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Integrated circuitry for selectively introducing capacitance
and for controlling the transconductance transfer function of
onc or more amplifiers includes concatenated differential
amplifiers with one or more pairs of switchable capacitive
components differentially connected across outputs of the
differential amplifiers to facilitate operation over a wide
range ol operating frequencies under control of external
signals.

21 Claims, 2 Drawing Sheets
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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 5
made by reissue.

Notice: More than one reissue application has been filed
for the reissue of U.S. Pat. No. 5,805,0006. The reissue
applications are application Ser. Nos. 09/609,007 (now U.S.
Reissue Pat. No. RE37,739) and 09/950,086 (the present 10

application), which is a continuation reissue application of
U.S. Pat. No. 5,805,000.

FIELD OF THE INVENTION

This invention relates to integrators and more particularly 19
o circuitry 1n an integrated circuit that controls frequency
response characteristics over a wide range of frequencies
with adjustable capacitance and controllable transconduc-

tance.
20

BACKGROUND OF THE INVENTION

Circuit components formed 1n integrated circuits com-
monly exhibit wide variations 1n 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 thercafter 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 mtegrated circuit to selectively connect additional com-
ponents 1n response to externally applied control signals.
However, such switches are not ideal 1n 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 40
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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
amplily the effectiveness of capacitive components 1n the
circuit for a wide range of operating frequency characteris-
tics of the circuit as selectively configured.

45

50
DESCRIPTTION 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 60
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

65
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such as field-elfect transistors having control electrodes, or
gates, coupled to recerve 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
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.
Seclected 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 1n 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 in
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 1n the region of the respec-
five gates in 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 introduced into
the circuit. One or more banks of differentially connected
capacitive 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,-1,)
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 535 over which the transfer function
remains substantially linear diminishes with reduced current
levels, as illustrated with reference to curve 53. Thus, at low
levels of the combined source currents through current
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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 435, significant
increases 1n applied signal voltages appearing at inputs 47,
49 introduces significant non-linearity in the transfer func-
fion for operation at applied signal levels beyond the sub-
stantially lincar range 55.

In accordance with another embodiment of the present
invention, a plurality of amplifiers similar to the amplifier of
FIG. 2 are assembled in 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 which 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 mto the circuit 1n the
manner previously described, control of one or more of the
current sources 1 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 1ntegra-
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 differ-
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 1n common to receive
said first control signal for altering the capacitance of
cach pair of capacitive component 1n 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
capacitive components 1n response to the first control signal
applied to the sources and drains of each of the plurality of
pairs of capacitive components.}

[3. Integrator apparatus according to claim 2 wherein the

amplifier includes a plurality of differential amplifiers, each
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having a pair of outputs coupled 1n common to the plurality
of pairs of capacitive components, and each having a pair of
inputs connected 1n common to receive applied differential
signals, at least one of the plurality of differential amplifiers
also having a transfer function from inputs 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
inputs thereof connected in common to the differential
outputs thereof coupled in common in response to applied
second control signal.]

[4. Integrator apparatus according to claim 1 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 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 provided by the capacitive components in
response to first control signal applied thereto.]

7. Integrator apparatus comprising:

a plurality of differential amplifiers connected in parallel,

satd plurality of differential amplifiers having differential
inputs connected in common to receive an applied
differential signal,

said plurality of differential amplifiers having differential
outputs connected tn common to output a differential
amplified signal, and

each of said plurality of differeniial amplifiers having a
ransfer function from nput thereof to output thereof,
wherein each of said plurality of differential amplifiers
is individually controllable in response to a respective
control signal applied thereto, for altering the transfer
function of a corresponding one of said plurality of
differential amplifiers from the input thereof to the
output thereof.

