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ply rail. It Is desirable to negate the need for external feedback and
reduce the number of terminals re- Field of the Invention
quired by using a single ended input versus the differ- ential Inputs
required by the operational amplifier and This invention relates in general
to transconduc-   5   the OTA. tance amplifier circuits and, more
particularly, to a  Thus, what Is needed 18 a voltage to current con-
complementary metal oxide semiconductor (CMOS)     verter providing a
reference current, the magnitude of voltage to current converter circuit
providing a refer-  the reference current varying linearly with an Input
ence current, the magnitude of the reference current  voltage that may vary
to the supply voltage rails, hav- varying linearly with an input voltage
that may vary to  10  ing a single ended input stable over a wide bandwidth
the supply voltage rails, having a single ended input  without requiring
compensation, offset correction, ex- stable over a wide bandwidth without
requiring com-  ternal feedback, or capacitive coupling of the input
pensation, offset correction, external feedback, orca-  voltages. pacitive
coupling of the input voltages.               Accordingly, an object of the
present invention is 15  to provide an improved voltage to current
converter. Background of the Invention                            Another
object of the present invention is to pro- vide an improved voltage to
current converter provid- Operational amplifiers have been widely used in
ing linear operation for an input voltage that may vary the electronics
industryfor their many excellent circuit  to the supply voltage ralls.
characteristics including high open loop gain, high in-  20  A further
object of the present invention is to pro- put impedance, and low output
impedance. General   vide a voltage to current converter with dosed loop
applications of the operational amplifier include circuit  gain and a
single ended input. configurations such as voltage and current amplifi-
Yet a further object of the present invention is to ers, differentiators
and integrators, comparators, ac-  provide a voltage to current converter
with improved tive filters, oscillators, and analog to digital and digital
25  bandwidth and DC precision without requiring exter- to analog
converters. Operational amplifiers may be  nal feedback, compensation, or
offset correction. further used to convert a voltage to a current (trans-
In carrying out the above and other objects of the conductance amplifiers)
by inputting a voltage to be  invention in one form, there is provided a
complemen- converted into the noninverting inputofthe operation-  tary
metal oxide semiconductor (CMOS) voltage to al amplifier, and having the
output drive a Darlington   30  current converter circuit comprising:
transistor pair which supplies the desired output cur-   a first supply
voltage terminal coupled for re- rent. One drawback of the operational
amplifier is a  ceiving a first supply voltage; necessary trade-off between
speed and accuracy.          a second supply voltage terminal coupled for
Higher speed is obtained by reducing the DC preci-  receiving a
secondsupplyvoltage, the first supply vol- sion; likewise, a low DC error
is achieved at the ex-  35  tage being greater than the second supply
voltage; pense of a reduced bandwidth. Further, the operation-    an Input
terminal coupled for receiving a con- al amplifier requires differential
inputs, compensa-  version voltage; tion, offset correction, external
feedback, and a sig-   an output current sink terminal; nificant amount of
silicon area in its implementation.      an output current source terminal;
A more recent circuit development, the operational  40   voltage divider
means coupled between said transconductance amplifier (OTA), has emerged
second supply voltage terminal and said Input termi- which improves upon
some of the operational ampli-  nal, wherein said conversion voltage
provides power fler characteristics. The OTA, like the operational am-  for
the CMOS circuit and may vary over a range ex- plifler, can be used in a
wide variety of circuit and sys-  tending from two threshold voltages above
said sec- tern applications. The OTA, however, offers higher  45  ond
supply voltage to a transistor gate-source junc- performance and its
performance is independent of  tion potential above said first supply
voltage, said vol- load conditions. A major advantage of the OTA lies in
tage divider means having a voltage reference node the ability to couple
the outputs of several OTAs to-  for providing a reference voltage relative
to said con- gether in order to sum, subtract, or multiply the voltag-
version voltage applied at said input terminal; es at the inputs of the
individual OTAs. Because the   so  voltage to current converter means
coupled to outputs of the OTAs are currents, coupling additional  said
first and second supply voltage terminals and outputs do not degrade
performance. Also, because  said input terminal, and coupled to said
voltage refer- inputs are isolated, increasing the number of inputs  ence
node for providing a linear reference current does not degrade performance.
Like the operational  whose magnitude varies linearly in response to a cor-
amplifier, however, OTAs require differential inputs  55  responding change
In said conversion voltage; and and external feedback, a significant amount
of silicon   output means coupled between said second area, and are notable
to operate linearly with an input  supply voltage terminal and said input
terminal and voltage which goes all the way to the [err] or [err] SUP-
coupled to said voltage to current converter means 2    3
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for providing an output sink current and and output  comprised of a cascode
current mirror 11, a current source current at said output current sink
terminal  mirror 12, and devices 13, 14, 15, and 16. The cas- and said
output current source terminal, respectively,  code current mirror 11
comprises field effect transis- wherein the magnitude of said output sink
and the    tors 22,23,24, and 25, and the current mirror 12 corn- magnitude
of said output source current are a ratio of   5   prises field effect
transistors 19 and 21. In the cas- the magnitude of said linear reference
current       code current mirror 11, field effect transistor 23 forms The
above and other objects, features, and ad-   a diode having a source
connected to the Input termi- vantages of the present invention will be
betterunder-  nal 3, and a gate and a drain connected to a current stood
form the following detailed description taken in  reference node 18. The
field effect transistor 22 hav- conjunction with the accompanying drawings.
