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(54) OPERATIONAL AMPLIFIER

an We, RCA CorPORATION, formerly
Radio Corporation of America, a corporation
organized under the laws of the State of
Delaware, United Statc of America, of 30
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-
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-
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
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
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-
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
application. However, the voltage gain, as
well as the frequency response characteristic
places strict limits on the adaptability to
various applications duc to the possibility of
instability or self-oscillation.

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
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
upon because amplificrs usually have a load
resistor integral to the amplifier which defined
the available voltage gain.

For a high level of voltage gain, a large-
valuc load resistor is conventionally used.
Howcver, this generaily requires  higher
supply voltages which has the disadvantage
of increasing device power consumption. For
integrated circuits, large resistors in norm-
ally critical circuit areas such as collector
loads also would require the “base-diffusion
resistor”. The physical size of this integrated
resistor is directly proportional to its value.
Thus, a large value resistor of this kind would
use morc area and incrcase the cost of the
final integrated circuit.

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

A differential amplifier incorporating the
principles of the present invention preferably
uscs an active load for input differential
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 voliage gain with low
power consumption.

To accomplish this objective, an opera-
tional asmplifier has 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
amplifier stage currents. Voltage gain is deter-
mined by an externally cennected load re-
sistor in addition to the control on transistor
operating current. High common mode re-
jecticn is exhibited by the circuit.

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
current, their basc electrodes coupled to out-
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puts of respective input amplifier stages and
their collector electrodes provided terminals
for cxtraction of signal and application of
cperating potential; a third tramsistor "con-
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 emitier
clectrode of said second transistor to its said
base electrode; there being means coupling
the base electrodes of said third and fourth
transisters together.

In the accompanying drawings:

FIGURE 1 is a schematic circuit diagram
of a differential amplifier embodying the
principles of the present invention;

FIGURE 2 is a schematic diagram of the
differential amplifier of FIGURE 1 including
a high gain input amplifier stage- and biasing
network: and

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

Referring to the drawings, and more par-
ticularly to FIGURE 1, all of the elements
shown within the dashed rectangle 10 are
formed as an integrated circuit on a- single
semicenductor wafer. The integrated circuit
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 diods 18. An- external source of
curreat, not shown, may be coupled between
terminal 19 and common terminal 20 to
nstablish a voltage across diode 21, the diode
21 being connccted between the base and
cmitter clectrodes of tramsistor 13.

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
electrical characteristics will be accurately
matched. If the transistor 13 and diode 21
are cqual area devices as fabricated on a

single semiconductor wafer, the cmitter
current injections into the base regions will
be equal.

The current flow which forward biases
transistor 13 and diode 21 cstablishes equal
base-emitter voltage drops and, therefore,
equal emitter currents. The emitter current
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 cmitter current of diode
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 between terminal 19
and 20 and the current in the collector of

transistor 13- 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
between terminal 19 and common reference
terminal 20.

The combination of a diede connected
transistor beiween the base and emitter elec-
trodes of a second transistor will be referred
to as- a diede-transistor composite. The volt-
age drop developed between the base and
cmitter clectrodes of a transistor when the
transistor is subjected to a significant forward
bias current will herein be referred to as

bew

The collecior current of transisior 13 is
supplied to the cmitter clectrodes of tran-
sistors. 11 and 12. The current will divide
between. the transistors 11 and 12, depend-
ing upen the difference of signal input volt-
ages applicd to the base electrodes of tran-
sistors 11 and 12 via input terminals 22. and
23, respectively. If the voltages applied to
the input terminals 22 and 23 are equal, the
current supplied by the transistor 13 will
divide cqually betweea the transistors 11. and
12. That is because the transistors 11 and. 12
also have equal characteristics since they are
fabricated in the same integrated. circuit chip
&t ‘the same time.

