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[57] ABSTRACT 
A transistor power ampli?er is provided with direct 
current-coupling between stages and to the loud 
speaker. The output stage is push-pull single-ended and 
includes two transistors connected in series at a mid 
point of the stage. A split power supply has a center-tap 
connected to one output terminal and the other output 
terminal is connected to said output stage midpoint. 
Ampli?cation and drive stages are direct-current-cou 
pled in cascade to the output stage. A direct-current 
negative feedback network extends from the output 
stage to an ampli?cation stage to maintain the output 
terminals at substantially the same quiescent potential 
to prevent direct-current flow through the voice-coil of 
the loudspeaker. 

58 Claims, 15 Drawing Figures 
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DlRECT-CURRENT-COUPLED TRANSISTOR 
POWER AMPLIFIERS 

Matter enclosed in heavy bracketslilappears in the 
original patent but forms no part of this reissue specifi 
cation; matter printed ln italics indicates the addithms 
made by reissue. 

CROSS-REFERENCES 

This application is related to my prior applications 
listed below: 
"Transistor Power Ampli?ers,” Ser. No. 270,011, 

now U.S. Patent No. 3,281,535, ?led Apr. 2, 1963; 
“Transistor Power Ampli?ers and Feedback Speaker 
Systems Embodying Same,” Ser. No. 311,732, now US. 
Pat. No. 3,372,342, ?led Sept. 26, 1963; "Transistor 
Power Ampli?ers and Feedback Systems Embodying 
Same," Ser. No. 388,399, ?led Aug. 10, i964; “Tran 
sistor Power Ampli?ers for High Fidelity Music Repro 
duction," Ser. No. 563,586, ?led July 7, 1966 [.1 ; 
“Transistor Audio Amplifier with Power-Division Output 
Stages", Ser. No. 501,515, ?led Oct. 22, 1965, now 
abandoned. "Transistor Power Ampli?ers With Protec 
Jive Circuit Means”, Ser. No. 473,981, ?led July 22, 
I965. 
The present application is a continuation-in-part of 

said applications Ser. No. 501,515, Ser. No. 311,732; 
Ser. No. 388,399 now abandoned; Ser. No. 473,981 
now abandoned and Ser. No. 563,586. Said application 
Ser. No. 388,399 is in turn a continuation~in~part of 
said application Ser. No. 270,011 now U.S. Pat. No. 
3,281,535. 

FIELD OF THE INVENTION 

This invention relates to transistor power ampli?ers 
for high-?delity music reproduction and other applica 
tions where high power output and inaudible ampli?er 
distortion under rigorously critical listening conditions 
are required. 

DESCRIPTION OF THE PRIOR ART 

1n the prior state of the art, the advent of transistors, 
with their ability to function ef?ciently when loaded by 
the relatively low impedance of a loudspeaker, made 
feasible the elimination of the output transformer from 
audio ampli?ers. Since the output transformer was by 
far the most expensive component and generated the 
most distortion, phase shift and feedback instability, its 
elimination would have provided a substantial advance 
if it were not for the fact that prior transistor ampli?er 
circuits substituted other components which were al 
most as disadvantageous. 
More speci?cally, one widely adopted design ap 

proach provides direct coupling between the output 
stage and the loudspeaker, but utilizes a driver trans 
former to drive the output transistors. The primary of 
the driver transformer is capacitor-coupled to ground. 
Another prior art solution involves direct coupling the 
drive stage to the output stage but coupling the latter to 
the loudspeaker through a large electrolytic capacitor. 
Both of these circuit types frequently employ interstage 
coupling capacitors as well. 

Instead of utilizing these reactive coupling compo 
nents, the amplifier circuit of the present invention 
provides direct coupling between the several stages, to 
the loudspeaker, and throughout the feedback loop. [n 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
addition to the obvious advantages of reduced cost and 
greater reliability due to the elimination of transform 
ers and coupling capacitors, the primary advantage of 
the present direct-coupled circuit resides in the elimi 
nation or substantial reduction of the following forms 
of distortion which are generated by or inadequately 
reduced by the conventional circuits: 

(1) Nonlinear distortion-Driver transformers and 
coupling capacitors produce phase shift at both fre 
quency extremes so as to prevent the application of a 
large amount of feedback with stability. Nonlinear 
distortion, including both harmonic and intermodula 
tion distortion due to nonlinear transistor transfer char 
acteristics, is reduced in an amount proportional to the 
amount of feedback. The restriction to a moderate 
amount of feedback, necessary for stability in the con 
ventional circuits, results in a substantial residuum of 
nonlinear distortion. 
(2) Oscillatory response.—At low frequencies this is 

known as “breathing” and at high frequencies as "ring 
ing." In either case, the complex poles of the transfer 
function provide a spurious oscillatory response if the 
amount of feedback is excessive in view of the phase 
shifts provided by the reactive coupling components of 
the conventional circuits. The designer of the latter is 
faced with the dilemma of risking this form of distor 
tion or settling for a substantial amount of nonlinear 
distortion by utilizing only a moderate amount of feed 
back to obtain a greater stability margin. 
(3) Overload recovery.—At overload peaks when 

one or more transistors go into saturation, it is usual for 
at least one interstage coupling capacitor to pass a large 
unidirectional surge of current so as to change its state 
of charge. After the overload signal terminates it takes 
the capacitor a finite time to recover its original charge 
condition. During this recovery period the bias on the 
succeeding ampli?cation stage is usually sufficiently 
disturbed by the potential applied thereto by the capac 
itor so as to cause either radical distortion or even 
complete cutoff known as "blocking." 
(4) Crossover distortion-Although inherent in any 

transistor push-pull output stage operating near the 
Class B bias mode, this type of distortion is reduced 
approximately in proportion to the amount of feed 
back, provided the distortion is not so severe as to 
reduce the ampli?er gain to the point where the feed 
back is ineffective. As in the case of nonlinear distor 
tion, the phase shifts generated by the reactive coupling 
components of the conventional circuits prevent the 
application with stability of a large amount of feedback 
and hence the residual crossover distortion is usually 
excessive. 
(5) Transient distortion.—-Although this term is 

sometimes applied to various forms of spurious re 
sponse to nonsinusoidal period signals such as square 
waves, it is intended here to refer to distortion arising 
from non-periodic pulse signals. One form produces 
premature clipping at the rise of a tone burst due to a 
disturbance in the bias condition of an early stage and 
produced by a low-frequency instability triggered by 
the burst. Another form occurs during the recovery 
from a heavy pulse having a substantial direct-current 
component which changes the charge condition of a 
coupling capacitor, usually the output capacitor which 
couples to the speaker rather than an interstage capaci 
tor as in the case of overload recovery distortion. 

(6) Bias drift-Varying thermal and load conditions 
and changes in component parameters may cause a 
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drift of the quiescent operating point of one or more 
stages, resulting in premature clipping at power levels 
lower than rated. The use of reactive coupling in the 
conventional circuits usually prevents the application 
of a large amount of overall direct-current feedback 
which would counteract any tendency of the bias point 
to drift from the optimum value. 

