DISSIPATION (WATTS)

DIFFERENTIAL (VOLTS)

FIGURE 2 — WORST CASE POWER DISSIPATION
versus AMBIENT TEMPERATURE (Case 1)

25

6ng=0

20

~g
L Rjyc = 59CW

RgJa = 650C/W
[ Ty(max) = 150°C

S

50

[ ——t———___No Heat Sink

T

0%

-50 -25 0 25 50 75

Ta. AMBIENT TEMPERATURE (°C)

FIGURE 4 — INPUT OUTPUT DIFFERENTIAL AS A
FUNCTION OF JUNCTION TEMPERATURE
(MC78XX, A)

25 Wyt = 100 mv

]

I Ig=10A
— |
\

~
o

Ig = 500 mA
T —

o

\
lo

o

=10mA

05

-25 0 25 50 75
TA. AMBIENT TEMPERATURE (°C)

0
-75 -50 100 125

FIGURE 6 — PEAK OUTPUT CURRENT AS A
FUNCTION OF INPUT-OUTPUT DIFFERENTIAL
VOLTAGE (MC78XX, A)

40
3.0
— e
20 f \\/ Ty =25°C
AN
\\ Ty =125°C
10 -
f
0 ~
0 10 20 30 40

Vin-Vo. INPUT-QUTPUT VOLTAGE DIFFERENTIAL (VOLTS)



MC7800 Series

TYPICAL CHARACTERISTICS (continued)
(T A = 25°C unless otherwise noted.)

FIGURE 7 — RIPPLE REJECTION AS A FUNCTION FIGURE 8 — RIPPLE REJECTION AS A FUNCTION
OF OUTPUT VOLTAGES OF FREQUENCY
(MC78XXC, AC) (MC78XXC, AC)
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MC7800 Series

APPLICATIONS INFORMATION

Design Considerations

The MC7800 Series of fixed voltage regulators are designed
with Thermal Overload Protection that shuts down the circuit
when subjected to an eéxcessive power overload condition, Internal
Short-Circuit Protection that limits the maximum current the cir-
cuit will pass, and Output Transistor Safe-Area Compensation that
reduces the output short-circuit current as the voltage across the
pass transistor is increased.

In many low current applications, compensation capacitors are
not required. However, it is recommended that the regulator
input be bypassed with a capacitor if the regulator is connected

to the power supply filter with long wire lengths, or if the output
foad capacitance is large. An input bypass capacitor should be
selected to provide good high-frequency characteristics to insure
stable operation under all load conditions. A 0.33 uF or larger
tantalum, mylar, or other capacitor having low internal impedance
at high frequencies should be chosen. The bypass capacitorshould
be mounted with the shortest possible leads directlyacross the
regulators input terminals. Normally good constructiontechniques
should be used to minimize ground loops and lead resistancedrops
since the regulator has no external sense lead.

FIGURE 13 — CURRENT REGULATOR
Constant

Input ’ﬁ MC7805
3 R
Current to

'O’ Grounded Load

The MC7800 regulators can also be used as a current source
when connected as above. In order to minimize dissipation the
MC7805C is chosen in this application. Resistor R determines
the current as follows:

0-2Y w1
o R Q
IQ? 1.5 mA over line and load changes
For example, a 1-ampere current source would require R to be a

5-ohm, 10-W resistor and the output voltage comphiance would
be the input voltage less 7 volts

FIGURE 14 — ADJUSTABLE OUTPUT REGULATOR

Output
[ 2 O+ MC7805 O ’ *
Input

~ O 33 uF

Y|

MC1741G

Vo, 7.0V 1020 V
Vin — Vo =220V

The addition of an operational amplifier allows adjustment to
higher or intermediate values while retaining regulation character-
istics. The minirnum voltage obtainable with this arrangement is
2.0 volts greater than the regulator voltage.

FIGURE 15 — CURRENT BOOST REGULATOR

MJ2955 or Equiv

Input ©—9

MC78XX —® Output

||'—-o—

1,OMFI

IO1MF

XX = 2 digits of type number indicating voltage

The MC7800 series can be current boosted with a PNP transis-

tor. The MJ2955 provides current to 5.0 amperes. Resistor R
in conjunction with the Vgg of the PNP determines when the
pass transistor begins conducting; this circuit is not short-circuit
proof. Input-output differential voltage minimum is increased by
Vge of the pass transistor.

FIGURE 16 — SHORTClRCU!T PROTECTION

MJ2955
Rsc or Equiv

input

2N6049
or Equiv

MC78XX

l.OpFI i

Output

XX - 2 digits of type number indicating voltage

The circuit of Figure 15 can be modified to provide supply protec-
tion against short circuits by adding a short-circuit sense resistor,
Rgc,and an additional PNP transistor. The current sensing PNP

" must be able to handle the short-circuit current of the three-

terminal regulator. Therefore, a four-ampere plastic power tran-
sistor 1s specified.
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MC78L00C,AC
Series

THREE-TERMINAL POSITIVE
VOLTAGE REGULATORS

The MC78LO00 Series of positive voltage regulators are inexpensive,
easy-to-use devices suitable for a multitude of applications that re-
quire a regulated supply of up to 100 mA. Like their higher powered
MC7800 and MC78MO0 Series cousins, these regulators feature
internal current limiting and thermal shutdown making them re-
markably rugged. No external components are required with the
MC78LO00 devices in many applications.

These devices offer a substantial perfoymance advantage over the
traditional zener diode-resistor combinaﬁ{;n. Output impedance is
greatly reduced and quiescent current is substantially reduceq
Wide Range of Available, Fixed Output Voltages )

Low Cost

Internal Short-Circuit Current Limiting
Internal Thermal Overload Protection

No External Components Required
Complementary Negative Regulators Offered

(MC79L00 Series)
® Auvailable in Either 5% (AC) or £10% (C) Selections

THREE-TERMINAL
POSITIVE FIXED
VOLTAGE REGULATORS

P SUFFIX.
CASE 29
TO-92 E

Pin 1. Output '
2. Ground
3. Input 1 l

REPRESENTATIVE CIRCUIT SCHEMATIC

Bottom
View
G SUFFIX
CASE 79
T TO-39

Pin 1. Input
2. Output
| 3. Ground

(Case connected
2 to pin 3)

w

o
Input
] Q1 ey
15 k Q3 Qs
>——-{:Q12
Q1
Q10

3.8k rl 5k 3 Output )

o
Q4 Q ’
I/—ﬂei 0-25 k
1.2k 1.9k 19k $2.2k
ST B N
Q: Q
&t | P
Q7
420
1k
Common
o
<
Device No.| Device No. | Nominal
+10% 5% Voltage

MC78L0OSC | MC78LOSAC 5.0
MC78L08C | MC78L0O8BAC 8.0
MC78L12C | MC78L12AC 12
MC78L15C | MC78L15AC 15
MC78L18C | MC78L18AC 18
MC78L24C | MC78L24AC 24

STANDARD APPLICATION

Input QIO— MC78LXXC rOI‘ Output
<N .

033 uF Co

A common ground is required between the
input and the ouytput voltages. The input volt-
age must remain typically 2.0 V above the out-
put voltage even during the low point on the
input ripplie voltage.

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

** =CQ is not needed for stability; however,
it does improve transient response.

ORDERING INFORMATION

Device Temperature Range Package
MC78LXXACG | T, =0°C to +150°C | Metal Can
MC78LXXACP | T, =0°C to+150°C | Plastic Transistor
MC78LXXCG T, =0°C to +150°C | Metal Can
MC78LXXCP T, =0°C to +150°C | Plastic Transistor

XX indicates nominal voltage
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MC78L00C, AC Series

MC78L00 Series MAXIMUM RATINGS (T = +125°C unless otherwise noted.)

Rating " Symbol Value Unit
Input Voltage (2.6 V — 8.0 V) Vi 30 Vdc
(12V —-18V) 35
(24 V) 40
Storage Junction Temperature Range Tstg -65 to +150 oc
) Operating Junction Temperature Range T, 0 to +150 °c
f

MC78L05C, MC78LO5AC ELECTRICAL CHARACTERISTICS (v, =10V, g =40mA, C| = 0.33 uF, Cpo = 0.1 uF,
0°C < T < +125°C unless otherwise noted.)

MC78L0SC MC78L0SAC
Characteristic Symbol Min Typ Max Min Typ Max Unit
Output Voltage (T = +25°C) Vo 4.6 5.0 5.4 4.8 5.0 5.2 Vdc
Input Regulation Regjine mVv
(Ty = +25°C, 19 = 40 mA)
7.0 Vdc < V| <20 Vdc - 55 | 200 - 55 150
8.0 Vdc <V; < 20 Vdc - 45 150 — 45 100
Load Regulation Regjoad mVv
(Ty=+25°C, 1.0 mA < 1g < 100 mA) - 1 60 - 1 60
(Ty = +25°C, 1.0 mA < 1o < 40 mA) - 5.0 30 - 5.0 30
Output Vol!aﬁge‘ Vo Vdc
(7.0 Vdc < V| < 20 Vdc, 1.0 mA < 1o < 40 mA) 45 - 5.5 4.75 - 5.25
(Vi =10V, 1.0mA < lg < 70 mA) 4.5 - 5.5 4.75 - 5.25
Input Bias Current hB mA
(Ty = +25°C) - 3.8 6.0 - 3.8 6.0
(Ty = +125°C) - - 5.5 - - 55
Input Bias Current Change alig mA
(8.0 Vdc < V| < 20 Vdc) - - 1.5 - - 15
(1.0 mA < Ig < 40 mA) - - 0.2 - — 0.1
Output Noise Voltage (Tp = +25°C, 10 Hz < f < VN - 40 - - -40 - v
100 kHz)
Long-Term Stability sVg/ot - 12 — — 12 . mV/1.0 k Hrs
Ripple Rejection (Ig =40 mA, f = 120 Hz, RR 40 49 - 41 49 - dB
80V <V <18V, T =+25°C)
Input-Output Voltage Differential Vyi/Vo - 1.7 - - 1.7 - Vdc
(T = +25°C)
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MC78L00C, AC Series

MC78L08C, MC78L0OBAC ELECTRICAL CHARACTERISTICS (V| =14V, Ig =40 mA, C| = 0.33 uF,Co = 0.1 uF,

0°C < T < +125°C unless otherwise noted.)

MC78L08C MC78L08BAC
Characteristic Symbol | Min Typ Max Min Typ Max Unit
Output Voltage (T = +25°C) Vo 7.36 8.0 8.64 7.7 8.0 8.3 Vdc
Input Regulation Regjine mV
(Ty=+25°C, 10 = 40 mA)
10.5 Vdc < V| < 23 Vdc - 20 200 - 20 175
11 Vdc < V; < 23 Vdc — 12 150 - 12 125
Load Regulation Regjoad mV
(Ty=+25°C, 1.0mA < I < 100 mA) - 15 80 - 15 80
(Ty = +25°C, 1.0 mA < Ig <40 mA) - 6.0 40 - 8.0 40
Output Voltage Vo Vdc
(10.5 Vdc < V| < 23 Vdc, 1.0 mA < 19 <40mA) 7.2 - 8.8 76 - 8.4
(Vi=14V,1.0mA <19 <70 mA) 7.2 - 8.8 76 - 8.4
Input Bias Current "B mA
(Ty = +25°C) - 3.0 6.0 - 3.0 6.0
(T = +125°C) - - 5.5 - - 5.5
Input Bias Current Change alig mA
(11 Vdc < V) < 23 Vdc) - -~ 1.5 - - 15
(1.0mA < 19 <40 mA) - - 0.2 - - 0.1
Output Noise Voltage (Tp = +25°C, 10 Hz < f < VN - 52 - - 60 - uv
100 kHz)
Long-Term Stability aVg/at — 20 — — 20 — mV/1.0 k Hrs.
Ripple Rejection (Ig = 40 mA, f = 120 Hz, RR 36 55 - 37 57 - dB
12V <V <23V, T =+25°C)
Input-Output Voltage Differential Vi/Vo - 1.7 - - 1.7 - Vdec
(Ty = +25°C) ]
?

MC78L12C, MC78L12AC ELECTRICAL CHARACTERISTICS (v, =19V, Ig= 40mA, C; = 0.33 uF, Cg = 0.1
+125°C unless otherwise noted.)

uF,00C<Ty<

MC78L12C MC78L12AC
Characteristic Symbol Min Typ Max Min Typ Max Unit
Output Voltage (T = +25°C) Vo 1.1 12 129 1.5 12 12.5 Vdc
Input Regulation Regjine mV
(Ty = +25°C, Ig = 40 mA)
14.5 Vdc < V| < 27 Vdc - 120 250 - 120 250
16 Vdc < V| < 27 Vdc — 100 200 - 100 200
Load Regulation Regjoad mV
(Ty=+25°C, 1.0 mA < Ig < 100 mA) - 20 100 - 20 100
(Ty=+25°C, 1.0mA < Ig < 40 mA) - 10 50 - 10 50
Output Voltage Vo Vdc
(14.5 Vdc < V| < 27 Vdc, 1.0 mA <lg<40mA) 10.8 - 13.2 14 - 126
(Vi=19V,1.0mA<Ig<70mA) 10.8 - 13.2 114 — 126
Input Bias Current g mA
(Ty = +25°C) - 4.2 6.5 - 42 65
(T = +125°C) — — 6.0 - —~ 6.0
Input Bias Current Change ahg mA
(16 Vdc < V| < 27 Vdc) - - 1.5 - - 1.5
(1.0 MA < Ig <40 mA) ~ — 0.2 - — 0.1
Output Noise Voltage (Tp = +25°C, 10 Hz < f < VN - 80 - - 80 - ny
100 kHz)
Long-Term Stability AV /ot - 24 - — 24 - mV/1.0 k Hrs.
Ripple Rejection (I =40mA,f=120Hz, 15V < RR 36 42 - 37 42 - ds
V| <25V, T;=+25°C)
Input-Output Voltage Differential Vi/Vo - 1.7 - - 1.7 - Vdc
(T = +25°C)
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MC78L00C, AC Series

MC78L15C, MC78L15AC ELECTRICAL CHARACTERISTICS (V| =23V, g =40mA, C| =033 uF,Co = 0.1 uF,
0°C < Ty < +125°C unless otherwise noted.)

MC78L15C MC78L15AC
Characteristic Symbol| Min Typ Max Min Typ Max Unit
Output Voltage (T = +25°C) Vo 13.8 15 16.2 144 15 15.6 Vdc
Input Regulation Regjine mV
(Ty = +25°C, Ig = 40 mA)
17.56 Vdc < V| < 30 Vdc - 130 300 - 130 300
20 Vdc < V| < 30 Vdc - 110 250 - 110 250
Load Regulation Reg)oad mv
(Ty=+25°C, 1.0 mA < Ig < 100 mA) - 25 150 - 25 150
(Ty=+25°C,1.0mA < |g < 40mA) - 12 75 - 12 75
Output Voltage Vo Vdc
(17.5 Vdc < V| <€ 30 Vdc, 1.0 mA <1g <40mA) 13.5 - 16.5 14.25 - 15.75
(Vi=23V,1.0 mA < 1o <70 mA) 13.5 - 16.5 14.25 - 15.75
Input Bias Current hg mA
(T, = +25°C) - 4.4 6.5 - 44 6.5
(Ty = +125°C) - - 6.0 - - 6.0
Input Bias Current Change alig mA
(20 Vdc < V| < 30 Vdc) - - 15 - - 1.5
(1.0 mA <1g < 40 mA) - - 0.2 - - 0.1
Output Noise Voltage (T = +25°C, 10Hz < f < VN - 90 - - 90 - ny
100 kHz)
Long-Term Stability aVplat - 30 — — 30 - mV/1.0 k Hrs.
Ripple Rejection (Ig =40 mA, f = 120 Hz, 185 V < RR 33 39 — 34 39 — dB
V| <285V, Ty=+25°C)
Input-Output Voltage Differential Vi/Vo - 1.7 - - 1.7 - Vdc
(T = +25°C)

MC78L18C, MC78L18AC ELECTRICAL CHARACTERISTICS (v|=27V,Ig=40mA,C|=0.33uF, Co=0.1uF,
0°C < T) < +125°C unless otherwise noted.)

MC78L18C MC78L18AC
Characteristic Symbol Min Typ Max Min Typ Max Unit

Output Voltage (T = +25°C) Vo 16.6 18 194 173 18 18.7 Vdc

Input Regulation Regjine mV
(Ty = +25°C, 1g = 40 mA)
21.4 Vdc < V| <33 Vdc - 32 325
20.7 Vdc < V| <33 Vdc ’ - 45 325
22 Vdc < V| <33 Vdc - 27 275
21 Vdc < V; < 33 Vdc — 35 275

Load Regulation Regjoad mVv
(Ty=+25°C, 1.0 mA < Ig < 100 mA) - 30 170 - 30 170
(T} = +26°C, 1.0 mA < 1 < 40 mA) - 15 85 - 15 85

Output Voltage Vo Vde
(21.4 Vdc < V| < 33 Vdc, 1.0 mA < |9 <40mA) 16.2 - 17.8
(20.7 Vdc < V| < 33 Vdc, 1.0 mA < 19 <40mA) 171 - 18.9
(V| =27V,1.0mA < 1g < 70mA) 16.2 - 1738
(V| =27V,1.0mA < Ig < 70mA) 17.1 - 18.9

Input Bias Current hB mA
(Ty = +28°C) - 3.1 6.5 - 3.1 6.5
(T = +125°C) — - 6.0 - - 6.0

Input Bias Current Change alg mA
(22 Vdc < V| <33 Vdc) - - 1.5
(21 Vdc < V| = 33 Vdc) - - 1.5
(1.0 mA < |g < 40 mA) — - 0.2 - - 0.1

Output Noise Voltage (Tp = +25°C, 10 Hz < f < VN - 150 - - 150 - uVv
100 kHz)

Long-Term Stability aVg/at - 45 - - 45 - mV/1.0 k Hrs.

Ripple Rejection (Ig =40 mA, f = 120 Hz, RR 32 46 - 33 48 - dB
23V < V<33V, T =+25°C)

Input-Output Voltage Differential Vi/Vo - 1.7 - - 1.7 - Vdc
(T = +25°C)
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MC78L00C, AC Series

MC78L24C, MC78L24AC ELECTRICAL CHARACTERISTICS (V= 33 V, Io =40 mA, C| = 0.33 uF, Co = 0.1 uF,
0°C < T < +125°C unless otherwise noted.)

MC78L24C MC78L24AC
Characteristic Symbol Min . | * Typ Max Min Typ Max Unit
Output Voltage (T = +25°C) Vo 22.1 24 25.9 23 | 24 25 Vdc
Input Regulation Regjine mV
(Ty=+25°C, 10 = 40 mA)
27.5 Vdc < V| < 38 Vdc - 35 350 - - -
28 Vdc < V| < 38 Vdc - 30 300 - 50 300
27 Vdc < V) < 38 Vdc - - - - 60 350
Load Regulation Reg|oad mV
(T =+25°C, 1.0 mA < Ig < 100 mA) - 40 200 - 40 200
(Ty = +25°C, 1.0 mA < |g < 40 mA) - 20 100 - 20 100
Output Voltage Vo Vdc
(28 Vdc < V| < 38 Vdc, 1.0 mA < Ig <40 mA) 216 - 264
(27 Vdec < V| <38 Vdc, 1.0 mA < Ig <40 mA) 228 - 25.2
(28 Vdc < V| <33V, 1.0mA < Ig < 70 mA) 216 - 26.4
(27 Vdc < V) <33V, 1.0mA <lg <70 mA) 228 — 25.2
Input Bias Current IT:] i mA
(Ty=+25°C) - 3.1 65 - 3.1 6.5
(Ty = +125°C) - - 6.0 - - 6.0
Input Bias Current Change . alig - mA
(28 Vdc < V| < 38 Vdc) i - - 15 - - 15
(1.0 mA < I < 40 mA) - - 0.2 - —~ 0.1
Output Noise Voltage (Ta = +25°C, 10 Hz < VN _ 200 - _ 200 _ v
f < 100 kHz)
Long-Term Stability sVagl/at — 56 — — 56 — mV /1.0 k
Ripple Rejection (I =40 mA, f =120 Hz, 29 V < RR 30 43 - 31 45 - dB
V<35V, Tj=+25°C)
Input-Output Voltage Differential Vi/Vo - 1.7 - - 1.7 - Vdc
(T = +25°C)

E~4“\\
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MC78L00C, AC Series

TYPICAL CHARACTERISTICS

(T A = +25°C unless otherwise noted.)

FIGURE 1 — DROPOUT CHARACTERISTICS
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FIGURE 2 - DROPOUT VOLTAGE versus
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MC78L00C, AC Series -
\3

APPLICATIONS INFORMATION

Design Considerations

The MC78L00C Series of fixed voltage regulators are designed
with Thermal Overload Protection that shuts down the circuit
when subjected to an excessive power overload condition, Internal
Short-Circuit Protection that limits the maximum current the cir-
cuit will pass.

In many low current applications, compensation capacitors are
not required. However, it is recommended that the regulator
input be bypassed with a capacitor if the regulator is connected
to the power supply filter with long wire lengths, or if the output
load capacitance is large. An input bypass capacitor should be

selected to provide good high-frequency characteristics to insure
stable operation under all load conditions. A 0.33 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
regulators input terminals. Normally good construction techniques
should be used to minimize ground loops and lead resistance
drops since the regulator has no external sense lead. Bypassing the
output is also recommended.

FIGURE 7 — CURRENT REGULATOR

Input MC78L0OSC
0.33 uF R
I Constant
= Current to
'0’ Grounded Load

The MC78L00C regulators can also be used as a current source
when connected as above. In order to minimize dissipation the
MC78L0O5C 1s chosen in this application. Resistor R determines
the current as follows

I 5V + 1
= = |
¢} R B
1)g = 3.8 mA over hne and load changes
For example, a 100 mA current source would require R to be a

50-ohm, 1/2-W resistor and the output voitage compliance would
be the input voltage less 7 volts.

FIGURE 8 — 15V TRACKING VOLTAGE REGULATOR

+20 V Vo
mc78L15

0.33 uF I i

-20 VvV 6.5
. VAN

MPS-US55

0.33 uF

s
< b
o
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@ MOTOROLA

MC78M00C
series

MC78MO00C SERIES THREE-TERMINAL
POSITIVE VOLTAGE REGULATORS

The MC78MO00 Series positive voltage regulators are identical to
the popular MC7800C Series devices, except that they are specified
for only one-third the output current. Like the MC7800C devices,
the MC78MO0OC three-terminal regulators are intended for local, on-
card voltage regulation.
Internal current limiting, thermal shutdown circuitry and safe-
area compensation for the internal pass transistor combine to make
these devices remarkably rugged under most operating conditions.
Maximum output current, with adequate heatsinking is 500 mA.

No External Components Required
Internal Thermal Overload Protection
Internal Short-Circuit Current Limiting
Output Transistor Safe-Area Compensation

Packaged in the Plastic Case 221A and Case 79
(T0O-220 and Hermetic TO-39)

THREE-TERMINAL
POSITIVE FIXED
VOLTAGE REGULATORS

Pin 1. Input

2. Output
3. Ground
2 i"“
3 '
1 | Pin 1. Input
2. Ground
Bottom 3. Qutput®
View
G SUFFIX T SUFFIX
METAL PACKAGE PLASTIC PACKAGE
CASE 79 CASE 221A
TO-39 (TO-220 Type)
(Case connected  (Heatsink surface
to Pin 3) connected to Pin 2)

REPRESENTATIVE
SCHEMATIC DIAGRAM
o -0 Input
100 1003 10 k%
<
100 ké 5003 x
| UL
P
200{ 0.3
33k O Output
x
0-25 k
P
2.7 k
5 k
500
O Gnd

STANDARD APPLICATION

MC78MXXC Output
c ..

|n'
033 uF Co

Input

A common ground is required between the
input and the output voltages. The input volt-
age must remain typically 2 0 V above the out-
put voltage even during the low point on the
input ripple voltage.

* =C,n 15 required 1f regulator is located an
appreciable distance from power supply
filter.

** =Cp improves stability and transient re-
sponse.

ORDERING INFORMATION

DEVICE TEMPERATURE RANGE | PACKAGE
MC78MXXCG Ty=0°Cto+1500C Metal Can
MC78MXXCT T,=0°Cto+150°C Plastic Power

XX indicates nominal voltage

TYPE NO./VOLTAGE

MC78M05C 5.0 Volts
MC78M06C 6.0 Volts
MC78M08C 8.0 Volts
MCc78m12C 12 Volts
MC78M15C 15 Volts
MC78M18C 18 Volts
MC78M20C 20 Volts
MCc78M24C 24 Volts
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MC78MO00C Series

MC78MO00C Series MAXIMUM RATINGS (T4 = +25°C unless otherwise noted.)

Rating Symbol Value Unit
Input Voltage (5.0 V - 18 V) 7 35 Vdc
(20 V - 24 V) 40
Power Dissipation (Package Limitation)
Plastic Package
Ta =25°C Pp Internally Limited
Derate above T = 256°C jg 64A 70 oc/w
Tc =25°C ’ Pp Internally Limited
Derate above T¢ = 110°C 93c 5.0 oc/w
Metal Package
Ta = 25°C PD Internally Limited
Derate above T = 25°C 6JA 185 oc/w
T¢ = 25°C Pp Internally Limited
Derate above T¢ = 85°C 6 25 oc/w
Operating Junction Temperature Range Ty 0 to +150 °c
Operating Ambient Temperature Range TA 0 to +85 oc
Storage Temperature Range Tstg
Plastic Package -65 to +150 oc
Metal Package -65 to +150 oc

MC78M05C ELECTRICAL CHARACTERISTICS (V| =10V, Ig=200mA, 0°C < T; < +125°C, Pp < 5.0 W unless otherwise noted.

