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A Novel Widely Linear Current-Tunable CMOS
Transconductor
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Abstract- A CMOS-based linearly tunable transconductor is
proposed in this paper. The realization technique is achieved by
using a fully differential transconductor and a current variable
gain stage, for a power supply of £1.5V. Its transconductance gain
can be linearly tuned by an external bias current for more than 4
decades. The transconductor cell is designed in 0.5pm AMIS
technology. The performance of the proposed circuit is discussed
and confirmed through PSPICE simulation results.

1. INTRODUCTION

Transconductor circuits are the essential active building
blocks of many analog applications such as amplifiers,
multiplier. active filters and sinusoidal oscillators. Moreover.
when the transconductance gain of the transconductor can be
clectronically and linearly varied. they can also be applied in
automatic gain control circuits and in analog multipliers.

There have been several approaches of designing tunable
linear CMOS transconductors. where those approaches are
claimed 10 achieve the linear operation in the square law of the
1-V characteristic of MOS transistors {1]-[4]. However, most of
them are functioning in voltage controlled mode. Their
controllable voltage ranges are rather limited and only narrow
linearly transconductance ranges ar¢ available. In the past, a
current controlled CMOS transconductor was presented in [5].
But the linear tunable transconductance range is narrow due to
the MOS transistors are working in the weak-inversion region.
On the other hand, an Electronicaily Tunable Operational
Transconductance Amplifier (EOTA), where its g, can be
linearly tuned for a wide range, has been proposed [6].
However, its structure which composed of 3 OTAs is quite
complicated. Therefore. the main objective of this paper is to
propose the new technique to realize a wide finearly and
electronically tuned CMOS transconductor. The realization is
based on the used of a fully differential transconductor and a
variable current gain cell that is constructed using a current
mode translinear circuit. The proposed transconductor is
suitable for integrated circuit form. In addition, the circuit

characteristics are studied through PSPICE simulation results
and the preliminary results for a new technique are reported.

11, CIRCUIT DESCRIPTIONS

in order to realize a CMOS transconductor with the
transcondcuctance gain can be electronically and lincarly tuned.
in this work. a fully differential transconductor and the variable
current gain cell is employed as active circuit elements. Since it
is generally assume that all MOS transistors are operating in the
saturation region, hence the individual functions of the circuits
are derived from the approximate square-law characteristic of
MOS transistors in saturation.

A, Fully Balanced Differential Transconductor

A fully balanced differential transconductor structure is
shown in figure 1. Let Af, and Af, are perfectly matched. the
current mirrors have unity current gains and all transistors arc
operated in saturation region. vi, is the differential input voltage
(va=v;v2). i, and -i, are the output currents and /y is the bias
current. Its differential output current can be given by

(W ; .
R - ﬁ—C—(&j» A (N
. u,C (W/iL)

i, wuC, (ki/_ ) 41, v (2)
BT ey | A

For the small signal of v,, ., the transconductance gain of the
fully differential transconductor can be derived by taking the
derivative of (1) with respect to v;,, yielding
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Fig. 4 Complete schematic diagram of the proposed transconductor

Figure 4 shows the complete schematic circuit diagram of the
proposed CMOS-based transconductor. It consists of a
transconductance cell in corporation with the variable current
gain cell. However. to demonstrate the design concept. a
transconductor cell in the form of a source-coupled pair
differential amplifier is employed as basic circuit building
block. The circuit is simple and suitable for implementing in
integrated circuit form.

From routine circuit analysis the output current of the
proposed circuit can be expressed as

= A (10)

out { o

From equation (5) and (9) the output current of the proposed
transconductor can be expressed as

nl,
i, =+2KI —L.y (I
on B 2]} m
It can be shown that
nJ2K1
G, :—2/—”/'\' =K, 1, (12)
)

where K, :nJZKI,,/ZI,. . which can usually be kept to

constant. The equation (12) clearly indicate that the

transconductance gain of the proposed transconductor can be

electronically and linearly uned by the bias current /y. Since
+li

/ | should be limited to be less than 4/,

therefore. for a wide current tunable range, the bias current /y
should be a high constant current. It worth noting that the
input dynamic and nonlinearity range is not affected by the
adjustment of /y.

the current

x

1. SIMULATION RESULTS

The performance of the proposed transconductor s
verified through the PSPICE simulation. All the CMOS
transistor is simulated by using CMOS transistor parameters of
the AMIS technology 0.5um of MOSIS with 17, = 0.67V and
V,= -0.91V. For the proposed circuit in Fig. 4. by setting n=2
and the dimensions of all CMOS transistors are listed in Table 1.
The power supply voltages are set to })= - Fog=1.5V.

