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PATENT SPECIFICATION (11) 1389715 
(21) Application No. 53926/72 (22) Filed 22 Nov. 1972 
(31) Convention Application No. 201669 (32) Filed 24 Nov. 1972iit 
(33) United States of America (US) 
(44) ·Complete Specification published 9 April 1975 . . 
(51) INT CL2 :H03F 3/04/ /G05F 3/08 H03F 1/~0 
(52) Index at acceptance , 

H3T lAl 2J 2T2X 2T3J 3A 3J 3N 3Vl 3X 4Al 4A2 
4A3 4C 4D 4E1N 4E2N 4F 4M 4R 4X SE 5S 

G3X 6Bl 70 · 
(7'/.). Inventor VEIJ,{KO REYNOLD SAARI 

(54) IMPROVEMENTS IN OR RELATING: TO TRANSISTOR 
AMPLIFIBRS · 

(71) We, WESTERN ELECTRIC 
COMPANY, INCORPORATED, of 195 

'Broadway, New York City, New York State, 
Umted ·States of America, a Corporation 

5 . organised and existing under the laws of the 
State of New York, United States of America; 
do hereby declare. the .invention for which we 
pray that .a patent may be granted to us, 
and the method by which it is to be per-

10 formed; to be particularly described in and 
by the following statement:- · . 
· This invention relates to .transistor 

·amplifiers, -and finds application in so-called 
operational amplifiers, e.g. in wideband m.ono-

15 .lithic integrated circuitform. 
During the past few years the design of 

integrated circuit . operational . amplifiers has 
generally followed . certain established 
principles. A detailed discussion ·of these 

20 .circuits can be found in Fai.rcm1d Semicon­
ductor Linear Integrated Circuits AppliCa- · 
tUms Handbook (1967) by James N. Giles, 
pages 33 ·to, 72. This type of circuit usually 
b8s a differential amplifier input stage 

25 followed by a common emitter stage. The 
output of the common emitter stage is then 
level-shifted and used drive either a single 
transistor or a complementary Oass B output 
stage. . . . 

30 This type of integrated circuit operational 
amplifier. usually has a limited bandwidth and 
slew rate, where slew rate is defined as the 
maximum voltage change the circuit is capable 
of making in a fixed amount of time, . e.g., 

35 V / p.s •. The relatively low bandwidth and slew 
. rate are generally due to the low bias currents 
which are required for low. input offset. in the 
iri.put stages . of the . amplifier. Input offset is 
the amount of input voltage req~ at the 

40 input to produce a. zero output voltage .. In an 
.ideal amplifier this would be zero. However, 
due to . the unavoidable mis.match that exists 
between components_ in a practical circuit, this 
voltage exists. It is usually compensated with . 

45 a biasing. network ·but its ~ect can change 
with temperature and- supply. voltage._ The lo.w 

.(Prici!i·:JJp): \ 

bias currents in the input stages of the 
amplifier prevent large amounts of charge from 
being moved in a short period of time. This 
prevents large rapid voltage changes at the 50 
output and causes the amplifier frequency 
r~ponse to roll off at a relatively low value. 

According to one aspect of tliis invention a 
transistor amplifier includes an input 
differential amplifier stage having a first input 55 
·for receiving input. to said amplifier, and a 
second grounded input; a common-base con­
nected stage having . an input connected via a 
resistance to an output .of said differential 
amplifier stage, and an output connected to an 60 
input of an output stage; and first and second 
current supply sources for biassing said 
differential amplifier stage and said output of 
said common-base - connected stage: res­
pectively, the arrangement of said· current 65 
sources being such that, in operation; their 
output currents are locked together in a sub­
stantially constant ratio. 

According to another aspect of this inven-
tion a transistor amplifier includes an input 70 
differential amplifier stage having a first input 
for receiving input to said amplifier, and a 
second grounded input; a stage including a 
common-base connected · amplifier and_ hav-
ing first and second inputs connected res- 75 
pectively via first and second resistances to 
first . and second outputs of said differential 
amplifier stage, a first output for receiving a 
reference voltage, and a· second ouq)ut con­
nected to an input of an output stage; and 80 
first and second current supply sources for 
biasing said differential amplifier st:age and 
said second output of said. stage icluding a 
common-base connected amplifier respectively, 
the arrangement of said current sources being 85 
such that, in operation, their output currents 
are locked together in a substantially consant 
raio. 

·The input differential" amplifier stage; may 
include first and second , Darlingt0n-connected 90 
transistors the base· of. said first transistor 
being connected for r~ving said amplifier 
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input; the collectors of said first and said current amplifier resistance ·having substan-
. second transistors serving as said first output tially the sanie resistance as said seeond 
of said · differential amplifier SJ;age, and .the resistance which is paralleled by said current . · · 
emitter of said first transistor being coDnected amplifier. 

.z.~ 

· S . ·to the base · Of said second transistor; and The amplifier may be constructed as a 7~~ . 
third and fourth Darlington-connected tran- monolithic semiconductor integrated circuit. . :. , -.! 
sistors the base ()f said third transistor being. There may be provided first and· second feed- . ·. ~· 
conriected to ground, the collectors of said back resistors connected between the input ; · 

. third and fourth transistors serving.· as said · and output of said amplifier to permit testing · · 
. 10 .·. ~ond output of said differential . amplifier thereof. 75 

'";- · stage, the ezµitter of said third transistor being The invention will now be described by 
· "co.imected ·to. the base of said fourth transistor, way of example with reference to the accom-

and · -the · emitter of said fourth transistor panying drawings, in which:-, · 
being connected to the emitter of said second . Fig. I Shows an illustrative embodiment of 

15 transistor and to said first current source. the inveµtion; . 80 
The emitter and collector of ·a transistor the Figs. 2A and 2B ·show ·in more detail the 

base of which . is connected to receive ·a '"i'e- ·· circuit of Fig. I; and . 
ference voltage may serve as said second input Fig. 3 illustrates, partially, another em.bodi-
. and ·second output respectively of said stage · ment of the invention. 

