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(71) We, RCA COHPORATION, formerly 
Radio Corporation of America, a corporation 
organized under the laws of the State of 
Delaware, United State of America~ of 30 

5 Rockefeller Plaza, City and State of New 
York, 10020, United States of America, do 
hereby declare the invention, for which we 
pray that a patent may be granted to us, 
and the method by which it is to be per-

10 formed, to be particularly described in and 
by the following statement: -

This invention relates to amplifier circuits 
and more particularly to amplifier circuits 
especially suited for integrated circuit tech-

15 niques. 
Integrated circuit amplifiers of the type 

referred to as operational amplifiers have been 
made using integrated circuit techniques. 
However, the ability to use these amplifiers 

20 in different circuit environments has been 
limited. The integrated circuit designer gener­
ally establishes the voltage gain versus fre­
quency response to criteria determined by 
an expected application. Input and output 

25 impedances are a fixed part of the circuit 
design included on the integrated circuit semi­
conductor wafer. Therefore, many operational 
amplifiers have been designed for specific 
different applications which respectively re-

30 quire high or low input impedance, low or 
high voltage gain, high or low power output 
for various loads. 

Feedback circuit design for operational 
amplifiers has provided some flexibility in 

35 application. However, the voltage gain, as 
well as the frequency response characteristic 
places strict limits on the adaptability to 
various applications due to the possibility of 
instability or self-oscillation. 

40 Operational amplifiers as defined in text-
books have high input impedance, low output 
impedance and a characteristic voltage gain. 
Additionally, the voltage gain and phase shift 
as a· function of frequency must be designated 

45 to permit the use of negative feedback circuits 
with stable operation. Operational amplifier 
performance with feedback circuits has 
traditionally been described in textbooks by 

[Price 25p] 

formulas in terms of the voltage gain charac­
teristic. This characteristic has been relied 50 
upon because amplifiers usually have a load 
resistor integral to the amplifier which defined 
the available voltage gain. 

For 'a high level of voltage gain, a large­
value load resistor is conventionapy used. 55 
However, this gcncraliy requires higher 
supply voltages which has the disadvantage 
of increasing device power consumption. For 
integrated circuits, large re3istors in norm-
ally critical circuit areas such as collector 60 
loads also would require the "base-diffusion 
resistor". The physic:.il size of this integrated 
resistor is directly proportional to its value. 
Thus, a large value resistor of this kind would 
use more area and increase the cost of the 65 
final integrated circuit. 

It would be possible to use integrated cir-
cuit operational amplifiers for many more 
purposes of performance characteristics of the 
integrated amplifier could be adapted to the 70 
needs of an application by means external 
to the encaosulation. 

A diffcre~tial amplifier incorporating the 
principles of the present invention preferably 
uses an active load for input differential 75 
amplifier stages which can be used to develop 
the necessary voltage gain at low collector 
currents. This approach permits a design that 
will provide high voltage gain with low 
power consumption. 80 

To accomplish this objective, an opera­
tional amplifier hm; been developed incor­
porating a novel differential amplifier as an 
input circuit. Input impedance may be varied 
over a very wide range by varying the input 85 
amplifier stage currents. Voltage gain is deter­
mined by an externally connected load re­
sistor in addition to the control on transistor 
opera~ing current. High common mode re-
jection is exhibited by the circuit. 90 

According to the present invention there is 
provided an amplifier having a first differ­
ential amplifier comprising first and second 
transistors with their emitter electrodes 
coupled in common to a first. source of direct 95 
current, their base electrodes coupled to out~ 
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puts of respcdve input amplifier stages and 
their collector electrodes provided terminals 
for ex.traction of signal and application of 
operating potential; a third transistor ·con-

5 nected as a common-emitter amplifier stage 
coupling said emitter electrode of said first 
transistor to its said base electrode; and a 
fourth transistor connected as a common­
emitter amplifier stage coupling said emitter 

10 clectmde of said second transistor to its said 
base electrode; there being means coupling 
the base electrodes of said third and fourth 
transistors together. 

In the accompanying drawings: 
15 FIGURE 1 is a schematic circuit diagram 

of n differential amplifier embodying the 
principles of the present invention; 

FIGURE 2 is a schematic diagram of the 
differential amplifier of FIGURE l including 

20 a high i;ain input amplifier stage· and biasing 
network; and 

FIGURE 3 is a schematic diagram of an 
operational amnlifier including the differential 
amplifier of FIGURE 1. 

25 Referring to the drawings, and more par-
tkul arly to FIGURE 1, all of the elements 
shown v:ithin the dashed rectangle 10 are 
formed as an integrated circuit on a single 
semiconductor wafer. The integrated circuit 

30 is a differential amplifier including a pair of 
transistors 11 and 12, a current source tran­
sicstor 13, and an· active load circuit com­
prising the five transistors 14, 15, 16 and 
17 and diode 18. An external source of 

35 current, not shown, may be coupled between 
terminal 19 and common terminal' 20 to 
r,stablish a voltage across diode 21, the diode 
21 being connected between the base and 
emitter cl.ectl'Odes of transistor 13. 

