




NATIONAL 
LINEAR APPLICATIONS 
HANDBOOK 

January 1972 

PREFACE 

The purpose of this handbook is to provide a fully indexed and cross-referenced collection of linear 
integrated circuit applications using both monolithic and hybrid circuits from National Semiconductor. 

Individual application notes are normally written to explain the operation and use of one 
particular device or to detail various methods of accomplishing a given function. The organization of 
this handbook takes advantage of this innate coherence by keeping each application note intact, 
arranging them in numerical order, and providing a detailed Subject Index composed of approximately 
1000 references to the main body of the text. This Subject Index provides the key to 
efficient access to the applications experience accumulated over the last five years by National Semiconductor. 
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SUBJECT INDEX (cont'd) 

Switchback (see Foldback Current Limiting) 
Switching regulator: AN2·8, AN8-4, AN21·12 
Voltage regulator, positive: AN l·S 

CURRENT MODE MULTIPLEXING: ANS3·S 
CURRENT MONITOR: AN31·16,AN32·11 (see also Current to 

Voltage Converter) 
CURRENT SINK, PRECISION: AN20·6, AN31·8, AN32-6 

CURRENT SOURCE 
Bilateral: AN29-14, AN31·6 
Floating: AN8-4 
Focus control current source: AN8·3 
High current: AN8-4, AN42-6 
Precision: AN20-6, AN31·8, AN32-12 
Switching current regulator: AN8-4 

CURRENT-TO-VOL TAGE CONVERTER: AN20-S, AN31-2 
AN31-16 

D TO A CONVERTER: AN48·3 
DEMODULATOR 

AM-FM: AN38·7, AN46-11, LB13 

DSB: AN38-S, AN38·6 

Frequency shift keying: AN46-9 
IRIG Channel: AN46-8 
SSB: LB13·2 

Weather satellite picture: AN46·11 

DIELECTRIC POLARIZATION, CAPACITOR: AN29-7 
DIFFERENCE AMPLIFIER: AN20·3, AN29·12, AN31-1, 

AN31·9, AN31-10 
DIFFERENTIATOR: AN20-3, AN31-2 
DIGITAL TO ANALOG CONVERTER: AN48-3 

DIODE 
Catch: AN21-11 
PIN driver: AN49 
Precision: AN31-11, LB8·1 
Protective: AN21-8 

DISCRIMINATOR, MULTIPLE APERTURE WINDOW: AN31·3 
DIVIDER, ANALOG: AN4-5, AN30-4, AN31-19 
DOUBLE ENDED LIMIT DETECTOR: AN31-3 
DOUBLER, FREQUENCY: AN41-4 

DRIFT COMPENSATION 
AGC Gain: AN51-11 
Bias current: AN3-1, AN10·3, AN20-1, AN29-8, AN31-3 
Board layout: AN29-16 
Chopper stabilized amplifier: AN38-4 
Gain,AGC: ANS1-l1 
Integrator, low drift: AN31-13 
Non-linear amplifiers: AN4-4, AN31-16 
Offset voltage: AN3·3, AN20-1, AN31-4 
Reset stabilized amplifier: AN20-7 
Sample and hold: AN4-4, AN29-7 
Voltage regulator: AN1-l0, AN8-ll, AN21-4, AN23-4 

AN42-6, LB1S 

DRIFT, VOLTAGE AND CURRENT: AN29-1 (see also Drift 
Compensation) 

DRIVER (see Amplifier, High Current Buffer) 
DSB MODULATION-DEMODULATION: AN38-5, AN38·6 
EMITTER COUPLED RF AMPLIFIER: AN6-1, AN6·2 

FET 
Amplifier: AN32, AN34 
Biasing: AN34 
Operational amplifier input: AN4-3, AN29-1, AN32-9, AN34·3 
Switches: AN5-8, AN28, AN32-4, AN32-8, AN32-9, AN32-10 

