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GENERAL ELECTRIC COM-  sources in most frequency usage are af course  50
PANY, a corporation organised and existing  the detectors of AM-FM
receivers and ceramic under the laws of the state of New York,  cartridges.
United States of America, residing at 1 River    Integrated audio
amplifiers are presently 5  Road, Schenectady 12305, State of New York,
available. When operating at about a watt United States of America, do
hereby declare  peak output, they normally use push-pull  55 the invention
for which we pray that a patent  output stages, and degenerative feedback
for may be granted to us, and the method by  assorted purposes. Most that
are known, how- which it is to be performed, to be particu-  ever, seem to
have reached a less than opti- 10  larly described in and by the following
state-    mum solution to the other objectives herein ment: -
outlined.                                  60 The present invention relates
to audio    Accordingly, it is an object of the present amplifiers wherein
improved means have been  invention to provide an improved audio am-
provided for reducing idling current. The  plifier. 15  invention is
suitable for integrated circuit (IC)    It is a further object of the
present inven- fabrication of such amplifiers, wherein increas-  tion to
provide an audio amplifier wherein im-  65 ing complexity on the "chip" and
decreasing  proved means are provided for achieving low complexity off the
chip is favoured, together  predictable idle currents. with a
minimumpincount                      It is another object of the present
inven- 20    Audio amplifiers have been fabricated for  tion to provide an
improved audio amplifier some time using solid state elements. With
adapted for integrated circuit fabrication.    70 the advent of integrated
circuits, the use of    It is a further object of the present inven-
discrete transistors has tended to decline..    tion to provide an audio
amplifier adapted for Once a decision to integrate has occurred,
integrated circuit fabrication and having mini- 25  then fresh
considerations obtain. Normally,  mum heat dissipation. integration should
go as near to completion    It is an additional object of the present in-
75 as possible. By comparision, outboarded com-  vention to provide an
audio amplifier adapted ponents are. more expensive and requiring  for
integrated circuit fabrication and having additional pads which are also
expensive  a minimum pad requirement. 30  should be minimized. Feedback
loops, if pos-    The present invention is an audio ampli- sible, should
remain on the chip to minimize  fier having minimum  controlled idling cur-
80 both outboarded components and the pad  rent, comprising a common
terminal 'and a count. Since the package tends to have a  non-common
terminal for providing access to restricted heat dissipation  capability,
any  a source of bias potentials, a constant current 35  reduction in
average dissipation will permit  source coupled to the non-common terminal,
the amplifier to produce greater peak output  a push-pull output stage
comprising a first 85 signals. In  addition, since many integrated  and
second output transistor of a first conduc- circuit devices now find their
way into battery  tivity type connected in series between said operated
devices, any reduction in average  common  and non-common  terminals, the
40  dissipation will substantially extend battery  active region areas of
said first and second life.                                    transistors
being  approximately equal for  90 In addition to the foregoing objectives
hav-  exhibiting approximately equal current con- ing more direct
application to integrated cir-  duction characteristics, a driver stage for
said cuit considerations, the amplifier should have  push-pull amplifier,
comprising a third tran- 45  the usual performance requirements of high
sistor providing a signal for driving both stability irrespective of the
nature of the load  output transistors, means for applying the  95
presented by the loudspeaker, low distortion,  signal from the third
transistor to the input low hum and adequate sensitive to be driven  of
said second transistor for causing conduc- by customary sources of audio
signals. Such  tion therein, an intermediate driver for apply-    2
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ing the signal from the third transistor to the pull output stages and
driver circuitry of input of said first transistor comprising a fourth
Figure 1 and including pre-amplification; and transistor and a control
means, said fourth    Fgures 3a, 3b and 3c are three waveforms transistor
being of said first conductivity type  descriptive of the operation of the
power am- 5  and having an active region area that is related  plifier
illustrated in Figure 1.       70 to the active region area of said second
tran- -  Generally  an audio amplifier is described sistor by a
predetermined ratio, and said con-  designed for integrated circuit
fabrication and trol means being connected to said constant  having
controlled idling current. The ampli- current source for distributing a
portion of  fier includes  a pre-amplifier designed to be 10  the current
from said constant current source  driven from an AM or FM detector or a
high   75 to the output of said fourth transistor, another  impedance
ceramic cartridge. The power am- portion to the input of said first
transistor and  plifier has a pair of like conductivity type for
withdrawing from said first transistor the  output transistors connected in
push-pull and remaining current, whereby the input current driven by an
interstage driver whose circuit 15  to said first transistor and
consequently its  configuration and component parameters are  80 idling
current is limited by the current avail   selected to reduce the idling
current to a small able from said constant current source reduced
predictable value. Measures are further pro- by the output current in said
fourth transistor  vided, including two feedback paths, for en- and the
current withdrawn by said control  suring  stability, minimizing
distortion and 20  means, and the idling current in the second  hum. The
amplifier is executed in an in-  85 transistor is determined by the output
current  tegrated circuit format with a minimum  of in said fourth
transistor, being related thereto  outboarded  components  and  a minimum
by the ratio of the active region areas be-  "pad" requirement. tween said
second and fourth transistors.     The power amplifier has as its principal
25    Resistance means may be provided shunt-  components an emitter
follower driver cm-  90 ing the input junction of the fifth transistor for
ploying an NPN  transistor Q1 to which setting its operating point at
current levels  medium level audio signals are applied from several times
that of its beta peak, so as to fix  audio signal  source 10; a push-pull
power its current level in primary dependence upon   amplifier employing
NPN transistors Q2, Q3, 30  its electrode area.
normally operating class B, the latter (Q3)  95 Degenerative feedback may
be provided be-  being directy driven by Q1, and the former tween said.