40 The diode 21 comprises a. transistor with 
its collector and base electrodes connected 
together. Since transistors 13 and diode 21 
are formed on the same semiconductor wafer 
at the same time during fabrication; their 

45 electrical characteristics will be accurately 
matched. If the transistor 13 and diode 21 
are equal area devices as fabricated on a 
single semiconductor wafer, the emitter 
current injections into the base regions will 

50 be equal. 
The current flow which forward biases 

transistor 13 and diode 21 establishes equal 
base-emitter voltage drops and, therefore, 
equal emitter currents. The emitter current 

55 in transistor 13 is equal to the sum of its 
base and collector currents and most of the 
emitter current flows to its collector. 

The current flow between terminal 19 and 
20 is equal to the emitter current of diode 

60 21, plus the small base current into transistor 
13. Due to the high ratio between base and 
collector currents in transistor 13 and the 
equal areas of the transistor 13 and diode 
21, the current flow bet\veen terminal 19 

65 and 20 and the current in the collector of 

transistor n arc substantially equal. There­
fore, the current supplied by the current 
source transistor 13 is easily and accurately 
determined by the parameters of an external 
source, not shown, which may be connected 70 
between terminal 19 and common reference 
terminal 20. 

The combination of a diode connected 
transistor between the base and emitter elec­
trodes of a second transistor will be referred 75 
to as a diode-transistor composite. The volt-
age drop developed between the base and 
emitter ckctrodes of a transistor when the 
transistor fa subj:::ctcd to a significant forward 
bias current wiU herein be referred to as 80 
vh·· 

The collector current of transistor 13 is 
supplied to the emitter electrodes of tran­
sistors 11 and 12. The current will divide 
between. the transistors 11 and 12, depend- 85 
ing upon the difference of signal input volt-
ages applied to the base electrodes of tran­
sistors 11 and 12 via input terminals 22 and 
23, respectiveJy. If the voltages applied to 
the input terminals 22 and 23 are equal, the 90 
current supplied by the transistor 13 will 
divide equally between the transistors 11 and 
12. That is because the transistors 11 and 12 
also have equ.al characteristics since they arc 
fabricated in the same integrated. circuit chip 95 
Et ·rh~ same time. 

Th:: active load circuit comprising tran­
sistors 14, 15, 16 and 17 connects the· col­
lector. electrodes of transistors 11 and· 12 to a 
~0urcc of operr..tiag potential (not shown) con- 100 
nected between terr::iinal 24 and 20; Tran­
sistors 14, 15, i6 and 17 are opposite con .. 
cluctivity types compared to transistors 11 and 
12. 

The transistors 14 and 15 arc connected 105 
in series with transistors 11 and 12 respec'-
1.ivelv. The tr:msistors 16 and 17 which' are 
connected in a difierential configuration, have 
their emitter electrodes connected in com..-non 
to· the base electrodes of transistors 14 and 110 
J. 5, and through a diode connected transistor 
18 to the oper•~ting potential supply terminal 
24. The ba·:c electrodes of the transistors 16 
and 17 are connected respectively to the col-
lector elcctrocks cf transistors 11 and 12. 115 

The ccllector electrode of transistor 16 is 
connected through a diode connected tran­
sistor 25 to the reference terminal 20. The 
diode 25 fa connected between the base and 
emitter electrodes of an output transistor 26. 120 
The transistor 26 and the transistor 17 which 
arc opposite conductivity types arc connected 
in series, and an output terminal 27 is con­
n2ctcd to the collector electrodes of these 
transistors. 125 

The connection of the transistors 14, 16, 
15 and 17 provides a mechanism whereby 
the conductances of transistors 14 and 15 are 
:uitomatical!v set to accommodate the current 
from tra!1~'.~tor 13, which ;:; established by 130 
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the. external source: connected. between ter­
minals 19 and 20. This is brought about 
because the base- drive for, transistors 14 and 
15 is controlled by the. transistors 16· and 17 

5 as. functions- of· the current through· transistors 
11 amL 12. Even though the· current through 
transistor 13 may be established· at any point 
in, a relatively wide range of currents, the 
voltage across the load. transistors 14· and 

10 15 does. not change appreciably.. The 
collecror4o-emittcr voltage. of transistor 14 
is 2V110 , which is the sum of the voltage across 
the base-emitter junctions of. transistors 14 
and: 16; S-imilarly,. the collector-to-emitter 

15 voltage of transistor 15 is 2Vbe due. to the 
voltage across the· base..emitter junctions of 
transistors 15 and 17. As a result, insignificant 
common. mode signal voltage is developed 
across transistors, 14- and 15. This degenera-

20 tion is· ineffective for differential mode 
signals, because. the. bases of transistors 14 
and 15· are. commoned,. and thus cannot com­
mW1icate the two opposite signals of a 
differential mode. 

