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CONSTANT TRANSCONDUCTANCE BIAS
CIRCUIT

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority of U.S. Provisional
Application No. 61/950,122, filed on Mar. 9, 2014.

FIELD

[0002] This disclosure relates to a bias circuit, and more
particularly to a constant transconductance bias circuit.

BACKGROUND

[0003] A conventional constant transconductance bias cir-
cuit generates a bias voltage for biasing a to-be-biased
transconductance cell such that the to-be-biased transconduc-
tance cell has a constant transconductance. However, the
conventional constant transconductance bias circuit may fail
to operate properly when each internal transconductance cell
thereof has a voltage to current transfer function failing to
follow a presumed law (e.g., a square law).

SUMMARY

[0004] Therefore, an object of this disclosure is to provide
a bias circuit that can alleviate the drawback of the prior art.
[0005] According to one aspect of this disclosure, there is
provided a bias circuit adapted for biasing a to-be-biased
transconductance cell to have a constant transconductance.
The bias circuit includes a converter and a controller.

[0006] The converter receives a first current signal and a
second current signal, and generates, based on the first and
second current signals, a first voltage signal, a second voltage
signal and a bias voltage that is for biasing the to-be-biased
transconductance cell, in which:

D=Nxll,
V1=T"2(I1in+B)+A,
V2=T"'[(1/N)x (I12+NxB)]-AlinxR+4, and

Vb=(Vm+AlinxRxK or Vin-AIinxRxK),

where 11 and 12 respectively denote magnitudes of the first
and second current signals, V1 and V2 respectively denote
magnitudes of the first and second voltage signals, Vb denotes
a magnitude of the bias voltage, T~'(-) denotes a current to
voltage inverse transfer function associated with the to-be-
biased transconductance cell, Alin denotes a magnitude of a
reference current signal which is predetermined, B denotes a
predetermined current value, A denotes a predetermined volt-
age value, N denotes a predetermined constant greater than
zero, R denotes a predetermined resistance value, m=(1 or 2),
and K denotes a predetermined constant greater than zero and
smaller than one.

[0007] The controller is coupled to the converter, receives
the first and second voltage signals from the converter, and
generates the first and second current signals for the converter
based on the first and second voltage signals so as to make the
magnitude of the first voltage signal equal the magnitude or
the second voltage signal.

[0008] According to another aspect of this disclosure, there
is provided a bias circuit adapted for biasing a to-be-biased
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transconductance cell to have a constant transconductance.
The bias circuit includes a converter and a controller.

[0009] The converter receives a voltage signal, and gener-
ates, based on the voltage signal, a first current signal, a
second current signal and a bias voltage that is for biasing the
to-be--biased transconductance cell, in which:

T1=T(VO+ATinxR+4)+B,
D=NxT(V0+4)+NxAlin+NxB, and

Vb=(V0+AlinxRxK or VO-AlinxRxK),

where V0 denotes a magnitude of the voltage signal, 11 and 12
respectively denote magnitudes of the first and second current
signals, Vb denotes a magnitude of the bias voltage, T(-)
denotes a voltage to current transfer function associated with
the to-be-biased transconductance cell, Alin denotes a mag-
nitude of a reference current signal which is predetermined, A
denotes a predetermined voltage value, B denotes a predeter-
mined current value, N denotes a predetermined constant
greater than zero, R denotes a predetermined resistance value,
and K denotes a predetermined constant greater than zero and
smaller than one.

[0010] The controller is coupled to the converter, receives
the first and second current signals from the converter, and
generates the voltage signal for the converter based on the first
and second current signals so as to make the magnitude of the
first current signal equal 1/N times the magnitude of the
second current signal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Other features and advantages of this disclosure will
become apparent in the following detailed description of the
embodiment(s) with reference to the accompanying draw-
ings, of which:

[0012] FIG. 1 is a schematic block diagram illustrating a
first embodiment of a bias circuit according to this disclosure;
[0013] FIG. 2 isa schematic circuit block diagram illustrat-
ing a first exemplary implementation of the first embodiment;
[0014] FIG. 3 is a schematic circuit block diagram illustrat-
ing a second exemplary implementation of the first embodi-
ment;

[0015] FIG.4 isa schematic circuit block diagram illustrat-
ing a third exemplary implementation of the first embodi-
ment;

[0016] FIG.5 isa schematic circuit block diagram illustrat-
ing a fourth exemplary implementation of the first embodi-
ment;

[0017] FIG. 6 is a schematic circuit block diagram illustrat-
ing a fifthexemplary implementation ofthe first embodiment;
[0018] FIG. 7 is a schematic block diagram illustrating a
second embodiment of a bias circuit according to this disclo-
sure;

[0019] FIG. 8isa schematic circuit block diagram illustrat-
ing a first exemplary implementation of the second embodi-
ment;

[0020] FIG.9isa schematic circuit block diagram illustrat-
ing a second exemplary implementation of the second
embodiment;

[0021] FIG. 10 is a schematic circuit block diagram illus-
trating a third exemplary implementation of the second
embodiment; and
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[0022] FIG. 11 is a schematic circuit block diagram illus-
trating a fourth exemplary implementation of the second
embodiment.

DETAILED DESCRIPTION

[0023] Before this disclosure is described in greater detail,
it should be noted that like elements are denoted by the same
reference numerals throughout this disclosure.

[0024] Referring to FIG. 1, a first embodiment of a bias
circuit 1 according to this disclosure is adapted for biasing a
to-be-biased transconductance cell 2 such that the to-be-bi-
ased transconductance cell 2 has a constant transconduc-
tance. The to-be-biased transconductance cell 2 has a voltage
to current transfer function of PxT(+), where P is a predeter-
mined constant greater than zero (i.e., P>0) and T(*) is smooth
and monotonic (e.g., monotonically increasing or monotoni-
cally decreasing). As an example, the to-be-biased transcon-
ductance cell 2 may be an N-channel metal oxide semicon-
ductor field effect transistor (MOSFET), and P is associated
with a width to length ratio thereof. The bias circuit 1 includes
a converter 11 and a controller 12.

[0025] The converter 11 receives a first current signal (il)
and a second current signal (i2), and generates, based on the
first and second current signals (i1, i2), a first voltage signal
(v1), asecond voltage signal (v2) and a bias voltage (vb) that
is for biasing the to-be-biased transconductance cell 2.
[0026] In this embodiment, the converter 11 may be
designed according to predetermined relationships among the
first and second current signals (il, i2), the first and second
voltage signals (v1, v2) and the bias voltage (vb), as can be
expressed by the following equations:

D=NxI1, Equation 1
V1=T2(I1-Alin+B)+4, Equation 2
V2=T"[(I/N)x(I24+NxB)]-AlinxR+4, Equation 3
Vb=(Vm+AlinxRxK or Vim-AlinxRxK), Equation 4

where “I1” and “I2” respectively denote magnitudes of the
first and second current signals (il, i2), “V1” and “V2”
respectively denote magnitudes of the first and second volt-
age signals (v1, v2), “Vb” denotes a magnitude of the bias
voltage (vb), “T~'(-)” denotes a current to voltage inverse
transfer function associated with the to-be-biased transcon-
ductance cell 2 (ie., T(") is an inverse of T(-)), “Alin”
denotes a magnitude of a predetermined reference current
signa (Aiin) (see FIG. 2), “B” denotes a predetermined cur-
rent value, “A” denotes a predetermined voltage value, “N”
denotes a predetermined constant greater than zero (ie.,
N>0), “R” denotes a predetermined resistance value, m=(1or
2), and “K” denotes a predetermined constant greater than
zero and smaller than one (i.e., 0<K<1). Details of these
parameters may be described in the following implementa-
tions. Preferably, the reference current signal (Aiin) (see FIG.
2) is constant, and the magnitude thereof is determined based
on an expected swing of an output current of the to-be-biased
transconductance cell 2 (i.e., the magnitude is proportional to
the expected swing).

[0027] The controller 12 is coupled to the converter 11,
receives the first and second voltage signals (v1, v2) from the
converter 11, and generates the first and second current sig-
nals (i1, 12) for the converter 11 based on the first and second
voltage signals (v1, v2) so as to make the magnitude of the
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first voltage signal (v1) equal the magnitude of the second
voltage signal (v2) (i.e., VI=V2).