(7) Transformer crossover transients-If the two 
halves of a driver transformer primary winding are not 
perfectly coupled, crossover switching transients in the 
form of notches or ringing will occur, particularly when 
abetted by carrier storage at high frequencies. Tri?lar 
windings increase the coupling and thus reduce these 
transients, but do not completely eliminate them. 
(8) Reactive coupling loads.—The use of an output 

coupling capacitor results in an elliptical load-line for 
the ampli?er at low frequencies, and the primary in 
ductance of a driver transformer provides a similar 
reactive load for the drive stage. In response to low-fre 
quency transient signals the operating point of the out 
put stage may enter regions of simultaneously high 
voltage and current so as to result in “second break 
down" causing the destruction of the output transis 
tors. 

SUMMARY OF THE INVENTION 

It is therefore a primary object of the present inven 
tion to provide novel transistor power ampli?er circuits 
wherein the pre-drive, drive and output stages are 
D.C.-coupled to each other and the output stage is 
D.C.-coupled to the loudspeaker, so as to eliminate the 
serious disadvantages inherent in the use of driver 
transformers and output coupling capacitors. Prior art 
circuits having the last two or three stages D.C.-cou 
pled in this manner have heretofore been unsuccessful 
because they are de?cient in one or more of the follow 
ing respects: 

(I) There was an inability to maintain D.C. balance 
at the ampli?er output terminals under varying ambient 
temperatures, line voltages and output power loads. 
Any substantial D.C. unbalance produces a D.C. cur 
rent in the loudspeaker voice-coil thereby biasing the 
cone off center and increasing the speaker distortion. 

(2) The power supply ripple was injected into an 
early stage of the ampli?er thereby producing an exces 
sive amount of hum. 

(3) The power and distortion characteristics did not 
compare favorably with other circuits. . 

(4) Some of the circuits were complex and critical 
and therefore costly and unreliable. 

(5) Failure of an output transistor was likely to dam 
age the loudspeaker so as to require factory replace 
ment of the cone and voice-coil at substantial expense. 

(6) Although measuring extremely well on distortion 
meters in laboratory bench tests they generated audible 
distortion when subjected to music signals in critical 
listening tests. 

It is therefore a further object of the present inven 
tion to obviate the above-noted defects heretofore 
prevalent in D.C.-coupled ampli?er circuits. 
The attainment of practical, and properly functioning 

circuitry wherein the pre-drive, drive and output stages 
are D.C.-coupled to each other and to the loudspeaker 
provides an ampli?er having phase shift characteristics 
which permit the use of new and more effective feed 
back techniques and impedance matching arrange 
ments. 

0 

25 

30 

35 

45 

50 

55 

60 

65 

4 
In one embodiment an inner negative feedback loop 

raises the high-frequency cutoff of the ampli?er to a 
predetermined frequency, and preceding the inner loop 
is a preampli?er stage having a high-frequency cutoff 
substantially lower than said predetermined frequency. 
An outer negative feedback loop includes both the 
ampli?er and the preampli?er stage. The result is an 
unusually large amount of feedback without instability. 
Other objects and advantages are either inherent in 

the circuitry disclosed herein or will become apparent 
to those skilled in the art as the detailed description 
proceeds in connection with the accompanying draw 
ings wherein: 

DESCRIPTION OF THE DRAWINGS 

FIG. I is an ampli?er circuit embodying the inven 
tion; 
FIG. 2 shows a modi?ed form of the invention which 

uses only a single zener diode and a non-split auxiliary 
power supply, and which also includes an additional 
four-transistor drive stage having two transistors driven 
by the output stage through feedback voltage dividers 
energized by the latter; 
FIG. 3 is a schematic circuit diagram of a double 

loop feedback system incorporating an ampli?er in 
accordance with the present invention; 
FIG. 4 shows another double-loop feedback system 

wherein the second preampli?er stage is D.C.-coupled 
to the ampli?er; I 
FIG. 5 shows two ampli?ers each in accordance with 

the present invention and connected in a stereo mode 
so as to constitute two independent channels; 
FIG. 6 shows the same two ampli?ers connected in a 

parallel mode so as to match the relatively low imped 
ance of a single four-ohm loudspeaker; 
FIG. 7 shows the same two ampli?ers connected in a 

series mode to form a full-bridge circuit for driving a 
single loudspeaker of high impedance such as sixteen 
ohms. 
FIG. 8 shows a modi?ed form of the invention 

wherein a zener diode provides a source of reference 
potential for the base of the ?rst common-emitter 
stage; 
FIG. 9 shows another modi?ed form of the invention 

wherein the ground is a source of reference potential 
and an emitter-follower stage maintains the base of the 
?rst common-emitter stage at a ?xed quiescent poten 
tial; 

FIG. la shows still another modi?ed fonn of the 
invention wherein the source of reference potential is 
at ground level; 
FIG. 2a shows a modification of the ?rst two stages of 

the circuit of FIG. la; 
FIG. 3a shows another modi?cation of said ?rst two 

stages of the circuit of FIG. la; 
FIG. 4a shows another modi?ed form of the inven 

tion wherein each common-emitter stage comprises a 
symmetrical pair of emitter-coupled transistors; 
[and] 
FIG. 4b shows a modified form of the invention and 

consisting of a subcombinarion of the circuit of FIG. 4a; 
and 

FIG. 5a shows a widely-used prior art circuit utilizing 
an output coupling capacitor. 

DETAILED DESCRIPTION 

Referring now to the drawings in more detail and ?rst 
to FIG. 1 thereof, there is shown an ampli?er circuit in 
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accordance with the present invention and comprising 
a voltage ampli?cation or pre-drive stage including 
transistor Q1, a complementary symmetry push-pull 
drive stage including transistors Q2 and Q3, and a 
push-pull power output stage including transistors Q4 
and Q5. Each stage is D.C.-coupled to the next stage 
and the output stage is in turn D.C.-coupled to the 
loudspeaker S. The pre-drive transistor Q1 is operated 
common-emitter in Class A. The drive and output 
stages operate as emitter-follower Darlington pairs and 
are preferably biased in Class AB with suf?cient quies 
cent current to minimize crossover distortion. 
Transistor O1 is provided with a base biasing circuit 

comprising the series arrangement of diode D1, resistor 
R1, resistor R2, and a variable resistor in the form of a 
potentiometer P. The base of transistor Q1 is con 
nected to the junction of resistors R1, R2. The emitter 
of transistor O1 is provided with a bias resistor R3 
which is bypassed by a capacitor C2. The collector of 
transistor 01 is connected to one end of a diode D2 
having its opposite end connected to collector load 
resistors R5, R6’. Capacitor Cl has one end connected 
to output terminal 0] through leads 15, 16 and its 
opposite end connected to the junction of resistors R5, 
R6‘ to provide bootstrapping in the conventional man 
ner. 