8. Integrator apparatus, comprising.

a plurality of differential amplifiers connected in parallel,

said plurality of differential amplifiers having differential
inputs connected in common to recetve an applied
differential signal

said plurality of differential amplifiers having differential
outputs connected in common to output a differential
amplified signal

each of said plurality of differential amplifiers having a
transfer function from input thereof to output thereof,
wherein each of said plurality of differential amplifiers
is individually controllable in response to a respective
control signal applied thereto, for altering the transfer
function of a corresponding one of said plurality of
differential amplifiers from the input thereof to the
output thereof, and
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wherein each of said plurality of differential amplifiers is
selectively enabled or disabled.
9. Integrator apparatus, comprising:

a plurality of differential amplifiers connected in parallel

said plurality of differential amplifiers having differential
inputs connected in common to recetve an applied
differential signal,

said plurality of differential amplifiers having differential
outputs connected tn common to output a differential
amplified signal,

each of said plurality of differential amplifiers having a
transfer function from input thereof to output thereof,
wherein each of said plurality of differential amplifiers
is individually controllable in response to a respective
conirol signal applied thereto, for altering the transfer
function of a corresponding one of said plurality of
differential amplifiers from the input thereof fo the
output thereof, and

wherein each of said plurality of differential amplifiers is
selectively controllable to expand the linear range of a
combined transfer function of the integrator apparatus.
10. Integrator apparatus according to claim 7, further

comprising a plurality of constant current sources each
providing a respective control signal to a corresponding one
of the plurality of differential amplifiers.

11. 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 combination with said
pair of common terminals,

wherein said plurality of differential amplifiers are con-
nected in parallel,

wherein each of said pair of differential input terminals is
connected in common 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 connected in common 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
to said pair of output terminals, and
wherein each of said controllable current source individu-
ally controls the corresponding transfer function of a
respective one of said plurality of differential amplifi-
ers.
12. An amplifier, comprising:
a plurality of differential amplifiers, each having:
a pair of gain elements having:
(i) a pair of differential input terminals,
(if) a pair of differential output terminals, and
(iif) a pair of common terminals; and
a controllable current source in combination with satd
pair of common terminals,

wherein said plurality of differential amplifiers are con-
nected in parallel,

wherein each of said pair of differential input terminals is
connected in common with the differential input termi-
nals of other ones of said plurality of differential
amplifiers,

wherein each of said patr of differential output terminals
s connected n common 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
has a response characteristic defined by a correspond-
ing transfer function from said pair of input terminals
to said pair of output terminals,
wherein each of said controllable current source individu-
ally controls the corresponding transfer function of a
respective one of said plurality of differential
amplifiers, and
wherein each of said plurality of differential amplifiers is
selectively enabled or disabled.
13. An amplifier, comprising:
a plurality of differential amplifiers, each having:
a patr of gain elements having:
(i) a pair of differential input terminals,
(ii) a pair of differential output terminals, and
(iii) a pair of common terminals; and
a controllable current source in communication with
said pair of common terminals,

wherein said plurality of differential amplifiers are con-
nected in parallel,

wherein each of said pair of differential input terminals is
connected in common with the differential input termi-
nals of other ones of said plurality of differeniial
amplifiers,

wherein each of said pair of differeniial output terminals
s connected in common with the differeniial 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 individu-
ally controls the corresponding transfer function of a
respective one of said plurality of differential
amplifiers, and

wherein each of said plurality of differential amplifiers is
selectively controllable to expand the linear range of a
combined transfer function of the amplifier.

14. An amplifier comprising.:

a plurality of differential amplifiers connected in parallel,
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
connected in common 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 connected in common 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
to said pair of output terminals, and

wherein each of said controllable current source individu-
ally controls the corresponding transfer function of a
respeciive one of said plurality of differential amplifi-
ers.

15. An amplifier, comprising:

a plurality of differential amplifiers connected in parallel,
each having:
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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
connected in common 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 connected in common 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 individu-
ally controls the corresponding transfer function of a
respective one of said plurality of differential
amplifiers, and

wherein each of said plurality of differential amplifiers is
selectively enabled or disabled.

16. An amplifier, comprising:

a plurality of differential amplifiers connected in parallel
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
connected in common 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 connected tn common with the differeniial 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 conirollable current source individu-
ally controls the corresponding transfer function of a
respective one of said plurality of differential
amplifiers, and

wherein each of said plurality of differential amplifiers is
selectively controllable to expand the linear range of a
combined transfer function of the amplifier.