20 including a common-base connected amplifier, Referring now of Fig. 1, the input stage 85 
. and there may be provided a first capacitor of the circuit is ?- differential amplifier which 

· connected. between said differential amplifier ·uses Darlington connected transistor pair8. 
stage first input and the last-mentioned second The first ·of these pairs consists of transistors 
input, and a second capacitor connected· be- 104 arid 105. The input to this first pair, 

25 tween said second output of said differential which is the base of transistor 104, is con- 90 
amplifier stage and a point for receiving a nected to the circuit input, and the output is 
reference voltage. . taken· from the common collector pOint of the 

· · The output stage may include ·a pair of two tranSistors. The signal at the emitter of 
Darlington-connected output transistors of transistor 104 is applied to the ·base of tran-

30 which the base of one serves as said output sistdr 105 and a current. source 107 is pro- 95 
stage input, the collectors are connected for ·vided to draw off the emitter current of tran-
receiving a reference voltage, and the base of ·sistor 104. . 
the other transistor is connected to the emitter . The second transistor pair eolisists of tran:.. 
of said· one transistor; a first output resistance sistors 102 and 103, whic:h are connected in a 

35 .connected between the base and emitter of manner. similar to transistors 104 and 105.. 100 
·said Other ti'ansisor; a voltage level shift · The input of this second · transistor pair is 
•circuit having its input connected to the grounded and, as in the first transistor pair, 
·emitter of said other transistor and ·its ouput "its output is taken from the com.tllon collector 
·connected to the base of a third output tran- point of the two transistors. A current source 

40 sistor; a second output resistance connected 106 is provided as a path for the emitter 105 
between the base and emitter of said third current of transistor 102. In addition, the 
output transistor, the . emitter of. said third emitters of transistors 103 and 105 are con:-
. output transistor being for ~eiving a: re- nected to the output of a negative ~rrent 
feren:ce voltage; arid a capacitor ccirinected source consisting of transistors 112 and 11~. 

45 between said output stage input and the base This input stage acts like a conventional 110 
·of said third output transistor. ·· differential amplifier with complementary out-

A current amplifier is preferably. connected put signals at the collectors of the two tran­
in parallel with said. second resistance. The sistor pairs. · The output of the first transistor 
current amplifier may include a first current pair is applied through resistor 109 to the 

50 amplifier transistor having its collector con- emitter of transistor 111, which is part of the 115 
nected to said second input of said stage in- common base sta~e of the amplifier. Like:. 
eluding a common-base oonnected amplifier, wise, the output of the second transistor pm . 
its base being for receiving a reference volt- is applied through a resistor 108 to the · · 
age, a second current amplifier transistor hav- emitter of transistor 110 of the common base 

55 . ing its base connected to said differential sta~e of the amplifier. · . 120 
amplifier stage second output an<! its emitter In the negative current· source of the ·input 
connected to the· emitter of said· first current stage the collector of transistor 112 is oon: 
amplifier transistor, a first ·current amplifier nected ·to the common ·emitter point of tran-
· resistance connected berween the emitter of sistors 103 and 105, wW!e its emitter is con-

60 said second current ~li:fier transistor and· a nected to a negative ·voltage V8 at terminal 125 
point" for receiving a reference voltage, and a 141 throu~h a resistor 114. The base of trari­
secorid current amplifier resistance ccinnected sistor 112 ·is connected to the base and 
between the collector of said second eurrent collector of transistor 113. In addition, ·the 
·amplifier transistor and the base of said first emitter of transistor 113 is connected to the 

65 current amplifier. transistor, said second negative voltage source V3 at terminal 141 130 
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. throtigh a resistor US:. A variable resistor input signal, the voltage at the base of tran­
' 170 is provided from the collector· of tran-. sistor 117 is reduced •. This causes the voltage 
sistor 113 to terminal 141 to act as a balance· at the emitters of tralisiSt:ors 116 and 117 to 
adjustment for the circuit. This resistor acts · be reduced, thus causing an increase in the 

