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ABSTRACT: An emitter follower apparatus having a low im 
pedance output which is independent of temperature by can 
celling the voltage drifts due to base-emitter diode changes in 
two cascaded emitter followers. 
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HIGH STABILITY EMITTER FOLLOWER 

BACKGROUND OF THE INVENTION 

Generally, an emitter follower ampli?er is a single-stage 
degenerative ampli?er in which the output is taken from 
across the emitter resistor. This circuit is essentially an im 
pedance matching device for matching a high impedance cir- . 
cuit to a low impedance circuit without discriminating against 
any AC frequencies. Its voltage output is always less than the 
input voltage, but it is capable of power ampli?cation. Low 
input capacity and a distortionle'ss output are characteristic 
features of emitter followers. 

SUMMARY OF THE INVENTION 

The present invention utilizes a complementary pair of 
transistors arranged in an emitter follower con?guration to 
provide a low impedance output which is substantially inde— 
pendent of temperature. The emitter follower circuit is biased 
to allow equal currents to flow through the transistors. Since 
one transistor is an NPN and the other is an PNP, the base 
emitter voltage drops of the respective transistor cancel each 
other. Therefore, any temperature induced changes in the 
base-emitter junctions of these transistors will be in opposite 
directions and will cancel each other. > 

It is one object of the invention, therefore, to provide an im» 
proved high stability emitter follower apparatus having a sub 
stantially constant output voltage over a large temperature, 
variation. . _ g _ g V __ 

It is another object of the invention to provide an improved 
emitter follower having high stability when operated over a 
wide temperature range. 

It is another object of the invention to provide improved 
emitter follower having substantially the same voltage which is 
applied to its input at its output. 
These and other advantages, features and objects of the in 
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vention will become more apparent from the following , 
description taken in connection with the illustrative embodi 
ment in the accompanying drawing, wherein the FIGURE is a 
schematic diagram of the high stability emitter follower. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring now to FIG. 1, there is shown the schematic dia 
gram of the high stability emitter follower utilizing an N'PN 
and PNP transistor. The input voltage is applied to the base 11 
of transistor 14 which is an NPN transistor at terminal 10. The 
collector 12 of transistor 14 which is coupled to terminal 15 
receives the positive power supply voltage that is applied 
thereto. The emitter 13 of transistor 14 is coupled to ground 
by means of emitter resistor 16. The base 18 of transistor 21 
which is a PNP transistor is directly connected to the emitter 
13 of transistor 14. The positive power supply voltage at ter 
minal 15 is coupled to emitter 19 of transistor 21 by means of 
emitter resistor 17. The collector 20 of transistor 21 is directly 
coupled to ground. The output voltage of the high stability 
emitter follower is taken from terminal 22 which is directly 
coupled to emitter 19 of transistor 21. 
When a positive voltage is applied to terminal 10, the 

transistor 14 will begin to conduct. The voltage at the emitter 
13 will begin to rise (go positive) and this voltage which is also 
applied to the base 18 of transistor 21 will cause transistor 21 
to conduct. As transistor 21 begins to conduct the voltage ‘at 
the emitter 19 decreases from substantially the positive power 
supply voltage which is applied at terminal 15 to a lower but 
positive value. When the initial circuit turn-0n perturbations 
have subsided and the transistors 14 and 21 are fully conduct 
ing, the base-emitter voltage drop of transistor 14 cancels the 
base-emitter drop of transistor 21. Therefore, the input volt~ 
age which is applied at terminal 10 is substantially equal to the 
output voltage that appears at terminal 22. It maybe noted 
that the base-emitter‘ junctions of transistois 14, 21 will be af 
fected in substantially the same manner by any increase 'or 
decrease in temperature thereby maintaining the correspond 
ing cancellation of the respective base-emitter voltage dropsL~ 
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Therefore, for circuit applications where extremely stable 

operation over a temperature range is required, the high sta 
bility emitter follower which was described above will be 
found to be useful. Over the full military temperature range 
(-55” to l25° C.), the DC output drift is 2 millivolts. The fol 
lowing mathematical computation will more fully demonstrate 
the cancellation process which occurs within the circuit. The 
output of the ?rst stage (the emitter 13 of transistor 14) is 
given by: _, 

Vm =the voltage at the emitter 13 
V,~,, = the applied input voltage 
VEEI = the base-emitter voltage drop of transistor 14. 
Themoutput of the second stage (transistor 21) which ap 

pears at terminal 22 is, 

' where 

Vi? thevoltage at emitter 19 v 
VBE2= the base-emitter voltage drop of transistor 21. 

Therefore, the base-emitter voltage drops of transistor 14, 21 
cancel each other and the input voltage v,-,, equals the output 
voltage V,,,,,. The base-emitter diodes will track each other 
very closely when operated at substantially equal current 
levels. This may be accomplished by adjusting either emitter 
resistor 16 or 17. 
The results of the stability test which was performed with 

this circuit are tabulated below. In the test circuit, the value of 
the emitter resistors 16, 17 was 50 K. ohms and the power 
supply voltage was +14 V DC. It may be noted that over the 
full temperature range the drift was 2 millivolts. 

Temperature (° C .) 

—55 —20 0 +40 +80 +125 

Input (Volts) _________ ._ 9. 111 9. 911 9. 911 9. 911 9. 911 9. 911 ' 
Output (volts) ________ _ _ 9. 895 9. 895 9. 895 9. 895 9. 894: 9. 893 

It should be noted that this circuit provides a low impedance 
voltage source which is substantially independent of tempera 
ture. 

lclaim: 
1. An emitter follower apparatus for providing a stable out 

put voltage over a wide temperature range comprising in com 
bination'. ' 

a ?rst emitter follower having a ?rst predetermined voltage 
drop, said ?rst emitter follower having a ?rst input and 
?rst output; 

a second emitter follower having a second predetermined 
voltage drop, said second emitter follower having a 
second input and second output, said ?rst and second 
emitter followers being operated at substantially equal 
current levels, said first predetermined voltage drop being 
substantially equal to but opposite to said second 
predetermined voltage drop, said ?rst input receiving 
signal, said ?rst output being directly connected to said 
second input, and second output providing an output 
signal. 

2. An emitter follower apparatus as described in claim 1 
wherein said ?rst emitter follower comprises a transistor hav 
ing a base, collector and emitter electrodes, said base elec 
trode comprising said ?rst input, said emitter electrode com 
prising said ?r‘st output, said base and emitter electrodes form 
ing a junction, and said junction having a ?rst predetermined 
voltage drop. 

3. An emitter follower apparatus as described in claim 1 
wherein said second emitter follower comprises a transistor 
having a base, collector and emitter electrodes, said base elec 
trode comprising said second input, said emitter electrode 
comprising said second output, said base and emitter elec 
trodes forming a junction, and said junction having a second 
predetermined voltage drop. 
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4. An emitter follower apparatus as described in claim 2 
wherein said transistor of said ?rst emitter follower comprises 
an NPN device. - 
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5. An emitter follower apparatus as described in claim 3 

wherein said transistor of said second emitter follower com 
prises a PNP device. 