10  ing a source connected to the input terminal 3, a gate connected to the
current reference node 18, and a Brief Description of the Drawings
drain connected to the drain of a field effect transistor 24, mirrors a
linear reference current that is produced FIG. 1 is a schematic of a first
embodiment of the  in the field effect transistor 23. The field effect
tran- present Invention.                              15  sistor 24 forms a
diode having a gate connected to a FIG. 2 is a schematic of a second
embodiment of  drain, and a source connected to the voltage refer- the
present invention.                               once node 8. The field
effect transistor 25 having a FIG. 3 Is a partial block diagram of an adder
cir-  drain connected to the current reference node 18, a cult comprising
the first embodiment.                gate connected to the gate of the
field effect transistor 20   24, and a source connected to a gain terminal
17, mir- Detailed Description of the Invention                rors the
mirrored linear reference current flowing In the field effect transistor
24. Figure 1 illustrates a voltage to current converter  In current mirror
12, the field effect transistor 21 circuit 10 that is manufacturable using
a standard  forms a diode having a source connected to the sup- CMOS
process. Afield effecttransistor4 has asource   25  ply voltage terminal 2,
and a gate and a drain connect- connected to an input terminal 3, a gate
connected to  ed to a gate of a field effect transistor 19. The field of-
an enable terminal 5, and a drain coupled to a voltage  fect transistor 19
having a source connected to the reference node 8 by a resistor 6, and the
voltage ref-  supply voltage terminal 2, and a drain connected to erence
node 8 is coupled to a supply voltage terminal  the voltage reference node
8, mirrors a feedback cur- 2 operating at ground potential by a resistor 7.
The   30  rent flowing in the field effect transistor 21. A gain re- field
effect transistor 4 and the resistor 6 and 7 com-  sistor 14 ([err]) is
coupled between the gain terminal prise a voltage divider for providing a
reference vol-  17 and the supply voltage terminal 2 and sets the tage
([err]) at the voltage reference mode 8 with its  magnitude of the linear
reference current flowing In magnitude determined by a conversion voltage -
the cascode current mirror 11. The gain resistor 14 ([err]) at the input
terminal 3 and the ratio of the re-  35  could be Implemented as a
monolithically inegrated sistances of the resistors 6 and 7.
resistor on chip, or as afield effect transistor operated It is typical for
the value of a resistor to vary by as  in its linear region. Alternatively,
an external resistor much as 20 percent in a CMOS process due to proc-
(not monolithically integrated) could be used as the ess and temperature
variations. A change in the value  gain resistor 14 (providing excellent
accuracy there- of the resistor 6 ([err]) can be offset by a corresponding
40  with). change in the value of the resistor7 (R7) and vise ver-  The
field effect transistor 15 has a source con- sa if the two resistors 6 and
7 are placed in close prox-  nected to the input voltage terminal 3, a gate
connect- imity to one another. A stable reference voltage then,  ed to the
current reference node 18, and a drain con- can be developed at the voltage
reference node 8 by  nected to the source of afield effect transistor 16.
The the use of monolithically integrated resistors. The ref-  45  field
effect transistor 16 has a gate connected to the erence voltage in this
arrangement is determined by  gain terminal 17, and a drain connected to
the drain the relationship:                                    of the field
effect transistor 21. The field effect tran- V[err] = V[err]).
sistor 13 has a source connected to a supply voltage Other methods to
provide the reference voltage could  terminal 1 operating at a positive
potential, such as include using ratloed field effect transistors or by the
50   [err], and a gate and a drain connected to the source use of switched
capacitor circuits. The voltage to cur-  of the field effect transistor 24
for providing a start-up rent converter circuit can be put into a low power
current to the cascode current mirror 11 when power stand-by mode by
applying a logical 1 signal atthe en-  is Initially applied to the supply
voltage terminals 1 able terminal 5, whereby field effect transistor 4 will
and 2, and input terminal 3. be in its nonconducting state and no current
will flow  55  An output stage comprises a current mirror 36, through the
resistors 6 and 7 and thus the reference  wherein a field effect transistor
28 forms a diode hav- voltage will equal 0.0 volts.
ing a source connected to the supply voltage terminal The linearreference
currentgenerator circuitry is  2, and a gate and a drain connected to the
drain of a 3    5                   EP 0 337 444 B1                 6 field
effect transistor 27. A field effect transistor 29  volt corresponds to a
change in the linear reference 



has a source connected to the supply voltage terminal  current of 1
microamp. A different transconductance 2, a gate connected to the gate of
the field effect tran-  may be produced by varying the relationship of
[err] to sistor 28, and a drain connected to the source of a  [err] and by
varying the value of [err]. field effect transistor 31 for mirroring a
reference sink   5  The linear reference current flowing in the gain
current flowing in the field effect transistor 28. Afield  resistor 14 is
reflected to the field effect transistor 15 effect transistor 26 having a
source connected to the  by the current reference node 18. An undesired
fluc- input terminal 3, a gate connected to the current ref-  tuation In
the linear reference current is mirrored back erence node 18, and a drain
connected to a gate and  to the cascode current mirror 11 by the action of
the a drain of the field effect transistor27, sources the ref-  10  current
mirror 12. This fluctuation in the linear refer- erence sink current to the
current mirror 36. The field  ence current flows through transistor 19
instead of effect transistor 27 increases the impedance between  being
dissipated In the voltage divider network which the field effect transistor
26 and the supply voltage  would cause an unwanted change in the reference
terminal 2.                                        voltage. The closed loop
operation of the linear refer- Afield effect transistor 32 has a source
connect-  15  ence current generator circuit keeps the reference ed to the
input terminal 3, a gate connected to the cur-  voltage very precise.
Typically the conversion voltage rent reference node 18, and a drain
connected to the  would be applied to the gates of several field effect
source of a field effect transistor 33 for providing a ref-  transistors,
but by using the sources of transistors 15, erence source current The field
effect transistor 31  22, 23,26, and 32 as the controlling nodes, it is
pos- has a gate and a drain connected to an output current  20  sible to
increase the usable operating range of the sink terminal 34, and the field
effect transistor 33 has  conversion voltage. Operation of the CMOS voltage
a gate and drain connected to an output current    to current converter
circuit 10 will extend from the source terminal 35. The purpose of the
field effect  sum of a N-channel and a P-channel field effect tran-
transistors 31 and 33 is for increasing the output im-  sistor threshold
voltage to a gate-source voltage (V.) pedances at the output current sink
and output cur-  25  above the VDD supply voltage at the supply voltage
rent source terminals 34 and 35, respectively, therein  terminal 1.
