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1
CONTROLLABLE INTEGRATOR

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

FIELD OF THE INVENTION

This invention relates to mntegrators and more particularly
o circuitry 1n an integrated circuit that controls frequency
response characteristics over a wide range of frequencies
with adjustable capacitance and controllable transconduc-
tance.

BACKGROUND OF THE INVENTION

Circuit components formed 1n integrated circuits com-
monly exhibit wide variations in operating characteristics
attributable to variations 1n the semiconductor processes that
form the integrated circuit of such components. By tradi-
tional design practices, additional or redundant components
may be formed 1n an integrated circuit during the processing
phase, and such additional components may thereafter be
connected 1n or out of a circuit using a laser beam to
selectively sever connecting links as required to adjust the
operating characteristics of the circuit. Alternatively, signal
controllable switches may be incorporated 1nto the design of
the integrated circuit to selectively connect additional com-
ponents 1n response to externally applied control signals.
However, such switches are not ideal in that they incorporate
appreciable resistance 1nto a circuit in the conductive state
which can be detrimental to high frequency operating char-
acteristics of the integrated circuit.

SUMMARY OF THE INVENTION

In accordance with one embodiment of the present
invention, additional capacitive components may be selec-
fively switched into circuit configuration in response to
external control signals without introducing significant
resistance with the capacitive components. In addition,
controllable gain elements may be selectively controlled to
amplity the effectiveness of capacitive components 1 the
circuit for a wide range of operating frequency characteris-
tics of the circuit as selectively configured.

DESCRIPITTON OF THE DRAWINGS

FIG. 1 1s a circuit diagram of a conventional transcon-
ductance integrator;

FIG. 2 1s a circuit diagram of one embodiment of the
present invention;

FIG. 3 1s a graph 1llustrating the operating characteristics
of a transconductance amplifier; and

FIG. 4 1s a circuit diagram of another embodiment of the
present invention for providing wide dynamic control of
operating frequency characteristics of the composite cir-
cuitry.

DETAILED DESCRIPTION OF THE
INVENTION

Referring now to FIG. 1, there 1s shown a conventional
integrator including a differential pair of gain stages 9, 11
such as field-effect transistors having control electrodes, or
gates, coupled to receive control signals applied to inputs 13,
15. The source electrodes, or sources, of the gain stages are
coupled together and to a controllable current source 17, and
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cach of the drain electrodes, or drains, 1s coupled to a
controllable current sources 19, 21 and to one or more
capacitive elements 23, 25. The sum of the current sources
19, 21 1s usually set equal to the current from source 17.
Sclected ones of the capacitive elements may be coupled to
oround, for example, via links that may be removed via
laser-beam machining to alter the operating frequency char-
acteristics of the circuit. Alternatively, semiconductor
switches may be substituted (not shown) for the links to
facilitate control of capacitance 1n the circuit in response to
externally applied signals. However, such semiconductor
switches commonly introduce significant resistance along
with capacitance thus switched into the circuit, and this
adversely affects high frequency operating characteristics of
the circuit thus configured.

In accordance with one embodiment of the present
invention, one or more differential pairs of capacitive ele-
ments are formed for selective connection 1nto the circuit in
response to an applied control signal. Specifically, as shown
in FIG. 2, each capacitive element 1s formed as a pair of gain
clements 27, 29 such as insulated-gate ficld-effect transistors
with source and drain connected 1n common as one capaci-
five electrode and with the gate forming another capacitive
clectrode. The source-drain connections are connected 1n
common to a control switch 31 that may also include a gain
clement responsive to an applied control signal for switching
in or out the differential pair of capacitive components 27,
29. Specifically, at low-level applied control signal appear-
ing on control input 33 (representative of the ON condition
for NMOS type transistors 27, 29) the source-drain connec-
tions form conductive channels 1 the region of the respec-
five gates 1n known manner to form capacitive components
differentially connected across the outputs of the gain stages
35, 37. Thus, for each capacitive component of capacitance
C, the differential connection of such components yields C/2
capacitance, without the equivalent resistance 39 of a control
switch (in the biasing circuit) affecting the capacitance in the
circuit thus configured. At high-level applied control signal
appearing on control input 33 (representative of the OFF
condition for NMOS type transistors 27, 29), wide depletion
regions form adjacent the sources-drains, or essentially no
channels form 1n the vicinities of the gates to contribute only
a small fraction of the original capacitance mtroduced into
the circuit. One or more banks of differentially connected
capacifive components, each controlled by such bias-
adjusting switching circuitry, may be provided to facilitate
adjustment or control of the frequency response character-
istics of the circuit thus configured.