Characteristic Symbol Min Typ Max Unit
Output Voltage (T j = +25°C) Vo 4.8 5.0 5.2 Vdc
Line Regulation Regjine mv
(Ty=+25°C)
(7.0 Vdc < V| < 25 Vdc) - 3.0 100
(8.0 Vdc < V| < 25 Vdc) Cel - 1.0 50
Load Regulation Regjoad mV
(Ty = +25°C, 5.0 mA < Ig < 500 mA) - 20 100
(Ty = +25°C,5.0mA < Ig < 200 mA) - 10 50
Output Voltage Vo 4.75 - 5.25 Vdc
(7.0 Vdc < V} < 25Vdc, 5.0mA < Ig < 200mA)
Input Bias Current (T = +25°C) Iig - 45 6.0 mA
Quiescent Current Change Alg mA *
(8.0 Vde < V| < 25 Vdc) - - 0.8
(5.0 mA < Ig < 200 mA) - - 0.5 -
Output Noise Voltage (T = ‘+25°C, 10 Hz < f <100 kHz) €on { - 40 - uVv
Long-Term Stability AVo/at ] - - 20 mV/1.0 kHrs
Ripple Rejection (Ig =100 mA,f=120Hz, 80V < V< 18V) RR - 80 - dB
(10 =300mA, f=120Hz,80< V< 18V, T = 25°C) - 80 -
Input-Output Voltage Differential V|-Vo - 20 - Vdc
(Ta = +25°C)
Short-Circuit Current Limit (T = +25°C, V| = 36 V) 10s - 300 - mA
Average Temperature Coefficient of Output Voltage AVQ/AT — -1.0 — mv/°c
(1p = 6.0 mA)
Peak Output Current o - 700 - mA
(Ty=25°C)
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MC78MO00C Series

MC78M06C ELECTRICAL CHARACTERISTICS (V| =11V,1g=200mA, 0°C < T < +125°C, Pp < 5.0 W unless otherwise noted.)

Characteristic Symbol Min Typ Max Unit
Output Voltage (T = +25°C) Vo 5.75 6.0 6.25 Vdc
Line Regulation Regjine mV
(Ty = +25°C)
(8.0 Vdc < V| < 25 Vdc) - 5.0 100
(9.0 Vde < V| < 25 Vdc) - 15 50
Load Regulation Reg|oad mV
(Ty = +25°C, 5.0 mA < I < 500 mA) - 20 120
(Ty=+25°C, 5.0mA < 1g < 200 mA) - 10 60
Output Voltage Vo 5.7 - 6.3 Vde
(8.0 Vdc < V| < 25 Vdc, 5.0 mA < Ig < 200 mA)
Input Bias Current (T = +25°C) 1T} - 45 6.0 mA
Quiescent Current Change Alig mA
(9.0 Vdc < V) < 25 Vdc) - - 08
(6.0 mA < Ig < 200 mA) - - 05
Output Noise Voltage (T = +28°C, 10 Hz < f < 100 kHz) €on = 45 - uv
Long-Term Stability AVg/at - - 24 mV/1.0 k Hrs
Ripple Rejection (Ig = 100 mA, f = 120 Hz, 9.0V < V| < 19 V) RR - 80 1 - ds
(I0=3OOmA,f=120Hz,9.0V<V|<19V,TJ=25°C) - 80 -
input-Output Voltage Differential Vi-Vo - 20 - Vdc
(T = +28°C) ’
Short-Circuit Current Limit (Ty = +25°C, V| # 35 V) los - 270 = mA
Average Temperature Coefficient of Output Voltage AVQ/AT - -1.0 - mvV/°C
(lg = 5.0mA)
Peak Output Current (T = 25°C) [16) - 700 - mA
(T =25°C)

MC78M08C ELECTRICAL CHARACTERISTICS (v = 14V, 1g=200mA, 0°C < Tj < +126°C, Pp < 5.0 W unless otherwise noted.)

Characteristic Symbol Min Typ Max Unit
Output Voltage (T = +25°C) Vo 7.7 8.0 8.3 Vde
Line Regulation Regjine mV
(T = +25°C)
(10.5Vdc < V| < 25 Vdc) - - 6.0 100
(11 Vdc < V| < 25 Vdc) - 20 50
Load Regulation Regjoad mV
(Ty=+25°C, 5.0 mA < |g < 500 mA) - 25 160
(Ty = +25°C, 5.0 mA < Ig < 200 mA) - 10 80
Output Voltage Vo 7.6 - 8.4 Vdc
(10.5 Vdec < V| < 25Vdc, 5.0 mA < 1g < 200 mA)
Input Bias Current (T = +25°C) Iig - 46 6.0 mA
Quiescent Current Change Al mA
(10.5 Vdc < V| < 25 Vdc) - - 08
(5.0 mA < Ig < 200 mA) - - 0.5
Output Noise Voltage (T p = +25°C, 10 Hz < f < 100 kHz) eon - 52 - v
Long-Term Stability AVp/at - — 32 mV/1.0 k Hrs
Ripple Rejection (Ig=100mA, f=120Hz, 11.5V <V <215V) RR - 80 - d8
(lg=300mA, f=120Hz, 11.5V < V< 21.6V, T = 25°C) - 80 -
Input-Output Voltage Differential Vi-Vo - 2.0 - Vdc
(Tp = +25°C)
Short-Circuit Current Limit (Ty = +25°C, V| = 35 V) l0s — 250 — mA
Average Temperature Coefficient of Output Voltage AVQo/AT - -1.0 - mv/°c
{lo = 5.0mA) .-
Peak Output Current . lo - 700 - mA
(Ty = 25°C)

309



MC78MO00C Series

MC78M12C ELECTRICAL CHARACTERISTICS (v, = 19V, Ig = 200 mA, 09C < T, < +125°C, P, < 5.0 W unless otherwise noted.)

(Ty = 25°C)

Characteristic Symbol Min Typ Max Unit
Output Voltage (T ;= +25°C) Vo 1.5 12 12.5 Vdc
Line Regulation Regjine mV
(Ty = +25°C)
(14.5 Vdc < V| < 30 Vdc) - 8.0 100
(16 Vdc < V| <22Vdc) -~ 20 50
Load Regulation Regjoad mV
(Ty = +25°C, 5.0 mA < Ig < 500 mA) - 25 240
(Ty = +25°C, 5.0 mA < g < 200 mA) - 10 120
Output Voltage Vo 1.4 - 12.6 Vdc
(14.6 Vdc < V| <27 Vdc, 5.0 mA < Ig < 200 mA)
Input Bias Current (T = +25°C) Iig - 48 6.0 mA
Quiescent Current Change aAlg mA
(14.5Vdc < V| <30 Vdc) - - 0.8
(5.0 mA < 1 < 200 mA) - - 0.5
Output Noise Voltage (T = +25°C, 10 Hz < f < 100 kHz) eon - 75 - Y
Long-Term Stability AVl/at - - 48 mV/1.0 k Hrs
Ripple Rejection (Ig=100mA, f=120Hz, 15V < V| < 25V) RR - 80 - dB
(10 =300 mA, f= 120 Hz, 15V < V| < 25V, T = 25°C) - 80 -
Input-Output Voltage Differential V|-Vo - 2.0 - Vdc
(T = +25°C)
Short-Circuit Current Limit (T = +25°C, V| = 35 V) los - 240 - mA
Average Temperature Coefficient of Output Voltage AVp/AT - -1.0 - mv/°c
(Ig=5.0mA, 0°C < Tp < +125°C)
Peak Output Current 1o - 700 - mA

MC78M15C ELECTRICAL CHARACTERISTICS (v, =23V, Ig=200mA, 0°

C < T <+125°C,Pp < 5.0 W unless o

therwise noted.

(Ty = 25°C)

Characteristic Symbol Min Typ Max Unit
Output Voltage (T = +25°C) Vo 14.4 15 15.6 Vdc
Input Regulation Regjine mV
(Ty = +25°C)
(17.5Vdc < v < 30 Vdc) - 10 100
(20 Vde < V| < 30 Vdc) ~ 3.0 50
Load Regulation Reg|oad mV
(Ty = +25°C, 5.0mA < Ig < 500 mA) - 25 300
(Ty=+25°C, 5.0mA < 19 < 200 mA) - 10 150
Output Voltage Vo 14.25 - 15.75 Vde
1756 Vde < V| <30Vdc, 5.0mA < Ig < 200 mA)
Input Bias Current (T = +25°C) g - 4.8 6.0 mA
Quiescent Currpnt Change alg
(18.5 Vde < V| < 30Vdc) - - 0.8
(5.0 MA < 1o < 200 mA) — - 0.5
Output Noise Voltage (T = +25°C, 10 Hz < f < 100 kHz) eon - 90 - wv
Long-Term Stability AVg/at - - 60 mV /1.0 kHrs
Ripple Rejection (Ig = 100 mA, f = 120 Hz, 185V < V| < 28.5V) RR - 70 - dB
(l0=300mA, f=120Hz, 185V < V| < 285V, T = 25°C) - 70 -
Input-Output Voltage Differential Vi-Vo - 2.0 - Vde
(Ta = +25°C)
Short-Circuit Current Limit (T = +25°C, V| = 35 V) los - 240 - mA
Average Temperature Coefficient of Output Voltage AVQ/AT - -1.0 - mv/°c
(10 =5.0mA, 0°C < Tp < +125°C)
Peak Output Current o - 700 - mA
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MC78MO00C Series

MC78M18C ELECTRICAL CHARACTERISTICS (v, =27V, Ig=200mA, 0°C < T < +125°C, Pp < 5.0 W unless otherwise noted.)

Characteristic Symbol Min Typ Max Unit
Output Voltage (T = +25°C) Vo 17.3 18 18.7 Vde
Line Regulation Regjine mvV
(Ty = +25°C)
(21 Vdec < V| <33Vdc) - 10 100
(24 Vdc < Vj <33 Vdc) - 40 50
Load Regulation Regioad mV
(Ty=+25°C, 5.0 mA < 19 < 500 mA) - 30 360
(Ty=+25°C, 5.0 mA < Ig < 200 mA) — 10 180
Output Voltage Vo 171 - 18.9 Vdc
(21 Vde < V| <33 Vdc, 5.0mA < Ig < 200 mA)
Input Bias Current (T = +25°C) 1T} - 48 6.5 mA
Quiescent Current Change \ Alg mA
(21 Vde < V) < 33 Vde) ! - - 0.8
(6.0 mA < 1g < 200 mA) : — — 0.5
Output Noise Voltage (T = +25°C, 10 Hz < f < 100 kHz) eon - 100 - uv
Long-Term Stability AVp/at - - 72 mV/1.0 kHrs
Ripple Rejection (Ig = 100 mA, f= 120 Hz, 22V < V| < 32V) RR - 70 - dB
(Io=300mA,f=120Hz,22V<V|<32V,T_|=2500) - 70 -
Input-Output Voltage Differential Vi-Vo - 2.0 - Vdc
(Ta = +25°C)
Short-Circuit Current Limit (T = +26°C, V| = 35 V) los - 240 - mA
Average Temperature Coefficient of Qutput Voltage AVQp/AT — -1.0 - mvV/°C
(1o = 5.0mA, 0°C < Tp < +125°C) )
Peak Output Current o - 700 - mA
(Ty = 25°C)

MC78M20C ELECTRICAL CHARACTERISTICS (v, =29V, Ig=200mA, 0°C < T; < +125°C, Pp< 5.0 W unless otherwise noted.)

Characteristic Symbol Min Typ Max Unit
Output Voltage (T = +25°C) Vo 19.2 20 20.8 Vdc
Line Regulation Regjine mV
(Ty = +25°C)
(23 Vdc < V| < 35Vdc) - 10 100
(24 Vde < v < 35Vdc) - 5.0 50
Load Regulation Regoad mv
(Ty=+25°C, 5.0 mA < Ig < 500 mA) - 30 400
(Ty=+25°C, 5.0 mA < Ig < 200 mA) - 10 200
Output Voltage Vo 19 - 21 Vdc
(23 Vde < V) < 35Vdc, 5.0mA < Ig < 200 mA)
Input Bias Current (T .= +25°C) Iig - 49 6.5 mA
Quiescent Current Change ahg mA
(23 Vdc < v| < 35Vdc) - - 0.8
(6.0 mA < 19 < 200 mA) - - 0.5
Output Noise Voltage (T = +25°C, 10 Hz < f < 100 kHz) €on - 110 - v
Long-Term Stability AVg/at - - 80 mV/1.0kHrs
Ripple Rejection (g = 100 mA, f=120Hz, 24V < V| < 34V) RR - 70 - dB
(10=300mA, f=120Hz, 24V < V| < 34V, T; = 25°C) - 70 -
Input-Output Voltage Differential Vi-Vo - 20 - Vdc
(Ta = +25°C)
Short-Circuit Current Limit (T = +25°C, V| = 35 V) 0s - 240 - mA
Average Temperature Coefficient of Output Voltage AVQ/AT - -1.1 - mv/°C
(1p = 5.0mA, 0°C < Tp < +125°C)
Peak Output Current o - 700 - mA
(Ty=25°C)
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MC78M24C ELECTRICAL CHARACTERISTICS (v|=33V,Ig=200mA,0°C < T < +125°C, Pp < 5.0 W unless otherwise noted.)

Characteristic Symbol Min Typ Max Unit
Output Voltage (T = +25°C) Vo 23 24 25 Vdc
Line Regulation Regjine mV
(Ty = +25°C)
(27 Vdec < V| <38 Vdc) - 10 100
(28 Vdec < V| < 38 Vdc) - 5.0 50
Load Regulation ¢ Regjoad mV
(Ty=+25°C, 5.0 mA < Ig < 500 mA) - 30 480
(Ty=+25°C, 5.0 mA < 1 < 200 mA) = 10 240
Output Voltage Vo 2238 - 25.2 Vdc
(27 Vdc < V| < 38Vdc, 5.0mA < Ig < 200 mA)
Input Bias Current (T = +25°C) g - 5.0 7.0 mA
Quiescent Current Change Alg mA
(27 Vde < V| < 38 Vdc) - - 0.8
(5.0 mA <ig < 200 mA) - - 0.5
Output Noise Voltage (T = +259C, 10 Hz < f < 100 kHz) €on - 170 - uVv
Long-Term Stability AVgp/at - - 96 mV/1.0 k Hrs
Ripple Rejection (I =100mA, f=120Hz, 28V < V| <38 V) RR - 70 - dB
(I0=300mA, f=120Hz, 28V < V| < 38V, T = 256°C) - 70 -
Input-Output Voltage Differential Vi-Vo - 2.0 - Vdc
(T = +25°C)
Short-Circuit Current Limit (T = +25°C) los - 240 - mA
Average Temperature Coefficient of Output Voltage AVo/aT - -1.2 - mv/°C
(10 =5.0mA, 0°C < Tp < +125°C)
Peak Output Current o - 700 - mA
(Ty = 25°C) '
DEFINITIONS
Line Regulation — The change in output voltage for a change in input Bias Current — That part of the input current that is not
the input voltage. The measurement is made under conditions of delivered to the load.
low dissipation or by using pulse techniques such that the average
chip temperature is not significantly affected. Output Noise Voltage — The rms ac voltage at the output, with
constant load and no input ripple, measured over a specified fre-
Load Regulation — The change in output voltage for a change in quency range.

load current at constant chip temperature.

Long Term Stability — Output voltage stability under accelerated
Maximum Power Dissipation — The maximum total device dissi- life test conditions with the maximum rated voltage listed in the
pation for which the regulator will operate within specifications. devices’ electrical characteristics and maximum power dissipation.
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MC78MO00C Series

Pp. POWER DISSIPATION (WATTS)

g, OUTPUT CURRENT (AMPERES)

y TYPICAL PERFORMANCE CURVES

FIGURE 2 — WORST CASE POWER DISSIPATION
versus AMBIENT TEMPERATURE
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Pp. POWER DISSIPATION (WATTS)
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MC78MO00C Series

APPLICATIONS INFORMATION

Design Considerations

The MC78MO00C Series of fixed voltage regulators are designed
with Thermal Overload Protection that shuts down the circuit
when subjected to an excessive power overload condition, Internal
Short-Circuit Protection that limits the maximum current the cir-
cuit will pass, and Output Transistor Safe-Area Compensation that
reduces the output short-circuit current as the voltage across the
pass transistor is increased,

In many low current applications, compensation capacitors are
not required. However, it is recommended that the regulator
input be bypassed with a capacitor if the regulator is connected

to the power supply filter with long wire lengths, or if the output
load capacitance is large. An input bypass capacitor should be
selected to provide good high-frequency characteristics to insure
stable operation under all load conditions. A 0.33 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 reg-
ulators input terminals. Normally good construction techniques
should be used to minimize ground loops and lead resistance drops
since the regulator has no external sense lead.

FIGURE 5 — CURRENT REGULATOR

Input T MC78M05C
0.33 uF R
I Constant
= Current to
'O» Grounded Load

The MC7800C regulators can also be used as a current source
when connected as above. In order to minimize dissipation the
MC7805C is chosen in this application. Resistor R determines
the current as follows:

o= sV +
S Q
IQ = 1.6 mA over line and load changes
For example, a 500 mA current source would require R to be a

10-ohm, 10-W resistor and the output voltage compliance would
be the input voltage less 7 volts.

FIGURE 6 — ADJUSTABLE OUTPUT REGULATOR

Output
® O+ MC78MO05C O ©
Input
~ L 01
1~ 0.33 uF T ur
210k
1k
MC1741G

||H

Vo, 70V 1020V
ViN — Vo =20V

The addition of an operational amplifier allows adjustment to
higher or intermediate values while retaining regulation character-
istics. The minimum voltage obtainable with this arrangement is
2.0 volts greater than the regulator voltage.

FIGURE 7 — CURRENT BOOST REGULATOR

MJ2955 or Equiv
Input @9

L—Q Output

MC78MXXC

0.1 uF

1.0uFI =

I

XX = 2 digits of type number indicating voltage.

The MC78MOO0C series can be current boosted with a PNP transis-
tor. The MJ2955 provides current to 5.0 amperes. Resistor R
in conjunction with the Vgg of the PNP determines when the
pass transistor begins conducting; this circuit 1s not short-circuit
proof. Input-output differential voltage minimum s increased by
VgEg of the pass transistor.

FIGURE 8 — SHORT-CIRCUIT PROTECTION

MJ2955
or Equiv

Input

2N6049
or Equiv

MC78MXXC

Output

1,0;1FI

XX = 2 digits of type number indicatihg voltage.

The circuit of Figure 7 can be modified to provide supply protec-
tion against short circuits by adding a short-circuit sense resistor,
Rgc,and an additional PNP transistor. The current sensing PNP
must be able to handle the short-circuit current of the three-
terminal regulator. Therefore, a two-ampere plastic power tran-
sistor 1s specified.
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MC78T00
Series g

Product Preview

limiting,

thermal

shutdown,

Output Current in Excess of 3.0 Amperes

No External Components Required

Internal Thermal Overload Protection

Internal Short-Circuit Current Limiting

Output Transistor Safe-Area Compensation
Output Voltage Offered in 2% and 4% Tolerance*

3-TERMINAL POSITIVE VOLTAGE REGULATORS

These voltage regulators are monolithic integrated circuits designed
as fixed-voltage regulators for a wide variety of applications including
local, on-card regulation. These regulators employ internal current
and safe-area compensation. With
adequate heatsinking they can deliver output currents in excess of 3.0
amperes. Although designed primarily as a fixed voltage regulator,
these devices can be used with external components to obtain
adjustable voltages and currents.

THREE-TERMINAL
POSITIVE FIXED
VOLTAGE REGULATORS

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

PIN 1. INPUT
2. OUTPUT
CASE  GROUND

SCHEMATIC DIAGRAM

T SUFFIX
PLASTIC PACKAGE
CASE 221A
TO-220 TYPE

1
PIN1.  INPUT 2¢
2. GROUND 3

3. OUTPUT

STANDARD APPLICATION

Input .Io-
Cin"

c
0.33 uF 0

MC78TXX Output

w

A common ground is required between the
input and the output voltages. The input voltage
must remain typically 2.0 V above the output
voltage even during the low point on the input
ripple voltage.

XX = these two digits of the type number indicate
voltage.

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

**=Cq is not needed for stability; however, it
does improve transient response.

XX indicates nominal voltage

TYPE NO./VOLTAGE

0
15k  $15k Input
210
A A x
12k
a 100 T
300 300 H—M——H
H X .200
x| x
_t a 3.0k 300 =t
1 £ 3
o
© 5.6 k
50 200
2 i Ouéput
0 30
@ PF| r—T
S 10 k ST
~NOMA
2.0k 3.
x %
28k
Gnd
o
ORDERING INFORMATION
. Output Voltage
Device Tolerance Temperature Range Package
MC78TXXK 4% -55to +150°C Metal Power
MC78TXXAK 2%*
MC78TXXCK 4% 0to +125°C
MC78TXXACK 2%*
MC78TXXCT 4% Plastic Power
MC78TXXACT 2%*

XX Indicates nominal voltage

*2% regulators are available in 5, 12 and 15 volt devices

This document contains information on a product under development Motorola reserves the
right to change or discontinue this product without notice
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MC78T05 5.0 Volts MC78T15 15 Volits
MC78T06 6.0 Volts MC78T18 18 Voits
MC78T08 8.0 Volts MC78T24 24 Volts
MC78T12 12 Volts




MOTOROLA

MC7900C
Series

'y MC7900C SERIES THREE-TERMINAL
NEGATIVE VOLTAGE REGULATORS

The MC7900C Series of fixed output negative voltage regulators
are intended as complements to the popular MC7800C Series devices.
These negative regulators are available in the same seven-voltage
options as the MC7800C devices. In addition, two'.extra voltage
options commonly employed in MECL systems are also available

in the negative MC7900C Series.

Available in fixed output voltage options from -2.0 to -24 volts,

these regulators employ current limiting, thermal shutdown, and

safe-area compensation, — making them remarkably rugged under

most operating conditions. With adequate heat-sinking they can

deliver output currents in excess of 1.0 ampere.

® No External Components Required
Internal Thermal Overload Protection

Internal Short-Circuit Current Limiting

Output Transistor Safe-Area Compensation
Packaged in the Plastic Case 221A and Case 1
(TO-220 and Hermetic TO-3)

THREE-TERMINAL
NEGATIVE FIXED
VOLTAGE REGULATORS

K SUFFIX

METAL PACKAGE
CASE 1
(TO-3 TYPE)

(bottom view)

SCHEMATIC DIAGRAM

4k

R1

R2

10k
X p—
20 pF
- a
1€
10pF | 10k

2k 20k 20k M

Vo

03

Vi

T SUFFIX
PLASTIC PACKAGE
CASE 221A

Pin 1. Ground

2. Input

3. Oytput
(Heatsink surface
connected to Pin2)

STANDARD APPLICATION

Input Output
Ci.*
co't

in
0.33 uF
J1.0uF

MC79XXC

A common ground is required between the
input and the output voltages. The input volt-
age must remain typically 2.0 V more negative
even during the‘hjgh point on the input ripple
voltage.

XX = these two digits of the type number indi-
cate voltage.

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

** =Cgo improves stability and transient re-
sponse.

ORDERING INFORMATION

DEVICE | TEMPERATURE RANGE | PACKAGE
s MC79XXCK | T;=0°C to+150°C Metal Power
DEVICE TYPE/NOMINAL OUTPUT VOLTAG MCTBXXCT| T,-0°C 10 +150°C Plastc Powrer

MC7902C - 2.0 Volts
MC7905C - 5.0 Volts
MC7905.2C — 5.2 Volts

MC7906C - 6.0 Volts
MC7908C - 8.0 Volts
MC7912C - 12 Volts

MC7915C - 156 Volts
MC7918C - 18 Volts
MC7924C - 24 Volts

XX indicates nominal voltage
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MC7900C Series

MC7900C Series MAXIMUM RATINGS (T 5 = +25°C unless otherwise noted.)