providing the capability to couple the outputs of sev-  The linear
reference current is reflected to the eral voltage to current converter
circuits together  output stage's field effect transistors 26 and 32 by
without degrading performance substantially.       current reference node
18. The reference sink current The reference voltage, as noted earlier, is
deter-  30  flowing In the field effect transistor 26 will be mirrored
mined by the ratio of the resistances of the resistors  in the field effect
transistor 29 by the current mirror 6 and 7. A typical value of the
reference voltage could  36 when a load is connected to the output
currentsink be set at 1/4 the value of the conversion voltage. To  terminal
34. The output current sink terminal 34 then, accomplish this would require
the resistance of [err] to  will sink an output sink current equal to the
linear ref- be three times the resistance of [err]. In order to ensure  35
erence current or some ratio thereof. Likewise, when the parallel impedance
of the field effect transistors  a load is connected to the output current
source ter- 19 and 24 do not substantially affect the reference vol-  minal
35, an output source current equal to the linear tage, the values of the
resistors 6 and 7 should be  reference current or some ratio thereof will
be chosen such that their parallel resistance is approxi-  sourced to the
load. mately 1/10 of the parallel impedance of the field ef-  40  The first
and second embodiments of the present fect transistors 19 and 24.
invention are comprised of similar devices, but the By the action of the
cascode current mirror 11, the  second embodiment operates with the supply
voltage reference voltage will be precisely tracked by a gain  terminals, 1
and 2, and Input terminal 3 connected In voltage at the gain terminal 17. A
change In the con-  a different manner as illustrated in FIG. 2. The
differ- version voltage causes a proportional change in the   45  ence in
the second embodiment Includes the sources reference voltage which is
accurately tracked at the  of field effect transistors 4, 15, 22, 23, 26,
and 32 be- gain terminal 17. The change in the gain voltage is ac-  Ing
connected to the supply voltage terminal 1, the complished by a linear
change in the linear reference  sources of field effect transistors 19, 21,
28, and 29 current through the cascode current mirror 11 since  being
connected to the input terminal 3, and the resis- this current change is
determined by the reference  50  tor 7 is coupled between the voltage
reference node voltage. By way of example only, a transconductance  8 and
the input terminal 3. Also, the resistor 6 is cou- of 1 microamp/1 volt can
be obtained by satisfying the  pled between the supply voltage terminal 1
and the following relationships:                           voltage
reference node 8. set [err] = 3[err], as a result V[err] = V[err]
The reference voltage in the second embodiment [err] = V[err]
55   will be determined by the ratios of resistances of the [err] = V[err]
= 1 volt/4 microamps       resistors 6 and 7, and by the magnitude of the
conver- R14 = 250,000 ohms.                    sion voltage with respect to
the [err] supply voltage As a result, a change in the conversion voltage of
1  and Is calculated by: 4    7                  EP 0 337 444 B1
8 [err]([err])              been provided a CMOS voltage to current
converter In this configuration, the CMOS voltage to current  circuit which
provides a linearreference currentaccu- 



converter circuit 20 provides a linear reference cur-  rate to the supply
voltage rails, having a single ended rent for a conversion voltage that may
vary from the  input stable over a wide bandwidth without the need [err]
supply voltage less a [err] to the [err] supply voltage   5   for
compensation, offset correction, external feed- less the sum of a N-channel
and a P-channel thresh-  back, or capacitive coupling. old voltage. An
example of an adder Implementation using the CMOS voltage to current
converter circuit 10 is   Claims shown in FIG. 3. In this example, two
voltage to cur-  10 rentconverter circuits 10 and 10', are used to add two
1. A complementary metal oxide semiconductor - conversion voltages, [err]
and [err], applied at    (CMOS) voltage to current converter circuit com-
the Input terminals 3 and 3' respectively. Each CMOS  prising: voltage to
current converter circuit 10 and 10' may       a first supply voltage
terminal (1) coupled have a different gain as set by the gain resistors 14
15  for receiving a first supply voltage; and 14' respectively. An output
current source termi-     a second supply voltage terminal (2) cou- nal 35
and 35' of each CMOS voltage to current con-   pled for receiving a second
supply voltage, the verter circuit 10 and 10' Is coupled to the supply vol-
first supply voltage being greater than the second tage terminal 2 by a
load resistor 37. An output source  supply voltage; current, [err], flowing
from the output current source ter-  20  an input terminal (3) coupled for
receiving minal 35 is added to an output source current, [err], flow-  a
conversion voltage; ing from the output current source terminal 35', and
an output current sink terminal (35); the sum of these currents, [err],
flows through the load     an output current source terminal (34); resistor
37.                                              voltage divider means (4,
6, 7) coupled be- The conversion voltages, [err] and [err] may  25  tween
said second supply voltage terminal and vary from the sum of an N-channel
and a P-channel    said input terminal, wherein said conversion vol-
threshold voltage above the [err] supply voltage to a  tage provides power
for the CMOS circuit and [err] above the [err] supply voltage. Thevoltage
to cur-  may vary over a range extending from two thresh- rent converter
circuits 10 and 1O, in FIG 3 may be re-  old voltages above said second
supply voltage to placed by voltage to current converter circuits 20 and
30  a transistor gate-source junction potential above 20' to provide
operation wherein the conversion vol-  said first supply voltage, said
voltage divider tages [err] and [err] may vary from the sum of an    means
having a voltage reference node (8) for N-channel and a P-channel threshold
voltage below    providing a reference voltage relative to said con- the
[err] supply voltage to a [err] below the [err] supply  version voltage
applied at said input terminal; voltage. A subtractor circuit can be
implemented by  35   voltage to current converter means (11, replacing the
output current source terminal 35 con-  12, 14, 15, 16) coupled to said
first and second nection of the voltage to current convert circuit 10 In
supply voltage terminals and said input terminal, figure 3 with a
connection to the output current sink  and coupled to said voltage
reference node for terminal 34. As a result, 11 will be subtracted from
[err].  providing a linear reference current whose mag- In this adder
example, unlike the operational am-  40  nitude varies linearly in response
to a corre- plfier or OTA, it is possible to add signals that have
sponding change in said conversion voltage; and different DC voltage levels
without having to capaci-     output means (26-29, 31-33) powered be-
tively couple these signals to the input since each in-  tween said second
supply voltage terminal and put is independent. Capacitively coupling the
inputs is  said input terminal and coupled to said voltage to undesireable
because the capacitors form an unwant-  45  current converter means for
providing an output ed low pass filter and thus block the low frequency
sink current and an output source current at said components of an input
signal. Adding more than two  output current sink terminal and said output
cur- signals could be accomplished by using more CMOS     rent source
terminal, respectively, wherein the voltage to current converter circuits
and coupling the  magnitude of said output sink current and the output
current source terminals together. Also the ad-  50  magnitude of said
output source current are a ra- der circuit example does not require
external feed-  tio of the magnitude of said linear reference cur- back or
compensation. And because the inputs are     rent. single ended, offset
correction is not a requirement. The CMOS voltage to current converter
circuit has  2. The CMOS circuit of claim 1 wherein said voltage been
illustrated as an adder circuit, as an example,  55  to current converter
means comprises: but may also be used to perform manyotherfunctions
a gain terminal (17); including multiplication, subtraction, etc.