_,5_ to null the initial input offset of the circuit collecror current of transistor 116, since its 70 
~~~._...:' by equalizing the geometric mean of tlie base voltage is substantially constant. There­

current densities of the emitter junctions in fore, an additional amount of current is drawn 
'the two transistor pairs. Since transistors 112 from transistor 110 and current gain is 
and 113 are part of an integrated circuit, achieved . 

10 they have substantially the same charac-
teristics. Therefore, the fact that their bases The common base stage of the amplifier 75 
are tied together makes the ratio of the consists of the two common-base connected 

'currents through them depend on the ratio of transistors 110 and 111. The collector of 
the resistances 114 and 115 and their relative transistor 111 is connected to a positive volt-

15 emitter areas. The absolute current through age source V1, located at teiminal 142. How­
transistor 113 will be equal to the difference ever, the collector of transistor 110 is con- 80 
between the voltages at terminals 150 and nected to a positive current source. As was 
141, minus the VBE of transistor 113, divided mentioned previously, the. base voltage of 
by the sum of the resistances 120, 118 and transistors 110 and 111 is maintained at a 

20 115. Therefore, the current 11 through substantially constant voltage V1-2VBE. With 
reSistance 120 determines the current drawn this arrangement the output of the first tran- 85 
by transistor 112 from the emitters of tran- sistor pair of the input differential amplifier 
sistors 103 and 105 since the difference be- does not proceed any further in the circuit. 
tween its base voltage and the voltage at However, the output of the second transistor 

25 terminl!l 141 is determined. by the v BE of pair, which was amplified by the cross­
transistors 1.13 plus 11 Rm. The ratio of the coupled amplifier, is passed through the 90 
currents through transistors 112 and 113 coinmon base transistor 110. These common 
will also depend partly . on their relative base transistors provide a low impedance at 
·emitter areas. Resistors 114 and 115 also help the collectors · of the input differential 

30 suppress thel'lllal noise by reducing th~ noise amplifier which helps to improve its current 
currents in the mesh containing them and the gain and balance by reducing the signal volt- 95 
emitter junctions of transistors 112 and 113. ·age at the ~ectors of the transistor pairs. 

To provide additional gain in the input This has the effect of diminishing the internal 
section, a cross-coupled amplifier consisting feedback in the input pairs, which. would 

35 -of transistors 116 and 117 is included., in otherwise limit the circuit gain and upset the 
parallel, with resistor 108. The collector of balance. 100 
transistor 116 is coruiected to the emitter of The positive current source connected to 
transistor 110 and ·one side of resistor 108. the collector of transistor 110 is the same as 
Also, the base of transistor 117 is connected that described in G.B. Specification No. 

40 -to the output of the second transisto~ pair, 45488/71 (Serial No. 1335289). This current 
which is the other side of resistor 108. The source utilizes PNP transistors 121 and 122, 105 
·emitters of transistors 116 and 117 are con- which have their emitters connected to volt­
nected. to each. other and through resistor 119 age V1 at terminal 143 .and their bases con-
to negative voltage supply V3 at terminal 141. nected to each other. Since this circuit was 

45 A resistor 118, which has a value substantially designed .for use in a monolithic integrated 
the same as resistor 108, is connected. be- circuit which. has been optimized for NPN · 110 
t'Ween ·the collector of ·transistor 117 and the transistors, these PNP tr~sistors have very 
base of transistor 116. in addition, resistor low gains. Because of this low gain, these 
:120 is connected. between the base of tran- transistors cannot be connected in the same 

50 sistor 116 and the collector of transistor 113 way that the negative current source, consist-
of the negative current source. The voltage ing of transistors 112 and 113, was con- 115 

··at the bases of transistors 110 and 111 is nected. Instead, provision must be made for 
substantially equal to the voltage supply V 1 diverting the large base currents of these low- · 
at terminal 143 minus two VuE drops •. This gain transistors away from the control voltage 

55 C:an be seen by tracing the series of base- at terminal 155, while at the same time apply­
.emitter voltage drops (raises) from terminal ing this voltage to the bases of these tran- 120 
143. through terminals 153; 154 and 155 to sistors at terminal 153. This is accomplished 
terminal 152. Therefore, the. voltages at the by coupling the control voltage at terminal 
collectors of. transistors 116 and· 1.17 remain 155 to these . bases through transistors 123 

60 ·sttbstimtially constant at V 1 -3V BE• Keeping and 124. Since the bases and emitters of 
·this in mind, the current amplifying pro- transistors 121 and 122 are connected to- 125 
petties of the cross-coupled. amplifier can be gether, they will have substantially the same 
demonstrated. When the second transistor collector current. Ho'Wever, · the collector 
pair draws .additional current from transistor current of transistor 122 will be substantially 

65 ·110 through resistance 108 in response to the e.qual to 
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Il-:-------
-Rua+ Ruo + Rlu 

where V1 is the voltage at terminal 143; Va 
is the magnitude of the negative voltage at 
terminal 141; Vm;i is the base-emitter voltage 

5 of the transistors; and Ru8, Ru0 and Rm 
are the resistance values of resistors 118, 120 
and 115, respectively. Therefore, transistor 
122 has a substantially constant collector 
current which forces the current at the 

IO collector of transistor 121 to· be substantially 
the same constant value. 

The collector currents of. transistors 121 
and 122 would be substantially reduced by 
the large base currents if terminal 153 were 

15 connected directly to terminal 155. The 
arrangement for diverting this base current, 
and thus preventing it from adding to the 
collector current of transistor 122, involves 
connecting the bases of transistors 121, 122 

20 and 123 together. In addition, the collector of 
transistor 123 is connected to its base. The 
emitter: of transistor 123 is connected to the 
emitter of transistor 124. The control voltage 
