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Robert Victor Goordman, Hackettstown, and Ronald 
Charles Petersen, Bedminster, N.J., assignors to Bell 
Telephone Laboratories Incorporated, Murray Hill, 

Original No. 3,559,087, dated Jan. 26, 1971, Ser. No. 
851,378, Aug. 19, 1969. Application for reissue Apr. 
26,1971,Se . No. 137,283 

Int. Cl. H03f 3/68 
US. Cl. 330-15 10 Claims 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

ABSTRACT OF THE DISCLOSURE 
A transistor difference ampli?er is disclosed in which 

one side thereof, called side A, contains a plurality of n 
transistor elements equal in number to the transistor ele 
ments in the other side, called side B. Moreover, each of 
the emitters in side A is separately electrically connected, 
through a resistor for example, to a corresponding emit 
ter in side B. The electrical midpoint, or balance point, 
of the electrical path de?ned by each emitter to emitter 
acts as a virtual ground. The existence of the virtual 
ground permits the transfer of emitter signal current from 
side A to side B through 11 separate emitter to emitter 
paths without the necessity of passing through an actual 
earth or chassis ground return path, thereby enabling 
high power handling capacity while minimizing emitter 
circuit lead and ground plane inductance. In addition, 
parasitic coupling to adjacent circuits through the ground 
plane is avoided. 

FIELD OF THE INVENTION 

‘This invention relates to the ?eld of electrical signal 
ampli?ers and, more particularly, to semiconductor dif 
ference ampli?ers. 

BACKGROUND OF THE INVENTION 

In a system for amplifying an electrical signal sup 
plied by a signal source, the problem of “pickup” noise 
and distortion of the signal arises in the transmission line 
between the signal source and the ampli?er. 

It is known, however, that the difference ampli?er, with 
its relatively high gain for differential mode input voltage 
levels and relatively low gain for common mode voltage 
levels, can be used to circumvent this distortion problem. 

In the “balanced common mode” technique, for ex 
ample in its simpler aspect, the signal from the source 
is transmitted to the ampli?er along two identical trans 
mission wires, one of which is fed with the signal of op 
posite algebraic sign from the other. A difference am 
pli?er receives these two signals of opposite sign and 
ampli?es the difference thereof. On the other hand, noise 
and distortion picked upon on both transmission wires due 
to the same causes, reach the difference ampli?er with 
the same algebraic sign (“common mode”). Therefore, 
the output of this difference ampli?er represents the de 
sired ampli?ed representation of the original signal, while 
any “common mode” noise or distortion is rejected (can 
celled out) in the difference ampli?er. Thus, any noise 
or distortion introduced similarly into both transmission 
wires, i.e., “common mode" noise or distortion, does not 
appear in the ampli?ed output. 
On the other hand, the difference ampli?er can be 

used to advantage in the single ended or unbalanced 
con?guration. In this con?guration, the input signal is 
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2 
applied to the base of side A with the base of side B 
grounded, with the collector of side A short circuited to 
the power supply. The output is derived from the col 
lector of side B. The advantage of the single ended or 
unbalanced difference ampli?er con?guration is that so 
called Miller feedback capacitance from load to source 
is reduced by orders of magnitude; and, since the col 
lector of side A is not driving a load, the collector voltage 
required and the power dissipated in side A is quite low. 
However, in the frequency range of the order of 50 