Referring now to FIG. 3, there 1s shown a graph of the
transfer function of the differential amplifier of FIG. 2 that
includes gain elements 35, 37 and current sources 41, 43, 45
connected as shown. Specifically, as the differential of the
control voltages 47, 49 applied to the control electrodes
increases, the differential of drain currents I, I, (Al=I,—L,)
increases, as shown by the curve 51. In the semiconductor
amplifier circuit of FIG. 2, the sum of the drain currents 41,
43 substantially equals the combined current 45, and reduc-
ing these current levels typically alters the transfer function
of the semiconductor amplifier, as shown by curve 53. The
range of control voltages 55 over which the transfer function
remains substantially linear diminishes with reduced current
levels, as 1llustrated with reference to curve 53. Thus, at low
levels of the combined source currents through current
source 45, the substantially linear range of the transfer
function on applied control voltages 1s narrow, and widens
55 with increased current levels. However, for a given level
of the combined currents through source 45, significant
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increases 1n applied signal voltages appearing at inputs 47,
49 1ntroduces significant non-linearity in the transfer func-
tion for operation at applied signal levels beyond the sub-
stantially linear range 53.

In accordance with another embodiment of the present
invention, a plurality of amplifiers similar to the amplifier of
FIG. 2 are assembled 1n parallel, as illustrated in FIG. 4,
between the differential mputs 47, 49 and the differential
outputs 57, 59. Each of the amplifiers may be selectively

controlled, for example, via a controllable current source 45
that conducts the currents from the commonly connected
sources 1n each amplifier. In this way, each of the amplifiers
61, 63, 65 may be selectively disabled or enabled to selec-
fively expand the linear range 355, 55" of the combined
transfer function. In addition, with one or more pairs of
differentially connected capacitive components 27, 29 con-
nected across the outputs 57, 59, the range of frequencies
over with the integrated circuit may be operated can be
oreatly increased, for example, to over 6:1 for operations at
about 40 MHz to about 270 MHz. Additionally, for selected
values of capacitance C switched into the circuit in the
manner previously described, control of one or more of the
current sources 1n the amplifiers 61, 63, 65 may thus be
externally controlled to maintain the transconductance (g,,,)
to capacitance (C) ratio (g,,,/C) substantially constant over a
population of integrated circuits thus configured, and for
operation of a particular integrated circuit with selected
frequency response characteristics. Of course, various
known semiconductor technologies such as bi-polar or
NMOS or CMOS processes may be used to form integrated
circuits including amplifiers and capacitive components, as
described above.

Therefore, one design of integrated circuit according to
the present invention facilitates formation of g _/C integra-
tors operable over a wide range of frequencies, with
dynamic responses conveniently controllable by signals that
may be internal or external to the mtegrated circuit.

What 1s claimed 1s:

1. Integrator apparatus comprising:

an amplifier including a pair of outputs and being respon-
sive to differential mput signals for producing ditfer-
ential output signals on the pair of outputs; and

a pair of capacitive components connected to the pair of
outputs and to a common source of first control signal,
the capacitive components including insulated-gate,
ficld-effect transistors having gates connected to
respective ones ol the pair of outputs and having
sources and drains connected 1In common to receive
said first control signal for altering the capacitance of
[cach] said pair of capacitive [component] components
in response to the first control signal applied to the
sources and drains thereof.

2. Integrator apparatus according to claim 1 comprising a
plurality of pairs of capacitive components, each including,
insulated-gate, field-effect transistors having gates con-
nected to respective ones on the pair of outputs and having
sources and drains connected 1n common to receive the first
control signal therefor for altering the capacitance of the
capacifive components 1n response to the first control signal
applied to the sources and drains of each of the plurality of
pairs ol capacitive components.