17. Integrator apparatus comprising:

a plurality of differential amplifier means for amplifying
a differential signal connected in parallel

said plurality of differential amplifier means having dif-
ferential inputs connected in common to receive an
applied differential signal,

said plurality of differential amplifier means having dif-
ferential outputs connected in common to oulpul a
differential amplified signal, and

each of said plurality of differential amplifier means
having a transfer function from input thereof to output
thereof, wherein each of said plurality of differential
amplifier means is individually controllable in response
lo a respective control signal applied thereto, for alter-
ing the transfer function of a corresponding one of said
plurality of differential amplifier means from the input
thereof to the output thereof.
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18. Integrator apparatus, comprising:

a plurality of differential amplifier means for amplifying
a differential signal connected in parallel,

satd plurality of differential amplifier means having dif-

ferential inputs connected in common o receive an
applied differenitial signal,

said plurality of differential amplifier means having dif-
ferential outputs connected in common to oulput a
differential amplified signal,

each of said plurality of differential amplifier means
having a transfer function from input thereof to oultput
thereof, wherein each of said plurality of differential
amplifier means is individually controllable in response
lo a respective control signal applied thereto, for alter-
ing the transfer function of a corresponding one of said
plurality of differential amplifier means from the input
thereof to the output thereof, and

wherein each of said plurality of differential amplifier
means is selectively enabled or disabled.

19. Integrator apparatus, comprising:

a plurality of differential amplifier means for amplifying
a differential signal connected in parallel,

satd plurality of differential amplifier means having dif-

ferential inputs connected in common fo receive an
applied differential signal,

said plurality of differential amplifier means having dif-
ferential outputs connected in common to oulput a
differential amplified signal,

each of said plurality of differential amplifier means
having a transfer function from input thereof to output
thereof, wherein each of said plurality of differential
amplifier means is individually controllable in response
lo a respective control signal applied thereto, for alter-
ing the transfer function of a corresponding one of said
plurality of differential amplifier means from the input
thereof to the output thereof, and

wherein each of said plurality of differential amplifier
means 1s selectively controllable to expand the linear
range of a combined transfer function of the integrator
apparatus.

20. An amplifier comprising.

a plurality of differential amplifier means for amplifying

a differential signal, each having:

a pair of gain means having (i) a pair of differential
input means for inputting a differential signal, (ii) a
pair of differential output means for outputiing a
differential signal, and (iii) a pair of common means,
and

a controllable current source means for providing a
current in communication with said pair of common
means;

wherein said plurality of differeniial amplifier means are
connected in parallel;

wherein each of said pair of differential input means is
connected in common with the differential input means
of other ones of said plurality of differential amplifier
means;

wherein each of said pair of differential output means is
connected in common with the differential output
means of other ones of said plurality of differential
amplifier means;

wherein each of said plurality of differential amplifier
means has a response characteristic defined by a
corresponding transfer function from said pair of input
means to said pair of output means,; and
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wherein each of said controllable current source means
individually conirols the corresponding transfer func-
lion of a respective one of said plurality of differential
amplifier means.
21. An amplifier, comprising:
a plurality of differential amplifier means for amplifving
a differential signal, each having:
a pair of gain means having:
(i) a pair of differential input means for inputting a
differential signal,
(ii) a pair of differential output means for outputting
a differential signal, and
(iit) a pair of common means, and
a controllable current source means for providing a
current itn communication with said pair of common
means;

wherein said plurality of differential amplifier means are
connected in parallel;

wherein each of said pair of differeniial input means is
connected in common with the differential input means
of other ones of said plurality of differential amplifier
means;

wherein each of said pair of differential output means is
connected in common with the differential output
means of other ones of said plurality of differential
amplifier means;

wherein each of said plurality of differential amplifier
means has a response characteristic defined by a
corresponding transfer function from said pair of input
means to said patr of output means,

wherein each of said controllable current source means
individually conirols the corresponding transfer func-

lion of a respective one of said plurality of differential
amplifier means, and

wherein each of said plurality of differential amplifier
means is selectively enabled or disabled.
22. An amplifier, comprising:
a plurality of differential amplifier means for amplifving
a differential signal, each having:
a pair of gain means having:
(i) a pair of differential input means for inputting a
differential signal
(ii) a pair of differential output means for outputting
a differential signal, and
(iit) a pair of common means; and
a controllable current source means for providing a
current in communication with said pair of common
means,

wherein said plurality of differential amplifier means are
connected n parallel,

wherein each of said pair of differential input means is
connected in common with the differential input means
of other ones of said plurality of differential amplifier
means,

wherein each of said pair of differenitial output means is
connected in common with the differential output
means of other ones of said plurality of differeniial
amplifier means,