to 5000 mHz., high frequency transmission lines (rather 
than simple wires) are ordinarily used for transmitting the 
signal from source to ampli?er. Moreover, the problem 
of rejecting the “pickup” noise and distortion still re 
mains. If waveguides are used for transmitting the signal 
from source to ampli?er, it is true that the parasitic in 
ductance introduced by the waveguides can be “tuned 
out” by means of auxiliary elements. However, the band— 
width is limited to the order of a single octave by rea 
son of the waveguides, which is far below the bandwidth 
capability of an ordinary transistor ampli?er itself. On 
the other hand, if coaxial lines are used for transmitting 
the signal from source to ampli?er, it is dii?cult to couple 
the coaxial line into the ampli?er ef?ciently due to the 
undistributed parasitic inductance in this coupling inter 
face. In turn, this parasitic interface inductance gives rise 
to reflections of the incoming waves from the source to 
the ampli?er, which deteriorates the e?iciency of the am 
pli?er. In another aspect, this interface inductance in 
troduces an equivalent series circuit with the time con 
stant of the order of (L/Ro) where L is the inductance 
and R0 is the characteristic impedance of the transmis 
sion line. This time constant is typically of the order of 
2000 mHz., so that signals of this frequency and above 
are seriously attenuated by reason of the transmission 
line. 

In addition to base input interface inductance, there 
is the emitter access lead or emitter interface inductance. 
These two interface inductances are similar in magnitude, 
however, the emitter circuit at current level in excess of 
25 ma. has an L/re time constant of at least 50 times 
the base interface time constant so that forward trans 
fer admittance Y1‘, begins to deteriorate at about 50 mHz. 
‘Commercial high power transistors are available with 

multiple emitter diffusions which tend to minimize the 
internal component of L/re; however, the emitter lead 
joining all these emitters to the ground plane, and the 
ground plane itself, still result in an interface emitter 
time constant which begins to degrade Yle below 50 mHz. 

SUMMARY OF THE INVENTION 

In order to reduce the deleterious effects of emitter 
lead inductance, a high power difference ampli?er is built 
of two equal pluralities of transistors as follows. To 
each individual transistor in side A of the dilference 
ampli?er, there exists a corresponding individual transis 
tor (“mate”) in the side B, forming a pair of correspond 
ing transistors (“twins”) with corresponding emitters, 
bases, and collectors. 

In the case of a plurality of complementary twins, i.e., 
PNP transistors on one side and NPN transistors on the 
other side, the emitter of each PNP is separately con 
nected through an ohmic resistor, for example, only to 
the emitter of its corresponding NPN mate. Either a 
balance or an unbalanced common mode circuit can be 
realized by appropriate arrangement of the signal source 
circuit input. 

In the case of a plurality of noncomplementary twins 
in addition to the separate connection by ohmic resistors, 
for example, the midpoint of the connection between 
each emitter on side A and its corresponding emitter 
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on side B is itself connected, through another ohmic 
resistor, for example, separately to a voltage source. The 
current paths in both complementary and noncomplc 
mentary cases are thus arranged such that negligible signal 
current ?ows from any one emitter pair to any other 
emitter pair. In the balanced difference ampli?er con?g 
uration, in accordance with this invention, a virtual 
ground is created midway between each pair of the emit 
ters of corresponding transistors. Moreover, the unbal 
anced difference ampli?er con?guration can also be 
utilized according to another embodiment of the inven 
tion. In such a case, the advantages generally discussed 
above of the unbalanced over the balanced common 
modes can be realized. However, there is a re?ected 
ground plane between corresponding emitter mates due 
to the grounding of one base of the unbalanced common 
mode arrangement, but the current gain mechanism of the 
transistors tends to minimize the effect of this re?ected 
ground plane which otherwise might degrade the advan 
tage of the individual emitter to emitter resistor. 
The circuit arrangements in this invention as just de 

scribed avoids the need for an actual ground plane, so 
that the lead inductance to the emitters of the transistors 
is minimized. Thereby, these circuit arrangements permit 
ampli?cation in a difference ampli?er con?guration with 
high power levels (over 1 watt), with minimal pickup 
noise and distortion, over the broadband of 50 rnHz. 
to 10 gHz. or more. 

In an integrated type of circuit con?guration of this 
invention, in addition to the advantage of the above 
described reduction in emitter lead inductance, the col 
lector lead inductance can also be reduced. This can ad 
vantageously be accomplished by locating each branch 
of the difference ampli?er just described on opposite 
sides of an insulating substrate, such that each and every 
pair of corresponding collectors of the individual tran 
sistors of both branches of the dillerence ampli?er are 
located directly opposite each other. 

