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Abstract

A new wide range BiCMOS transconductor and
a multiplier were presented. Simulation results show
that for a power supply of +5V, the linear input range
of this transconductor is over +4V with the linearity
error less than 2%. The total harmonic distortion is
less than 0.69% with input range up to +3V. Its -3dB
bandwidth is 54MHz. A new BiCMOS multiplier is
also presented. Its linear input range is over +2.5V
with the linearity error less than 1%. Its -3dB
bandwidth is over 60 MHz. The proposed circuits are
expected to be useful in analog signal-processing

applications.

I. Introduction

For most of the proposed transconductors [1-4],
the input range for a linear output swing did not
exceed 60% of the power supply (+5V). A linear
“tunable transconductor [4] using the composite
MOSFETs is achieved with the linear input range up

to +4V. However, there is a fundamental limitation
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for this transconductor [4], i.e., the transconductance
parameter, K, of the PMOS transistor in the
composite CMOS pair [3, 4] must be larger than
that, K, of the NMOS transistor. Practically, since
the mobility of PMOS transistors is smaller than that
of NMOS transistors (e.g., M, =3l, ), one must
choose very large aspect ratios for PMOS transistors.
It will increase the chip area and degrade the
high-frequency performance of the transconductor.
The emergence of BiCMOS technologies as a
viable approach to VLSI offers new opportunities for
improving system performance by combining both
bipolar and CMOS technologies [1]. In this paper, a
new wide range BiCMOS transconductor and a four-
quadrant multiplier using pseudo PNP transistors
[5,6] are proposed. Simulation results are given to

verify the theoretical analysis.
IL. Circuit Description
A wide range BiCMOS transconductor is shown

in Fig. 1 [4]. It consists of two pseudo PNP
transistors [5,6] (i.e. M;-Q, and My-Q,) and six
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NMOS transistors, M,-M,. Assume that all the
devices in Fig. 1 are in their active regions (i.e., BJTs
in active and MOSFETs in saturation) and the
NMOS transistors M, through M, have the equal K,
and threshold voltages, V.. Transistors M, and M
have the individual wells to eliminate the body effect.

The currents I, and I, can be given as

L= K (V- Vi -V =K (V- Vs -V, )* M
and L=K (V,-V, -V5,)=K (Vy- Vs -V,)’ )]
The voltages V,, and V, can be obtained with

V,-2V,=V,-2V = -V 3)

The current I, through the transistors M, M, and Q,
can be [3]

L=Ka(Ve-Vy -V, -V, )’ 4
1 1 1 .
where = + . V. is the
[Keg JKn JB+DK 7

threshold voltage of the PMOS transistor, and B is
the ratio of the collector current to the base current
for NPN transistors. For example, since 3 can be as
large as 160 in a standard 2pum BiCMOS process [1],
one can approximate that K ;=K . Similarly, the drain
current for M, can be obtained with

L= K, (Ve-Vyy Vi, