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(71)   We, RCA CORPORATION, a  constant current source (or sink) transistor
Corporation organized under the laws of  associated with the differential
amplifier the State of Delaware, United States of  transistor is replaced
by a "[err]" network America, of 30 Rockefeller Plaza, City and  including
a resistor connected between the 5   State of New York 10020, United States
of  emitters of the differential transistors and a  55 America, do hereby
declare the invention,  further pair of current generator transistors for
which we pray that a patent may be  each coupled between the emitter of one
of granted to us, and the method by which it is  the differential
transistors and a reference to be performed, to be particularly  voltage
point. The current generator 10   described in and by the following
transistors are driven by a single-ended-  60 statement:-
voltage-to-differential-current feedback This invention  relates to
feedback  stage to provide the desired stabilizing stabilized signal
amplification circuits and,  negative feedback from  the amplifier in
particular, to an amplifier which is  output. While such a configuration 15
suitable for use as an audio signal amplfiier  provides a number of
desirable attributes, it  65 constructed in monolithic integrated circuit
involves the use of positive and negative form.
voltage supplies, a condition which is In the design of electronic
amplifier  undesirable in many environments, circuits, and particularly
where such  including monolithic integrated circuits. 20   circuits are
constructed in monolithic  Furthermore, the feedback network  70 integrated
form it is advantageous to use  requires the use of a considerable number
differential amplifier  arrangements.  of components, both active and
passive, to Differential amplifiers provide a large  convert the
single-ended output voltage number of advantages including the use of
variations to differential feedback current 25  relatively few capacitors,
the avoidance in  variations.                         75 large part of the
use of large value resistors,    According ot the present invention there
dependence of gain on resistor ratios rather  is provided a feedback
stabilized amplifier than absolute values, wide frequency  comprising:
operating  range including  low  audio    an emitter coupled differential
signal 30  frequencies, push-pull or single-ended  amplifier having at
least first and second  80 inputs and/or outputs and stable operation.
signal amplifier transistors, a feedback In  connection  with the stability
resistor coupled in said emitter circuit, and characteristics of such
amplifiers, signal  a signal input terminal coupled to the base gain
stability and quiescent or DC level  electrode of said first transistor; 35
stability are generally desirable. Negative   a first current control
transistor for  85 feedback is frequently employed to obtain  supplying
emitter current to at least said such results. In the interests of economy,
it first amplifier transistor; is desirable to be able to provide such    a
single-ended push-pull output terminal feedback with the use of a minimum
direct coupled to the collector electrode of 40  number of bypass
capacitors. In the context  said second transistor;             90 of
integrated circuits, it is also desirable to    a first resistance having a
first terminal minimize the number of terminals to which  direct current
coupled to said output external components such as bypass  terminal and
further having a second capacitors need be connected.           terminal;
45    Where the input stage of the amplifier is   first current repeater
means having an  95 in the differential form it is common to  input coupled
to the collector electrode of apply signal to one side of the differential
said first signal amplifier transistor and an configuration and feedback to
the other. In  output coupled to the collector electrode of another
arrangement such as is shown in  said second transistor; and 50  U.S.
Patent No. 3,434,069 the customary    second current repeater means
exclusive 100  



2
1,473,299    2 of said first current control transistor for  similar
geometries and being in a common providing negative feedback to said
thermal environment so as to provide, for amplifier, said second current
repeater  example, a replica of the collector current means being directly
connected to said  of transistor 12 at the collector of transistor 5
second terminal with  at least one  36. semiconductor junction  direct
coupled      A single-ended output difference current between said second
terminal of said first  is coupled from the joined collectors of resistance
and a point of reference  transistors 14 and 36 to the base of a voltage
potential, said second current repeater  follower output transistor 38, the
emitter of 10  means further having a second control  which is coupled to
an output terminal 40. 75 transistor including a base-emitter junction   A
load resistor 42 is coupled between coupled across said semiconductor
junction   output terminal 40 and the reference and a collector electrode
direct current  voltage point (ground) by means of a diode coupled to the
emitter electrode of said  44 which, in conjunction with current 15
second signal  amplifier transistor for  control transistor 18, provides a
feedback  80 producing a single-ended current output  current repeater 46.
