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Abstract: This paper describes a realization of a
linearized transconductor using a CMOS complemen-
tary pair. The proposed transconductor is driven by a
grounded signal source. How to cancel the offset current
is described. Moreover, how to control the transconduc-
tance is described. It is shown that power consumption
of the proposed transconductor without the control cir-
cuit is about half as low as that of the conventional
Wang’s OTA through computer simulation.
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1. Introduction

Recently, many techniques concerned with the lin-
earized transconductors have been presented [1]-[3]. It
is well known that the transconductors can be applied to
many kinds of building blocks such as filters, multipliers,
oscillators and so on. The linear V-I convertible input
voltage range of the transconductors is called a linear
input voltage range. Because the linear input voltage
range affects the distortion of the output signal, it is de-
sirable that the transconductance amplifier has a wide
linear input voltage range.

It is known that the linear input voltage range of the
Wang’s OTA [1] is comparatively wide. This circuit in-
cludes three MOSFET’s connected between the power
supply lines, which means that this circuit requires com-
paratively high supply voltage. When we consider di-
minishing the supply voltage and power consumption,
the number of the MOSFET’s connected to the power
supply lines should be decreased [3].

In this paper, a linearized transconductor realized by
using a CMOS complementary pair is proposed. The
proposed transconductor is driven by a grounded signal
source. How to cancel the offset current is proposed.
How to control the transconductance is proposed. The
validity of the proposed method is confirmed by using
the PSpice simulator.

2. Proposed method
2.1 Transconductor

Figure 1 shows the proposed transconductor realized
by using the complementary pair. As shown in this fig-
ure, the circuit configuration of the proposed transcon-
ductor is similar to that of the CMQS digital inverter.
When both of the transistor M; and the transistor M,
operate in the saturation region, the drain currents Ipy
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Figure 1. Proposed transconductor (G,, > 0).
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Figure 2. Proposed transconductor (G, < 0).

and Ipy can be given by

Ky(Vgs1 — Vrwn)? } (1)
Ky(Vas2 — Vrp)?

where K; and K, are real. The voltages Vpp and Vpy
are the threshold voltages of the pMOS and nMOS, re-
spectively. Both of them slightly differ from each other.
For the simplicity, we set

Ip, =
Ipy, =

Vrp =
Vry =

—{(Vr+46
Aot @

where Vr and § are real. Because M; and M, are the
complementary pair, we set

K=K =K, 3)
The gate-source voltages V51 and Vgsy are given by

Vin+Ve+Vp—-Vp }

Ves1 =
= Vin+Ve - (Vp - VD)

Vas2

(4)
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Figure 3. MOS subtractor [4].
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Figure 4. Building blocks.
amplifier.

{(a) Inverter, (b) Half-gain

The output current I is given by
Io =Ip1 — Ip2 (5)

From Eqs.(l)—(5), eliminating Vgs1, Vasa, K, Ky, Vrp
and Vpn leads to

Io =4K(Vp — Vp = Vp)(Vin + Ve +0) (6)

where Vp is the supply voltage. The above equation in-
dicates that the transconductance and the offset current
can be independently controlled by varying the voltage
Vp and V¢, respectively. The transconductance Gy
is defined by Gpr = dlo/dVin. The transconductance
G ar of the proposed circuit is given by

Gy = 4K(Vp ~ Vip — V) (7)

The negative transconductance can be realized by using
the current mirrors as shown in Fig.2.

2.2 Vp and V¢

In order to realize the batteries whose voltages are
Ve + Vp and Vi — Vp shown in Fig.1, we use the MOS
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Figure 5. Proposed transconductor.

subtractor [4] shown in Fig.3. In this figure, the aspect
ratio of the transistor M; is equal to that of the transis-
tor My. In this figure, both of M; and M, are p-channel
transistors. The relationships among V4, Vg and Vp are
given by

Vp+Vest = Vu } (8)

Vo + Vas2 |Z:

When no current flows out of the output terminal, the
drain currents Ip; and Ip; are equal to each other. In
this case, the gate-source voltages Vs and Viso be-
come equal to each other. Substituting Vs, = Vg
into Eq.(8) leads to

Vo=Vg~Va+Vp (9)

From the above equation, it is found that this circuit
functions as a kind of subtractor. Let us consider the
output voltage Vo, of the circuit shown in Fig.4(a). This
circuit is equal to the circuit obtained by applying the
power supply voltage —Vp to the terminal B of the cir-
cuit shown in Fig.3. Substituting Vg = —Vp into Eq.(9)
gives the output voltage Vo;.

Vo1 = -V, (10)

The above equation indicates that this circuit functions
as an analog inverter. On the other hand, the output
voltage Voo of the circuit shown in Fig.4(b) can be de-
termined by substituting V4 = Vo into Eq.(9).
Vi Vi
Vor= 3+ (11)
The above equation indicates that this circuit functions
as a half-gain amplifier whose bias voltage is Vp/2.
By using some of the circuits described in the above,

. the proposed transconductor shown in Fig.5 is obtained.

