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Matter enclosed in heavy brackets [] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. , 

The present invention relates to transistor differential 
ampli?ers, and morespeci?callyyto differential ampli?ers 
for use in high performance, ‘low level applications. 
The substantial increase in the utilization of transistor 

ized DC ampli?ers has given rise to problems of environ 
mental nature heretofore requiring compensation in the 
design of the transistor circuits. The desirability ‘of high 
input impedance and low or substantially ‘zero input off 
set voltage drift with temperature has resulted 'in prior 
art circuit designs that are expensive to fabricate using 
integrated circuit techniques. characteristically, DC tran 
sistorized differential ampli?ers require resistances ofhig'h 
value in the emitter-collector circuits of the'a?tst stage; 
these high resistances‘are difficult and expensive reform 
and are therefore not particularly adaptable to integrated 
circuit fabrication techniques. 
The wide variety of applications in which transistorized 

differential DC ampli?ers are used also gives rise to the 
temperature variation of the parameters of the transistors. 
It has been found that operation of transistors of the 
same type at the same base-to-‘emitter bias voltage will 
result in the temperature coe?icients of the base-to-emitter 
voltage being approximately equal. The conclusion drawn 
in the prior art thus led to the compensation of temper 
ature deviation of the transistors through the utilization 
of different collector currents in the transistors of the 
input stage in an attempt to maintain'a constant base-to‘ 
emitter bias voltage. vThe proposed ‘self-compensation 'has 
resulted in prior art circuits utilizing complicated compen 
sation schemes incorporating additional resistors. These 
methods compensate for, but do not eliminate,v the'differ 
ence between the base emitter voltages of‘the input tran 
sistors.v The thermal voltage drift ‘of the input transistors 
is therefore not improved "to the extent‘ possible'if the 
difference were eliminated. ‘ > 

' It is therefore an object of the’ presentihventiohto 
provide a differential ampli?er without high resistors and 
therefore capable of economical‘ reproduction by inte 
grated circuit techniques. ' ‘ 

It is another object of the present invention to ‘provide 
a transistor differential ampli?er wherein the typically 
high collector resistanceof the ?rst stage is eliminated. 

provide a transistor differential ampli?er having improved 
thermal voltage drift of the input transistors. 

It is another object of the present invention to provide 
a transistor differential ampli?er in which cancellation 
of the input offset voltage is utilized to decrease the drift 
of offset voltage with temperature variations. 

These and other objects of the present invention will 
become apparent to those skilled in the art as the descrip 
tion thereof proceeds. _ 

The embodiment chosen for illustration, shown in ‘the 
drawing, is a two-stage differential amplifier having a 
current source transistor connected to the emitters of the 
?rst stage and incorporating a common mode negative 
feedback loop. In the description of the drawing, the 
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terminology “common mode” and “differential mode” 
shall have meanings ordinarily understood by those in the 
art; that is, common mode is de?ned as half the sum of 
the voltages applied to the input terminals, and the differ 
ential mode is de?ned as half the difference of the voltages 
applied to the input terminals. 

Referring to the drawing, input terminals 10 and 11 
are connected to the base electrodes of transistors T1 
and T2 respectively. Transistors T1 and T2 comprise the 
input stage of the differential ampli?er and have their 
emitter electrodes connected in parallel to the collector 
electrode of an emitter current source transistor T3. The 
collector electrodes of transistors T1 and T2 are each con 
nected to the collector electrodes of dynamic load tran 
sistors T4 and T5 respectively. The dynamic load tran 
sistors, are complementary to their respective connected 

‘ input transistors T1 and T2. The dynamic load transistors 
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provide a current source to the input transistors and also 
provide impedances of several hundred thousand ohms 
while nevertheless readily permitting economic integrated 
circuit fabrication. _ 

The‘se-cond-stage transistors T6 and T7 are each con 
nected via their respective base electrodes to the collector 
electrodes of one of the input transistors. The emitter 
electrodes of the transistors T6 and T7 are connected 
together and to a voltage divider comprising resistances 14 
and 15. The collector electrodes of transistors T6 and T7 
are connected through resistances 16 and 17 respectively 
to one terminal 20 which, as indicated in the drawing is 
connected to a suitable positive potential bias source. The 
collector electrodes of transistors T6 and T7 also are con 
nected to output terminals 21 and 22. 
The emitter electrodes of transistors T4 and T5 are 

connected to the bias potential source through a poten 
tiometer 26 which provides, in effect, a variable resistance 
in 'each of the respective emitter circuits. The poteniom 
eter includes a resistance 27 the ends of which are each 
connected to the emitters of transistors T4 and T5 respec 
tively. A wiper arm 28, connected to the terminal 20, 
contacts the resistor 27 to thereby vary the current sup 