25 The. collector impedance of transistors 14 
and 15· is relatively low. for common mode 
current in that the collector-to-emitter volt­
age· of these· transistors is substantially con­
stant for a wide change in. common mode 

30 current. For differential currents, the tran­
sistors· 16' and· 17 have equal and opposite 
changes· in current so that the base drive 
to transistors 14 and 15 remains equal and 
unchanged. AB- a result, the collector im-

35 pedancc of transistors 14 and 15 to differ,­
ential mode currents is very. high, and sub­
stantially all of the differential mode current 
flows through the base-emitter paths of tran .. 
sistors 16: and- 17. 

40 The. load circuit as. described provides a 
modulated conductance in accordance with 
common mode current changes and provides 
a high: load impedance for. differential current 
flow. This load circuit provides common 

45 mode signal. rejection over and above the 
common mode. rejection: normally provided. 
by differential amplifier· circuit configurations. 

A'S mentioned above. transistors 16 and 
17 arc connected. with their. emitters in 

50 common and. operate· as: a second differential 
amplifier. The amplitude of the. collector 
currents of: this. differential amplifier is equal 
to beta times the difference signal current 
applied: to its base, electrodes. A transistor 

55 connected: as a diode. 18 is shown in FIGURE 
1 connected in series with- the emitter collector 
current path of transistors 16 and 17 and 
between the base· and. emitter electrodes of 
both transistor 14 and. transistor 15. 

60 Diode 18 is forward biased by the common 
mode emitter collector: current. of transistors· 
16 and 17 and forms in. conjunction with 
transistor 14 and 15 a diode-transistor com­
posite. When the junction area of diode 18 is 

65 made twice the· junction area of transistor 

14 and transistor 15, then a current flow of 
two microamperes in diode 18 will establish 
one microampere current flow in each of 
transistors 14 and 15. 

By way of example, if a two microampere 70 
bias current is established in diode 21, one 
microa.mpere will fl.ow in each of the tran­
sistors 11 and 12, and one microampere will 
flow in each of transistors 14 and 15. Since 
the diode 18 junction area is twice the base- 75 
emitter junction area of transistor 14 and 15 
and series connected with transistors 16 and 
17, the current in diode 18 is two rnicro­
amperes and equals the sum of one micro-
ampere in each of the transistors 16 and 17. 80 

The transistor connected as a diode 25 
and transistor 26 form a diode-transistor com­
posite having a current gain of unity. Equal 
quiescent currents .flowing from the collectors 
of transistors 16 and 17 establish a collector 85 
current in transistor 26 equal to the transistor 
16 collector current. The output impedance 
of the collectors of transistors 17 and 26 
may be very high dependent on the device 
fabrication. A load circuit for transistors 17 90 
and 26 is then coupled to an output terminal 
27 which 1s connected in common to the 
collectors of transistors 17 and 26. 

As described above, wide ranges in operat-
ing current may be established in transistors 95 
11, 12, 13, 14, 15, 16, 17, 18, 25 and 26. 
By way of example, the integrated circuit of 
FIGURE 1 has been operated in the range 
of emitter-to-collector current of 20 nano-
arnperes to 400 microamperes. 100 

Since the output collector impedance of 
transistors 17 and 26 is high, the voltage gain 
of the operational amplifier is determined by 
the external load resistance used and may be 
determined by computation using the trans- 105 
conductance of the amplifier. The transcon­
ductance. can be defined as the change in out-
put current for a change in differential voltage 
across the input terminals 22 and 23. 

The transconductance (g;n) of that portion 110 
of the differential amplifier including only 
transistors 11 and 12 is 

gm 
39X le mho 

2 

where I,. is the emitter current for one of 
the transistors 11 and 12 in amperes; 115 
::ind where the transconductance is defined as 
the change in one collector output current for 
~ change in voltage. between terminals 22 and 
23. 

Since the differential collector current flows 120 
through the base emitter paths of transistors 
16 and 17, transistors 16 and 17 contribute 
a beta multiplier to the current gain of the 
differential arnnlifier. The output current of 
transistor 16 flows through the diode 25 to 125 
develop an equal and opposite phase output 
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from transistor 26. The output current from 
transistor 17 then combines with the output 
current from transistor 26 to drive a load 
coupled to them through terminal 27. The 
overall transconductance then is : 

gm=39 ft I" mho 

where fl is the beta of transistors 16 and 17, 
and I. is the emitter current of one of tran­
sistors 11 and 12. 

10 An example of the amplifier transcon-
ductance available at a transistor 11 current 
of 1 microampcre, if the beta of transistor 16 
equals 50 is: 

g"'=39X SOX 1X10 6 mho=1950 micro mho. 

15 The voltage gain i8 then simply output volt­
age divided by input voltage or: 

Vo 
--=gmR.1, 

Vi 

where Rr. is the output load resi8tancc con·· 
nected to terminal 27. 