The battery symbols B2 and B'2 designate the half 
sections of a conventional auxiliary power supply hav 
mg its center-tap grounded as shown. A resistor R6 has 
one end connected to the positive terminal of the posi 
tive half-section B2 of the power supply and its oppo 
site end is connected to the positive end of a zener 
reference diode Z1. The negative end of the latter is 
connected to ground. The lower ends of diode D1, 
resistor R3 and bypass capacitor C2 are connected to 
the positive end of zener diode [D1] 21. 
A resistor R7 has one end connected to the negative 

end of the negative half-section B'2 of the auxiliary 
power supply and its opposite end is connected to the 
negative end of a second zener reference diode Z2 
having its positive end connected to ground. The upper 
end of collector load resistor R5 is connected to the 
negative end of zener diode [D2] Z2. 
The potential of the positive terminal of power sup 

ply positive section B2 is more positive than the break 
down voltage of zener diode Z1 so that the latter is 
maintained in its breakdown state with its positive end 
at a substantially ?xed predetermined voltage with 
respect to ground. Similarly, the negative terminal of 
power supply negative section B'2 is maintained at 
greater negative potential than the breakdown voltage 
of zener diode Z2 so that the latter is maintained in the 
breakdown state with its negative end at a ?xed prede 
termined negative voltage with respect to ground. 
Therefore the base, emitter and collector circuits of 
transistor Q] are connected to potential sources at 
?xed predetermined voltages which remain substan 
tially invariant under different conditions of ambient 
temperature, line voltage and ampli?er load. 
The collector of transistor Q] is D.C.-coupled by 

lead 11 to the base of the lower NPN transistor Q2 of 
the complementary drive stage and the upper end of 
diode D2 is similarly D.C.-coupled by lead 12 to the 
base of the upper PNP transistor Q3 of said drive stage. 
Bias resistors R9, R10 extend from the respective emit 
ters of transistors Q2, O3 to a common junction con 
nected by lead 15 to the output terminal Q1. The col 
lector of the lower NPN transistor O2 is D.C.-coupled 
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6 
by lead 13 to the base of the lower output transistor Q4 
and the emitter of the upper PNP drive transistor Q3 is 
D.C.-coupled by lead 14 to the base of the upper out 
put transistor 05. 

Resistor R8 has one end connected to the collector of 
drive transistor Q2 and its opposite end is connected to 
the positive terminal of the positive half-section B1 of a 
main split power supply having a negative half-section 
B'] with a negative terminal connected to the collec 
tors of both upper drive transistor Q3 and upper output 
transistor Q5. The center-tap of the main power supply 
B1, 8'] is grounded as shown and constituted the 
grounded output terminal 02 whereby the speaker S 
may be connected with its voice-coiled terminals D.C. 
coupled to the respective ampli?er terminals 01, 02. 
The emitter of the lower output transistor 04 is pro 

vided with a bias resistor R1] extending to the positive 
terminal of the positive power supply section B] and its 
collector is connected to output terminal 01. The emit 
ter of upper output transistor O5 is similarly provided 
with a bias resistor R12 extending to output terminal 
01. 
The two signal input terminals are indicated at [1, [2. 

input terminal I1 is connected directly to the base of 
transistor Q1 whereas input terminal 12 is grounded as 
shown. Transistor Q1 operates as a Class A common 
emitter ampli?er stage and the potential of its collector 
varies in response to a signal fed to input terminals. [1, 
l2. Diode D2 provides a temperature-compensated bias 
for drive transistors Q2, Q3 in the conventional man 
ner. 
Due to the small voltage drop across diode D2 the 

potential of lead 12 will be maintained a fraction of a 
volt more negative than the collector of transistor Q1 
as the collector swings in response to a signal input. 
The complementary drive stage 02, Q3 provides both 
phase inversion and emitter-follower operation. That 
is, since the emitter of a transistor operating in the 
active region remains within a fraction of a volt of the 
base, it will be seen that the potential of the junction of 
emitter resistors R9, R10, and hence that of the output 
terminal 01, will be maintained intermediate the re 
spective potentials at the opposite ends of diode D2 as 
the latter swings up and down with the collector of 
transistor Q1. Thus the potential of ampli?er output 
terminal 01 will be maintained within a fraction of a 
volt of the potential of the collector of transistor Q1 so 
as to provide the low distortion of emitter-follower 
operation. 

ln view of the D.C.-coupling of the ampli?er to the 
loudspeaker S, it is imperative that the output terminals 
01, 02 be maintained at substantially the same DC. 
potential, both under quiescent condition and at vari 
ous levels of power output, and irrespective of varia 
tions in ambient temperature and line voltage. Any 
D.C. unbalance between output terminals 01, ()2 will 
cause a direct current to flow through the voice-coil of 
loudspeaker S. This in turn will cause the cone of loud 
speaker S to be biased off center. If the direct current 
and the resultant biasing are substantial, the nonlinear 
distortion generated by the loudspeaker will be seri 
ously increased. 
Output terminal 01 is maintained at substantially the 

same potential as output terminal 02, that is, at ground 
potential, by two feedback arrangements. The ?rst 
comprises the emitter bias resistor R3 of transistor Q1 
which is made highly effective by zener diode Z1. The 
breakdown voltage of zener diode Z1 is selected so as 
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to be substantially larger than the quiescent collector 
to-emitter voltage of transistor 01 so that the extra 
voltage may be dropped across resistor R3. The resis 
tance of the latter may thus be many times larger than 
is customary or would be pennissible in the absence of 5 
zener diode Z1. 
For example, in conventional prior art circuits of the 

complementary-symmetry type wherein the lower ends 
of resistors R3, R8 and R1] are connected to a com 
mon ground, the resistor in the relative position of R3 
is generally about a few hundred ohms. Any attempt to 
increase this resistance substantially will cause a corre 
sponding reduction in the available voltage swing of the 
collector of O1 and hence in the maximum power out 
put capability of the ampli?er. However, if the break 
down voltage of zener diode Z1 is selected so as to be 
a predetermined amount (e.g., about ten volts) greater 
than the voltage of the positive terminal of the main 
power supply section 81 then resistor R3 may have this 
voltage difference dropped across it. Hence, for the 
same emitter current, resistor R3 may be of a magni 
tude of several thousand ohms, that is, approximately 
ten times larger than in the conventional prior art cir 
cuits, without any reduction in the collector voltage 
swing or the amplifier maximum power output. 
Since resistor R3 provides D.C. feedback which sta 

bilizes the collector current of transistor 01 and hence 
the potential of the collector of transistor Q1, by in 
creasing the magnitude of this resistor ten-fold, the 
feedback is increased by the same amount and hence 
the stability of the D.C. potential of output terminal 01 
is increased by a like amount. 
The second feedback arrangement for the latter pur 

pose is provided by the base bias circuit including ele 
ments [D1] 21, R2 and P. The potentiometer P and 
resistor R2 together with leads l5 and 16 provide a 
D.C. feedback path extending from output terminal 01 
to the base of transistor Q1. This feedback is degenera 
tive so that it counteracts any tendency of output termi 
nal O1 to vary in D.C. potential. Potentiometer P fur 
ther provides a convenient arrangement for initially 
adjusting the potential of output terminal 01 so that it 
is at ground potential and thus balanced with respect to 
the grounded output terminal 02. 
The D.C. feedback provided by potentiometer P and 

resistors R1, R2 is aided by zener diode 21 in two 
important respects. First, the predetermined invariant 
potential provided by zener diode [D1] Z1 consti 
tutes a fixed reference voltage which the feedback 
arrangement utilizes as a comparison standard to de 
tect and correct errors in the D.C. potential of output 
tenninal 01. Second, the potential source arrangement 
of zener diode [D1] Z1 provides a large potential 
drop across the lower base bias resistor R1 and hence 
the latter may be many times larger than is conven 
tional. Since the amount of D.C. feedback is deter 
mined by the ratio of the magnitude of resistor R1 to 
the sum of the magnitudes of resistors R1, R2 and 
potentiometer P, the greatly increased value of R1 
results in a substantially larger amount of D.C. feed 
back and hence greater effectiveness in maintaining the 
D.C. potential output terminal 01 ?xed at ground 
level. 
Further precision in this regard is provided by diode 

D1 which serves as a temperature compensating ele 
ment to counteract the variations in the base-to-emitter 
voltage of transistor ()1 with variations in ambient 
temperature. The temperature compensating operation 
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8 
of diode D2 is well-known in the art and similarly coun 
teracts the variation in base-to-emitter voltage of drive 
transistors 02, Q3 and output transistors Q4, Q5 with 
variations in ambient temperature. 