The active load circuit comprising tran-
sistors 14, 15, 16 and 17 connects the col-
lector. electrodes of transisters 11 and: 12 to-a
source of operating potential (not shown) con-
nected between terminal 24 and 20. Tran-
sistors 14, 15, 16 and 17 are oppesite con~
ductivity types compared to transistors 11 and
12

The transistors 14 and 15 are connected
in serics with transisters 11 and 12 respec:
ively., The transistors 16 and 17 which are
counected in a differential corfiguratien, have
their cmitter elecirodes connected in common
to- the base clectrodes of transistors 14 and
15, and through a diede connected transistor
18 to the eperating potential supply terminal
24, The basc clectrodes of the transistors 16
and 17 arc connccted respectively to- the col-
lector electrodes of transistors 11 and 12.

The cellector clectrode of transistor 16 is
connected through a diode connected tran-
sistor 25 to the reference terminal 20. The
diode 25 is connected between the base and
critter electrodes of an output transisior 26.
The transistor 26 and the transistor 17 which
arc opposite conductivity types are connected
in series, and an output terminal 27 is con-
nected 0 the collector clectrodes of these
transistors.

The connection of the transistors 14, 16,
15 and 17 provides a mechanism whereby
the conduciances of transistors 14 and 15 are
automatically sct to accommodate the current
from transistor 13, which is cstablished by
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the cxternal 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
as- functions- of the current through: transistors
11 and. 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
15- does. not change appreciably.. The
collector-to-emitter voltage of transistor 14
is 2Vy.., which is the sum of. the voltage across
the base-emitter junctions of transistors 14
andi 16; Similarly, the collector-to-emitter
voltage of tranmsistor 15 is. 2V, due to the
voltage across the base-cmitter junctions of
transistors 15 and 17. As a result, insignificant
common. mode. signal voltage is developed
across. transistors: 14 and 15. This degenera-
tion is ineffective for differential mode
signals, because the bases of transistors 14
and 1§ are. commoned, and thus cannot com-
municate the two opposite signals of a
differential mode.

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
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. As. a result, the collector im-
pedance of transistors 14 and 15 to differ~
ential mede currents is very high, and- sub-
stantially ail of the differential mode current
flows through the base-emitter paths of tran-
sistors 16: and. 17..

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

As mentiened above, trapsistors 16 and
17 arc connected. with their emitters in
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
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. traosistor 15.

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
made twice the junction area of transistor

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

By way of cxample, if a two microampere
bias current is established in diode 21, ome
microampere will flow in cach 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-
emitter junction area of transistor 14 and 15
and. series connected with transistors 16 and
17, the current in diode 18 is two micro-
amperes and equals the sum of one micro-
ampere in cach of the transistors 16 and 17.

The transistor connected as a diode 25
and transistor 26 form a diode-transistor com-
positc having a current gain of unity. Equal
quiescent currents flowing from the collectors
of transistors 16 and 17 establish a collector
current in transistor 26 cqual 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
and 26 is then coupled to an output terminal
27 which is connected in common to the
collectors of transistors 17 and 26.

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

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-
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.,) of that pertion
of the differential amplifier including only
transistors 11 and 12 is

39X I, mho
2

gn=

where I. is the emitter current for one of
the transistors 11 and 12 in amperes;

and where the. transconductance is defined as
the change in one collector output current for
a change in voltage between terminals 22 and
23..

Since the differential collector current flows
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 amnlifier. The output current of
rransistor 16 flows through the diode 25 to
develop an cqual 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:

gn=39 B I, mho

where 8 is the beta of transistors 16 and 17,
and 1. is the cmitter current of one of tran-
sistors 11 and 12.

An cxample of the amplifier transcon-
ductance available at a transistor 11 current
of 1 microampere, if the beta of transistor 16
cquals 50 is:

8n=39X 50X 1% 10 mho=1950 micro mho.

The voltage gain is then simply output volt-
age divided by input voltage or:

Vo
"""—-=gm R.h
Vi

where R, is the output foad resistance con-
nected to terminal 27.

The maximum common mode input which
upsets the operation of the differential ampli-
fier input stage is determined by the sustain-
ing wvolisge characteristics of the current
source comprising transister 13 and the re-
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
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 positive source
voltage at terminal 24 minus 1.4 Volts with-
out upsetting differential amplifier operation.