3. Integrator apparatus according to claim 2 wherein the
amplifier includes a plurality of differential amplifiers, each
having a pair of outputs coupled in common to the plurality
of pairs of capacitive components, and each having a pair of
inputs connected in common to receive applied differential
signals, at least one of the plurality of differential amplifiers
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also having a transfer function from mputs thereof to outputs
thereof that 1s controllable 1n response to a second control
signal applied thereto for altering the combined transfer
function of the plurality of differential amplifiers from the
mnputs thereof connected in common to the differential
outputs thereof coupled 1n common 1n response to applied
second control signal.

4. Integrator apparatus according to claim 1 wherein said
amplifier mcludes a pair of field-effect transistors, each
having a drain electrode connected to respective ones of said
pair of outputs, and having source electrodes connected 1n
common, with the source and drain electrodes of each
transistor forming a conduction channel thereof, and tran-
sistors having gate electrodes connected to receive the
differential input signals applied thereto to alter the conduc-
tion channel thereof; and

a current source connected to the drain electrode of each

transistor, and another current source connected to the
common connection of the source electrodes for con-
ducting the sum of currents 1n the conduction channels
of the pair of transistors.

5. Integrator apparatus according to claim 4, wherein said
another current source 1s adjustable to alter the transfer
function of the amplifier from the gate electrodes to the pair

of outputs thereof.
6. Integrator apparatus according to claim 3 wherein the

second control signal 1s adjusted to maintain substantially
constant the ratio of the transconductance of the amplifier to
the capacitance provide by the capacitive components in
response to first control signal applied thereto.
/. Integrator apparatus comprising:
an amplifier including a pair of outputs and being respon-
sive to differential input signals for producing differ-
ential output signals on the pair of outputs; and

a capacitive element connected to the pair of outputs and
fo a common source of a control signal, the capacitive
element including two field-effect transistors having
gates connected to respective ones of the pair of outpuits
and having sources and drains connected in common to
receive said control signal for altering the capacitance
of said capaciitve element in response to the control
signal applied to the sources and drains thereof.

8. Integrator apparatus according to claim 7 further
comprising a plurality of capacitive elements, each element
including two insulated-gate, field-effect transistors having
gates connected to respective ones on the pair of outputs and
having sources and drains connected in common to receive
a respective control signal, the capacitance of each capaci-
live elements being altered in response to the respective
control signal applied to the sources and drains thereof.

9. Integrator apparatus according to claim 8 wherein the
amplifier includes a plurality of differential amplifiers, each
having a pair of outputs coupled in common to the plurality
of pairs of capacitive elements, and each having a pair of
inputs connected in common to receive applied differential
signals, at least one of the plurality of differential amplifiers
also having a transjfer function from inputs thereof to outputs
thereof that is controllable in response to a second control
signal applied thereto for altering the combined fransfer

function of the plurality of differential amplifiers from the

inputs thereof connected in common to the differential out-

puts thereof coupled in common in response to applied

second control signal.

10. Integrator apparatus according to claim 9 wherein the
second control signal is adjusted to maintain substantially
constant the ratio of the transconductance of the amplifier to
the capacitance provided by the capacitive elements in
response to first control signal applied thereto.
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11. Integrator apparaius according to claim 7 wherein
said amplifier includes:

a pair of field-effect transistors, each having a drain
electrode connected to respective ones of said pair of
outputs, and having source electrodes connected in
common, with the source and drain electrodes of each
transistor forming a conduction channel thereof, and
transistors having gate electrodes connected to receive
the differential input signals applied thereto to alter the
conduction channel thereof; and

a current source connected to the drain electrode of each
fransistor, and another current source connected to the
common connection of the source electrodes for con-
duciing the sum of currents in the conduction channels
of the pair of transisitors.