proportional to feedback current produced                            be in
said first resistance.                         An inverted output signal
may be provided, for example, by coupling the The invention, both as to ts
organization. base-emitter circuit of a further transistor 20   and method
of operation,        well as  48 across diode 44 and coupling a load 50 to
85 additional objects and advantages, will best  the collector of
transistor 48. In that case, be understood from  the  following   the
geometries of transistor 48 and diode 44 description when read in
conjunction with  would be suitably proportional to provide the
accompanying drawing in which:-       the desired current gain. 25
Figure 1 is a schematic circuit diagram of a  simplified  differential
amplifier   The frequency response of the amplifier  90 embodying the
present invention, and      is determined principally by a capacitor 52
Figure 2 is a detail schematic circuit  coupled in a capacitance
multiplying diagram  of an amplifier suitable  for  feedback path between
the collector and 30  construction in integrated circuit form   base of
transistor 14. The effective value of which  embodies the present
invention.    capacitor 52 in conjunction with associated  95 Referring to
Figure 1, input signals to be   resistance (e.g., resistor 30) provides an
amplified are coupled via an input terminal  appropriate frequency roll-off
according to 10 to the base electrode of a first transistor  the intended
use of the amplifier (e.g., in 35  12 of a pair of differentially coupled
the upper portion of the audio frequency amplifier transistors 12 and 14.
Operating   spectrum   where   audio  use  is 100 current is coupled to the
emitters of  contemplated). In the integrated circuit transistors 12 and 14
by means of a   environment, . the current repeater 46, combination of
first and second current  shown as employing NPN devices which 40  control
transistors 16 and 18 and a feedback   exhibit a relatively wideband
frequency resistor 20. Resistor 20 is direct current  response, does not
affect the frequency 105 coupled between the emitters of transistors
response of the overall circuit. 12 and 14 (as well as between the
collectors    In the operation of the circuit f Figure of transistors 16
and  18). Quiescent   1, the quiescent collector current of control 45
operating current for transistors 12 and 14 - transistor 16 is determined
according to the is determined  by means of the series   expression
110 combination of a resistor 22 and diodes (semiconductor junctions) 24
and  26               [err] coupled between two terminals (B+ and 50
ground) of a source of direct operating   where V   is the voltage across
each of voltage. Diode 26 is direct current coupled   diodes 24  and 26 and
typically is of the between the base and emitter of transistor   order of
0.7 volts. 16 to provide a current repeater which      Ignoring for the
moment the transistors 115 produces a collector current in transistor 16
14 and 18 and assuming the current gain [err] 55  proportional to the
current in diode 26.  of each of transistors 12 and 16 is relatively
Operating bias for the bases of transistors   high and that current
repeater 32 provides 12 and 14 is suppled from the junction of  unity gain,
the collector current of 



resistor 22 and diode 24 via relatively large   transistor 16 will be
reflected by means of 120 de-coupling  resistors  28  and  30,  transistor
12, diode 34 and transistor 36 at 60  respectively.
the collector of transistor 36. The resulting Collector currents of
transistors 12 and   drive to follower transistor 38 will produce 14 are
combined to provide a single-ended   a quiescent voltage at output terminal
.40 output by means of a current repeater 32   which, in turn, will be
converted to a 125 illustrated as comprising a diode 34 and a   current in
diode 44 and resistor 42. 65  transistor 36, the devices 34 and 36 having
The resulting'current in diode 44 may be    3
1,473,299                                   3 expressed in terms of the
quiescent output  which form  one side of a differential voltage [err] at
terminal 40 as follows:   amplifier, the other side being provided by 65
similarly coupled transistors 14'. Operating [err]             bias is
supplied by means of a series connected arrangement of semiconductor
Neglecting  for the moment the  junctions and resistors coupled between the
5   connection provided by resistor 20, where  operating voltage supply
terminals (B+ and  70 diode 44 and transistor 18 have equal  ground). The
semiconductor junctions geometries so that current repeater 46  typically
are provided by means of provides unity current gain, the collector
transistors having their collector and base current of transistor 14 will
also be  electrodes shorted together. The base-to- 10  substantially equal
to [err] (i.e., [err]).  emitter voltage drops of the emitter-to-base  75
In an amplifier of this type, it is  coupled arrangements 12' and 14' are
advantageous if the voltage [err]  is  simulated  by the equivalent diode-
approximately equal to one-half the B+   connected. transistors 24. supply
voltage, thereby providing a    A pair of substantially equal resistors 22'
5    substantially symmetrical maximum voltage   principally determines the
current level in  80 output swing at terminal 40 in response to  the
biasing arrangement as a function of the applied signals. Substituting the
values  level of the applied operating voltage (B+ B+/2 for [err] and [err]
for [err] in the above  approximately + 16 to +40 volts). A ripple
expression and further setting [err] equal to  rejection capacitor 58 is
coupled to a mid- 20   [err] in the earlier expression, it can be seen
point of resistors 22'. A regulated voltage  85 that the desired [err] can
be obtained by  supply is also provided by means of a selecting [err] equal
to twice the value of [err].  current source 54 coupled to an avalanche
This quiescent condition will be maintained  (zener) diode 56. by virtue of
the negative feedback provided  Degeneration resistors of the order of 25
via current repeater 46.              one hundred to four hundred ohms are
90 The quiescent current in resistor 20 will  associated with the current
repeaters 32', also be substantially zero as was assumed in  46', the
current source 54 and the current considering the two halves of the circuit
control transistors 16' and 18' to improve separately.