AN32-12, AN33, AN38, AN53 
Voltage comparator: AN34·2 
Voltmeter, FETVM: AN32·2 

FEEDFORWARD COMPENSATION: LB2, LB14, LB17-2 

FERRITE BEAD: AN23-6 

FIL TER 
Adjustable Q: AN31-14, LBS-2 
Bandpass: LBll-2 (see also Filter, Notch) 
Full wave rectifying and averaging: AN20·S, AN31-12 
High pass active filter: ANS-l0, AN31-16, LBll-2 
Low pass active filter: ANS-9, AN20-4, AN31·16 
Notch: AN31·14, AN48-4, LB5, LB11-2 
Notch, adjustaole Q: AN31·14, LB5-2 
Power supply:-AN23-7, LB10·2 
Tone Control: AN32-3, AN32-11 

FOLDBACK CURRENT LIMITING 
Negative voltage regulator: AN21-5, LB3·2 
Positive voltage regulator: AN1-S, AN23·S, 
Power dissipation curve: AN23-6 
Temperature sensitivity: AN23-6 

FREQUENCY COMPENSATION 
Bandwidth, extended: AN29-5, LB2, LB4, LB14 
Bootstrapped shunt: AN29-16 
Capacitance, stray: AN4·S, AN31-3 
Capacitive loads: AN4-S, LB14-1 
Differentiator: AN20-4 
Feedforward: LB2, LB14, LB17·2 
Ferrite bead: AN23·6 
Hints: AN4·7, AN20-2, AN23·6, AN41-5, LB2, LB4 
Multivibrator: AN4-1 
Oscillation, involuntary: AN4·8,AN20·2, AN29-5 

FREQUENCY DOUBLER: AN41-4 
FREQUENCY RESPONSE (see Frequency Compensation) 
FREQUENCY SHIFT KEYING DEMODULATOR: AN46-9 
GAIN TEST SET: AN24·4 
GENERATOR (see Oscillator) 
GUARD DRIVER: AN4S·3 
GUARDING AMPLIFIER INPUTS: AN29·16 
HIGH PASS ACTIVE FILTER: AN5-10, AN31-16, LBll-2 
IF AMPLIFIER: AN6·5, AN15·2, AN15·S, LB13 

INDUCTOR 
Core, switching regulator: AN21·11 
Ferrite bead: AN23·6 
Simulated: AN31-15 

INSTRUMENTATION AMPLIFIER: AN29·11, AN31·9, AN31·10 
AN31-11, LBl 

INTEGRATOR: AN20·4, AN29·7, AN31-2, AN31·3, AN31·13 
AN32-1, AN38-4 

INTERNAL TIMER: AN31·17 
INVERTING AMPLIFIER: AN20-1, AN31·1, AN31-4, LB17-2 
ISOLATION, DIGITAL: AN41·3 
LAMP DRIVER, VOLTAGE COMPARATOR: AN4-2, LB12·2 
LEVEL SHIFTING AMPLIFIER: AN4·2, AN13-4, AN32-S, 

AN41·3, AN48·3 
LlGHT·INTENSITY REGULATOR: ANS·S 
LIMIT DETECTOR: AN31-3 
LIMITER, (see Clamp) 
LINE DRIVER: AN13-4, AN4S-3 
LOGARITHMIC AMPLIFIER: AN29·12, AN30, AN31-18, 

AN31·20 
LOW PASS ACTIVE FI L TER: AN5·9, AN20·4, AN31·16 
MICROPHONE PREAMPLIFIER: AN51-7 

MODULATION 
Voltage regulator, switching: AN8·6 

MODULATOR 
AM/lF: ANSl-9 
DSB: AN38-5 
Pulse width: AN31·5 
SSB, high efficiency: AN8·6 

MUL TlPLEXER (see Analog Switch) 
MULTIPLEXING, DEFINITION: ANS3·1 

MULTIPLIER 
Analog: AN4·5, AN20·8, AN30·4, AN31-15, AN31·17, AN31-19 
Capacitance: AN29-10, AN31-14, AN31-15 
Cube generator: AN30·3, AN31-19 
Resistance: AN29·14 