[0028] Equation 2 canbe rearranged as [1-Alin+B=T(V1-
A). Since 12=NxI1 and V2=V1, Equation 3 can be rearranged
as [1+B=T (V1+AlinxR-A). Regardless of whether a first
order derivative of T() is monotonicaily increasing or mono-
tonicaily decreasing, the large signal transconductance of the
to-be-biased transconductance cell 2 is independent of a fab-
rication process, a power supply voltage and a temperature
associated with the bias circuit 1 and the to-be-biased
transconductance cell 2, and equals Px[(11+B)-(I1-Alin+
B)I/[(V1+AlinxR-A)-(V1-A)|P/R. Besides, K is config-
ured to minimize the dependence of the small signal transcon-
ductance of the to-be-biased transconductance cell 2 on the
fabrication process, the power supply voltage and the tem-
perature.

[0029] FIG. 2 illustrates a first exemplary implementation
of the bias circuit 1. In the first exemplary implementation,
each of the first, second and reference current signals (i1, i2,
Aiin) is an analog current signal, and each of the first and
second voltage signals (v1, v2) is an analog voltage signal.
[0030] In addition, the controller 12 includes an amplifier
121, a first transconductance cell 122 and a second transcon-
ductance cell 123.

[0031] The amplifier 121 has a first input terminal and a
second input terminal that are coupled to the converter 11 for
respectively receiving the first and second voltage signals (v1,
v2) therefrom, and an output terminal. The amplifier 121
generates a control voltage based on the first and second
voltage signals (v1, v2), and outputs the control voltage at the
output terminal thereof.

[0032] The first transconductance cell 122 has a first termi-
nal coupled to the output terminal of the amplifier 121 for
receiving the control voltage therefrom, and a second termi-
nal coupled to the converter 11. The first transconductance
cell 122 converts the control voltage into the first current
signal (i1), and outputs the first current signal (il) at the
second terminal thereof.

[0033] The second transconductance cell 123 has a first
terminal coupled to the output terminal of the amplifier 121
for receiving the control voltage therefrom, and a second
terminal coupled to the converter 11. The second transcon-
ductance cell 123 converts the control voltage into the second
current signal (i2), and outputs the second current signal (i2)
at the second terminal thereof. The second transconductance
cell 123 has a transconductance N times that of the first
transconductance cell 122, so as to make the magnitude of the
second current signal (i2) equal N times the magnitude of the
first current signal (i1) (i.e., [2=NxI1).

[0034] Inthis implementation, each of the first and second
transconductance cells 122, 123 is, for example, a P-channel
MOSFET that has a gate terminal serving as the first terminal,
a drain terminal serving as the second terminal, and a source
terminal coupled to a reference node, to which the power
supply voltage (vdd) is supplied. The second transconduc-
tance cell 123 has a width to length ratio N times that of the
first transconductance cell 122.

[0035] In this implementation, values of B, A and Vb are
designed as B=0, A=AlinxR, Vb=V1 -AlinxRxK, so that
Equation 2 becomes V1=T~2 (I1-Alin) +AlinxR, and Equa-
tion 3 becomes V2=T~'[(1/N)xI2]. The converter 11 is con-
figured according to the Equations 2 and 3, and includes a
third transconductance cell 111, a resistor string 112, a cur-
rent source 113 and a fourth transconductance cell 114.
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[0036] The third transconductance cell 111 has a first ter-
minal, and a second terminal that is coupled to the first input
terminal of the amplifier 121 of the controller 12 and the
second terminal of the first transconductance cell 122 of the
controller 12. The third transconductance cell 111 has a volt-
age to current transfer function of T() from the first terminal
thereof to the second terminal thereof.

[0037] Theresistor string 112 has a first end terminal that is
coupled to the second terminal of the third transconductance
cell 111, a second end terminal that is coupled to the first
terminal of the third transconductance cell 111, and an inter-
mediate terminal that provides the bias voltage (vb). The
resistor string 112 has a resistance of R between the first and
second end terminals thereof, and a resistance of KxR
between the first end and intermediate terminals thereof.
[0038] The current source 113 is coupled to the first termi-
nal of the third transconductance cell 111, and provides the
reference current signal (Aiin) that flows through the resistor
string 112 and that constitutes a portion of the first current
signal (il).

[0039] The fourth transconductance cell 114 has a first
terminal, and a second terminal that is coupled to the first
terminal of the fourth transconductance cell 114, the second
input terminal of the amplifier 121 of the controller 12 and the
second terminal of the second transconductance cell 123 of
the controller 12. The fourth transconductance cell 114 has a
voltage to current transfer function of NXT(") from the first
terminal thereof to the second terminal thereof.

[0040] In this implementation, each of the third and fourth
transconductance cells 111, 114 is, for example, an N-chan-
nel MOSFET that has a gate terminal serving as the first
terminal, a drain terminal serving as the second terminal, and
a grounded source terminal. The fourth transconductance cell
114 has a width to length ratio N times that of the third
transconductance cell 111. The to-be-biased transconduc-
tance cell 2 has the width to length ratio P times that of the
third transconductance cell 111. It is noted that the third,
fourth and to-be-biased transconductance cells 111, 114, 2
may all operate in a saturation region or a sub-threshold
region.

[0041] In operation, the first current signal (i1) is divided
into the reference current signal (Aiin) that flows through the
resistor string 112, and a current that has a magnitude of
11-Alin and that flows through the third transconductance cell
111. The third transconductance cell 111 forces a voltage at
the second end terminal of the resistor string 112 to have a
magnitude of T~2 (I1-Alin). The resistor string 112 and the
current source 113 cooperatively force the first voltage signal
(v1) and the bias voltage (vb) to respectively have the mag-
nitude of VI=T~' (I1-Alin)+AlinxR and the magnitude of
Vb=V1-AlinxRxK. Besides, the second current signal (i2)
flows through the fourth transconductance cell 114. The
fourth transconductance cell 114 forces the second voltage
signal (v2) to have the magnitude of V2=T*[(1/N)x12].
[0042] In this implementation, since the voltage to current
transfer function of each of the third, fourth and to-be-biased
transconductance cells 111, 114, 2 is monotonically increas-
ing, and since a first order derivative thereofis monotonically
increasing, the first and second input terminals of the ampli-
fier 121 are respectively non-inverting and inverting input
terminals so as to make the magnitude of the first voltage
signal (v1) equal the magnitude of the second voltage signal
(v2) (i.e, V1=V2). However, in other implementations in
which each of the third, fourth and to-be-biased transconduc-
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tance cells 111, 114, 2 is a device that has a monotonically
increasing voltage to current transfer function and a mono-
tonically decreasing first order derivative of the voltage to
current transfer function, the first and second input terminals
of the amplifier 121 are respectively inverting and non-invert-
ing input terminals so as to make the magnitude of the first
voltage signal (v1) equal the magnitude of the second voltage
signal (v2) (i.e., V1=V2).

[0043] FIG. 3 illustrates a second exemplary implementa-
tion of the bias circuit 1, which is a modification of the first
exemplary implementation, and which differs from the first
exemplary implementation in that B=Alin and in the configu-
ration of the converter 11.

[0044] Since B=Alin and A=AlinxR, Equation 2 becomes
V1=T~* (I1)+AlinxR, and Equation 3 becomes V2=T~'[(1/
N)x(12+NxAlin)].

[0045] The converter 11 includes a third transconductance
cell 131, a buffer 132, a resistor string 133, a first current
source 134, a fourth transconductance cell 135 and a second
current source 136.

[0046] The third transconductance cell 131 (e.g., an
N-channel MOSFET) has a first terminal (e.g., a gate termi-
nal), and a second terminal (e.g., a drain terminal) that is
coupled to the first input terminal of the amplifier 121 of the
controller 12 and the second terminal of the first transconduc-
tance cell 122 of the controller 12. The third transconductance
cell 131 has a voltage to current transfer function of T(+) from
the first terminal thereof to the second terminal thereof.
[0047] The buffer 132 has an input terminal coupled to the
second terminal of the third transconductance cell 131, and an
output terminal.