a gain resistor (14) coupled between said By now it should be appreciated
that there has    gain terminal and said second supply voltage ter- 5    7
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been provided a CMOS voltage to current converter In this configuration,
the CMOS voltage to current  circuitwhich provides a linearreference
current accu- converter circuit 20 provides a linear reference cur-  rate
to the supply voltage rails, having a single ended 



rent for a conversion voltage that may vary from the  input stable over a
wide bandwidth without the need [err] supply voltage less a V[err] to the
V[err] supply voltage   5   for compensation, offset correction, external
feed- less the sum of a N-channel and a P-channel thresh-   back, or
capacitive coupling. old voltage. An example of an adder implementation
using the CMOS voltage to current converter circuit 10 is   Claims shown in
FIG. 3. In this example, two voltage to cur-  10 rentconverter circults 10
and 10', are used to add two  1. A complementary metal oxide semiconductor
- conversion voltages, V[err] and V[err], applied at    (CMOS) voltage to
current converter circuit com- the Input terminals 3 and 3' respectively.
Each CMOS  prising: voltage to current converter circuit 10 and 10' may
a first supply voltage terminal (1) coupled have a different gain as set by
the gain resistors 14   15  for receiving a first supply voltage; and 14'
respectively. An output current source termi-      a second supply voltage
terminal (2) cou- nal 35 and 35' of each CMOS voltage to current con-
pled for receiving a second supply voltage, the verter circuit 10 and 10'
is coupled to the supply vol-  first supply voltage being greater than the
second tage terminal 2 by a load resistor 37. An output source  supply
voltage; current, [err], flowing from the output current source ter-  20
an input terminal (3) coupled for receiving minal 35 is added to an output
source current, [err], flow-  a conversion voltage; Ing from the output
current source terminal 35', and       an output current sink terminal
(35); the sum of these currents, 13, flows through the load      an output
current source terminal (34); resistor 37.
voltage divider means (4, 6, 7) coupled be- The conversion voltages,
V[err], and V[err], may  25  tween said second supply voltage terminal and
vary from the sum of an N-channel and a P-channel     said input terminal,
wherein said conversion vol- threshold voltage above the V[err] supply
voltage to a   tage provides power for the CMOS circuit and V[err] above
the V[err] supply voltage. The voltage to cur-  may vary over a range
extending from two thresh- rent converter circuits 10 and 10' in FIG 3 may
be re-  old voltages above said second supply voltage to placed by voltage
to current converter circuits 20 and   30  a transistor gate-source
junction potential above 20' to provide operation wherein the conversion
vol-  said first supply voltage, said voltage divider tages V[err] and
V[err] may vary from the sum of an     means having a voltage reference
node (8) for N-channel and a P-channel threshold voltage below
providing a reference voltage relative to said con- the V[err] supply
voltage to a V[err] below the V[err] supply  version voltage applied at
said input terminal; voltage. A subtractor circuit can be Implemented by
35    voltage to current converter means (11, replacing the output current
source terminal 35 con-  12, 14, 15, 16) coupled to said first and second
nection of the voltage to current convert circuit 10 in  supply voltage
terminals and said input terminal, figure 3 with a connection to the output
current sink  and coupled to said voltage reference node for terminal 34.
As a result, [err] will be subtracted from [err].  providing a linear
reference current whose mag- In this adder example, unlike the operational
am-  40  nitude varies linearly in response to a corre- plifier or OTA, it
is possible to add signals that have  sponding change in said conversion
voltage; and different DC voltage levels without having to capaci-
output means (26-29, 31-33) powered be- tively couple these signals to the
input since each in-  tween said second supply voltage terminal and put is
independent. Capacitively coupling the inputs Is  said input terminal and
coupled to said voltage to undesireable because the capacitors form an
unwant-  45  current converter means for providing an output ed low pass
filter and thus block the low frequency   sink current and an output source
current at said components of an input signal. Adding more than two
output current sink terminal and said output cur- signals could be
accomplished by using more CMOS      rent source terminal, respectively,
wherein the voltage to current converter circuits and coupling the
magnitude of said output sink current and the output current source
terminals together. Also the ad-  50  magnitude of said output source
current are a ra- der circuit example does not require external feed-  tio
of the magnitude of said linear reference cur- back or compensation. And
because the inputs are     rent. single ended, offset correction is not a
requirement. The CMOS voltage to current converter circuit has  2. The CMOS
circuit of claim 1 wherein said voltage been illustrated as an adder
circuit, as an example,  55  to current converter means comprises: but may
also be used to perform many otherfunctions        a gain terminal (17);
including multiplication, subtraction, etc.                a gain resistor
(14) coupled between said By now it should be appreciated that there has
gain terminal and said second supply voltage ter- 5    9
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a first resistor (6) coupled between said in- a first current mirror means
(11) coupled      put terminal and a voltage reference node (8); between
said input terminal and said gain termi-          a second resistor (7)
coupled between nal and coupled to said voltage reference node       said
voltage reference node (8) and said second 



(8) for generating said linear reference current   5  supply voltage
terminal; wherein the value of said gain resistor (14).in con-      a first
field effect transistor (13) having a junction with the magnitude of said
conversion      source coupled to said first supply voltage termi- voltage
determine the magnitude of said linear       nal, and having a gate and a
drain; reference current flowing in said first current mir-      a second
field effect transistor (15) having ror means (11);
10       a source coupled to said input terminal, a gate a second current
mirror means (12) cou-        coupled to a current reference node (18), and
pled to said second supply voltage terminal and      having a drain; said
voltage reference node (8) for providing a            a third field effect
transistor (16) having a feedback current to said first current mirror
source coupled to said drain of said second field means (11);
15       effect transistor, a gate coupled to said gain ter- a first field
effect transistor (13) having a  minal, and having a drain; source coupled
to said first supply voltage termi-         a fourth field effect
transistor (26) having nal and a gate and a drain coupled to said first
a source coupled to said input terminal, a gate current mirror means (11);
coupled to said current reference node, and hav- a second field effect
transistor (15) having   20  Ing a drain; a gate coupled to said first
current mirror means,         a fifth field effect transistor (27) having a
a source coupled to said input terminal, and hav-    source and a gate
coupled to said drain of said ing a drain; and
fourth field effect transistor, and having a drain; a third field effect
transistor (16) having a        a sixth f ield effect transistor (32)
having a source coupled to said drain of said second field  25  source
coupled to said Input terminal, a gate cou- effect transistor, a gate
coupled to said gain ter-  pled to said current reference node (18), and a
mnal, and a drain coupled to said second current     drain coupled to said
output current source termi- mirror means.