MUL TIVIBRATOR: AN4-1, AN24·6, AN31-6, AN41·4 
NEGATIVE AND POSITIVE VOLTAGE REGULATORS (see 

Symmetrical Voltage Regulators) 
NEGATIVE SWITCHING VOLTAGE REGULATOR: AN2·10, 

AN21·10, AN21-11, AN21-12, AN21·13 
NEGATIVE VOLTAGE REFERENCE: AN20-6, AN31-8 

NEGATIVE VOLTAGE REGULATOR 
Circuit description LM104/LM204/LM304: AN21·1, AN21-15 
Drift compensation (see Drift Compensation, Voltage Regulator) 
Foldback current limiting: AN21-5, LB3·2 
High current: AN21-3, AN21-4, AN21-5, LB10 
High voltage: AN21-9 
Hints: LB10-2, LB1S 
LM100 as a negative regulator: ANl-9 
Line regulation improvement:- AN21-7 

Overvoltage protection: AN21-S 
Power dissipation: AN21-3, AN21-5 





















































SUMMARY 

A number of switching regulator circuits which use 
a readily-available monolithic voltage regulator as 
the voltage reference and control circuitry have 
been described. These regulators are useful over a 
2V to 30V range for either positive or negative 
supplies. Although the discussion was limited to 
circuits providing maximum output currents from 
100 mA to 5A, it is possible to obtain even higher 
output currents. The output current is, in fact, 
limited by the discrete components - not by the 
basic design or the integrated circuit. 

The majority of the circuits shown were self­
osc i lIating regulators; however, a method of 
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driving the regulator in synchronism with an 
external clock signal was given. I n addition, cir­
cuits which provide overload protection, limiting 
both the output current as well as the power dissi­
pation, were presented. The performance of the 
regulator circuits was described in detail, and a 
design procedure was outlined. Suggestions were 
also made on the selection of components for 
switching regulators. 

The circuits which have been described here for 
the LM 1 00 work equally well with the LM200 
or the LM300. These devices are identical, except 
that the LM200 is specified over a -25°C to 85°C 
temperature range and the LM300 is specified from 
O°C to 70°C instead of the -55°C to 125°C 
temperature range for the LM 1 00. 















Figure 3b shows the connection of the LM 1 01 as a 
comparator and lamp driver. 01 switches the lamp, 
with R2 limiting the current surge resulting from 
turning on a cold lamp. R 1 determines the base 
drive to 01 while 01 keeps the amplifier from put­
ting excessive reverse bias on the emitter-base junc­
tion of 01 when it turns off. 

MORE OUTPUT CURRENT SWING 

Because almost all monolithic amplifiers use class-B 
output stages, they have good loaded output volt­
age swings, delivering ±10V at 5 mA with ±15V 
supplies. Demanding much more current from the 
integrated circuit would require, for one, that the 
output transistors be made considerably larger. In 
addition, the increased dissipation could give rise 
to troublesome thermal gradients on the chip as 
well as excessive package heating in high-tempera­
ture applications. It is therefore advisable to use 
an external buffer when large output currents are 
needed. 

A simple way of accomplishing this is shown in 
Figure 4. A pair of complementary transistors are 
used on the output of the LM 1 01 to get the in­
creased current swing. Although this circuit does 
have a dead zone, it can be neglected at frequen­
cies below 100 Hz because of the high gain of the 
amplifier. R 1 is included to eliminate parasitic oscil­
lations from the output transistors. In addition, ade­
quate bypassing should be used on the collectors 
of the output transistors to insure that the output 
signal is not coupled back into the amplifier. This 
circuit does not have current limiting, but it can be 
added by putting 50Q resistors in series with the 
collectors of 01 and 02. 

OUTPUT 

FIGURE 4. High Current Output Buffer 

AN FET AMPLIFIER 

For ambient temperatures less than about 70°C, 
junction field effect transistors can give exception­
ally low input currents when they are used on the 
input stage of an operational amplifier. However, 
monolithic FET amplifiers are not now available 
since it is no simple matter to diffuse high quality 
FET's on the same chip as the amplifier. Nonethe­
less, it is possible to make a good FET amplifier 
using a discrete FET pair in conjunction with a 
monolithic circuit. 

