
GB2011209B        1 SPECIFICATION                                   to the
emitters of the inside pair of PNP transistors. A differential-to single
ended con- Amplifier circuit having a high degree of       verter including
a diode and a NPN transistor common mode rejection
is connected between the collectors of the 5
70 inside pair of PNP transistors. An output NPN This invention relates to
an amplifier circuit  transistor is connected between the converter having
a high degree of common mode rejec-     and the output differential
amplifier transistor. tion.                                           The
differential-to-single ended converter There are many applications in
modern day     tends to force the emitter currents of the 10 electronic
equipment for amplifier circuits hav-   75 inside pair of differential
transistors to be ing a high degree of common mode rejection      equal
independent of the value of the current which diminishes the creation of
unwanted       of the current source. The inside pair of signal components
at the output terminals       differential transistors maintains balance in
the thereof. More specifically, such amplifiers are  outside pair of PNP
transistors. Thus, the PNP 15 often desired for implementation in
integrated    80 differential amplifier provides a high degree of circuit
form for utilization in automotive appli-  common mode rejection. cations.
One such application relating to en-     However, the foregoing prior art
PNP differ- gine fuel control requires a stable, unity gain  ential
amplifier tends to have relatively high amplifier having a high input
impedance and     input currents because of the low beta's of 20 a high
degree of common mode rejection.      85 the PNP transistors, which can
undesirably Such amplifiers must provide an output volt-   load the driving
circuit. This problem is partic- age having precisely the same magnitude as
ularly troublesome if the circuit is fabricated in an analog input voltage
occurring across a      monolithic integrated circuit form. Such load-
storage capacitor.                             ing can be disadvantageous,
for example, if 25   One prior art monolithic amplifier circuit  90 the
driving circuit includes a storage capacitor configuration includes an NPN
differential am-  having an analog voltage of a precise magni- plifier
having two differential NPN transistors  tude stored thereon since the
loading will with a current source connected to the corm-    change the
magnitude of the analog voltage. mon emitters thereof. A further current
source  Furthermore, this PNP amplifier tends to limit 30 is connected to
the collector of the output  95 the excursion of the output voltage thereof
differential transistor and a further NPN trans-  because of the
base-to-emitter junction drops istor is connected between the further
current  of the transistors connected between its out- source and the
control electrode of the output  put terminal and the positive power supply
differential transistor. This amplifier configura-  conductor. However, the
most serious disad- 35 tion meets the requirements of the previous    100
vantage is that this amplifier has two stages of paragraph except for the
requirement relating   gain which tend to oscillate when the ampli- to
common mode rejection. More specifically,   fier is connected in a unity
gain configuration. the internal impedances associated with the
Therefore, large compensation capacitors are current sources and with the
input differential  required to prevent oscillation. Such capaci- 40
transistor tend to cause undesired imbalance    105 tors on the monolithic
integrated circuit are in the signals of the circuit. As the magnitude
costly or if provided externally will require of the input voltage applied
to the base of the  additional pin-outs which increase the costs input
differential transistor increases, the volt-  associated with the
manufacture and use of age at the common emitter point of the differ-  the
integrated circuit. 45 ential transistor also increases. This produces
110   One object of  the invention is to provide a a change in the
magnitude of the current of     simple amplifier circuit having a high
degree the differential amplifier current source. Also,  of common mode
rejection capability. the driving voltage produces different changes
Another object is to provide a stable ampli- in the magnitudes of the
currents flowing       fier circuit suitable for manufacture in inte- 50
through the input differential transistor and in  115 grated circuit form
which has a high degree of the output current source. Since these
common mode rejection capability, high input changes in current magnitudes
are not equal,   impedance and which is stable enough for the emitter
current of the differential pair    connecton in a unity gain configuration
with- tends to undesirably change as a function of    out requiring a large
on chip compensation 55 the change in the magnitude of the input    120
capacitance. voltage. As a result, the differential or com-   According to
one aspect of the invention mon mode voltage across the differential am-
there is provided a unity voltage gain, current plifier changes as a
function of the input      amplifier circuit for providing an output signal
voltage magnitude change thereby causing        at an output terminal
thereof having a magni- 60 the magnitude of the output voltage of the  125
tude which precisely follows the magnitude of amplifier to not precisely
follow the magnitude  an input signal at an input terminal thereof, of the
analog input voltage as required.        including in combination: first
active current Another prior art circuit utilizes a differential  supply
means having predetermined electrical amplifier including inside and
outside pairs of  characteristics and at least one terminal, said 



65 PNP transistors. A current source is connected  130 first current supply
means being coupled to    2
GB 2 011 209B     2 the output terminal of the amplifier circuit,  nal of
the amplifier circuit, said input electron said first current supply means
causing a first  control means causing a third undesired signal undesired
signal which tends to affect the     which tends to adversely affect the.