In a particularly embodiment of this invention, an array 
of substantially identical PNP transistors are located on 
a ?rst side of an insulating ceramic substrate. All of 
these PNP transistors are fabricated in a single semicon 
ductor “chip“ or slice. The collectors of all these PNP 
transistors are connected together by a common col 
lector rail in the form of a metallic stripe deposited on 
the chip. This collector rail is connected to the load 
and the D.C. bias. On the second side of the insulating 
ceramic substrate (opposite the ?rst side thereof) is lo 
cated an array of substantially identical NPN transistors, 
i.e., complementary to the PNP transistors on the ?rst 
side of the ceramic substrate. Each of these NPN tran 
sistor is located laterally at. a position on the second 
side of the ceramic substrate which is directly opposite 
its mate PNP transistor on the ?rst side of this ceramic 
substrate. Each of the emitters of the NPN transistor is 
separately electrically connected to its mate PNP tran 
sistor on the other side of the ceramic substrate through 
a separate resistor. Each resistor has a resistance su?icient 
to prevent burn-out due to “thermal runaway" which 
might otherwise occur due to current “hogging” by one 
pair of transistor junctions as compared with the others. 
Finally, all the electrical bases of the NPN transistors are 
ohmically connected together to a common base terminal 
for applying thereto one polarity of the signal input (bal 
anced or unbalanced); while all the electrical bases of 
the PNP transistors are similarly connected together to 
another common base terminal for applying thereto the 
other polarity of the signal input. 

Moreover, a push-pull circuit arrangement can be real 
ined in accordance with this invention, in order to achieve 
the known bene?ts of push-pull ampli?ers of cancellation 
of even harmonic distoration and high power e?iciency. 

This invention, together with its features, objects, and 
advantages may be better understood from the following 

10 

30 

40 

45 

55 

65 

70 

75 

4 
detailed description when read in conjunction with the 
diagram in which 

FIG. 1 shows a circuit diagram of an ampli?er accord 
ing to a speci?c embodiment of this invention; 

FIG. 2 shows an integrated type of circuit arrangement 
of the circuit shown in FIG. 1; and 

FIG. 3 shows a circuit diagram of an ampli?er accord 
ing to another speci?c embodiment of this invention; and 

FIG. 4 shows a circuit diagram of an ampli?er accord 
ing to still another speci?c embodiment of this invention; 
and 

FIG. 5 shows a circuit diagram of an ampli?er accord 
ing to still another speci?c embodiment of this invention. 

DETAILED DESCRIPTION 
FIG. 1 shows a circuit diagram of a balanced common 

mode difference ampli?er, including complementary 
transistors on two branches thereof, according to a spe 
ci?c embodiment of this invention. By electrical con 
nection through base leads 1 and 2, a signal source 3 
provides an electrical signal which drives the bases of 
the substantially identical NPN transistors Q, 1;, and 
E in the opposite sense of polarity from the bases of 
the substantially identical PNP transistors gr, _2_2., and 
23. The emitter of transistor 2 is electrically connected 
through the ohmic resistor 31 to the emitter of its mate 
or twin transistor 21. Likewise, ohmic resistors 32 and 
33 electrically connect the emitters of transistor _2_2 and 
E to the emitters of transistors 13 and iii, respectively. 
The collectors of the transistors Q, 12, and 1?; are 
electrically connected together and to one side of a load 
4 by means of a common wire lead 19; whereas the col. 
lectors of transistors 21, 22, and 23 are electrically con 
nected together and to the other side of the electrical 
load 4 by means of a common wire lead 29 through a 
DC. blocking capacitor 5. The DC. battery 6‘ supplies 
bias voltages to the transistors 11, 12, and 13; as well as 
to the transistors 21, 22, and 23; through the ohmic 
resistors 7 and 8, respectively. 