Rating Symbol Value Unit
Input Voltage (2.0 V — 18 V) V) -35 Vdc
(24 V) -40
Power Dissipation
Plastic Package
Ta = +25°C Pp Internally Limited Watts
Derate above Tp = +25°C 1/Rg A 15.4 mW/°C
Tc = +25°C ) Internally Limited Watts
Derate above T¢ = +95°C (See Figure 1) 1/RgJC 200 mW/°C
Metal Package
Ta = +25°C Pp Internally Limited Watts
Derate above Tp = +25°C 1/RgJA 2222 mW/°C
T = +25°C Pb Internally Limited Watts
Derate above T¢ = +65°C 1/Rg JC 182 mw/°C
Storage Temperature Range Tsig -65 to +150 oc
Junction Temperature Range Ty 0 to +150 oc
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Ambient — Plastic Package RgJa 65 oc/w
— Metal Package 45
Thermal Resistance, Junction to Case — Plastic Package RoJC 5.0 oc/w
— Metal Package 5.5
MC7902C ELECTRICAL CHARACTERISTICS (v, = -10V, Ig =500 mA, 0°C < T j < +125°C unless otherwise noted.)
Characteristic Symbol Min Typ Max Unit,
Output Voltage (T = +25°C) Vo -1.92 -2.00 -2.08 vdc
Line Regulation Regjine mv
(Ty = +25°C, Ig = 100 mA)
-7.0 Vdc > V| >-26 Vdc - 8.0 20
-8.0 Vdc > A >-12Vdc - 4.0 10
(T = +25°C, 1o = 500 mA)
-7.0Vdc 2= V| >-25 Vdc - 18 40
-8.0 Vdc > V| >-12 Vdc - 8.0 20
Load Regulation Regjpad mV
Ty=+25°C,5.0mA<Ip<15A - 70 120
250 mA <lg <750 mA - 20 60
Output Voltage Vo -1.90 - -2.10 Vdc
-7.0Vdc 2= V| 2-20 Vdc, 5.0 mA <Ip <1.0A, P15 W
Input Bias Current (T = +25°C) I - 4.3 8.0 mA
Input Bias Current Change g mA
-7.0 Vdc > V| >-25 Vdc — - 1.3
50mMA<IgK<15A - - 05
Output Noise Voltage (Ta = +25°C, 10 Hz <f <100 kHz) €on - 40 — nvy,
Long-Term Stability AVQp/at - - 20 mV/1.0k Hrs]
Ripple Rejection (Ig = 20 mA, f = 120 Hz) RR — 65 - dB
Input-Output Voltage Differential | Vi-Vol - 35 - Vdc
Io=1.0A,Ty=+25°C
Average Temperature Coefficient of Output Voltage aVo/aT - -1.0 — mV/°C
10 =5.0mA, 0°C <Tp <+125°C
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MC7900C Series

MC7905C ELECTRICAL CHARACTERISTICS (V| =-10V, Ig =500 mA, 0°C < T j < +125°C, unless otherwise noted.)

10 =5.0mA, 0°C <Tp <+125°C

Characteristic Symbol Min Typ Max Unit
Output Voltage (T = +25°C) Vo -4.8 -5.0 -5.2 Vdc
Line Regulation ] Regjine mv
(Ty =+25°C, Ig = 100 mA)
-7.0 Vdc > V| >-25 Vdc - 7.0 50
-8.0 Vdc > V| >-12 vdc - 2.0 25
(Ty=+25°C, Ig = 500 mA)
-7.0 Vdc > V| >-25 Vdc - 35 100
-8.0 Vdc > V| =>-12 Vdc - 8.0 50
Load Regulation Regjoad mV
Ty=+25°C,50mA<Io<15 A - 1 100
250 mA <lg <750 mA - 4.0 50
Output Voltage Vo -4.75 - -5.25 Vdc
-7.0Vdc> V)] >-20Vdc, 5.0 mA <Ip <1.0A, P15 W
Input Bias Current (T = +25°C) B - 4.3 8.0 mA
Input Bias Current Change alig mA
7.0 Vdc >V, >-25 Vdc - - 1.3
S50mMAIgpK15A - - 05
Output Noise Voltage (Tp = +25°C, 10 Hz <f <100 kHz) €on - 40 - uV
Long-Term Stabulity AVp/at - - 20 mV/1.0k Hrs
Ripple Rejection (Ig = 20 mA, f = 120 Hz) RR - 70 - dB
Input-Output Voltage Differential IV1-Vol -~ 2.0 - Vdc
lo=1.0A, Ty=+25°C
Average Temperature Coefficient of Output Voltage avg/aT - -1.0 - mv/°C
10 =5.0mA, 0°C < Tp <+125°C
MC7905.2C ELECTRICAL CHARACTERISTICS (V| =-10V, Ig =500 mA, 0°C < T j <+125°C, unless otherwise noted.)
Characteristic Symbol Min Typ Max Unit
Output Voltage (T = +25°C) Vo -5.0 -5.2 -5.4 Vdc
Line Regulation Regjine mV
(Ty =+25°C, Ig = 100 mA)
-7.2Vdc> V| >-25 Vdc - 8.0 53
-8.0 Vdc > V| >-12 Vdc - 2.2 27
(Ty=+25°C, I = 500 mA)
-7.2Vdc > V| >-25 Vdc - 37 105
-8.0 Vdc> V| >-12 Vdc - 8.5 52
Load Regulation Regjoad mV
Ty=+25°C,50mA<Ip<1.5 A - 12 105
250 mA <lpg <750 mA - 4.5 52
Output Voltage Vo -4.94 - -5.46 Vdc
-7.2Vdc > V| 2-20 Vdc, 5.0 mA < Ilg <1.0A, P15 W
Input Bias Current (T =+25°C) B - 4.3 8.0 mA
Input Bias Current Change 2l mA
-7.2Vdc = V| >-25 Vdc - - 1.3
5OmMA<Io<15A - - 05
Output Noise Voltage (Tp = +25°C, 10 Hz <f <100 kHz) eon - 42 - uv
Long-Term Stability AVp/at - - 20 mV/1.0k Hrs
Ripple Rejection (Ig =20 mA, f = 120 Hz) RR — — dB
Input-Output Voltage Differential IV)-Vol - 2.0 - Vdc
l0=1.0A,T;=+25°C
Average Temperature Coefficient of Output Voltage aVo/aT - -1.0 - mv/°C
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MC7900C Series

MC7906C ELECTRICAL CHARACTERISTICS (V| = -11V, Ig = 500 mA, 0°C < Tj < +125°C unless otherwise noted.)

Characteristic Symbol Min Typ Max Unit
Output Voltage (T = +25°C) Vo -5.75 -6.0 -6.25 vde
Line Regulation Regjine mV
(Ty =+25°C, 10 = 100 mA)
-8.0 Vdc > V| >-25 Vdc - 9.0 60
-9.0 Vdc > V| >-13 Vdc - 3.0 30
(Ty = +25°C, Ig = 500 mA)
-8.0 Vdc > V| >-25 Vdc - 43 120
-9.0 Vde 2 V| >-13 Vdc - 10 60
Load Regulation Reg|oad mV
Ty=+25°C,5.0mA<Ig< 15A - 13 120
250 mA <lp < 750 mA - 5.0 60
Output Voltage Vo -5°7 - -6.3 Vdc
-8.0Vdc > V| 2-21Vdc, 5.0 mA <1g <1.0A, P A5 W)
Input Bias Current (T j = +26°C) lig - 4.3 8.0 mA
Input Bias Current Change alg mA
-8.0 Vdc > V| >-25 Vdc — - 1.3
50mA<Ig<15A - - 0.5
Output Noise Voltage (Ta = +25°C, 10 Hz <f <100 kHz) €on - 45 - nv
Long-Term Stability AVp/at - — 24 mV/1.0k Hrs
Ripple Rejection (g = 20 mA, f = 120 Hz) RR - 65 - dB
Input-Output Voltage Differential IVi-Vol - 2.0 - Vdc
lo=1.0A, Ty =+25°C
Average Temperattre Coefficient of Output Voltage aVQ/aT - -1.0 - mV/°C
10 =5.0mA, 0°C <Tp <+125°C
MC7908C ELECTRICAL CHARACTERISTICS (V| =-14 V, Ig = 500 mA, 0°C < T § < +125°C unless otherwise noted.)
Characteristic Symbol Min Typ Max Unit
Output Voltage (T = +25°C) Vo -7 -8.0 -8.3 Vdc
Line Regulation Reg)ine mv
(Ty=+25°C,1g = 100 mA)
-10.5 Vdc > V| >-25 Vdc — 12 80
-11 Vdc = V| 2 -17 Vdc - 5.0 40
(Ty=+25°C,1g = 500 mA)
-10.5 Vdc > V| >-25 Vdc - 50 160
=11 Vdc = V| > -17 Vdc - 22 80
Load Regulation Regjoad mV
Ty=+25°C,5.0mA<Ig<1.5A - 26 160
250 mA <lpg <750 mA - 9.0 80
Output Voltage Vo -7.6 - -8.4 Vdc
-10.5 Vdc > V| >-23 Vdc, 5.0mA<Ig < 1.0A,PIEW
Input Bias Current (T = +25°C) 1T} - 4.3 8.0 mA
Input Bias Current Change alg mA
-10.6 Vdc > V| >-25 Vdc - - 1.0
50mA <Ilg<15A - - 0.5
Output Noise Voltage (T = +26°C, 10 Hz <f < 100 kHz) €on - 52 - uv
Long-Term Stability AVp/at - - 32 mV/1.0k Hrs
Ripple Rejection (I = 20 mA, f = 120 Hz) RR - 62 - 'dB
Input-Output Voltage Differential IVi-Vol - 2.0 — Vdc
lo=1.0A,T;=+25°C
Average Temperature Coefficient of Output Voltage sV /oT - -1.0 - mv/°C
10=5.0mA, 0°C <Tp <+125°C
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MC7900C Series

MC7912C ELECTRICAL CHARACTERISTICS (Vv = -19 V, Ig = 500 mA, 0°C <T j <+125°C, unless otherwise noted.)

¥

1o = 5.0 mA, 0°C <Tp <+125°C

Characteristic Symbol Min Typ Max Unit
Output Voltage (T = +25°C) Vo -115 -12 -125 Vdc
Line Regulation Regline mv
(Ty=+25°C, Ig = 100 mA)
-14.5 Vdc > v| >-30 Vdc - 13 120
-16 Vdc > V| >-22 Vdc - 6.0 60
(Ty =+25°C, Ig = 500 mA)
-14.5 Vdc > V| >-30 Vdc - 55 240
-16 Vdc > V| >-22 Vdc - 24 120
Load Regulation Regjoad mV
Ty=+25°C,50mA<Ig< 15 A - 46 240
250 mA <lp <750 mA - 17 120
Output Voltage Vo -11.4 - -12.6 Vdc
-14.5 Vdc > V| >-27 Vdc, 5.0 mA <Ip<1.0A,PK15W
Input Bias Current (T j = +25°C) g - 4.4 8.0 mA
Input Bias Current Change alig mA
-14.5 Vdc > V| >-30 Vdc - - 1.0
50mA<Ig<15A - - 05
Output Noise Voltage (Tp = +259C, 10 Hz <f <100 kHz) €on - 75 - uVv
Long-Term Stability AVp/at - - 48 mV/1.0k Hrs
Ripple Rejection (Ig = 20 mA, f = 120 Hz) RR - 61 - dB
Input-Output Voltage Differential IV|-Vol! - 2.0 - Vdc
lo=1.0A,Ty=+25°C
Average Temperature Coefficient of Output Voltage aVg/aT - -1.0 - mV/°C
10 =5.0mA, 0°C <Tp <+125°C
MC7915C ELECTRICAL CHARACTERISTICS (V| =-23V, Ig =500 mA, 0°C < T j < +125°C, unless otherwise noted.)
Characteristic Symbol Min Typ Max Unit
Output Voltage (T = +25°C) Vo -14.4 -15 -15.6 Vdc
Line Regulation Regjine mV
(Ty =+25°C, Ig = 100 mA)
-17.5 Vdc > V| >-30 Vdc - 14 150
-20 Vdc = V| >-26 Vdc - 6.0 75
(T4 =+25°C, Ig = 500 mA)
-17.5 Vdc > V| >-30 Vdc - 57 300
-20 Vdc > V) >-26 Vdc - 27 150
Load Regulation Regjoad mV
Ty=+25°C,50mA<lg<15A - 68 300
250 mA <1g <750 mA - 25 150
Output Voltage Vo -14.25 — -15.75 Vdc
-17.5Vdc > V| 2-30 Vdc, 5.0 mA <1g <1.0A,P<15W
Input Bias Current (T = +25°C) lig - 44 8.0 mA
Input Bias Current Change alg mA
-17.5 Vde > V| >-30 Vdc ) - - 1.0
50mMA<KIp<S15A - - 05
Output Noise Voltage (Ta = +25°C, 10 Hz <f <100 kHz) €on - 90 - uV
Long-Term Stability AVqg/at - - 60 mV/1.0 k Hrs|
Ripple Rejection (Ig = 20 mA, f = 120 Hz) RR - 60 — dB
Input-Output Voltage Differential Vi-Vol — 2.0 - Vdc
lo=10A,Ty=+25°C
Average Temperature Coefficient of Output Voltage AVQ/aT - -1.0 — mV/°C
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MC7900C Series

MC7918C ELECTRICAL CHARACTERISTICS (V| =-27 V, g =500 mA, 0°C <Tj < +125°C, unless otherwise noted.)

10 =5.0mA, 0°C <Tp <+125°C

Characteristic Symbol Min Typ Max Unit
Output Voltage (T = +25°C) Vo -17:3 -18 -18.7 Vdc
Line Regulation Regjine mv
(Ty = +25°C, Ig = 100 mA)
-21 Vdc 2> V| >-33 Vdc - 25 180
-24 Vdc > V| >-30 Vdc - 10 90
(Ty = +25°C, 19 = 500 mA)
-21 Vdc > V| >-33 Vdc - 90 360
-24 Vdc 2 v| >-30 Vdc - 50 180
Load Regulation Reg|oad mV
Ty=+25°C,5.0mA <Ig<1.0A - 110 360
250 mA <1 <750 mA - 55 180
Output Voltage Vo -17.1 — -18.9 Vdc
-21 Vdc 2= V| >-33Vdc,50mA <Ig <1.0A, P15 W
Input Bias Current (T j = +25°C) B — 45 8.0 mA
Input Bias Current Change alig mA
-21 Vdc > V| >-33 Vdc - - 1.0
50mMAKIgK<10A - - 05
Output Noise Voltage (Tp = +25°C, 10 Hz <f <100 kHz) eon - 110 - uv
Long-Term Stability AVp/at - - 72 mV/1.0k Hrs
Ripple Rejection (Ig = 20 mA, f = 120 Hz) RR — 59 — dB
Input-Output Voltage Differential 1V-Vol - 2.0 - Vdc
10 =1.0A, Ty = +25°C “
Average Temperature Coefficient of Output Voltage avg/aT - -1.0 - mV/°C
10 =5.0mA, 0°C <Tp <+125°C
MC7924C ELECTRICAL CHARACTERISTICS (v, =-33V, 10 =500 mA, 0°C <T < +125°C, unless otherwise noted.)
Characteristic Symbol Min Typ Max Unit
Output Voltage (T = +25°C) 3 Vo 23 24 25 vde
Line Regulation ' Regjine mV
(Ty=+25°C, 1g = 100 mA)
-27 Vdc > V| >-38 Vdc - 31 240
-30 Vdc = V| >-36 Vdc - 14 120
(Ty = +25°C, 1 = 500 mA)
-27 Vdc = V| >-38 Vdc — 118 480
-30 Vdc > V| >-36 Vdc . — 70 240
Load Regulation Regjoad mV
Ty=+25°C,56.0mA <ig<1.0A - 150 480
250 mA <lpg <750 mA — 85 240
Output Voltage Vo -22.8 - -25.2 Vdc
-27 Vdc > V) >-38Vdc, 5.0 mMA < Ig <1.0A, P15 W
Input Bias Current (T = +25°C) hB — 4.6 8.0 mA
Input Bias Current Change slg mA
-27 Vdc > V| >-38 Vdc v - - 1.0
5.0mA <lg <1.0A - — 0.5
Output Noise Voltage (Ta = +25°C, 10 Hz <f <100 kHz) eon - 170 - wv
Long-Term Stability AVp/At - — 96 mV/1.0k Hrs
Ripple Rejection (Ig = 20 mA, f = 120 Hz) RR - 56 - dB
Input-Output Voltage Differential V|-Vol - 2.0 - Vdc
10=1.0A, T =+25°C
Average Temperature Coefficient of Output Voltage ; aVo/aT - -1.0 - mv/°C
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MC7900C Series

Pp, POWER DISSIPATION (WATTS)

TYPICAL CHARACTERISTICS
(TA = +25°C unless otherwise noted.)

FIGURE 1 — WORST CASE POWER DISSIPATION AS A
FUNCTION OF AMBIENT TEMPERATURE (T0-220)
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FIGURE 3 — PEAK OUTPUT CURRENT AS A FUNCTION OF
INPUT-QOUTPUT DIFFERENTIAL VOLTAGE
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MC7900C Series

118, INPUT BIAS CURRENT (mA)

-
kS

TYPICAL CHARACTERISTICS (continued)

FIGURE 7 — QUIESCENT CURRENT AS A FUNCTION
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DEFINITIONS
Line Regulation — The change in output voltage for a change in
the input voltage. The measurement is made under conditions of
low dissipation or by using pulse techniques such that the average
chip temperature is not significantly affected.

Load Regulation -- The change in output voltage for a change in
load current at constant chip temperature.

Maximum Power Dissipation — The maximum total device dissi-
pation for which the regulator will operate within specifications.

Input Bias Current — That part of the input current that is not
delivered to the load.

Output Noise Voltage - The rms ac voltage at the output, with
constant load and no input ripple, measured over a specified fre-
quency range.

Long Term Stability - Output voltage stability under accelerated
life test conditions with the maximum rated voltage listed in the
devices' electrical characteristics and maximum power dissipation.




MC7900C Series

APPLICATIONS INFORMATION

Design Considerations

The MC7900C Series of fixed voltage regulators are designed
with Thermal Overload Protection that shuts down the circuit
when subjected to an excessive power overload condition, Interral
Short-Circuit Protection that limits the maximum current the cir-
cuit will pass, and Output Transistor Safe-Area Compensation that
reduces the output short-circuit current as the voltage across the
pass transistor is increased. 7

In many low current applications, compensation capacitors are
not required However, it 1s recommended that the regulator
Input be bypassed with a capacitor if the regulator 1s connected

to the power supply filter with long wire lengths, or if the output
load capacitance is large. An input bypass capacitor should be
selected to provide good high-frequency characteristics to insure
stable operation under all load conditions. A 0.33 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 reg-
ulators input terminals. Normally good construction techniques
should be used to minimize ground loops and lead resistance
drops since the regulator has no external sense lead. Bypassing the
output is also recommended.

FIGURE 8 — CURRENT REGULATOR

20V 10 1o = 200 mA
Input &—4—O— MC7902C |-O—g—\\\—9—8 <—
+ VooV
N2 1.0 uF S0 uF
+ +
Gnd @ ® Gnd

The MC7902, -2.0 V regulator can be used as a constant current
source when connected as above. The output current is the sum of
resistor R current and quiescent bias current as follows:

[ -2V+|
(S B

The quiescent current for this regulator is typically 4.3 mA.
The 2.0 volt regulator was chosen to minimize dissipation and to
allow the output voltage to operate to within 6.0 V below the
input voltage.

)

FIGURE 9 — CURRENT BdOST REGULATOR
(-5.0 V@ 4.0 A, with 5.0 A current limiting)

-0V 056 -5.0 V

Input —4 ® Output
szoss'
or Equiv

MC7905C
Q
1.0 uFZ
Gnd e b -8 Gnd

*Mounted on common heat sink, Motorola MS-10 or equivalent.

When a boost transistor 1s used, short-circuit currents are equal
to the sum of the series pass and regulator limits, which are
measured at 3.2 A and 1.8 A respectively in this case. Series pass
limiting is approximately equal to 0.6 V/Rgc. Operation beyond
this point to the peak current capability of the MC7905C is pos-
sible if the regulator is mounted on a heat sink; otherwise thermal
shutdown will occur when the additional load current is picked up
by the regulator.

FIGURE 10 — OPERATldNAL AMPLIFIER SUPPLY
(£t15 V@ 1.0 A)

+20 V +15 V
Input Output
S 0 MC7815C O °
+ +
0.33uF 7R 1.0 uF } 1ORFR A o’f"‘E“q"u‘T
v
Gnd & ® Gnd

+ +
1.0 uF R 1.0 uF
&———6—0- MC7915C — e
20V -5V

input Output

The MC7815 and MC7915 positive and negative regulators may
be connected as shown to obtain a dual power supply for oper-
ational amplifiers. A clamp diode should be used at the output of
the MC7815 to prevent potential latch-up problems.

FIGURE 11 — TYPICAL MECL SYSTEM POWER SUPPLY
(-6.2V@4.0A and -2.0 V@ 2.0 A; for PC Board) ’

-12 v -562V
Input @—¢ -8 Output
S
2N 3055
or Equiv
"MC7905 2C —-O0—9¢
R 47
S 1.0uF é) 1.0 uF 2
+ +
-20V
@ Output
4.0
2N3055
or Equiv
A4 MC7902C O
Sl N
1.0 KPR & ouf[s
Gnd ® Gnd

When current-boost power transistors are used, 47-ohm base-to-
emitter resistors (R) must be used to bypass the quiescent current
at no load. These resistors, in conjunction with the Vgg of the
NPN transistors, determine when the pass transistors begin con-
ducting. The 1-ohm and 4-ohm dropping resistors were chosen to
reduce the power dissipated in the boost transistors but still leave
at least 2.0 V across these devices for good regulation.

324




@ MOTOROLA MC79L00C,AC series

THREE-TERMINAL
THREE-TERMINAL NEGATIVE NEGATIVE FIXED

VOLTAGE REGULATORS VOLTAGE REGULATORS

The MC79L00 Series negative voltage regulators are inexpensive,
easy-to-use devices suitable for numerous applications requiring up to
100 mA. Like the higher powered MC7900 Series negative regulators,

this series features thermal shutdown and current limiting, making P SUFFIX
them remarkably rugged. In most applications, no external com- CASE 29
ponents are required for operation. TO-92

The MC79L00 devices are useful for on-card regulation or any
other application where a regulated negative voltage at a modest
current level is needed. These regulators offer substantial advantage

over the common resistor/zener diode approach. Pin 1. Ground

) | 2. Input
® No External Components Required 3. Output
® [nternal Short-Circuit Current Limiting
® Internal Thermal Overload Protection
® Low Cost
® Complementary Positive Regulators Offered ~
(MC78L00 Series) G SUFFIX 4,
® Available in Either £5% (AC) or £10% (C) Selections T0-39
1
2 3 2
Pin 1. Ground
REPRESENTATIVE CIRCUIT SCHEMATIC 2. Output
o 3. Input 1 3
Gnd (Case connected
. R8 : topin 3) Bottom View
RS Q10
as , R9
R18 R17 STANDARD APPLICATION
A1 Q4
{[ R7 P anam Input
npu X
Qs 014/; ’IO— MC79LXXC Output
l\ Vog R16 N e
033 uF o
Q1 A4 - o 0.1 uF
]J Output —

Q12

R2 1 .
N 213 A common ground is required between the
&2 Lo a2 input and the output voltages. The input volt-
s J an age must remain typically 2.0 V above the out-
Q7 1
1 F

LA put voltage even during the low point on the
input ripple voltage.

8/

14 R15
20) * = Cj is required if regulator is located an
Input appreciable distance from power supply
filter.

**= Cp improves stability . and transient

response.

ORDERING INFORMATION

Device No.| Device No. Nominal
+10% 5% Voltage Device Temperature Range Package
mg;gtggg mg;gtgg:g — gg MC79LXXACG | Ty = 0°C to +150°C | Metal Can
MC79L12C | MC79L12AC —12 . MC79LXXACP | T = 0°C to +150°C Félgmi
MC79L15C | MC79L15AC ~15 Y o
MC79L18C | MC79L18AC —-18 MC79LXXCG T,=0°Cto +150°C Metal Can
MC79L24C | MC79L24AC —24 MC79LXXCP T, = 0°C to +150°C ":l:vsvté?

XX indicates nominal voltage
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MC79L00C, AC Series

MC79L00C Series MAXIMUM RATINGS (T4 = +25°C unless otherwise noted.)

Rating Symbol Value Unit
Input Voltage (-3,-5V) Vi -30 Vdc
(-12,-15,-18 V) -35
(-24 V) -40
Storage Temperature Range Tstg -65 to +150 °c
Junction Temperature Range Ty 0 to +150 oc

MC79L03C, AC ELECTRICAL CHARACTERISTICS (v, =-10V, g =40mA, C|=0.33uF,Co=0.1uF,
0°C < Ty < +125°C unless otherwise noted.)

MC79L03C MC79L03AC
Characteristic Symbol Min Typ Max Min Typ Max Unit
Output Voltage (T = +25°C) Vo -2.76 -3.00 -3.24 -2.88 -3.0 -3.12 Vdc
Input Regulation Regjine mV
(Ty = +25°C)
-7.0 Vdc > V| > -20 Vdc - - 80 - - 60
-8.0 Vdc > V| >-20 Vdc - - 60 - - 40
Load Regulation Regjpad mV
Ty=+25°C,1.0mA <Ig < 100 mA - - 72 - - 72
1.0mA < Ig <40 mA - - 36 - ~ 36
Output Voltage Vo Vdc
-7.0 Vdc > V| > -20 Vdc, 1.0 mA < Ig < 40 mA 2.7 - -3.3 -2.85 - -3.15
V| =-10 Vdc, 1.0 mA <lg < 70mA -2.7 - -3.3 -2.85 - -3.15
Input Bias Current ) 1T} mA
(Ty = +25°C) - - 6.0 - - 6.0
(Ty=+125°C) - - 5.5 - - 5.5
Input Bias Current Change alg mA
-8.0 Vdc = V| > -20 Vdc - - -15 - - -1.5
1.0mA <Ig <40mA - - -0.2 - — -0.1
Output Noise Voltage VN - 30 — - 30 - uV
(Ta =+25°C, 10 Hz < f < 100 kHz)
Long-Term Stability aVol/at - 10 - - 10 - mV/1.0 k Hrs.
Ripple Rejection RR 44 51 - 45 51 - dB
(-8.0 > V| >-18 Vdc, f = 120 Hz, Tj = 25°C)
Input-Output Voltage Differential V|1-Vol - 1.7 — - 1.7 - Vdc
10 =40 mA, T = +25°C
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MC79L00C, AC Series

MC79L05C, AC Series ELECTRICAL CHARACTERISTICS (v|=-10V, g =40mA, C| = 0.33 uF, Co = 0.1 uF,
0°C < Tj < +125°C unless otherwise noted.)