magnitude output signal at the output terminal of the    of the output
signal at the output terminal of 5 amplifier circuit; second active current
supply    70 the amplifier circuit; said input electron con- means having
electrical characteristics        trol means being coupled to the input
terminal matched. to said predetermined electrical char-  of the amplifier
circuit, feedback electron con- acteristics of said first current supply
means  trol means having at least a control electrode and at least one
terminal, said second current  and an output electrode, said feedback elec-
10 supply means being coupled to the output     75 tron control means being
coupled to the out-. terminal of the amplifier circuit, said second  put
terminal of the amplifier circuit, said feed- current supply means causing
a second unde-    back electron control means causing a fourth sired signal
having substantially the same     undesired signal having substantially the
same magnitude as the first undesired signal which  magnitude as said third
undesired signal 15 tends to affect the magnitude of the output  80 which
tends to adversely affect the magnitude signal at the output terminal of
the amplifier  of the output signal at the output terminal of circuit; and
signal cancellation circuit means  the amplifier circuit; and signal
cancellation having a current mirror means which responds   circuit means
having a current mirror means to a current at a first terminal thereof to
with a first terminal coupled to said terminal 20 provide another current
of substantially the  85 of said first current supply means, a second same
magnitude at a second terminal thereof,   terminal coupled to said terminal
of said sec- said first terminal of said current mirror means  ond current
supply means, a third terminal being coupled to said terminal of said first
coupled to said output electrode of said input current supply means and
said second termi-    electron control means, and a fourth terminal 26 nal
of said current mirror means being cou-  90 coupled to said output
electrode of said feed- pled to said terminal of said second current   back
electron control means, said signal can- supply means, said current mirror
means util-  cellation circuit means. utilizing said first and izing said
first and second undesired signals  second undesired signals to cancel each
other of  the same magnitude to cancel each other    and said third and
fourth undesired signals to 30 so that said first and second undesired
signals   95 cancel each other so that said undesired sig- do not adversely
affect the output signal at   nals do not adversely affect the magnitude of
the output terminal of the amplifier circuit,  the output signal at the
output terminal of the and said current mirror means including am-
amplifier circuit and said current mirror means plifying transistor means
coupled to the input  including further electron control means res- 35
terminal of the amplifier circuit and diode  100 ponsive to input signals
provided to said third means coupled to said amplifying transistor
terminal by said input electron control means. means.
The amplifier circuit of one embodiment of According to another aspect of
the inven-    the invention provides an output signal at an tion there is
provided a unity gain amplifier  output terminal' thereof having a
magnitude 40 circuit having a high degreee of common     105 which
precisely follows the magnitude of an mode rejection for providing an
output signal  input signal at an input terminal thereof. The at an output
terminal thereof having a magni-  amplifier circuit configuration includes
first tude which substantially equals and precisely  and second current
supplies and a signal follows the magnitude of an input signal at an
cancellation circuit. The first current supply is 45 input terminal
thereof, including in combine-   110 coupled to the output terminal of the
amplifier tion first current supply means having at least  and causes a
first undesired signal which one terminal, said first current'supply means
tends to adversely effect the magnitude of the being coupled to the output
terminal of the    amplifier output signal. The second current amplifier
circuit, said first current supply   supply is also coupled to the
amplifier output 50 means causing a first undesired signal which    115
terminal and causes a second undesired signal tends to adversely affect the
magnitude of the  which tends to adversely effect the magnitude output
signal at the output terminal of the    of the amplifier output signal. The
signal amplifier circuit; second current supply means  cancellation circuit
has one terminal coupled having at least one terminal, said second    . to
the first current supply and another termi- 55 current supply means being
coupled to the   120 nal coupled to the second current supply. The output
terminal of the amplifier circuit, said  signal cancellation circuit
utilizes the first and' second current supply means causing a se-     .