20 The maximum common mode input which 
upsets the operation of the differential ampli­
fier input stage is determined by the sustain­
ing voltage characteristics of the current 
source comprising transistor 13 and the re-

25 quired voltage drop across the load transistors 
14 and 15 which both subtract from the 
available voltage of the supply. In the circuit 
shown in FIGURE 1, input common mode 
voltages at terminals 22 and 23 may swing 

30 to a negative limit equal to the negative source 
voltage at terminal 20 plus 0.8 Volt and to 
a positive signal limit of the pos:tivc source 
voltage at terminal 24 minus 1.4 Volts with­
out upsetting differential amplifier operation. 

35 Maximum common mode input is primarily 
determined by supply voltage reduced by 
very small magnitudes since both the source 
transistor 13 and the load transistors 14 and 
15 require very small voltage drops for effec-

40 tive operation. 
FIGURE 2 shews a differential amplifier 

including cascade connected pairs of tran­
sistors 28, 29 and 30, 31 which provide im­
proved common mode rejection and improved 

45 low noise operation. Transistors 28 and 30 
are special design input amplifier transistors 
coupled to input terminals 22' and 23'. Tran­
sistors 28 and 30 are high beta (super beta) 
transistors having beta values of the order 

50 of 1000 and very low collector to emitter 
breakdown voltages of the order of one volt. 
In conventional higher voltage transistors, the 
beta of the transistor is substantially constant 
as a function of collector voltage in the low 

55 voltage range of operation. However, at higher 
voltages in the range of values approaching 
V c•o" collector current is both a function of 

base current and also collector voltage. V,."' 
is defined as the collector-to-emitter break­
down voltage with the base electrode open 60 
circuit and unconnected. 

Transistors in general arc characterized by 
a collector-to-base kakage current propor­
tional to the collector to base voltage for 
valu:!s less than 50 millivolt. This collector- 65 
to-base leakage characteristic contributes to 
poor noise performance for small signal m-
puts and has an undesirable temperature de­
pendence characteristic. 

Poor noise performance and temperature 70 
dependence is suppressed by a unique bias 
circuit which not onlv establishes a rclativelv 
fixed low collector voltage for operation o"f 
tram;istors 28 and 30 but establishes essenti-
ally zero colkctor to base voltage in transistors 75 
28 and 30, such that the collector to base 
kakagc current is also reduced to zero. Noise 
performance is greatly enhanced and use of 
the high beta transistor is, therefore, possible 
.iu the input ~tagc of an operational ampll- 80 
fier. 

Transistors 28, 29 and 30, 31 arc cascade 
connected wherein 28 and 30 arc operated 
common emitter deriving emitter current from 
source transistor 13' which may be similar 85 
to tlrnt described in FIGURE 1. Transistors 
29 and 31 arc operated common base where-
in the base clectrndcs are returned to the 
!'!mitters of transistors 28 and 30 through a 
bias supply comprising transistors 32 and 33 90 
connected as diodes. The collector output of 
transistors 29 and 31 is coupled to a load 
circuit comprising transistors 14', 15', 16', 
17', and 18' similar to that described in 
FIGURE 1. 95 

Diodes 32 and 33 arc forward biased and 
develop 2v~ .. , of bias between the commonly 
connected base electrodes of transistors 29 
and 31 and the emitters of transistors 28 and 
30. The voltage drop across the base-emitter 100 
junction of transistors 29 and 31 is one V, ,, 
so that one v,,,, is developed between the col­
lector and emitter electrodes of transistors 28 
and 30. The transistors 28 and 30 are biased 
1:0 conduct so that one V1,,, of forward bias 105 
voltage fa developed between the base and 
emitter electrodes thereof. Negligible voltage 
then appears between the collector and base 
of transistors 28 and 30 resulting in very low 
leakage current as discussed above. 110 

To minimize the voltage between the col­
lector and base electrodes of transistors 28 
and 30, the base-emitter junction areas of 
transistors 29, 31 and 33 arc made equal 
and processed identically, and transistor 32 115 
is a high beta and low breakdown device of 
equal area and processed identically to high 
beta transistors 28 and 30. The average 
currents passed through the two paths is, 
29 and 30, 31 arc each made equal to the 120 
current through diodes 33, 32. 

The V"" voltage drops across collector-to-
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emitter of transistors 28, 30 are equal to one 
V be voltage drop as developed across ultra 
high beta transistor 32. Since the base-to­
emitter voltage of transistors 28 and 30 is 

5 also equal to the Vo• voltage as developed 
across diode 32, there is zero voltage drop 
between the collector and base electrodes of 
transistors 28 and 30. 

The bias supply comprising diodes 32 and 
10 33 is energized by current supplied by an 

additional transistor 34 which is forward 
biased by the voltage drop across diode 18'. 
The junction area ratio of diode 18' to the 
base emitter junction of transistor 34 estab-

15 lishes the current flowing through diodes 32 
and 33 which must also flow into source 
transistor 13 '. Therefore, the base-ell'itter 
junction of source transistor 13' is made 50 
percent larger in area than transistor 13 as 

20 described in FIGURE 1 because it must 
supply 50 percent more current. 