output interconnection and the  (Q2) being driven through cascaded first
and base of said third transistor to reduce asym-  second transistors Q5
and Q6, of NPN and metry in the gain characteristics and to achieve  PNP
conductivity types,: respectively; a con- 35  stability through minimum
phase distortion in  stant current source comprising the transistors  100
said feedback loop.  Q7, Q8; an a.c. coupled loudspeaker 11 form- In
accordance with a further aspect of the  ing the load for the push-pull
amplifier; and invention,  a pre-amplifier is provided com-   a source 12
of d.c. bias potentials prising a differential amplifier having sepa-
The signal paths for the power amplifier 40  rate regenerative" and
"degenerative" inputs,  will now be described. A source 10 of audio  105
and it supplies its output to the base of the signals is coupled to the
base of NPN driver third transistor. A second feedback path is transistor
Q1 which drives both NPN push- added, coupled from said output interconnec-
pull output stages. The collector of Q1 is tion to said degenerative input
to further. re-  coupled to the positive bias source 12, and 45  duce
asymmetry in the gain characteristic and  the emitter of transistor Q1 is
coupled to 110 to improve amplitude  linearity.            ground through
load resistance 13. The emit- Finally, means way be provided for stabil-
ter of Q1 is directly connected to the base izing the d.c. idling voltage
and the audio  of the lower push-pull output transistor Q3 signal swing
about said idling voltage at said  and supplies a non-inverted driving
signal 50  output interconnection at approximately half  thereto.
115 die bias voltage, and a hum reducing, capa-    The upper push-pull
output transistor Q2 citor is provided, coupled through an isolat-  is
driven by Q1 through the two intermediate ing resistance to the
degenerative input of the  stages employing Q5 and Q6. The emitter of
pre-amplifier.                              NPN transistor Q1 is coupled
through resist- 55    An embodiment of the present invention  ance 14 to
the base of NPN transistor Q5.  120 will now be described, by way of
example,  Transistor Q5 is in the common emitter con- with reference to the
accompanying drawings,  figuration, is normally biased for class "B" in
which:-                                  operation, and produces an
inverted output Figure 1  is a slightly simplified circuit dia-  signal at
its collector. That output signal is 60  gram of the push-pull output
stages and  coupled to the base of PNP transistor Q6. 125 driver circuitry
forming the power amplifier  Serially connected resistances 15 and 16, res-
of an audio amplifier;            .         pectively, shunt the input and
output junction Figure 2 is a second circuit diagram of a  of Q6. The
emitter of Q6 is coupled to the total audio amplifier suitable for use in a
color of the transistor Q8 (from which a 



65  home radio receiver incorporating the push-  constant current is
derived) and to the base 130    62 3
1,485,682                                       3 of Q2. The  PNP
transistor Q6 is in what  B+ supply, the undistorted power output may may
be regarded as an emitter follower con-  lie in the range of from 150
milliwatts to 1 figuration, coupling the inverted input signal  or 2 watts
(depending upon packaging) before applied to its base via its emitter to
the base  heat dissipation sets an upper limit for audio of Q2.        .
power. (Saturation limits are normally slightly  70 The push-pull output
stage comprises the  higher or may be so made by adjustment of pair of NPN
power transistors Q2, Q3,  electrode area). coupled in series between B+
and ground,    The basic amplifier, as so far described, has and having the
loudspeaker load coupled to  distinctly different properties of
amplification, 10  their mid-point. The input biasing conditions,  as
between the positive and negative half cycles  75 not yet fully described,
provides for class B   of the audio signal, but excellent phase res-
operation of the output stages at normal bat-  ponse. and stability. The
gain from  driver tery voltages, with each power transistor alter-  stage
Q1 to the lower power transistor Q3, nately conductive and quiescent. The
collector  may be regarded as near unity, while the 15  of Q2 is connected
to the positive terminal of  gain from driver stage Q1 to the upper power
80 the positive bias source 12, and the emitter  transistor Q2, involving
two intermediate of Q2 is connected to the collector of lower  stages of
amplification, is potentially very push-pull transistor Q3. The emitter of
Q3  high. is grounded as is the negative terminal of the 20  bias source
12. The connection of the emitter    The imbalance is illustrated in Figure
3(a). of Q2 to the collector of Q3 becomes the  While amplitude distortion
may be present,  85 terminal (18) for load connection to the push- the
power amplifier configuration has intrin- pull amplifier. The amplifier
load comprises sically good phase properties through the audio the
loudspeaker 11 having one terminal con-   spectrum and well into the
microwave region. 25 nected to ground and the other terminal     The  input
drive to the upper stage involves coupled through capacitor 17 to the
amplifier    only a pair of emitter followers (Q1, Q6) and  90 output
terminal 18. Finally, a degenerative  a single phase inverter (Q5), while
the lower audio signal feedback connection introduced  stage requires only
the emitter follower Q1, both for signal linearity and stability is pro-
already noted, and no further phase inversion. 30  vided from the amplifier
output terminal 18  The emitter followers may be designed for through
resistance 21 to the base of driver  low phase shifts, and where at most, a
single  95 transistor Q1.                            phase inversion is
involved, the differential The input biasing conditions for the ampli-  and
accumulated phase shifts are very small. fier are established by the
constant current    The amplitude distortion and residual in- 35  source
Q8, the sundry circuit connections  stability are controlled by the
provision of noted, and certain constructional features to  feedback and
high frequency roll off. The 100 be elaborated below.
feedback is provided from 18 to the input of The constant current source
has an internal  the driver stage through resistance 21. It is current
reference and a controlled source of  degenerative in phase and has the
effect of 40  current The current reference comprises the  very
substantially reducing the amplitude diode connected PNP transistor Q7,
having its  asymmetry of the waveform. It reduces mea- 105 emitter coupled
through resistance 19 (43  sured distortions to a few per cent. The im-
ohms) to the positive bias source 12, its base  proved waveform resulting
from this feedback and collector interconnected and lead serially  path is
illustrated in Figure 3(b). 45  through resistance 29 (7.5K ohms) to
ground.    A second effect of this short, first feedback The controlled
source of current comprises  path is to assure the overall stability of the
110 PNP transistor Q8, having its emitter coupled  amplifier under all
signal and load conditions. through resistance 20 to the positive source
Transistor Q1, being an emitter.follower and 12, its base coupled to the
collector-base con-  of smaller size, is of higher frequency res- 50
nection of Q7, and the collector from which  ponse than the output
transistor Q3, which has the constant current is derived, connected to
large parasitic capacitances. Q3 therefore intro- 1 15 the common
connection of resistance 15, the  duces the dominant roll-off generally
preclud- emitter of Q6, and the base of Q2. As will  ing high frequency
instability in the lower be further detailed, the geometry of Q7 and  part
of the amplifier. The gain is relatively 55  Q8 are carefully controlled so
that Q8 main-  low and instability is not particularly severe tains current
at a substantially fixed multiple  in the lower portion of the amplifier.