second undesired signals to cancel each other ond undesired  signal having
substantially the  so that they do not adversely effect'. the  mag- same
magnitude as said first undesired signal,  nitude of the amplifier output
signal. 60 which tends to adversely affect the magnitude  125  The
invention will now be described by way 



of the output signal at the output terminal of  of example only with
particular reference to the amplifier circuit; first input electron control
the sole figure of the accompanying drawing means having at least a control
electrode and  which is a schematic diagram of an amplifier an output
electrode,  said input electron con-  circuit of one embodiment of the
invention. 65 trol means being coupled to the output termi-   1 30
Amplifier circuit 10 of Figure 1, which can    3
GB2011 209B       3 be provided in either discrete or monolithic   of
current sink transistors 22, 24 and diode form, has an input terminal 12, a
positive     25 are arranged so that current sink transistor supply
conductor 14 and a negative supply or   22, which is connected to the
emitters of ground conductor 16. NPN input transistor      transistors 18
and 34, and current sink trans- 5 18 includes a base electrode connected to
70 istor 24, which is connected to the cathode of input terminal 12, a
collector electrode con-  diode 38 and the emitter electrode of transis-
nected to positive supply conductor 14 and     tor 44, each draw a current
having a magni- an emitter electrode connected to circuit node  tude of 21.
This, input transistor 18 and 20. NPN current sink transistors 22 and 24
feedback transistor 44 each also conduct a 10 have base electrodes
connected together and  75 quiescent current of 1. to the anode electrode
of bias diode 25.         The base-to-emitter junctions of NPN trans-
Resistor 27 is connected between the anode     istors 18, 34 and 44 and the
junction of of diode 25 and positive power supply con-     diode 38 are all
designed to have similar ductor 14. The emitter electrodes of transis-
areas and electrical characteristics. Since cur- 15 tors 22 and 24 and the
cathode of diode 25   80 rens of the same magnitude (I) flows through are
all connected to negative supply conduc-   all of these junctions, the
base-to-emitter junc- tor 16. Transistors 22 and 24 are designed to  tion
voltages (0) of these devices are all sub- have matched electrical
characteristics. Diode  stantially equal. 25 provides equal bias to
transistors 22 and     Consequently, amplifier output terminal 40 20 24 in
response to the current through resistor   85 tends to have the same
quiescent potential as 27.                                            input
terminal 12. In particular, the base-to- PNP current source or supply
transistors 26  emitter junction of transistor 18 drops the and 28 have
emitter electrodes which are       input bias voltage by its
base-to-emitter junc- connected to supply conductor 14, base elec-   tion
voltage (0), transistor 34 then reaises the 25 trodes which are connected
together and to   90 voltage at node 20 by its base-to-emitter the cathode
of bias diode 30. Resistor 32 is   junction voltage (o), diode 38 then
drops the connected between the cathode of diode 30      voltage at the
base of transistor 34 by its and the negative supply conductor 16. The
anode-to-cathode junction voltage (0), and emitter electrodes of
transistors 26 and 28    transistor 44 raises the voltage at node 52 by 30
and the anode of diode 30 are all connected  95 the amount of its
base-to-emitter junction volt- to positive power supply conductor 14.
Trans-  age ([err]). istors 26 and 28 are designed to have
Transistor 44 provides negative feedback matched electrical
characteristics. Diode 30   which tends to stabilize the quiescent voltage.
provides equal bias to current source transis-  If the voltage at terminal
40 undesirably de- 35 tors 26 and 28.                            100
creases, then the voltage across resistor 42 Gain stage NPN transistor 34
includes a      decreases. Consequently transistor 50 be- collector
electrode connected to the collector  comes less conductive. Thus, diode 38
shunts electrode of current supply transistor 26 and  more of the current
from the base of transistor to the base electrode of output transistor 36.
34 to satisfy sink transistor 24. Transistor 34 40 Transistor 34 also
includes an emitter elec-  105 then becomes less conductive which increases
trode connected to the collector electrode of  the collector voltage
thereof. Transistor 36 current sink transistor 22 and a base electrode
responds by providing more current to resistor connected to both the
collector electrode of   42 and to the load. current supply transistor 28
and to the anode    The input currents of amplifier 10 can be 45 of diode
38. NPN output transistor 36 in-   110 arranged to have low magnitudes by
causing cludes a collector electrode which is con-     the currents in
amplifier 10 to have low nected to power supply conductor 14 and an
magnitudes. In addition, the use of NPN input emitter electrode which is
connected to output  transistors with conventional IC fabrication terminal
40 of amplifier 10, to one terminal of  techniques also helps to reduce the
input 50 resistor 42 and to the base electrode of feed-   11 5 current.