[0048] Theresistor string 133 has a first end terminal that is
coupled to the output terminal of the buffer 132, a second end
terminal that is coupled to the first terminal of the third
transconductance cell 131, and an intermediate terminal that
provides the bias voltage (vb). The resistor string 133 has a
resistance of R between the first and second end terminals
thereof, and a resistance of KxR between the first end and
intermediate terminals thereof.

[0049] The first current source 134 is coupled to the first
terminal of the third transconductance cell 131, and provides
the reference current signal (Aiin) that flows through the
resistor string 133.

[0050] The fourth transconductance cell 135 (e.g., an
N-channel MOSFET) has a first terminal (e.g., a gate termi-
nal), and a second terminal (e.g., a drain terminal) that is
coupled to the first terminal of the fourth transconductance
cell 135, the second input terminal of the amplifier 121 of the
controller 12 and the second terminal of the second transcon-
ductance cell 123 of the controller 12. The fourth transcon-
ductance cell 135 has a voltage to current transfer function of
NxT(") from the first terminal thereof to the second terminal
thereof.

[0051] The second current source 136 is coupled to the
second terminal of the fourth transconductance cell 135, and
provides an auxiliary current (Aia) that has a magnitude of
NxAlin and that flows through the fourth transconductance
cell 135.

[0052] In operation, the first current signal (il) flows
through the third transconductance cell 131. The third
transconductance cell 131 forces a voltage at the second end
terminal of the resistor string 133 to have a magnitude of T2
(I1). The buffer 132, the resistor string 133 and the first
current source 134 cooperatively force the first voltage signal



US 2015/0256131 Al

(v1) and the bias voltage (vb) to respectively have the mag-
nitude of VI=T~2 (I1)+AlinxR and the magnitude of Vb=1-
AlinxRxK. Besides, the second current signal (i2) and the
auxiliary current (Aia) are combined into a current that has a
magnitude of 12+NxAlin and that flows through the fourth
transconductance cell 135. The fourth transconductance cell
135 forces the second voltage signal (v2) to have the magni-
tude of V2=T ' [(1/N)x({12+NxAlin)).

[0053] FIG. 4 illustrates a third exemplary implementation
of the bias circuit 1, which is a modification of the first
exemplary implementation, and which differs from the first
exemplary implementation in that B=Alin and in the configu-
ration of the converter 11.

[0054] Since B=Alin and A=AlinxR, Equation 2 becomes
V1=T~! (I1)+AlinxR, and Equation 3 becomes V2=T'[(1/
N)x(I2+NxAlin)].

[0055] The converter 11 includes a third transconductance
cell 141, a buffet 142, a resistor string 143, a first current
source 144, a fourth transconductance cell 145 and a second
current source 146.

[0056] The third transconductance cell 141 (e.g., an
N-channel MOSFET) has a first terminal (e.g., a gate termi-
nal), and a second terminal (e.g., a drain terminal) that is
coupled to the first terminal of the third transconductance cell
141 and the second terminal of the first transconductance cell
122 of'the controller 12. The third transconductance cell 141
has a voltage to current transfer function of T(-) from the first
terminal thereof to the second terminal thereof.

[0057] The buffer 142 has an input terminal coupled to the
second terminal of the third transconductance cell 141, and an
output terminal.

[0058] Theresistor string 143 has a first end terminal that is
coupled to the first input terminal of the amplifier 121 of the
controller 12, a second end terminal that is coupled to the
output terminal of the buffer 142, and an intermediate termi-
nal that provides the bias voltage (vb). The resistor string 143
has a resistance of R between the first and second end termi-
nals thereof, and a resistance of KxR between the first end and
intermediate terminals thereof.

[0059] The first current source 144 is coupled to the first
end terminal of the resistor string 143, and provides the ref-
erence current signal (Aiin) that flows through the resistor
string 143.

[0060] The fourth transconductance cell 145 (e.g., an
N-channel MOSFET) has a first terminal (e.g., a gate termi-
nal), and a second terminal (e.g., a drain terminal) that is
coupled to the first terminal of the fourth transconductance
cell 145, the second input terminal of the amplifier 121 of the
controller 12 and the second terminal of the second transcon-
ductance cell 123 of the controller 12. The fourth transcon-
ductance cell 145 has a voltage to current transfer function of
NxT(") from the first terminal thereof to the second terminal
thereof.

[0061] The second current source 146 is coupled to the
second terminal of the fourth transcondactance cell 145, and
provides an auxiliary current (Aia) that has a magnitude of
NxAlin and that flows through the fourth transconductance
cell 145.

[0062] In operation, the first current signal (il) flows
through the third transconductance cell 141. The third
transconductance ceil 141 forces a voltage at the input termi-
nal of the buffer 142 to have a magnitude of T~! (I1). The
buffer 142, the resistor string 143 and the first current source
144 cooperatively force the first voltage signal (v1) and the
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bias voltage (vb) to respectively have the magnitude of
V1=T"! (I1)+AlinxR and the magnitude of Vb=V1-AlinxRx
K. Besides, the second current signal (i2) and the auxiliary
current (Aia) are combined into a current that has a magnitude
of 12+NxAlin and that flows through the fourth transconduc-
tance cell 145. The fourth transconductance cell 145 forces
the second voltage signal (v2) to have the magnitude of
V2=T ' [(1/N)x(12+NxAlin)].

[0063] FIG. 5 illustrates a fourth exemplary implementa-
tion of the bias circuit 1, which is a modification of the first
exemplary implementation, and which differs from the first
exemplary implementation in that A=0 and Vb=V2+Alinx
RxK and in the configuration of the converter 11.

[0064] Since B=0 and A=0, Equation 2 becomes V1=T"
(I1-Alin), and Equation 3 becomes V2=T~'[(1/N)xI2]-
AlinxR.

[0065] The converter 11 includes a third transconductance
cell 151, a first current source 152, a fourth transconductance
cell 153, a buffer 154, a resistor string 155 and a second
current source 156.

[0066] The third transconductance cell 151 (e.g., an
N-channel MOSFET) has a first terminal (e.g., a gate termi-
nal), and a second terminal (e.g., a drain terminal) that is
coupled to the first terminal of the third transconductance cell
151, the first input terminal of the amplifier 121 of the con-
troller 12 and the second terminal of the first transconduc-
tance cell 122 ofthe controller 12. The third transconductance
cell 151 has a voltage to current transfer function of T(+) from
the first terminal thereof to the second terminal thereof.
[0067] The first current source 152 is coupled to the second
terminal of the third transconductance cell 151, and provides
an auxiliary current (Aia) that has a magnitude of Alinand that
constitutes a portion of the first current signal (i1).

[0068] The fourth transconductance cell 153 (e.g., an
N-channel MOSFET) has a first terminal (e.g., a gate termi-
nal), and a second terminal (e.g., a drain terminal) that is
coupled to the first terminal of the fourth transconductance
cell 153 and the second terminal of the second transconduc-
tance cell 123 of the controller 12. The fourth transconduc-
tance cell 153 has a voltage to current transfer function of
NxT(-) from the first terminal thereof to the second terminal
thereof.

[0069] The buffer 154 has an input terminal coupled to the
second terminal of the fourth transconductance cell 153, and
an output terminal.

[0070] Theresistor string 155 has a first end terminal that is
coupled to the second input terminal of the amplifier 121 of
the controller 12, a second end terminal that is coupled to the
output terminal of the buffer 154, and an intermediate termi-
nal that provides the bias voltage (vb). The resistor string 155
has a resistance of R between the first and second end termi-
nals thereof, and aresistance of KxR between the first end and
intermediate terminals thereof.

[0071] The second current source 156 is coupled to the first
end terminal of the resistor string 155, and provides the ref-
erence current signal (Aiin) that flows through the resistor
string 155.

[0072] In operation, the first current signal (il1) is divided
into the auxiliary current (Aia) and a current that has a mag-
nitude of I1-Alin and that flows through the third transcon-
ductance cell 151. The third transconductance cell 151 forces
the first voltage signal (v1) to have the magnitude of V1=T"
1(I1-Alin). Besides, the second current signal (i2) flows
through the fourth transconductance cell 153. The fourth
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transconductance cell 153 forces a voltage at the input termi-
nal of the buffer 154 to have a magnitude of T~'[(1/N)xI2].
The buffer 154, the resistor string 155 and the second current
source 156 cooperatively force the second voltage signal (v2)
and the bias voltage (vb) to respectively have the magnitude
of V2=T~![(1/N)xI2]-AlinxR and the magnitude of Vb=V 2+
AlinxRxK.