With 120 of the currentin reference Q7  .        . respect to the upper
portion of the ampli- The amplifier of Figure 1 provides both low  fier,
which is of higher gain, feedback from 



distortion, high stability and maximum power  the first loop is normally
adequate to avoid 60  output in an integrated circuit format. In the
instability, but may be supplemented by the matter of signal amplification,
the power am-  resistance 14 (2.0K), which with the "Miller" 125 plifier
has adequate gain to operate upon a  capacitance of Q5, produces
appreciable roll- pre-amplified signal from an AM-FM detector,  off in the
intermediate driver amplifiers to fur- and to produce adequate audio power
to drive  ther reduce any tendency to instability. With 65  a conventional
loudspeaker. Depending upon  feedback, the foregoing circuit will function
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4 with a capacitively coupled loudspeaker, and  in Q8 in substantial
proportion to the rela- remains unconditionally stable at higher audio
tive areas of Q7 and Q8. The current of Q7, frequencies as the loudspeaker
load becomes  which is the primary reference, is dependent increasingly
inductive. The circuit achieves  upon the bias voltage and series
resistance 5   complete stability without the need for the  29. The value
of resistance 29 establishes the   70 customary phase compensating elements
in the  reference current in Q7. Assuming fixed bias load circuit to offset
this reactive component.   voltages, the  current of constant current The
embodiment illustrated in Figures 1  source Q8 is thus primarily dependent
upon and 2 achieves very substantial audio output  the current in Q7,  and
the relative areas of 10  power in the face of very modest input power  the
two devices. These areas are controllable  75 dissipation levels. Assuming
a biasing voltage  to a few per cent. of 6 volts; the foregoing amplifier
permits    The current ratio between transistors Q3 "undistorted" peak
audio currents of 1/2 am-  and Q5 may be maintained at a constant value
pere, while requiring an dling current of only  by a similar control of the
areas of the res- 15   6 or 7 milliamperes. These and other advan-  pective
devices. Transistors Q3 and Q5 are  80 tages flow from  the intrinsic
nature of the  NPN  transistors. (Assuming that the sub- circuit, and from
certain constructional fea-  strate is selected for NPN processing, they
are tures realized  in an integrated circuit format, not laterally
developed). The circuit configura- which will now be described
tion parallels the input junctions of Q3 an 20     The foregoing circuit
configuration makes  Q5 and forces their Veb's into substantial  85 the
idling current setting of the push-pull  correspondence. The emitters of
both tran- output stage dependent on three  principal  sistors Q3 and Q5
are grounded while their factors which can be carefully controlled dur-
bases  are inter-connected by the 2000 ohm ing integrated circuit
processing. These fac-  resistance 14. This resistance is small in terms 25
tors are the current setting of the constant  of base current, allowing the
bases of the   90 current source Q8, the ratio of currents be-  two
transistors,  and thereby both input junc- tween transistors Q3 and Q5;
and the beta  tions to have substantially equal potentials. of transistor
Q6. These factors are dependent  With the Veb's equalized, the current
ratio on the areas of the active circuit devices. In  between Q5 and Q3
then becomes a function 30  normal processing and depending on size,  of
the relative areas of their respective elec-  95 these  areas can be
controlled to accuracies of trode regions. Typically, the area of tran- a
per cent or less. How these factors are con-  sistor Q5 is arranged to be
one-fifth that of the trolled and how the circuit forces dependency  area
of Q3 so as to fix the current ratio at on these factors will now be
described.       approximately this same value. 35    The constant current
source PNP transistor    A further element in establishing the idle  100 QS
provides a stable current setting, deriving  current setting of the
push-pull amplifier is its current reference from transistor Q7. Tran-  the
be transtransistor Q6. Transistor Q6 is a sistor Q7 is a laterally
deposited PNP tran-    laterally developed PNP transistor having a sistor,
diode connected with the emitter sepa-  reduced area in relation to its
operating cur- 40  rate and the collector and base joined. The  rent level
so that it operates well off the beta  105 junction of Q7 carefully
replicates the junc-  peak of the transistor. At a 5 milliampere oper- tion
of the controlled current source Q8 ex-  ating point, the beta is adjusted
from a peak cept for the relative areas othehe active regions.  of about 30
to approximately 4. Assuming the Q8 is also laterally deposited. While Q7
is  foregoing current levels, one should employ a 45  formed of two "disks"
Q8 is formed of 18  transistor whose beta begins to fall off about 110
"disks". This produces a relative ratio of  one-half milliampere. areas
between the two transistors of 9 to 1   The circuit configuration and
circuit values but in practice the actual current ratios are  are
accordingly chosen to cause transistor slightly less, being approximately 8
to 1.    operation in the current region where the so     The circuit
configuration, in that both input  beta tends to stabilize. When this
occurs, the  115 junctions are electrically paralleled, forces the  beta
assumes an arbitrary number, subdtan- currents into a fixed relative
relationship.  tially independent of all facors, save for the Thus, the
emitter of Q8 is led through a low   area of the device. 