It will be seen that variations in ampli?er load will 
have practically no effect on the D.C. balance of output 
terminals 01, 02. That is, as the load increases the 
regulation of the main power supply B], B’! will cause 
the voltage across its terminals to decrease substan 
tially due to the internal impedance of the supply. The 
center-tap at 02 will remain at the same potential since 
it is grounded and the respective potentials at the oppo 
site ends of the power supply will shrink toward ground 
as the load on the ampli?er is increased. 
However, the D.C. potential of output terminal 01 

will remain substantially unaffected for the following 
reasons. The potential of output terminal 01 is deter 
mined by the potential of the collector of transistor 0!. 
Zener diodes Z1, Z2 maintain the lower end of emitter 
resistor R3 and the upper end of collector resistor R5 at 
substantially constant ?xed voltages irrespective of 
variations in the load on the ampli?er. Hence the D.C. 
potential of the collector of transistor 01 remains sub 
stantially constant, and thus the D.C. potential of out 
put terminal 01 is maintained at ground potential 
under varying load conditions. 
For the same reasons, variations in line voltages will 

not disturb the D.C. balance of output terminals 01, 
02 provided that the line voltage be at least the mini 
mal value required to cause the voltages of the auxiliary 
power supply sections 82, B'2 to be greater than the 
respective breakdown voltages of zener diodes Zl, Z2 
so that the latter may operate in their proper break 
down regions. 
The D.C.-coupling between the three high level 

stages and between the output stage and the loud 
speaker provides several important advantages, the 
foremost probably being the phase shift characteristics 
which permit degrees and techniques of feedback not 
possible with conventional transformer and capacitor 
coupling arrangements. At low frequencies the D.C. 
coupling introduces no phase shift whatever. In addi 
tion, the relatively large resistance of emitter resistor 
R3 further improves the low frequency stability margin 
in any feedback arrangement by providing substantial 
degeneration and consequent large gain reduction at 
extreme low frequencies where the bypass capacitor 
C2 becomes effectively open. 
At high frequencies the large feedback stability mar 

gin made possible by the emitter-follower operation 
and Darlington pair arrangement of the last two stages 
is further augmented by the complete elimination of 
stray capacitances due to coupling capacitors and 
transformers, as well as leakage inductance of the lat 
ter. The feedback techniques made available by these 
greatly improved phase shift characteristics are de 
scribed hereinbelow. 
Another advantage of the D.C.-coupling arrange 

ment resides in the improved overlaod recovery char 
acteristics due to the absence of any interstage cou 
pling capacitors preceding a high level stage. In prior 
ampli?er circuits having such capacitors, overloading 
of the stage caused a large current to flow through the 
capacitor so as to change its voltage. This caused the 
stage to be improperly biased, and most such ampli?ers 
generated severe distortion or even blocked completely 
for a short period until the capacitor recovered its 
normal voltage and the bias resumed its proper value. 
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Still another advantage of the D.C.-coupling arrange 
ment is the reduction of the tendency to second break 
down of the output transistors. The mechanism of sec 
ond breakdown is not completely understood but is 
believed to result from the simultaneous occurrence in 
the transistor of high instantaneous voltage and high 
instantaneous current. It is probable that in most in 
stances this condition occurs because of the reactive 
nature of the load at low frequencies when an output 
coupling capacitor is employed between the output 
stage and the loudspeaker. 

Still another advantage of the present invention re 
sides in the complete isolation of the ripple of the main 
power supply B1, 8'] from the voltage amplification 
stage comprising transistor ()1. The auxiliary power 
supply B2, 8'2 has negligible ripple, even under heavy 
ampli?er load, because it supplies a very small current 
which remains small due to the Class A operation of 
01. Also, any residual ripple is smoothed out by the 
?ltering action of the zener diodes. 
A further advantage of the D.C.-coupling resides in 

the impedance matching of the ampli?er to the load. 
The usual L000 microfarad output coupling capacitor 
has at 20 cycles per second twice the impedance of a 
four-ohm loudspeaker, and hence the maximum power 
capability of the ampli?er is greatly reduced when 
driving such a loudspeaker. This defect is entirely obvi 
ated by the present D.C.-coupling to the speaker. 
Furthermore, the present invention makes feasible a 

modular arrangement whereby two ampli?er sections 
may be selectably connected in either a parallel mode 
to match low impedance speakers (e.g., four ohms) or 
in a series mode to match high impedance speakers, 
such as sixteen ohms. 
The price to be paid for the D.C.-coupling arrange 

ment of the disclosed embodiment is rather small in 
view of the substantial advantages noted above. The 
auxiliary power supply B2, B'Z supplies only a few 
milliamperes and hence is relatively inexpensive. It may 
comprise an extra winding or tap on the power trans 
former of the main power supply B1, B’! so as to obvi 
ate the need for an extra transformer. It is to be under 
stood that other voltage reference means may be sub 
stituted for the zener diodes. For example, there may 
be utilized other types of breakdown components such 
as gas tubes, or ordinary D.C. batteries, or the auxiliary 
power supply B2, B'2 may be of the regulated type. 
However, the zener diode arrangement disclosed is 
simpler, less expensive and more reliable than these 
other expedients. 
Referring now to FIG. 2, there is disclosed another 

modi?ed form of the invention wherein the pre-drive 
stage is directly connected to the main power supply 
and utilizing only a non-split auxiliary power supply 
and a single zener diode. 

In more detail, the ampli?er of FIG. 2 comprises a 
?rst pre-drive stage including a transistor Qlx operat 
ing in the Class A common-emitter mode. The base of 
transistor Qlx is connected to the input terminal llx, 
the other input terminal 12x being grounded as shown. 
The base is biased by resistors Rlx, R2x and potenti 
ometer Px. The emitter of transistor Olx is provided 
with two bias resistors R3x, R4x. The lower resistor 
R3x is bypassed by a capacitor Clx whereas the upper 
resistor R4x is unbypassed, for a purpose to be de 
scribed. The collector of transistor Qlx is connected to 
the lower end of a load resistor RSx. 
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10 
A zener diode Z has its positive end connected to 

ground and its negative end is connected to the upper 
end of collector load resistor Mix and the upper end of 
potentiometer Px whereby the collector and the base 
bias circuits are energized by a potential source which 
is maintained at a predetermined ?xed voltage inde 
pendent of the variations in ampli?er load, line voltage 
and ambient temperature. The negative end of zener 
diode Z is connected by resistor R7x to the negative 
terminal of an auxiliary power supply 82x having its 
positive terminal connected to the ground bus G. 
The second pre-drive stage comprises an NPN tran 

sistor 021: also operating in the Class A common-emit~ 
ter mode. The base of transistor 02x is direct-coupled 
by lead 201 to the collector of the ?rst prc-drive tran 
sistor Qlx. The emitter of transistor Q2x is connected 
through a bias resistor Rl?x to the negative terminal of 
the negative section B'lx of the split main power sup 
ply indicated schematically by the battery symbols. The 
collector of transistor 02x is connected to the upper 
end of a temperature compensating bias diode D hav 
ing its lower end connected to the series-connected 
load resistors R8x, R9x. A conventional bootstrapping 
capacitor C3x has its lower end connected to the junc 
tion of collector load resistors R8x, R9x and its upper 
end is connected through lead 215 to the output bus 0. 
The circuit of FIG. 2 comprises two drive stages, the 