MC79L05C MC79L0SAC
Characteristic Symbol Min Typ Max Min Typ Max Unit
Output Voltage (T = +25°C) Vo -46 -5.0 -5.4 4.8 -5.0 -5.2 Vdc
Input Regulation Regjine mv
(Ty=+25°C)
-7.0 Vdc > V> -20 Vdc - - 200 - - 150
-8.0 Vdc > V) >-20 Vdc - - 150 - - 100
Load Regulation Regjpad mV
Ty =+25°C, 1.0 mA < 1g < 100 mA - - 60 - - 60
1.0 mA <1g <40mA — - 30 — - 30
QOutput Voltage Vo Vdec
-7.0 Vdc = V| > -20 Vdc, 1.0mA< |9 <40mA -45 - -5.5 -4.75 - -5.25
V) =-10Vdc, 1.0mA<Ig <70 mA -4.5 — -5.5 -4.75 - -5.25
Input Bias Current B mA
(T = +25°C) - - 6.0 - - 6.0
(Ty = +125°C) - - 55 - - 5.5
Input Bias Current Change slhg mA
-8.0 Vdc = V| > -20 Vdc - - 15 - — 15
1.0mA <1g<40mA - - 0.2 - - 0.1
Output Noise Voltage VN - 40 - - 40 — uVv
(Ta =+25°C, 10 Hz < f < 100 kHz)
Long-Term Stability aV/at — 12 - = 12 - mV/1.0 k Hrs.
Ripple Rejection RR 40 49 — 41 49 - dB
(-8.0 > V| > 18 Vdc, f = 120 kHz, T = 25°C)
Input-Output Voltage Differential IV\-Vol - 1.7 — - 1.7 — Vdc
10 =40 mA, Ty = +25°C
MC79L12C, AC ELECTRICAL CHARACTERISTICS (V| =-19V,Ig=40mA, C| = 0.33 uF, Co = 0.1 uF,
0°C < T < +125°C unless otherwise noted.)
MC79L12C MC79L12AC
Characteristic Symbol Min Typ Max Min Typ Max Unit
Output Voltage (T = +25°C) Vo -1 -12 -12.9 -115 -12 -125 Vdc
Input Regulation Regjne mV
(T, =+25°C)
-14.5 Vdc = V| = -27 Vdc - - 250 - - 250
-16 Vdc > V| = -27 Vdc — - 200 - - 200
Load Regulation Regipad mV
Ty=+25°C,1.0mA < lg < 100 mA - - 100 - - 100
1.0mA < lp <40 mA - - 50 — - 50
Output Voltage Vo Vdc
-14.5 Vdc = V| = -27 Vdc, 1.O0mA <lg<40mA -10.8 - -13.2 -11.4 - -126
Vi =-19Vde, 1.0 mA<Ig<70mA -10.8 - -13.2 -11.4 — -126.
Input Bias Current 7] mA
(Ty=+28°C) - - 6.5 - - 6.5
(Ty = +125°C) — — 6.0 - - 6.0
Input Bias Current Change alig mA
-16 Vdc = V| = -27 Vdc - - 15 - - 1.5
1.0mA <Ig<40mA - - 0.2 - - 0.1
Output Noise Voltage VN - 80 - - 80 - uv
(TA = +25°C, 10 Hz < f < 100 kHz)
Long-Term Stability aV/at - 24 - — 24 - mV/1.0 k Hrs
Ripple Rejection RR 36 42 — 37 42 — dB
(-16 < V| < -25 Vdc, f = 120Hz, T = +25°C)
Input-Output Voltage Differential IVy-Voy - 1.7 - - 1.7 - Vdc
10 =40 mA, Ty = +25°C
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MC79L00C, AC Series

MC79L15C, AC ELECTRICAL CHARACTERISTICS (v|=-23V, Ig=40mA, C| = 0.33 uF,Cq = 0.1 uF,
0°C < Ty < +125°C unless otherwise noted.)

MC79L16C MC79L15AC
4 Characteristic Symbol Min Typ Max Min Typ Max Unit
Output Voltage (T = +25°C) Vo -13.8 -15 -16.2 -14.4 -156 -15.6 Vde
Input Regulation Regjine : mV
(Ty = +25°C)
-17.5 Vdc > V| > -30 Vdc - - 300 - - 300
-20 Vdc > V) > -30 Vdc - - 250 - - 250
Load Regulation Regjoad mv
T =+25°C, 1.0mA < ig < 100 mA - - 150 - - 150
1.0mA<Ip<40mA - - 75 - - 75
Output Voltage Vo Vdc
-17.5Vdc > V> -30 Vdc, 1.0 mA<Ig<40mA -13.5 - -16.5 -14.25 - -15.75
V|=-23 Vdc, 1.0 mA <Ig<70mA -13.5 - -16.5 -14.25 — -15.75
Input Bias Current hig mA
(Ty = +25°C) - - 6.5 - - 6.5
(Ty=+125°C) - - 6.0 - - 6.0
Input Bias Current Change alig : mA
-20 Vdc > V| > -30 Vdc - — 1.5 — - 15
1.0mA < 1g <40 mA - - 0.2 - - 0.1
Output Noise Voltage AN - 90 - - 90 — uVv
(Ta = +25°C, 10 Hz < f < 100 kHz)
Long-Term Stability aVp/at - 30 - - 30 - mV/1.0 k Hrs.
Ripple Rejection RR 33 39 - 34 39 — dB
(-18.5 < V| < -28.5 Vdc, f = 120 Hz) '
Input-Output Voltage Differential V|-Vol/ - 1.7 - - 1.7 - Vdc
10 =40 mA, T = +25°C

MC79L18C, AC ELECTRICAL CHARACTERISTICS (v, =-27V, Ig =40 mA, Cy=0.33uF,Co=0.1uF,
0°C < T < +125°C unless otherwise noted.)

MC79L18C MC79L18AC
Characteristic Symbol Min Typ Max Min Typ Max Unit
Output Voltage (T = +25°C) Vo -16.6 -18 -19.4 -17.3 -18 -18.7 Vdc
Input Regulation :
(T = +25°C) Redline m
-20.7 Vdc > V| > -33 Vdc — - - - - 325
-21.4 Vdc > V| >-33 Vdc - - 325 - - -
-22 Vdc > V| > -33 Vdc - - 275 - - -
-21 Vdc > V| > -33 Vdc - - - - - 275
Load Regulation Regioad mv
Ty=+25°C, 1.0mA < Ig < 100 mA - - 170 - - 170
1.0mA <1g <40mA - - 85 - - 85
Output Voltage Vo N Vdc
-20.7 Vdc > V| > -33 Vdc, 1.0 mA< l0 <40 mA - - - -17.1 - -18.9
-21.4 Vdc > V| > @3 Vdc, 1.0 mA < 1g <40mA -16.2 - -19.8 -~ - -
V) =-27 Vde, 1.0mA <lg<70mA -16.2 — -19.8 -17.1 - -18.9
Input Bias Current g mA
(Ty = +25°C) — - 6.5 - - 6.5
(Ty =+125°C) - - 6.0 - - 6.0
Input Bias Current Change slhg . mA
~21 Vdc > V| > -33 Vdc - - - - - 1.5
-27 Vdc > V| > -33 Vdc — - 1.5 - - -
1.0mA < 1g <40mA - — 0.2 - - 0.1
Output Noise Voltage \%N — 150 — - 150 — uVv
(Ta=+25°C, 10 Hz < f < 100 kHz)
Long-Term Stability aVol/at - 45 - - 45 - mV/1.0 k Hrs.
Ripple Rejection RR 32 46 - 33 48 - dB
(-23 < V) < -33 Vdc, f = 120 Hz, T = +25°C)
Input-Output Voltage Differential /V-Vo! - 1.7 - - 1.7 - Vde
10 =40mA, T = +25°C
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MC79L00C, AC Series

MC79L24C, AC ELECTRICAL CHARACTERISTICS (v|=-33V, g 40 mA, C|=033uF,Co =0.1uF,
0°C < T3 < +125°C unless otherwise noted.)

MC79L24C MC79L24AC
Characteristic Symbol Min Typ Max Min Typ Max Unit
Output Voltage (T = +25°C) Vo -22.1 -24 -25.9 -23 -24 -25 Vdc
Input Regulation Regjine mV
(Ty = +25°C)
-27Vdc > Vy > -38V - - - - - 350
-27.5Vdc > V| = -38 Vdc - - 350 - - -
-28 Vdc > V| > -38 Vdc - - 300 - - 300
Load Regulation Reg|pad mV
Ty=+25°C,1.0mA < lp < 100 mA - - 200 - - 200
1.0mA < 1g <40 mA - - 100 - - 100
Output Voltage Vo Vdc
-27 Vdc > V| = -38V,1.0mA < |g <40 mA — - - -22.8 - -25.2
-28 Vdc > V| = -38 Vdc, 1.0mA <ig<40mA -21.4 - -26.4 - - -
V| =-33Vde, 1.0mA<Ig<T70mA -214 - -26.4 -22.8 - -25.2
Input Bias Current lig mA
(Ty = +25°C) - - 6.5 - - 6.5
(Ty = +125°C) - - 6.0 - - 6.0
Input Bias Current Change shig mA
-28 Vdc > V| > -38 Vdc - - 1.5 - - 1.5
1.0mA <1g <40mA - - 0.2 - - 0.1
Output Noise Voltage VN - 200 - - 200 - Y
(Ta = +25°C, 10 Hz < f < 100 kHz) L
Long-Term Stability aVp/ot - 56 - - 56 - mV/1.0 k Hrs.
Ripple Rejection ) RR 30 43 - 31 47 - dB
(<29 < V| < -35 Vdc, f = 120 Hz, T = 25°C)
Input-Output Voltage Differential IV\-Vo! — 1.7 - - 1.7 - Vdc
10 =40mA, T = +25°C '

APPLICATIONS INFORMATION

Design Considerations

The MC79L00C 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 fimits the maximum current the cir-
cuit will pass.

In many low current applications, compensation capacitors are
not required However, i1t 1s recommended that the regulator
input be bypassed with a capacitor if the regulator 1s connected
to the power supply filter with long wire lengths, or if the output
load capacitance 1s large An input bypass capacitor should be

CURRENT REGULATOR

20V 10 1o = 100 mA
Input &—¢—0O— MC79L03C W.—, -—

X~ 0.33 uF
Gnd & —@ Gnd

The MC79L03, -3.0 V regulator can be used as a constant current
source when connected as above. The output current is the sum of
resistor R current and quiescent bias current as follows

1 ——3\/ |
= +
(S B

The quiescent current for this regulator is typically 3.8 mA
The -3.0 volt regulator was chosen to minimize dissipation and to
allow the output voltage to operate to wnnm 60 V below the
Input voltage '
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selected to provide good high-frequency characteristics 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
regulators input terminals. Normally good construction techniques
should be used to minimize ground loops and lead resistance drops
since the regulator has no external sense lead. Bypassing the out-
put is also recommended.

POSITIVE AND NEGAPIVE REGULATOR

+\/o
+V| Oy MC78LXX 0
0.33 uF 7= 0.1 1F
-V, o- MC79LXX =
NY =0 1uF
0.33 uF >~ H
u T T Vo
-0




MC73L00C, AC Series

S .

TYPICAL CHARACTERISTICS
(T A = +25°C unless otherwise noted.)

FIGURE 1 — DROPOUT CHARACTERISTICS
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FIGURE 2 - DROPOUT VOLTAGE versus

JUNCTION TEMPERATURE
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$G15254/SG1527A
@ MOTOROLA $G2525A/SG2527A
$G35254/SG3527A

PULSE WIDTH MODULATOR CONTROL CIRCUIT

The SG1525A/1527A series of pulse width modulator control- PULSE WIDTH MODULATOR

circuits offer improved performance and lower external parts count CONTROL CIRCUITS
when implemented for controlling all types of switching power

supplies. The device includes a +5.1 volt +1% reference and an SILICON MONOLITHIC
error amplifier with a common-mode range including the reference INTEGRATED CIRCUITS
voltage to eliminate external divider resistors. A sync input to the

oscillator enables multiple units to be slaved together, or a single

unit can be synchronized to an external system clock A wide range

of dead time 1s programmable with a single resistor between the

Ct pin and the Discharge pin. Other features included are soft-start

circuitry requiring only an external timing capacitor. A shutdown pin N SUFFIX €
controls both the soft-start circuitryand the output stages, allowing \ PLA?;:,CSEQC;;AG

fast output turn-off with soft-start recycle turn-on. Undervoltage
lockout keeps the outputs off when V¢ is less than the required
level for normal operation The output stages are a totem-pole

design capable of sinking and sourcing in excess of 200 mA. The J SUFFIX

SG1525A series output stage features NOR Logic, giving a low CERAMIC PACKAGE

outputfor an off state The SG1527A utilizes OR Logic which results CASE 620

in a high output level when off. These devices are available in

Mihitary, Industrial and Commercial temperature ranges and feature-

® 8 0 to 35 Volt Operation

® 51 Volt +1% Trimmed Reference PIN CONNECTIONS

® 100 Hz to 400 kHz Oscillator Range

® Separate Oscillator Sync Pin o

@® Adjustable Dead Time INV-Input E E Vret
® Input Undervoltage Lockout N1 Input [Z E Vee
® Latching PWM to Prevent Multiple Pulses Sync E E Output B
@ Dual Source/Sink Output Current. £400 mA Peak

0SC Output [4] 3] ve

Cr E E Ground

FUNCTIONAL BLOCK DIAGRAM Rt (6] [1]outout A
Vref Discharge E EShutdown
T
vee @ Reference Ime?nal Under Soft-Start E 3 Compensation
Regulator Circuitry Voltage
Ground Lockout (Top View)
osc Outpul@-—f—
Sync( 3
rr(e o
T
cr(s ORDERING INFORMATION
Discharge (7 Device | Temperature Range{ Package
-
= -
Compensation (@ ! SG1525AJ -55 t0 +125°C Ceramic Dip
> 1 SG1527AJ -55 10 +125°C Ceramic Dip
INV Input Error h -
NI Input Amp ! SG2525AJ -40 to +85°C Ceramic Dip
* 1 : SG2525AN -40 to +85°C Plastic Dip
Soft-Start (Fp————4 | SG2527AJ | -40 to +85°C Ceramic Dip
5ok ' SG2527AN | -40 10 +85°C Plastic Dip
S"“‘“W"! ' SG3525AJ | 0to+70°C Ceramic Dip
| o .
| SG3525AN Oto+70°C Plastic Dip
5.0k ! 1527A Output St
¥ o S6L5Z7TA Qupu Blege SG3627AJ | 0t0+70°C Ceramic Dip
= SG3527AN 0to +70°C Plastic Dip
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MAXIMUM RATINGS (Note 1)

Rating Symbol Value Unit
Supply Voltage Vee +40 Vdc
Collector Supply Voltage Ve +40 Vdc
Logic Inputs — -0.3to +5.5 \
Analog Inputs - -0.3to Vce \
Output Current, Source or Sink lo +500 mA
Reference Output Current Iref 50 mA
Oscillator Charging Current - 5.0 mA
Power Dissipation (Plastic & Ceramic Package) Pp mw
Note 2, Tp = +25°C 1000
Note 3, T¢ = +25°C 2000
Thermal Resistance Junction to Air Rgua 100 °C/W
Plastic and Ceramic Package
Thermal Resistance Junction to Case Rgyc 60 °C/W
Plastic and Ceramic Package
Operating Junction Temperature Ty +150 °C
Storage Temperature Range Ceramic Package Tstg -65 to +150 °C
Plastic Package -55t0 +125
Lead Temperature (Soldering, 10 Seconds) TSolder +300 °C
NOTES
1 Values beyond which damage may occur
2 Derate at 10 mW/°C for ambient temperatures above +50°C
3 Derate at 16 mW/°C for case temperatures above +25°C
RECOMMENDED OPERATING CONDITIONS
Characteristic Symbol Min Max Unit
Supply Voltage Vee +8.0 +35 Vde
Collector Supply Voltage Ve +4.5 +35 Vdc
Output Sink/Source Current lo mA
(Steady State) 0 +100
(Peak) 0 +400
Reference Load Current Iref 20 mA
Oscillator Frequency Range fosc 0.1 400 kHz
Oscillator Timing Resistor RT 2.0 150 kQ
Oscillator Timing Capacitor Cr 0.001 0.1 uF
Deadtime Resistor Range Rp 0 500 9]
Operating Ambient Temperature Range Ta °C
SG1525A, SG1527A -55 +125
SG2525A, SG2527A -40 +85
SG3525A, SG3527A 0 +70
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SG1525A, SG1527A, SG2525A, SG2527A, SG3525A, SG3527A

ELECTRICAL CHARACTERISTICS (V¢ = +20 Vdc, T = Tiow to Thigh [Note 4], unless otherwise specified)

SG1525A/2525A SG3525A
SG1527A/2527A SG3527A
Characteristic Symbol MinJ Typ | Max Min Typ Max Unit
REFERENCE SECTION
Reference Output Voltage (T j = +25°C) Vref 5.05 510 5.15 5.00 510 5.20 Vdc
Line Regulation (+8.0 V< Vcc < +35V) Regjine — 10 20 — 10 20 mV
Load Regulation (O mA< I < 20 mA) Reg|pad — 20 50 — 20 50 mV
Temperature Stability AVief/ AT — 20 50 — 20 50 mV
Total Output Vanation AVref 5.00 — 5.20 495 — 525 Vdc
Includes Line and Load Regulation
over Temperature
Short Circuit Current Isc — 80 100 — 80 100 mA
(Vref =0V, Ty =+25°C)
Output Noise Voltage VN — 40 200 — 40 200 “Vrms
(10 Hz< f< 10 kHz, Ty = +25°C)
Long Term Stability (T j = +125°C) (Note 5) S — 20 50 — 20 50 mV/khr
OSCILLATOR SECTION (Note 6, unless otherwise specified)
Iniial Accuracy (T j = +25°C) — — +2.0 +60 — +20 +60 %
Frequency Stability with Voltage Afose — +03 +10 — +10 +20 %
(+8.0V<Vco<+35V) AVee
Frequency Stability with Temperature ifo_sc_ — +30 +60 — +30 +6 0 %
AT
Minimum Frequency (RT =150k, CT=01 pF) fmin — — 100 — — 100 Hz
Maximum Frequency (RT=20k(), Ct=1.0 nF) fmax 400 — — 400 — — kHz
Current Mirror (IR = 20 mA) — 17 20 22 17 20 22 mA
Clock Amplitude — 3.0 35 — 30 35 — \
Clock Width (T j = +25°C) — 03 05 1.0 03 05 10 us
Sync Threshold — 12 20 2.8 12 20 28 \
Sync Input Current (Sync Voltage = +3 5 V) — - 10 2.5 — 10 25 mA
ERROR AMPLIFIER SECTION (Vem = +5.1 V)
Input Offset Voltage Vio — 05 50 — 2.0 10 mv
Input Bias Current B — 10 10 — 10 10 A
Input Offset Current o — — 10 — — 10 A
DC Open Loop Gain (R|_= 10 M) AvoL 60 75 — 60 75 — dB
Gain Bandwidth Product GBW 10 20 — 10 20 — MHz
(AyoL = 0 dB, Ty = +25°C)
Low Level Output Voltage VoL — 0.2 0.5 — 02 05 \
High Level Output Voltage VOH 38 5.6 — 38 56 — \
Common Mode Rejection Ratio CMRR 60 75 — 60 75 — dB
+15V<Vem<+5.2V)
Power Supply Rejection Ratio PSRR 50 60 — 50 60 — dB
(+8.0V<Vcc<+35V)
PWM COMPARATOR SECTION
Minimum Duty Cycle DCmin — — 0 — — 0] %
Maximum Duty Cycle DCmax 45 49 — 45 49 — %
Input Threshold, Zero Duty Cycle (Note 6) VTH 0.6 0.9 — 0.6 0.9 — \Y
Input Threshold, Maximum Duty Cycle (Note 6) VTH — 33 3.6 — 33 36 \Y
Input Bias Current i — 0.05 1.0 — 0.05 10 uA
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ELECTRICAL CHARACTERISTICS (Continued)

SG1525A/2525A SG3525A
SG1527A/2527A SG3527A
Characteristic Symbol Min [ Typ ] Max Min T Typ l Max Unit

SOFT-START SECTION
Soft-Start Current (Vghytdown = 0 V) — 25 50 80 25 50 80 HA
Soft-Start Voltage (Vghytdown = 2.0 V) — — 04 0.6 — 0.4 0.6 \%
Shutdown Input Current (Vgh ytdown = 2.5 V) — — 0.4 1.0 — 0.4 1.0 mA
OUTPUT DRIVERS (Each Output, Vg = +20 V)
Output Low Level VoL v

(Isink = 20 mA) — 0.2 0.4 - 0.2 0.4

(Isink = 100 mA) — 1.0 20 — 1.0 2.0
Output High Level VOH \%

(Isource = 20 mA) 18 19 — 18 19 —

(Isource = 100 mA) 17 18 — 17 18 —
Under Voltage Lockout (V8 and V9 = High) VuL 6.0 7.0 8.0 6.0 7.0 8.0 \%
Collector Leakage, V¢ = +35 V (Note 7) Ic(leak) — — 200 — — 200 uA
Rise Time (CL_ = 1.0 nF, Ty = 25°C) tr — 100 600 -~ 100 600 ns
Fall Time (CL= 1.0 nF, Ty = 25°C) tf — 50 300 - 50 300 ns
Shutdown Delay tds — 0.2 0.5 — 0.2 0.5 us

(Vsp=+3.0V,Cg=0,Ty=+25°C)
Supply Current, Vcc=+35 V Icc — 14 20 — 14 20 mA
NOTES.

4 Tigw=-55°C for SG1525A/1527A

o

~N o

-40°C for SG2525A/2527A
0°C for SG3525A/3527A

Thigh = +125°C for SG1525A/1527A
+85°C for SG2625A/2527A
+70°C for SG3525A/3527A

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
Tested at fogc = 40 kHz (RT=3 6 k2, CT=001 uF, Rp=01)

Applies to SG1525A/2525A/3525A only, due to polarity of output pulses

APPLICATION INFORMATION

Shutdown Options (see block diagram, front page)

1.

An external open collector comparator or transistor
can be used to pull down the Compensation pin (9).
This will set the PWM latch and turn off both outputs.
Pulse-by-pulse protection can be accomplished if the
shutdown signal is momentary, since the PWM latch
will be reset with each clock pulse.

. Shutdown can also be accomplished by pulling down

on the SOFT-START pin (8). When using this approach,
shutdown will not affect the amplifier compensation
network; however, if a SOFT-START capacitor is used,
it must be discharged, possible slowing shutdown
response.

334

. Applying a positive-going signal to the Shutdown pin

(10) will provide the most rapid shutdown of the out-
puts if a soft-start capacitor is not used at Pin 8. An
external soft-start capacitor at Pin 8 will slow shut-
down response due to the discharge time of the soft-
start capacitor. Dishcarge current is approximately
twice the charging current.

. The Shutdown terminal can be used to set the PWM

latch on a pulse-by-pulse basis if there is no external
capacitance on Pin 8. Soft-start characteristics may
still be accomplished by applying an external capaci-
tor, blocking diode and charging resistor to the Com-
pensation pin (9).
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TYPICAL CHARACTERISTICS

FIGURE 1 — SG1525A OSCILLATOR SCHEMATIC FIGURE 2 — OSCILLATOR CHARGE TIME versus Rt
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FIGURE 5 — ERROR AMPLIFIER OPEN-LOOP FIGURE 6 — SG1525A OUTPUT CIRCUIT
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FIGURE 7 — SG1525A/2525A/3525A
OUTPUT SATURATION CHARACTERISTICS

T

_ Vec=+20V
2 40— 1p=250c
g 3.5
& 30 /.
s /
8 25 ﬁ
3 ”~
S 2.0 5 —_——
;I,( 1.5 =" Source Sat, (Vg-VgH)
Z 10 — A ]
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& 0.5 A4
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0i
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lg. OUTPUT SOURCE OR SINK CURRENT {AMPS)

FIGURE 8 — SINGLE ENDED SUPPLY FIGURE 9 — PUSH-PULL CONFIGURATION

Q1
'Vsupplv To Output Filter ’Vsupply .
c1
v
Coa a1 T
R2 "
A -
© | SG1525A c2
SG1525A
BH19)
B Q2
Gnd L\ Cas

For single-ended supplies, the driver outputs are grounded.
The V¢ terminal i1s switched to ground by the totem-pole
source transistors on alternate oscillator cycles.

FIGURE 10 — DRIVING POWER FETS

o °
*Vsupply a1
Qi1 — T
Ve A 'i l
SG1525A
Q2
Gnd BH14 :?_

In conventional push-pull bipolar designs, forward base
drive 1s controlled by R1-R3. Rapid turn-off times for the
power devices are achieved with speed-up capacitors C1
and C2.
FIGURE 11 — DRIVING TRANSFORMERS IN A
HALF-BRIDGE CONFIGURATION

O
*Vsupply " I
at
T2 ,_I —=ct
SR1 T2
Ve A 11 B
SG1525A c:j""
Gnd B4, I e ==cC2
3R2
$
.
o—2

The low source impedance of the output drivers provides
rapid charging of power FET input capacitance while mini-
mizing external components.