valued resistance 20 (10 ohms) to the posi-     The circuit connections
involving Q6, Q2, 55  tive bias source while the emitter of Q7 is  Q8 are
one of the last two factors which  120 led to the same source through a low
valued determine the idling current settings of the resistance 19 (43
ohms), thus holding the  amplifier. The emitter of PNP transistor Q6
emiiters at nearly the same voltage. Since the  is coupled to the base of
NPN   transistor Q2 bases of both transistors are joined, the Veb's  and
the base of transistor Q6 is connected 60  of both input junctions are
equalized. The  through resistance 16 (1000 ohms) to the  125 values of 19
and 20 are tailored to minimize  emitter of Q2. By virtue of the
substantial the effect of mismatches between the active  equality in the
Veb's of Q6 and Q2, the devices.
potential at the base of Q6 is substantially The  parallel circuit
connection thus forces  equal to the potential at the emitter of Q2. 65
any current flowing in Q7 to be replicated  Thus, the voltage across
resistance 16 is small 130    5
1,485,682                                         5 and the current therein
negligibly small. The  idling current provisions just described. Since
circuit configuration and values thus establish  the d c. balance at 18 is
defined by what may the division in current supplied from the col-   be
regarded as two series connected constant lector of Q5 between resistance
15 and the  current sources (Q7, Q8, and Q3), the d.c. 5  base of Q6.
Assuming resistance 15 is 2.2K   output voltage is indeterminate to a
degree.  70 ohms, and typical emitter junction voltages,  Accordingly, if
one wishes to constrain the 0.4 of a milliampere flows in R15 and the
quiescent point of the amplifier to a fixed balance of the collector
current flows into  value, or bound the ac. swings, or to further the base
of Q6.                             reduce the distortion, a second feedback
loop, 10    The effect of the foregoing assumptions may  and certain other
features may be incorporated   75 now be described in an approximate
calcula-  into the design. These will now be described. tion. Let us assume
that a collector current    In the embodiment of Figure 2, a full audio of
6 millianperes is a satisfactory level for  amplifier is shown, including
pre-amplification the  idling current of Q3. Assuming that Q5  of the audio
signal and a power amplifier 15   and Q3 have relative areas of 5 to 1,
thecol-  similar to  that in Figure 1, but having a  80 lector current of
Q5 will be approximately  second feedback loop. Elements in the power
one-if  that in Q3 or 1.2 mils. The resistance   amplifier repeated from
Figure 1, bear the 15 of the voltage divider and the base of Q6  same
reference numerals in Figure 2. The then conduct the  1.2 milliamperes of
cur-  pre-amplifier has, as its components a dif- 20  rent supplied from
Q5. Typically, resistance  ferential amplifier comprising PNP transistors
85 15 carries 0.4 milliamperes, resistance 15 car- Q9, Q10, associated PNP
and NPN driving ries none, and 0.8 milliamperes are injected  transistors
Q11, Q12, a single PNP output into the base of Q6. If the beta of Q6 is 5,
transistor Q13; current "turn around" tran- its collector current is 4 mils
and its emitter  sistors Q14, Q15 and transistors Q16 through 25  current
is 4.8 mils. The current available for  Q20; diodes D1 through D3; and
sundry  90 the base of upper push-pull amplifier Q2 is  resistances which
enter into the biasing pro- equal to the current available from constant
visions for the pre-amplifier and the power current source Q8 (assumed to
be 5 milli-  amplifier. amperes), less the current in resistance 15 and
The amplifier amplifies an input signal as 30  less the emitter current of
Q6. Thus, when  follows: As shown in Figure 2, the input 95 the emitter
current in Q6 and the current in  source for the amplifier is a detector
22. resistance 15 are properly established, the base Typically, it is an FM
or an AM detector or current injected into Q8 is held toa lower  a detector
combining both modes of detec- constant        From   the values so far
tion. The detector 22 is coupled through a 35  assumed, the demands of
current for Q6 and  capacitor to a volume control potentiometer 100
resistance 15 exceed that available from the  23. One terminal of the
potetiometer is groun- constant current source and  thus both the cur-  ded
and audio signals from the tap are sup- rent in Q2 and Q6 are reduced
correspond-  plied through  resistance 24 to the base of ingly.
emitter follower transistor Q11. A radio fre- 40     The final circuit
factor in determining the  quecy by-pass condenser 25 couples the base  105
idling current setting of the amplifier is the  of Q11 to ground. The
collector of Q11 is connection of the emitter of transistor Q2, the
grounded and its emitter, from  which the collector of Q6 and the collector
of Q3 to the  output signal is derived, is coupled to the output point 18.
By this connection, the col-  base of transistor Q9 of the diferential pair
45  lector current in Q3 is forced into (substan-  Q9, Q10.  The base of
Q10 is not directly  110 tial)equality with the current for Q6 and Q2.
coupled to the input source, but as will be Assuing Q3 to be set at 6
milliamperes, Q6  seen, is an input point for degenerative feed- at 4.8
milliamperes,  then  only   1.2 milli-     back The emitters of Q9,Q10 are
joined 



amperes of current is available at the emitter  and receive their current
through the collector 50   of Q2. The foregoing numbers are approxima-  of
current source transistor Q16. Q16 has its  115 tions and, in practice, the
collector current of  emitter led through a 3000 ohm resistor 26 to Q3 is
established it the range of from 6 to   the positive source of bias
potentials 12. Audio 8 milliamperes, the emitter of Q2 in the range
signals  directly amplified from  the detector of  from 1 to 3 milliamperes
and Q6 from 3   thus appear at the collector of Q9.As will be 55  to 5
milliamperes.                           seen, signal components injected by
the feed-  120 The configuration of Figure 1 represents  back loop also
appear at the collector of Q9. a simplified embodiment that may be readily
A second input to the differential ampli- refined to achieve excellent
overall perform-  fier Q9, Q10  is a feedback connection made ance. The
Figure 1 version has a very stable  from the amplifier output to Q12. Q12
is an 60  idlng' current, high stability and an ampli-  NPN transistor in
emitter follower configura-  125 tude distortion of a few per cent. The
distor-  tion on what may be regarded as the de tion figure is adequate for
many applications  generative side of the input differential ampli- but can
readily be improved by additional  fier. Output signals from the power
amplifier feeback The d c. voltage balance of the ampli-  are coupled from
the output terminal 18, 65  fier at crossover is approximately fixed by the
resistance 27 to the base of Q12. The  130    65 6
1,485,682 ..6 collector current of Q12 is supplied from the  however be
still less than ideal unless other emiter of current source transistor
Q17.(The  measures are undertaken. An imbalance of 3 connections to the
base and collector of Q17,  to 2 in peak currents is typical. which
establish its current level, will be treated    The means for balancing the
output will 5  subsequently). The feedback signal appear-  now be
described. As previously noted, the   70 ing at the  emitter of Q12 is fed
to the base  d.c. idling voltage at the output (18) of the of Q10 of the
differential pair. A resistance  push-pull amplifiers  indetrminate,  being
the 28 coupled between the emitter of Q12 and  result of two serially
connected current sour- ground is  the signal load. The feedback sig-  ces.