Typically, each of the ohmic resistors 7 and 8 has a 
resistance advantageously at least an order of magnitude 
larger than the preferably equal dynamic resistances of 
the transistors 11, 12, 13, 21, 22, and 23. Moreover, 
typically each of the substantially identical ohmic re 
sistors 31, 32, and 33 has a resistance advantageously 
at least equal to the dynamic resistance of the emitter 
base diode of the transistors to which it is connected, in 
order to prevent “burn-out" due to current “hogging” by 
any individual transistor pair. 

FIG. 2 shows an integrated version of the circuit shown 
in FIG. 1. ‘Electrical elements in FIG. 2 which cor 
respond to the electrical elements in FIG. 1 have been 
designated by the same reference numerals. 

It is to be understood that the left-hand half of the 
drawing in FIG. 2 represents a view of the top side of 
a ceramic insulating substrate 40, whereas the right-hand 
half of this drawing shows the view of the bottom 
side of this same single ceramic substrate 40. This sub 
strate 40 has been broken into these halves only for 
the convenience of illustration. The center line 41 indi 
cates the 180° of relative rotation from the bottom to 
top of the insulating substrate 40. For the sake of sym 
metry and desirable transmission line properties at 
frequencies of the order of 10 gHz. or more, the re 
sistors 31, 32, and 33 shown in FIG. 2 have been split 
relative to those shown in FIG. 1 into two equal halves 
on either side of the substrate 40. Each of these resistors 
31—33 typically is made of a resistive ?lm which has 
been vapor deposited by known methods upon ceramic 
substrates 31.5, 32.5, and 33.5, for mechanical support. 
Alternatively, they can be integrated into the semi 
conductor substrates 17 and 27, in known manner. Metal 
pads 34-39, to each of which a single ?rst terminal of 
each of these resistors 31-33 is bonded, are connected 
in pairs by metal wire leads 24-26 as indicated in FIG. 
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2. The other second terminal of each of the resistors 
31-33 is bonded to each of the respective emitter termi 
nals 14, 15, 16 and 24, 25, 26 of the transistors 11, 1g, 
1?: and g1, Q, gg, respectively. All these transistors are 
formed in the semiconductor substrates 17 and 27 
typically by known methods of epitaxial growth and 
diffusion of impurities. Moreover, by means of these 
techniques, each of the transistors 11, Q, 1_3_ and Q, 
Q, E are electrically effectively isolated from one 
another. Metal base rail contacts 18 and 28 connect to 
gether the bases of the transistors _1_1_, 12, E and 21, 
2;, Q. Typically, the semiconductor substrates 17 and 
27 are bonded to metal plates 19.5 and 29.5, respectively, 
in order to furnish collector terminals for these transistors 
to which the external collector wire leads 19 and 29 are 
bonded. In turn, the metal plates 19.5 and 29.5 are at 
tached to the top and bottom major surfaces of the 
ceramic insulating substrate 40. 

It should be stressed that it is advantageous to fabri 
cate each of the transistors 11, Q, is on the top side 
of the ceramic substrate 40 to be in a mirror image 
mutual relationship with its mate transistor 2, 2_2, 25, 
respectively, on the bottom side. In particular, the col‘ 
lector leads 19 and 29 as well as the metal plates ‘19.5 
and 29.5 are located opposite each other on opposite 
major surfaces on the ceramic substrate 40, so that all the 
collector current paths on opposite sides of the substrate 
are substantially in the opposite geometric direction from 
one another. Thereby, the collector lead inductance is 
minimized as desired in this invention. It should be 
obvious to the skilled worker that the collector trans 
mission line impedance can be controlled by controlling 
the separation between the metal plates 19.5 and 29.5, 
in turn, by controlling the thickness of the ceramic sub 
strate 40. Thereby, a balanced transmission line im 
pedance can be achieved in the collector circuit. 

FIG. 3 shows a circuit diagram of an unbalanced 
common mode difference ampli?er, which is similar to 
that shown in FIG. 1 except that the signal source 3 
is arranged for the unbalance common mode. The same 
reference numerals are used in FIG. 3 as in FIG. 1 to 
denote similar electrical elements. In addition, it is useful 
to insert a bypass capacitor 7.5, as shown in FIG. 3, to 
bypass voltage source 6 and resistor 7. 