Mazimum 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-
tive operation.

FIGURE 2 shows a diffcrential amplifier
including cascode connected pairs of tran-
sistors 28, 29 and 30, 31 which provide im-
proved common mode rejection and improved
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
of 1000 and very low collector to cmitter
breakdown voltages of the order of onc volt.
In conventional higher voltage transistors, the
beta of the transistor is substantially constant
as a function of collector voltage in the low
voltage range of operation. However, at higher
voltages in the range of values approaching
V.eos» collector current is both a function of

base currcnt and also collector voltage. V.,
is defined as the collector-to-cmitter break-
down voltage with the base clectrode open
circuit and unconnected.

Transistors in general are charactcrized by
a collector-to-base leakage current propor-
tional to the collector to base voltage for
values less than 50 millivelt. This collector-
to-basc leakage characteristic contributes to
poor noisc performance for small signal in-
puts and has an undesirable temperature de-
pendence characteristic.

Poor noise perfortnance and temperature
dependence is suppressed by a unique bias
circuit which not only establishes a relatively
fixed low collector voltage for operation of
transistors 28 and 30 but cstablishes essenii-
ally zero collector to base voltage in transistors
28 and 30, such that the collector to base
loakage current is also rcduced to zcro. Noise
performance is greatly cnhanced and use of
the high beta transistor is, thercfore, possible
in the mput stage of an operational ampli-
fier.

Transistors 28, 29 and 30, 31 arc cascode
connected wherein 28 and 30 arc operated
common cmitter deriving emitter current from
sourcc transistor 13’ which may be similar
to that described in FIGURE 1. Transistors
29 and 31 arc operated common basc where-
in the Dbase clectrodes are returned to the
emittcrs of transistors 28 and 30 through a
bias supply comprising transistors 32 and 33
coapected as diodes. The collector output of
transistors 29 and 31 is coupled to a load
circuit comprising transistors 147, 15", 16/,
17’, and 18’ similar to that described in
FIGURE 1.

Diodes 32 and 33 are forward biased and
develop 2V, of bias between the commonly
connccted base clectrodes of transistors 29
and 31 and thc emitters of transistors 28 and
30. The voltage drop across the base-cmitter
junction of tramsistors 29 and 31 is onc Vi,
sc that one V,, is developed between the col-
lector and emitier electrodes of transistors 28
and 30. The transistors 28 and 30 arc biased
10 conduct so that onec V), of forward bias
voltage is devcloped between the base and
cmitter clectrodes thercof., Negligible voltage
then appears between the collector and basc
of transistors 28 and 30 resulting in very low
lcakage current as discussed above.

To minimize the voltage between the col-
Jector and base clectrodes of transistors 28
and 30, the basc-emitter junction arcas of
transisters 29, 31 and 33 arc made equal
and processed identically, and transistor 32
is a high beta and low breakdown device of
cqual arca and processed identically to high
beta transistors 28 and 30. The average
currents passed through the two paths 28,
29 and 30, 31 are cach made equal to the
current through diodes 33, 32.

The V,, voltage drops across coliector-to-

60

65

70

80

&5

%0

100

105

110

115

120



015

1,274,672

10

15

20

25

30

35

45

50

55

60

65

emitter of transistors 28, 30 are equal to one
Vie voltage drop as developed across ultra
high beta transistor 32. Since the base-to-
emitter voltage of transistors 28 and 30 is
also equal to the V;, 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
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-
lishes the current flowing through diodes 32
and 33 which must also flow into source
transistor 13/, Therefore, the base-emitter
junction of source transistor 13/ is made 50
percent larger in area than transistor 13 as
described in FIGURE 1 because it must
supply 50 percent more current.

With 3 microamperes flowing in transistor
13’, one micrcampere flows in each of the
transistors 28 and 30 and in diode 32. The
current in transistor 14’ and 157 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.