Such a circuit is illustrated in Figure 5. A matched 
FET pair, connected as source followers, is put in 
front of an integrated operational amplifier. The 

...... __ -------15V 

OUTPUT 

-15V 

FIGURE 5. FET Operational Amplifier 

composite circuit has roughly the same gain as the 
integrated circuit by itself and is compensated for 
unity gain with a 30 pF capacitor as shown. Al­
though it works well as a summing amplifier, the 
circuit leaves something to be desired in applica­
tions requiring high common mode rejection. This 
happens both because resistors are used for current 
sources and because the FET's by themself do not 
have good common mode rejection. 

STORAGE CIRCUITS 

A sample-and-hold circuit which combines the low 
input current of FET's with the low offset voltage 
of monolithic amplifiers is shown in Figure 6. The 
circuit is a unity gain amplifier employing an opera­
tional amplifier and an FET source follower. In 
operation, when the sample switch, 02, is turned 
on, it closes the feedback loop to make the output 
equal to the input, differing only by the offset volt­
age of the LM101. When the switch is opened, the 
charge stored on C2 holds the output at a level 
equal to the last value of the input voltage. 

Some care must be taken in the selection of the 
holding capacitor. Certain types, including paper and 
mylar, exhibit a polarization phenomenon which 
causes the sampled voltage to drop off by about 
50 mV, and then stabilize, when the capacitor is 
exercised over a 5V range during the sample inter­
val. This drop off has a time constant in the order 
of seconds. The effect, however, can be minimized 
by using capacitors with teflon, polyethylene, glass 
or polycarbonate dielectrics. 

Although this circuit does not have a particularly 
low output resistance, fixed loads do not upset the 
accuracy since the loading is automatically com­
pensated for during the sample interval. However, 
if the load is expected to change after sampling, a 
buffer such as the LM 1 02 must be added between 
the F ET and the output. 

A second pole is introduced into the loop response 
of the amplifier by the switch resistance and the 
holding capacitor, C2. This can cause problems with 
overshoot or oscillation if it is not compensated for 
by adding a resistor, R 1, in series with the LM 1 01 
compensation capacitor such that the breakpoint 
of the R 1 C1 combination is roughly equal to that 
of the switch and the holding capacitor. 
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For example, a LM101 can take over 1 mH induc­
tance in either supply lead without,oscillation. This 
should not suggest that they should be run without 
bypass capacitors. It has been establ ished that 100 
LM 1 01's on a single printed circuit board with com­
mon supply busses will oscillate if the supplies are 
not bypassed about every fifth device. This happens 
even though the inputs and outputs are completely 
isolated. 

The LM709, on the other hand, will oscillate under 
many load conditions with as little as 18 inches of 
wire between the negative supply lead and a bypass 
capacitor. Therefore, it is almost essential to have a 
set of bypass capacitors for every device. 

Operational amplifiers are specified for power sup­
ply rejection at frequencies less than the first break 
frequency of the open loop gain. At higher fre­
quencies, the rejection can be reduced depending 
on how the amplifier is frequency compensated. 
For both the LM10l and LM709, the rejection of 
high frequency signals on the positive supply is 
excellent. However, the situation is different for 
the negative supplies. These two amplifiers have 
compensation capacitors from the output down to 
a signal point which is referred to the negative sup­
ply, causing the high frequency rejection for the 
negative supply to be much reduced. It is therefore 
important to have sufficient bypassing on the nega­
tive supply to remove transients if they can cause 
trouble appearing on the output. One fairly large 
(22 J1F) tantalum capacitor on the negative power 
lead for each printed-circuit card is usually enough 
to solve potential problems. 

When high-current buffers are used in conjunction 
with operational amplifiers, supply bypassing and 
decoupling are even more important since they can 
feed a considerable amount of signal back into the 
supply lines. For reference, bypass capacitors of at 
least 0.1 J1F are required for a 50 mA buffer. 