Thus, circuit 10 can be arranged to back transistor 44. The emitter
electrode of   provide minimal current drain from the power NPN transistor
44 is connected to the cathode  supply connected across conductors 14 and
electrode of diode 38 and to the collector     16 and minimal input bias
current loading. electrode of current sink transistor 24. The     Since NPN
transistor 18 has a relatively 55 collector electrode of transistor 44 is
also  120 high beta as compared to a monolithic PNP connected to positive
power supply conductor   transistor, amplifier 10 provides a higher in- 



14. Transistors 18 and 44 are designed to      put impedance than
monolithic amplifiers hav- have the same electrical characteristics as
ing PNP input transistors for a given amplifier each other.
bias current. Thus circuit 10 does not undesir- 60   Current source or
supply transistors 26 and   125 ably load a driver circuit connected to
input 28, which have similar geometries and struc-   terminal 12. This high
input impedance is tures, are each biased by diode 30 and resis-
particularly important if a storage capacitor, tor 32 to provide constant
currents having a   for instance, having a precison analog control
predetermined magnitude of 1. The value of     voltage developed
thereacross is connected 65 resistor 27 and the geometries and structures
130 between input terminal 12 and ground. Such    GB 2 011 209B    4
capacitors are used in automotive circuitry   each other. associated with
engine fuel control, for in-     Current supply transistor 26 has a
terminal stance.                                        59 which is coupled
through transistor 36 to As a dynamic signal voltage of increasing
output terminal 40 of amplifier circuit. As has 5 magnitude is applied to
amplifier input termi-   70 been previously explained, during dynamic nal 1
2, transistor 18 is rendered more con-   operation, the voltage at the
collector elec- ductive thereby supplying a current having a   trode of
transistor 34 tends to vary in magni- greater magnitude than 1.
Consequently,        tude. More specifically, the voltage at the transistor
34 supplies a current having a mag-  collector electrode of transistor 34
differs from 10 nitude of less than I because transistor 22 will  75 the
output voltage by only the base-to-emitter not sink current having a
magnitude greater    voltage across transistor 36. Since the voltage than
21. The collector voltage of transistor 34  at positive supply conductor 14
has a fixed increases in response to transistor 34 becom-  magnitude and
since the voltage at terminal ing less conductive. Thus transistor 36 is
59 varies, the current through resistance 53 15 rendered more conductive
thereby providing  80 tends to vary and adversely affect the magni- more
current to the load which is connected    tude of the output signal at
output terminal to amplifier output terminal 40. Consequently,  40 of the
amplifier circuit. Similarly, current the magnitude of the voltage cross
the load    supply transistor 28 has an output terminal also increases.
61 which is coupled through transistors 34 20   If the magnitude of the
load voltage tends  85 and 36 to output terminal 40 of amplifier to
increase more than the magnitude of the     circuit 10. During dynamic
operation, the volt- voltage at terminal 12, then transistor 44 is  age at
terminal 61 also changes which causes rendered more conductive thereby
supplying a   an undesired signal through resistance 54 current having
greater magnitude. Conse-       which tends to adversely effect the
magnitude 25 quently, diode 38 conducts a current having a   90 of the
output signal at output terminal 40 of lower magnitude since transistor 24
will only  amplifier circuit 10. sink a current of 21. As a result, current
from  Transistor 34 and diode 38 are included in current supply 28 is
diverted into the base of  a signal cancellation circuit 63 which is coup-
transistor 34 which renders transistor 34      led to terminals 59 of the
current supply 30 more conductive thereby reducing the drive to   95
circuit including transistor 26 and to terminal transistor 36 which becomes
less conductive    61 of the current supply circuit including and equalizes
the magnitudes of the input and  transistor 28. Diode 38 and transistor 34
load voltages. Therefore, transistor 44 pro-   form a current mirror or
current repeater cir- vides negative feedback which causes the       cuit
of known configuration wherein the col- 35 magnitude of the voltage at
output terminal    100 lector current of transistor 34 at mode 59 40 to be
equal to and to precisely follow the  tends to have substantially the same
magni- magnitude of the voltage at terminal 12.      tude as the current of
diode 38 provided Thus, transistor 44 enables amplifier 10 to   through
mode 61. The undesired signal at have unity voltage gain.