the matching of currents where desired. 30    When input signals are
applied to         The current repeater 32' is of a different 95 terminal
10, the currents in transistor 12,  form as compared to repeater 32 of
Figure diode 34 and transistor. 36 will vary   I -but provides the same
function with a accordingly. The input signal variations are  higher
impedance as is known. Repeater also coupled via resistor 20 to the emitter
of  46' is also of a modified form as compared 35  transistor 14 to produce
a change of  to repeater 46 but is arranged to provide a 100 opposite sense
in the collector current of  current gain (loss) of one-half by virtue of
transistor 14. A resulting voltage variation  including a transistor (not
numbered) at output terminal 40, in phase   having a base-emitter area
twice (2X) that with the signal supplied at terminal 10,  of transistor 18'
with which it is associated. 40  causes a  change in the feedback current
Similarly, diode 26' is related in area to 105 supplied by current repeater
46 of a sense to  transistor 16' by a factor of two. These area tend to
rebalance the currents in transistors  ratios are selected  to permit the
use of 12 and 14 (i.e., negative signal feedback is  higher current levels
(and hence smaller provided).                            resistor values)
in the bias string as 45    The signal voltage gain of the amplifier is
compared to  the desired currents in 110 determined principally by the
ratio of  transistors 16' and 18'. Such configurations resistors 42 and 20
and the current gain of  are particularly desirable where the 



repeater 46 (suggested above to be unity).  illustrated  circuit is
constructed  in Amplifiers of this type have been   monolithic integrated
form, since in that 50  observed  to  produce  relatively  low   case, the
smaller resistor values result in an 115 distortion which may be
attributed, at least  economy of area on the integrated circuit in part, to
the fact that the current levels in. chip. transistors 12 and 14 tend to
follow each  Additional modifications to the circuit of other more than  in
conventional   Figure 2 include the addition of a quasi- 55  differential
amplifiers.                 complementary power amplifier output 120
Referring to Figure 2, circuit elements  stage 62 including a temperature
performing similar functions to elements  compensated, cross-over
distortion shown in Figure 1 are indicated by the same   reducing biasing
network 60 and a current reference numerals as are utilized in Figure
supply transistor 64. As is known, output 60  1 followed by a prime (')
symbol.        stage 62 provides substantially unity voltage 125 In Figure
2, input signals are supplied via  gain. Transistor 64 may be supplied with
an terminal 10' to the base of a pair of emitter-  appropriate  base bias
to  provide in-series-with-base coupled transistors 12'  substantially
constant collector output    4
1,473,299                                   4 current by coupling terminal
A  to the   providing  negative feedback  to said  65 similarly  labelled
terminal adjacent  amplifier, said second current repeater regulating diode
56 by, for example, an   means being directly connected to said appropriate
diode-resistor combination of  second  terminal with at least one 5  the
type shown, for example, in U.S. Patent  semiconductor junction  direct
coupled No. 3,534,245.                           between said second
terminal of said first 70 An appropriate load circuit such as a  resistance
ad a point of reference loudspeaker 68 is coupled to terminal 40' to
potential, said second current repeater utilize the amplified signals
produced there.  means further having a second control 10  With the
illustrated  circuit component  transistor including a base-emitter
junction values constructed on an integrated circuit,   coupled across said
semiconductor junction  75 a speaker having a nominal impedance in   and a
collector  electrode direct current the range of eight to thirty-two ohms
may   coupled to the emitter electrode of' said be employed; Audio output
power of the  second  signal amplifier transistor for 15  order of four
watts may be obtained with  producing a single-ended current output the
illustrated configuration. An associated  proportional to feedback current