nal (35); a seventh field effect transistor (22) hav- 3. The CMOS circuit
of claim 2 wherein said output  30  ing a source coupled to said input
terminal, a gate means (26-29, 31-33) comprises:
coupled to said current reference node (18), and a third current mirror
means (36) coupled      a drain coupled to said gate and said drain of said
between said second supplyvoltage terminal and       first field effect
transistor, said output current sink terminal (34) for sinking         an
eighth field effect transistor (23) having a current from said output
currentsink terminal;  35  a source coupled to said input terminal, and a a
fourth field effect transistor (26) having   gate and a drain coupled to
said current reference a source coupled to said input terminal, a gate
node (18); coupled to said voltage to current converter              a
ninth field effect transistor (24) having a means, and having a drain;
source and a gate coupled to said drain of said a fifth field effect
transistor (27) having a   40  seventh field effect transistor, and a drain
cou- source and a gate coupled to said drain of said      pled to said
voltage reference node (8); fourth field effect transistor (26) and a drain
cou-       a tenth field effect transistor (25) having a pled to said third
current mirror means; and         drain coupled to said currentreference
node (18), a sixth field effect transistor (32) having a  a gate coupled to
said gate of said ninth field ef- source coupled to said input terminal, a
gate cou-  45  fect transistor (24), and a source coupled to said pied to
said gate of said fourth field effect transis-  gain terminal (17); tor
(26), and a drain coupled to said output cur-          a gain resistor (14)
coupled between said rent source terminal (35).
gain terminal (17) and said second supplyvoltage terminal; 4. A
complementary metal oxide semiconductor -   50           an eleventh field
effect transistor (21) hav- (CMOS) voltage to current convertercircuit,
com-    ing a gate and a drain coupled to said drain of said prising:
third field effect transistor (16), and a source cou- a first supply
voltage terminal (1);           pled to said second supply voltage
terminal; a second supply voltage terminal (2);                a twelfth
field effect transistor (19) having an input terminal (3);
55       a drain coupled to said voltage reference node an output current
sink terminal (35);          (8), a gate coupled to said gate of said
eleventh an output current source terminal (34);        field effect
transistor (21), and a source coupled a gain terminal (17);
to said second supply voltage terminal; 6    11               EP 0 337 444
B1                 12           *  C  L  M  S  * a thirteenth field effect
transistor (28) hav-  Ausgangsetromquellenanschlug   eonen ing a gate and a
drain coupled to said drain of said  Ausgangssenkstrom bzw. oenen
Ausgangsquel- fifth field effect transistor (27), and a source cou-
lenstrom  liefert, wobel die  Grffie  des pled to said second supply
voltage terminal; and  Ausgangssenkstroms und die Grdne des Aus- a
fourteenth field effect transistor (29)   6  gangsquellonstroms ei Tel der
Gr8Be des linesa- 



having a drain coupled to said output current sink  ren Referenzstroms
sind. terminal (34) a gate coupled to said gate of said thirteenth field
effect transistor (28), and a source  2. CMOS-Schaltung nach Anspruch 1,
wobel die coupled to said second supply voltage terminal.
Spannung-Stromumsetz-Ehnrichtung umflalt 10           einen
VerstarkungsanschluB (17); elnen Verstarkungswiderstand (14) , der
Patentansprfche                                      zwlschen den
Verstarkungsanschlug und den zweiten Speisespannungsanschlug geschaltet 1.
Komplementir-Metalloxid-Halbleiter  (CMOS)-       ist;
Spannungs-Stromumsetz-Schaltung,    die  15             eln ersat
Strom-Splegoelenrichtung (11), umfalt.