With 3 microamperes flowing in transistor 
13 ', one microampere flows in each of the 
transistors 28 and 30 and in diode 32. The 

25 current in transistor 14' and 15' is one micro­
ampere each and transistors 16' and 17' each 
conduct one microamperc. With transistors 16' 
and 17' each conducting one microampere, 
diode 18' conducts two microamperes. 

30 The transistor 34 base-emitter junction 
area is half that of diode 18 and thus is 
caused to conduct one microampere which 
then flows through bias diodes 32, and 33. 
The magnitude of all these currents is con-

35 trolled from the single input terminal 19' 
where bias current is supplied to diode 21' 
to control the current supplied by transistor 
13'. 

When a source voltage is applied to ter-
40 minals 24' and 20' and an operating bias 

is applied to diode 21', transistor 13' will 
conduct current into transistors 28 and 30. 
However, upon the application of a source 
to terminals 24' and 20', no initial bias 

45 current will be supplied to the bias diodes 
32 and 33 to cause conduction in transistors 
29 and 31 and therefore, no conduction will 
occur in transistors 14, 15 and 18'. 

In the absence of diode 18' conduction 
50 and therefore conduction in transistor 34, 

zero collector-to-emitter voltage will be 
developed across transistors 28 and 30. There­
fore, in the absence of collector-to-emitter 
voltage, all current flow from transistor 13' 

55 will flow in the base emitter path of transistors 
28 and 30 and into signal sources coupled 
to terminals 22' and 23'. 

To provide initial conduction in diode 18', 
a small area transistor 41 is added having 

60 its base emitter input coupled across diode 
21' and having its collector connected to diode 
18'. Transistor 41 need only supply a very 
small start current to diode 18' to initiate the 
turn on cycle and its current contribution 

65 need only be so small that it need not inter-

fcre with the area ratio specification of diode 
18' and transistors 14, 15, 16 and 17. 

Since the voltage drop across transistors 
28 and 30 is low, peak-to-peak common 
mode input voltages at terminals 22' and 23' 70 
may be nearly as large as the power supply 
voltage used without affecting rhe operation 
of the amplifier as previously described. 

With a high beta input transistor, input 
impedances are correspondingly higher such 75 
that higher emitter current may be developed 
in a given application and, therefore, higher 
transconductanc~ may be established con­
sistent with the high emitter current. Betas 
in the range of 1000 have been attained with 80 
satisfactory low noise performance. This 
practical performance depends on the two 
factors: (1) that of maintaining constant 
collector voltage to within a narrow range; 
and (2) that of establishing zero collector-to- 85 
base voltage for zero leakage currents. 

High orders of common mode rejection are 
maintained because the use of integrated cir-
cuits results in easy achievement of balance 
between the two halves of the differential 90 
amplifier. The transistor construction used to 
fabricate the PNP transistors in integrated 
circuit form is a lateral construction along 
the surface of the semiconductor wafer. PNP 
laterals are characterized by low beta and by 95 
emitter-to-collector currents which are a 
function of emitter-to-collector voltage. 
Therefore, the gain of transistor 17' may be 
a function of output voltage signal swing up­
setting the balance of equal gain in transistors 100 
16' and 17'. However, for relatively low 
output voltage swings, which may be achieved 
using a relatively low output impedance load 
connected to terminal 27', the balance be­
tween the differential halves will be pre- 105 
served. 

FIGURE 3 shows an additional pair of 
cascade connections of transistors 16" and 
17" with transistors 35 and 36 to establish 
constant collector-to-emitter voltage in tran- 110 
sistors 16" and 17" to maintain equal gain 
in each half of the differential amplifier. A 
bias circuit comprising diodes 37, 38 and 39 
provides base bias for transistors 35 and 36 
when a current flows in the diodes derived 115 
from a second current source transistor 40. 

The magnitude of bias current through the 
diodes 37, 38 and 39 is not critical for pro­
viding base voltage to transistors 35 and 36. 
However, by biasing transistor 40 from diode 120 
21" as is the case of transistor 13" in 
FIGURE 2, the current in diodes 37, 38 
and 39 can be made to track the currents in 
all the other transistors. 

A start circuit including transistor 41' is 125 
included to provide start current as described 
in reference to FIGURE 2. A low bias current 
can be set for low dissipation operation when 
all the other transistors are so operated and 
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conversely a high curr~nt for high current 
operation. 

Transistors 35 and 36 are coupicd to the 
output terminal 27" by means of a diode 

S 25"-transistor 26" composite as described 
with respect to FIGt;RE 1 to drive a load 
in au unbalanced manner, when connected 
between terminal 27" and a potential refer­
ence. The ampiifier is characterized as having 

10 a transconductance gain factor since the volt­
age gain is determined by the external load 
used. Such operation establishes an additional 
degree of freedom for rhc user gremly in­
creasing the range of applicability to diverse 

15 function problems. 