When emitter followers are used to drive long ca­
bles, additional precautions are required. An emitter 
follower by itself - which 'is not contained in a 
feedback loop - will frequently oscillate when con­
nected to a long length of cable. When an emitter 
follower is connected to the output of an opera­
tional amplifier, it can produce oscillations that 
will persist no matter how the loop gain is compen­
sated. An analysis of why this happens is not very 
enlightening, so suffice it to say that these oscilla­
tions can usually be eliminated by putting a ferrite 
bead8 between the emitter follower and the cable. 

Considering the loop gain of an amplifier is a valu­
able tool in understanding the influence of various 
factors on the stability of feedback amplifiers. But 

it is not too helpful in determining if the amplifier 
is indeed stable. The. reason is that most problems 
in a well-designed system are caused by secondary 
effects - which occur only under certain conditions 
of output voltage, load current, capacitive loading, 
temperature, etc. Making frequency-phase plots 
under all these conditions would require unreason­
able amounts of time, so it is invariably not done. 

A better check on stability is the small-signal tran­
sient response. It can be shown mathematically that 
the transient response of a network has a one-for­
one correspondence with the frequency domain 
response.t The advantage of transient response tests 
is that they are displayed instantaneously on an 
oscilloscope, so it is reasonable to test a circuit 
under a wide range of conditions. 

Exact methods of analysis using transient response 
will not be presented here. This is not because these 
methods are difficult, although they are. Instead, it 
is because it is very easy to determine which condi­
tions are unfavorable from the overshoot and ring­
ing on the step response. The stability margin can 
be determined much more easily by how much 
greater the aggravating conditions can be made 
before the circuit oscillates than by analysis of the 
response under given conditions. A little' practice 
with this technique can quickly yield much better 
results than classical methods even for the inexpe­
rienced engineer. 

SUMMARY 

A number of circuits using operational amplifiers 
have been proposed to show their versatility in cir­
cuit design. These have ranged from low frequency 
oscillators through circuits for complex analog 
computation. Because of the low cost of monolithic 
amplifiers, it is almost foolish to design dc ampli-

. fiers without integrated circuits. Moreover, the price 
makes it practical to take advantage of operational­
amplifier performance in a variety of circuits where 
they are not normally used. 

Many of the potential oscillation problems that 
. can be encountered in both discrete and integrated 
operational amplifiers were described, and some 
conservative solutions to these problems were pre­
sented. The areas discussed included stray capaci­
tance, capacitive loading and supply bypassing. 
Finally, a simplified method of quickly testing the 
stability of amplifier circuits over a wide range of 
operating conditions was suggested. 

tThe frequency-domain characteristics can be determined 
from the impulse response of a network and this is di­
rectly relatable to the step response through the convo­
lution integral. 
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a. 3K Source Resistance b. 30K Source Resistance 

FIGURE 15. Large Signal Pulse Response With and Without a Clamp Diode 

a. 3K Source Resistance b. 30K Source Resistance 

FIGURE 16. Error Signal for 8V Input Pulse - With and Without a Clamp Diode 

current is increased with an external resistor on 
the booster terminal. 

Figure 16 illustrates the fact that the settling time 
of the LM102 to within 5 mV of its final value is 
less than 1.5 ps for an 8V input pUlse. These 
photographs show the error signal, which is the 
difference between the input and the output, with 
a ±4 V rectangular pulse appl ied. 

STABILITY 

Figures 17 through 19 are indicative of the sta­
bility of the amplifier under varying conditions of 
capacitive loading, temperature and supply by­
passing.8 Figure 17 gives the small signal transient 
response with capacitive loading. These pictures 
were taken with both supplies bypassed to ground 
with 0.01 pF ceramic capacitors. With loads 
approaching 200 pF, the circuit tends toward 
instability. With capacitive loads much above this 
it will oscillate, although it will be stable again 
with more than 0.01 pF on the output. With the 
larger capacitances, however, both the small signal 
risetime and the slew rate will be reduced. 