?rst drive stage being the complementary symmetry 
type and including an NPN drive transistor 03x and a 
PNP drive transistor 04x. Bias resistors Rl6x, Rl7x 
extend from the respective emitters of transistors 03x, 
04x to output bus 0. The collector of NPN drive tran 
sistor 03x is connected by transistor RlSx to the posi 
tive terminal of the positive section Blx of the main 
power supply. 
The second drive stage comprises four PNP transis 

tors 05x, 06x, 07x, 08x. The base of the lowermost 
drive transistor QSx is direct-coupled by lead 204 to 
the collector of transistor 03!: and the base of drive 
transistor 07x is direct-coupled by lead 205 to the 
emitter of transistor 04x. Resistor Rl8x extends from 
the emitter of drive transistor ()5x to the positive term i 
nal of power supply section Blx and resistor Rl9x 
extends from the emitter of drive transistor 07x to the 
output bus 0. The collector of transistor 06x is con 
nected to the output bus 0 and the collector of transis 
tor 08x is connected to the negative terminal of the 
negative B'lx of the main power supply. 
The potential of the base of drive transistor 06x is 

maintained midway between the potentials of 
[ground] output bus 0 and the positive terminal of 
the power supply by a feedback network energized by 
the output of the ampli?er and comprising the voltage 
divider resistors Rllx, Rl2x arranged in series from 
the power supply positive terminal to the output bus 0. 
The base of transistor 06:: is connected by lead 213 to 
the junction of voltage divider resistors Rllx, Rl2x. 
The resistance values of the latter are preferably ap 
proximately equal. 

ln a similar manner the potential of the base of drive 
transistor Q8x is maintained approximately midway 
between the potentials of output bus 0 and the power 
supply negative terminal by means of a feedback net 
work comprising the voltage divider resistor Rl3x, 
Rl4x extending from output bus 0 to the power supply 
negative terminal. The base of drive transistor 08x is 
connected by lead 214 to the junction of resistors 
Rl3x, Rl4x. The resistance values of the latter are also 
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preferably approximately equal. As a result, the transis 
tors of both the second drive stage and the output stage 
will share approximately equally both the quiescent 
D.C. potentials and the varying A.C. potentials as the 
output bus 0 swings in response to a signal input to the 
ampli?er. 
The output stage of the circuit of FIG. 2 comprises 

four power transistors 09x, 010x, Q1 Ix, Ql2x ar 
ranged in series. The emitter of the lowermost output 
transistor Q9x is connected through bias resistor R20x 
and fuse Flx to the power supply positive terminal and 
its collector is connected to the emitter of the next 
higher output transistor 010x. The collector of the 
latter is connected to the output terminal Olx to which 
the emitter of output transistor 011:: is also connected 
through the bias resistor R211: and fuse F2x. The col 
lector of output transistor OI 1x is connected to the 
emitter of the uppennost output transistor 012x, the 
latter having its collector connected to the power sup 
ply negative terminal. 
The second drive stage is direct-coupled to the out 

put stage in the following manner so as to form four 
Darlington compound pairs. The emitter of each of the 
second drive stage transistors 05x, 06x, 07x, 08x is 
direct-coupled by one of the leads 207, 208, 209, 210, 
M2 to the base of a respective one of the output tran 
sistors 09x, 010x, Qllx, Ql2x. The collector of the 
?rst drive stage transistor 04x is connected by lead 206 
to the collector of the second drive stage transistor 07:: 
which is in turn connected by lead 211 to the collector 
of output transistor Ql lx. The collector of drive tran 
sistor QSx is connected by lead 208 to the collector of 
output transistor Q9x. 
Output terminal Olx is directly connected to the 

midpoint of the output stage at the collector of transis 
tor 010x. The other output terminal 02x is grounded 
as shown. Hence the loudspeaker S is D.C.-coupled to 
the ampli?er so as to provide all of the advantages 
inherent in this arrangement and discussed above with 
respect to the circuit of FIG. 1. In order to maintain the 
output terminals Olx, 02x at the same D.C. potential 
so as to prevent the How of DC. current in the voice 
coil of the loudspeaker, there are provided two feed 
back systems. 
The ?rst feedback system arises from the degenera 

tion inherent in the resistors R3x, R4): in the emitter 
circuit of transistor Qlx. These resistors counteract any 
tendency for the collector current of transistor Qlx to 
vary with changes in temperature. The zener diode Z 
maintains the upper end of collector load resistor R511: 
and the upper end of potentiometer Px at a substan 
tially ?xed voltage. Therefore the potential of collector 
Qlx is maintained substantially constant and hence the 
D.C. potential applied to the base of the second pre 
drive transistor 02:: remains substantially ?xed. 
The second feedback system for maintaining output 

terminals 01x, 02x at the same D.C. potential com 
prises a D.C. feedback network extending from the 
output Olx to the emitter of the ?rst transistor Qlx. 
This network includes a feedback resistor R6x, con 
nected in parallel with the usual phase-advance capaci 
tor C2x, and having one end connected to output Olx 
and its opposite end connected to the emitter of transis 
tor Qlx. This feedback network is degenerative so as to 
counteract any tendency of D.C. voltage of output Olx 
to vary from ground potential. This feedback network 
also serves the additional function of providing A.C. 
negative feedback for the usual purposes of reducing 
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12 
distortion, improving frequency response, and reducing 
the output impedance of the ampli?er. In order to 
reduce the AC. feedback to an amount which will 
provide an adequate stability margin the lower emitter 
resistor R3x is bypassed by the capacitor Clx. 
Referring now to FIGS. 3 and 4, there are disclosed 

two embodiments of a double-loop feedback arrange 
ment made more feasible by the improved phase shift 
characteristics due to the D.C.-coupling feature of the 
ampli?er circuits shown in FIGS. l and 2. Each of these 
feedback systems comprises an inner negative feed 
back network extending around the ?nal several stages, 
and providing, in addition to the usual feedback advan 
tages of reduced distortion, an improved pole-zero 
con?guration for this portion of the ampli?er circuit so 
as to permit the application of still more feedback 
through the outer negative feedback network. That is, 
the inner feedback loop provides an added stability 
margin for the outer feedback loop. 
Referring now to FIG. 3 in more detail, the reference 

character A2 designates a symbol for an ampli?er 
which may be in accordance with the circuit of FIG. 1. 
The circuit of FIG. 2 may also be utilized provided that 
one of the preampli?er stages be omitted to take into 
account the extra phase inversion provided by the extra 
common-emitter pre-drive stage in this ampli?er em 
bodiment, as will be explained below. 
The double-feedback system of FIG. 3 further com 