WHAT WE CLAIM IS: -
1. An amplifier having a first differential 

amplifier compris;ng first and second tran­
sistors with their emitter electrodes coupled 

20 in common to a first source of direct current, 
their base electrodes coupled to outputs of 
respective input amplifier stages and their 
collector electrodes provided terminals for ex­
traction of signal and application of operating 

25 potential; a third transistor connected as a 
common-emitter amplifier stage coupling 
said emitter electrode of said first transistor 
to its said base electrode; and a fourth tran­
sistor connected as a common--cmitter ampli-

30 fier stage coupling ~aid emitter electrode of 
said second transistor to its said base elec­
trode; there being means coupling the b:1se 
electrodes of said third and fourth transistors 
together. 

35 2. An amplifier as claimed in claim l_, 
wherein said :first source of direct current 
comprises a scmicomluctor rectifier connected 
in parallel with the emitter to base junctions 
of said third and fourth transistors between 

40 a source of operating potential and said coupl­
ing to said emitter electrodes of said first 
and second transistors. 

3. An amplifier as claimed in claim 1 or 2, 
wherein said first and second signal sources 

45 comprise fifth and sixth transistors each in an 
amplifier configuration with signal input 
across its base-emitter junction and signal 
output provided from its collector electrode, 
said third and fifth transistors being opposite 

SO conductivity types and having their collector­
to-emittcr current paths connected in series, 
and said fourth and sixth transistors being 
opposite conductivity types having their col­
lector-to-emitter paths connected in series. 

55 4. An amplifier as claimed in claim 3, 
wherein said fifth and sixth transistors have 
their emitter electrodes coupled to each other 
and to a current source and have signal input 
across their base electrodes. 

60 5. An amplifier as claimed in claim 3, 
wherein seventh and eighth transistors of 
same conductivity type as said fifth and sixth 
transistors have their emitter electrodes 
coupled to each other and to a junction point 

coupling to a currcnt source, kvc signal 65 
input across their base electrodes, and have 
their respective collector electrodes coupled 
to scpamtc emitter electrodes of said fifth and 
sixth t.mnsistors; and having a voltage re­
gulator coupling the base electrodes of said 70 
fifth and sixth transistors to snid junction 
point, said voltage l'egulator providing 
po1cntial otfrct proportional to and approxi­
inatcly twici! that of a forward biased semi-
conductor junction. 75 

6. An amplifier as claimed in claim 5, 
wherein each of su!d seventh and eighth 
transistors is a high-beta transistor having 
a breakdown on the order of 1 volt. 

7. An amplifier as claimed in claim 5 or 80 
6, whcrc.:in said volt:::g.~ regulator comprises 
two semiconductor rectifiers in ~cries. 

8. An :~mpiificr as claimed in any cf the 
prcviou:; claims, wherein said collector elec­
trode of said second transistor is coupled 85 
through a first common-base transistor ampli-
fier to its load. 

9. An ampiifici· as daimcd in any of the 
pr;;yious daims, wherein said collector elec­
trode of said first transistor is coupled through 90 
a second common-base transistor amplifier to 
its load, said first anc.l second commo:i--basc 
amplifier transistors h:iving their base elec­
trodes connected to a single bias potential 
soarce. 95 

10. An amplifier as daimcd in :my (!f the 
prior ciaims, havjng a current amplifier hav-
ir1g a Gignal transfer factor subst~ntia!ly equnl 
to --1, having input coupled from the col·· 
lcctor electrode of said first tra:1sistor, an:l 100 
delivering ou1put coupled to an output ter­
minal to which s:iid collector electrode of said 
s::'.cond uansistor is also coupled. 

l l. An m~1plilicr. as claimed in claim 10, 
ming a cnrrent-amplificr transistor having a 105 
semiconductor rectifier coupled in pcral!d 
with its b::isc-cmitter junction, the emitter 
c;ectrode of said current amplifier trnnsistor 
being connected to a reference potential, the 
b:1~c cl£"ctroc!c of said current-amplifier tran- 110 
~istor being coupled to receive input currc!1t 
:;ignals from the collector electrndc of said 
first transistor, the collector electrodes of said 
cwTenHimpEfier and second transistors being 
CGuplcd to a terminal from which outpat 115 
signals may be taken. 

12. An amplifier as claimed in any of the 
prior claims, wherein of said couplings not 
specified as being otherwise at least one com-
prises a direct connection. 120 

13. An amplifier comprising first and 
!>econd transistors of a first conductivity type 
and connected as an emitter-coupled differ­
ential amplifier; third and fourth transistors 
of a second conductivity type and each con- 125 
nected as a common-emitter amplifier, the 
collector electrodes of said first and said 
third transistors being direct current con­
ductively coupled together, the collector eke-
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conversely a high curr~ri: for high cu~·r·.:!nt 
operation. 

T ransistc-rs 3 5 and 3 6 '1re co'..lpicd to the 
output terminal 27'' b•: means of a diode 
25" -transistor 26" con1Fosit~ as dcs.::ribed 
with respect to FIGCRE i to drfre a load 
in an unbalanced man;~.:!::. when ccnne.:ted 
between terminal 27" ::u~.:( a cotentiai refer­
ence. The ampiifier is cl:.:.~:":tc~izcd as h:lving 
a transconduc;:ance gain fa.:tor since the volt­
age g:::iin is d~termi:1cd t·:• the external load 
used. Such operation est::.ci:shes an additional 
degree of frcdom for ::1e user gre:itl:i: in­
creasing the rimge of appli.:ability to divc?"sc 
function problems. 