12. Integrator apparatus according to claim 11 wherein

said another current source is adjustable to alter the transfer

function of the amplifier from the gate electrodes to the pair
of outputs thereof.
13. Integrator apparatus comprising.
a plurality of differential amplifiers, each having:
a pair of inputs connected in common o receive an
applied differential signal
a pair of outputs connected in common (o oulpul a
differential amplified signal, and
a transfer function from inputs thereof to ouiputs
thereof that is controllable in response to a control
signal applied thereto for altering the combined
transfer function of the plurality of differeniial
amplifiers from the inputs thereof to the outputs
thereof,

wherein the plurality of differential amplifiers are of the

same conductivity type.

14. Integrator apparatus according to claim 13, wherein
each of the plurality of differential amplifiers further com-
prises a controllable current source to control the transfer
function in response to the control signal applied thereto.

15. Integrator apparatus comprising.

a plurality of differential amplifiers, each having:

a pair of inputs connected in common o receive an
applied differential signal,

a pair of oulputs connected in common (o oulpul a
differential amplified signal, and

a transfer function from inputs thereof to ouiputs
thereof that is controllable in response to a control
signal applied thereto for altering the combined
transfer function of the plurality of differeniial
amplifiers from the inputs thereof to the outputs
thereof,

wherein each of the plurality of differential amplifiers
further comprises a conirollable current source fo
conirol the transfer function in response to the control
signal applied thereto, and

wherein each said controllable current source, in
response to the control signal applied thereto selec-
tively enables or disables a corresponding one of said
plurality of differential amplifiers.

16. Integrator apparaius according to claim 13, wherein
each of the plurality of differential amplifiers further com-
prises first and second current sources coupled respectively
o drains of said differenital amplifiers.

17. Integrator apparatus according to claim 13, wherein
said apparatus is embodied in a MOS device.

18. Integrator apparatus comprising:

a plurality of differential amplifiers, each having:

a pair of inputs connected in common fo receive an
applied differential signal,
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a pair of oulputs connected in common (o oulpul a
differential amplified signal, and

a transfer function from inputs thereof to oulputs
thereof that is controllable in response to a control
signal applied thereto for altering the combined
transfer function of the plurality of differential
amplifiers from the inputs thereof fto the ouiputs
thereo],

a plurality of capacitive elements each with two transis-
fors whose gates are respectively coupled to said
respective pair of oultputs, said two transistors having
sources and drains coupled in common to receive
another control signal which alters the capacitance of
said capacitive element.

19. Integrator apparatus according to claim 18, further
comprising a plurality of said capaciiive elements, and
wherein said control signal and said another control signal
cause the integrator apparatus to be operated in a frequency
range of from about 40 MHz to about 270 MHz.

20. Integrator apparatus according to claim 18, wherein
said control signal and said another control signal cause the
integrator apparatus to maintain a transductance to capact-
fance ratio substantially constant.

21. An amplifier comprising:

a plurality of differential amplifiers, each having:

a pair of gain elements having (i) a pair of differential
input terminals, (i) a pair of differential output
terminals, and (iti) a pair of common terminals; and

a controllable current source in communication with
said patr of common terminals;

wherein each of said pair of differential input terminals is
arranged in parallel with the differential input termi-
nals of other ones of said plurality of differential
amplifiers;

wherein each of said pair of differeniial output terminals

s arranged in parallel with the differential output

terminals of other ones of said plurality of differential

amplifiers;

wherein each of said plurality of differential amplifiers
has a response characteristic defined by a correspond-
ing transfer function from said pair of input terminals
fo said pair of output terminals;

wherein each of said controllable current source controls
the corresponding transfer function of a respective one
of said plurality of differential amplifiers; and

wherein the plurality of differential amplifiers are of the
same conductivity type.

22. An amplifier comprising.

a plurality of differential amplifiers, each having:

a pair of gain elements having (i) a pair of differential
input terminals (i) a pair of differential output
terminals and (iit) a pair of common terminals; and

a controllable current source in communication with
said pair of common terminals;

wherein each of said pair of differential input terminals is
arranged in parallel with the differential input termi-
nals of other ones of said plurality of differeniial
amplifiers;

wherein each of said pair of differential output terminals
s arranged in parallel with the differential output
terminals of other ones of said plurality of differential
amplifiers;

wherein each of said plurality of differential amplifiers
has a response characteristic defined by a correspond-
ing transfer function from said pair of input terminals
fo said pair of output terminals;
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wherein each of said controllable current source conirols
the corresponding transfer function of a respective one
of said plurality of differential amplifiers; and

wherein each said controllable current source selectively
enables or disables a corresponding one of said plu-
rality of differential amplifiers.