prises a first preampli?er stage operating in the Class A 
common-emitter mode and comprising a transistor 
Q17 having its base connected by resistor R45 to the 
input terminal 17. Resistor R45 prevents the feedback 
current from ?owing into the preceding stage (not 
shown) instead of into the base of Q17. The other input 
terminal 18 is connected to ground bus G. Also con 
nected to the latter are a base bias resistor R46 and an 
emitter resistor R48. The latter is bypassed by a capaci 
tor C19. The other base bias resistor R47 extends to a 
potential source 133+. Extending from the latter to the 
collector of transistor Q17 is a load resistor R49. 
The collector of transistor Q17 is direct-coupled to 

the base of a transistor Q18 constituting a second pre 
ampli?er stage and having a collector load resistor R51 
connected to the potential source Ba+ and an emitter 
resistor R50 connected to ground bus G. The collector 
of transistor Q18 is coupled by capacitor C20 to the 
input terminal lle of ampli?er A2. 
Said ampli?er input terminal lle may correspond to 

terminal [1 of FIG. 1. Ampli?er A2 is shown grounded 
to bus G by lead 123. The output terminal Ole of am 
pli?er A2 is direct-coupled to speaker terminal T1 of 
loudspeaker S by lead 128. Output terminal Ole may 
correspond to output terminal 01 of FIG. I. The other 
speaker terminal T2 is grounded to bus G. 
The inner feedback network comprises a feedback 

resistor RS2 in parallel with a capacitor C21 and con 
nected by lead 124 to the output terminal 01c and by 
lead 125 to the emitter of preampli?er transistor Q18. 
The outer feedback network comprises a feedback 
resistor R53 in parallel with a capacitor C22 and con 
nected by lead 126 to output terminal 011: and by lead 
127 to the base of the ?rst preampli?er transistor Q17. 
The transistor and network parameters may be se 

lected so as to provide either of two general modes of 
operation. Either the closed-loop transfer function of 
that portion of the circuit enclosed by the inner feed 
back network, hereinafter referred to as the “inner 
transfer function,” has a substantially higher cutoff 
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frequency than that of a preceding preampli?er stage, 
or said inner transfer function has a substantially lower 
cutoff frequency than all of the preceding preampli?er 
stages. 

In the ?rst mode of operation, capacitor C2] pro 
vides a phase-advance to improve the pole-zero con?g 
uration of the inner transfer function. The inner feed 
back network raises the high-frequency cutoff of this 
portion of the circuit by approximately the amount of 
the inner feedback. Transistor 017 should be of a type 
having a beta cutoff freqency substantially lower than 
the cutoff frequency to which the inner transfer func 
tion is boosted by the inner feedback network. Altema 
tively, this roll-off in the ?rst preampli?er stage may be 
provided by a ?lter network such as a resistor and a 
capacitor connected in series between the collector of 
Q17 and ground. 
Therefore, as the signal frequency is increased, atten 

uation will occur initially only in the ?rst preampli?er 
stage comprising transistor Q17, and the remaining 
stages enclosed by the inner feedback network will 
have neither frequency response attenuation nor phase 
shift to any signi?cant degree until the signal frequency 
is increased to about a decade beyond the beta cutoff 
frequency of transistor Q17. By this time, transistor 
Q17 has provided sufficient attenuation so that the 
outer loop gain is reduced to below unity before the 
phase shift of the inner transfer function reaches 90°. 
Since the maximum phase shift in the ?rst preampli?er 
stage is 90°, the overall loop gain will be reduced to 
below unity before the outer loop phase shift reaches 
180°, and hence stability for the outer feedback loop is 
assured by the increased high frequency response of 
the inner transfer function provided by the inner feed~ 
back network. . 

The alternative mode of operation requires that the 
upper cutoff frequencies of all preceding preampli?er 
stages be subtantially greater than that of the inner 
transfer function. In the circuit of FIG. 3 this condition 
is satis?ed by providing an early frequency rolloff in at 
least one of the stages of ampli?er A2 and by selecting 
for Q17 a transistor having a very high beta cutoff 
frequency. In this event the inner transfer function 
provides sufficient attenuation so that the outer loop 
gain is reduced to below unity before the phase shift of 
017 reaches 90°, and hence before the outer loop 
phase shift reaches 180°. 

Still another form of double-loop feedback system is 
shown in F IG. 4 wherein the second preampli?er stage 
is direct-coupled to the ampli?er and the ?rst preampli 
?er stage is capacitor-coupled to the second preampli 
?er stage, so as to be the reverse of the coupling ar 
rangement of FIG. 3. More speci?cally, a ?rst pream 
pli?er transistor Q22 is provided with base bias resis 
tors R70, R80, an emitter resistor R81 bypassed by a 
capacitor C32, and a collector resistor R82 connected 
to a potential source B-,-. The base of Q22 is connected 
to input terminal [13 by resistor R69 and the other 
input terminal I14 is grounded to bus G. 
The collector of transistor Q22 is coupled by a capac 

itor C33 to the base of a second preampli?er transistor 
Q23 having an emitter resistor R84 and a base bias 
resistor R83 connected to ground bus G and a collector 
load resistor R85 and a base bias resistor in the form of 
potentiometer Ph conected to a potential source 86+. 
The latter is preferably the junction of the positive end 
of zener diode Z1 of FIG. 1 and resistor R6 in the event 

0 

45 

50 

55 

60 

65 

14 
that the ampli?er A5 of FIG. 4 is in the form of said 
FIG. 1. 
This circuit will be modi?ed so as to eliminate there 

from the base bias network of the pre-drive stage in 
cluding components D1, R1, R2 and P of FIG. I. This 
bias network is omitted because the collector of transi 
tor 023 is direct-coupled to the base of the pre-drive 
stage transistor so as to set the bias of said base. The 
DC. potential of output terminal Olh of ampli?er A5 
if set to ground level by adjustment of potentiometer 
Ph. Ampli?er A5 is grounded to bus G by lead 139. 
Terminal T1 of loudspeaker S is direct-coupled to out 
put terminal 01h by lead 144 and the other speaker 
terminal T2 is grounded. 
The inner feedback network comprises a resistor R86 

in parallel with a capacitor C34 and having one end 
connected by lead 140 to output terminal Olh and its 
other end connected by lead 141 to the emitter of 
transistor Q23. Because of the D.C.-coupling between 
transistor Q23 and ampli?er A5, the inner feedback 
network of FIG. 4 serves two functions. In addition to 
the function of the inner feedback network of FIG. 3 as 
described above in connection with the latter, the inner 
feedback network of FIG. 4 also provides D.C. negative 
feedback which helps to maintain the DC. potential of 
output terminal 01h at ground level so as to prevent 
direct current in the loudspeaker voice-coil. The outer 
feedback network is similar to that of FIG. 3 and com 
prises a resistor R87 in parallel with a phase-advance 
capacitor C35 and connected at one end to output 
terminal 01h by lead 142 and the other to the base of 
transistor Q22 by lead 143. 
Referring now to FIGS. 5 to 7, there is shown the 