Low power transformers canbe drivendirectlybythe SG1525A.
Automatic reset occurs during deadtime, when both ends of the
primary winding are switched to ground.
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FIGURE 12 — LAB TEST FIXTURE
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@ MOTOROLA

$G1526
$G2526
$G3526

PULSE WIDTH MODULATION CONTROL CIRCUIT

The SG1526 is a high performance pulse width modulator inte-
grated circuit intended for fixed frequency switching regulators and
other power control applications.

Functions included in this IC are a temperature compensated
voltage reference, sawtooth oscillator, error amplifier, pulse width
modulator, pulse metering and steering logic, and two high current
totem pole outputs ideally suited for driving the capacitance of power
FETs at high speeds.

Additional protective features include soft-start and undervoltage
lockout, digital current limiting, double pulse inhibit, adjustable dead
time and a data latch for single pulse metering. All digital control
ports are TTL and B-series CMOS compatible. Active low logic design
allows easy wired-OR connections for maximum fiexibility. The
versatility of this device enables|implementation in single-ended
or push-pull switching regulators that are transformerless or trans-
former coupled. The SG1526 is specified|over the full military junc-
tion temperature range of -565°Cto+150°C. The SG2526 is specified
over a junction temperature range of —-40°C to +150°C while the
SG3526 is specified over a range of 0°C to +125°C.

® 8.0 to 35 Volt Operation

5.0 Volt £1% Trimmed Reference

1.0 Hz to 400 kHz Oscillator Range

Dual Source/Sink Current Outputs: 2100 mA
Digital Current Limiting

Programmable Dead Time

Undervoltage Lockout

Single Pulse Metering

Programmable Soft-Start

Wide Current Limit Common Mode Range

Guaranteed 6 Unit Synchronization

PULSE WIDTH MODULATION
CONTROL CIRCUITS

SILICON MONOLITHIC
INTEGRATED CIRCUITS

N SUFFIX
PLASTIC PACKAGE
CASE 707
18
1
J SUFFIX
CERAMIC PACKAGE
CASE 726

Compensation o

BLOCK DIAGRAM

Vret (8 Under

Reference Voltage
Vee (17 Regulator Lockout

Ground (15 3 To Internal
Sync (12 = Circuitry
Rdeadtime (1|
RT (g
Cr (10

Reset (5)
Csoft-start (¥)

MemoryToggle|
F/F F/F

Metering
+c.s () F/F

Shutdown

PIN CONNECTIONS

\J
+ ErrorE
- Error [Z
Compensation E E QOutput B
Csoft-start E E Ground
=[] o
-CS|le6 E Output A
+CS} 7 E m
Shutdown E E Rdeadtime
Rtiming E E Ctiming

E Vret

Top View

ORDERING INFORMATION

Junction Temper
Device ature Range Package
SG1526J -65 10 +160°C | Ceramic DIP
SG2526J -40 to +150°C | Ceramic DIP
SG2526N Plastic DIP
SG3526J | Oto+125°C Ceramic DIP
SG3526N Plastic DIP
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MAXIMUM RATINGS (Note 1)

Rating Symbol Value Unit
Supply Voltage Vee +40 Vdc
Collector Supply Voltage Ve +40 Vde
Logic Inputs — -0.3t0 +5.5 \%
Analog Inputs — -0.3to Vce \%
Output Current, Source or Sink o +200 mA
Reference Output Current lref 50 mA
Logic Sink Current — 15 mA
Power Dissipation (Plastic & Ceramic Package) Pp mwW
Note 2, T = +25°C 1000
Note 3, T¢ = +25°C 3000
Thermal Resistance Junction to Air RoJA 100 °C/W
(Plastic and Ceramic Package)
Thermal Resistance Junction to Case Rguc 42 °C/W
(Plastic and Ceramic Package)
Operating Junction Temperature Ty +150 °C
Storage Temperature Range Tstg -65 to +1650 °C
Lead Temperature (Soldering, 10 Seconds) TSolder +300 °C
Notes:
1 Values beyond which damage may occur
2. Derate at 10 mW/°C for ambient temperatures above +50°C
3 Derate at 24 mW/°C for case temperatures above +25°C
RECOMMENDED OPERATING CONDITIONS
Characteristic Symbol Min Max Unit
Supply Voltage Vee +8.0 +35 Vdc
Collector Supply Voltage Ve +4.5 +35 Vdc
Output Sink/Source Current (Each Output) lo [o] +100 mA
Reference Load Current Iref o] 20 mA
Oscillator Frequency Range fosc 0.001 400 kHz
Oscillator Timing Resistor RT 2.0 150 kQ
Oscillator Timing Capacitor Ct 0.001 20 uF
Available Deadtime Range (40 kHz) 3.0 50 %
Operating Junction Temperature Range Ty °C
SG1526 -55 +150
SG2526 -40 +150
SG3526 0 +125
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S$G1526, SG2526, SG3526

ELECTRICAL CHARACTERISTICS (V¢ = +15 Vdc, T = Tiow to Thigh [Note 4] unless otherwise specified)

(Veompensation = +3.6 V)

ch toristi Symbol $G1526/2526 $G3526 Unit

aracteri ni
cteristic v Min I Typ ] Max Min 1 Typ [ Max

REFERENCE SECTION (Note 5)

Reference Output Voltage (T = +25°C) Vref 4.95 5.00 5.05 4.90 5.00 5.10 Vv

Line Regulation Regjine - 10 20 — 10 30 mvV
(+8.0V<Vee<+35V)

Load Regulation, 0 mA< I <20 mA Regjoad — 10 30 — 10 50 mV

Temperature Stability AVief/ATy — 15 50 — 15 50 mV

Total Reference Output Voltage Variation AVyef 4.90 5.00 5.10 485 5.00 5.15 Vv
(+8.0V< Vo< +35V, 0 mAS I < 20 mA)

Short Circuit Current Isc 25 50 100 25 50 100 mA
(Vref =0 V)

UNDERVOLTAGE LOCKOUT

Reset Output Voltage — — 0.2 04 — 0.2 04 \
(Vref=+3.8 V)

Reset Output Voltage — 24 4.8 — 24 4.8 — \%
(Vref = 4.8 V)

OSCILLATOR SECTION (Note 6)

Initial Accuracy (T = +25°C) — — +3.0 +8.0 — +3.0 +8.0 %

Frequency Stability over Power Supply Range Afg_s_c - 0.5 1.0 — 0.5 1.0 %
(+8.0V< Vo< +35V) AVee

Frequency Stability over Temperature Afosc — 7.0 10 — 3.0 5.0 %
(AT = Tiow to Thigh) ATy

Minimum Frequency fmin — — 1.0 - - 1.0 Hz
(RT=150k Q, C1 =20 uF)

Maximum Frequency fmax 400 — — 400 - — kHz
(RT=2.0kQ, CT=0.001 uF)

Sawtooth Peak Voltage Vosc(P) — 3.0 3.5 — 3.0 3.5 \
(Vcc=+35V)

Sawtooth Valley Voltage Vosc(V) 0.5 1.0 — 0.5 1.0 — \"
(Vcc=+8.0V)

ERROR AMPLIFIER SECTION (Note 7)

Input Offset Voltage Vio — 20 5.0 —_ 20 10 mV
(R§ < 2.0k)

Input Bias Current B — -350 |-—1000 — —350 —2000 nA

Input Offset Current o — 35 100 — 35 200 nA

DC Open Loop Gain Avol 64 72 — 60 72 — dB
(RL =10 MQ)

High Output Voltage VoH 3.6 4.2 — 3.6 4.2 — \%
(VPin 1-VPin 2 = +160 mV, Isource = 100 1A)

Low Output Voltage VoL — 0.2 04 - 0.2 0.4 v
(VPin 2-VPin 1= +150 mV, Isink = 100 nA)

Common Mode Rejection Ratio CMRR 70 94 — 70 94 — dB
(Rs<2.0kQ) N

Power Supply Rejection Ratio PSRR 66 80 — 66 80 — dB
(+12V<Vees+18V)

PWM COMPARATOR SECTION (Note 6)

Minimum Duty Cycle DCmin — — o — — [0} %
(Vcompensation = 04 V)

Maximum Duty Cycle DCmax 45 49 - 45 49 — %
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S$G1526, SG2526, SG3526

ELECTRICAL CHARACTERISTICS (Continued)

o ceristi Svmbol $G1526/2526 S$G3526 Unit
aracteristic ymbo Min 1 Typ | Max Min [ Typ LMax n
DIGITAL PORTS (SYNC, SHUTDOWN, RESET)
Output Voltage — High Logic Level VOH 24 4.0 — 24 4.0 — \%
(Isource = 40 pA)
Output Voltage — Low Logic Level VoL — 0.2 0.4 — 0.2 04 \%
(lsink = 3.6 mA)
Input Current — High Logic Level IiH — -125 -200 — -125 -200 uA
(ViH=+24V)
Input Current — Low Logic Level i —_ -225 -360 — -225 -360 nA
(VijL=+0.4V)
CURRENT LIMIT COMPARATOR SECTION (Note 8)
Sense Voltage Vsense 90 100 110 80 100 120 mV
(Rs<500Q)
Input Bias Current B — -3.0 -10 — -3.0 -10 uA
SOFT-START SECTION
Error Clamp Voltage —_ — 0.1 0.4 — 0.1 04 \
(Reset = +0.4 V)
Csoft-Start Charging Current Ics 50 100 150 50 100 150 uA
(Reset = +2.4 V)
OUTPUT DRIVERS
(Each Output, V¢ = +15 Vdc unless otherwise specified)
Output High Level VOH \Y
lsource = 20 mA 125 135 — 125 135 —
Isource = 100 mA 12 13 — 12 13 —
Output Low Level VoL \
lsink = 20 mA — 0.2 0.3 — 0.2 0.3
Igink = 100 mA — 1.2 2.0 — 1.2 2.0
Collector Leakage, Vg = +40 V Ic(leak) — 50 160 — 50 150 HA
Rise Time (C|_= 1000 pF) tr — 0.3 0.6 — 0.3 0.6 us
Fall Time (C|_= 1000 pF) f — 0.1 0.2 — 0.1 0.2 us
Supply Current Icc — 18 30 — 18 30 mA
(Shutdown =+0.4 V, Vcc = +35 V,
RT=4.12 kQ)
Notes

4 Tigw=-55°C for SG1526
-40°C for $G2526
0°C for SG3526
Thigh = +150°C for $G1526/2526
+125°C for SG3526
5. I_=0 mA unless otherwise noted.
6. fosc = 40 kHz (RT=4.12kQ +1%,
Ct=0.01uF 1%, Rp=00Q)
7.0V<Vem<+6.2V
ARV ERI VAT

®
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TYPICAL CHARACTERISTICS

FIGURE 1 — SG1526 REFERENCE STABILITY
OVER TEMPERATURE
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FIGURE 56 — UNDERVOLTAGE LOCKOUT
CHARACTERISTIC
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FIGURE 2 — REFERENCE VOLTAGE AS A
FUNCTION SUPPLY VOLTAGE
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FIGURE 7 — Vc SATURATION VOLTAGE AS A FIGURE 8 — SG1526 OSCILLATOR PERIOD
FUNCTION OF SINK CURRENT
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FIGURE 9 — SG1526 ERROR AMPLIFIER FIGURE 10 — SG1526 UNDERVOLTAGE LOCKOUT
Vece Vref
:: - To Reset
To Driver A
> .
T2V T To Driver B
Bandgap
Reference o
-L ::RZ =
Q12 - 1
100 uA =
e Compensation
+100;;A
Q10
500
- Error + Error
FIGURE 11 — SG1526 PULSE PROCESSING LOGIC
Memory
F/F
Sync S
Saf—{R Gf—®= Ciock
PWM—D
Qpf——® PWM
Metering
F/F
The metering FLIP-FLOP is an asynchronous The memory FLIP-FLOP prevents double pul-
data latch which suppresses high frequency sing in a push-pull configuration by remem-
oscillations by allowing only one PWM pulse bering which output produced the last pulse.

per osctllator cycle.
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APPLICATIONS INFORMATION

FIGURE 12 — EXTENDING REFERENCE
OUTPUT CURRENT CAPABILITY
°
SN
R |

SG1526
Reference
Regulator

)-—Vvef
T 10 uF

Gnd

-
|
I+

*May be required
with some types
of transistors

FIGURE 14 — OSCILLATOR CONNECTIONS

SG1526

—(2) Sync

f

FIGURE 16 — SG15626 SOFT-START CIRCUITRY

Vref

P—
100 VD Ramp
+ Error o

- Error e

[EE— Q2
Reset (5)

Undervoltage
Lockout

Csoft-Start

M-

FIGURE 13 — ERROR AMPLIFIER CONNECTIONS

Negative
Output
Voltage

R1
R3 R2
Vref () Vref —AM—

®
WSSO, ®
2

R3
R1 Positive
Output
Gnd Voltage Gnd
- R1 +R2 R1
Vout = Vref( ) Vout = Vref \ 57
R{R
L
R1+R2

FIGURE 15 — FOLDBACK CURRENT LIMITING

Output Filter «—@- A \N—9—0O+

Vout R1

AV +oouttl

(o "R+ R2

Imax= —Rg

{01V
Isc*\"Rg

FIGURE 17 — DRIVING VMOS POWER FETS

12V O—e

(9

Ve

A

SG1526

o

AT

The totem-pole output drivers of the SG1526
are ideally suited for driving the input capaci-
tance of power FETs at high speeds.
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FIGURE 18 — HALF-BRIDGE
CONFIGURATION

VOo—e
Supply R1

O

VCA

SG1526

Gnd B

=

FIGURE 20 — SINGLE-ENDED CONFIGURATION

+V Supply O Q1 To

Output
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Gnd

o Q
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FIGURE 19 — FLYBACK CONVERTER
WITH CURRENT LIMITING

+VG ®
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A
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In the above circuit, current limiting is accom-
plished by using the current limit comparator
output to reset the soft-start capacitor.

FIGURE 21 — PUSH-PULL CONFIGURATION

+V Supply O—¢-
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O
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TL431

@ MOTOROLA series

Specifications and Applications Information

PROGRAMMABLE

PROGRAMMABLE PRECISION REFERENCES PRECISION REFERENCES

The TL431 integrated circuits are three-terminal programmable SILICON MONOLITHIC
shunt regulator diodes. These monolithic IC voltage references INTEGRATED CIRCUITS
operate as a low temperature coefficient zener which is program-
mable from Vyef to 36 volts with two external resistors. These devices

exhibit a wide operating currentrange of 1.0to 100 mA with a typical

dynamic impedance of 0.22 (). The characteristics of these refer-
ences make them excellent replacements for zener diodes in many
applications such as digital voltmeters, power supplies, and op amp

circuitry. The 2.5 volt refefence makes it convenient to obtain a stable LP SUFFIX
reference from 5.0 volt logic supplies, and since the TL431 operates PLASTIC PACKAGE
as a shunt regulator, it can be used as either a positive or negative CASE 29 1
voltage reference. T0-92 ’
® Programmable Output Voltage to 36 Volts Pin 1 Reference
. 2 Anode
® Low Dynamic Output Impedance, 0 22 () Typical
v putimp P 3 Cathode 23
® Sink Current Capability of 1 O to 100 mA.
® Equivalent Full-Range Temperature Coefficient of 50 ppm/°C
Typical
® Temperature Compensated for Operation over Full Rated Opera- (Top View)
ting Temperature Range
@® Low Output Noise Voltage Cathode [8] Reference
NC NC
NC [3 [6] Anode
—F————————
Cathode |Reference; 71 Cathode Ne NC
(K) O (K)
{ P SUFFIX
Reference i PLASTIC DUAL-IN-LINE PACKAGE
(R) | CASE 626
|
Anode -
(A) O Anode (A) (Top View) '
SYMBOL N
FUNCTIONAL BLOCK DIAGRAM Cathode [8) Reference r"
NC NC 8 |
Cathode (K) NC [6] Anode 1
Nc [4] NC
800 JG SUFFIX
20;: CERAMIC DUAL-IN-LINE PACKAGE
Reference pF CASE 693
(R)
150 ORDERING INFORMATION
x Temperature
10k Device Range Package
+ TL431CLP 0to +70°C Plastic TO-92
TL431CP 0 to +70°C Plastic DIP
TL431CJG 010 +70°C Ceramic DIP
800 Kl TL431ILP -40 10 +85°C | Plastic TO-92
TL431IP -40 to +85°C | Plastic DIP
INTERNAL SCHEMATIC Aoy (A) TL4311UG 4010 +85°C | Ceramic DIP
Component values are nominal TL43TMJG | -65 to +125°C| Ceramic DIP

346




TL431 series

MAXIMUM RATINGS (Full operating ambient temperature range applies unless

otherwise noted.)

Rating Symbol Value Unit
Cathode To Anode Voltage VKA 37 \"
Cathode Current Range, Continuous Ik -100 to +150 mA
Reference Input Current Range, Continuous Iref -0.05 to +10 mA
Operating Junction Temperature Ty 150 °C
Operating Ambient Temperature Range TA °C
TL431M -55to +125
TL431I -40 to +85
TL431C 01to+70
Storage Temperature Range Tstg -65 to +150 °C
Total Power Dissipation @ Tp = 25°C Pp
Derate above 25°C Ambient Temperature
LP Suffix Plastic Package 0.775
P Suffix Plastic Package 110
JG Suffix Ceramic Package 1.25
Total Power Dissipation @ T¢ = 25°C Pp W
Derate above 25°C Case Temperature
LP Suffix Plastic Package 15
P Suffix Plastic Package 3.0
JG Suffix Ceramic Package 33
THERMAL CHARACTERISTICS
LP Suffix P Suffix | JG Suffix
Characteristics Symbol Package Package Package Unit
Thermal Resistance, RguA 178 114 100 °C/W
Junction to Ambient
Thermal Resistance, Reuc 83 a1 38 °C/W
Junction to Case
RECOMMENDED OPERATING CONDITIONS
Condition/Value Symbol Min Max Unit
Cathode To Anode Voltage VKA Vref 36 \
Cathode Current Ik 1.0 100 mA
ELECTRICAL CHARACTERISTICS (Ambient temperature at 25°C unless otherwise noted)
. TL431M TL431! TL431C .
Characteristic Symbol Min | Typ | Max Min | Typ | Max Min | Typ | Max Unit
Reference Input Voltage (Figure 1) Vref 2.440|2.495|2550 | 2.440(2.495|2.550 § 2.440|2.495| 2.550 \Y
VKA = Vref. Ik =10 mA
Reference Input Voltage Deviation Over AVyef —_ 15 44 — 7.0 30 — 30 17 mV
Temperature Range. (Figure 1, Note 1)
VKA = Vref. Ik = 10 mA
Ratio of Change in Reference Input Voltage AVyef mV/V
to Change in Cathode to Anode Voltage AVKA
Ik = 10 mA (Figure 2), AVKA = 10 V to Vyef — | -14-27 — | -1.4 | -27 — 1.4 -27
AVKA=36Vito 10V — -1.0| -20 — | -1.0] -20 — | -10| -20
Reference Input Current (Figure 2) Iref - 18 | 40 - 1.8 | 40 - 18 | 40 uA
Ik =10mA R1=10k R2=o
Reference Input Current Deviation Over Alref - 1.0 3.0 - 0.8 25 — 0.4 1.2 uA
Temperature Range. (Figure 2)
Ik=10mA, R1=10k R2=e
Minimum Cathode Current For Regulation Imin — 0.5 1.0 - 0.5 1.0 — 05 1.0 mA
VKA = Vref (Figure 1)
Off-State Cathode Current (Figure 3) loff - 2.6 | 1000 — 2.6 {1000 — 2.6 | 1000 nA
VKA =36V, Vief=0V
Dynamic Impedance (Figure 1, Note 2) [Zkal — |022| 05 — 10.22} 05 — | 022| 05 4
VKA = Vref, AlK = 1.0 mA to 100 mA
f< 1.0kHz
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FIGURE 1 — TEST CIRCUIT FOR VKA = Vigf FIGURE 2 — TEST CIRCUIT FOR VKA > Vyef FIGURE 3 — TEST CIRCUIT FOR lotf

Input O—AM—e——0 VK a INput O—AM—¢————0 Vika Input VKA ‘
K loff
| ] . ' |
R12 ‘
<
i’ Iref ;
} - |
Vref R2 :E Vet

1| f—
1
ilF
A

R1 L
L VKA= Vref (1 +;5)+ lref* R1 =

Note 1

The deviation parameter AV ef is defined as the differences between the maximum and minimum values obtained over the full operating
ambient temperature range that applies.

AVref = Vref Max — Vygf Min

ATA=T2-Tq

I
I
|
I
T

T
AMBIENT TEMPERATURE

2

The average temperature coefficient of the reference input volt-
age, a Vref, is defined as:

( AVref ) 106 .
v ppm  \Vief @ 25°C AVref x 10
o pem -
ref To¢ ATA ATA (Vref @ 25°C)

aVyef can be positive or negative depending on whether Vief
Min or Vief Max occurs at the lower ambient temperature. (Refer to
Figure 6)

Example: AVief=8.0 mV and slope is positive, Vief @ 25°C =
2495V, ATp = 70°C

V, 0.008 x 10 45.8 ppm/°C
ST =458 ppm
*¥ret 20 (2.495)
Note 2
The dynamic impedance Zyj, is defined as:
AVKA

|Zkal =

When the device is programmed with two external resistors, R1 and R2, (refer to Figure 2) the total dynamic impedance of the circuit is

defined as:
12" ~12 IQ =)
|~ 4 —
ka kal R2
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FIGURE 4 — CATHODE CURRENT versus

CATHODE VOLTAGE
150, T , y
VKA = Vret
_ Tp = 25°C
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FIGURE 6 — REFERENCE INPUT VOLTAGE versus

FIGURE 5 — CATHODE CURRENT versus
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FIGURE 7 — REFERENCE INPUT CURRENT versus

CATHODE VOLTAGE
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FIGURE 8 — CHANGE IN REFERENCE INPUT
VOLTAGE versus CATHODE VOLTAGE
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FIGURE 9 — OFF-STATE CATHODE CURRENT
versus AMBIENT TEMPERATURE
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FIGURE 10 — DYNAMIC IMPEDANCE FIGURE 11 — DYNAMIC IMPEDANCE
versus FREQUENCY versus AMBIENT TEMPERATURE
100 0.320 T T
E Ta=25°C VKA = Vref
_ FAK=10mAt0100mA 2 0300 Alg =10 mA to 100 mA
=] r 1.0k 0 o 1< 1.0 kHz
=+ —o Qutput ] <0utput
= | = utpu
2 K S oen 1.0k |
Z o g 020 0 L i
o + = -
2 I Gnd 2 0260 : 7]
o I = =" \ ps Gnd
H =
< A =
En Hil p, 3 0240 p
g . 2 020
= &
N
S - 0 220[—
0.1 0200
10K 10K 100K oM 10Mm -55 -25 0 2% 50 7% 100 126
f, FREQUENCY (MHz) TA. AMBIENT TEMPERATURE (°C)

FIGURE 12 — OPEN LOOP VOLTAGE GAIN

versus FREQUENCY FIGURE 13 — SPECTRAL NOISE DENSITY ¢
60, T T T T T T T T 80
I Ik=10mA Tp=25°
g 50 < kK Sgp U
= N 20, [ 60
2w d eI’ ST
=] 8.25 2 z may
5 30 N k B 3
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3 N
z 0 W
-10 | 0 = ] '
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f, FREQUENCY (Hz) . f, FREQUENCY (Hz) |
FIGURE 14 — PULSE RESPONSE FIGURE 15 — STABILITY BOUNDARY CONDITIONS
1 T
Ta= 25°C A vk = Vet il
30 Input 120/ B VkA=50V@IK=10mA Stable
I~ Monitor 220 Outout C Vka=10V@IK=10mA A
Output 7 utpy Z. D va=15V@IK=10mA
20 f < 100 A
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= 50 E] = | B
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< o
5 3 /
= 0.— = = = 3 = a == = = 3 E 40 \
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0] t U
| - P74
0 40 8.0 12 16 20 100 pf 000 pf 0.01 uf L1 uf 1.0 10 uf
t, TIME (us) C|. LOAD CAPACITANCE

350



TL431 series

FIGURE 16 — TEST CIRCUIT FOR CURVE A FIGURE 17 — TEST CIRCUIT FOR CURVES B, C, AND D
OF STABILITY BOUNDARY CONDITIONS OF STABILITY BOUNDARY CONDITIONS
150 150
——AM-
Ky | 3 %510 K |
V+ _Jg T CL V+ > _LT CL
| %« I

TYPICAL APPLICATIONS

FIGURE 18 — SHUNT REGULATOR FIGURE 19 — HIGH CURRENT SHUNT REGULATOR
V+ Vout
Vout
R1
4
$R2
O- . * —O
v (1 R1 )v
= +—
out R2 ref
FIGURE 20 — OUTPUT CONTROL OF A FIGURE 21 — SERIES PASS REGULATOR
THREE-TERMINAL FIXED REGULATOR
MC7805 Vi O—1 ——0 Vout
V+ O————In Out —OVout 3
Common y 9 R1
ERZ R2
o- : -0 o : o0
R1 ) R1
Vout= \1 *’R_z‘ Vref Vout = (1 +E) Vref
Vout Min = Vyef + 5.0V Vout Min = Ve + 5.0V
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FIGURE 22 — CONSTANT CURRENT SOURCE

ReL
v+ lout

| _ Vref
out ~
ReL

FIGURE 24 — TRIAC CROWBAR

—O Vout

V+ O—dN\ o

R2
O

o . .