The transistor 34 base-cmitter 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-
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-
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
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
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’
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
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
need only be so small that it need not inter-

fere 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’
may be nearly as large as thc power supply
voltage used without affecting the operation
of the amplifier as previously described.

With a high beta input transistor, input
impedances are correspondingly higher such
that higher emitter current may be developed
in a given application and, therefore, higher
transconductance may be established con-
sistent with the high emitter current. Betas
in the range of 1000 have been attained with
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-
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
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
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
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 differentjal halves will be pre-
served.

FIGURE 3 shows an additional pair of
cascode connections of transistors 16’/ and
17’7 with transistors 35 and 36 to establish
constant collector-to-emitter voltage in tran-
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
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
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
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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operation.

Transistors 35 and 36 arc coupied to the
output terminal 27’7 by means of a diode
257 -transisior 26’/ composite as described
with respect to FIGURE 1 to drive a load
in an unbalanced manner, when connected
between tcrminal 27’/ and a potential refer-
ence. The amplifier is characterized as having
a transconductance gain factor since the volt-
age gain is determined Ly the extcrnal load
used. Such operation establishes an additional
degree of frecdom for the user greatly in-
creasing the range of applicability to diverse
function problems.

current

WHAT WE CLAIM 1§:—

i. An amplificr having a first differential
amplifier comprising first and second tran-
sistors with their emitter clectrodes coupled
in comimon to a first source of direct current,
their base electrodes coupled to outputs of
respective input amplifier stages and their
collector clectrodes provided terminals for ex-
traction of signal and application of operating
potential; a third transister connected as a
common-emitter amplifier stage coupling
said emitter clectrode of said first transistor
to its said base electzode; and a fourth tran-
sistor connected as a comimon-cmitter ampli-
fler stage coupling said emitier clectrode of
said second transistor to its said base clec-
trode; there being means coupling the base
electrodes of said third and fourth transistors
together.

2. An amplifier as claimed in claim 1,
wherein said first source of direct current
comprises a semiconductor rectifier connected
in paraliel with the cmitter to base junctions
of said third and fourth transistors between
a source of operating potential and said coupl-
ing to said cmitter electrodes of said first
and second transistors.

3. An amplifier as claimed in claim 1 or 2,
wherein said first and sccond signal sources
comprise fifth and sixth transistors cach in an
amplifier configuration with signal input
across its basc-cmitter junction and signal
output provided from its collector clectrode,
said third and fifth transistors being opposite
conductivity types and having their collector-
to-emitter cusrent paths connected in series,
and said fourth and sixth transistors being
opposite conductivity types having their col-
lector-to-emitter paths connected in series.

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

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

coupling to a cwrent source, have signal
input across their base electrodes, and have
their respective collector clectrodes coupled
to separate ciitter clectrodes of said fifth and
sixth transistors; and having a voltage re-
gulator coupling the base clectrodes of said
fifth and sixth transistors to said junction
point, said woltage 1egulator providing
potential oifset proportional to and approxi-
mately twice that of a forward biased semi-
conductor junction.

6. An gmplifier as claimed in claim 5,
wherein each of suid seventh and cighth
transistors is a high-beta transistor having
a breakdown on the order of 1 wvolt.

7. An amplifier as claimed in claim 5 or
6, wherein said voltage regulator comprises
two semiconductor reciifiers in serics.

8. An amplificr as claimed in any of the
previous claims, wherein said coilector elce-
trode of said sccond transistor is ceupled
through a first comuon-base transistor ampli-
fier w0 its load.

9. An ampiifier as claimed in any of the
previous claims, wherein said collector clec-
trode of said first transistor is coupled through
a second common-base transistor amplifier to
its load, said first and second common-base
amplifier transistors having their basc clec-
trodes connected to a single bias potential
soulrce.

10. An amplificr as claimed in any of the
prior claims, having a current amplifier hav-
mg a signal transfer factor substontially cqual
to —1, having input coupled from the col-
lector clectrode of said first transistor, and
delivering outpur coupled to an oufput ter-
tinal to which said collecter clectrode of said
sccond trapsistor is also coupled.