WHAT WE CLAL\l IS:-
1. .A.n an1pHficr havil:.:; ~"i first dificr~::tial 

amplifier co1'11prising firs-r ::!nd second tran­
sistors with thdr emitter (:~cctrodes C·.)up!c<l 
in common to a first Sl'Ur .:e of direct ct.irr<!nt, 
their base ekctrndes Ce>':..:Fkd tu outputs of 
respective input nn1pli1~e: st~ges nnd ui.cii 
collector elect::odc:s provi-i~.:! terminals fer ex­
traction of signal and ;:;pj:':ic.:nion cf opcrmi:1g 
potei1tial; a third ~rcn1sis:0r connected ::is a 
common-emitter amp!i11.:::: stage cot!pling 
said emitter electrode of ~:i.iJ first tr:::nsistor 
to its said base elcctr:>c~: :md a four1h tr::m­
sistor conne.::d as a cc·r:~:.::0::--cmitter ampli­
fier stage coi.:pling said er.1ittcr electrode of 
said second transistor ~o irs said base elec­
trode; there being mear:.s coupling the b~se 
electrodes of said th:rd ::md. fourth transistors 
together. 

2. An amplifier as clr.imcd in claim 1, 
wherein said first sour..:e of direct current 
co:11prises a 5..;n~iconductc: ~·ecdtier cor.1~ected 
in paraliel with the emir:er to base junctions 
of said third ::md fou:~h :rnnsistors be•.ween 
a source of op::rating pcte::::ial and said coupl­
ing to said l!mitter c!cctr0dcs of s~id first 
and second transistors. 

3. An amplifier as clai::1ed in claim 1 or 2, 
wherein said first and 5ccond signal sources 
comorise fifth and sixth transistors each in an 
ampiifier c•.}nfigurntion with signal input 
across its r.~,~e-cmitt.::•· iu:'lction and signal 
output provid..:!d from it~ collector electrode, 
said third a;!:! fr:'th trami;,.:.rs being 0pposite 
condu~tiviry types ar•d, h:r>ing their ~ollect?r­
to-emmer current patn:; co:mected 11t ~..:!rtes, 
and said fourth and six:h transistors being 
opposite conductivity types having their col­
lector-to-emi aer paths c0nnectcd in series. 

4. An amplifier as claimed in claim 3, 
wherein said fifth and sixth transistors have 
their emitter electrcdes coupled to each other 
and to a current source anj have signal i:!put 
across their base electrodes. 

5. An amplifier as claimed in claim 3, 
wherein seventh and eighth transistors of 
same conductivity type as~ said fifth and sixth 
transistors have their emitter electrodes 
coupled to each other and to a junction point 

I IJlll~ 1111~ 11~1111(11/ IJll 

coupling to a curr~nt source, h.:r·~'.,'! signal 
input across their base electrodes, and have 
their respective coliector cl-ectrodcs coupled 
t? s.ep1::atc .emitter elecrrod~s of said fifth and 
s1xtn uans:stors; :-:ad havmg a voltage re­
gulator coupling u'i;! base electrodes of said 
fifth a:;.d sixth transistors to s~id junction 
point, s3id voltage regulawr providing 
potential offoet propcrtiona! to and approxi­
mate!': twice that of a fo:·ward biased semi­
comhicmr junction. 

6. .:\n ::.mplifier a3 claimed in claim 5, 
whereb each of s;:!J sc:ven;:h and eighth 
transis:0rs is a high-beta transistor having 
a break.down on tl-:e order of i volt. 

7. :\n arnplifier as claimed i:1 claim 5 or 
6, 'Shcr~in said vcilt~g? reg:1lator . co1npriscs 
nvo sem1conductor recufiers H1 .;;:r~cs. 

S. A:1 :implifier a.:; claim~d in any cf the 
pr(~vic·:..!~ clai1ns, \Vf:f:r..:jn said coHec!or elec­
trode 0f said. second transistor is couoled 
through a first con11-:1on.-l .... a~e 1ransistt~r an1pli­
ficr !\) its load. 

9. ~.\:1 n111pliti~~· ~s ciaini~d in nny of the 
pr.;~·ious claims, wi:crcin said collector elec­
trode of said first transistor is coupled through 
a second comm011-basc transistor amplifier to 
its load, said first and second C·Jmmon-base 
amplifier trans!stcr.; having their base e!ec­
trodes coim::cted w a single bias potential 
sour\:~. 