It should be obvious the circuit shown in FIG. 3 can 
easily be translated into an integrated circuit type of 
con?guration similar to that shown in FIG. 2 except for 
the connections of the signal source 3 and electrical load 
4 to the transistors, as well as the interposition of auxiliary 
batteries 9 and 10 to bias the bases of all these transistors 
u, E, 13 and 21, Q, E to a suitable voltage as known in 
the art. 

Typically for class A operation, batteries 9 and 10, 
with polarities as shown, each supply an E.M.F. of 0.5 
volt or greater depending on the emitter resistors and 
the desired emitter current operating point. For class 
B operation, the batteries 9 and 10 should be between 
zero and 0.50 volt with polarities as shown. 

FIG. 4 shows a circuit diagram of a balanced com 
mon mode difference ampli?ed in a push-pull arrange 
ment, according to another embodiment of this invention. 
The transistors Q1, 12.1, and 1_3_.1, together with their 
mate transistors _21.1, 22.1 and 2_.‘i.1 in combination with 
emitter resistors 3_1.1, Q1, and $1, form a ?rst differ 
ence ampli?ed similar to that shown in FIG. I. There 
fore, the con?guration shown in FIG. 2 may be used for 
an integrated circuit type of realization of this portion 
of the push-pull ampli?ed. Likewise, the transistors 11.2, 
Q2, and 1§._2_ together with their mate transistors 3g, 
2.2, and @g in combination with emitter to emitter re 
sistors 31.2, 32.2, and 33.2 form a second difference 
ampli?er again similar to that shown in FIG. 2; and there 
fore it is feasible again to have an integrated circuit 
realization thereof. The transformers 51-56 are arranged 
with their respective primary and secondary windings in 

15 

20 

25 

30 

35 

45 

50 

55 

60 

65 

70 

suitable orientation such that push-pull operation re 
sults, as should be obvious to those skilled in the art. 
The advantages of push-pull operation are well known, 
in its cancellation of the even harmonic distortion and its 
high power ef?ciency. 

FIG. 5 shows a balanced common mode circuit ar 
rangement of noncomplementary and preferably other 
wise identical transistors in a difference ampli?er accord 
ing to another speci?c embodiment of this invention. By 
electrical connection through base leads 1 and 2, the 
signal source 3 drives all the bases of the NPN transistor 
Q, Q, and § in the opposite sense from the bases of 
their mate NPN transistors 6_1_, Q, and Q. Each of the 
emitters of transistors :51, Q, E is electrically connected 
through ohmic resistors 71, 72, 73 and 81, 82, 83, re 
spectively, separately to each of the emitters of the 
transistors _6_1, ?g, £3. The collectors of the transistors Q1, 
2, Q are electrically connected together and to one side 
of a ?rst load 57; whereas the collectors of the transistors 
Q, Q, Q5: are electrically connected together and to one 
side of a second load 58. Of course, either of the loads 57 
or 58 may be omitted. 
The D.C. battery 56 supplies bias voltages to the 

transistors Q1, 5_2, §_3_ and Q, Q, Q11 through ohmic re 
sistors 91, 92, 93, respectively. Typically, the resistors 
91, 92, 93 are each advantageously at least an order of 
magnitude larger than the preferably equal dynamic re 
sistances of the transistors §_1_, Q, Q and Q, Q, g. 
Moreover, typically each of the resistors 71, 72, 73 and 
81, 82, 83 has a resistance advantageously at least equal 
to the dynamic resistance of the emitter-base diode of the 
transistors to which it is connected, in order to prevent 
“burn-out" due to current “hogging" by any individual 
transistor. 