TABLE |
T HE TRANSISTOR DIMENSIONS

MOSFETs Wum) Lipum)
M-M 2, Mia- Myg \Mea, 5 0.5
Mip-Map, Ma-Miip
Ms Mg 10 0.5
Figure 5 shows the simulated transfer characteristic of the

proposed transconductor. The plots of the output current [ VETSUS
the input voltage v,, for the controlled current (/y) in the cascs of
600uA, 800uA and ImA for /y and /y were set to 100pA and
400pA, respectively. These results show that the transconductor
can linearly convert the input voltage into output signal current
with nonlinearity of less than 4% for the input voltage (v,) in the
ranges of -200mV to 200mV. The results werce agreed with the
prediction value from Eq. (12). For example, in the case of the DC
bias current Iy = ImA, lz=100 pA. [y=400 pA and },=0.2V the
transconductance gain G, =8.5x10™ A/V_ for 4 ¢ /2 =5.78x10"

A/V? and W/L =10.
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The plot of the relation between the transconductance gain
G,, and the bias current /y in the figure 6 is measured by fixing
17, = 0.2V. I;=100 pA and in the case of 1y=200 pA. 300 A
and 400 pA respectively, by varying /v from 100nA to SmA. It
shows that the transconductance gain G,, can be linearly tuned
by the bias current /v over the range of 100nA to 1.6mA. where
the simulated conversion errors are less than 3.7%. It can be
clearly seen that the transfer characteristic demonstrated that the
simulated and calculated data are in a good agreement and its
transconductance gain can be linearly and electronically tuned
for a wide range. Noting for the case ot /y=200 nA, 1y =300 pA
and /, =400 pA, the tunable range are limited by about [y =
8mA, /vy = 1.2mA and Iy = 1.6mA, respectively. This confirm
the condition that the current |7 |+}i,| should be less thanj4/, | .

The achieved THD of the output current is less than 1.4% for an
input sinusoid with 200mV peak value and 50MHz frequency.
The total power consumption is 20mW with 1.5V supply
voltage in typical situation. In addition, the CMRR of the
proposed transconductor is depended on the differential CMOS
OTA. CMRR = 2g, R,g,(r.,/r.) [8]. From the simulation
result, by replacing the ideal current source the CMRR is about
90dB.

In figure 7. the frequency response of the transconductor is
also studied. where the -3 dB bandwidth of about 780 MHz is
achieved.

Normalize ipu, (dB)

- e

' 10 - wn7 T 10k 100k ;\I I;III I\b;!\l 16 104G
Frequency, (Hz)

Fig. 7 The frequency response of the proposed transconductor

1V. CONCLUSIONS

The circuit technique to realize an electronically and lincarly
tunable range CMOS transconductor with wide tunable range has
been proposed. The realization scheme is suitable for implemented
in a standard CMOS process. lts transconductance gain can be
electrically and linearly tuned by the external DC bias current in
the range of about 100nA to 1.6mA. where the transconductor’s
nonlinearity is less than 3.7%. The simulation indicates a -3dB
bandwidth of about 780Mliiz. Simulation results ensure our
proposed technique and demonstrate the performances of the
proposed circuit.
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di,
dv

m

= JuC. Wiy, 3)

therefore. the transconductance gain can be defined as

g, = J2K1, . —\/IT_’,‘ <v, < \g (4)

where g = &_L&} is the transconductance parameter, f, is
2 L

v, =l

the mobility ot the carrier. (' is the gate-oxide capacitance per
unit area. W is the effective channel width. L is the eftective
channel length. Thus we can obtain the following equation for
a small signal:

i, =8V, =21k -y, (5)

Equation (4) shows that the transconductance gain (gn) of the
OTA can be varied by the bias current /g, but in the form of a
square root function. It should be noted that the
transconductance gain (g,,) of the transconductor shown in figure
1 will provide low harmonic distortion if the input voltage is
limited in the range of

/R IH
- /— <v < ’—— 6
K i K ©)

B.  Variable Current Gain Cell
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Fig.2 Variable current gain cell

Let us consider the schematic diagram shown in Fig.2,
where the operation of the circuit is based on the square law
characteristic of MOS transistors biased in the saturation
region. Transistors M,, through M, and transistors M,
through M3, function as the current squarer, whereas transistors
Mg, and Mo, and the current source /y formed as the current-
controlled bias circuit. The current mirrors My,-Ms, and M-
My, have current gain ratios equal to 1: n. The input signal
current i, and -i,, are injected into point A and B respectively
where the input signal are added with the DC current (/y) that
form by the current source /y and the unity gain current mirror
(Mo through M,z,). Therefore the difterential input currents
that flow into point A and B are [/, +i, and [, —i,
respectively. By using the square faw of MOS transistors
operating in the saturation region, the current /, and /> can be
given by {6]

(OSBRI VR (At N
81, : 81,
and the output current of the current gain cell can be expressed as

=21, +

i, =nd - 1)=(nl [2], Yi,, - for |7 |+l <4 (7)
or i, :("1,\ /21) )im = dei, (8)

where A,- is the current gain of the variable current cell and can
be expressed as
A.=nl[21], 9

We can see that the output current can be tuned by the DC bias
current /y and /y. This indicates the gain is proportional to / and /y.

C. Complete Widely Linear Current-Tunable Transconductor

The overall block diagram of the linear tunable
transconductor circuit is shown in Fig. 3. It consists of the fully
balanced differential transconductor cascaded with the variable
current gain cell.

Fixed differential . .
Variable current gain cell

transconductor
| - !
; b |
i J ': Current Control | :
: N i
? ls PRI 2058 .
p : ot ; : lum
V Ot++ + — i
' e I, ——>
; Em P Ac¢ -0
1 ! : 1
1
1

V ot - — I:
1 =1y,
: @
3 D 1)‘+
f] E : e Current Control 2

Fig. 3 Building block of the proposed widely lincar current-
tunable CMOS transconductor
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