R 1)
Voutitrip) = \1 *;5 Vref

FIGURE 26 — VOLTAGE MONITOR

v+ [ O Vout
A R1 3R3
<
)¢
R2 2 R4
-0

o _
L.E.D. indicator is
upper and lower limits.

‘on’ when V+ is between the

R1
Lower Limit = (1 +——)V
R2 ref

V] Limi (1 RS)V
er Limit = +—
PP R ref
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FIGURE 23 — CONSTANT CURRENT SINK

FIGURE 25 — SCR CROWBAR

Vout
R1

R2
3+—o0

(o2 .

R1
Vout(trip) = \1 *E)Vref

FIGURE 27 — SINGLE-SUPPLY COMPARATOR WITH
TEMPERATURE-COMPENSATED THRESHOLD

v+
Vout
Vin
Vith = Vref
. Vin Vout
<Vyef V+
SVief | ~20V
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FIGURE 28 — LINEAR OHMMETER " FIGURE 29 — SIMPLE 400 mW PHONO AMPLIFIER
25V 38V
1N5305
{20ma Ty=330 01080 0 330
50 $500 Ls0Mm U
5.0k Y 1% S 10K
1% 1‘;0 o o  Calibrate 80 470
b oV, é | 0.05 | Volume
out *Thermalloy uF 47k

THM 6024 S 1090k

. & >

Heatsink on LP K &« K i

a Package *
1 Rx=Vout * - Range
FIGURE 30 — HIGH EFFICIENCY STEP-DOWN
SWITCHING CONVERTER
R 150 uh @ 2.0 A
Vin=101t020V TIP115 —_— Vout=5.0V
/ lout=10A
Y
1.0k 47 kS
vV ‘)
+|2200] MPsA20
S
WA—
0.1._L. <:2 2k S
(, . <
o—d T
TEST CONDITIONS RESULTS

Line Regulation Vin=10V1to 20V, lp=10A| 53 mV (11%)
Load Regulation Vin=15V,1p=0At0o 1.0 A 25 mV (0.5%)

Output Ripple Vin=10V, l5= 1.0 A 50 mVp.p P.A.R.D.
Output Ripple | Vin=20V,l5=10A 100 mVp.p P.A.R.D.
Efficiency Vin=15V, lp= 1.0 A 82%
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TL494
TL495

Specifications and Applications
Information

SWITCHMODE
PULSE WIDTH MODULATION
CONTROL CIRCUITS

The TL494 and TL495 are fixed frequency, pulse width modu-
lation control circuits designed primarily for Switchmode power
supply control. These devices feature:

® Complete Pulse Width Modulation Controt Circuitry

® On-Chip Oscillator With Master Or Slave Operation

On-Chip Error Amplifiers

On-Chip 5 Volt Reference

Adjustable Dead-Time Control

Uncommitted Output Transistors For 200 mA Source Or Sink
Output Control For Push-Pull Or Single-Ended Operation
On-Chip 39 Volt Zener (TL495 Only)

Output Steering Control (TL495 Only)

SWITCHMODE
PULSE WIDTH MODULATION
CONTROL CIRCUITS

SILICON MONOLITHIC
INTEGRATED CIRCUITS

TL494

1
N SUFFIX
PLASTIC PACKAGE
CASE 648

J SUFFIX
CERAMIC PACKAGE
CASE 620

PIN CONNECTIONS

TL494 TLA9S

18 Non-Inv
input

jlnv

7 Input

16 f Vet

Non-tnv [
Input

Non tnv Non-Inv Inv
input I‘ "6 finput input { 2
Inv . Compen/

| 2 15 Pwim comp [ 3
Input u
e Vee fnput Input
Dead

Compen/

Pwm c::mplg 13 Vyes Tvmel a 15 ]va
Input Control
Dead Forv o
T«mela - 13 |Oumut cris 14| oot
Contron controt Control
Steering
IS I R
T 'ZIVCC T 3] controt
Oscillator
RTle 12|Vee

11)c2
10 (€2

(]
11](:2 Ground| 7

[ {
Ground | 7 10 [E2 cifs
(]

a1
ci|s ER 3 E1

(top view) (top view)

TL495

15 RPN T
LT
N SUFFIX
PLASTIC PACKAGE
CASE 707

J SUFFIX
CERAMIC PACKAGE
CASE 726

ORDERING INFORMATION

The TL494C/495C are specified over the commercial operating
range of 0°C to 70°C. The TL4941/495| are specified over the in-
dustrial range of —25°C to 85°C. The TL494M is specified over the
full military range of —55°C to 125°C.

Temperature

Device Range Package
TL494CN 0 To 70°C Plastic DIP
TL494CJ 0 To 70°C Ceramic DIP
TL494IN —25To 85°C Plastic DIP
TL4941J —25 To 85°C Ceramic DIP
TL494MJ —-55To 125°C | Ceramic DIP
TL495CN 0 To 70°C Plastic DIP
TL495CJ 0 To 70°C Ceramic DIP
TLA495IN —25 To 85°C Plastic DIP
TL4951J —25 To 85°C Ceramic DIP
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FIGURE 1 — BLOCK DIAGRAM
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FIGURE 2 — TIMING DIAGRAM
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Description

The TL494/495 are fixed-frequency pulse width mod-
ulation control circuit, incorporating the primary build-
ing blocks required for the control of a switching power
supply. (See Figure 1.) An internal-linear sawtooth os-
cillator is frequency-programmable by two external
components, RT and Cy. The oscillator frequency is
determined by:

fosc = _ 1.1
Rt e Ct

Output pulse width modulation is accomplished by
comparison of the positive sawtooth waveform across
capacitor C to either of two control signals. The NOR
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 ampli-
tude causes a corresponding linear decrease of output
pulse width. (Refer to the timing diagram shown in Fig-
ure 2.)

The control signals are external inputs that can be fed
into the dead-time control, the error amplifier inputs,
or the feedback input. The dead-time control compar-
ator has an effective 120 mV input offset which limits
the minimum output dead time to approximately the
first 4% of the sawtooth-cycle time. This would result
in a maximum duty cycle on a given output of 96% with
the output control grounded, and 48% with it connected
to the reference line. Additional dead time may be im-
posed on the output by setting the dead time-control
input to a fixed voltage, ranging between 0 to 3.3 V.

The pulse width modulator comparator provides a
means for the error amplifiers to adjust the output pulse
width from the maximum percent on-time, established
by the dead time control input, down to zero, as the

voltage at the feedback pin varies from 0.5 to 3.5 V. Both
error amplifiers have a common-mode input range from
—0.3Vto(Vce —2V), and may be used to sense power-
supply output voltage and current. The error-amplifier
outputs are active high and are ORed together at the
non-inverting input of the pulse-width modulator com-
parator. With this configuration, the amplifier that de-
mands minimum output on time, dominates control of
the loop.

When capacitor Ct is discharged, a positive pulse is
generated on the output of the dead-time comparator,
which clocks the pulse-steering flip-flop and inhibits the
output transistors, Q1 and Q2. With the output-control
connected to the reference line, the pulse-steering flip-
flop directs the modulated pulses to each of the two
output transistors alternately for push-pull operation.
The output frequency is equal to half that of the oscil-
lator. Output drive can also be taken from 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 cur-
rents are required for single-ended operation, Q1 and
Q2 may be connected in parallel, and the output-mode
pin must be tied to ground to disable the flip-flop. The
output frequency will now be equal to that of the
oscillator.

The TL494/495 has an internal 5 V reference capable
of sourcing up to 10 mA of load current for external bias
circuits. The reference has an internal accuracy of +5%
with a thermal drift of less than 50 mV over an operating
temperature range of 0 to 70°C.

The TL495 contains an on-chip 39 volt zener diode for
high voltage applications where V¢ is greater than 40
volts, and an output steering control that overrides the
internal control of the pulse-steering flip-flop. (Refer to
the functional table shown in figure 3.)

FIGURE 3 — FUNCTIONAL TABLE

Inputs fout
Output Steering Output Function P =
Control Control osc
Grounded Open Single-ended P.W.M. at Q1 and Q2 1
At Vief Open Push-pull operation 0.5
At Vief V1 <04V Single-ended P.W.M. at Q1 only 1
At Vyef V1 >24V Single-ended P.W.M. at Q2 only 1




TL494, TL495

MAXIMUM RATINGS (Full operating ambient temperature range applies unless otherwise noted)

Rating Symbol TL494AM TL4941/TL495] TL494C/TL495C Unit
Power Supply Voltage Vee 42 42 42 \
Collector Output Voltage Ve, Ve 42 42 42 \"
Collector Output Current (each transistor) Ic1. Ic2 250 250 250 mA
Amplifier Input Voltage Vin Vce + .03 Vce + .03 Vce + .03 \
Power Dissipation @ Tp =< 45°C Pp 1000 1000 1000 mW
Operating Junction Temperature Ty 150 150 150 °C
Operating Ambient Temperature Range TA -55t0 125 -25to 85 0to 70 °C
Storage Temperature Range Tstg —-65 to 150 - 65 to 150 —-65 to 150 °C
THERMAL CHARACTERISTICS
Characteristics Symbol J Suffix Ceramic Package N Suffix Plastic Package Unit
Thermal Resistance, Junction to Ambient RoJA 100 80 °C/W
Power Derating Factor 1RoJA 10.0 125 mwW/C
Derating Ambient Temperature TA 50 45 °C
RECOMMENDED OPERATING CONDITIONS
Condition/Value Symbol TLA494/TLA9S Unit
Min. Typ. Max
Power Supply Voltage Vee 7.0 15 40 )
Collector Output Voltage Vel Ve2 - 30 40 Vv
Collector Output Current (each transistor) Ic1. Ic2 — — 200 mA
Amplifier Input Voltage Vin -0.3 — Vee - 2.0 \
Current Into Feedback Terminal If b. — — 0.3 mA
Reference Output Current Iref — — 10 mA
Timing Resistor RT 1.8 30 500 kQ
Timing Capacitor Ct 0.00047 0.001 10 wF
Oscillator Frequency fosc 1.0 40 200 kHz

ELECTRICAL CHARACTERISTICS (Vcc = 15V, fosc = 10 kHz unless otherwise noted.)
For typical values Tp = 25°C, for min/max values T is the operating ambient temperature range that applies unless otherwise

noted.
TL494M TL494C, I/TL495C, |
Characteristic Symbol . Unit
Min L Typ J Max Min I Typ L Max

REFERENCE SECTION

Reference Voltage Vref 4.75 5.0 5.25 4.75 5.0 5.25 \
(lo = 1.0 mA)

Reference Voltage Change with Temperature AVref (3T) —_ 0.2 2.0 - 13 2.6 %
(ATA = Min to Max)

Input Regulation Regjine — 2.0 25 — 2.0 25 mV
(Vce = 7.0 V to 40 V)

Output Regulation Reg|oad — 3.0 15 — 3.0 15 mV
(lp = 1.0 mA to 10 mA)

Short-Circuit Output Current Isc 10 35 50 — 35 - mA
(Vref = 0V, Tp = 25°C)
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ELECTRICAL CHARACTERISTICS (Vcc = 15V, fogc = 10 kHz unless otherwise noted.)
For typical values Tp = 25°C, for min/max values T is the operating ambient temperature range that applies unless otherwise

noted.
TL494M TL494C, I/TL495C, |
Characteristic Symbol - Unit
Min I Typ ‘ Max Min L Typ ] Max
OUTPUT SECTION
Collector Off-State Current Ic(off) — 2.0 100 - 2.0 100 pA
(Ve = 40V, Vcg = 40 V)
Emitter Off-State Current IE(off) — — —-150 — — -100 nA
(Vcc =40V, Vg =40V, VE = 0V)
Collector-Emitter Saturation Voltage Vsat(C) — 1.1 15 — 1.1 1.3 v
Common-Emitter
(VE = Oy, Ic = 200 mA)
Emitter-Follower Vsat(E) —_ 15 25 - 1.5 25 "
(Ve =15V, g = —200 mA)
Output Control Pin Current locL — 10 — — 10 — A
Low State
(Voc <0.4V)
High State l0CH — 0.2 3.5 — 0.2 35 mA
(Voc = Vref)
Output Voltage Rise Time (Tp = 25°C) tr — 100 200 - 100 200 ns
Common-Emitter (See Figure 13)
Emitter-Follower (See Figure 14) — 100 200 — 100 200 ns
Output Voltage Fall Time (Tp = 25°C) tf — 25 100 — 25 100 ns
Common-Emitter (See Figure 13)
Emitter-Follower (See Figure 14) — 40 100 — 40 100 ns
TL494/TL495
Characteristic Symbol " Unit
Min Typ
ERROR AMPLIFIER SECTIONS
Input Offset Voltage Vio — 2.0 mV
(Vo (Pin3) = 25V)
Input Offset Current o — 5.0 nA
(VO (Pin 3) = 25 V)
Input Bias Current B — 0.1 wA
(VO (Pin3) = 25 V)
Input Common-Mode Voltage Range VICR -0.3 —_ Vee - 2.0 \
(Vce = 7.0V to 40 V)
Open-Loop Voltage Gain AvoL 70 95 dB
(AVQ = 30V,Vg = 051035V,
RL = 2.0 k)
Unity-Gain Crossover Frequency fc —_ 350 kHz
(Vo = 0.5t0 3.5V, R = 2.0 kQ2)
Phase Margin at Unity-Gain Om — 65 deg.
(Vo = 05t035V, RL = 2.0k()
Common-Mode Rejection Ratio CMRR 65 90 dB
(Ve = 40 V)
Power Supply Rejection Ratio PSRR — 100 dB
(AVee = 33V, Vo = 25V, R = 2.0 k)
Output Sink Current lo- 03 0.7 mA
(VO (Pin 3) = 0.7 V)
Output Source Current lo+ -20 -4.0 mA

(Vo (Pin3) =35V
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ELECTRICAL CHARACTERISTICS (Vcc = 15V, fogc = 10 kHz unless otherwise noted.)

For typical values Tp = 25°C, for min/max values Tp is the operating ambient temperature range that applies unless otherwise

noted.
TL494/TL49S
Characteristic Symbol - Unit
Min Typ Max
PWM COMPARATOR SECTION (Test Circuit Figure 12)
Input Threshold Voltage VTH — 35 4.5 \
(Zero duty cycle)
Input Sink Current |- 0.3 0.7 — mA
(V (Pin 3) = 0.7 V)
DEAD-TIME CONTROL SECTION (Test Circuit Figure 12)
Input Bias Current (Pin 4) i (DT) — -2.0 -10 nA
(Vin = 010 5.25 V)
Maximum Duty Cycle, Each Output, Push-Pull Mode DCmax %
(Vin = OV, CT = 0.1 uF, RT = 12 k) 45 48 50
(Vin = 0V, C1 = 0.001 uF, RT = 30 k(1) — 45 50
Input Threshold Voltage (Pin 4) VTH Y
(Zero Duty Cycle) — 2.8 3.3
(Maximum Duty Cycle) 0 — —
OSCILLATOR SECTION
Frequency fosc — 40 — kHz
(CT = 0.001 pf, RT = 30 k1)
Standard Deviation of Frequency* ofosc - 3.0 - %
(CT = 0.001 uf, RT = 30 kQ2)
Frequency Change with Voltage Mosc (1V) — 0.1 — %
(Vee = 7.0V 1040V, Ta = 25°C)
Frequency Change with Temperature AMosc (aT) — 1.0 2.0 %
(ATA = 25°C to TA ow: 25°C to TA high)
TL495
Characteristic Symbol - Unit
Min Typ Max
STEERING CONTROL
Input Current Low IsTL — -25 - 200 RA
(V(Pin 13) = 0.4 V)
Input Current High ISTH RA
(V(pin 13) = 24 V) — 25 200
(V(Pin 13) = Vref) - 75 -
ZENER CHARACTERISTICS
Zener Breakdown Voltage Vz — 39 — Vv
(Iz = 2mA)
Sink Current IRz — 0.3 — mA
(V(Pin 15) = 1.0 V)
TOTAL DEVICE
Standby Supply Current Icc mA
(Pin 6 at Vygf, All Other Inputs and Outputs Open)
(Veec = 15 V) — 5.5 10
(Vee = 40V) — 7.0 15
Average Supply Current —_ —_ 7.0 — mA

(V(Pin 4) = 2.0 V) (See Figure 12.)

(Ct = 0.01, RT = 12kQ, Vcc = 15V)

* Standard deviation is a measure of the statistical distribution about the mean as derived from the formula, ¢ =
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fo. OSCILLATOR FREQUENCY (Hz)

% DT, PERCENT DEAD TIME, EACH OUTPUT

VCE (SAT). SATURATION VOLTAGE (V)

FIGURE 4 — OSCILLATOR FREQUENCY
VERSUS TIMING RESISTANCE

FIGURE 5 — OPEN LOOP VOLTAGE GAIN AND PHASE

VERSUS FREQUENCY

Ig, EMITTER CURRENT (mA)
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FIGURE 10 — STANDBY-SUPPLY CURRENT
VERSUS SUPPLY VOLTAGE
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FIGURE 11 — ERROR AMPLIFIER CHARACTERISTICS
TEST CIRCUIT
Q

FIGURE 12 — DEAD-TIME AND FEEDBACK CONTROL

Vee = 15V
> >
Error Amplifier Z: ;33 b3 1233
o Under Test vee
O————————— Dead Time c1 0 Output 1
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Inputs Feedback _l_
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I g Comell } TL495
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FIGURE 13 — COMMON-EMITTER CONFIGURATION
TEST CIRCUIT AND WAVEFORM
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FIGURE 14 — EMITTER-FOLLOWER CONFIGURATION
TEST CIRCUIT AND WAVEFORM
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FIGURE 15 — ERROR-AMPLIFIER SENSING TECHNIQUES

Vo
To Output
Voltage of
R1 System

1
3
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3
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R2 POSITIVE OUTPUT VOLTAGE

R
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FIGURE 16 — DEAD-TIME CONTROL CIRCUIT
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FIGURE 17 — SOFT-START CIRCUIT
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FIGURE 18 — OUTPUT CONNECTIONS FOR SINGLE-ENDED AND
PUSH-PULL CONFIGURATIONS
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FIGURE 19 — SLAVING TWO OR MORE CONTROL CIRCUITS

INTERNAL ZENER (TL495 ONLY)

FIGURE 20 — OPERATION WITH V| > 40 V USING

Vref
R \
8 |q S cc
T
Master Vin >40 V
Cr
RT cr 5V
I Ref
Vref
6 RT Slave =
(Additional
Cr Circuits)
FIGURE 21 — PULSE-WIDTH MODULATED PUSH-PULL CONVERTER
+Vih = 80to 20V
c -
12 +Vpo = 28V
IN4934 o =02A
47
0, vee o)
: o [
- C
'3 3 1
>
A Comp TL494
0.01 0.0177 15 o1
- 2] L 50
16 3BV
+ OC Vref DT CT Ry Gnd Eq Ep pa h
13| 14) 4 5 6 7 9{ 10 IN4934
\il2 > l l 9
L] ¢ 4 240
4 0L = $15k
a7k 10 ki 0.001
o—] o oo * ) o
All capacitors in pF
L1 — 3.5mh (@ 0.3A
T1 — Primary: 20T C.T. #28 AWG
Secondary: 120T C.T. #36 AWG
Core: Ferroxcube 1408P-L00-3C8
TEST CONDITIONS RESULTS
Line Regulation Vihn = 80to20V 3.0 mVv 0.01%
Load Regulation Vin = 126V, g = 0.2 to 200 mA 5.0 mV 0.02%
Output Ripple Vin = 126V, Igp = 200 mA 40 mV p-P P.A.R.D.
Short Circuit Current Vin = 126V, R = 0.1 Q 250 mA
Efficiency Vin = 126 V, lp = 200 mA 72%
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FIGURE 22 — PULSE-WIDTH MODULATED STEP-DOWN CONVERTER

1.0 mH @ 2A
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O Y o)
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.
O
All capacitors in pF
TEST CONDITIONS RESULTS
Line Regulation Vin = 10V to 40V 14mV 0.28%
Load Regulation Vin = 28V, 1o = TmAto 1A 3.0mV  0.06%
Output Ripple Vin = 28V, ip = 1.0A 65mV P-P P.A.R.D.
Short Circuit Current Vin = 28V, Rp = 0.1Q 1.6 amps
Efficiency Vin = 28V, 10 = 1A 71%
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nA78840

Advance Information

UNIVERSAL SWITCHING REGULATOR SUBSYSTEM

The pA78S40 is a monolithic-switching regulator subsystem,
providing all active functions necessary for a switching regulator
system. The device consists of atight-tolerance temperature-
compensated voltagereference, controlled-duty cycle oscillator
with an active peak-current limit circuit, comparator, high-current
and high-voltage output switch, capable of 1.5 Aand 40V, pinned-
out power diode and an uncommitted operational amplifier, which
can be powered up or down independent of the I.C. supply. The
switching output can drive external NPN or PNP transistors when
voltages greater than 40 V, or currents in excess of 1.5 A, are
required. Some of the features are wide-supply voltage range, low
standby current, high efficiency and low drift. The xA78S40 is
available in both commercial (0°C to +70°C) and military (-55°C to
+125°C) temperature ranges.

Some of the applications include use in step-up, step-down, and
inverting regulators, with extremely good results obtained in
battery-operated systems.

Output Adjustable from 1.3V to 40V

Peak Output Current of 1.5 A Without External Transistor
80 dB Line and Load Regulation

Operation from 2.5 V to 40 V Supply

Low Standby Current Drain

High Gain, High Output Current, Uncommitted Op Amp.
Uncommitted Power Diode

Low Cost

UNIVERSAL
SWITCHING REGULATOR
SUBSYSTEM

SILICON MONOLITHIC
INTEGRATED CIRCUIT

P SUFFIX
] PLASTIC PACKAGE
CASE 648

D SUFFIX
CERAMIC PACKAGE
CASE 620

wA78S40 EQUIVALENT CIRCUIT

Comparator Comparator
Non-Inverting Inverting
Input Input  Timing Ipk Driver  Switch
/ Capacitor Sense Vee Collector Collector
[

o o o o
9/ 10 12 14 13T 15 16

Cr Ipk
Oscillator

Q1

Comp
* 3
_ O
1 re\r/\ce l Op Amp D1 Switch
+ Emitter

TR IR

Reference / 1 Vcc Op Amp Ground Diode Diode

Op Amp (Op Amp) Output Cathode Anode
Inverting Op Amp
Input Non-Inverting
Input

PIN CONNECTIONS

Diode Switch
Cathode E E Collector
Diode Driver
Anode E E Collector

Switch
Emitter L3 E lpk Sense
Op Amp
Output E] Vee
Vee Timing
(Op Amp) E E] Capacitor
Op Amp
Non-Inverting E E Ground
| t
o npu Comparator
p Amp E Inverting
Inverting Input
Input
8 9 Comparator
Reference [: j Non-Inverting
input

ORDERING INFORMATION

Temperature
Device Range Package
nA78S40PC 0°C to +70°C Plastic DIP
puA78S40DC 0°C to +70°C Ceramic DIP
uA78S40DM -55°C to +125°C Ceramic DIP
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MAXIMUM RATINGS

Rating Symbol Value Unit

Power Supply Voltage Vee 40 \2
Op Amp Power Supply Voltage Ve (0p Amp) 40 \"
Common Mode Input Range ViCR -0.3toVce v

(Comparator and Op Amp)
Differential Input Voltage (Note 2) Vip +30 Vv
Output Short-Circuit Duration (Op Amp) — Continuous —_
Reference Output Current Iref 10 mA
Voltage from Switch Collectors to Gnd — 40 \
Voltage from Switch Emitters to Gnd — 40 \
Voltage from Switch Collectors to Emitter — 40 \
Voltage from Power Diode to Gnd — 40 \
Reverse-Power Diode Voltage VDR 40 \
Current through Power Switch Isw 1.5 A
Current through Power Diode Ip 1.5 A
Power Dissipation and Thermal Characteristics

Plastic Package - Tp = +25°C Pp 1500 mw

Derate above +25°C (Note 1) 1/RgyA 14 mW/°C
Ceramic Package - Tp = 25°C Pp 1000 mW
Derate above +25°C (Note 1) 1/RgJA 8 mW/°C

Storage Temperature Range Tstg -65 to +150 °C
Operating Temperature Range

uA78S40M TA -55t0+125 °C

uA78S40C Oto +70
Notes:

1. Tjow = -55°C for uA78S40DM
=0°C for uA78S40DC and uA78S40PC
Thigh = +125°C for 4A78S40DM
=+70°C for 4A78S40DC and wA78S40PC

2. For supply voltages less than 30 V the maximum differential input voltage (Error Amp and Op Amp)

is equal to the supply voltage.

ELECTRICAL CHARACTERISTICS (Vcc=5.0V, Ve (Op Amp) = 5.0 V, TA = Tjow to Thigh unless otherwise noted.)