11. An amplificr as claimed in claim 10,
using a current-amplifier transistor having a
semiconducicr rectifier coupled in  paralle
with its basc-cmitier junction, the emitter
ciectrode of said current amplifier transistor
being connected to a reference potential, the
base clectrode of said currcent-amplifier iran-
sistor being coupled to reccive input currcat
signals from the collector clectrode of said
t transistor, the collector electrodes of said
current-amplificr and second transistors being
coupled to a terminal from which output
signals may be taken.

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

13. An amplifier comprising first and
second transistors of a first conductivity type
and connected as an cmitter-coupled differ-
cntial amplifier; third and fourth transistors
of a sccond conductivity type and cach con-
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 clec-
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and cighth transistors of
said fifth and sixth
emitter  electrodes
t0 a3 junction point

wherein seventh
same conductivity type as
transistors have their

coupled to each other and

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 elec-

6 120672 6
conversely a nigh curren: for high current  coupling to a current source, have signal 65 ‘{-
operation. input across their base electrodes, and have '

Transisters 5 and 36 arc coupled to the their respeciive collector electrodes coupled
output terminal 27/ by « ears of a diode 10 separale critter electrodes of said fifth and

5§ 25’/-transistor 26’ cOmpo stc as described xth ransistors; and havi mg a voltage re-
with respect to FIGURE 1 to drive a load gulator coupling the base elecirodes of said 70
in an unbalanced manner, when connecied fifth and sixth transistors to sa2id junction
between terminal 27/ and a potential refer- point, said voltage regulater providing
ence. The ampiifier is characterized as having  poteatial offset prnncrt'cnzﬂ to and approxi-

10 a transconductance gain factor since the volt-  matelv twice that of a forward biased semi-
age gain is dstermined bv the external load  conductor )uncno 5
used. Such cperation estzbiishes an addmonal 6. An zmplifier a5 claimed in claim 5,
degree of freedom for user greauly im-  wherein each of siid sevemth and eighth
creasing the range of a :ability to diverse transistors is a high-beta transistor having

15 function problems. a breakdown on the order of 1 volt.

An amplifier as claimed in claim S or 80
WHAT WE CLAIM IS 6, wherein said velrage regulator comprises
1. An amplifier having 3 ﬁrs'. differestial  two semiconductor reciifiers in serics
amphﬂer coimprising first 2ad second tran- 8. A amplitier a3 claimed in any of the
sistors with their emiteer clectrodes coupled  previous claims, wherein said collector elec-

20 in common to a first source of direct current, trode o*' said second tramsistor is coupled 85
their base el cirodes co o outputs of through a first common-base transistor amplx-
respective input ampiiil and their fier m its load.
collector elcc::*a;s provi terminals fer ex- 9. An lllpilh roas c‘;aimcd in any of the
traction of signal and application of operat ing previous claims, wherein said collector clec-

25 powential; a third transis connected 2s a  trode of said first tra nslstor is coupled through 90
common-emitiar  ampii stugc coupli a second commoit-base transistor amplifier to
said emitter electrode of :zaid first twansistor dts load, said first n.(. second common-hase
to its said base electrade: and a fourth tran- :\.mphher transisters having their base elec-
sistor connecied as a common-emitter ampli-  trodes connecte J t a single bias potential

30 fier stage coupling said emitter clectrode of  source. 95
said second transistor ¢ it said basz clec- 10. An amplifier as claimed in any of the
trode; there being means coupling the base prior ciaims, havin ng 2 current amplifier hav-
electrodes of said third and fourth transistors g a signal transfzr factor substondally equal
together. o —-1, having input coupled from the col-

35 2. An amplifier as claimed in claim 1, lector clec trode of said first transistor, and 100
wherein said first source of dirsct current d\hwmg outpur coupled to an output ter-
comprises a semiconducior reciifier cormected  minal to which said collecter clzctrode of said
in parallel with the emirter to base junctions sccond T ans:smr is also coupled
of said third and fourth rransistors bevween 11, as claimed in claim 10,