Figure 18 shows how the stability is affected over 
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a -55°C to +125°C temperature range. Again, the 
conditions here are 200 pF capacitive load with 
bypassed supplies. 

The effect of unbypassed supplies is demonstrated 
in Figure 19. The response was measured under 
the same conditions as Figure 17, except that 
there is 16" of wire between the device and the 
bypass capacitors on the power supply. It is 
evident that the circuit is on the verge of becoming 
unstable with capacitive loading. This clearly 
proves the advisability of properly bypassing the 
supplies on any high frequency amplifier. 

OPERATING HINTS 

A number of precautions concerning the proper 
use of the LM 102 have already been given along 
with hints on optimizing the performance in per­
tain applications. These are worth repeating here. 

• The output is short circuit protected; how­
ever, the input is clamped to the output to 
prevent excessive voltage from being devel­
oped across the input transistors. If the 
ampl ifier is driven from low source imped-
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TUNED CIRCUIT DESIGN USING 
MONOLITHIC RF/IF AMPLIFIERS 

INTRODUCTION 

In replacing conventional tuned high frequency 
stages, monolithic RF/IF amplifiers can provide 
performance, as well as economic advantages. Large 
available gain per stage, inherent stability, self-con­
tained biasing, and excellent limiting or AGC capa­
bilities allow such amplifiers to improve conven­
tional designs, while their very small chip size makes 
them competitive with single transistor stages. 
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FIGURE 1. Emitter Coupled RF Amplifier 
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Two especially useful RF/IF amplifiers are the 
"emitter coupled" differential amplifier, Figure 1, 
and the modified "cascode", Figure 2. Emitter 
coupled operation is advantageous because of its 
symmetrical, non-saturated limiting action, and cor­
responding fast recovery from large signal overdrive, 
making a nearly ideal FM IF stage. The "cascode" 
combines the large available stable gain and low 
noise figure, for which the configuration is well 
known, with a highly effective remote gain con­
trol capability, via a second common-base stage, 
which overcomes many of the interstage detuning 
and bandwidth variation problems found in con­
ventional transistor AGC stages. 

The "emitter coupled" and" cascode" configura­
tions contain essentially the same components; they 
are available as either type 703 (F igure 3), which 

VAGC = 0 
FOR GAIN TEST 
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Vcc=+12V 
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FIGURE 2. Cascode RF Amplifier 
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is permanently connected as an emitter coupled 
amplifier, in an economical six pin package, or as 
the more versatile type LM171 (Figure 4), in which 
a ten pin package allows the user to select either 
emitter coupled or cascode configurations. Since 
the 171, when externally connected as an emitter 
coupled amplifier, is essentially identical in perfor­
mance to the 703, references will be made only to 
"cascode" or "emitter coupled" configurations. 

R1 
SOH 

FIGURE 3. LM703 Configuration 

DC Biasing 

Both the 703 and 171 are biased by using the 
inherent match between adjacent monolithic com­
ponents. They are designed for use with conven-
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B. Sharp skirt selectivity without phase/frequency 
nonlinearity within the passband. This usually 
implies double-tuned interstage transformers. 
Stover, et. al. (5), show that a transformer cou­
pling factor between 0.6 and 0.8 gives minimum 
phase nonlinearity, the higher value being pre­
ferred for higher gain per stage. 

C. Overall power gain of at least 100 dB, or 25 dB 
per stage in a four stage strip, to obtain ade­
quate sensitivity and AM rejection. 

D. A maximum value of load resistance across the 
output of each stage, given by: 

( 14) 

where N = number of bias chain diodes 

N = 2 for the 703, or 3 for the 171 

IOUT(MAX) is approximately 5 mA, for 
both types. 

This relationship assures that maximum output 
current limiting is reached before the output 
transistor can saturate, guaranteeing non-satu­
rated limiting action. 

E. The input admittance used in making interstage 
calculations should be the value resulting from 
a given value of input swing, (see Figure 6), 
rather than the small-signal value. The input 
swing, however, depends upon the transformer 
ratio, so that transformer optimization is a 
mu Iti-approx imation procedure. 
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F. The interstages should be designed to minimize 
the effects of varying drive levels upon center 
frequency and bandwidth, since very weak sig­
na Is may operate the first one or two stages 
linearly, rather than as limiters. 