L Characteristic Symbol Min Typ Max [ Unit

GENERAL

Supply Voltage Vee 25 — 40 v

Supply Current (Op Amp Disconnected)
(Vcc=5.0V) Icc — 1.8 35 mA
(Vcc=40V) — 23 5.0

Supply Current (Op Amp Connected)
(Vec=5.0V) Icc — — 4.0 mA
(Vcec=40V) _ _ 55

REFERENCE

Reference Voltage Vref 1.180 1.245 1.310 \
(lref = 1.0 mA)

Reference Voltage Line Regulation RegLine — 0.04 0.2 mv/Vv
(BOVVee<40V, lref= 1.0 mA, Tp = 25°C)

Reference Voltage Load Regulation Reg| oad — 0.2 0.5 mV/mA
(1.O0MA< Irgf < 10 MA, Tp = 25°C)
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ELECTRICAL CHARACTERISTICS (Continued)

Characteristic Symbol Min Typ Max Unit

OSCILLATOR

Charging Current (Tp = 256°C) lchg KA
(Vec=56.0V) 20 — 50
(Vecc=40V) 20 — 70

Discharge Current (Tp = 25°C) lchg pA
(Vcc=5.0V) 150 - 250
(Vec=40V) 150 — 350

Oscillator Voltage Swing (Tp = 26°C) Vosc — 0.5 — A
(Vec=5.0V)

Turn-on/Turn-off ton/toff - 6.0 —_ us/us

CURRENT LIMIT

Current-Limit Sense Voltage (Ta = 25°C) — 250 - 350 mV
(Vce - Vipk [Sense))

OUTPUT SWITCH

Output Saturation Voltage 1 Vsat1 - 11 1.3 Vv
(Isw = 1.0 A, Pin 15 tied to Pin 16)

Output Saturation Voltage 2 Vsat2 - 0.45 0.7 \
(lsw=1.0A, 15 =50 mA)

Output Transistor Current Gain (TA = 25°C) hee — 70 - —
(Ic=1.0A Vcg=5.0V)

Output Leakage Current (Tp = 25°C) — — 10 - nA
(Vp=40V)

POWER DIODE

Forward Voltage Drop (Ip = 1.0 A) Vp — 1.25 1.5 )

Diode Leakage Current (Tp = 256°C) (VpRr = 40 V) IpR - 10 — nA

COMPARATOR

Input Offset Voltage (VoM = Vref) Vio — 15 15 mV

Input Bias Current (Vcm = Vref) T — 35 200 nA

Input Offset Current (Vcm = Vryef) o — 5.0 75 nA

Common-Mode Voltage Range (TA = 25°C) VICR o - Vce-2 \

Power-Supply Rejection Ratio (Tp = 25°C) PSRR 70 96 —_ dB
(3.0<Veecs40V)

OUTPUT OPERATIONAL AMPLIFIER

Input Ofset Voltage (Vcp = 2.5 V) Vio - 4.0 15 mV

Input Bias Current (Vcp = 2.5 V) [T} - 30 200 nA

Input Offset Current (Vcpm = 2.5 V) o — 5.0 75 nA

Voltage Gain + (Tp = 25°C) Avol+ 25000 250000 — v/V
(RL=2.0k1to Gnd, 1.0V Vp<25V)

Voltage Gain - (Tp = 25°C) Avol- 25000 250000 — v/V
(RL=2.0k2to Vcc lopamp), 1.0V Vp<25V)

Common-Mode Voltage Range (Ta = 26°C) VICR 0 — Vee-2 v

Common-Mode Rejection Ratio (Ta = 25°C) CMRR 76 100 - dB
(Vcm =010 3.0V)

Power-Supply Rejection Ratio (Tp = 25°C) PSRR 76 100 — dB
(3.0V< Vg (op amp) < 40 V)

Output Source Current (Ta = 25°C) ISource 75 150 — mA

Output Sink Current (Tp = 25°C) ISink 10 35 — mA

Slew Rate (Tp = 25°C) SR — 0.6 — V/us

Output Low Voltage (Ta = 25°C) (I_= -5.0 mA) VoL —_ — 1.0 \)

Output High Voltage (T = 26°C) (I = 50 mA) Vee (Op Amp) - — — v

-3.0V
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SECTION 19
PACKAGE OUTLINE DIMENSIONS

K SUFFIX LP, P, Z SUFFIX
METAL PACKAGE PLASTIC PACKAGE
CASE 1-03 CASE 29-02

B ——1—:c B A
PN — o —
i "
I seATinG L 7
E ] D K PLANE I T
— T i F—d L
| b«
F—
— i ‘
A
D—lj=— D
Q 4 8y j ) s
i ! N & -
N -
LN T a SECT.':A
[ G 0
S MILLIMETERS| _INCHES @ Ny
[WiLLWETERS | INCHES n:m MIN_| MAX MI7N MAX N
DIM [ MIN | MAX | MIN | MAX A g? . 72 %
S S5 X 19 [0.125 [ 0165 | MNOTES.
o gg? ! 33 3323 043 D | 0 .56 | 0.016 | 0.022 1. CONTOUR OF PACKAGE BEYOND ZONE “P”
- B 135 4 . .016 | 0.019 1S UNCONTROLLED.
7590 (3040 |77 797 . . 045 | 0.055 2. DIM “F"" APPLIES BETWEEN “H" AND
6 T 1067 11148 T0420 440 - 54| — 10.100 “L". DIM “D" & “S" APPLIES BETWEEN
- 57210205 575 41 | 2.67 | 0.085 [ 0.105 “L" & 12.70 mm (0.5”) FROM SEATING
Te5r 1715 Toeee 5T 1270 | - o500 - PLANE. LEAD DIM IS UNCONTROLLED
- - X7 - L [ 635 ] — |0250] - IN “H" & BEYOND 12.70 mm (0.5")
o = N | 2.03 | 2.92 [ 0.080] 0.115 FROM SEATING PLANE.
. 403 [ 0151 | 0361 o ToieT
— 334 — 0525 T N T
T - | 48] - 0.188 36 | 04110014 0016
Al JEDEC dimensions and notes apply All JEDEC dimensions and notes apply.
G, H SUFFIX R SUFFIX
METAL PACKAGE METAL PACKAGE
CASE 79-02 CASE 80-02
f=— A—{
[ °
&
B) ° g
e T
NoF} K
SEATING i
PLANE ———D
{u
N\ AllEDEC dimensions
H and notes apply.
MILLIMETERS |  INCHES [ [MILLIMETERS] _INCHES
DIM [ MIN_[MAX | MIN | MAX | DM [ MIN_ MAX
A | 889 [9.40 | 0.350] 0.370 B [11.84 [12.70
B | 800 |851 | 0.315] 0.335 .35 | 8.64
C | 6.10 [ 6.60 | 0.240] 0.260_ D | 071 | 0.86
D_| 0.406] 0.533] 0.016] 0.021 27 | 191
229 3.18 | 0.009] 0.126 2433 [24.43
406 | 0.483 | 0.016] 0.019 83 | 5.33
. .33 ] 0.190] 0.210 | 41| 267
711 0.864 | 0.028] 0.034 14.48_[14.99
737] 1.02 | 0.029] 0.040 9.4 | -
12 — |os00] - - 27
35 | — 0250 — ) [361_| 386
M| 450 NOM 450 NOM - .89
— 127 | - J0.050 - 68"
Q_| 909 NOM 900 NOM —_ [1575
R 254 [ - Joaoo] - Al JEDEC Dimensions and and Notes Apply.
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PACKAGE OUTLINE DIMENSIONS (continued)

T SUFFIX
PLASTIC PACKAGE
CASE 221A-02
:H_F_‘c I 4] i
1- —{ F] [T
! l:) VLEETY
T

G SUFFIX
METAL PACKAGE
CASE 603-04

A—=

f— B ——

MILLIMETERS| __INCHES .
oM [ min WILLIMETERS <
A_[15.07 | DIM [MIN_| MAX J/\
65 | A |85 | 9.39 Y
.06 | 7. .51 <\
D | 0. 4.1 .70
D | 0.407[ 0533
NOTES: E . %
1. DIMENSIONS L AND H APPLIES TO ALL LEADS. “5.84 BSC NOTE:
1 2. DIMENSION Z DEFINES A ZONE WHERE ALL 7121 0.864 LEADS WITHIN 0.18 mm (0.007) RADIUS OF
BODY AND LEAD IRREGULARITIES ARE 7371114 TRUE POSITION AT SEATING PLANE
ALLOWED, 20T AT MAXIMUM MATERIAL CONDITION.
3. DIMENSIONING AND TOLERANCING PER ANS! '35 (7270 ]
Y145 1973. T 369 BSC |
4. CONTROLLING DIMENSION: INCH ~ [ 127 ] = ]0050
- 0 | 3.56 | 4.06 | 0.140 | 0.160
v 71‘?4 R | 0.254] 1.02 | 0.010 | 0.040
Z = All JEDEC dimenstons and notes apply
G SUFFIX R SUFFIX
METAL PACKAGE METAL PACKAGE
CASE 603C-01 CASE 614-02
A
B —{
c
] S S——
[}
SEATING PLANE E
Q G\
MILLIMETERS| _INCHES
DIM[ MIN_ [ MAX | MIN | MAX
A | 857|939 ]0.335 0370 MILLIMETERS|  INCHES
B | 775 |85 305 | 0335 DIM[ MIN [ MAX | MIN | MAX
C [ 219 |67 165 | 0.265 A - 3180 NOTE:
- 24071 003 L 0016 L B0ZL | wores: 8 gl 127 0 080 1. LEADS TRUE POSITIONED
0,406 0.483 | 0.076 | 0019 1, LEADS WITHIN 0.18 mm (0.007) RADIUS D 071 ] 051 ] 0.028] 0.0 e iAo DIM.
5848SC | 0.230BSC OF TRUE POSITION TO DIM. “A” & “H" 27 1.90 | 0.050 | 0.075 CONDITIONS AND DIM. “P*
7121 0.864 | 0.028 | 0.034 AT SEATING PLANE AT MAXIMUM 369BSC_ | 369 BSC : .
| MATERIAL CONDITION 2. LEAD DIAMETERS ARE UNCON.
737 1.14_| 0,029 | 0,045 . G | 8.26BSC 0.325 BS| TROLLED BEYOND 12.70 mm (0.500)
1271 ~ .500 - 2. LEAD DIA UNCONTROLLED BEYOND 24.33 [ 24.43 [ 0.958 | 0.9 FROM BASE PLANE.
L .35 12.70 | 0.250 | 0.500 DIM K" MIN. 12.17 | 12.22 | 0.479 | 0.481
M 360 BSC 360 BSC 914 - 360 —
P | — 127 | — 10050 .40 BSC 0.055 BSC
Q 356 [4.06 |0.140 160 Q | 3.61 ] 3.86]0.142[0.152
R_| 0254 1.02 ] 0.010 | 0.040 R - [mw78] - [o700
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PACKAGE OUTLINE DIMENSIONS (continued)

D, J, L SUFFIX
CERAMIC PACKAGE
CASE 620-02

P, P1 SUFFIX
PLASTIC PACKAGE
CASE 626-04
AN

] ”g ) B

O

e N N —
H

| IR
LT 5 ) 1 o
—E G L—-—l L_D F = su‘rmc\qm \sl M J,'“(

PLANE SEATING PLANE

MILLIMETERS INCHES

DIM["min [ MA MIN | MAX NOTES

1. LEADS WITHIN 0.13 mm

NOTES:

1 LEADS WITHIN 0.13 mm (0.005) RADIUS
OF TRUE POSITION AT SEATING PLANE
AT MAXIMUM MATERIAL CONDITION

(0.005) RADIUS OF TRUE
POSITION AT SEATING
PLANE AT MAXIMUM
MATERIAL CONDITION.

2 PKG.INDEX: NOTCH IN LEAD

NOTCH IN CERAMIC OR INK DOT 0,030 [ 0.050 2. DIM “L" TO CENTER OF
3 DIM “L" TO CENTER OF LEADS
. .30 1 0,008 | 0.012 LEADS WHEN FORMED
WHEN FORMED PARALLEL T115 10135 PARALLEL.
0300 85C 3. PACKAGE CONTOUR

OPTIONAL (ROUND OR
SQUARE CORNERS)

- 1?
0.020 | 0.030

L SUFFIX P SUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE
CASE 632-02 CASE 646-05
AANANAANANA
14 8 7
Q-
B
? %
|V RV TV v ﬁ?'
o A Note 4
3
In C‘
1
‘
P
Tl VT
H v ~ M i SEATING
il —igl—  lgearimg K s —di— e - D PLANE
PLANE
MILLIMETERS| _INCHES NOTES:
DIM[ MIN_[ MAX | MIN [ MAX MILLIMETERS| _INCHES :
A [168 [199 |0660] 0785 oM [ WIN T WAX | 1. LEADS WITHIN 0.13 mm
| 0.785 § yores: e e 1o e {0.005) RADIUS OF TRUE
B_| 559 | 7.11 [0.220] 0280 A |18.16 [ 1956 POSITION AT SEATING
¢ [ - [ 508 - [0200] 1. ALLRULESAND NOTES ASSOCIATED 10| 6.60 POANE AT MAHUM
0| 0381 | 05840075 | 0,023 WITH M0-001 AA OUTLINE SHALL APPLY. 06 | 5.08 MATERIAL CONDITION.
077 [ 1.77 [0.030 | 0.070 | 2. DIMENSION “L”TO CENTER OF LEADS 38 | 063 | 2. DIMENSION “L" TO
254BSC | 0.100BSC WHEN FORMED PARALLEL. 02 | 1.78 | 0.040 CENTER OF LEADS
0.203] 0.381]0.008 ] 0.015 75085 | 0.100B:
920 10381 00081 D01 | 5 | EADS WITHIN 0.25mm (0.010) DIA OF TRUE [ ZBSC | LIOBSC WHEN FORMED
TN POSITION AT SEATING PLANE AND MAXIMUM LRl I Tt PARALLEL.
628S¢__1 0. MATERIAL CONDITION. : 28 4 SOy 3. DIMENSION “B” DOES NOT
M|~ [ 159 | - | 150 292 1343 0I5 [L136] INCLUDE MOLD FLASH
s [ 076 foo | o0 s e L 4. ROUNDED CORNERS OPTIONAL
- 18251 - loas 0 : )
N [ 051 | 1.07 | 0.020 |0.040

All JEDEC dimensions and notes apply.
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PACKAGE OUTLINE DIMENSIONS (continued)

N, P SUFFIX

PLASTIC PACKAGE

CASE 648-05

\;

B

OPTIONAL LEAD

CONFIG. (1,8,9,& 16)

A NOTE §
— =
K
_XE:
L ek Lo starme © b mdle

NOTES:

. LEADS WITHIN 0.13 mm

(0.005) RADIUS OF TRUE

— A —f

JG, U SUFFIX
CERAMIC PACKAGE
CASE 693-02

SEATING PLANE

POSITION AT SEATING MILLIMETERS| _INCHES NOTES:
DIM PLANE AT MAXIMUM {DIM| MIN [ MAX | MIN | MAX | 1. LEADS WITHIN 0.13 mm (0.005)
A | MATERIAL CONDITION. Al 991 1092 0390 | 0430 RAD OF TRUE POSITION AT
2. DIMENSION “L” TO 6.99 | 0.245 | 0.275 SEATING PLANE AT MAXIMUM
CENTER OF LEADS X MATERIAL CONDITION.
WHEN FORMED 2. DIMENSION “L” TO CENTER
PARALLEL. OF LEADS WHEN FORMED
3. DIMENSION “B” DOES NOT ] PARALLEL.
INCLUDE MOLD FLASH, H

[E-

4. “F" DIMENSION IS FOR FULL
LEADS. “HALF" LEADS ARE
OPTIONAL AT LEAD POSITIONS
v 1,8,9,and 16). R M
5. ROUNDED CORNERS OPTIONAL. N
N SUFFIX
PLASTIC PACKAGE
CASE 707-02
NNANANAN Q
D B
Q t

PEVESAVANEVRURVEY)
A l"“‘l

- I}

C

N] K

Al

e | 1 fl~D :
——HL— ——l G L- SEATING PLANE ~—~] ™M o
MILLIMETERS
DIM| MIN | MAX |
A 2222 | 23.24
B .10 .60
NOTES: T 3845
1. POSITIONAL TOLERANCE OF LEADS (D), D .36 .56 | 0.
SHALL BE WITHIN 0.25mm(0.010) AT .21 18 050 0070
MAXIMUM MATERIAL CONDITION, IN 2.54 BSC 0.100_BSC
RELATION TO SEATING PLANE AND .02 | 1.52 | 0.0407 0.060
EACH OTHER. .20 | 0.30 | 0.008 | 0.012
2. DIMENSION L TO CENTER OF LEADS .92 | 3.43] 0.115] 0.135
WHEN FORMED PARALLEL. 1.62_BSC 0.300 BSC
3. DIMENSION B DOES NOT INCLUDE M 00 150 0 150
MOLD FLASH. N 0.51 | 1.02 | 0.020 | 0.040
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PACKAGE OUTLINE DIMENSIONS (continued)

J SUFFIX
CERAMIC PACKAGE

CASE 726-01 \
m
IR0 f

B L
R J
<t
~

N |

—1 ¢

Fx

AL

Y
[‘ \SEATING PLANE
D

)

MILLIMETERS|  INCHES NOTES:

DIM[_MIN | MAX 1. LEADS, TRUE POSITIONED
A | 22.35 | 23.11 WITHIN 0.25 mm (0.010) DIA.
B | 6.63] 7.24 AT SEATING PLANE, AT
c | = 5.08 MAXIMUM MATERIAL
D | 041 051 CONDITION.

F | 1.40] 165 | 2. DIM “L" TO CENTER OF
2.54 BSC LEADS WHEN FORMED
076 | 1.02 PARALLEL.
013 ‘22 3. DIM “A” & “B" INCLUDES
L 7.37 | 8.00 MENISCUS.
Vi 00 50
N | 051] 076

D SUFFIX
PLASTIC PACKAGE
CASE 751A-01

188808

HHHHH‘LI
-~ G D

c L
Ll ] g %
- ) F
PERH -~
MILLIMETERS|  INCHES NOTES:
pIM[ MIN | MAX | MIN | MAX 1. -T- IS SEATING PLANE.
A| 854 | 874 |0.336] 0344 2. DIMENSION A IS DATUM.
B 3.81 | 4.01 | 0.150] 0.158 3. POSITIONAL TOLERANCE
C | 1.35 | 1.75 | 0.053| 0.063 FOR LEADS:
0 [ 035 | 046 | 0.014] 0.018 [#]025 (0,010 @[A Q)
67 | 0.7 | 0.026] 0.030
27 BSC 0.050 BSC
9 [ 0.22 [ 0.007] 0.008
0] 0.20 | 0.004] 0.008
L| 482 | 521 |0.189] 0.205
79 | 6.20 | 0.228] 0.244
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SECTION 20
VOLTAGE REGULATOR
CROSS REFERENCE GUIDE

This cross reference provides a complete interchangeability list linking the
most common voltage regulators offered by major Linear Integrated Circuits
manufacturers to the nearest equivalent Motorola device. The Motorola ‘‘Direct
Replacement’’ column lists devices with identical pin connections and package and
the same or better electrical characteristics and temperature range. The Motorola
‘‘Functional Equivalent’’ column provides a device which performs the same
function but with possible differences in package configurations, pin connections,
temperature range or electrical characteristics.

Grouped by individual manufacturers, reference numbers are listed in alpha-
numeric sequence, with Greek ‘‘w’’ preface numbers appearing first.
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MOTOROLA MOTOROLA MOTOROLA MOTOROLA
REFERENCE DIRECT FUNCTIONAL REFERENCE DIRECT FUNCTIONAL
NUMBER REPLACEMENT | EQUIVALENT NUMBER REPLACEMENT | EQUIVALENT
FAIRCHILD wA78M05UC MC78MO5CT
WA78MOSHC MC78M06CG
ﬁ: ggm tm?% WA78MOSUC MC78M06CT
b A200KM LM205K WA78MOBHC MC78M08CG
7V LM217K WA78MOBUC MC78M08CT
b AS0OKC LM309K wA78M12HC MC78M12CG
b ASI7KO M317K RA78M12UC MC78M12CT
b ASI7UG 31T RA78M15HC MC78M15CG
P AMS4DG TL494C WA78M15UC MC78M15CT
b 494D TLao4M wA78M24HC MC78M24CG
b 94PC TL494CN WA7905KM MC7905CK
b AT230C MO17230L wA7905UC MC7905CT
b A723DM M1 7230 wA7906KC MC7906CK
wA723HC MC1723CG HA7906KM MC7906CK
wA723HM MC1723G KA7906UC MC7906CT
b AT2350 MG17230P wA7908KC MC7908CT
b A7B0SKC MG7805GK wA7908KM MC7908CK
b AT05KM MG7805K wA7908UC MC7908CT
b A 7808UC MOTB0SCT wA7912KC MC7912CK
RA7805UV MC7805BT RA7912KM MC7912CK
b ATBOGKC MGO7806CK nA7912UC MC7912CT
b A7B0BKM MG7806K wA7915KC MC7915CK
b A7806UC MG7B06CT wA7915KM MC7915CK
b ATB0BUV MG7806BT WA7915UC MC7915CT
b ATBOBKC MG7808K wA7918KC MC7918CK
b A7B0BKM MG7808K 17918KM MC7918CK
b A7B08UC MG7808CT wA7918UC MC7918CT
b ATBOBLY MG7808BT pA7924KC MC7924CK
b A7B12KC MG78120K A7924KM MC7924CK
b 78 12KM MGTB12K wA7924UC MC7924CT
b 7812UC MG78120T wA79MOSAUC MC7905CT
b ATB12UV MG7812BT wA79MOSAUC MC7906CT
b ATBIBKC MG78150K wA79MOBAUC MC7908CT
b 7B15KM MOTB15K wA79M12AUC MC7912CT
ATB15UC MG78120T WA79M15AUC MC7915CT
m
715UV MOvB12DT RA79M24AUC MC7924CT
wA7818KC MC7818CK SH323SKC LM323K
LA7818KM MC7818K NATIONAL
A7818UC MC7818CT LM108H LM109H
W7818UV MC7818BT LM109K LM109K
W7824KC MC7824CK LM117H LM117H
wA7824KM MC7824K LM117K LM117K
nA7824UC MC7824CT LM120H-5.0 MC7905CK
wA7824UV MC7824BT LM120H-12 MC7912CK
WA78GKC LM317K LM120K-5.0 MC7905CK
RA78GKM LM117K LM120K-12 MC7912CK
wA78GUC LM317T LM120H-15 MC7915CK
wA78LOSAHC MC78LOSACG LM120K-15 MC7915CK
WA78LOSAWC MC78LOSACP LM123K LM123K
WA78LOBAWC MC78LOBACP LM125H MC1568G
RA78L12AHC MC78L12ACG LM126H MC1568G
WA78L12AWC MC78L12ACP LM137K LM137K
A78L15AHC MC78L15ACG LM140AK-5 MC7805AK
wA78L15AWC MC78L15ACP LM140AK-12 MC7812AK
wA78L18AHC MC78L18ACG LM140AK-15 MC7815AK
WA78L1BAWC MC78L18ACP LM140K-5.0 LM140K-5.0
WA78L24AHC MC78L24ACG LM140K-12 LM140K-12
RA7BL24AWC MC78L24ACP LM140K-15 LM140K-15
RA78MGHC LM317MR LM140LAH-5.0 MC78LOSACG
wA78MGHM LM117MR LM140LAH-12 MC78L12ACG
wA78MGUC LM317MT LM140LAH-15 MC78L15ACG
wA78MOSHC MC78MO5CG LM150K LM150K
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MOTOROLA MOTOROLA MOTOROLA MOTOROLA
REFERENCE DIRECT FUNCTIONAL REFERENCE DIRECT FUNCTIONAL
NUMBER REPLACEMENT EQUIVALENT NUMBER REPLACEMENT EQUIVALENT
LM209H LM209H LM350K LM350K
LM209K LM209K LM723CH MC1723CG
LM217H LM217H LM723CJ MC1723CL
LM217K LM217K LM723CN MC1723CP
LM223K LM223K LM723H MC1723G
LM225H MC1568G LM723J MC1723L
LM226H MC1568G LM7805CK MC7805CK
LM237K LM237K LM7805CT MC7805CT
LM250K LM250K LM7812CK MC7812CK
LM309H LM309H LM7812CT MC7812CT
LM309K LM309K LM7815CK MC7815CK
LM317H LM317H LM7815CT LM7815CT
LM317K LM317K LM78LO5ACH MC78LO5ACG
LM317MP LM317MT LM78LO5ACZ MC78LO5ACP
LM317T LM317T LM78LO5CH MC78L05CG
LM320H-5.0 MC7905CK LM78L0O5CZ MC78LO5CP
LM320H-12 MC7912CK LM78L12ACH MC78L12ACG
LM320H-15 MC7915CK LM78L12ACZ MC78L12ACP
LM320K-5.0 MC7905CK LM78L12CH MC78L12CG
LM320K-12 MC7912CK LM78L12CZ MC78L12CP
LM320K-15 MC7915CK LM78L15ACH MC78L15ACG
LM320LZ-5.0 MC79L05ACP LM78L15ACZ MC78L15ACP
LM320LZ-12 MC79L12ACP LM78L15CH MC78L15CG
LM320LZ-15 MC79L15ACP LM78L15CZ MC78L15CP
LM320T-5.0 MC7905CT LM78MO5CP MC78MO5CT
LM320T-12 MC7912CT LM78M12CP MC78M12CT
LM320T-15 MC7915CT LM78M15CP MC78M15CT
LM323K LM323K LM7905CK MC7905CK
LM325AN MC1468L LM7905CT MC7905CT
LM325AS MC1468L LM7912CK MC7912CK
LM325G MC1468L LM7912CT MC7912CT
LM325H MC1468L LM7915CK MC7915CK
LM325N MC1468L LM7915CT MC7915CT
LM326H MC1468G LM79L05ACZ MC79LO5ACP
LM326N MC1468L LM79L12ACZ MC79L12ACP
LM326S MC1468L LM79L15ACZ MC79L15ACP
LM337K LM337K RAYTHEON
LM337MP LM337MT LM109H LM109H
LM337T LM337T LM209H LM209H
LM340AK-5.0 MC7805ACK LM309H LM309H
LM340AK-12 MC7812ACK RC4194DC MC1468L
LM340AK-15 MC7815ACK RC4194TK MC1468R
LM340AT-5.0 MC7805ACT RC4195NB MC1468L
LM340AT-15 MC7815ACT RC4195TK MC1468R
LM340K-5.0 LM340K-5.0 RC723DB MC1723CP
LM340K-12 LM340K-12 RC723DC MC1723CL
LM340K‘1 5 LM340K-1 5 RC723T MC1 723CG
LM340LAH-5.0 MC78LOSACG RM4194DC MC1568L
LM340LAH-12 MC78L12ACG RM4194TK MC1568R
LM340LAH-15 MC78L15ACG RM4195T MC1568G
LM340LAZ-5.0 MC78LO5ACP RM4195TK MC1568R
LM340LAZ-12 MC78L12ACP RM723DC MC1723L
LM340LAZ-15 MC78L15ACP RM723T MC1723G
LM340T-5.0 MC7805CT RCA
LM340T-12 MC7812CT
LM341P-5.0 MC78MOSCT CA3085 MC1723G
LM341P-12 MC78M12CT CA3085A MC1723G
LM341P-15 MC78M15CT CAB085AF MC1723L
LM342P-5.0 MC78MO5CT CA3085AS MC1723G
LM342P-12 MC78M12CT CA3085B MC1723G
LM342P-15 MC78M15CT CA3085BF MC1723L
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MOTOROLA MOTOROLA MOTOROLA MOTOROLA
REFERENCE DIRECT FUNCTIONAL REFERENCE DIRECT FUNCTIONAL
NUMBER REPLACEMENT EQUIVALENT NUMBER REPLACEMENT EQUIVALENT
CA3085BS MC1723G SG2501AT
CA3085F MC1723L SG2501J MC1468L
CA3085S MC1723G SG2501T MC1468G
CA723CE MC1723CP $G2502J MC1468L
C723CT MC1723CG SG2502N MC1468L
CA723T MC1723G SG2503M MC1403AU
CA723E MC1723L $G2503Y MC1403A3
SG2503T MC1403A
SIGNETICS SG250K LM250K
nA723F MC1723L SG309K LM309K
nA723CF MC1723CL SG309P LM309K
wA723CL MC1723CG SG309R MC309K
wA723CN MC1723CP SG309T LM309H
NE550A MC1723CP SG317T LM317H
NE550L MC1723CG SG317R LM317T
SE550L MC1723G SG317K LM317K
SG317P LM317T
(fé';":::_ SG337T LM337H
SG337R LM337T
SG109K LM109K SG337K LM337K
SG109R MC109K SG337P LM337T
SG109T LM109H SG340K-05 LM340K-5.0
SG117T LM117H SG340K-06 LM340K-6.0
SG117R LM117K SG340K-08 LM340K-8.0
SG117K LM117K SG340K-12 LM340K-12
SG123K LM123K SG340K-15 LM340K-15
SG137T LM137H SG340K-18 LM340K-18
SG137R LM137K SG340K-24 LM340K-24
SG137K LM137K SG3501AJ MC1468L
SG140K-05 LM140K-5.0 SG3501AN MC1468L
SG140K-06 LM140K-6.0 SG3501AT MC1468G
SG140K-08 LM140K-8.0 SG3501J MC1468L
SG140K-12 LM140K-12 SG3501T MC1468G
SG140K-15 LM140K-15 SG3502J MC1468L
SG140K-18 LM140K-18 SG3503Y MC1403U
SG140K-24 LM140K-24 SG3503T MC1403U
SG1468T MC1468G SG3503M MC1403U
SG1468R MC1468R SG350K LM350K
SG1468J MC1468L SG3511T MC1463G
SG1468N MC1468L SG3511J MC1463G
SG150K LM150K SG3511N MC1463G
SG1501AJ MC1568L SG4194CJ MC1468L
SG1501J MC1568L SG4194J MC1568L
SG1501T MC1568G SG4194CR MC1468R
$G1502J MC1568L SG4194R MC1568R
SG1503Y MC1503U SG4501T MC1468G
SG1503T MC1503U SG4501J MC1468L
SG1511T MC1563G SG4501N MC1468L
SG1511J MC1563G SG501AJ MC1468G
SG1568T MC1568G SG723CJ MC1723CL
SG1568R MC1568R SG723CN MC1723CP
SG1568J MC1568L SG723CT MC1723CG
SG209K LM209K SG723J MC1723L
SG209R MC209K SG723T MC1723G
SG209T - LM209H SG7805ACK MC7805ACK
SG217T LM217H SG7805ACP MC7805ACT
SG217R LM217K SG7805ACR MC7805ACT
SG217K LM217K SG7805ACT MC7805ACT
SG223K LM223K SG7805AK MC7805AK
SG237T LM237H SG7805AR MC7805AK
SG237R LM237K SG7805AT MC7805AK
SG237K LM237K SG7805CK MC7805CK