terminal 59 tends to increase the drive to 40   Transistors 18, 36 and 44
are all connected  105 output transistor 36 by a predetermined in
emitter-follower configurations which pro-  amount while the undesired
signal at terminal vide no voltage gain but these transistors do  61 tends
to render transistor 34 more conduc- provide current gain. Transistor 34
provides   tive which reduces the drive to transistor 36 the open loop
inverted voltage gain stage.     by the same predetermined amount. Thus, 45
Consequently, circuit 10 is quite stable with a  110 signal cancellation
circuit 63 utilizes the unde- single gain stage and does not require large
sired signals from transistors 26 and 28, internal capacitors or any
external components  which are of a similar nature to each other, to for
frequency compensation.                    cancel each other so that such
undesired Dotted resistances 53 and- 54, respectively,  signals do not
adversely affect the magnitude 50 represent the internal impedances of the
cur-   115 of the output signal at output terminal 40 of rent supplies
including transistors 26 and 28,  amplifier circuit 10. respectively.
Dotted resistances 56 and 58,     Transistor 18 is coupled through
transistors 



respectively, represent the internal resistances  34 and 36 to output
terminal 40 of amplifier of the current sinks including transistors 22
circuit 10. During dynamic operation, transis- 55 and 24, respectively.
Dotted resistances 64  120 tor 18 creates undesired signals at the emitter
-and 65, respectively, represent the internal  electrode of transistor 34
and across resis- resistances of the input  and  feedback NPN   tance 56 of
current sink transistor 22 which transistors. Since transistors 26 and 28
are  tend to adversely effect the magnitude of the matched, the resistance
of resistances 53 and  output signal at output terminal 40 of ampli- 60 54
are approximately equal to each other; and  125 fier circuit 10. Likewise,
as the magnitude of since transistors 22 and 24 are matched, the  the
output signal on output terminal 40 resistance of resistances 56 and 58
are also  changes, feedback transistor 44 tends to appoximately equal to
each other. Also since  cause undesired signals across resistance 58
transistos 18 and 44 are matched, the resis-   of current sink transistor
24 and at the cath- 65 tances 64 and 65 are approximately equal to   130
ode of diode 38.    GB2011 209B        5 Signal cancellation circuit 63
utillizes these  characteristics and at least one terminal, said undesired
signals of transistors 22 and 24,      first current supply means being
coupled to which are similar to each other, to cancel each  the output
terminal of the amplifier circuit, other so that these signals do not
adversely     said first current supply means causing a first 5 effect the
magnitude of the output signal at   70 undesired signal which tends to
affect the output terminal 40 of amplifier circuit 10. For  output signal
at the output terminal of the instance, as the input signal increases in
mag-  amplifier circuit; second active current supply nitude, the emitter
voltages of transistors 18   means having electrical characteristics and 44
both tend to increase by the same         matched to said predetermined
electrical char- 10 amount because the magnitude of the output    75
acteristics of said first current supply means signal at terminal 40 tends
to follow the        and at least one terminal, said second current
magnitude of the input signal at terminal 12.    supply means being coupled
to the output The increasing voltage at the emitter of trans-  terminal of
the amplifier circuit, said second istor 34 tends to render transistor 34
less      current supply means causing a second unde- 1 5 conductive by a
certain amount while the      80 sired signal having substantially the same
increase in voltage at terminal 52 tends to      magnitude as the first
undesired signal which cause transistor 34 to be more conductive by
tends to affect the magnitude of the output the same amount. Consequently,
the conduc-        signal at the output terminal of the amplifier tion of
transistor 34 is not changed. The        circuit; and signal cancellation
circuit means 20 undesirably increasing currents of current sink    85
having a current mirror means which responds transistors 22 and 24 are also
cancelled by      to a current at a first terminal thereof to signal
cancellation circuit 63.                  provide another current of
substantially the Resistor 64 and resistor 65 which are asso-    same
magnitude at a second terminal thereof, ciated with input transistor 18 and
feedback     said first terminal of said current mirror means 25 transistor
44 respectively each produces cur-  90 being coupled to said terminal of
said first rents which tend to create undesired signals     current supply
means and said second termi- which adversely affects the magnitude of the
nal of said current mirror means being cou- output signal at output
terminal 40. However     pled to said terminal of said second current
signal cancelling circuit 63 also utilizes these  supply means, said
current mirror means util- 30 undesired signals of transistors 18 and 44 to