[0073] FIG. 6 illustrates a fifth exemplary implementation
of the bias circuit 1, which is a modification of the first
exemplary implementation, and which differs from the first
exemplary implementation in that B=Alin, A=0 and Vb=V2+
AlinxRxK and in the configuration of the converter 11.
[0074] Since B=Alin and A=0, Equation 2 becomes
V1=T"! (I1), and Equation 3 becomes V2=T[(1/N)x(12+
NxAlin)]-AlinxR.

[0075] The converter 11 includes a third transconductance
cell 161, a fourth transconductance cell 162, a first current
source 163, a buffer 164, a resistor string 165 and a second
current source 166.

[0076] The third transconductance cell 161 (e.g., an
N-channel MOSFET) has a first terminal (e.g., a gate termi-
nal), and a second terminal (e.g., a drain terminal) that is
coupled to the first terminal of the third transconductance cell
161, the first input terminal of the amplifier 121 of the con-
troller 12 and the second terminal of the first transconduc-
tance cell 122 of the controller 12. The third transconductance
cell 161 has a voltage to current transfer function of T(-) from
the first terminal thereof to the second terminal thereof.
[0077] The fourth transconductance cell 162 (e.g., an
N-channel MOSFET) has a first terminal (e.g., a gate termi-
nal), and a second terminal (e.g., a drain terminal) that is
coupled to the first terminal of the fourth transconductance
cell 162 and the second terminal of the second transconduc-
tance cell 123 of the controller 12. The fourth transconduc-
tance cell 162 has a voltage to current transfer function of
NxT(-) from the first terminal thereof to the second terminal
thereof.

[0078] The first current source 163 is coupled to the second
terminal of the fourth transconductance cell 162, and pro-
vides an auxiliary current (Aia) that has a magnitude of
NxAlin and that flows through the fourth transconductance
cell 162.

[0079] The buffer 164 has an input terminal coupled to the
second terminal of the fourth transconductance cell 162, and
an output terminal.

[0080] Theresistor string 165 has a first end terminal that is
coupled to the second input terminal of the amplifier 121 of
the controller 12, a second end terminal that is coupled to the
output terminal of the buffer 164, and an intermediate termi-
nal that provides the bias voltage (vb). The resistor string 165
has a resistance of R between the first and second end termi-
nals thereof, and a resistance of KxR between the first end and
intermediate terminals thereof.

[0081] Thesecond current source 166 is coupled to the first
end terminal of the resistor string 165, and provides the ref-
erence current signal (Aiin) that flows through the resistor
string 165.

[0082] In operation, the first current signal (il) flows
through the third transconductance cell 161. The third
transconductance cell 161 forces the first voltage signal (v1)
to have the magnitude of VI=T~"' (I1). Besides, the second
current signal (i2) and the auxiliary current (Aia) are com-
bined into a current that has a magnitude of 12+NxAlin and
that flows through the fourth transconductance cell 162. The
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fourth transconductance cell 162 forces a voltage at the input
terminal of the buffer 164 to have a magnitude of T~'[(1/N)x
(I2+NxAlin)]. The buffer 164, the resistor string 165 and the
second current source 166 cooperatively force the second
voltage signal (v2) and the bias voltage (vb) to respectively
have the magnitude of V2=T"*[(1/N)x(12+NxAlin)]-AlinxR
and the magnitude of Vb=V2+AlinxRxK.

[0083] Itis noted that, in other implementations of the bias
circuit 1, each of the first, second and reference current sig-
nals (i1, 12, Aiin) may be a digital representation of a current,
and each of the first and second voltage signals (v1, v2) may
be a digital representation of a voltage. Here, for example, the
functions of all the elements of the converter 11 except the
third and fourth transconductance cels and the function of the
controller 12 may be performed digitally.

[0084] In view of the above, the bias circuit 1 of this
embodiment has the following advantages:

[0085] 1. Since the bias circuit 1 operates properly when
T(-) is smooth and monotonic, the bias circuit 1 is relatively
flexible compared to the conventional constant transconduc-
tance bias circuit.

[0086] 2. With the properly configured K, the bias circuit 1
can be used to bias the to-be-biased transconductance cell 2
regardless of whether the to-be-biased transccnductance cell
2 is used in a large signal operation or a small signal opera-
tion.

[0087] 3. When the reference current signal (Aiin) is con-
stant, an actual swing of the output current of the to-be-biased
transconductance cell 2 in response to an input voltage with a
swing of AlinxR is independent of the fabrication process, the
power supply voltage and the temperature.

[0088] 4. When the magnitude of the reference current sig-
nal (Aiin) is determined based on the expected swing of the
output current of the to-be-biased transconductance cell 2,
linearity of the actual swing of the output current of the
to-be-biased transconductance cell 2 in response to the input
voltage with the swing of AlinxR is relatively high.

[0089] Referring to FIG. 7, a second embodiment of a bias
circuit 3 according to this disclosure is adapted for biasing a
to-be-biased transconductance cell 4 such that the to-be-bi-
ased transconductance cell 4 has a constant transconduc-
tance. The to-be-biased transconductance cell 4 has a voltage
to current transfer function of PxT(+), where P is a predeter-
mined constant greater than zero (i.e., P>0) and T(") is smooth
and monotonic (e.g., monotonically increasing or monotoni-
cally decreasing). As an example, the to-be-biased transcon-
ductance cell 4 may be an N-channel MOSFET, and P is
associated with a width to length ratio thereof. The bias circuit
3 includes a converter 31 and a controller 32.

[0090] The converter 31 receives a voltage signal (v0), and
generates, based on the voltage signal (v0), a first current
signal (i1), a second current signal (i2) and a bias voltage (vb)
that is for biasing the to-be-biased transconductance cell 4.
[0091] In this embodiment, the converter 31 may be
designed according to predetermined relationship among the
voltage signal (v0), the first and second current signals (i1, 12)
and the bias voltage (vb), as can be expressed by the following
equations:

I1=T(VOAlinxR+4)+B, Equation 5
D=N+T(V0+A)+NxAlin+Nx B, Equation 6
Vh=(V0+AlinxRxK or VO-AlinxRxK), Equation 7
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where “V0” denotes a magnitude of the voltage signal (v0),
“I1”” and “12” respectively denote magnitudes of the first and
second current signals (11, 12), Vb denotes a magnitude of the
bias voltage (vb), “T()” denotes a voltage to current transfer
function associated with the to-be-biased transconductance
cell 4, “Alin” denotes a magnitude of a predetermined refer-
ence current signal (Aiin) (see FIG. 8), “A” denotes a prede-
termined voltage value, “B” denotes a predetermined current
value, “N” denotes a predetermined constant greater than
zero (i.e., N>0), “R” denotes a predetermined resistance
value, and “K” denotes a predetermined constant greater than
zero and smaller than one (i.e., 0<K<l). Details of these
parameters may be described in the following implementa-
tions. Preferably, the reference current signal (Aiin) (see FIG.
8) is constant, and the magnitude thereof'is determined based
on an expected swing of an output current of the to-be-biased
transconductance cell 4 (i.e., the magnitude is proportional
the expected swing).

[0092] The controller 32 is coupled to the converter 31,
receives the first and second current signals (i1, 12) from the
converter 31, and generates the voltage signal (v0) for the
converter 31 based on the first and second current signals (i1,
12) so as to make the magnitude of the first current signal (il)
equal 1/N times the magnitude of the second current signal
(12) (i.e., [I=(1/N)xI2).

[0093] Equation 5 can be rearranged as [1-B=T(V0+Alinx
RxA). Since 11=(1/N)xI2, Equation 6 can be rearranged as
[1-Alin-B=T(V0+A). Regardless of whether a first order
derivative of T(-) is monotonically increasing or monotoni-
cally decreasing, the large signal transconductance of the
to-be-biased transconductance cell 4 is independent of a fab-
rication process, a power supply voltage and a temperature
associated with the bias circuit 3 and the to-be-biased
transconductance cell 4, and equals Px[(I11-B)-(I1-Alin-
B)I/[(VO+AlinxR+A)-(V0+A)|=P/R. Besides, K is config-
ured to minimize the dependence of the small signal transcon-
ductance of the to-be-biased transconductance cell 4 on the
fabrication process, the power supply voltage and the tem-
perature.