The idling voltage and the magnitude of 10  nal so applied to the base of
Q10 appears   the a.c. signal swings is set by means of resis-  75 at the
emitter of Q10, and is coupled from  tance 27, transistor Q20, current
source tran- the emitter of Q1O to the emitter of Q9. sistor Q7, resistance
29, diodes D1-D3 and At the  collector of Q9, the feedback adds  cirrent
source Q18. By these means, the volt- degeneratively to the  initial input
signal.         age (at the output point 18) is set at a desired 15    A
directly amplified feedback signal also  voltage, normally, slightly below
the halfway   80 appears at the collector of Q10 and is coupled  point
between the positive potential of source via a current "turn-around" into
the output   12 and ground.This is achieved by making of G9, where it
enters the forward gain path  resistance 27 equal to approximately one-half
of the amplifier. The current  turn-around     the value of resistance 29,
and,by control' 20  comprises transistors Q14 and Q15. The col-  the
current in constant current source 18.  85 lector of Q10 is coupled to the
base-collector    The idlig voltage (V18) at the output connection of diode
connected transistor Q15  point of the amplifer may be calculated as on the
input side of the turn-around. The  follows. The collector of Q20 may be
regarded emiter of Q15 is grounded. The junction of as connected to a
current node (point 31). 25  Q15 is parallel with the input junction of
Regarded as a current node, the sum of the   90 Q14; the base of Q14 being
coupled to the  currents toward and away from  that node collector-base of
Q15, and the emitter of Q14  equal zero. More particularly, the current
being grounded. Thus, a current replicatig  drawn away from the node by the
collector of that flowing in Q10. from the feedback source  Q20, the
current approaching  the  node 30  appears at the collector of Q14, and is
also  through resistance 27 from the output point  95 added to thesignal
appearing a the collector   18 of the amplifier, and the current approach-
of Q9. The effect is to further augment the   ing the node from the emitter
of constant cur- degererative action.                    rent source
transistor Q18 may be equated as A  compsite audio  signal, including both
follows: 35  the direct and the feedback signals  from the two paths
outlined, thus appears at the col-                  [err]            (1)
100 lector of Q9 and is applied to the base of out- put emitter follower
Q13. The collector of  where Q13 is grounded and its emitter  current is
[err] = collector current from reference Q20, 40  supplied from  the
collector of another cur-       [err]=colletor current from reference Q18,
rent source, transistor Q19. Q19 has its emitter     and coupled to the B+
source through a resist-    [err] =current  feedback resistance 27.   105 



ance 37, and its base coupled to a bus common to  the base of current
source Ql6, the emitter   Increasing  the current flow in the feddback 45
of Q17, and the base of current source  Q18  resistance raises the idling
voltage. Since that (so far not described). The output signal  current is
supplied from the collector current appearing at the emitter of Q13 is
coupled to  in Q20, increaing the collector current in Q20 the base of
driver transistor Q1. Driver tran-  has a like effect upon the iding
voltage (V18). 110 sistor Qi drives the output push-pull ampli-    The
current at the collector of Q20 repli- 50  fiers  Q2, Q3 in the manner
already des-         ates the current in the serially  connected diode
cribed.                                      D1, which flows under the
influence of B+ The differenial input amplifier operates at a  less three
diode drops (input junction of Q7, very high impedance level and employs a
sub-  D1, D2) through the restance 29 of 7.5K.   115 strate PNP and a
laterally formed  PNP  tran- 55  sistor in a Darlington configuration. The
stage                  [err] is  therefore of intrinsically high gain and
can         [err]                    (2) accept sustantial amounts of
degenerative feedback.  The circuit values indicated pro- vide for stable
amplification.                The current in Q18 is determined by the 60
The feedback connection completed from   voltage across resistance 30 and
the magni- the output power amplifier to the input pre-  tude of that
resistance. The voltage drop in amplifier supplements the feedback
connection   resistance 30 is equal to the drop across diode  120 eariler
noted in the power amplifier and im-  D3, which is forward biased, and the
input proves the linearity of audio amplification to  junction to Q17, less
the voltage drop across 65  a fraction of a per cent. The d.c balance may
the input junction Q18. Since diode D3 is    7
1,485,682                                       7 forward biased with a
small current, its drop  voltage, because the emitter saturating char- is
lowered slightly to approximately one-half  acteristic of lower push-pull
transistor Q3 is volt. The current in Q18, assuming a voltage  not
symmetrical with the collector saturating drop of 0.5 volts across emitter
resistance 30,  characteristic of transistor Q2. Thus, it is  40 preferred
that the positive swings remain 0.5                     about 1 volt below
B + at 6 volt bias, and [err]                   (3)    about 1/4 volt above
ground for negative swings. An effect of the foregoing centering
configuration is that when the B + is in- 45 The current in the feedback
resistance 27  creased above a normal value of about 6 is a function of the
voltage (V18) at the  volts, that the output stages shift from class
amplifier output, the voltage at the node (31),  B operation toward class
A. This effect de- and inversely proportional to feedback resist-  creases
the power efficiency of the ampli- 10  ance 27. The voltage at the node 31
is the  fier, producing further improvement in fidelity  50 result of
successive input junction drops "Vd"  and more particularly a substantial
reduction (Q1l, Q9, Q10, Q12), commencing from the  in crossover
distortion. grounded terminal of potentiometer 24. The    In addition to
providing an accurate control polarity of the voltage drops in the input
of the centering of the push-pull output am- 15  junctions are successively
positive for 'Q11,  plifier,the configuration of Figure 2 also pro-  55
positive for Q9, negative for Q10, positive  vides both appreciable hum
supression and for Q12, leaving a net of two positive junction
substantial d.c stability. These last two mea- drops, and a value of 1.2
volts (approxi-  sures are achieved in a particularly economic mately).