95 izing said first and second undesired signals cancel each other so that
these signals do not   of the same magnitude to cancel each other adversely
affect the magnitude of the output     so that said first and second
undesired signals signal at output terminal 40. For instance, as   do not
adversely affect the output signal at the input signal increases in
magnitude, the     the output terminal of the amplifier circuit, 35 emitter
voltage of transistors 18 and 44 both   100 and said current mirror means
including am- tend to follow the input change as previously     plifying
transistor means coupled to the input described. The increasing voltage at
terminal    terminal of the amplifier circuit and diode 20 causes a
decrease in current through resis-   means coupled to said amplifying
transistor tor 64 which increases the current in transis-    means. 40 tor
34 which decreases the drive current to   105   2. A unity voltage gain,
current amplifier the base of transistor 36. However, the in-      circuit
as claimed in Claim 1 including output crease in voltage at terminal 52,
causes a       electron control means coupled between said decrease in
current through resistor 65 which    signal cancellaton circuit means and
the out- increases the current in diode 38 which de-      put terminal of
the amplifier circuit. 45 creases the drive to transistor 34 which in-  110
3. A unity voltage gain, current amplifier creases the drive to the base of
transistor      circuit as claimed in Claim 1 further including 36.Thus the
changing currents associated         feedback electron control means
connected with transistors 18 and 44 are also cancelled     between the
output terminal of the amplifier 



by signal cancellation circuit 63.               circuit and said signal
cancellation circuit 50   What has been described is embodiment       115
means. 10, a simple, unity gain amplifier suitable for    4. A unity
voltage gain, current amplifier fabrication in monolithic integrated
circuit     circuit as claimed in Claim 1 further including form. The
circuit provides high common mode      in combination; first electron
control means rejection capability and the stable configura-   having at
least a control electrode and an 55 tion of circuit 10 has a high input
impen-    120 output electrode, said first electron control dance.
means being coupled to the output terminal of the amplifier circuit, said
first electron control CLAIMS
means causing a third undesired signal which 1. A unity voltage gain,
current amplifier     tends to effect the output signal at the output 60
circuit for providing an output signal at an  125 terminal of the amplifier
circuit; second elec- output terminal thereof having a magnitude       tron
control means having at least a control which precisely follows the
magnitude of an      electrode and an output electrode, said sec- input
signal at an input terminal thereof, in-   ond electron control means being
coupled to cluding in combination; first active current     the output
terminal of the amplifier circuit, 65 supply means having predetermined
electrical   130 said second electron control means causing a    5
GB 2 011 209B     5 Signal cancellation circuit 63 utillizes these
characteristics and at least one terminal, said undesired signals of
transistors 22 and 24,    first current supply means being coupled to which
are similar to each other, to cancel each  the output terminal of the
amplifier circuit, other so that these signals do not adversely   said
first current supply means causing a first 5 effect the magnitude of the
output signal at  70 undesired signal which tends to affect the output
terminal 40 of amplifier circuit 10. For  output'signal at the output
terminal of the instance, as the input signal increases in mag-  amplifier
circuit; second active current supply nitude, the emitter voltages of
transistors 18  means having electrical characteristics and 44 both tend to
increase by the same       matched to said predetermined electrical char-
10 amount because the magnitude of the output    75 acteristics of said
first current supply means signal at terminal 40 tends to follow the
and at least one terminal, said second current magnitude of the input
signal at terminal 12.  supply means being coupled to the output The
increasing voltage at the emitter of trans-  terminal of the amplifier
circuit, said second istor 34 tends to render transistor 34 less    current
supply means causing a second unde- 15 conductive by a certain amount while
the     80 sired signal having substantially the same increase in voltage
at terminal 52 tends to    magnitude as the first undesired signal which
cause transistor 34 to be more conductive by   tends to affect the
magnitude of the output the same amount. Consequently, the conduc-
signal at the output terminal of the amplifier tion of transistor 34 is not
changed. The      circuit; and signal cancellation circuit means 20
undesirably increasing currents of current sink   85 having a current
mirror means which responds transistors 22 and 24 are also cancelled by
to a current at a first terminal thereof to signal cancellation circuit 63.