manner in which two ampli?ers in accordance with the 
present invention may be connected alternatively in 
either a stereo mode (FIG. 5) to provide two indepen 
dent channels, or in a parallel mode (FIG. 6) to drive a 
single low-impedance speaker, or in a series mode 
(FIG. 7) to drive a single high-impedance speaker. This 
alternative connection capability is made feasible by 
the fact that the present invention maintains the DC. 
potential of the ampli?er output terminals at a constant 
ground level. 
Describing in more detail first the stereo mode con 

nection of FIG. 5, ampli?ers A6 and A7 may be identi 
cal and may embody any of the ampli?er circuits de 
scribed above. Each ampli?er is preceded by a pream‘ 
pli?er stage comprising a transistor Q24 and Q25, re 
spectively. Each of the latter is provided with an emit 
ter resistor R88 and R90 and a collector resistor R89 
and R91, respectively. Resistor R91 is connected to a 
potential source Ba- and resistor R89 is connected to 
the latter by lead 145. The base of Q24 is coupled by 
capacitor C36 to the input terminal 115 and the base of 
Q25 is similarly coupled by capacitor C37 to the input 
terminal I17. The two input terminals 116 and I18 are 
grounded to bus G. The emitter of Q24 is coupled by 
capacitor C38 to the input of ampli?er A6 and the 
emitter of Q25 is coupled by capacitor C39 to the input 
of ampli?er A7. Ampli?er A6 is grounded to bus G by 
lead 148 and ampli?er A7 is similarly grounded by lead 
149. 
The reference letters S and S’ indicate respectively 

the loudspeakers for the left and right channels. The 
terminal T1 of loudspeaker S is direct-coupled by lead 
146 to the output of ampli?er A6 and the tenninal Tla 
of loudspeaker S’ is direct-coupled by lead 147 to the 
output of ampli?er A7. The other speaker terminals T2 
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and T2a are grounded to bus G. It will thus be seen that 
in the connection arrangement of FIG. 5 transistors 
Q24 and Q25 operate in the emitter-follower mode and 
that there are two independent channels each driving a 
respective one of the loudspeakers S, S’. 
Describing now the parallel connection of FIG. 6, the 

same components as in FIG. 5 are employed but are 
connected in a different mode by a switching arrange 
ment which is not shown since it would be obvious to 
one skilled in the art view of the disclosed circuit dia 
gram. Input terminal [19 is coupled both to the base of 
024 by capacitor C36 and to the base of 025 by lead 
I52 and capacitor C37. The other input terminal I20 is 
grounded. 
The terminal T1 of a single loudspeaker S is direct 

coupled both to the output of ampli?er A6 by lead 150 
and also to the output of ampli?er A7 by lead 151. The 
other speaker terminal T2 is grounded. It will thus be 
seen that the ampli?ers A6, A7 are driven in phase 
from a single pair of input terminals and are D.C.-cou 
pled in parallel to each other and to the loudspeaker S. 
Describing now the series connection of FIG. 7, the 

latter differs from that of FIG. 6 in only two respects. 
First, the loudspeaker S has one terminal Tl direct 
coupled by lead 153 to the output of ampli?er A6 and 
its other terminal T2 direct-coupled by lead 154 to the 
output of ampli?er A7. Second, the input of ampli?er is 
coupled by capacitor C39 to the collector of transistor 
Q25, instead of to the emitter of the latter as in FIG. 6. 
The second change provides a phase reversal in transis 
tor 025 so that the ampli?ers A6 and A7 are driven in 
phase opposition to form a push-pull full-bridge output 
circuit for driving loudspeaker S. 
Since ampli?ers A6, A7 are connected in parallel in 

the connection of FIG. 6, each ampli?er will “see” a 
load impedance of twice the impedance of loudspeaker 
S. Hence if the latter is of relatively low impedance, 
such as, for example, four ohms, each ampli?er will 
have an effective load of eight ohms which is a better 
match for most power transistors. However, in the 
connection of FIG. 7 ampli?ers A6, A7 are connected 
in series across the load, and hence each ampli?er will 
have an effective load impedance of one-half the im 
pedance of loudspeaker S. Therefore if the latter is of 
the high impedance type, such as sixteen ohms, each 
ampli?er will have the better matched effective load of 
eight ohms. 

It will thus be seen that the consumer has his choice 
of either two low-power stereo channels, or a single 
high»power monophonic ampli?er with an impedance 
matching capability for increased power output. This 
modular arrangement enables the consumer to start his 
stereo system at a minimum expense by purchasing a 
pair of channels and utilizing the stereo mode connec 
tion, and then to increase the power capability of the 
system by purchasing another pair of channels and 
utilizing each pair in either the parallel or series mode 
as may be suitable for the speaker impedances. In this 
way the system is improved without sacri?cing the 
equipment originally purchased from consideration of 
modest initial cost. 
Referring now to FIG. 8, the circuit embodiment 

there disclosed comprises an emitter-follower input 
stage including an NI’N transistor Qla having its base 
coupled through capacitor Cla to the hot input tenni 
nal Ila. The other input terminal 12a is grounded as 
shown. The emitter of transistor Ola is provided with a 
load resistor R3a extending to ground. 
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There is provided a ?xed regulated potential source 

at the negative electrode of a zener diode Za having its 
positive electrode connected to ground A. A resistor 
R4a extends from the negative terminal B,— of a con 
ventional non-regulated power supply (not shown) to 
the negative electrode of zener diode Za. In order to 
?lter out any residual ripple, a capacitor C3a may be 
connected in parallel across zener diode Za. The base 
of transistor Qla is biased by connection to the junc 
tion of a pair of resistors Rla, R2a connected in series 
beween the negative electrode of zener diode Za and 
ground. The collector of transistor Qla may also be 
connected to said negative electrode of zener diode Za. 
The second stage including PNP transistor 02a is the 

?rst of the two common-emitter stages. The base of 
transistor 02a is coupled by capacitor C2a to the emit 
ter of transistor Qla and is biased by connection to the 
junction of the series-connected pair of resistors RSa 
and Pa, the latter preferably being variable in the form 
of a potentiometer for adjustment of the quiescent 
direct-current level of the output stage in a manner to 
be described. The negative end of potentiometer Pa is 
connected to the junction of resistor R4a and zener 
diode Za, and the positive end of resistor R5a is con 
nected to ground. A collector load resistor R9a extends 
from the collector of transistor 02a to the negative 
supply terminal B,—. 
The second common-emitter stage comprises an 

NPN transistor 03a having its base direct-current cou< 
pled to the collector of the ?rst common-emitter tran 
sistor 02a. The emitter of transistor 03a is connected 
through bias resistor Rl2a to AC. ground at the nega 
tive supply terminal 13,- and a conventional bypass 
capacitor C711 is connected in parallel across resistor 
Rl2a. The collector load impedance of transistor 03a 
comprises the series connection of resistors Rl0a, 
Rlla and temperature-compensating bias diodes Dla, 
D2a. The upper end of resistor R10: is connected to 
the positive power supply terminal 8+ and the lower 
end of diode D21! is connected to the collector of tran 
sistor 03a. If warranted by the phase-shift characteris 
tics of the ampli?er, a capacitor C5a may be connected 
between the collector and base of transistor 03a to 
improve the feedback stability margin at high frequen 
cies. A conventional bootstrapping capacitor C6a ex 
tends from output bus 0a to the junction of resistors 
Rl0a, R1 la. 
Connected in series between the emitter of transistor 