[0094] FIG. 8 illustrates a first exemplary implementation
of the bias circuit 3. In the first implementation, the voltage
signal (v0) is an analog voltage signal, and each of the first,
second and reference current signals i1, 12, Aiin) is an analog
current signal.

[0095] Inaddition, the controller 32 includes a first resistor
321, a second resistor 322 and an amplifier 323.

[0096] The first resistor 321 has a first terminal coupled to
the converter 31 for receiving therefrom the first current sig-
nal (i1), and a second terminal coupled to a reference node, to
which the power supply voltage (vdd) is supplied.

[0097] The second resistor 322 has a first terminal coupled
to the converter 31 for receiving therefrom the second current
signal (i2), and a second terminal coupled to the second
terminal of the first resistor 321. The second resistor 323 has
a resistance 1/N times that of the first resistor 321.

[0098] The amplifier 323 has a first input terminal coupled
to the first terminal of the first resistor 321, a second input
terminal coupled to the first terminal of the second resistor
322, and an output terminal coupled to the converter 31. The
amplifier 323 generates the voltage signal (v0) based on volt-
ages respectively at the first terminals of the first and second
resistors 321, 322, and outputs the voltage signal (v0) at the
output terminal thereof.
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[0099] In this implementation, values of A, B and Vb are
designed as A=0, B=0, Vb=V 0+AlinxRxXK, so that Equation
5 becomes I1=T(V0+AlinxR, and Equation 6 becomes
12=NxT(V0)+NxAlin. The converter 31 is configured
according to the Equations 5 and 6, and includes a first
transconductance cell 311, a resistor string 312, a first current
source 313, a second transconductance cell 314 and a second
current source 315,

[0100] The first transconductance cell 311 has a first termi-
nal, and a second terminal that is coupled to the first terminal
of the first resistor 321 of the controller 32. The first transcon-
ductance cell 311 has a voltage to current transfer function of
T() from the first terminal thereof to the second terminal
thereof.

[0101] Theresistor string 312 has a first end terminal that is
coupled to the output terminal of the amplifier 323 of the
controller 32, a second end terminal that is coupled to the first
terminal of the first transconductance cell 311, and an inter-
mediate terminal that provides the bias voltage (vb). The
resistor string 312 has a resistance of R between the first and
second end terminals thereof, and a resistance of KxR
between the first end and intermediate terminals thereof.
[0102] The first current source 313 is coupled to the first
terminal of the first transconductance cell 311, and provides
the reference current signal (Aiin) that flows through the
resistor string 312.

[0103] The second transconductance cell 314 has a first
terminal coupled to the output terminal of the amplifier 323 of
the controller 32, and a second terminal coupled to the first
terminal of the second resistor 322 of the cent roller 32. The
second transconductance cell 314 has a voltage to current
transfer fanction of NxT(*) from the first terminal thereof to
the second terminal thereof.

[0104] The second current source 315 is coupled to the
second terminal of the second transconductance cell 314, and
provides an auxiliary current (Aia) that has a magnitude of
NxAlin and that constitutes a portion of the second current
signal (i2).

[0105] Inthis implementation, each of the first and second
transconductance cells 311, 314 is, for example, an N-chan-
nel MOSFET that has a gate terminal serving as the first
terminal, a drain terminal serving as the second terminal, and
a grounded source terminal. The second transconductance
cell 314 has a width to length ratio N times that of the first
transconductance cell 311. The to-be-biased transconduc-
tance cell 4 has the width to length ratio P times that of the first
transconductance cell 311. Itis noted that the first, second and
to-be-biased transconductance cells 311, 314, 4 may all oper-
ate in a saturation region or a sub-threshold region.

[0106] In operation, the resistor string 312 and the first
current source 313 cooperatively force a voltage at the first
terminal of the first transconductance cell 311 and the bias
voltage (vb) to respectively have a magnitude of VO+AlinxR
and the magnitude of Vb=V 0+AlinxRxK. The first transcon-
ductance cell 311 generates the first current signal (i1) with
the magnitude of I1=T(VO0+AlinxR). Besides, the second
transconductance cell 314 generates a current with a magni-
tude of NxT(V0). The second current signal (i2) includes the
current generated by the second transconductance cell 314
and the auxiliary current (Aia), and has the magnitude of
12=NxT(V0)+NxAlin.

[0107] Inthis implementation, since the voltage to current
transfer function of each of the first, second and to-be-biased
transconductance cells 311, 314, 4 is monotonically increas-
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ing, and since a first order derivative thereofis monotonically
increasing, the first and second input terminals of the ampli-
fier 323 are respectively inverting and non-inverting input
terminals so as to make the magnitude of the first current
signal (i1) equal 1/N times the magnitude of the second cur-
rent signal i2) (i.e., [1=(1/N)xI2). However, in other imple-
mentations in which each of'the first, second and to-be-biased
transconductance cells 311, 314, 4 is a device that has a
monotonically increasing voltage to current transfer function
and a monotonically decreasing first order derivative of the
voltage to current transfer function, the first and second input
terminals of the amplifier 323 are respectively non-inverting
and inverting input terminals so as to make the magnitude of
the first current signal (i1) equal 1/N times the magnitude of
the second current signal (i2) (i.e., [1=(1/N)x12).

[0108] FIG. 9 illustrates a second exemplary implementa-
tion of the bias circuit 3, which is a modification of the first
exemplary implementation, and which differs from the first
exemplary implementation in that B=-Alin and in the con-
figuration of the converter 31.

[0109] Since A=0 and B=-Alin, Equation 5 becomes I11=T
(VOAIinxR)-Alin, and Equation 6 becomes 12=NxT(V0).
[0110] The converter 31 includes a first transconductance
cell 331, a resistor string 332, a first current source 333, a
second current source 334 and a second transconductance cell
335.

[0111] The first transconductance cell 331 (e.g., an N-chan-
nel MOSFET) has a first terminal (e.g., a gate terminal), and
asecond terminal (e.g., a drain terminal) that is coupled to the
first terminal of the first resistor 321 of the controller 32. The
first transconductance cell 331 has a voltage to current trans-
fer function of T(") from the first terminal thereof to the
second terminal thereof.

[0112] Theresistor string 332 has a first end terminal that is
coupled to the output terminal of the amplifier 323 of the
controller 32, asecond end terminal that is coupled to the first
terminal of the first transconductance cell 331, and an inter-
mediate terminal that provides the bias voltage (vb). The
resistor string 332 has a resistance of R between the first and
second end terminals thereof, and a resistance of KxR
between the first end and intermediate terminals thereof.
[0113] The first current source 333 is coupled to the first
terminal of the first transconductance cell 331, and provides
the reference current signal (Aiin) that flows through the
resistor string 332.

[0114] The second current source 334 is coupled to the
second terminal of the first transconductance cell 331, and
provides an auxiliary current (Aia) that has a magnitude of
Alin and that flows through the first transconductance cell
331.

[0115] The second transconductance cell 335 (e.g., an
N-channel MOSFET) has a first terminal (e.g., a gate termi-
nal) coupled to the output terminal of the ampii tier 323 of the
controller 32, and a second terminal (e.g., a drain terminal)
coupled to the first terminal of the second resistor 322 of the
controller 32. The second transconductance cell 335 has a
voltage to current transfer function of NXT(") from the first
terminal thereof to the second terminal thereof.

[0116] In operation, the resistor string 332 and the first
current source 333 cooperatively force a voltage at the first
terminal of the first transconductance cell 331 and the bias
voltage (vb) to respectively have a magnitude of V0+AlinxR
and the magnitude of Vb=V 0+AlinxRxK. The first transcon-
ductance cell 331 generates a current with a magnitude of
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T(V0+AlinxR). The current generated by the first transcon-
ductance cell 331 includes the auxiliary current (Aia) and the
first current signal (i1) with the magnitude of T1=T(V0+Alinx
R)-Alin. Besides, the second transconductance cell 335 gen-
erates the second current signal (i2) with the magnitude of
12=NxT(V0).