. plied to the emitter-collector circuits of the transistors T4 
and T5. vResistors 30, 31 and 32 form a parallel current 
path with the potentiometer 26 to permit the latter to be 
utilized for ?ne current adjustment. 
The transistor T3 provides a constant current source 

to the emitter-collector circuits of the transistors T1 and 
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T2; the emitter electrode of transistor T3 is connected 
through, resistor 34 to a second terminal 35 which, as 
shown in FIGURE 1, is connected to the negative side of 
the bias potential source. Since the constant current source 

‘L. transistor T3 operates to regulate the total current flow 
ing through‘ the ?rst stage of the ampli?er, a feedback 
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loop may be provided by connecting the base electrode of 
transistor T3 to the junction of the resistors 14 and 15. In 
this manner, a common mode negative feedback loop is 

_ _ _ formed which includes the emitter-collector circuits of 
It 1s still another object of the present invention to transistors T1 and T2, the base-emitter circuits of tran 

sistors T6 and T7, and the resistor 14. The common mode 
negative feedback acts to improve the discrimination 
factor (de?ned as the ratio of differential mode to com 

u mon mode gain) and also improves the common mode 

65 

rejection factor (de?ned as the ratio of the common mode 
voltage input to the differential mode voltage input to 
produce the same output voltage). The differential ampli- I 
?er of the present invention permits the elimination of 
the collector resistances of the ?rst stage through the 
incorporation of the transistors T4 and T5 and the im 
plementation of a negative feedback bias loop. Transistors 
T4 and T5 have their respective base electrodes connected 
in parallel and to the junction between negative feedback 
bias voltage divider resistances 38 and 39. Resistor 38 
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is connected between the resistor 39 and the terminal 20; 
Whereas, resistor 39 is connected'between the resistor 38 
and the emitter electrodes of transistors T6 and T7. The 
negative feedback bias loop thus provided includes the 
emitter-collector circuits of transistors T1 and T2 as well 
as T4 and T5, the potentiometer 26, the voltage divider 
resistors 38 and 39, the resistor 14, and the base-collector 
circuit of the transistor T3‘. It may be noted that the nega 
tive feedback bias loop shares the resistance 14 and tran~ 
sistor T3 with the common mode negative feedback loop. 
The operation of the circuit of the present invention 

may best be described by assuming the bias voltage on the 
collector electrodes of transistors T1 and T2- to be reduced 
to a value lower than desired. The resulting drop in the 
bias voltage causes reduced current ?ow through transis 
tors T6 and T7 with a subsequent reduced voltage drop 
through the voltage divider comprising resistors 14 and 
15. The lower voltage drop across the voltage divider 
will result in reduced current through transistor T3 and 
therefor reduce current in the collector circuits of tran 
sistors T1 and T2. A prior art design, incorporating a 
passive collector load on the transistors T1 and T2 could 
only attempt to compensate for this de?ciency; however, 
the low bias voltage on the collector of transistors T1 
and T2 (resulting in the decreased voltage drop across 
resistors 14 and .15) effectively lowers the voltage at the 
junction of resistors 38 and 39, causing an increase in the 
current flow through the emitter-collector circuits of tran 
sistors T4 and T5. This increase in current subsequently 
restores the bias voltage on the collectors of T1 and 
T2. Thus, it may be seen that the unique combination of 
the common mode negative feedback loop and the nega 
tive feedback bias loop results in a cooperative effort to 
maintain the collector bias voltage constant. The con 
stancy of this voltage is maintained without the utilization 
of large resistances heretofore incorporated in prior art 
designs; the utilization of transistors T4 and T5 render 
the present design feasible for construction using micro 
electronic integrated circuit techniques. 
The temperature dependence of the ampli?er is im 

proved by maintaining the base-to-emitter voltages of 
transistors T 1 and T2 equal. The equal bias voltages are 
forced on transistors T1 and T2 by adjusting the wiper 
arm 28 of the potentiometer 26-; as indicated previously, 
positioning of the wiper arm '28‘ unbalances the currents 
flowing through the respective emitter-collector circuits 
of transistors T1, T2, T4. and T5. The base-to-emitter 
voltages on transistors T1 and T2 may thus be forced to 
be equal to insure minimum input offset voltage‘ drift with 
temperature. 

-It will be obvious to those skilled in the art that many 
modi?cations of the present circuit may be made with 
out departing from the spirit and scope of the invention. 
For example, the utilization of NPN or PNP transistors 
may, in certain applications, be a matter of choice; simi 
larly the number of stages in any particular ampli?er may 
be dictated by various considerations not discussed in con— 
nection with the drawing. It is therefore intended that the 
present invention be limited only by the scope of the 
claims appended hereto. 
We claim: 
1. In a transistor differential ampli?er having: a ?rst 

and a second connection means for connection to a po 
tential bias source, a pair of input transistors for receiv 
ing an imput signal between the base electrodes thereof, 
and a common mode negative feedback path, said path 
including a negative feedback resistor connected to said 
second connection means, the improvement comprising: 
a pair of dynamic load transistors each having the emit 
ter-collector circuits thereof connected in series with the 
emitter-collector circuits of a different one of said input 
transistors and connected [through a variable resistance] 
to said ?rst connection means; a ‘bias resistor connected 
between said ?rst connection means and said negative 
feedback resistor to thereby provide a negative feedback 
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bias loop; and means connecting the base electrodes of 
said dynamic load transistors in parallel with each other 
and to said bias resistor. 