die zwlschen den Eingangsanschlul3 und den elnen ersten
SpelsespannungsanschluB         VerstArkungsanschlug geschaltet ist, an den
(1), der zur Aufnahme einer erstbn Spelsespan-    Spannungsreferenzknoten
(8) geschaltet let, und nung geschaltet lst
elnen Rlnearen Referenzstrom erzeugt, wobel der einen zweliten
SpelsespannungsanschluB   20  Widerstandswert des Verstirkungswiderstandes
(2), derzurAufnahme elnerzwelten Spelsespan-      (14) zusammen mit der
GrWBU der Umsetzspan- nung geschaitet Ist, wobei die erste Spelsespan-
nung die Gr8Be dos llnearen Referenzstroms be- nung hdher Ist als die
zwelte Spelsespannung;     stimmt,  der  In  der  ersten   Strom- einen
EingangsanschluB, der zur Aufnah-      Splegeleinrichtung (11) flieBt; me
elner Umsetzspannung geschaltet ist;   25            eine  zwelte
Strom-Spiegelelnrichtung eonen AusgangsstromsenkanschluB (35);       (12)
,   die   an    den    zweiten einen   Ausgangsstromquelenanschlug
SpelsespannungeanschluB und den Spannungs- (34);
referenzknoten (8) geschaltet lst, und elnen Spannungsteilereinrichtung (4,
6 7), die     Rickkopplungsstrom   zur  erstbn   Strom- zwischen
den            zweiten  9o      Spiegelelnrichtung (11) liefert;
SpeisespannungsanschluS    und      den                eonen ersten
Feldeffekttransistor (13), EingangsanschluM geschaltet ist, wobel die Um-
dessen    Source    an    den    erstbn setzspannung die Energle fOr die
CMOS-            Speisespannungsanschlug geschaltet Ist, und Schaltung
liefert und innerhalb slnes Bereichs    dessen Gate und Drain an die orate
Strom- schwanken kann, der von zwel Schwellenspan-  S5   Splegelelnrichtung
(11) geschaltet sind; nungen, die fiber der zweiten Speisespannung
einen zweiten Feldeffekttranslstor (15), liegen, bis zum Potential elner
Gate-Source-      dessen   Gate  an   die  erste  Strom- Verbindung eines
Transistors reicht, das uber der  Spiegeleinrichtung geschalbtt ist, dessen
Source ersten Speisespannung llegt, wobel die Span-      an den
EingangsanschluB geschaitet let, und der nungsteilerelnrichtung  eonen
Spannungsrefe-  40  eonen Drain hat; und renzknoten (8) hat, der eine
Referenzspannung           omen dritten Feldeffekttransistor(16) des- in
Bezug auf die an den EingangsanschlulB ange.   sen Source an den Drain des
zweiten Feldeffekt- legte Umsetzspannung Ilefert;
transistors geschaltet let, dessen Gate an den
Spannungs-Stromumsetz-Einrichtung            VerstarkungsanschluS
geschaltet let, und des- (11, 12, 14, 15, 16), die an den ersten und den
45  sen   Drain  an   die  zweite  Strom- zweibtn SpelsespannungsanschluB
und den          Spiegelehnrichtung geschaltet ist. EingangsanschluS
geschaltet ist, und zur Lief- rung sines linearen Referenzstromse dessen
3. CMOS-Schaltung nach Anspruch 2, wobei die GroBe sich in Reaktion auf
eine entbprechende     Ausgangseinrichtung (26-29, 31-33) umfait: Anderung
der Umsetzspannung linear andert, an   50      elne dritte
Strom-Spiegeleinrichtung (36), den Spannungsreferenzknoten geschaltet let;
die      zwischen       den      zwelten und
Speisespannungeanschlu%     und     den Ausgangselnrichtung (26-29, 31-33),
die      Ausgangastromsenkanschlug geschaltet ist, und zwlschen
dem            zwelten         eonen Strom vom Ausgangsstromsenkanschlug
SpeiseepannungsanschluM    und     dem   5s       senkt; Eingangsanschlu%
gespeist wird, an die Span-            einen vierten Feldeffekttransistor
(26), nung-Stromumsetz-Einrichtung geschaltet ist,      dessen Source an
den Eingangsanschlu gqe- und am Ausgangsstromsenkanschlug und am
schaltet let, dessen Gate an die Spannung-Stro- 7    13                  EP
0 337 444 81                 14   | 1|||||| 111111 11111 AIJI H I1 * C   L
M   S * mumsetz-Elnrichtung geschaltet Ist, und der of-    knoten (18)
geschaltet Ist, und dessen Drain an non Drain hat;
den Ausgangsspannungsquellonanschluig (35) oenen ffMnften
Feldeffekttranalstor (27),    geschaltet ist; dessen Source und dessen Gate
an den Drain             eonen slebenten Feldeffekttranslstor (22), des
vierten Feldeffekttransistors (26) geschaltet   5  dessen Source an den
Eingangsanschlug go- 



sind, und dessen Drain an die dritte Strom-        schaltet Ist, dessen
Gate an den Stromroferenz- Splegeleinrichtung geschaltet ist, und
knoten (18) geschaltet ist, und dessen Drain an elnen sechaten
Feldeffekttransistor (32),    das Gate und den Drain des ersten Feldeffekt-
dessen Source an den Elngangaanschlul ge-         transistors geschattet
lst; schaltet Ist, dessen Gate an des Gate des vlerten   10  elnen achten
Feldeffekttranslstor (23), Feldeffekttransistors (28) geschaltet lst, und
des-  dessen Source an den Eingangsanschlua ge- sen         Drain        an
den            schaltet Ist und dessen Gate und dessen Drain an
Ausgangsstromquellenanschlug (35) getchaltot       den Stromreferenzknoten
(18) geschaltet sind; st.