[0117] FIG. 10 illustrates a third exemplary implementa-
tion of the bias circuit 3, which is a modification of the first
exemplary implementation, and which differs from the first
exemplary implementation in that A=-AlinxR and Vb=V 0-
AlinxRxK and in the configuration of the converter 31.
[0118] Since A=-AlinxR and B=0, Equation 5 becomes
11=T(V0), and Equation 6 becomes 12=NxT(V0-AlinxR)+
NxAlin.

[0119] The converter 31 includes a first transconductance
cell 341, a second transconductance ceil 342, a resistor string
343, a first current source 344 and a second current source
345.

[0120] The first transconductance cell 341 (e.g., an N-chan-
nel MOSFET) has a first terminal (e.g., a gate terminal)
coupled to the output terminal of the amplifier 323 of the
controller 32, and a second terminal (e.g., a drain terminal)
coupled to the first terminal of the first resistor 321 of the
controller 32. The first transconductance cell 341 has a volt-
age to current transfer function of T (-) from the first terminal
thereof to the second terminal thereof.

[0121] The second transconductance cell 342 (e.g., an
N-channel MOSFET) has a first terminal (e.g., a gate termi-
nal), and a second terminal (e.g., a drain terminal) that is
coupled to the first terminal of the second resistor 322 of the
controller 32. The second transconductance cell 342 has a
voltage to current transfer function of NxT() from the first
terminal tnereof to the second terminal thereof.

[0122] Theresistor string 343 has a first end terminal that is
coupled to the output terminal of the amplifier 323 of the
controller 32, a second end terminal that is coupled to the first
terminal of the second transconductance cell 342, and an
intermediate terminal that provides the bias voltage (vb). The
resistor string 343 has a resistance of R between the first and
second end terminals thereof, and a resistance of KxR
between the first end and intermediate terminals thereof.
[0123] The first current source 344 is coupled to the first
terminal of the second transconductance cell 342, and pro-
vides the reference current signal (Aiin) that flows through the
resistor string 343.

[0124] The second current source 345 is coupled to the
second terminal of the second transconductance cell 342,and
provides an auxiliary current (Aia) that has a magnitude of
NxAlin and that constitutes a portion of the second current
signal (i2).

[0125] In operation, the first transconductance cell 341
generates the first current signal (il) with the magnitude of
11=T(V0. Besides, the resistor string 343 and the first current
source 344 cooperatively force a voltage at the first terminal
of the second transconductance cell 342 and the bias voltage
(vb) to respectively have a magnitude of VO-AlinxR and the
magnitude of Vb=V 0-AlinxRxK. The second transconduc-
tance cell 342 generates a current with a magnitude of NxT
(V0-AlinxR). The second current signal (i2) includes the
current generated by the second transconductance cell 342
and the auxiliary current (Aia), and has the magnitude of
12=NxT(V0-AlinxR)+NxAlin.

[0126] FIG. 11 illustrates a fourth exemplary implementa-
tion of the bias circuit 3, which is a modification of the first
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exemplary implementation, and which differs from the first
exemplary implementation in that A=—AlinxR, B=-Alin and
Vb=V0-AlinxRxK, and in the configuration of the converter
31.

[0127] Since A=-AlinxR and B=-Iin, Equation 5 becomes
11=T(V0)-Alin, and Equation 6 becomes [2=NxT(V0-Alinx
R).

[0128] The converter 31 includes a first transconductance
cell 351, afirst current source 352, a second transconductance
cell 353, aresistor string 354 and a second current source 355.

[0129] Thefirst transconductance cell 351 (e.g., an N-chan-
nel MOSFET) has a first terminal (e.g., a gate terminal)
coupled to the output terminal of the amplifier 323 of the
controller 32, and a second terminal (e.g., a drain terminal)
coupled to the first terminal of the first resistor 321 of the
controller 32. The first transconductance cell 351 has a volt-
age to current transfer function of T() from the first terminal
thereof to the second terminal thereof.

[0130] The first current source 352 is coupled to the second
terminal of the first transconductance cell 351, and provides
anauxiliary current (Aia) that has a magnitude of Alin and that
flows through the first transconductance cell 351.

[0131] The second transconductance cell 353 (e.g., an
N-channel MOSFET) has a first terminal (e.g., a gate termi-
nal), and a second terminal (e.g., a drain terminal) that is
coupled to the first terminal of the second resistor 322 of the
controller 32. The second transconductance cell 353 has a
voltage to current transfer function of NxT(") from the first
terminal thereof to the second terminal thereof.

[0132] Theresistor string 354 has a first end terminal that is
coupled to the output terminal of the amplifier 323 of the
controller 32, asecond end terminal that is coupled to the first
terminal of the second transconductance cell 353, and an
intermediate terminal that provides the bias voltage (vb). The
resistor string 354 has a resistance of R between the first and
second end terminals thereof, and a resistance of KxR
between the first end and intermediate terminals thereof.

[0133] Thesecond current source 355 is coupled to the first
terminal of the second transconductance cell 353, and pro-
vides the reference current signal (Alin) that flows through the
resistor string 354.

[0134] In operation, the first transconductance cell 351
generates a current with a magnitude of T (V0). The current
generated by the first transconductance cell 351 includes the
auxiliary current (Aia) and the first current signal (i1) with the
magnitude of T1=T (V0)-Alin. Besides, the resistor string 354
and the second current source 355 cooperatively force a volt-
age at the first terminal of the second transconductance cell
353 and the bias voltage (vb) to respectively have amagnitude
0ofV0-AlinxR and the magnitude of Vb=V 0-AlinxRxK. The
second transconductance cell 353 generates the second cur-
rent signal (12) with the magnitude of 12=NxT (V0-AlinxR).

[0135] Ttis noted that, in other implementations of the bias
circuit 3, the voltage signal (v0) may be a digital representa-
tion of a voltage, and each of the first, second and reference
current signals (il, 12, Aiin) may be a digital representation of
a current. Here, for example, the functions of all the elements
of the converter 31 except the first and second transconduc-
tance cells and the function of the controller 32 may be
performed digitally.
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[0136] In view of the above, the bias circuit 3 of this
embodiment has the following advantages:

[0137] 1. Since the bias circuit 3 operates properly when
T(*) is smooth and monotonic, the bias circuit 3 is relatively
flexible compared to the conventional constant transconduc-
tance bias circuit.

[0138] 2. With the properly configured K, the bias circuit 3
can be used to bias the to-be-biased transconductance cell 4
regardless of whether the to-be-biased transconductance cell
4 is used in a large signal operation or a small signal opera-
tion.

[0139] 3. When the reference current signal (Aiin) is con-
stant, an actual swing of the output current of the to-be-biased
transconductance cell 4 in response to an input voltage with a
swing of AlinxR is independent of the fabrication process, the
power supply voltage and the temperature.

[0140] 4. When the magnitude of the reference current sig-
nal (Aiin) is determined based on the expected swing of the
output current of the to-be-biased transconductance cell 4,
linearity of the actual swing of the output current of the
to-be-biased transconductance cell 4 in response to the input
voltage with the swing of AlinxR is relatively high.

[0141] While this disclosure has been described in connec-
tion with what is (are) considered the exemplary embodiment
(s), it is understood that this disclosure is not limited to the
disclosed embodiment(s) but is intended to cover various
arrangements included within the spirit and scope of the
broadest interpretation so as to encompass all such modifica-
tions and equivalent arrangements.