In this figure, Vp3 and Vo4 become

Vos = VI’N/4—V6P/2+V(§ (12)
Vos = VI'N/4—-V1')N/2+V('7
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From the above equation, we find that Vyn, V¢ and Vp
are given by the following equation.

VI 3
Vin = ——le
Vp = _L{é ’ (13)
2
Ve = V¢
where V}, p = =V, n = V[,. The voltages V), p and V)

can be generated by using the circuit shown in Fig.6. In
this figure, the output voltages are given by the following
formulae.

Vi, = _VD2IN
(14)

Vbin

Vhy = 5

In Egs.(6), (13) and (1
and Vi leads to

A Vb Vin
lop =4K (Vp e VT> ( 4

2.3 Cancellation of the offset current

4), eliminating Vi, p, Viun, Vo

+ Vi + 6) (15)

Figure 7(a) shows the block diagram for cancellation
of the offset current. The blocks surrounded by the bro-
ken lines indicate the proposed transconductor. In this
figure, Vx and V¢ are given by

Vx =ViINn+ Ve +6 (16)

Ve =-G-Vx (17)
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Figure 7. Offset cancel. (a) Block diagram, (b) Circuit

configuration.

In the above equations, eliminating Vx leads to
G
I+ G
where —( is the total gain from the voltage Vx to V¢.
When the gain ( is sufficiently high, G/ (1+ G) becomes

unity. When Vjn = 0, the voltage V¢ is approximated
by

Ve = -

(Vin +9) (18)

Vo ~ =6 (19)

From Eqs.(13), (15) and (19), we find that cancellation
of the offset current is achieved by applying the voltage
V/: to the other transconductors. Because it is obvious
that the gain (7 is proportional to R, the gain G can
be easily made sufficiently high by removing Ry .

Figure 7(b) shows the proposed circuit which cancels
the offset current described in the above. In this figure,
’ps are inserted to avoid the oscillation problem.

The resulting output current Io and the transcon-
ductance G s become

%
Io=K (Vp - D4]N - VT) Vin (20)
Gu=K (VP - VD;” - VT) (21)
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Figure 8. Simulation results of Io-Vyy characteristics
for Vprn = 0.
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Figure 9. Simulation results of Transconductance char-
acteristics.

3. Computer Simulation

In order to confirm the validity of the proposed
method, simulation is carried out using the PSpice sim-
ulator. Channel width and Channel length of the MOS-
FET’s are summarized in Tab.l. The element value of
the capacitor Cp is 2pF. Figure 8 shows the Ip — V{y
characteristics corresponding to conditions Vp=2.5V
(Vbp — Vss=5V) and Vprny=0V at room temperature.
From this figure, it is found that we can decrease the
offset current by using the proposed method.

In this paper, a linear input voltage range is defined
by the input voltage range where the transconductance
deviation is within +1%. Figure 9 shows the transcon-
ductance characteristics. This figure indicates that the
linear input voltage ranges are 2.1V,_,, 1.9V,_, and
1.6Vp_p, for Vpry=0V, £0.25V and £0.5V, respectively.
Moreover, it is found that the transconductance can be
electrically controlled by varying Vpin.

Table 2 summarizes comparison of power consump-
tion. Form this figure, we find that total power con-
sumption of the proposed transconductor is higher than

Table 1. Channe! width and channe] length.

| MOSFET [ W{um]/L[pm] |
Mp 18/50
Mn 8/50
Mp;, Mps 200/5
Mni, Mno 100/5
Others 10/10

Table 2. Power consumption.

[ Control | Transconductor | Total |
Proposed 387TuW 290uW 67T uW
Conventional - 604uW 604uW

that of the conventional one. However, power consump-
tion of the proposed transconductor without the con-
trol circuit is 48.0% as low as that of the conventional
one. Generally, when we apply the transconductors to
the analog filter, some of the transconductors may be
fabricated on the same IC chip. In this case, the re-
quired number of the proposed control circuit is only
one. Therefore, it can be concluded that the amount of
power consumption of the analog filter realized by using
the proposed transconductors becomes lower than that
of the conventional one when 2 or more transconductors
are fabricated on the same 1C chip.

4. Conclusions

In this paper, a linearized transconductance amplifier
using a CMOS complementary pair is proposed. How to
cancel the offset current is proposed. And, how to con-
trol the transconductance is described. It is shown that
power consumption of the proposed transconductor is
lower than that of the conventional one when 2 or more
transconductors are fabricated on the same 1C chip.

The further investigation is required to apply the pro-
posed transconductor to an analog filter.
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