23. An amplifier comprising:

a plurality of differential amplifiers each having:

a pair of gain elements having (i) a pair of differential
input terminals (i) a pair of differential output
terminals, and (iti) a pair of common terminals; and

a controllable current source in communication with
said pair of common terminals;

wherein each of said pair of differential input terminals is
arranged in parallel with the differential input termi-
nals of other ones of said plurality of differential
amplifiers;

wherein each of said pair of differential output terminals
is arranged in parallel with the differential output
terminals of other ones of said plurality of differential
amplifiers;

wherein each of said plurality of differential amplifiers
has a response characteristic defined by a correspond-
ing transfer function from said pair of input terminals
fo said pair of output terminals;

wherein each of said controllable current source controls
the corresponding transfer function of a respective one
of said plurality of differential amplifiers; and

wherein each of said plurality of differential amplifiers
further comprises:
a pair of transistors in communication with said pair of

differential output terminals, said pair of transistors

comprising a control terminal and being arranged as
a capacitance

wherein said control terminal is arranged and con-
structed for receiving a control signal for adjusting the
capacitance.

24. An amplifier according to claim 23, further compris-
ing a plurality of said pair of transistors, each having gates
coupled in parallel, and each having sources and drains
coupled together to receive said control signal.

25. An amplifier according to claim 21, wherein said
amplifier comprises a CMOS device.

20. An amplifier according to claim 21 wherein each of
said plurality of differential amplifiers includes first and
second current sources respectively coupled to said differ-
ential output terminals.

27. An amplifier comprising:

a plurality of differential amplifiers, each having:

a pair of differential input terminals,
a pair of differential output terminals and
a controllable current source;

wherein each of said pair of differential input terminals is
arranged in parallel with the differential input termi-
nals of other ones of said plurality of differential
amplifiers;

wherein each of said patr of differential output terminals
i1s arranged in parallel with the differential output
terminals of other ones of said plurality of differential
amplifiers;

wherein the plurality of differential amplifiers are of the
same conductivity type

wherein each of said plurality of differential amplifiers
has a response characteristic defined by a correspond-
ing transfer function from said pair of input terminals
fo said pair of output terminals; and
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wherein each of said controllable current source controls
the corresponding transfer function of a respective one
of said plurality of differential amplifiers.

28. An amplifier comprising.

a plurality of differential amplifiers, each having:
a patr of differential input terminals
a pair of differential output terminals and
a controllable current source;

wherein each of said pair of differential input terminals is
arranged in parallel with the differential input termi-
nals of other ones of said plurality of differeniial
amplifiers;

wherein each of said pair of differential output terminals
s arranged in parallel with the differeniial output
terminals of other ones of said plurality of differential
amplifiers;

wherein each of said the plurality of differential amplifiers
has a response characteristic defined by a correspond-
ing transfer function from said pair of input terminals
fo said pair of output terminals;

wherein each of said controllable current source controls
the corresponding transfer function of a respective one
of said plurality of differential amplifiers; and

wherein each said controllable current source selectively
enables or disables a corresponding one of said plu-
rality of differential amplifiers.

29. An amplifier comprising.

a plurality of differential amplifiers, each having:
a pair of differential input terminals,
a patr of differential output terminals and
a controllable current source;

wherein each of said pair of differential input terminals is
arranged in parallel with the differential input termi-
nals of other ones of said plurality of differeniial
amplifiers;

wherein each of said pair of differential output terminals

s arranged in parallel with the differential output

terminals of other ones of said plurality of differential

amplifiers;

wherein each of said plurality of differential amplifiers
has a response characteristic defined by a correspond-
ing transfer function from said pair of input terminals
fo said pair of output terminals;

wherein each of said controllable current source controls
the corresponding transfer function of a respective one
of said plurality of differential amplifiers; and

wherein each of said plurality of differential amplifiers
further comprises:

a pair of transistors in communication with said pair of
differential output terminals, said pair of transistors
comprising a control terminal and being arranged as
a capacttance, wherein said control terminal is
arranged and constructed for receiving a control
signal for adjusting the capacitance.