einen neunten Feldeffekttransistor (24), 15      dessen Source und dessen
Gate an den Drain 4. Komplementir-Metalloxid-Halbleiter  (CMOS)-        des
sebenten Feideffektitransistors geschaltet Spannung-Stromumsetz-Schaltung,
die umfa~t:        sind, und dessen Drain an den Spannungsrefe- oenen
ersten SpelsespannungsanschluS         renzknoten (8) geschaltet lst; (1);
eonen zehnten Feldeffekdtransistor (25), einen zwelten
Spelsespannungsanschluf3   20  dessen Drain an den Stromreferenzknoten (18)
(2);                                               geschaltet ist, dessen
Gate an das Gate des einen EingangsanschluBi (3);                 neunten
Feldeffekttranslstor (24) geschaltet Ist, einen Ausgangsstromsenkanschlul3
(35);       und    dessen      Source    an    den einen
AusgangsstromquellenanschluB         Verstarkungsanschluf4 (17) geschaltet
Ist; (34);                                      25          eonen
Verstfirkungswiderstand (14), der elnen Verstirkungeanschlua (17);
zwlschen den VerstirkungsanschluB (17) und eonen ersten Widerstand (6), der
zwischen    den zwelten Spelseepannungsanschlug geschal- den
Elngangsanschlug und den Spannungsrefe-       tet ist; renzknoten (8)
geschaltet bst;                          einenf ein
Feldeffekttranslstor(21), des- einen zwelten Widerstand (7) , der zwi-  30
sen Gate und dessen Drain an den Drain des drit- schen den
Spannungsreferenzknotbn (8) und          ten Feldeffekttransistors (16)
geschaltet sind, den zwelten Speisespannungeanschiug geschal-       und
dessen  Source  an  den  zwelten tet Ist;
SpeisespannungsanschluS geschaltst Ist; eonen ersten Feldeffekttransistor
(13),           eonen zwolften Feldeffekttransistor (19), dessen    Source
an    den    ersten   35       dessen Drain an den Spannungsreferenzknoten
SpeisespannungsanschluB geschaltet let, und        (8) geschaltet Ist,
dessen Gate an das Gate des der emn Gate und eonen Drain hat
elften Feldeffekttransistors (21) geschaltet lst, einen zwelten
Feldeffekttransistor (15),     und  dessen  Source  an  den  zwelten dessen
Source an den EingangsanschluB ge-          SpeisespannungeanschiuB
geschaltet 1st; schaltet et, dessen Gate an einen Stromreferenz-  40
elnen  drekehnten  Feldeffekttranalstor knoten (18) geschaltet st, und der
einen Drain    (28), dessen Gate und dessen Drain an den Drain hat;
des f~nften Foideffekttranslstors (27) geschallt einen dritten
Feldeffekttransistor (16),     sind, und dessen Source an den zwelten
dessen Source an den Drain des zweiten Feidef-     SpeisespannungsanschluB
geschaltet Ist; und fekttransistors geschaltet let, dessen Gate an den   45
eonen  vierzehnten  Feldeffekttransistor VerstArkungsanschlui% geschaltet
Ist, und der ei-  (29),    dessen     Drain    an      den non Drain hat;
AusgangsstromsenkanschluB (34) geschaltet Ist, einen vierten
Feldeffektransistor (26),      dessen Gate an das Gate des dreizehnten
Feld- dessen Source an den ElngangsanschluB go-          effekttransistors
(28) geschaltet lIt, und dessen schaltet lot, dessen Gate an den
Stromreferenz-  50  Source     an        don       zwelten knoten
geschaltet, und der einen Drain hat;        SpeisespannungeanschluB
geschaltet ist. elnen ffinften Feldeffekttransistor (27), dessen Source und
dessen Gate an den Drain des vierten Feldeffekttransistors geschaltet sind,
Revendicatlons und der eonen Drain hat;                  55 einen sechsten
Feldeffekttransistor (32),  1. Circuit convertisseur de tension en courant
a dessen Source an den EingangsanschluS ge-         transistors
m6tal-oxyde-semiconducteur compl6- schaltet Ist, dessen Gate an den
Stromreferenz-    mentaires (CMOS), comprenant: 8    15                 EP
0 337 444 B1                 16      !I111 'lilt' ILIII 111R11 I une
premibre borne de tension d'alimenta-    couple entre ladite borne d'entr6e
et ladite borne tion (1) coupl6e defagon A recevoirune premibre   de gain
et couple audit nosud de reference de tension d'alimentation;
tension (8) defagon A produire ledit courantde r6- une deuxieme borne de
tension d'alimen-      f6rence lin6aire, oa la valeur de ladite r6sistance
tation (2) couplee.defacon a recevoir une deuxib-   5  de gain (14)
determine, en relation avec l'ampll- me tension d'allmentation, la premrier
tension    tude de ladite tension de conversion, l'lntensit6 



d'ailmentatfon 6tant sup6rioure a la deuxibme     dudit courant de
r6ference linealre circulant dans tension d'alimentation;
ledit premier moyen miroir de courant (11); une borne d'entr6e (3) coupl6e
de fagon A         un deuxibme moyen miroir de courant (12) recevoir une
tension de conversion;       10      couple A ladite deuxibme borne de
tension d'all- une borne (35) de puits de courant de sor-   mentation et
audit noeud de reference de tension tie;
(8) de fagon A fournir un courantde reamtion audit une borne (34) de source
de courant de       premier moyen miroir de courant (11); sortie;
un premiertransistora effetde champ (13) un moyen diviseur de tension (4,
6, 7) cou-  15  possedant une source qul sat coupl6e A ladite p16 entre
ladite deuxilme borne de tension d'all-  premlere borne de tension
d'allmentation ainsl mentation et ladite borne d'entrde, oat ladite btn-
qu'une grille et un drain qui sont couples audit sion de conversion fournit
une puissance electri-  premier moyen miroir de courant (11); quo au
circuit CMOS et peut varier sur un inter-        un deuxibme transistor A
effet de champ valle S'Atendantdepuls deux tensions do seUll au-  20  (15)
possedant une grille qul est couples audit dessus de ladit deuxieme tension
d'allmentation   premier moyen miroir de courant une source qui jusqu'a un
potential de jonction grille-source de  eat coupl6e A ladite borne
d'entr6e, et possedant transistor au-dessus de ladite premlere tension   un
drain; et d'alimentation, ledit moyen diviseur de tension         un
trolsiAbme transistor A effet de champ syant un noeud de reference de
tension (8) ser-  25  (16) possedant une source qui eat couplee audit vant
A fournir une tension de reference par rap-  drain dudit deuxieme
transistor a effetde champ, port a ladite tension de conversion appilqu6e A
la-  une grille qui est coupl6e A ladite borne de gain, dite borne
d'entree;                              et un drain qui est coupie audit
deuxibme moyen un moyen de conversion de tension en         miroir de
courant. courant (11, 12, 14, 15, 16) coupih auxdtes pro-  30 miere et
deuxilme bornes de tension d'allmenta-  3. Circuit CMOS seoon Is
revendicatlon 2, odt ledit tion et A ladite borne d'entr6e, et couple audit
moyen de sortie (26 A 29, 31 A 33) comprend: noeud de reference de tension