produced   80 voltage gain of the order of 35 db is  in said first
resistance. provided by the arrangement. It should be!    2. A feedback
stabilized amplifier noted that no external 'bypass capacitors  according
to Claim 1 wherein: 20  are associated with the feedback circuitry  said
current output produced at said While the invention has been illustrated
collector electrode of said second control  85 in terms ofcertain preferred
embodiments,  transistor includes direct current and signal it should be
recognized that various     responsive components. modifications within the
skill of the art may     3. A feedback stabilized ' amplifier 25  be made
without departing from the scope  according to Claim 1 wherein: of the
invention.                          each of said signal amplifier
transistors  90 For example, different biasing schemes  includes base,
emitter and collector may be provided. Further or different  electrodes,
and said emitter electrodes are amplification stages may be employed. A
direct current coupled to each other, and 30  modified quiescent operating
voltage at    each of said current control transistors other than
approximately one-half the  'include base, emitter and collector 95
operating supply voltage may be provided   electrodes, said collector
electrodes of said by appropriate selection  of the noted   current control
transistors being  direct resistor values. The gain of the amplifier
current coupled to said emitter electrodes 35  may  be changed  by
appropriate   of said signal amplifier transistors. modification, for
example, of resistor 20.   4. A  feedback stabilized amplifier  100 Other
modifications also suitably made be   according to Claim 3 wherein: made.
'                                  said emitter electrodes of said
amplifier transistors are each directly connected to a WHAT WE CLAIM  IS:-
connector electrode of a corresponding one 40    1. A  feedback stabilized
amplifier  of said control transistors and are direct 105 



comprising: '    '                  '    current coupled to each other by a
second an emitter coupled differential signal  resistance. amplifier having
at least first and second    5. A  feedback stabilized amplifier signal
amplifier transistors, a feedback   according to Claim  1  and  further 45
resistor coupled in said emitter circuit, and   comprising:
'       110 a signal input terminal coupled to the base  a source of bias
current including a series electrode of said first transistor;
combination of a series resistance and at a first current control
transistor for  least one semiconductor junction, said last- supplying
emitter current to at least said  named junction being coupled across a 50
first amplifier transistor;    '      '   base-emitter junction of said
first current '115 a single-ended push-pull output terminal  control
transistor, direct coupled to the collector electrode of   said first and
series resistances being said second transistor;
proportioned to provide a predetermined a first resistance having a first
terminal  quiescent voltage condition at said output 55  direct current
coupled to  said output  terminal.                                120
terminal and further having a second        6. A  feedback stabilized
amplifier terminal;                                according to Claim 5
wherein: first current repeater means having an    each of said signal
amplifier transistors input coupled to the collector electrode of  includes
base, emitter and collector 60  said first signal amplifier transistor and
an   electrodes, said  emitter electrodes are 125 output coupled to the
collector electrode of  direct current coupled to each other by a said
second transistor; and               second resistance, and  ' second
current repeater means exclusive   each of said current control transistors
of said first current control transistor'for  include  base, emitter and
collector    4                                        1,473,299
4 current by coupling terminal A  to the   providing negative feedback to
said  65 similarly  labelled  terminal adjacent  amplifier, said second
current repeater regulating diode 56 by, for example, an   means being
directly connected to said appropriate diode-resistor combination of
second  terminal with  at least one 5  the type shown, for example, in U.S.