Therefore, [err] may be calculated as  fashion. As shown in Figure 2, the
collector 20  follows:                                     of Q20 at node
31 is coupled to an external  60 pad 35, to which a capacitor 34 is
attached. [err]                    This capacitor has a large value (160
[err]) at a (4)    low voltage (2.5 volts). This value provides a low
impedance at 60 cycles and provides appreciable hum suppression. Introduced
be-  65 Substituting into equation (1)              tween capacitance 34
and the base of Q12 is a small [err] resistance which together with [err]
(5)    capacitor 34 permits the closed loop gain of the amplifier to remain
high for ac. signals [err]                          and low, with large
amounts of degeneration,  70 (6)    for stable d.c. operation. Assuming
that the bias source (12)' for the amplifier is derived from a 60 cycle
line volt- 



25  Solving for V18 by setting equation (4) equal  age and rectified and
filtered, one may expect to  equation (6):                '          some
a.c. ripple to be superimposed upon the   75 d.c. output voltage.One may
control the ripple [err]                       by use of large capacitances
such as capa- citor 36 shown in shunt with the bias source, and by multiple
section RC filters. In general, (7)    one does not try to eliminate such
ripple, but  80 only to reduce it to tolerable limits consistent to obtain
V18:                              with other requirements. In the' present
arrangement, a modified [err]                   approach to filtering is
provided. In a con- ventional push-pull amplifier using  non-  85
complementary power transistors, the ripple (8)    is applied to the
collector of the upper push- pull amplifier. Assuming a centrally coupled
30  Assuming B+ =6 volts; Vd=0.7                load and equal voltage
division between tran- sistors, one may expect the ripple to appear  90 in
the load (at one-half its voltage at the bias source), and produce hum in
the output loud- 7.5 K  3.3 K           speaker. In the present
arrangement, the d.c. (9)    balancing circuit injects current from  Q20
into the node at 31 to hold the d.c. potential  95 [err]
at 18, at a predetermined near central volt- age position. The current
injection by Q20, The value for V18 may be shifted by add-  assuming that
capacitor 34 and resistor 33 are ing or removing diodes in series with Q7
or  not present, however, is based on the instan- 35  by adjusting the
current into Q18. The desired  taneous current from D1, and this in turn is
a 100 value of V18 is slightly below half the dc.  function of the total
d.c. potential including    67 8
1,485,682                                      8 the ripple from the d.c.
source 12. Capacitor  originally made The amplifier is particularly 34
filters the ripple (hum) which is present  economical in its use of
external components. in the 7.5K resistor (29) and arrives via the  Thus,
while it employs two feedback loops, turn-around (Q20). Node 31 can
therefore  these loops are on the "chip", and do not 5   be assumed to be
hum free and thus the refer- require  additional  external  components. 70
ences against which both feedback loops work  Though  feedback,  which
linearizes and are hum free. The current in the 7.5K resis-  stabilizes the
amplifier and stabilization of the tor (29) which gets turned around in Q7,
Q8  d.c. idlng point, the output stages may be contains hum and perturbates
the normal 5  driven hard without excessive power dissipa- 10  milliampere
idle current. This   perturbation,   tion or unexpected clipping. The
self-center  75 however, is lessened by the gain in both loops  ing action
of the biasing arrangement permits and generally reduces the "hum" down to
the  the amplifier to be very tolerant of change in noise. Typical hum
reduction is 60 db.    the bias voltage. The amplifier has been A second
effect of the components 33 and  designed for use at 6 volts, but will
operate 15   34 is in the excellent d.c. stability that may be  with good
linearity, but reduced power at 3  80 obtained. The circuit means including
capa-  volts. It will also operate, and in fact with citor  34 and
resistance 33 at the degenerative    improved fidelity at 12,volts. In
addition, the input to the amplifer permits a differential  circuit makes,
it possible to take maximum degenerative feedback as between a.c. and d.c.
advantage of the available d.c. voltage supply 20   gain in the amplifier.