10. :\a amp!ifar cs c:k.im;;d in ::ir.y of the 
prior claims, having :i current :;mplifier hav­
ing a sipal transf~r factor subst~,mially equrrl 
to --1, having input coupk~d from the col-· 
!C'cror c!ectrode of said first tr::nsistor, and 
delivering our put coupled to an output ter­
min,i.l to which s:?i.i collector el·xtrodc of said 
sccon J rransistor is a!so coupled. 

11.. _.\n n1~1pl!li-:" .:ts daim,:d in claim 10, 
ming a current-ampEfi:~r transistor having a 
scmico::duetcr r;;..:::ii:i.er coupled in pr.ral!cl 
with its base-emit•er junction, the emitter 
e1cctr,'dc of saic! n;rrwt ampiiiicr m:nsistor 
b~in5 .:0.mened to a reference potential, the 
b~se ..:[cctrod;;: of s;jd rnrrc:it-u:nplifier tran­
~islor b.~ing coupled to receive input current 
s~~na!·; from the ·:oliccto! electrode of said 
firsr <rnnsisror, th,~ col!~ctor electrodes of said 
cua:!n~ -r.mrilificr a:1J second transistors being 
ccn;.iJkd to a termir:ai from whi·:h output 
signal> :nay be taken. 

12. An amolificr as dain.1i!d in any of the 
prior claims, ·wherein of said couplings not 
specified as being otherwise at k::.st one com­
prises ::i direct connection. 

13. An amplifier comprising first and 
second transistors of a first conductivity type 
and cor!nected as an emitter-coupled differ­
ential amplifier; third and fourth transistors 
of a second conductivity type and each con­
nected as a common-emitter amplifier, the 
coUector electrodes of said first and said 
third transistors being direct current con­
ductively coupled together, the collector elcc-
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trodes of said second and said fourth tran­
sistors being direct current conductively 
coupled together, the base electrodes of said 
third and said fourth transistors each being 

5 direct-current conductively coupled from 
their respective own collector electrodes; fifth 
and sixth transistors of said second con·· 
ductivity type and each connected as a 
common-emitter amplifier, the base electrodes 

10 of said fifth and said sxith transistors each 
being direct current conductively coupled to 
separate ones of the collector electrodes of 
said first and said second transistors; and 
seventh and eighth transistors of said first 

15 conductivity type each connected as a 
common-emitter transistor amplifier, the col­
lector electrodes of said fifth and said seventh 
transistors being direct current conductively 
coupled together, the collector electrodes of 

20 said sixth and said eighth transistors each 
being direct current conductively coupled to 
a first terminal to provide output signals in 
response to input signals applied between the 
base electrodes of said first and said second 

25 transistors, the base electrodes of said seventh 
and said eighth transistors each being direct 
current conductively coupled to the collector 
electrode of said seventh transistor, the 
emitter electrodes of said transistors of first 

.30 conductivity type direct current conductively 
coup!cd to a second terminal suitable for 
application of a first operating potential, the 
emitter electrodes of said transistors of said 
second conductivity type direct current con-

35 ductively coupled to a third terminal suitable 
for application second operating potential. 

14. An amplifier as claimed in claim 13, 
wherein said coupling of said base electrode 
of said third transistor from its said collector 

40 electrode is via the base-emiaer junction of 
said fifth transistor and said coupling of said 
base electrode of said fourth transistor from 
its said co11ector electrode is via the base­
emitter junction of said sixth transistor. 

45 15. An amplifier as claimed in claim 14, 
wherein a semiconductor rectifier poled for 
forward conduction connects the interconnec­
tion of the emitter electrodes of said fifth and 

said sixth transistors to said second terminal. 
16. An amplifier as claimed in any of 50 

claims 13-15, wherein said direct current 
conductive coupling of said col1cctor electrode 
of said sixth transistor to said first terminal 
is via a common-base amplifier. 

17. An amplifier as claimed in any of 55 
claims 13-16, wherein said direct current 
conductive coupling of said collector electrode 
of said fifth transistor is via a common-base 
amplifier to said collector electrode of said 
seventh transistor. 60 

18. An amplifier comprising a first differ­
ential amplifier having two emitter-coupled 
transistors of one conductivity type, and a 
second, input differential amplifier having two 
emitter-coupled transistors of the opposite 65 
conductivity type and constituting input 
amplifier stages, the outputs of the latter 
being individually coupled to the base inputs 
of the former transistors, and a load transistor 
of the one conductivity type for each of the 70 
latter transistors, connected thereto collector­
towards-collector, the emitters and the bases 
of the two load transistors being commoned, 
both emitters being connected to a reference 
potential for common emitter operation, and 75 
both bases being connected to the coupled 
together emitters of the first differential 
amplifier, for degeneration of common mode 
signals but not of differential mode signals. 

19. An amplifier as claimed in claim 18 80 
wherein the two outputs of the first differ­
ential amplifier are commoncd, by subjection 
of one of them to a ( -1) times buffer 
amplification. 

20. A differential amplifier including 85 
current regulating means for the differential 
input stage, substantially as hereinbefore des­
cribed in conjunction with Figure 1 or Fig-
ure 2 or Figure 3 of the accompanying draw-
ing. 90 
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