2. In a transistor differential ampli?er having: a ?rst 
and a second connection means for connection to a poten 
tial bias source, a pair of input transistors for receiving 
an input signal between the base electrodes thereof, and 
a common mode negative feedback path, said path in 
cluding a negative feedback resistor connected to said 
second connection means, the improvement comprising: 
a pair of dynamic load transistors each having the emit 
ter-collector circuits thereof connected in series with the 
emitter-collector circuits of a different oneof said input 
transistors and connected [through a variable resistance] 
to said ?rst connection means; a voltage divider con 
nected between said ?rst connection means and said nega 
tive feedback resistor to thereby provide a negative feed 
back bias loop; and means connecting the base electrodes 
of said dynamic load transistors in parallel with each 
other and to said voltage divider. 

3. The circuit set forth in claim 2 wherein said dynamic 
load transistors are complementary types relative to said 
input transistors. 

-4. The circuit set forth in claim 2 wherein said input 
transistors are NPN type and said dynamic load transis 
tors are PNP type. 

5. The circuit set forth in claim 2 wherein said vari 
able resistance comprises a potentiometer having a re 
sistance the opposite ends of which are connected to the 
emitter-collector circuits of dilferent dynamic load tran 
sistors and having a wiper arm connected to said ?rst 
connection means. 

6. In a two-stage transistor differential ampli?er hav 
ing: a ?rst and a second connection means for connec 
tion to a potential bias source, a pair of input transistors 
for receiving an input signal between the base electrodes 
thereof, a pair of second-stage transistors having the base 
electrodes thereof each connected to an emitter-collector 
circuit of a different one of said input transistors, a com 
mon mode negative feedback path, said path including a 
negative feedback resistor connected to said second con 
nection means, means connecting the emitter-collector 
circuits of said second-stage transistors in parallel be 
tween said ?rst connection means and said negative feed 
back resistor, the improvement comprising: a pair of 
dynamic load transistors each having the emitter-collec 
tor circuits thereof connected in series with the emitter 
collector circuits of a different one of said input transistors 
and connected through a variable resistance to said ?rst 
connection means; a voltage divider connected between 
said ?rst connection means and said negative feedback 
resistor to thereby provide a negative feedback bias loop; 
and means connecting the base electrodes of said dynamic 
load transistors in parallel with each other and to said 
voltage divider. ' 

7. The circuit set forth in claim 6 wherein said dynamic 
load transistors are complementary types relative to said 
input transistors. 

*8. The circuit set forth in claim 6 wherein said input 
transistors are NPN type and said dynamic load tran 
sistors are PNP type. 

9. The circuit set forth in claim 6 wherein the variable 
resistance comprises a potentiometer having a resistance 
the opposite ends of which are connected to the emitter 
collector circuits of different dynamic load transistors and 
having a wiper arm connected to said ?rst connection 
means. I Q 

10. A transistor ampli?er comprising. a ?rst and a 
second connection means for connection to a potential 
bias source, a pair of input transistors for receiving an 
input signal between the base electrode thereof; a pair of 
second-stage transistors having the base electrodes thereof 
each connected to a collector electrode of a different one 
of said input transistors; a common mode negative feed 
back voltage divider connected between the emitter elec 
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trodes of said second-stage transistors and said second 
connection means; an emitter current source transistor 
having a collector electrode connected to the emitter elec 
trodes of said input transistors, an emitter electrode con 
nected through a resistor to said second connection means, 
and a base electrode connected to said common mode 
negative feedback voltage divider; a pair of dynamic load 
transistors, complementary in type to said input transis 
tors, each having a collector electrode connected to the 
collector electrode of a different one of said input tran 
sistors; a potentiometer having a resistance the opposite 
ends of which are connected to the emitters of di?erent 
dynamic load transistors and having a wiper arm con 
nected to said ?rst connections means; a negative feed 
back bias voltage divider connected between said ?rst con 
nection means and the emitter electrodes of said second 
stage transistors to thereby provide a negative feedback 
bias loop; means connecting the base electrodes of said 
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dynamic load transistors in parallel with each other and 
to said negative feedback bias voltage divider; and means 
connecting the collector electrodes of said second-stage 
transistors to said ?rst connection means. 
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