For a.c. purposes, the  and does so without the need for boot-  85
degenerative feedback is determined by the  strapping. relative size  of
resistance 33 to the  complex    A further advantage derives from the
design reactance of resistance 27 and capacitor 34.  of the differential
amplifier    and The values are normally selected to produce  the indicated
mode of feedback connection 25  a small feedback ratiosoas topermithigh
This design permits the signal input to re-  90 closed loop, a.c. gain. For
d.c., the reactance  main at a very high impedance, well above a of
capacitor 34 is infinite, and the feedback  megohm. Consequently, the
pre-amplifier may ratio is essentially unity, very substantially  not only
be driven by conventional AM and lowering the d.c. gain and insuring the
desired  FM detectors, but also by a ceramic cartridge 30  high stability
operation.                  of the conventional (~1/2 volt) output volt-
95 A further feature of the embodiment illus  age. 



trated in Figure 2 is the means by which the current supplied to the
pre-amplifier stages    WHAT WE CLAIM IS: - is isolated from the current
demands of the    1. An audio amplifier having minimum con- 35  output
stages. The network for establishing  trolled idling current,comprising a
common the base potentials on current source transis-  terminal and a
non-common terminal for pro- 100 tors Q16, Q18, Q19 is Q17, whose emitter
viding access to a source of bias potentials, a is coupled  to all three
bases and to the col-  constant current source coupled to the non- lector
of Q12. The base of Q17 is returned  common  terminal,   a push-pull output
stage 40  through diode D3 to B+  where it is held at comprising a first
and second output tran- a nearly fixed d.c. value below the has poten-
sistor of a first conductivity type connected 105 tial.   e collectorof Q17
is coupled to the  in series between said common and non- collector-base
junction of current  reference  common terninalsthe active region areas of
transistor Q7. The emitter current for Q17  said first and second
transistors being approxi- 45  is derived from the collector current of Q12
mately equal for exhibiting approximately and Q12 has a constant emitter
current estab-  equal current conduction characteristics  a 110 lished by
the resistance 28 and the fixed volt-  driver stage for said push-pull
amplifier, com- age across resistance 28. The latter voltage  prising a
third transistor  providing a signal for is fixed at a single diode drop
above ground  driving  both output transistors  means for 50  potential by
the interconnected input junc-  applying the signal from the third
transistor tions of Q11,Q11,Q9, Q10.  Resistance 28 estab-  to the input of
said second transistor for caus- 115 ishes a minimum current in the series
path  ing conduction therein, an intermediate driver including Q12, Q17 and
Q7, and sets a mini-  for applying the signal from the third tran- mum
current drain for Q7.The bases of Q16,   sistor to the input of said first
transistor com- 55  Q19, Q18 being  coupled to the emitter of    prising a
fourth transistor and a control means, Q17, are thus generally isolated by
the tran-   said fourth transistor being of said first con- 120 sistor Q17
from any excess current demands  ductivity type and having an active region
from Q8 or Q20 that might appear at Q17's  area that is related to the
active region area of collector.                                   said
second transistor by a predetermined 60    In summary, the inventive
embodiment has  ratio, and said control means being connected a very low
predictable idle current. That idle  to said constant current source for
distribut- 125 current is determined by the geometry, i.e.  ing a portion
of the current from said con- areas, of the respective devices and  thus
can  stant current source to the output of said be controlled to a high
degree of accuracy  fourth transistor, another portion to the input 65
when the "masks" for device formation are  of said first transistor and for
withdrawing    8                                         1,485,682
8 the ripple from the d.c. source 12. Capacitor  originally made. The
amplifier is particularly 34 filters the ripple (hum) which is present
economical in its use of external components. in the 7.5K resistor (29) and
arrives via the  Thus, while it employs two feedback loops, turn-around
(Q20). Node 31 can therefore  these loops are on the "chip", and do not 5
be assumed to be hum free and thus the refer-  require  additional
external  components.  70 ences against which both feedback loops work
Through  feedback, which  linearizes  and are hum free. The current in the
7.5K resis-  stabilizes the amplifier and stabilization of the tor (29)
which gets turned around in Q7, Q8  d.c. idling point, the output stages
may be contains hum  and perturbates the normal 5  driven hard without
excessive power dissipa- 10   milliampere idle current. This perturbation,
tion or unexpected clipping. The self-center-  75 however, is lessened by
the gain in both loops  ing action of the biasing arrangement permits and
generally reduces the "hum" down to the  the amplifier to be very tolerant
of change in noise. Typical hum reduction is 60 db.      the bias voltage.
The amplifier has been A second effect of the components 33 and  designed
for use at 6 volts, but will operate 15   34 is in the excellent d.c.
stability that may be  with good linearity, but reduced power at 3  80
obtained. The circuit means including capa-  volts. It will also operate,
and in fact with citor 34 and resistance 33 at the degenerative  improved
fidelity, at 12 volts. In addition, the input to the amplifier permits a
differential  circuit makes it possible to take maximum degenerative
feedback as between a.c. and d.c.  advantage of the available d.c. voltage
supply 20   gain in the amplifier. For a.c. purposes, the  and does so
without the need for boot-  85 degenerative feedback is determined by  the
strapping. relative size of resistance 33 to the complex    A further
advantage derives from the design reactance of resistance 27 and capacitor
34.  of the differential amplifier pre-amplifier and The values are
normally selected to produce  the indicated mode of feedback connection. 25
a small feedback ratio so as to permit high  This design permits the signal
input to re-  90 closed loop, a.c. gain. For d.c., the reactance  main at a
very high impedance, well above a 



of capacitor 34 is infinite, and the feedback  megohm. Consequently, the
pre-amplifier may ratio is essentially unity, very substantially  not only
be driven by conventional AM  and lowering the d.c. gain and insuring the
desired  FM  detectors, but also by a ceramic cartridge 30   high stability
operation.                   of the conventional (~1/2 volt) output volt-
95 A further feature of the embodiment illus-  age. trated in Figure 2 is
the means by which the current supplied to the pre-amplifier stages    WHAT
WE CLAIM IS: - is isolated from the current demands of the    1. An audio
amplifier having minimum con- 35   output stages. The network for
establishing  trolled idling current, comprising a common the base
potentials on current source transis-  terminal and a non-common terminal
for pro- 100 tors Q16, Q18, Q19 is Q17, whose emitter  viding access to a
source of bias potentials, a is coupled to all three bases and to the col-
constant current source coupled to the non- lector of Q12. The base of Q17
is returned  common terminal, a push-pull output stage 40  through diode D3
to B+ where it is held at  comprising a first and second output tran- a
nearly fixed d.c. value below the bias poten-  sistor of a first
conductivity type connected 105 tial. The collector of Q17 is coupled to
the  in series between said common and non- collector-base junction of
current reference  common terminals, the active region areas of transistor
Q7. The emitter current for Q17  said first and second transistors being
approxi- 45  is derived from the collector current of Q12  mately equal for