30. An amplifier comprising:
a plurality of differential amplifiers, each having

a patr of differential input terminals,

a patr of differential output terminals and

a controllable current source;

wherein each of said pair of differential input terminals is
arranged in parallel with the differential input termi-
nals of other ones of said plurality of differential
amplifiers;

wherein each of said pair of differeniial output terminals
s arranged in parallel with the differential output
terminals other ones of said plurality of differential
amplifiers;
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wherein each of said plurality of differential amplifiers
has a response characteristic defined by a correspond-
ing transfer function from said pair of input terminals
fo said pair of output terminals;

wherein each of said controllable current source controls
the corresponding transfer function of a respective one
of said plurality of differential amplifiers; and

a plurality of said transistors each having gates coupled
in parallel, and each having sources and drains
coupled together to receive said control signal.

31. Integrator apparatus comprising:

an amplifier including a pair of outputs and being respon-
sive to a differential input signal for producing differ-
ential output signals on the pair of outputs; and

a capacitance in communication with the pair of outputs
and to a first control signal, the capacitance compris-
ing plural transistors having gates connected to respec-
live ones of the patr of and having sources and drains
connected in common to receive said control signal for
altering the capacitance in response to the first control
signal applied to the sources and drains thereof.

32. Integrator apparatus according to claim 31, wherein
said amplifier comprises a pair of semiconductor gain
elements having drains coupled to said pair of ouipuits,
sources coupled in common to recetve a second control
signal, and gates which receive the differential input signal

33. Integrator apparatus according to claim 31, further
comprising a plurality of said amplifiers having their out-
puts coupled in parallel, and their inputs coupled in paral-
lel.

34. Integrator apparatus according to claim 31, further
comprising a plurality of said capacitances having their
outputs coupled in parallel.

35. Integrator apparatus according to claim 31, wherein
said transistors comprise MOS transistors, and wherein the
first control signal causes wide depletion regions to form
adjacent said sources and drains to inhibit channels forming
in the vicinities of the gates to reduce capacitance.

36. A semiconductor apparatus COmprising:

a differential circuit including first and second oulputs
and being responsive to a differential input signal for
producing differential output signals on the first and
second outputs; and

a capacitance in communication with the first and second
outputs and responsive to a single control signal, the
capacitance comprising first and second transistors, a
gate of the first transistor being in communication with
the first output and a gate of the second transistor being
in communication with the second output, a source and
a drain of the first transistor being connected in com-
mon to recetve the single control signal, a source and
a drain of the second transistor being connected in
common to receive the single control signal, the first
control signal being applied to the sources and drains
thereof for altering the capaciiance.

37. A semiconductor apparatus according to claim 30,

wherein said apparatus Comprises a MOS circuit.

38. A semiconductor apparatus according to claim 30,
further comprising a plurality of differential circuits coupled
in parallel, and a plurality of said first and second transis-
tors having their gates coupled to outputs of said plurality
of said differential circuits.

39. Integrator apparatus comprising:

a plurality of differential amplifiers, each having:
a pair of inputs connected in common o receive an
applied differential signal
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a pair of oulputs connected in common [o oulpul a
differential amplified signal, and

a transfer function from inputs thereof to ouiputs thereof
that is controllable in response to a conirol signal
applied thereto for altering the combined transfer func-
lion of the plurality of differential amplifiers from the
inputs thereof to the outputs theredy,

wherein each of said plurality of differential amplifiers
has the same conductivity type as all of the other
differential amplifiers of said plurality of differential
amplifiers.

40. Integrator apparatus according to claim 39 wherein
each of the plurality of differential amplifiers further com-
prises a controllable current source to control the transfer
function in response to the control signal applied thereto.