What is claimed is:

1. A bias circuit adapted for biasing a to-be-biased
transconductance cell such that the to-be-biased transconduc-
tance cell has a constant transconductance, said bias circuit
comprising;

a converter receiving a first current signal and a second
current signal, and generating, based on the first and
second current signals, a first voltage signal, a second
voltage signal and a bias voltage that is for biasing the
to-be-biased transconductance ¢ell, in which

D=Nxll,
V1=T"Y(I1-Alin+B)+4,
V2=T"'[(UN)x(I2+NxB)|-Alin_33 R+4, and

Vb=(Vm+AlinxRxK or VM-AlinxRxK),

where I1 and 12 respectively denote magnitudes of the first
and second current signals, V1 and V2 respectively denote
magnitudes of the first and second voltage signals, Vb denotes
a magnitude of the bias voltage, T-'(-) denotes a current to
voltage inverse transfer function associated with the to-be-
biased transconductance cell, Alin denotes a magnitude of a
reference current signal which is predetermined, B denotes a
predetermined current value, A denotes a predetermined volt-
age value, N denotes a predetermined constant greater than
zero, R denotes a predetermined resistance value, m=(1 or 2),
and K denotes a predetermined constant greater than zero and
smaller than one; and
a controller coupled to said converter, receiving the first
and second voltage signals from said converter, and gen-
erating the first and second current signals for said con-
verter based on the first and second voltage signals so as
to make the magnitude of the first voltage signal equal
the magnitude of the second voltage signal.
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2. The bias circuit of claim 1, wherein the reference current
signal is constant.

3. The bias circuit of ¢laim 1, wherein each of the first,
second and reference current signals is an analog current
signal, and each of the first and second voltage signals is an
analog voltage signal.

4. The bias circuit of claim 3, wherein said controller
inciudes:

an amplifier having a first input terminal and a second input
terminal that are coupled to said converter for respec-
tively receiving the first and second voltage signals
therefrom, and an output terminal, said amplifier gener-
ating a control voltage based on the first and second
voltage signals, and outputting the control voltage at
said output terminal thereof;

a first transconductance cell having a first terminal that is
coupled to said output terminal of said amplifier for
receiving the control voltage therefrom, and a second
terminal that is coupled to said converter, said first
transconductance cell converting the control voltage
into the first current signal, and outputting the first cur-
rent signal at said second terminal thereof; and

a second transconductance cell having a first terminal that
is coupled to said output terminal of said amplifier for
receiving the control voltage therefrom, and a second
terminal that is coupled to said converter, said second
transconductance cell converting the control voltage
into the second current signal, and outputting the second
current signal at said second terminal thereof.

5. The bias circuit of claim 4, wherein B=0, A=AlinxR, and

said converter includes:

a third transconductance cell having a first terminal, and a
second terminal that is coupled to said first input termi-
nal of said amplifier of said controller and said second
terminal of said first transconductance cell of said con-
troller, said third transconductance cell having a voltage
to current transfer function of T(+) from said first termi-
nal thereof to said second terminal thereof;

aresistor string having a first end terminal that is coupled to
said second terminal of said third transconductance cell,
a second end terminal that is coupled to said first termi-
nal of said third transconductance cell, and an interme-
diate terminal that provides the bias voltage, said resistor
string having a resistance of R between said first and
second end terminals thereof, and a resistance of KxR
between said first end and intermediate terminals
thereof;,

a current source coupled to said first terminal of said third
transconductance cell, and providing the reference cur-
rent signal that flows through said resistor string and that
constitutes a portion of the first current signal; and

a fourth transconductance cell having a first terminal, and a
second terminal that is coupled to said first terminal of
said fourth transconductance cell, said second input ter-
minal of said amplifier of said controller and said second
terminal of said second transconductance cell of said
controller, said fourth transconductance cell having a
voltage to current transfer function of NxT(*) from said
first terminal thereof to said second terminal thereof.

6. The bias circuit of claim 4, wherein B=Alin, A=AlinxR,

and said converter includes:

a third transconductance cell having a first terminal, and a
second terminal that is coupled to said first input termi-
nal of said amplifier of said controller and said second
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terminal of said first transconductance cell of said con-
troller, said third transconductance cell having a voltage
to current transfer function of T(-) from said first termi-
nal thereof to said second terminal thereof;

a buffer having an input terminal that is coupled to said
second terminal of said third transconductance cell, and
an output terminal;

aresistor string having a firstend terminal that is coupled to
said output terminal of said buffer, a second end terminal
that is coupled to said first terminal of said third
transconductance cell, and an intermediate terminal that
provides the bias voltage, said resistor string having a
resistance of R between said first and second end termi-
nals thereof, and a resistance of KxR between said first
end and intermediate terminals thereof;

a first current source coupled to said first terminal of said
third transconductance cell, and providing the reference
current signal that flows through said resistor string;

a fourth transconductance cell having a first terminal, and a
second terminal that is coupled to said first terminal of
said fourth transconductance cell, said second input ter-
minal of said amplifier of said controller and said second
terminal of said second transconductance cell of said
controller, said fourth transconductance cell having a
voltage to current transfer function of NxT() from said
first terminal thereof to said second terminal thereof; and

a second current source coupled to said second terminal of
said fourth transconductance cell, and providing an aux-
iliary current that has a magnitude of NxAlin and that
flows through said fourth transconductance cell.

7. The bias circuit of claim 4, wherein B=lin, A=AlinxR,

and said converter includes:

a third transconductance cell having a first terminal, and a
second terminal that is coupled to said first terminal of
said third transconductance cell and said second termi-
nal of said first transconductance cell of said controller,
said third transconductance cell having a voltage to cur-
rent transfer function of T(-) from said first terminal
thereof to said second terminal thereof;

a buffer having an input terminal that is coupled to said
second terminal of said third transconductance cell, and
an output terminal,

aresistor string having a first end terminal that is coupled to
said first input terminal of said amplifier of said control-
ler, a second end terminal that is coupled to said output
terminal of said buffer, and an intermediate terminal that
provides the bias voltage, said resistor string having a
resistance of R between said first and second end termi-
nals thereof, and a resistance of KxR between said first
end and intermediate terminals thereof;

a first current source coupled to said first end terminal of
said resistor string, and providing the reference current
signal that flows through said resistor string;

a fourth transconductance cell having a first terminal, and a
second terminal that is coupled to said first terminal of
said fourth transconductance cell, said second input ter-
minal of said amplifier of said controller and said second
terminal of said second transconductance cell of said
controller, said fourth transconductance cell, having a
voltage to current transfer function of NxT(-) from said
first terminal thereof to said second terminal thereof; and

a second current source coupled to said second terminal of
said fourth transconductance cell, and providing an aux-
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iliary current that has a magnitude of NxAlin and that
flows through said fourth transconductance cell.

8. The bias circuit of claim 4, wherein B=0, A=0, and said

converter includes:

a third transconductance cell having a first terminal, and a
second terminal that is coupled to said first terminal of
said third transconductance cell, said first input terminal
of said amplifier of said controller and said second ter-
minal of said first transconductance cell of said control-
ler, said third transconductance cell having a voltage to
current transfer function of T(-) from said first terminal
thereof to said second terminal thereof;,

a first current source coupled to said second terminal of
said third transconductance cell, and providing an aux-
iliary current that has a magnitude of Alin and that con-
stitutes a portion of the first current signal,

a fourth transconductance cell having a first terminal, and a
second terminal that is coupled to said first terminal of
said fourth transconductance cell and said second termi-
nal of'said second transconductance cell of said control-
ler, said fourth transconductance cell having a voltage to
current transfer function of NxT(-) from said first termi-
nal thereof to said second terminal thereof;,

a buffer having an input terminal that is coupled to said
second terminal of said fourth transconductance cell,
and an output terminal,

aresistor string having a first end terminal thatis coupled to
said second input terminal of said amplifier of said con-
troller, a second end terminal that is coupled to said
output terminal of said buffer, and an intermediate ter-
minal that provides the bias voltage, said resistor string
having a resistance of R between said first and second
end terminals thereof, and a resistance of KxR between
said first end and intermediate terminals thereof; and

asecond current source coupled to said first end terminal of
said resistor string, and providing the reference current
signal that flows through said resistor string.