at terminal 155 is applied to the base of tran-

25 sistor 124 and its collector is connected to 
positive· voltage source Vu located at termirud 
142. A negative current source, consisting of 
transistors 126 and. 127, is used as a sink 
for the emitter currents of transistors 122 and 

30 123. With this arrangement, the control volt­
age at terminal 155 is applied to the bases of 
PNP transistors 121 and 122 through the 
base-emitter junctions of transistors 123 and 
124. However, the large base currents of 

35 transistors 121 and 122 pass through tran­
sistors 123 and 126 to ground. A resistor 128 
is connected between positive voltage source 
V 1 at terminal 142 and the bases of transistors 
126 and 127. In addition, the collector of 

40 transistor 127 is connected to its base form­
ing a diode. The emitters of transistors 126 
and 127 are connected to each other and to 
ground. Since the bases and emitters of tran­
sistors 126 and 127 are tied together, they 

45 will have the same collector currents since 
their emitter areas are nominally the same. 
However, this collector current is established 
by the voltage supply V 1' the base-emitter 
drop· of transistor 127, and the· resistance 128 .. 

50 Therefore, a constant current will be drawn 
from the emitters of transistors 123 and 124. 

The control current flowing into resistance 
120 by way of terminal 155 of the positive. 
current source and the control current flow-

55 ing out of resistance 120 at terminal 156 of 
the negative current source, consisting of tran­
sistors 112 and 113, are one and the same 
quantity, the path being completed by tran­
sistor 125, transistor 129 · and resistor 118. 

60 Because these control eurrents are locked to;. 
gether, the outputs of the two current sources 
will be locked together. This technique for 

locking ciJ.rrent supplies was described in· the 
abov~identified specification. In brief, the out-
put current of the positive current source is 65 
substantially equal to the collector current of 
transistor 122. This current, I1' passes along ,,,._' 
the path indicated to terminal 156 of the 
negative supply and establishes its control volt.:. 
age. Therefore, an increase in the output Of 70 
the positive supply will cause a corresponding 
increase in the output of the negative supply. 

This current locking arrangement allows the 
input offset to be maintained at a small value 
once the circuit has been adjusted. If the two 75 
current sources were not locked and the 
positive one supplied an incteased amount of 
current, less current would fl.ow through the 
first ·transistor pair in the input differential 
amplifier due to feedback established by 80 
resistance 138. Since the total current from the 
two transistor pairs is controlled by the nevative 
current source, this decreased current would 
cause an increase in the current through the 
second transistor pair. This would produce an 85 
offset ·in the input differential amplifier. How .. 
ever, With the two current sources locked 
together, any change of this nature will be 
cancelled by the negative current source draw~ 
ing an additional am0unt of current. This will 90 
cause the bias current of both transistor pairs 
to increase and prevent the offset. In this· 
cui'rent · locking arrangement, the base and 
collector of transistor 125 are connected to 
terminal 155. The emitter of transistor 125 is 95 
co.i:i.nected to the base of ·transistors 129, 110 
.and 111 at terminfll 152. This causes the volt-
age at terminal 152 to be equal to the supply 
voltage V 1 minus twice VsE· Additionally, the 
collector of . transistor 129 is connected to the 
emitter of transistor 125 in order to provide a 
path for the current I1• The emitter of tran:.. 
sistor 129 i~ connected to the junction of the 
collector of transistor 117 and resistor 118 at 
terminal 150. Also, resistors 118 and 120 are 
.Connected in tandem between terminals 150 
and 156. 

The output of the common base stage of 
the amplifier at the collector of transistor 110 
is applied to a Darlington amplifier COllSlsting 
of transistors 130 and · 131. The collector Of 
transistor 110 is connected to the base of tran­
sistor 130, while the collectors of transistors 
130 and 131 llre connected to the positive volt .. 
age source V 1, at terminal 144. In addition, the 
output signal from the common..,base stage ot· 
the amplifier is coupled to the base of tran­
sistor 131 from the emitter of transistor 130. A 
resistor 132 is provided between the base and 
emitter of transistor 131 to act .a.S a sink for 
the emitter current of transistor 130. This 
Darlington amplifier acts to current amplify 
the signal without any increase in voltage, so 
that it will be capable of driving the output 
stage. 

· A voltage level shift circuit 133 translates 
the output voltag~ at the emitter Of transistQi: 
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131 _to a lower average value and applies it to 
the base of output 1 transistor 134. A· resistor 
135 is provided between the base of transistor 
134 and its emitter. In addition, the emitter of 

5 -transistor 134 is connected to negative voltage 
source V 2' at terminal 145. The output of the 
circuit at terminal 101 is taken from the 
collector of transistor 134. The collector of 
transistor 134 ·is also connected to a positive 

10 voltage source V 4 through resistor 136 and to 
ground through a resistor 137 •. 

The· arrangement as described to this point 
is simply an open-loop high-gain differential 
amplifier· with a unique arrangement for re-

15. ducing offset variations with loclred current 
supplies. The input signal is ~onverted into two 
amplified complementary signals in the input 
differential amplifier. One of these signals is· 
eurrent amplified and applied to a commo·n-

20 base stage, which transmits it to a Darlington 
amplifier. The Darlington amplifier increases 
the current drive capability of the signal before 
it is level:-shifted. and used to drive the output 
stage. However, by providing a resistOr 138 

25 betWeen. the input of the . first transistor pair 
a:t terminal 100 and the circuit output at 
terinin:al 101, this arrangement will perform 
as an operational amplifier, with resistor 138 

30 
as the feedback resistor. 

In order to increase the slew rate and band-
width of the amplifier, capacitors 139 and 140 
bypass the input section. of the amplifier and 
Darlington stage, -respectively. The input sec­
tion nonnally limits the slew rate because it is 