wherein each of said plurality of differential amplifier
means has a response characteristic defined by a
corresponding transfer function from satd pair of input
means to said pair of output means,

wherein each of said controllable current source means
individually controls the corresponding transfer func-
lion of a respective one of said plurality of differential
amplifier means, and
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wherein each of said plurality of differential amplifier
means 1s selectively controllable to expand the linear
range of a combined transfer function of the amplifier.
23. An amplifier comprising.
a plurality of differeniial amplifier means connected in
parallel, each having:
a pair of differential input means for inputting a dif-
ferential signal,
a pair of differential output means for outputting a
differential signal, and
a controllable current source means for supplying a
current;

wherein each of said pair of differential input means is
connected in common with the differential input means
of other ones of said plurality of differential amplifier
means,

wherein each of said pair of differential output means is
connected in common with the differential output
means of other ones of said plurality of differeniial
amplifier means;

wherein each of said plurality of differential amplifier
means has a response characterisiic defined by a
corresponding transfer function from said pair of input
means to said pair of output means; and

wherein each of said conitrollable current source means
individually controls the corresponding transfer func-
lion of a respective one of said plurality of differential
amplifier means.
24. An amplifier, comprising:
a plurality of differeniial amplifier means connected in
parallel, each having:
a pair of differential input means for inputiing a dif-
ferential signal,
a pair of differential outputr means for outputting a
differential signal, and
a controllable current source means for supplying a
CUFFent;
wherein each of said pair of differential input means is
connected in common with the differential input means
of other ones of said plurality of differential amplifier
means,
wherein each of said pair of differential output means is
connected in common with the differential output
means of other ones of said plurality of differeniial
amplifier means,
wherein each of said plurality of differential amplifier
means has a response characterisiic defined by a
corresponding transfer function from said patr of input
means to said pair of oulput means,
wherein each of said conitrollable current source means
individually controls the corresponding transfer func-
lion of a respective one of said plurality of differential
amplifier means, and

wherein each of said plurality of differential amplifier
means i1s selectively enabled or disabled.
25. An amplifier, comprising:
a plurality of differential amplifier means connected in
parallel, each having:
a pair of differential input means for inputiing a dif-
fereniial signal,
a pair of differential output means for oulpuiting a
differential signal, and
a controllable current source means for supplying a
current;

wherein each of said pair of differential input means is
connected in common with the differential input means
of other ones of said plurality of differential amplifier
means,



US RE38,455 E

11

wherein each of said pair of differential output means is
connected in common with the differential output

means of other ones of said plurality of differeniial
amplifier means,

wherein each of said plurality of differential amplifier
means has a response characteristic defined by a
corresponding transfer function from satd pair of input
means to said pair of ouiput means,

wherein each of said controllable current source means
individually controls the corresponding transfer func-
lion of a respecitive one of said plurality of differential
amplifier means, and

wherein each of said plurality of differential amplifier
means 1s selectively controllable to expand the linear

range of a combined transfer function of the amplifier.
20. A method of integrating an applied differential signal
comprising the steps of.
providing a plurality of differential amplifiers connected
in parallel,

arranging differential inputs of the plurality of differeniial
in common to receive the applied differential signal,

arranging differential outputs of the plurality of differen-
tial amplifiers in common to output a differential ampli-

fied signal,

wherein each of the plurality of differential amplifiers has
a transfer function from input thereof to ouiput thereof,
and

individually controlling each of said plurality of differ-
ential amplifiers in response to a respective control
signal applied thereto, for altering the transfer function
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of a corresponding one of said plurality of differential
amplifiers from the input thereof to the ouiput thereof.
27. A method of amplifier an applied signal comprising

the steps of:

providing a plurality of differential amplifiers, each hav-

Ing.

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;

applying a current to the pair of common terminals;

arranging the plurality of differential amplifiers in
parallel;

arranging each of the pair of differenitial input termi-
nals in common with the differential input terminals
of other ones of the plurality of differential amplifi-
ers;

arranging each of the pair of differential output termi-
nals in common with the differential output terminals
of other ones of the plurality of differential amplifi-
ers;

wherein each of the plurality of differential amplifiers has
a response characteristic defined by a corresponding
transfer function from the pair of input terminals to the
pair of output terminals; and

individually controlling the current applied to a respec-
live one of the plurality of differential amplifiers to
individually control the corresponding fransfer func-
lion thereof.
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