provide another current of substantially the Resistor 64 and resistor 65
which are asso-  same magnitude at a second terminal thereof, ciated with
input transistor 18 and feedback   said first terminal of said current
mirror means 25 transistor 44 respectively each produces cur-    90 being
coupled to said terminal of said first rents which tend to create undesired
signals   current supply means and said second termi- which adversely
affects the magnitude of the   nal of said current mirror means being cou-
output signal at output terminal 40. However   pled to said terminal of
said second current signal cancelling circuit 63 also utilizes these
supply means, said current mirror means util- 30 undesired signals of
transistors 18 and 44 to    95 izing said first and second undesired
signals cancel each other so that these signals do not  of the same
magnitude to cancel each other adversely affect the magnitude of the output
so that said first and second undesired signals signal at output terminal
40. For instance, as  do not adversely affect the output signal at the
input signal increases in magnitude, the   the output terminal of the
amplifier circuit, 35 emitter voltage of transistors 18 and 44 both   100
and said current mirror means including am- tend to follow the input change
as previously  plifying transistor means coupled to the input described.
The increasing voltage at terminal  terminal of the amplifier circuit and
diode 20 causes a decrease in current through resis-  means coupled to said
amplifying transistor tor 64 which increases the current in transis-
means. 40 tor 34 which decreases the drive current to  105   2. A unity
voltage gain, current amplifier the base of transistor 36. However, the in-
circuit as claimed in Claim 1 including output crease in voltage at
terminal 52, causes a     electron control means coupled between said
decrease in current through resistor 65 which  signal cancellaton circuit
means and the out- increases the current in diode 38 which de-    put
terminal of the amplifier circuit. 



45 creases the drive to transistor 34 which in-  110   3. A unity voltage
gain, current amplifier creases the drive to the base of transistor
circuit as claimed in Claim 1 further including 36.Thus the changing
currents associated'      feedback electron control means connected with
transistors 18 and 44 are also cancelled  between the output terminal of
the amplifier by signal cancellation circuit 63.             circuit and
said signal cancellation circuit 50   What has been described is embodiment
11 5 means. 10, a simple, unity gain amplifier suitable for  4. A unity
voltage gain, current amplifier fabrication in monolithic integrated
circuit   circuit as claimed in Claim 1 further including form. The circuit
provides high common mode    in combination; first electron control means
rejection capability and the stable configura-  having at least a control
electrode and an 55 tion of circuit 10 has a high input impen-  120 output
electrode, said first electron control dance.
means being coupled to the output terminal of the amplifier circuit, said
first electron control CLAIMS                                         means
causing a third undesired signal which 1. A unity voltage gain, current
amplifier  tends to effect the output signal at the output 60 circuit for
providing an output signal at an  125 terminal of the amplifier circuit;
second elec- output terminal thereof having a magnitude     tron control
means having at least a control which precisely follows the magnitude of an
electrode and an output electrode, said sec- input signal at an input
terminal thereof, in-  ond electron control means being coupled to cluding
in combination; first active current   the output terminal of the amplifier
circuit, 65 supply means having predetermined electrical  130 said second
electron control means causing a    C  L   S GB 2 011 209B      6 fourth
undesired signal which tends to effect    the amplifier circuit; input
electron control the output signal at the output terminal of the  means
having at least a control electrode and amplifier circuit; and said current
mirror       an output electrode, said input electron con- rneans of said
signal cancellation circuit fur-  trol means being coupled to the output
termi   - 5 ther having a third terminal and a fourth      70 nal of the
amplifier circuit, said input electron terminal, said third terminal being
coupled to   control means causing a third undesired signal said output
electrode of said first electron     which tends to adversely affect the
magnitude control means, said fourth terminal being cou-   of the output
signal at the output terminal of pled to said output electrode of said
second     the amplifier circuit; said input electron con- 10 electron
control means, said current mirror   75 trot means being coupled to the
input terminal means utilizing said third and fourth undesired  of the
amplifier circuit, feedback electron con- signals to cancel each other so
that said third  trol means having at least a control. electrode and fourth
undesired signals do not adversely    and an output electrode, said.
feedback elec- effect the output signal at the output terminal  tron
control means being coupled to the out- 15 of the amplifier circuit.