35 biil.Sed for low input offset and thus transmits 
only. relatively small signals. Therefore, only 
small amounts of charge can be moved through 

. it ·in a: short period of time. 
With this ·capacitor 139 in place, ·another 

40 capacitor, 160, is needed to bring the voltage 
gain of the shmtted. portion of the circuit 
below unity before the effects of capacitor 139 
become substantial. ·This prevents undue 
positive feed.back around the ·loop created by 

45 capacitor ·139; which would cause· the cireuit 
to be unstable. The gain is reduced by placing 
capacitor -160 betWeen the common collector 
point· of the secotid input transistor pair and 
the common emitter point of the cross-"coupled . 

50 amplifier. The capacitor 140 allows the 
Darlington stage and the voltage level shift 
circuit to be bypassed by the high frequencies. 
This feed.forward technique also helps to in­
crease the stability margins of the amolifier. ln 

5$ effect:, these capacitors allow the high frequency 
portions of the input signal to bypass those 
stages of. the amplifier which have poor fre­
quency response or slew rate. 

In the integrated circuit operational amplifier 
60 of Figs. 2A and 2B, most of the elements are 

the same as those· in. Fig. 1 and, consequently, 
ha\re been given the· same reference numbers. 
The various functional units of the amplifier 
have been enclosed in broken lines and au of 

65 the. elements· of ·the aetual itltegrated circuit 

have been enclosed within a broken line. Those 
elements which -are outside the overall broken 
line represent external elements which are con-
nected to the iiitegrated circuit. · 

s 

Referring to Fig. 2A, the current source 70 
106 of Fig. 1 has been replaced with a tran­
sistor 206 atid a resistor 208, The collector 
of transistor 206 is connected. to the emitter 

· of transistor 102 and its emitter is -connected 
to terminal 141 through resistor 208. The 75 
base of transistor 206 · is connected to the· 
base of transistor 113. This current source 
functions in the same manner as the current· 
source comprising transistor 112 and resistOr 
114. Transistor 113 and resistor 115 establish 80 

. a control voltage at the base of transistor 206 
in response to the rurrent I1 from the-positive 
current source. This control Voltage, in turri, 
establishes the collector current of transistor 
206, depending on the value of the resistor 85 
208. Similarly, the current source 107 of 
Fig. 1 has been replaced by transistor 207, 
which has its collector connected to the 
emitter of transistor 104 and its emitter con­
nected to the emitter of transistor 206. This 90 
current source· functions in the same manner 
as the ·current source of transistor 206 since· 
its base is also ci>li:nected ·to the base of tran­
sistor 206. 

The negative current source of Fig. 1 has 95 
an increased ou~ut current · in Fig. 2A 
because an additional transistor 212 and 
resistor 214 have been placed in parilllel with 
transistor 112 and resistor 114. The collector 
of transistor 212 is connected to the collector 100 
of transistor 112 and the bases of transistors 
112 and 212· have been tied together. The 
negative voltage at terminal 141 is applied to 
the emitter of transistor 212 through resistor 
214. This voltage is nearly equal to V 8 since 105 
resistor 205 has a relatively low value. 

The positive ciJrrent source of Fig. 2A is 
nearly identical to the poSitive current source 
iri Fig. I. However, the current sink for tran­
sistors 123 and, 124 has been increased by 110 
connecting a transistor·· 215 in parallel with 
transistor 126. These two tratisistors ha:ve 
their bases, collectors ilnd emitters, res­
pectively, connected to each other. 

The voltage supply V1 used throughout the 115 
integrated circuit is generated by a voltage 
source comprising transistors 221 and 222. 
An e:irternal positive voltag~ is applied at 
terminal 265.. This causes a current to fl.ow 
through resistor 220, which is connected be- 120 
tween · terminal 265 and the collector of· 
common base transi"stor ill. Resistors 223 
and 224 are conll.ected · between the collector 
and base, and base aDcl emitter, of transistor 
222. The collector of transistor 222 is con.. 125 
nected to the collector of transistor 111 and its 
emitter is connected ·to the . base of transistor 
221. A· resist0r 225 IS' provided between the 
base and . emitter of transistor 221, and the 
collector of transistor 221 is connected to the 1:30 
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collector· of tl'.3llsistor ·222. . Durjng normal .. 
operation the . current is drawn through. 
resistor 220 and . establishes .a voltage at 
terminal 142. In add.ition, current is drawn 

5 through transistors 221 and .222 because 
resistor 223 establishes a voltage at the base 
of transistor 222 and.· the emi~ .of tran­
sistor 222 ·establishes a voltage· at the base of 
transistor 22L If an. increased amount of 

10· current is. drawn by the rest of the circuit 
from tenninal 142, th.ere will be a correspond­
ing drop. in the voltage· at that terminal. This 
voltage drop will be applied to the ·bases of 
transistors 221 aaj 222,_ causing these tran-

15 sistors to draw less current. Therefore, the. 
voltage a~ terminal 142 will be re-established. 
This operation cau~ the v~ltage_ at terminal 
142 to remain at a . substantially constant 
value. 

20 Fig. 2B shows a circuit which provides 
the negative voltages V 2 and V 3, . which are 
used throughout the ~ntegrated circuit. The 
voltage Vs is generated ·from a series of tran­
sistors 230, 231, 232, · 235 and 236, which 

25. have their collectors connected to ground. The 
base of transistor 230 is also connected to 
ground and its emitter· is connected to the 
base of transistor 231. Similarly, the emitter 
of transistor 231. is connected to the base of 

30 transistor 232, the emitter of transistor 232 is 
connected to the base of transistor 235 and 
the emitter of transistor 235 is connected to 
the base of transistor 236. A resistor 234 is 
provided between the base alld : emitter of 

35 transistor. 232 to provide a sink . for the 
emitter current of transistor 231. In addition, 
a resistor 233 is p_rovided ·between the base 
and emitter of transistor 235 in order to sink 
the currents of transistors 231 and 232. The 

40. emitter of transistor 235. is connected to the 
Vs. output at tenmnal 261, as is the emitter 
of transistor 236. Resistor 227 is connected 
between the base of transistor. 236 and its 