378




MOTOROLA MOTOROLA MOTOROLA MOTOROLA
REFERENCE DIRECT FUNCTIONAL REFERENCE DIRECT FUNCTIONAL
NUMBER REPLACEMENT EQUIVALENT NUMBER REPLACEMENT EQUIVALENT
SG7805CP MC7805CT SG7818ACP MC7818ACT
SG7805CR MC7805CT SG7818ACR MC7818ACT
SG7805CT MC78MO05CG SG7818ACT MC7818ACT
SG7805K MC7805K SG7818AK MC7818AK
SG7805R MC7805K SG7818AR MC7818AK
SG7805T MC7805K SG7818AT MC7818AK
SG7806ACK MC7806ACK SG7818CK MC7818CK
SG7806ACP MC7806ACT SG7818CP MC7818CT
SG7806ACR MC7806ACT SG7818CR MC7818CT
SG7806ACT MC7806ACT SG7818CT MC7818CG
SG7806AK MC7806AK SG7818K MC7818K
SG7806AR MC7806AK SG7818R MC7818K
SG7806AT MC7806AK SG7818T MC7818K
SG7806CK MC7805CK SG7824ACK MC7824ACK
SG7806CP MC7806CT SG7824ACP MC7824ACT
SG7806CR MC7806CT SG7824ACR MC7824ACT
SG7806CT MC78M06CG SG7824ACT MC7824ACT
SG7806K MC7806K SG7824AK MC7824AK
SG7806R MC7806K SG7824AR MC7824AK
SG7806T MC7806K SG7824AT MC7824AK
SG7808ACK MC7808ACK SG7824CK MC7824CK
SG7808ACP MC7808ACT SG7824CP MC7824CT
SG7808ACR MC78MOBACT SG7824CR MC7824CT
SG7808ACT MC7808ACT SG7824CT MC78M24CG
SG7808AK MC7808AK SG7824K 'MC7824K
SG7808AR MC7808AK SG7824R MC7824K
SG7808AT MC7808AK SG7824T MC7824K
SG7808CK MC7808CK SG7905ACK MC7905ACK
SG7808CP MC7808CT SG7905ACP MC7905ACT
SG7808CR MC7808CT SG7905ACR MC7905ACT
SG7808CT MC7808CG SG7905ACT MC7905ACT
SG7808K MC7808K SG7905CK MC7905CK
SG7808R MC7808K SG7905CP MC7905CT
SG7808T MC7808K SG7905CR MC7905CT
SG7812ACK MC7812ACK SG7905CT MC7905CT
SG7812ACP MC7812ACT SG7905.2CK MC7905.2CK
SG7812ACR MC7812ACT SG7905.2CP MC7905.2CT
SG7812ACT MC7812ACT $G7905.2CR MC7905.2CT
SG7812AK MC7812AK S$G7905.2CT MC7905.2CT
SG7812AR MC7812AK SG7908CK MC7908CK
SG7812AT MC7812AK SG7908CP MC7908CT
SG7812CK MC7812CK SG7908CR MC7908CT
SG7812CP MC7812CT SG7908CT MC7908CT
SG7812CR MC7812CT SG7912ACK MC7912ACK
SG7812CT MC78M12CG SG7912ACP MC7912ACT
SG7812K MC7812K SG7912ACR MC7912ACT
SG7815ACK MC7815ACK SG7912ACT MC7912ACT
SG7815ACP MC7815ACT SG7912CK MC7912CK
SG7815ACR MC7815ACT SG7912CP MC7912CT
SG7815ACT MC7815ACT SG7912CR MC7912CT
SG7815AK MC7815AK SG7912CT MC7912CT
SG7815AR MC7815AK SG7915ACK MC7915ACK
SG7815AT MC7815AK SG7915ACP MC7915ACT
SG7815CK MC7815CK SG7915ACR MC7915ACT
SG7815CP MC7815CT SG7915ACT MC7915ACT
SG7815CR MC7815CT SG7915CK MC7915CK
SG7815CT MC78M15CG SG7915CP MC7915CT
SG7815K MC7815K SG7915CR MC7915CT
SG7815R MC7815K SG7915CT MC7915CT
SG7815T MC7815K SG7918CK MC7918CK
SG7818ACK MC7818ACK SG7918CP MC7918CT
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MOTOROLA MOTOROLA MOTOROLA MOTOROLA
REFERENCE DIRECT FUNCTIONAL REFERENCE DIRECT FUNCTIONAL
NUMBER REPLACEMENT EQUIVALENT NUMBER REPLACEMENT EQUIVALENT
Tl wA78M20CKC MC78M20CT
wA723CJ MC1723CL wA78M20CKD MC78M20CT
wA723CL MC1723CG wA78M20CLA MC78M20CG
WA723CN MC1723CP nA78M24CKC MC78M24CT
n723MJ MC1723L WA78M24CKD MC78M24CT
w723ML MC1723G wA78M24CLA MC78M24CG
wA7805CKC MC7805CT nA7905CKC MC7905CT
nA7806CKC MC7806CT wA7905.2CKC MC7905.2CT
nA7808CKC MC7808CT wA7906CKC MC7906CT
wA7812CKC MC7812CT wA7908CKC MC7908CT
nA7815CKC MC1715CT wA7912CKC MC7912CT
nA7818CKC MC7818CT wA7915CKC MC7915CT
wA7824CKC MC7824CT wA7918CKC MC7918CT
RA78LOSACIG MC78LOSACG nA7924CKC MC7924CT
wA78LOSACLP MC78LO5ACP WA79MOSCKC MC7905CT
wA78LOSCJG MC78L05CG WA79MO6CKC MC7806CT
wA78LO5CLP MC78L0O5CP nA79MOBCKC MC7908CT
nA78LOBACIG MC78LO8BACG MA79M12CKC MC7912CT
nA78LOBACLP MC78LOBACP HA79M15CKC MC7915CT
nA78L08CJG MC78L08CG WA79M24CKC MC7924CT
WA78LO8SCLP MC78L08CP LM109LA LM109H
wA78L12ACJG MC78L12ACG LM117LA LM117H
WA78L12ACLP MC78L12ACP LM209LA LM209H
nA78L12CJG MC78L12CG LM217KC LM217K
wA78L12CLP MC78L12CP LM217KD LM217H
wA78L15ACJG MC78L15ACG LM217LA LM217H
wA78L15ACLP MC78L15ACP . LM309LA LM309H
wA78L15CJG MC78L15CG LM317KC LM317T
wA78L15CLP MC78L15CP LM317KD LM317T
nA78MO5CKC MC78M05CT LM317LA LM317H
nA78MOSCKD MC78MO5CT LM340KC-5 LM340K-5.0
WA78MO5CLA MC78M05CG LM340KC-6 LM340K-6.0
nA78MOBCKC MC78MO6CT LM340KC-8 LM340K-8.0
pA78M0O6CKD MC78MO06CT LM340KC-12 LM340K-12
pA78MO6CLA MC78MO06CG LM340KC-15 LM340K-15
wA78MO8CKC MC78M08CT LM340KC-18 LM340K-18
wA78MO8CKD MC78MO08CT LM340KC-24 LM340K-24
wA78MOSCLA MC78M08CG TL494CJ TL494CJ
WA78M12CKC MC78M12CT TL494CN TL494CN
wA78M12CKD MC7812CT TL494MJ TL494MJ
wA78M12CLA MC78M12CG TL495CJ TL495CJ
wA78M15CKC MC78M15CT TL495CN TL495CN
wA7815CKD MC78M15CT TL495MJ TL495MJ
wA78M15CLA MC78M15CG TL7805ACKC MC7805ACT
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APPENDIX A

SWITCHMODE POWER TRANSISTOR
APPLICATION SELECTOR GUIDE

For line-operated SWITCHMODE power supplies (20 to 50 kHz, 40 to 3200
watts), this guide offers the power supply design engineer an easy way to identify
those Motorola SWITCHMODE Transistors most ideally-suited for his particular
application. To use the five tables in this guide, the designer must first:

1. Determine which of five circuits he will be using (i.e., full-bridge, half-

bridge, push-pull, forward or flyback).

2. Determine which of three line voltages he will be using (i.e., 120, 220,

or 380 Vac).

3. Determine the output power capability needed by his design (the table

covers the area of 40 to 3200 watts).

Tables 1 through 3 list devices by Vgq (ss) fOr use in bridge circuits at either
120, 220 or 380 volts. Tables 4 and 5 list the same devices by V gy for use in
the push-pull, forward and flyback circuits at either 120 or 220 volts. Within each
table, the devices are grouped by the output power capability of that circuit, and
the equivalent operating current level is also noted.
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TABLE 1

CIRCUIT: HALF AND FULL* BRIDGE
LINE VOLTAGE: 120 VRMS
DEVICE VCcEQ RATING =200 V

Circuit Rating Metal—TO-204**, TO-66 | Plastic—T0-220AB, TO-126 Darlington—T0-204**
Output Rated
Power* Ic(op Device VCEO Rated VCEO Rated VCEO
(Watts) (Amps)) Type (Volts) Device Type (Voits) |Device Type| (Voits)
40 1 2N6233 225 MJE13002 300
2N6421PNP 250
2N6078 250
2N3584 250
2N6077 275
2N6234 275
2N3585 300
2N6212PNP 300
2N6422PNP 300
MJ4360 300
2N6235 325
2N6213PNP 350
MJ4361 400
80 2 2N5838 250 MJE13004 300
2N5839 275
120 3 2N6306 250 2N6497 250
MJ6502PNP 250
2N6307 300 2N6498 300
2N6542 300 2N6499 350
MJ4380 300
MJ4400 300
2N6308 350
MJ4381 400
MJ4401 400
200 5 2N6544 300 MJE 13006 300 MJ10006 350
MJ13014 350 MJES5850PNP 300
MJ6502PNP 250 MJES851PNP 350
320 8 MJ13014 350 MJE13008 300
400 10 2N6249 200 MJ10004 350
MJ13330 200
MJ13331 250
2N6250 275
2N6546 300
2N6251 350
MJ13332 350
800 20 MJ10015 400
MJ10022 350
1200 30 MJ10020 200
MJ10021 250

*NOTE: Power output ratings are for half-bridge circuit configurations, multiply by 2 for full-bridge.

**Formerly TO-3
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TABLE 2

CIRCUIT: HALF AND FULL* BRIDGE
LINE VOLTAGE: 220 VRMS
DEVICE VcEQ RATING =400V

Circuit Rating Metal—TO0-204**, TO-66 | Plastic—TO-220AB, TO-126 | Darlington—TO-204**
Output Rated
Power* Ic(oP) Device VCEO Rated VCEO Rated VCeO
(Watts) (Amps) Type (Volts) Device Type (Voits) [Device Type| (Volts)

80 1 MJ4361 400 MJE13003 400

160 2 MJ4381 400 MJE 13005 400

240 3 2N6543 400

MJ4401 400
400 5 2N6545 400 MJE13007 400 MJ10007 400

MJ6503PNP | 400 [MJE5852PNP 400
MJ13015 400

640 8 MJ13333 400 MJE13009 400

MJ10013 550

800 10 2N6547 40
MJ13333 400
MJ13334 450
MJ13335 500

MJ10005 400
MJ10008 450
MJ10009 500
MJ10013 550
MJ10014 600

1600 20

MJ10023 400
MJ10015 400
MJ10016 500

*NOTE: Power output ratings are for half-bridge circuit configurations, multiply by 2 for full-bridge.

**Formerly TO-3
TABLE 3
CIRCUIT: HALF AND FULL* BRIDGE
LINE VOLTAGE: 380 VRMS
DEVICE Vcgo RATING =600V

Circuit Rating Metal—T0-204**, TO-66 | Plastic—TO-220AB, TO-126 | Darlington—TO-204**
Output Rated
Power* Ic(op) Device VCEO Rated VCEO Rated VCEOQ
(Watts) (Amps) Type (Volts) Device Type (Volts) Device Type| (Volts)

240 2 MJ8500 700

MJ12002 750 MJE12007 750
MJ8501 800

360 3 MJ8502 700
MJ12003 750
MJ8503 800

480 4 MJ12004 750

MJ10011 700

600 5 MJ8504 700
MJ12005 750
MJ8505 800

1200 10

MJ10014 600

*NOTE: Power output ratings are for half-bridge circuit configurations, multiply by 2 for full-bridge.

**Formerly TO-3
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TABLE 4

CIRCUIT: FORWARD, PUSH-PULL* AND FLYBACK*

LINE VOLTAGE: 120 VRMS

DEVICE Vggy RATING =450 V

Circuit Rating Metal—T0-204**, TO-66 | Plastic—T0-220AB, TO-126 | Darlington—T0O-204**
Output Rated
Power* | IcoP Device VCEV Rated VCEV Rated VCEV
(Watts) (Amps)) Type (Volts) Device Type (Volts) |Device Type Volts
40 1 2N3585 450 MJE13002 600
2N6422PNP 450 MJE13003 700
2N6423PNP 450
2N4240 450
80 2 MJE13004 600
MJE13005 700
120 3 2N6306 500 2N6499 450
2N6307 600
2N6542 650
2N6308 700
2N6543 850
200 5 MJ6503PNP 450 |MJES5852PNP 450 MJ10005 450
2N6544 650 MJE5740 600 MJ10007 500
2N6545 850 MJE13006 600 MJ10012 550
MJE5741 700
MJE13007 700
MJE5742 800
320 8 MJE13008 600
MJE13009 700
400 10 MJ13332 450 MJ10004 450
MJ13333 500 MJ10005 500
MJ13334 550 MJ10008 650
MJ13335 600 MJ10009 750
2N6546 650 MJ10008 650
MJ10014 700
800 20 MJ10009 750
MJ10015 600
MJ10016 750

*NOTE: Power output ratings are for forward converter configurations (one transistor). Multiply by 2 for push-pull
circuits and divide by 2 for flyback configurations.

**Formerly TO-3
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TABLE 5

CIRCUIT: FORWARD, PUSH-PULL* AND FLYBACK*
LINE VOLTAGE: 220 VRMS

DEVICE Vcgy RATING =850 V

Circuit Rating Metal—T0-204**, TO-66 | Plastic—TO-220AB, TO-126 | Darlington—TO-204"*
Output Rated
Power* | Ic(oP) Device VCEV Rated VCEV Rated VCEY
(Watts) | (Amps) Type (Volts) Device Type (Voits) [Device Type| Volts
160 2 MJ8500 1200
MJ8501 1400
MJ12002 1500 MJE12007 1500
240 3 2N6543 850
MJ8502 1200
MJ8503 1400
MJ12003 1500
320 4 MJ12004 1500
400 5 2N6545 850
MJg8504 1200
MJ8505 1400
MJ12005 1500 MJ10011 1500
560 7 MJ12010 950
800 10 2N6547 850

*NOTE: Power output ratings are for forward converter configurations (one transistor). Multiply by 2 for push-pull
circuits and divide by 2 for flyback configurations.

**Formerly TO-3
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APPENDIX B

MOTOROLA SWITCHMODE RECTIFIERS
FOR SWITCHING POWER SUPPLIES
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MOTOROLA SWITCHMODE INPUT RECTIFIERS

Standard Recovery for
STotaII Typical Circuit Line Voltage Operation
P‘:)’\’:er Input Suggested Devices
Current Type lo VR
Flyback (Ringing-Choke
yback (Ringing ) 1N4004 10A |400 V
10W <10A MDA104A 10A
MDA920A6 1.5A
Output
. Rectifier
ow 1 o oo 1N4004 1.0A
Line © 4 vamer 1.0A MDA104A 1.0A
'"P"‘ e MDA920A6 15A
npy_! | C?nt(ol
Rectifier | Circuitry
MR504 30A
20A 1N5404 3.0A
MDA204 20A
75 W
Basic Forward Converter
MR504 3.0A
20A 1N5404 30A
Output A C;l;l__ttr;:' MDA204 20A
2 A a e o
Egt t
Line O 4 utpul
Input F Control MR504 30A
100 W Rectifier It'—[jcircuilry 3.0 A 1N5404 30 A
MDA970A5 40A
Basic Half-Bridge Configuration MR754 6.0 A
1N1204,A,B,C 12 A
250 W T
6.0A MR1124 12 A
Output MDS804 8.0A
= )
EoriE T 3 T | oup 1N1204,A,B,C 12A
O
R MR1124 12A
1000 W I - 12A | MDA1204 12A
s [ FO s |
Input T Inverter ! H | Control
Rectifier ﬁ'_ - _} Circuitry
- MDA2504 25A
2500 W 25A MDA3504 35A v
+ Full-Bridge and Push-Pull INT183,A 40A
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MOTOROLA SWITCHMODE OUTPUT RECTIFIERS

Schottky Fast Recovery
for 5.0 V Outputs for >5.0 V Outputs
Output Suggested Devices Output Suggested Devices
Current Type o VR Current Type o VR
1N5818 1.0A | 30V 1N4934 10A | 100V
1N5821 30A | 30V
1.0-2.0 A | MBR330M 30A | 30V <05A
MBR330M 30A | 30V
1N5824 50A | 30V
1N5827 15A 30V 1N4934 10A
MBR1530 15A 30V MR851 10A
S.0-10A | {ns830 25A | 30V 0.5-15A MR831 3.0 A
1N6095 25 A 30 V MR801 3.0A
1N5830 25A 30V MR851 3.0A
MBR2535 25A 35V MR821 50A
10-15A | gpa 30A | 35V 15-25A MR831 30 A
MBR3535 35A 35V MR801 3.0A
1N5827 15A 30V
MBR1530 15A 30V 1N4934 10A
8.0-16 A | 1N5830 25A 30V 2.0-25A MR851 30A
1N6095 25A 30V MR801 30A
MBR3035CT 30A | 35V
1N5827 15A 30V
MBR1530 15A 30V 1N4934 10A
10-20 A 1N5830 25 A 30V 2.0-25A MR851 3.0A
1N6095 25A 30V MR801 3.0A
MBR3035CT 30A | 35V
1N5830 25 A 30V 1N4934 10A
SD41 30A 35V MR851 3.0A
30-50 A 1N6095 25A 30V 2.0-80A MR821 50A
MBR3535 35A | 35V 1N3880,A 6.0A
MBR3035CT 30 A 35V MDA2501FR 25 A
SD51 60 A 35V
MBR6035 60A [ 35V 1N3900 20 A
200 A MBR7535 75 A 35V 40 A 1N3910 30A
1N6097 50 A 30V MDA3501FR 35A
(IN PARALLEL)
SD51 60 A 35V MR871 50 A
MBR6035 60 A 35V
500 A MBR7535 75A | 35V 100 A
1N6097 50A | 30V V
(IN PARALLEL)
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FURTHER INFORMATION ON SWITCHING REGULATORS

1. ‘100 kHz FET Switcher,”” R. Haver, Power Conversion International, April
1982.

2. ““‘Switching and Linear Power Supply,”’ Power Converter Design, Abraham
I. Pressman — Hayden Book Company, 1977.

3. ““Power Darlington Load Line Considerations,”” R. J. Haver, Motorola
AN-786, April 1980.

4. ““The Effect of Emitter-Base Avalanching on High Voltage Power Switching
Transistors,”” A. Pshaenich, Motorola AN-803, February 1980.

5. “‘A Symmetry Correcting Circuit for Use with the MC3420,”” H. Wurzburg,
Motorola EB-66A, January 1981.

6. ““New ICs Perform Control and Ancillary Functions in High Performance
Switching Supplies,”” R. Suva and R. J. Haver, Motorola EB-78, August
1981.

7. ‘‘Half-Bridge Switching Power Supplies,’’ R. Suva and R. J. Haver, Motorola
EB-86, June 1980.

8. “‘Flyback Switching Power Supplies,”” R. Suva and R. J. Haver, Motorola
EB-87, February 1981.
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