It is obvious that the circuit shown in FIG. 5 can easily 
be modi?ed to operate in the unbalanced common mode 
with its attendant advantages discussed above, simply by 
locating the ground on one side of the signal source 3 
instead of the center thereof. Moreover, all the transistors 
Q, 3, i3 and 51, Q, pg can be PNP, instead of NPN, 
with appropriate rearrangement of the polarity of the 
battery 56. Moreover, the circuit shown in FIG. 5 can 
easily be translated into an integrated circuit con?gura 
tion similar to that shown in FIG. 2 with obvious modi? 
cations thereof. 

While the circuits shown in FIGS. 1-5 contain only 
three transistors in any given side thereof, it is obvious 
that for higher power handling capacity, it may be desir 
able to utilize many more than three such transistors in 
each side. As many as one hundred or more such tran 
sistors advantageously can be used for high power han 
dling capacity. Any individual transistor which does not 
operate properry preferably should be removed from the 
circuit together with its twin. In a miniaturized integrated 
circuit con?guration, the removal of any individual tran 
sistor can be accomplished by means of burning it out 
with a laser beam, for example. 
What is claimed is: 
1. An ampli?er which comprises: 
(a) a plurality of ?rst transistor elements, all said 

?rst transistor elements being electrically connected 
in a mutually parallel and parallel functioning re 
lationship, forming a ?rst array; 

(b) a like plurality of second transistor elements, all 
said second transistor elements being electrically con 
nected in a mutually parallel and parallel functioning 
relationship, forming a second array; 

(c) a like plurality of electrically conductive ?rst 
means for separately connecting each of the emitter 
terminals of each of the transistor elements in the 
?rst array to the emitter terminal of its mate in the 
second array, the emitter terminals of each tran 
sistor element in the ?rst array being effectively elec 
trically isolated from each other and the emitter ter 
minals of each of the transistor elements in the sec 
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0nd array being etfectively electrically isolated from 
each other; 

(d) electrically conductive second means for connect 
ing together the collector terminals of all of the tran 
sistor elements of the ?rst array; 

(e) electrically conductive third means for connecting 
together the collector terminals of the transistor ele 
ments of the second array; 

(f) electrically conductive fourth means for connect 
ing together the base terminals of all of the transistor 
elements of the ?rst array; and 

(g) electrically conductive ?fth means for connecting 
together the base terminals of all of the transistor 
elements of the second array. 

2. An ampli?er according to claim 1 in which the ?rst 
means include ohmic resistors. 

3. An ampli?er according to claim 1 in which the ?rst 
transistor elements are all substantially identical NPN 
transistors and the second transistor elements are all sub 
stantially identical PNP transistors. 

4. An ampli?er according to claim 1 in which the ?rst 
array together with the second means is physically located 
on one major surface of an insulating substrate and the 
second array together with the third means is physically 
located on an opposing major surface of said substrate, 
such that the collector current paths in the ?rst array 
are substantially in the geometrically opposite direction 
from the current paths in the second array. 

5. An ampli?er according to claim 1 which further 
includes an electrical signal source which is electrically 
connected to the fourth means, and an electrical load 
which is electrically connected to the second means. 

6. An ampli?er according to claim 1 which further 
includes an electrical signal source which is electrically 
connected to the fourth means, in order to apply the 
signal thereto in a ?rst sense of polarity, and an elec 
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trical load which is electrically connected to the third 
means. 

7. An ampli?er according to claim 6 which further 
includes means for electrically connecting the signal source 
to the ?fth means in order to apply the signal thereto in 
the sense of polarity opposite from the ?rst sense. 

8. A push-pull ampli?er which comprises: 
(a) a ?rst ampli?er in accordance with claim 1; 
(b) a second ampli?er in accordance with claim 1; and 
(c) sixth means for electrically connecting collector 

terminals of the transistors of the ?rst array of the 
?rst ampli?er to the collector terminals of the tran 
sistors of the ?rst array of these second ampli?er. 

9. The push-pull ampli?er of claim 8 in which the sixth 
means include the primary windings of a transformer. 

10. The push-pull ampli?er of claim. 9 in which the 
secondary windings of the transformer are serially elec 
trically connected to a load. 
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