40 a source of oz\crat‘ng potaniial and said coupl-  wsing aplifier transistor having a 105
ing to said emiuter ciectrodes of soid first  semicenducicr reciifier coupled in parallel
and second transistors. with iis basc-cmitier junction, the emitter

3. An amplifier as claimed in claim 1 or 2, clectrode of said currant ampiificr wransistor
wherein said first and second signal sources iweing coanected to a reference potential, the

45 comprise fifth and sixth transistors each in an  base clectrode of '-id current-amplifier tran- 110
amplifier configuration with signal input sisior being coupled to receive input current
across its bose-emitter innction and signal  simnals from the collecior clectrode of said
output provided from its collector ulutmae, first transistor, the cellector electrodes of said
said third and fillh transiszors being © '\pposx currens-amnlifier n’. second transisiors being

50 conductivity types and having their collector- coupled to a terminal from whith outpur 115
to-emitter current paths comnected in series, 51gn:x'~ may be taken
and said fourth and sixsh transistors being An amplifier as s claimed in any of the
opposite conductivity tvpes having their col- pnor claims, wherein of sa aid couplmgs not
lector-to-emiiter paihs ¢ o::mctcd in series.  specified as being otherwisc at least one com-

55 4. An amplifier as claimed in claim 3, prises a direct connection. 120
wherein said fifth and sixth transistors have 13. An amp]iﬁer comprising first and
their emitter electrodes coupled to cach other  second transistors of a first conductivity type
and to a current source and have signal input  and connected as an emiter-coupled differ-
across their base electrodes. cntial amplifier; third and fourth transistors

60 5. An amplifier as claimed in claim 3, of a second conductivity type and each con- 125
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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
direct-current conductively coupled from
their respective own collector electrodes; fifth
and sixth transistors of said second con-
ductivity type and ecach connected as a
common-emitter amplifier, the base clectrodes
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 sccond transistors; and
seventh and ecighth transistors of said first
conductivity type each connected as a
common-cmitter transistor amplifier, the col-
lector electrodes of said fifth and said seventh
transistors being direct current conductively
coupled together, the collector electrodes of
said sixth and said eighth transistors each
being dircct current conductively coupled to
a first terminal to provide output signals in
responsc to input signals applied between the
base electrodes of said first and said second
transistors, the base electrodes of said seventh
and said cighth transistors cach being direct
current conductively coupled to the collector
electrode of said seventh tranmsistor, the
emitter clectrodes of said transistors of first
conductivity type direct current conductively
coupled to a second terminal suitable for
application of a first operating potential, the
emitter electrodes of said transistors of said
second conductivity type dircct current con-
ductively coupled to a third terminal suftable
for application second operating potential.

14. An amplifier as claimed in claim 13,
wherein said coupling of said base clectrode
of said third transistor from its said collector
electrode is via the basc-cmiiter junction of
said fifth transistor and said coupling of said
base electrode of said fourth transistor from
its said collector electrode is via the base-
cmitter junction of said sixth transistor.

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
claims 13~15, wherein said direct current
conductive coupling of said collector clectrode
of said sixth transistor to said first terminal
is via & common-basec amplifier.

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

18. An amplifier comprising a first differ-
ential amplifier having two emitter-coupled
transistors of one conductivity type, and a
sccond, input differential amplifier having two
emitter-coupled transistors of the opposite
conductivity type and constituting Input
amplifier stages, the outputs of the latter
being individually coupled to the base inputs
of the former transistors, and 4 load transistor
of the one conductivity type for cach of the
latter transistors, connected thereto collector-
towards-collector, the cmitters and the bases
of the 1wo load transistors being commoned,
both emitters being connected to a reference
potential for common cmitter operation, and
both bases being connccted to the coupled
together cmitters 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
wherein the two outputs of the first differ-
ential amplifier are commoned, by subjection
of one of them to a (—1) times buffer
amplification.

20. A differential amplifier including
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.
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