de fagon A fournir        un troisibme moyen miroir de courant (36) un
courant de refbrence linalre dont l'intbnsit6  couple entre ladie deuxibme
borne de tension varie lilnalrement en fonction d'une variation   35
d'allmentation et ladite borne (34) de puits de correspondants de ladite
tension de conversion;   courant de sortie de fagon a absorber le courant
et                                                venant de ladite borne de
pults de courant de sor- un moyen de sortie (26 a 29, 31 A 33) elec-  tie;
triquement alimente entre ladite deuxienme borne        un quatrieme
transistor A effet de champ de tension d'alimentation et ladite borne
d'entree  4o  (26) possedant une source qul est coupiee a la- at couple
audit moyen convertisseur de tension    ditb borne d'entr6e, une grille qui
eat couplee au- on courant de fagon a produire respectivement un  dit moyen
de conversion de tension en courant, courant de puits de sortie et un
courant de source  et possedant un drain; de sortie sur ladite borne de
pults de courant de       un cinquieme transistor A effet de champ sortie
et ladite borne de source de courant de   45  (27) possedant une source et
une grille couplees sortie, ob l'intensit6 dudit courant de puits de sor-
audit drain dudit quatrieme transistor A effet de tie et l'intbnsit6 dudit
courant de source de sortie  champ (26) et un drain couple audit troisieme
sontunefractiondel 'intensiteduditcourantderi-    moyen miroir de courant;
at ference lineaire.                                       un sixieme
transistorA effetcde champ (32) 50      possedant une source qui est
couplee A ladite 2. Circuit CMOS selon la revendication 1, oat ledit
borne d'entr6e, une grille qui eat couplee A ladite moyen convertisseur de
tension en courant         grille dudit quatribme transistor A effet de
champ comprend:                                         (26). et un drain
qui est couple a ladite borne (35) une borne de gain (17);
de source de courant de sortie. une resistance de gain (14) couplee entre
55 ladite borne de gain et laditb deuxibme borne do  4. Circuit
convertisseur de tension on courant A tension d'alimentatlon;
transistors mbtal-oxyde-somiconducteurcompie- un premier moyen miroir de
courant (11)      mentaires (CMOS), comprenant: 9    17                 EP
0 337 444 831                18   ||*||||| 1lIll III ! D ! une premiere
borne de tension d'allmenta-    couplees audit drain dudK septibne
transistor a tion (1);                                         effet de
champ, et un drain qui est couple audit une deuxieme borne de tension
d'alimen-      noeud de r6f6rence de tension (8); tation (2);
un dixibme transistora effetde champ (25) une borne d'entree (3);
5       possedant un drain qui est couple audit noeud de une borne de puits
de courant de sortie     reference de courant (18), une grille qui est cou-
(35);                                             pl6e A ladite grille
dudit neuvilme transistor a of- 



une borne de source de courant de sortie    fet de champ (24), et une
source qui est coupl6e (34);                                             A
ladite borne de gain (17); une borne de gain (17),              10
une risistance de gain (14) coupl6e entre une premlbre rosistance (6)
couplee entre   ladite borne de gain (17) et ladite deuxlime borne ladite
borne d'entr6e et un noeud de reference de  de tension d'allmentation;
tension (8);                                            un onzieme
transistor A effet de champ une deuxibme resistance (7) couplee en-
(21) possedant une grille et un drain qul sont cou- tre ledit noeud de
reference de tension (8) et la-  15  ples audit drain dudit trobieme
translator a effet dite deuxilme borne de tension d'allmentation;    de
champ (16), et une source couplee a ladite un
premlertransistorseffetdechamp(13)        deuximrne borne do tension
d'alimentation; possbdant une source qui eat couplie A ladite           un
douziome transistor A effet do champ
premibrebornedetensiond'allmentation,etpos-       (19) possedant un drain
qul eat coupie audit sedant une grille et un drain;            20
noeud de r6fMrence de tension (8), une grille qul un deuxieme transistor A
effet de champ      est coupdee A ladite grille duditonzleme transistor
(15) possedant une source qul eat couplee a la-   A effet de champ (21), et
une source qul eat cou- dite borne d'entr6e, une grille qul est couple A un
pl6e A ladite deuxibme borne de tension d'al- noeud de r6ference de courant
(18), et posse6dant  mentation; un drain;
25            un treizieme transistor a effet de champ un trolsibme
transistor A effet de champ     (28) possedant une grille et un drain qul
sont cou- (16) posse6dant une source qui est coupiee audit  ples audit
drain dudit cinquieme transistor A effet drain dudit deuxiime transistor A
effet de champ,  de champ (27), et une source qui eat couplee A une grille
qul eat couplee A ladite borne de gain,  ladite deuxieme borne de tension
d'alimentation; et posshdant un drain;                    30      et un
quatribme transistor A effet de champ          un quatorzlbme transistor A
effet de (26) possedant une source qui eat coupl6e a la-   champ (29)
possedant un drain qul est couple A dite borne d'entr6e, une grilie qui est
couplee au-  ladite borne de pults de courant de sortie (34), dit noeud de
reference de courant, at possedant   une grille qui set couplde A ladite
grille dudit trel- un drain;                                 35      zibme
transistor A effet de champ (28), et une un cinquleme transistor A effet de
champ     source qul eat coupl6e A ladite deuxieme borne (27) possedant une
source et une grille qul sont  de tension d'alimentation. coupl6es audit
drain dudit quatrieme transistor A effet de champ, et possedant un drain;
un sixieme transistorA effetde champ (32)  40 poss6dant une source qui est
coupl6e A ladie borne d'entr6e, une grille qui est couplee audit noeud de
reference de courant (18), et un drain qui est couple a ladite borne de
source de courant de sortie (35);                           4 un septilme
transistor A effet de champ (22) possedant une source qui est couplee A la-
dits borne d'entr6e, une grille qui est couplee au- dit noeud de reference
de courant (18), et un drain qui est coupie A ladite grille et audit drain
du-  50 dit premier transistor a effet de champ; un hultibme transistor A
effet de champ (23) possedant une source qui est coupl6e a la- dite borne
d'entr6e, et une grille et un drain qui sont couples audit noeud de
reference de courant  e5 (18); un neuvibme transistor a effet de champ (24)
possedant une source et une grille qui sont 10    