References 

1. R. Hirschfeld, "Design Freedom Through User 
Options in Monolithic RF/IF Amplifiers", Pro­
ceedings EEE linear I/C Clinic, 3/24/67, Mactier 
Pub. Corp. 

2. J. Robertson and R. Hirschfeld, "Application of 
Microelectronics to IF Amplifiers", IEEE Trans. 
Vehicular Communications, Vol. VC-14, No.1, 
pp. 162, 3/65. 

3. J. Solomon and J. Narud, "Final Report, Vol. II, 
USAF contract No. AF33(657) 11664", Wright­
Patterson AF B, 9/64. 

4. J. Lin viii and J. Gibbons, "Transistors and Active 
Circuits", Ch. 9-18 McGraw Hill, Inc., New York, 
1961. 

5. W. Stover, et. aI., "Circuit Design for Audio, 
AM/FM, and TV", Ch. 7-11 McGraw Hill, Inc., 
New York, 1967. 

6. W. Gartner, "Transistors: Principles, Design and 
Applications", Ch. 14,15 D. Van Nostrand, Inc., 
New York, 1960. 

7. J. Lauchner and M. Silverstein, "Design High­
Frequency Amplifiers Graphically", Electronic 
Design, 4/12/66. 









prevents voltage reversals on the integrated circuit 
or the pass element, caused by the inductive kick­
back of the focus coil, when the input voltage is 
switched off. C2 and C3 are required to keep the 
circuit from oscillating. 

A particu lar advantage of the LM 1 00 in th is appl i­
cation is that its low reference voltage enables it to 
regulate a current with a minimum of voltage 
dropped across the sense resistor. This is important 
both to increase the efficiency and to minimize 
dissipation in the sense resistor which usually must 
be a precision resistor. 

This design was submitted by H. J. Weber of 
EG&G, Boston, Massachusetts. Similar circuits 
were sent in by C. M. Katkic of Michigan Bell 
Telephone Company, Southfield, Michigan and C. 
H. Ristad. 

1A CURRENT SOURCE 

Another current source circuit is shown in Fig­
ure 6. Here the LM 1 00 regu lates the emitter cur-

VIN > B.5V 

FIGURE 6. 1A Current Source 

rent of a Darlington-connected transistor, and the 
output current is taken from the collectors. The 
use of a Darlington connection for 01 and Q2 
improves the accuracy of the circuit by minimizing 
the base-current error between the emitter and 
collector current. 

The output of the LM 1 00, wh ich drives the con­
trol transistors, must be short-circuit protected 
with R6 to limit the current when 02 saturates. 
R7 is required to provide the minimum load cur­
rent for the integrated circuit. Dl is included to 
absorb the kickback of inductive loads when 
power is shut off. The output current of the cir­
cuit is adjusted with R2. 
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The maximum supply voltage (V+) that can be 
used with this circuit is limited only by the break­
down voltage of the control transistors. If this 
voltage is less than 40V, this supply can also be 
used to power the LM 1 00. 

The regulator can be switched off electrically by 
clamping Pin 7 of the LM 1 00 with a 1 kU resistor, 
a diode,anda transistor to ground. If it is desirable 
to operate the circuit as a fast switch, however, 01 
should be replaced with a faster transistor like,the 
2N3445 and Cl should be reduced to 47 pF. It 
would also be advisable to use a 1 N3880, which is 
a faster device, for D 1. 

This circuit was contributed by Bob Dobkin of 
Philbrick/Nexus Research, Dedham, Massa­
chusetts; Tom Hall of Bausch and Lomb, Bellaire, 
Texas and Steve Menasian of the University of 
Washington, Seattle, Washington. 

SWITCHING CURRENT REGULATOR 

Current regulators generally operate with a large 
voltage drop across the control transistors since 
they must accommodate large variations in the 
voltage across the load. Consequently, the power 
dissipation in the transistors can be qu ite high. 