Q2a and the output bus 0a are a pair of resistors R7a, 
R811. The junction of the latter is grounded with respect 
to alternating-current signals by a capacitor C4a. A 
resistor R6a is connected at one end to the output bus 
0a and at the other end to the emitter of transistor 
Q2a. Resistors R7a, R8a thus provide direct-current 
feedback from the output to the emitter of transistor 
02:! to maintain the quiescent direct-current potential 
of output terminal Ola at ground level and thereby 
obviate any substantial direct-current through the 
voice-coil of speaker S. At signal frequencies altemat 
ing current feedback is provided by resistors R6a, R7a. 
Transistors 02a and 03a are of opposite polarity 

types, the former being shown for purposes of illustra 
tion as of type PNP whereas the latter is shown as type 
NPN. This enables the base of transistor 03a to be 
direct-current-coupled to the collector of transistor 
Q2a while the emitter of the latter may be direct-cur 
rent-coupled through the feedback network R7a, R811 
to the output Ola of the ampli?er. 
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The drive stage comprises a pair of complementary 
transistors Q41: and 05a, the former being shown as 
type NPN and the latter as type PNP. The collector of 
transistor 04a is connected to the positive power sup 
ply terminal B+ and its emitter is connected through 
bias resistor Rl3a to output bus 0a. The emitter of 
transistor 05a is connected to output bus 0a by resistor 
R14a and its collector is connected by bias resistor 
RlSa to the negative terminal Dr. The base of transis~ 
tor 04a is direct-current-coupled to the junction of 
resistor R1 la and diode Dla, and the base of transistor 
05a is direct-current-coupled to the collector of tran 
sistor 03a. Drive transistors 04a, 05a operate in a 
push-pull mode and are preferably biased for Class AB 
operation in the usual manner. 
The output stage comprises a pair of output transis 

tors Q8a and 09a connected in series between the 
positive power supply terminal 8+ and the negative 
terminal B,—, in the conventional single-ended push 
pull con?guration. The collector of transistor 08a is 
connected to the positive supply terminal 8+ and its 
emitter is connected through resistor R20a to the out 
put bus Oa. Also connected to the latter is the collector 
of transitor 09a having its emitter connected through 
resistor R2la to the negative supply terminal B.—. The 
base of transistor 08a is direct-current-coupled to the 
emitter of NPN drive transistor 04a and the base of 
output transistor 09a is similarly direct-current-cou~ 
pled to the collector of PNP drive transistor 05a. The 
resulting combination of drive stage 04a, 05a and 
output stage Q8a, Q9a constitutes the well-known 
quasi-complementary-symmetry arrangement. 
A load, such as illustrated by loudspeaker S, is direct 

coupled between the hot output terminal Ola and the 
grounded output terminal 02a. It will thus be seen that 
if the quiescent direct-current potential of output ter 
minal Ola departs substantially from ground level a 
direct current will flow through the voice-coil of 
speaker S. This current will bias the cone of speaker S 
to an o?-center position so as to increase the harmonic 
and interrnodulation distortion characteristics of the 
speaker. Therefore it is important that the quiescent 
direct-current potential of output terminal Ola be 
maintained substantially at ground level. 
This is achieved by a large amount of direct-current 

feedback from the output terminal Ola through the 
feedback network R7a, R8a to the emitter of transistor 
02a which is made possible by the existence of two 
stages of gain within the feedback loop; that is, the 
overall forward transmission gain is equal to the prod 
uct of the individual voltage gains of the two common 
emitter stages 02a and 03a. This large amount of di 
rect-current feedback does not affect the stability char 
acteristics at signal frequencies because at such fre 
quencies the direct-current feedback is bypassed to 
ground by capacitor Oh and the amount of alternat 
ing-current feedback may be selected as desired by 
choosing the proper magnitude ratio of resistor R6a to 
resistor R7a. 
Due to economic considerations, the respective po 

tentials at power supply terminals 8+ and B,— are un 
regulated, so as to undergo a substantial voltage drop 
and to contain a high ripple content when substantial 
power is drawn from the supply. Injection of the power 
supply ripple into the ?rst two stages Qla, 02a is pre 
vented by the bias network including zener diode Za, 
thereby avoiding the ampli?cation of the ripple and 
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18 
maintaining a low hum level at the output of the ampli 
?er. 
Zener diode Za also maintains the base of transistor 

QZa at a relatively ?xed direct-current potential inde 
pendent of variations in the power supply voltage due 
to regulation under load or voltage variations in the 
supply mains. This is important because the direct-cur 
rent feedback network is arranged so that the potential 
at output terminal Ola is compared with that at the 
base of transistor Q2a which is therefore the reference 
potential. The feedback network corrects for any devi 
ation of the potential of output terminal Ola from this 
reference potential and if the latter is substantially 
fixed the potential of output terminal Ola may be 
maintained at the proper ground level so as to prevent 
quiescent direct-current through the voice-coil of 
speaker S. 
Another advantage of the circuit of FIG. 8 is that the 

distortion may be reduced to extremely small levels by 
the application of a large amount of altemating-current 
feedback without the usual problems of oscillation and 
poor transient response to an inadequate stability mar 
gin. With respect to low frequencies, unstable opera 
tion such as “motor boating," blocking bias changes, 
and other symptoms of instability cannot occur be 
cause the circuit has no low-frequency phase-shift-pro~ 
ducing coupling capacitors within the feedback loop. 
With respect to high frequencies, the circuit arrange 

ment provides stability by causing the second common 
emitter transistor 03a to roll off at a much lower fre 
quency than the other stages so that the overall ampli 
?er gain is reduced to unity before the total phase shift 
reaches 180". This is achieved by driving transistor 03a 
from a relatively high-impedance source provided by 
the preceding ?rst common-emitter stage 02a. The 
impedance of the driving source is substantially the 
value of resistor R9a which is preferably about several 
thousand ohms. Hence the second common-emitter 
stage Q3a will roll off substantially at the beta cutoff 
frequency. On the other hand, the ?rst common-emit 
ter stage 02a is driven by the relatively low-impedance 
source provided by the preceding emitter-follower 
transistor Qla. Hence transistor 02a has an e?'ective 
high-frequency cutoff substantially beyond the beta 
cutoff frequency. The drive-output stage con?guration 
comprising transistors 04a, 05a and Q8a, 09a also 
operates in the emitter-follower mode, so that the volt 
age response of this con?guration may also extend far 
beyond the beta cutoff frequency of the second-com 
mon-emitter stage 03a. The above-described combina 
tion of low source impedance for the first common-emit 
ter stage and high source impedance for the second com 
mon-emitter stage serves to enhance the inherent mode 
of operation of the disclosed cascade arrangement of two 
successive common-emitter stages followed by an emit 
ter-follower stage. That is, the ?rst common-emitter 
stage has a relatively high roll-off frequency because it is 
loaded by the inherently low input impedance of the 
second common-emitter stage, and the second common 
emitter stage has a relatively low roll-off frequency be 
cause it is loaded by the inherently high input impedance 
of the emitter-follower operation of the drive-output 
stages. 

This mode of operation is also inherent in the other 
disclosed embodiments comprising the cascade arrange 
ment of two successive common-emitter stages followed 
by an emitter-follower drive-output con?guration. How~ 
ever, the circuits of FIGS. 2, 4, 8 and 9 are particularly 














