emitter. However, this resistor is not active in 

45 the circuit as shown nor is transistor : 236. 
H0wever, an increase in the voltage Vs can be 
Pl'.Ovided by removing the. short across resistor 
227. This voltage Va is made available for 
use in the negative current source through 

50 resistor 205. · · 
. The value of output voltage V. is 

established by the base emitter dtQps of the. 
transistors of the series of transistors.· How­
ever, output voltage V 2 ·is established 

55 by connecting the voltage Vs . to the 
base of transistor 237 and taking the out.,. 
put voltage V2 from its emitter. Resistor 238 
is provided between the base and. emitter of 
this transistor and a resistor 239 is provided 

60 between its collector and ground. In addi­
tion, a resistor .250 and _the negative voltage 
V 1 at terminal 266 provide . a sink for the. 
emitter current of transistors 237 and 134, 
and the current- flowing through ~istor 238. 

65 The V'oltage level shift circuit 133 ~ Fig. 

1 has been replaced with a circuit compris-
ing transistors 240, 242 and 243. This voltage 
level shift circuit is substantially the same as 
that deseribed in Specification No. 11540/71 
(Serial. No. 1352056). The collector of tran".' 70 
sistor 240 is connected to the output of the -c· .. 

Darlington circuit at the· emitter of transistor 
131 and its emitter is connected to the base ~..,. 
of the output transistor 134. A resistor 241 
is provided between the base and collector of 75 
transistor 240. A. current source made up ~ 
transistors 242 and · 243 draws. a current' 
through· the resistor 241, thereby establishing 
the base-to-collector vQ!tage drop. The ·rest 
of the voltage level shift is made up by the 80 
substantially constant base emitter drop of 
transistor. 240. The current source compris-
ing transistors 242 and· 243 is arranged in the 
same manner as the current sink comprising· 
transistors. 126 and 127 of th~ positive current 85 
source. In particular, the bases and emitters 
of transistors 242 and 243 are connected to-· 
gether res~vely •. The collector of transistor· 
242 is connected to ·the base of transistor 240 
and the 1:9llector of transistor ·243 is con- 90 
nected to the base of transistor 242. A resistor 
244 is provided between the base of transistor 
242 and the emitter of transistor 230 in the 
negative voltage supply. The negative voltage 
V 2 at terminal 262 is applied to the common 95 
emitter point of transistors 242 and 243 
through a resistor 245. Since the bases and 
emitters of transistors 242 and 243 are con­
nected together, · they will have nearly the 
same collector currents. However, th~ 100 
collector current of transistor 243 is deter­
mined by. the voltage V 2, the base-emitter 
voltage of transistors 230 and 243, and the 
value of resistors 244 and 245. Therefore, the 
current drawn through resistor 241 will re- 105 
main constarit. Any increase in temperature 
will produce a decrease ii1 voltage V 2 due to 
de::reases in the base-emitter voltages in the 
voltage supply circuit. Therefore, the voltage 
level shift circuit. must track this shift in order 110 
to properly maintain the bias voltages in other . 
parts of the circuit. · The increased tem­
perature will also produce a decrease in- the 

· V BE of transistor 240. However, this will. be­
compensated by a decrease in the VBR of 115 
the. transistors in the ~rrent . source, which 
cause an incremental increase in the current 
in resistor· 241. However, this incremental in­
crease is overwhelmed by the much larger 
decrease in current through resistor 241- 12Q 
caused by the change in V 2• This maintains 
the voltage at the emitter of transistor 131 ·. 
at a substantially constant value and causes 
the . overall voltage level shift to vary with 
voltage V2. A capacitor 246 is provided from 125 
the collector to the emitter of transistor 240 · 
in order to iinprove the high frequency res­
ponse of the voltage level shifter and· reduce 
its noise .contribution. · 

A resistor . 200 is provided between the 130 

• 

·.i 
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input signal source and the input to the first 
transistor pair at the base of trallSistor 104. 
Also,. resistors 252 and 253 · are connected in 
series between the input base of transistor 104 

5 and the circuit output at the .. collector of 
transistor 134. These resistors are part of the 
inregrated circuit and act as the feedback 
resistors. Since. they are part of the circuit 
itself, they allow testing of the circuit with-

10 out the addition of external feedback resistors. 
Since these resistors are to be .made relatively 
large in value compared to normal feedback 
resistors, their effect . can be eliminated by 
grounding their junction point at terminal 

15 264. The normal · external feedback resistor · 
138 is. shown with a capacitor 254 in parallel 
with it. This capacitor is prpvided to achieve 
frequency shaping. 

Capacitors 226 and 251 provide decoupl-
20 ing for the· external voltages V4 and V& at 

terminals 142 and 262, respectively. Also, a 
capacitor 270 provides decoupling for the 
common base stage at terminal 152. 

The following table of values ,for resis-
25 tances, capacitances and · voltages in the 

amplifier is given by way of illustration only. 
These values were used in an amplifier circuit 
actually built and .su.ccessfully . operated. 
However, these values are not, of course, 

30 limiting. 

TABLE 

+3 volts 
~3.2 volts 
-2.4 volts 
+8 volts 
;_g vOlts. 

390 n 
250 ri 
soo.n 
250 n 
2200 
75 n 

400 n 
400 n 
303 a 
345 n 
400 n 
2.2 Kn 
4.0 Kn 
750 n 
2.0 Ka 
1.4 Kn 
Variable 
15 n 
2.0 Ka 
303 0 
1300 n 
600 n 
300 n 

Exeternal Capacitors : 

2.2 Kn 
3.3 Kn 
80 n 
1.0 Kn 
2.1 Ka 
2.1 Kn 
100 n 
24 Kn 
lOKn 

C1s9 , 0.01 pf 
C140 .001 .µf 
cl.60 0.1 p.f 
C226 .1 p.f 
CZ4;6 1 pf 
Cm 1 pf 
Cm 4.7 pf 
C270 .001 p.f 

In Fig. 3 most of the elem~ts are the 
same as those in Fig. 2 · and have been given 
the same numerical designation·. 

65 

70 

75 

80 

The cross-coupled amplifier, which com­
prises transistors 116 and 117, has been 85 
modified to a more balanced arrangement. 
The emitter resistor 119 of these transistors 
is now connected to the base of current source 
transistor 113 instead of the negative voltage 
souree V3• In additio~ transistor .129 and 90 
resistors 118 · and 120 have been eliminated. 
The collector of transistor 117 is connected to 
the emitter of transistor 111 and the base of 
transistor 116 is connei::t:ed. to the collector of 