exhibiting approximately and Q12 has a constant emitter current estab-
equal current conduction characteristics, a 110 lished by the resistance 28
and the fixed volt-  driver stage for said push-pull amplifier, com- age
across resistance 28. The latter voltage  prising a third transistor
providing a signal for is fixed at a single diode drop above ground
driving both output transistors, means for 50  potential by the
interconnected input junc-  applying the signal from the third transistor
tions of Q11, Q9, Q10. Resistance 28 estab-  to the input of said second
transistor for caus- 115 lishes a minimum current in the series path  ing
conduction therein, an intermediate driver including Q12, Q17 and Q7, and
sets a mini-  for applying the signal from the third tran- mum current
drain for Q7. The bases of Q16,  sistor to the input of said first
transistor com- 55  Q19, Q18 being coupled to the emitter of  prising a
fourth transistor and a control means, Q17, are thus generally isolated by
the tran-  said fourth transistor being of said first con- 120 sistor Q17
from any excess current demands  ductivity type and having an active region
from Q8 or Q20 that might appear at Q17's  area that is related to the
active region area of collector.                                  said
second transistor by a predetermined 60    In summary, the inventive
embodiment has  ratio, and said control means being connected a very low
predictable idle current. That idle  to said constant current source for
distribut- 125 current is determined by the geometry, i.e.  ing a portion
of the current from said con- areas, of the respective devices and thus can
stant current source to the output of said be controlled to a high degree
of accuracy  fourth transistor, another portion to the input 65  when the
"masks" for device formation are  of said first transistor and for
withdrawing    9                                            1,485,682
9 from  said first transistor the remaining cur-  wherein said five
transistors and said constant rent, whereby the input current to said first
current source, itself comprising a sixth and transistor and consequently
its idling current  seventh transistor, are integrated together.    65 is
limited  by the current available from  said   6. An amplifier as claimed
in claim 4, hav- 5   constant current source reduced by the out-  ing in
addition thereto a pre-amplifer com- put current in said fourth transistor
and the   prising a differential amplifier having an in- current withdrawn
by said control means, and   put hereinafter referred to as the "degenera-
the idling current in the second transistor is  tive input", and an output
supplied to the   70 determined by the output current in said  base  of
said third transistor, and a second 10  fourth transistor, being related
thereto by the   feedback means coupled in degenerative sense ratio of the
active region areas between said  from  said output interconnection to said
de- second and fourth transistors.                 generative input to
further reduce asymmetry 2. An amplifier as claimed in claim  1,  in  the
gain  characteristic and to improve   75 wherein said first and second
transistors are   amplitude linearity. 15    each connected in a base input
configuration,      7. An amplifier as claimed in claim  6, with the
collector of  the first transistor being . wherein means are providided for
stabilizing returned to the non-common terminal and the   the  d.c. idling
voltage and the audio signal emitter of said second transistor being re-
swing about said idling value at said output.  80 *     turned to said
common termial, the emitter  interconnection, said means including a first
20  of said first transistor being coupled to the   resistance coupled
between said degenerative collector of said second transistor, the output
input and said amplifier output interconnec- 



being taken at the interconnection of the out-  tion  to. draw  off a
predetermined current put  transistors,  which  interconnection  is  from
said output interconnection to hold said   85 hereinafter referred to as
"said output inter-  output voltage at a desired idling value, and 25
connection", said third transistor is connec-  means for effecting said
current withdrawal ted in base input, emitter follower configura-
comprising a controlled current source for tion, the emitter of said third
transistor being   withdrawing current from said resistance sub- d.c.
coupled to the base of said second tran-  stantially  equal to  that
required  to  hold   90 sistor, said fourth transistor has its base d.c.
said output idling voltage at approximately 30  coupled to the third
transistor's emitter and   half the bias voltage. its own emitter to the
common  terminal,    8. An amplifier as claimed in claim  7, whereby to
parallel the input junctions of   wherein said current withdrawal means
com- said fourth and second transistors to hold   prises a first current
reference including a   95 their diode drops equal and thereby stabilize
resistance  having  approximately  twice  the 35  their current ratios, and
said control means   value of said feedback resistance and a diode
comprises a fifth transistor of a second con-  connected thereto in series
across said bias ductivity type, having its collector coupled to  source,
and another transistor whose input said output interconnection, its base
coupled   junction is in shunt with said diode, having  100 to the
collector of said fourth transistor and   its collector connected to said
first resistance 40  having its emitter coupled to said constant  to
withdraw  current proportional to that in current source and to the base of
said first  said diode from said output interconnection. transistor,
whereby the idling current in said    9. An amplifier as. claimed in claim
8, second transistor is supplied by said first and   wherein current
injecting means are provided,  105 fifth transistors.
comprising a further transistor having a fixed 45    3. An amplifier as
claimed in claim  2,  reference voltage applied to its base, a resist-
wherein a tapped resistance is provided hav-   ance coupled between its
emitter and the non- ing one part shunting the input junction of   common
terminal of said bias source, and its said fifth transistor and the o
other part shunt-  collector being coupled to the collector of said  110
ing the output junction of said fifth transistor,  other transistor, said
further transistor inject- 50  the tapped resistance setting the operating
ing additional current at its connection point point of the fifth
transistor at current levels  to offset the current from  said withdrawal
several times that of its beta peak, so as to   means, and thereby to set
the voltage at said make the fifth transistor's current level pri-
amplifier output slightly uder one-half the  115 marily dependent upon its
electrode area.      bias potential. 55     4. An amplifier as claimed in
claim  2,         10. An amplifier as claimed in claim  9, wherein a
degenerative feedback connection is   wherein a small resistance is
introduced be- coupled between said output interconnection   tween the
degenerative input and the collector and the base of said third transistor
to reduce   of said other transistor for input isolation, and  120
asymmetry in the gain characteristics and to   a large filter capacitor is
coupled to said last 60  achieve stability through minimum phase dis-
recited collector to reduce hum at said output tortion in said feedback
loop.                 interconnection. 5. An amplifier as claimed in claim
2,         11. An amplifier as claimed in claim  10,    10
1,485,682                                          10 wherein all recited
transistors are integrated to 12. An audio  amplifier substantially  as
hereinbefore described with referene to and                 3/4, South
Square, 5   as shown in Figure 1 or Figure 2 of the
Grays Inn, accompanying drawings.
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