The switching regulator principle can be applied to 
a current regulator to greatly increase efficiency 
and reduce the power dissipation in the control 
transistors. Figure 7a gives the schematic of a 
switching current regulator wherein the input 
power, I for a fixed load current, is roughly pro­
portional to the voltage across the load. A 
standard switching regulator is used, except that 
the load is connected from the output to the feed­
back term inal of the LM 1 00. A current sense resis­
tor, R 1, is connected from the feedback terminal 
to ground to set the output current. If desired, an 
adjustment potentiometer can be connected across 
the current sense resistor as shown in Figure 6. 

An additional filter capacitor, C2, is put across the 
load terminals to reduce output ripple.)f it is not 
needed, it can be removed if' an 0.1 /IF capaeitoris 
connected from the top of Cl to Pin 6 of the 
LM 1 00 to make sure all the output ripple of the 
regulator appears at the feedback terminal. 

An alternate scheme which has the current output 
referenced to ground is given in Figure 7b. This 
circu it is identical to that in Figure 7a except that 
the load is inserted in the ground line. The 
quiescent current of the regu lator, flowing out of 
Pin 4, introduces an error term. However, since 
this current is only about 2 mA and is reasonably 
independent of changes in the input or load volt­
ages, the error is usuallY not significant. 
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FIGURE 12. High Voltage Regulator 
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FIGURE 13. Photomultiplier Tube Supply 

PHOTOMULTIPLIER TUBE SUPPLY 

A second high voltage supply is diagrammed in 
Figure 13. This is a high voltage supply for a 
9-dynode photomu Itiplier tu be. I n this circuit, a 
full wave rectifier operating off one winding of a 
power transformer provides a 15V bias voltage for 
the LM 1 00. The high voltage is produced from a 
voltage doubler which operates from a second 
winding. The circuit actually functions as a current 
regulator similar to that shown in Figure 6. The 
output current is passed through a resistive divider 
which develops the operating voltages for the 
cathode and dynodes of the photomultiplier tube. 

C3 
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40425 

09 

VOUT 
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DC/DC 

¥-
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-
R1 
100M 
1% 

t Solid Tantalum 

-

C4 C5 
0.01 J.lF 0.01 J.lF 

* RCA 

04* 05* 
40425 40425 

R8 R9 
2K 500 
1% 1% 

L..-----------..... __ 15V J 

R10 
390 
1% 

Five cascode-connected transistors, Q 1 through 
05, are used as the pass transistors. This is pres­
ently the lowest-cost solution to the problem of 
handling the required voltage and power levels. 
Base drive is provided for: the cascode string, by 
R3 through R7, in a manner which does not affect 
regu lation. Capacitors, C1 through C5, suppress 
and equalize transients across the pass transistors; 
and clamp diodes across the sensitive emitter-base 
junctions of the transistors prevent damage from 
voltage transients. 

This circuit was designed by J. P. Ekstrand of 
Spectra Physics, Mountain View, California. 
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If additional output-current drive is needed, an 
NPN buffer, similar to that shown in Figure 15, 
should be used on the LM 1 00 in place of a PNP 
because of the difficulties encountered in sta­
bilizing the PNP circuit without capacitance on the 
output. 

This method of pulsing the circuit on and off, that 
is pulling Pin 7 down within one diode drop of 
ground, can be used as an electrical shutoff for any 
of the voltage or current regulators. 

Credit for this circuit is given to Don Maurer of 
Medtronic Incorporated, Minneapolis, Minnesota 
and E. E. Cunningham of Ectron Corporation, San 
Diego, California. 
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CONCLUSION 

These examples show that certain integrated cir­
cuits can be treated like a component, rather than 
a specialized circuit funCtion. This seems to be 
particularly true for linear integrated circuits. It is 
possible to use almost any standard circuit in a 
wide variety of applications by designing imagina­
tively. If this is done, it is possible to reap the 
rewards of standard circuits - low cost and 
immediate availability - in practically any equ'ip­
ment design. 
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