tramistor 105. With this arrangement the 95 
cross-coupled amplifier provides an increased 
amount of gain. In the arrangement of Fig. 
2, the base of tr~stor 116 had a substan- . 
tially constant voltage applied to it •. However, 
in this arrangement, the base of transistor 116 100 
has the differential signal from the collector 
of transistor 105 applied to it. Therefore, 
transistors 116 and 117 act like a differential 
amplifier with complementary voltages applied 
to the two bases. This produces a correspond- 105 
ing increase in the signal current applied to 
transistor 110 from transistor 116. 

The control current from the positive 
current source which enters node 152 is now 
channelled through transistor 111, which has. 110 
been connected. as a diode. The· current lock-
ing feature is still operative with this arrange-
ment because the voltage at terminal 152 is 
kept within approximately two diode drops 
of the voltage at terminal 302 .. The first diode. 115 
.drop occurs across the base emitter junction 
of transistor 110 and the second drop occurs 
across the base emitter junction of transistor 
117. The bias voltage drop across resistor 108 
is usually small compared to these diode· drops · 120 
and can, therefore, be ignored. If the current 
entering node 152 from the positive current 
source were applied directly to the base of 
transistor 113, transistor 111 could have its 
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collector connected to the positive voltage 
source as in Fig. 2A. 

As will be appreciated by those skilled in 
the art various modifications may be made 

5 to the embodiments specifically described. 

WHAT WE CLAIM IS:-
1. A transistor amplifier including an input 

differential amplifier stage having a first input 
for receiving input said amplifier, and a 

10 second grounded input; a common-base con­
nected stage having· an input connected yia a 
·resistance to an output of said differential 
amplifier stage, and an output connected to 
an input of an output stage; and first and 

15 second current supply sources for b~sing 
said differential amplifier stage and said out­
put of said common'"base connected stage res­
pectively, the arrangement of said current 
sources being such that, in operation, their 

20 output currents are locked together in a sub­
stantially constant ratio •. 

2. A transistor amplifier- including an input 
. differential amplifier stage having a first input 
for receiving input to said amplifier, and a 

25 second grounded input; a stage including a 
common-base connected amplifier and having 
first and· second inputs connected respectively 
via :first and second resistances to first and 
second outputs of said differential amplifier 

30 stage, a first output for receiving a reference 
voltage, and a second output. connected. to an 
input of an output stage; and first and second 
current supply sources for biassing said 
differential amplifier stage and· said second 

35 output of said stage including a common-base 
connected amplifier respectively, the arrange­
ment of said current sources being such that, 
in operation, their outp11t currents are locked 
together in a substantially constant ratio. 

40 3. An amplifier as claimed in claim 2 
wherein said input differential amplifier stage 
includes first and second Darlington-con­
nected transistors the base of said first tran­
sistor being connected for receiving said 

45 amplifier input, the collectors of said first and 
said second transistors serving as said first 
output of said differential amplifier stage, and 
the emitter of said first transistor being ron­
nected to the base of said second transistor; 

50 and third and fourth Darlington-connected 
transistors the base .of said third transistor 
being connected to ground, the: collectors of 
said third and fourth transistors ·serving as 
i;aid second- output of said differential 

55 amplifier stage, the emitter of said third tran-. 
sistor being connected to the base of said 
fourth transistor, and the emitter of said 
fourth transistor being connected to the 
emitter of said second transistor and to said 

60 first current source. 
4. An amplifier as claimed in . 2 or 3 

wherein the emitter and collector of a tran­
sistor the base of whiCh is connected to re­
ceive a reference vOltage serve as said second 
input and second output respectively of said 65 
stage including a cominon-base _ connected 
amplifier, and there is provided . a first 
capacitor connected between said differential 
amplifier stage first input and the last-Jnelll­
tioned second input, and a second capacitor 70 
connected between said second output of said 
differential amplifier stage and a point for 
receiving a reference voltage. , 

S. An amplifier circuit as claimed in claim 
2, 3 or 4 wherein said output stage. includes 75 
a pair of Darlington-connected output traii."" 
sistors of which the base of one serves -as 
said output stage input, the collectors are con­
nected. for receiving a. reference voltage) and 
the base of the other transistor is connected to 80 
the emitter of said one transistor; a first out-
. put resistance· connected between the base and 
emitter of said other transistor; a voltage level 
shift circuit having its input connected to the 
emitter of said other transistor and its output 85 
connected to the base of a thiro output tran­
sistor; a -second output resistance connected 
between the base and emitter of said thiro­
output transistor, the emitter of said third 
output transistor being for receiving a re-- 90 
feren.ce voltage; and a capacitor connected 
between said output _sta~ input and the base 
of said third output transistor. 

6. An amplifier as claimed in any one of . 
claims 2 to -5 including a current l!Dlplifier 95 
in parallel with said ,second resistance. 

7. An amplifier as claimed. in claim 6 
wherein said current amplifier includes a first 
cti.rrent amplifier transistor having its collector 
connected to said second input of said stage ioo 
including a common-base connected amplifier,_ 
its base being for receiving a reference volt-
age, a second current amplifier transistor hav-
ing its base connected to said differential 
amplifier stage second output and its emitter 105 
connected to the emitter of said first current 
amplifier transistor, a first current amplifier 
resistance connected between the emitter of 
said second current amplifier transistor and 
a point for receiving a reference: voltage, and 110 
a second current amplifier resistance con­