80 put terminal of the amplifier circuit, said feed- 5. A unity voltage
gain, current amplifier     back electron control means causing a fourth
circuit as claimed in Claim 4 further including  undesired signal having
substantially the same in combination; first current sink means hav-
magnitude as said third undesired signal ing at least one terminal, said
first current sink  which tends to adversely affect the magnitude 20 means
being coupled to said output terminal    85 of the output signal at the
output terminal of of the amplifier circuit, said first current sink  the
amplifier circuit and signal cancellation means causing a fifth undesired
signal which     circuit means having a current mirror means tends to
effect the output signal at the output  with a first terminalcoupled to
said terminal terminal of the amplifier circuit; second cur-   of said
first current supply means, a second 25 rent sink means having' at least
one terminal,    90 terminal coupled to said terminal of. said sec- said
second current sink means being coupled     ond current supply means, a
third terminal to the output terminal, of the amplifier circuit,  coupled
to said output electrode of said input said second current sink means
causing a         electron control means, and a fourth terminal sixth
undesired signal which tends to effect     coupled to said output electrode
of said feed- 30 the output signal at the output terminal of the    95 back
electron control means, said signal can- amplifier circuit; and said third
terminal of    cellation circuit means utilizing said first and said
current mirror means of said signal can-    second undesired signals to
cancel each other collation circuit being coupled to said terminal  and
said third and fourth undesired signals to of said first current sink means
and said        cancel each other so that said undesired sig- 35 fourth
terminal of said current mirror means    100 nals to not adversely affect
the magnitude of being coupled to said terminal of said second    the
output signal at the output terminal of the current sink means, said
cancellation circuit    amplifier circuit, and said current mirror means
utilizing said fifth and sixth undesired   means including further electron
control signals to cancel each other so that said fifth  means responsive
to input signals provided to 



40 and sixth undesired signals do have adversely   105 said third terminal
by said input electron con- affect the output signal at the output terminal
trol means. of the amplifier circuit.                          7. A unity
gain amplifier circuit as claimed 6. A unity gain amplifier circuit having
a     in Claim 6, wherein. said input electron control high degree of
common mode rejection for         means includes a bipolar transistor
having 45 providing an output signal at an output termi-  110 base and
emitter electrodes respectively corre- nal thereof having a magnitude which
sub-        sponding to said control and output elec- stantially equals and
precisely follows the      trodes  and said feedback electron control
magnitude of an input signal at an input         means includes a bipolar
transistor having terminal thereof, including in combination;      base and
emitter electrodes, respectively, cor- 50 first current supply means having
at least one   115 responding to said control and output elec- terminal,
said first current supply means being  trodes thereof. coupled to the
output terminal of the amplifier    8. A unity gain amplifier circuit as
claimed circuit, said first current supply means causing  in Claim 6,
wherein  said further electron con- a first undesired signal which tends to
ad-      trol means of said current mirror means in- 55 versely affect the
magnitude of the output   120 ciudes a bipolar transistor and a diode con-
signal at the output terminal of the amplifier   nected to said bipolar
transistor. circuit; second current supply means having        9. A unity
gain amplifier circuit as claimed at least one terminal, said second
current       in Claim 6 further including in combination- supply means
being coupled to the output         first current sink means having at
least one 60 terminal of the amplifier circuit, said second  125 terminal,
said first current sink means being current supply means causing a second
unde-      coupled to said output terminal of the ampli- sired signal
having substantially the same       fier circuit, said first current sink
means caus- magnitude as said first undesired signal,       ing a fifth
undesired signal which tends to which tends to adversely affect the
magnitude    adversely effect the. magnitude of the output 65 of the output
signal at the output terminal of   130 signal at the output terminal of the
amplifier    circuit; second current sink means having at least one
terminal, said second current sink means being coupled to the output
terminal of the amplifier circuit, said second current sink 5 means causing
a sixth undesired signal which tends to adversely affect the magnitude of
the output signal at the output terminal of the amplifier circuit; and said
third terminal of said current mirror means of said signal can- 10
cellation circuit being coupled to said terminal of said first current sink
means and said fourth terminal of said current mirror means being coupled
to said terminal of said second current sink means, said cancellation
circuit 1 5 means utilizing said fifth and sixth undesired signals to
cancel each other so that said fifth and sixth undesired signals do not
effect the magnitude of the output signal at the output terminal of the
amplifier circuit. 20    10.  A unity gain amplifier circuit as claimed in
Claim 6 further including an output transistor coupled between said first
terminal of said current mirror means and the output terminal of the
amplifier circuit. 25    11.  A unity voltage gain, current amplifier
circuit substantially as hereinbefore described and as shown in the sole
figure of the accom- panying drawing. Printed for Her Majesty's Stationery
Office by Burgess & Son (Abingdon) Ltd.-1982. Published at The Patent
Office. 25 Southampton Buildings, London, WC2A 1AY, from which copies may
be obtained.    