Patent  semiconductor junction  direct coupled No. 3,534,245.
between said second terminal of said first 70 An appropriate load circuit
such as a   resistance and a point of reference loudspeaker 68 is coupled
to terminal 40' to   potential, said second current repeater utilize the
amplified signals produced there.  means further having a second control 10
With the illustrated  circuit component  transistor including a
base-emitter junction values constructed on an integrated circuit,  coupled
across said semiconductor junction   75 a speaker having a nominal
impedance in  and a collector electrode direct current the range of eight
to thirty-two ohms may   coupled to the emitter electrode of said be
employed. Audio output power of the second signal amplifier transistor for
15  order of four watts may be obtained with   producing a single-ended
current output the illustrated configuration. An associated   proportional
to feedback current produced   80 voltage gain of the order of 35 db is  in
said first resistance. provided by the arrangement. It should be'    2. A
feedback stabilized amplifier noted that no external bypass capacitors
according to Claim 1 wherein: 20  are associated with the feedback
circuitry.    said current output produced at said While the invention has
been illustrated   collector electrode of said second control  85 in terms
of certain preferred embodiments,  transistor includes direct current and
signal it should be recognized that various   responsive components.
modifications within the skill of the art may    3. A  feedback stabilized
amplifier 25  be made without departing from the scope   according to Claim
1 wherein: of the invention.                            each of said signal
amplifier transistors  90 For example, different biasing schemes  includes
base, emitter and collector may be provided. Further or different
electrodes, and said emitter electrodes are amplification stages may be
employed. A   direct current coupled to each other, and 30  modified
quiescent operating voltage at    each of said current control transistors
other than  approximately  one-half the   include  base, emitter and
collector  95 operating supply voltage may be provided   electrodes, said
collector electrodes of said by appropriate selection  of the noted
current control transistors being direct 



resistor values. The gain of the amplifier  current coupled to said emitter
electrodes 35  may  be  changed  by  appropriate   of said signal amplifier
transistors. modification, for example, of resistor 20.    4. A  feedback
stabilized amplifier  100 Other modifications also suitably made be
according to Claim 3 wherein: made.
said emitter electrodes of said amplifier transistors are each directly
connected to a WHAT WE CLAIM  IS:-                     connector electrode
of a corresponding one 40    1. A  feedback stabilized amplifier  of said
control transistors and are direct 105 comprising:
current coupled to each other by a second an emitter coupled differential
signal  resistance. amplifier having at least first and second   5. A
feedback stabilized amplifier signal amplifier transistors, a feedback
according  to  Claim   1 and  further 45  resistor coupled in said emitter
circuit, and   comprising:                          110 a signal input
terminal coupled to the base  a source of bias current including a series
electrode of said first transistor;        combination of a series
resistance and at a first current control transistor for  least one
semiconductor junction, said last- supplying emitter current to at least
said   named junction being coupled across a 50  first amplifier
transistor;                base-emitter junction of said first current 115
a single-ended push-pull output terminal  control transistor, direct
coupled to the collector electrode of    said first and series resistances
being said second transistor;                   proportioned to provide a
predetermined a first resistance having a first terminal  quiescent voltage
condition at said output 55  direct current coupled  to said  output
terminal.                                   120 terminal and further having
a second         6. A  feedback stabilized amplifier terminal;
according to Claim 5 wherein: first current repeater means having an
each of said signal amplifier transistors input coupled to the collector
electrode of  includes base, emitter and collector 60  said first signal
amplifier transistor and an   electrodes, said  emitter electrodes are 125
output coupled to the collector electrode of  direct current coupled to
each other by a said second transistor; and               second
resistance, and second current repeater means exclusive   each of said
current control transistors of said first current control transistor for
include base, emitter and collector    5
1,473,299                                          5 electrodes, said
collector electrodes of said   to said collector electrode of said second
15 current control transistors are  directly   amplifier transistor for
providing a single- connected to said emitter electrodes of said   ended
output signal. amplifier transistors.                          9. A
feedback  stabilized  amplifier 5       7. A  feedback  stabilized
amplifier   substantially as hereinbefore described in according to Claim 6
wherein:                 conjunction with Figure I or 2 of the  20 a
capacitance is coupled to said collector  accompanying drawings. electrode
of said second amplifier transistor to provide a predetermined frequency 10
response characteristic for said amplifier.             JOHN A. DOUGLAS, 8.
A  feedback  stabilized  amplifier               Chartered Patent Agent,
according  to  Claim   7  and  further                    50, Curzon
Street, comprising:                                              London,
W1Y 8EU, further current repeater means coupled              Agent for the
Applicants. Printed for Her Majesty's Stationery Office, by the Courier
Press, Leamington Spa, 1977 Published by The Patent Office, 25 Southampton
Buildings, London, WC2A 1AY, from which copies may be obtained.    