9. The bias circuit of claim 4, wherein B=Alin, A=0, and

said converter includes:

a third transconductance cell having a first terminal, and a
second terminal that is coupled to said first terminal of
said third transconductance cell, said first input terminal
of said amplifier of said controller and said second ter-
minal of said first transconductance cell of said control-
ler, said third transconductance cell having a voltage to
current transfer function of T(+) from said first terminal
thereof to said second terminal thereof;,

a fourth transconductance cell having a first terminal, and a
second terminal that is coupled to said first terminal of
said fourth transconductance cell and said second termi-
nal of said second transconductance cell of said control-
ler, said fourth transconductance cell having a voltage to
current transfer function of NxT(-) from said first termi-
nal thereof to said second terminal thereof;

a first current source coupled to said second terminal of
said fourth transconductance cell, and providing an aux-
iliary current that has a magnitude of NxAlin and that
flows through said fourth transconductance cell;

a buffer having an input terminal that is coupled to said
second terminal of said fourth transconductance cell,
and an output terminal,

aresistor string having a first end terminal that is coupled to
said second input terminal of said amplifier of said con-
troller, a second end terminal that is coupled to said
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output terminal of said buffer, and an intermediate ter-
minal that provides the bias voltage, said resistor string
having a resistance of R between said first and second
end terminals thereof, and a resistance of KxR between
said first end and intermediate terminals thereof; and

asecond current source coupled to said first end terminal of
said resistor string, and providing the reference current
signal that flows through said resistor string.

10. A bias circuit adapted for biasing a to-be-biased
transconductance cell such that the to-be-biased transconduc-
tance cell has a constant transconductance, said bias circuit
comprising:

a converter receiving a voltage signal, and generating,
based on the voltage signal, a first current signal, a
second current signal and a bias voltage that is for bias-
ing the to-be-biased transconductance cell, in which

1=T(VO+ATinxR+4)+B,
D2=NxT(VO+4)+NxAlin+NxB, and

Vbo=(V0+AlinxRxK or VO-AlinxRxK),

where V0 denotes a magnitude of the voltage signal, 11 and 12
respectively denote magnitudes of the first and second current
signals, Vb denotes a magnitude of the bias voltage, T(-)
denotes a voltage to current transfer function associated with
the to-be-biased transconductance cell, Alin denotes a mag-
nitude of a reference current signal which is predetermined, A
denotes a predetermined voltage value, B denotes a predeter-
mined current value, N denotes a predetermined constant
greater than zero, R denotes a predetermined resistance value,
and K denotes a predetermined constant greater than zero and
smaller than one; and

a controller coupled to said converter, receiving the first
and second current signals from said converter, and gen-
erating the voltage signal for said converter based on the
first and second current signals so as to make the mag-
nitude of the first current signal equal 1/N times the
magnitude of the second current signal.

11. The bias circuit of claim 10, wherein the reference

current signal is constant.

12. The bias circuit of claim 10, wherein the voltage signal
is an analog voltage signal, and each of the first, second and
reference current signals is an analog current signal.

13. The bias circuit of claim 12, wherein said controller
includes:

a first resistor having a first terminal that is coupled to said
converter for receiving therefrom the first current signal,
and a second terminal that is coupled to a reference node;

a second resistor having a first terminal that is coupled to
said converter for receiving therefrom the second cur-
rent signal, and a second terminal that is coupled to said
second terminal of said first resistor, said second resistor
having a resistance 1/N times that of said first resistor;
and

an amplifier having a first input terminal that is coupled to
said first terminal of said first resistor, a second input
terminal that is coupled to said first terminal of said
second resistor, and an output terminal that is coupled to
said converter, said amplifier generating the voltage sig-
nal based on voltages respectively at said first terminals
of said first and second resistors, and outputting the
voltage signal at said output terminal thereof.

14. The bias circuit of claim 13, wherein A=0, B=0, and

said converter includes:
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a first transconductance cell having a first terminal, and a
second terminal that is coupled to said first terminal of
said first resistor of said controller, said first transcon-
ductance cell having a voltage to current transfer func-
tion of T(*) from said first terminal thereof to said second
terminal thereof;

aresistor string having a first end terminal thatis coupled to
said output terminal of said amplifier of said controller,
a second end terminal that is coupled to said first termi-
nal of said first transconductance cell, and an interme-
diate terminal that provides the bias voltage, said resistor
string having a resistance of R between said first and
second end terminals thereof, and a resistance of KxR
between said first end and intermediate terminals
thereof;,

a first current source coupled to said first terminal of said
first transconductance cell, and providing the reference
current signal that flows through said resistor string;

a second transconductance cell having a first terminal that
is coupled to said output terminal of said amplifier of
said controller, and a second terminal that is coupled to
said first terminal of said second resistor of said control-
ler, said second transconductance cell having a voltage
to current transfer function of NxT('); from said first
terminal thereofto said second terminal thereof; and

a second current source coupled to said second terminal of
said second transconductance cell, and providing an
auxiliary current thathas a magnitude of NxAlin and that
constitutes a portion of the second current signal.

15. The bias circuit of claim 13, wherein A=0, B==Alin,

and said converter includes:

a first transconductance cell having a first terminal, and a
second terminal that is coupled to said first terminal of
said first resistor of said controller, said first transcon-
ductance cell having a voltage to current transfer func-
tion of T(*) from said first terminal thereof to said second
terminal thereof;

aresistor string having a first end terminal that is coupled to
said output terminal of said amplifier of said controller,
a second end terminal that is coupled to said first termi-
nal of said first transconductance cell, and an interme-
diate terminal that provides the bias voltage, said resistor
string having a resistance of R between said first and
second end terminals thereof, and a resistance of KxR
between said first end and intermediate terminals
thereof;

a first current source coupled to said first terminal of said
first transconductance cell, and providing the reference
current signal that flows through said resistor string;

a second current source coupled to said second terminal of
sird first transconductance cell, and providing an auxil-
iary current that has a magnitude of Alin and that flows
through said first transconductance cell; and

a second transconductance cell having a first terminal that
is coupled to said output terminal of said amplifier of
said controller, and a second terminal that is coupled to
said first terminal of said second resistor of said control-
ler, said second transconductance cell having a voltage
to current transfer function of NxT(-) from said first
terminal thereof to said second terminal thereof.

16. The bias circuit of claim 13, wherein A=-IinxR, B=0,

and said converter includes:
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a first transconductance cell having a first terminal that is
coupled to said output terminal of said amplifier of said
controller, and a second terminal that is coupled to said
first terminal of said first resistor of said controller, said
first transconductance cell having a voltage to current
transfer function of T(-) from said first terminal thereof
to said second terminal thereof;,

a second transconductance cell having a first terminal, and
a second terminal that is coupled to said first terminal of
said second resistor of said controller, said second
transconductance cell having a voltage to current trans-
fer function of NXT(+) from said first terminal thereof to
said second terminal thereof;

aresistor string having a first end terminal that is coupled to
said output terminal of said amplifier of said controller,
a second end terminal that is coupled to said first termi-
nal of said second transconductance cell, and an inter-
mediate terminal that provides the bias voltage, said
resistor string having a resistance of R between said first
and second end terminals thereof, and a resistance of
KxR between said first end and intermediate terminals
thereof;

a first current source coupled to said first terminal of said
second transconductance cell, and providing the refer-
ence current signal that flows through said resistor
string; and

a second current source coupled to said second terminal of
said second transconductance cell, and providing an
auxiliary current that has a magnitude of NxAlin and that
constitutes a portion of the second current signal.

17. The bias circuit of claim 13, wherein A=-AlinxR,

B=-Iin, and said converter includes:

a first transconductance cell having a first terminal that is
coupled to said output terminal of said amplifier of said
controller, and a second terminal that is coupled to said
first terminal of said first resistor of said controller, said
first transconductance cell having a voltage to current
transfer function of T(-) from said first terminal thereof
to said second terminal thereof;

a first current source coupled to said second terminal of
said first transconductance cell, and providing an auxil-
iary current that has a magnitude of Alin and that flows
through said first transconductance cell;

a second transconductance cell having a first terminal, and
a second terminal that is coupled to said first terminal of
said second resistor of said controller, said second
transconductance cell having a voltage to current trans-
fer function of NxT(-) from said first terminal thereof to
said second terminal thereof;

aresistor string having a first end terminal that is coupled to
said output terminal of said amplifier of said controller,
a second end terminal that is coupled to said first termi-
nal of said second transconductance cell, and an inter-
mediate terminal that provides the bias voltage, said
resistor string having a resistance of R between said first
and second end terminals thereof, and a resistance of
KxR between said first end and intermediate terminals
thereof, and

a second current source coupled to said first terminal of
said second transconductance cell, and providing the
reference current signal that flows through said resistor
string.