nected between the collector of said second 
current amplifier transistor and the base of 
said first current amplifier transistor, said 
second current amplifier resistance having 115 
substantially the same resistance as said 
second resistance which is paralleled by said 
current amplifier. 

8. An amplifier as claimed in any one pre­
ceding claim constructed as a monolithic semi- 120 
conductor integrated r;i.rcuit. 

9. An amplifier as "claimed in claim 8 in­
cluding first and second feedback resi.stors 

'4-..: 
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collector connected to the 
source as in Fig. 2A. 

positive voltage wherein the emitter and collector of a tran­

As will be appreciated by those skilled in 
the art various modifications may be made 
to the embodiments specifically dCscribed. 

sistor the base of which is connected to re-
ceive a reference voltage serve as said second 
input and second output respectively of said 65 
stage including a common-base connected ' 
amplifier, and there is provided a first 
capacitor connected betw~ said differential 

WHAT WE CLAIM IS:- amplifier stage first input and the last-men• 
1. A transistor amplifier including an input tioned second input, and a second capacitor 70 

differential amplifier stage having a first input connected between said second output of said 
for receiving input said amplifier, and a differential amplifier stage and a point: for·. 

IO second grounded input; a. common-base con- receiving a reference voltage. · •· . -
nected stage having an input connected yia a 5. An amplifier circuit as claimed in claim 
resistance to an output of said differential 2, 3 or 4 wherein said output stage. includes 75 
amplifier stage, and an output connected to a pair of Darlington-connected output trali• 
an input of an output stage; and first and sistors of which the base of one serves as 

15 second current supply sources for biassing said output stage input, the collectors are con­
said differential amplifier stage and said out- nected for receiving a reference voltage, and 
put of said common-base connected stage res- the base of the other transistor is connected to 80 
pectively, the arrangement of said current . the emitter of said one transistor; a first out­
sources being such that, in operation; their put resistance connected between the base and 

20 output currents are locked together in a sub- emitter of said other transistor; a voltage level 
stantially constant ratio. shift circuit having its input connected to the 

2. A transistor amplifier including an input emitter of said other transistor and its output 85 
differential amplifier stage having a first input connected to the base of a third output tran-
for receiving input to said amplifier, and a sistor; a second output resistance coilDeCb:d 

25 second grounded input; a stage including a between the base and emitter of said third 
common-base coilnected amplifier and having output transistor, the emitter of said third 
first and second inputs connected respectively output transistor being for receiving a re- 90 
via first and second resistances to first and ference voltage; and a capacitor connected 
second outputs of said differential amplifier between said output stage input and the base 

30 stage, a first output for receiving a reference of said third output transistor. 
voltage, and a second output connected to an 6. An amplifier as claimed in any one of . 
input of an output stage; and first and second claims 2 to 5. including a current amplifier 95 
current supply sources for biassing said in parallel with said second resistance. 

\·· 

differential ~plifier. stage; and· said second 7. An amplifier as claimed in claim 6 
35 output of satd s~e mcl~g a common-base wherein said current amplifier includes a first 

connected !llllPlifier respecttvely~ the arrange- current amplifier transistor having its collector 
~ent of ~aid cur~ sources bemg such that, connected to said second input of said stage ioo 
m opera~on, their output currents are. locked including a common-base connected amplifier, 
together m a s~bstantially ~nsta~t ratio: its base being for receiving a reference volt-

40 3. ~n :nnplifier ~s cl~ed m . claun 2 age, a second current amplifier transistor hav-
~heIC!n said mput differential amt?lifier stage ing its base connected to said differential 
mcludes fir~ and second Dll!lmgton-con- amplifier stage second output and its emitter 105 
nected transistors the base of said first tran- connected to the emitter of said first current 
sisto~ be~g connected for rea:iving said amplifier transistor, a first current amplifier 

45 amplifier mput, the collectors of said first and resiStance connected between the emitter of 
said second. ~istors. servin~ as said first said· second current amplifier transistor and 
output .of said d~erential aml?lifier s~e, and a point for receiving a reference voltage, and 110 
the eIIlltter of said first ~sistor being. con- a second current amplifier resistance con­
nected to the base of said second transistor; nected between the collector of said second 

50 and .third and fourth D~lin~on-conn~ current amplifier transistor and the base of 
tr8;1181st'Ors the base of said third transiStor said first current amplifier transistor, said 
b<:1Jlg c.onnected to ground, .the coll~ors of second current amplifier resistance having 115 
s~d th.ml and fourth transist?rs sc:rving .as substantially the same resistance as said 
said second output of said differential second resistance which is paralleled by said 

55 amplifier stage, the emitter of said third tran- current amplifier 
sistor being connected to the base of said . • . . 
fourth transistor, and the emitter of said ~· An 8;1DPlifier as clanned m anr ~ne prc;-
fourth transistor being connected to the cedmg cl~ constru~ a~ a monolithic SCDU- 120 
emitter of said second transistor and to said conductor integrated arcwt. 

60 first current source. 9. An amplifier as claimed in claim 8 in-
4. An amplifier as claimed in 2 or 3 eluding first and second feedback resi,stors 
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connected between the input and output of. 
said amplifier to ,permit testing thereof. 

10. An amplifier substantially as herein 
described with reference to Fig. 1 or to Figs. 
1 and 2, or to Fig. 3 of .ne ac~mpanying 
drawings. · 

C. S. T. BUCKLEY, 
Chartered Patent Agent, 

5 Mornington Road, 
Woodford Green, Essex. 
Agent for the Applicants. 
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