41. Integrator apparatus comprising.

a plurality of differential amplifiers, each having a pair of
inputs connected in common to receive an applied
differential signal, a pair of outputs connected in com-
mon to output a differential amplified signal, and a
ransfer function from inputs thereof to outputs thereof
that is controllable in response to a conirol signal
applied thereto for altering the combined transfer func-
tion of the plurality of differential amplifiers from the
inputs thereof to the outputs thereof,

wherein each of the plurality of differential amplifiers
further comprises a controllable current source,

wherein each said controllable current source in response
to the control signal applied thereto, selectively enables
or disables a corresponding one of said plurality of
differential amplifiers.

42. An amplifier comprising.

a plurality of differential amplifiers each having:

a pair of gain elements having (i) a pair of differential
input terminals, (i) a pair of differential output
terminals, and (iti) a pair of common terminals; and

a controllable current source in communication with
said pair of common terminals;

wherein each of said pair of differential input terminals is
arranged in parallel with the differential input termi-
nals of other ones of said plurality of differeniial
amplifiers;

wherein each of said pair of differeniial output terminals

is arranged in parallel with the differential output
terminals of other ones of said plurality of differential
amplifiers;

wherein each of said plurality of differential amplifiers is

the same conductivity type as all of the other differen-
tial amplifiers of said plurality of differential amplifi-
ers;

wherein each of said plurality of differential amplifiers

has a response characteristic defined by a correspond-
ing transfer function from said pair of input terminals
fo said pair of output terminals; and

wherein each of said controllable current source controls

the corresponding transfer function of a respective one
of said plurality of differential amplifiers.

43. An amplifier according to claim 42 wherein each said
controllable current source selectively enables or disables a
corresponding one of said plurality of differential amplifiers.

44. An amplifier comprising.

a plurality of differential amplifiers, each having:

a pair of gain elements having (i) a pair of differential
input terminals, (i) a pair of differential output
terminals, and (iti) a pair of common terminals; and
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a controllable current source in comminication with
said pair of common terminals;

wherein each of said pair of differential input terminals is
arranged in parallel with the differential input termi-
nals of other ones of said plurality of differential
amplifiers;

wherein each of said patr of differential output terminals
is arranged in parallel with the differential output
terminals of other ones of said plurality of differential
amplifiers;

wherein each of said plurality of differential amplifiers
has a response characteristic defined by a correspond-
ing transfer function from said pair of input terminals
fo said pair of output terminals; and

wherein each of said controllable current source selec-
tively enables or disables a corresponding one of said
plurality of differential amplifiers.

45. An amplifier comprising:

a plurality of differential amplifiers, each having:
a pair of differential input terminals,

a pair of differential output terminals, and
a controllable current source;

wherein each of said pair of differential input terminals is
arranged in parallel with the differential input termi-
nals of other ones of said plurality of differeniial
amplifiers;

wherein each of said pair of differential output terminals
i1s arranged in parallel with the differential output
terminals of other ones of said plurality of differential
amplifiers;
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wherein each of said plurality of differential amplifiers is
the same conductivity type as all of the other differen-
tial amplifiers of said plurality of differential amplifiers,

wherein each of said plurality of differential amplifiers
has a response characteristic defined by a correspond-
ing transfer function from said pair of input terminals
fo said pair of output terminals; and

wherein each of said controllable current source controls
the corresponding transfer function of a respective one
of said plurality of differential amplifiers.

46. An amplifier comprising:

a plurality of differential amplifiers, each having
a pair of differential input terminals,

a patr of differential output terminals and
a controllable current source;

wherein each of said pair of differential input terminals is
arranged in parallel with the differential input termi-
nals of other ones of said plurality of differeniial
amplifiers;

wherein each of said pair of differential output terminals
is arranged in parallel with the differential output
terminals of other ones of said plurality of differential
amplifiers;

wherein each of said plurality of differential amplifiers
has a response characteristic defined by a correspond-
ing transfer function from said pair of input terminals
fo said pair of output terminals; and

wherein each of said controllable current source selec-
tively enables or disables a corresponding one of said
plurality of differential amplifiers.
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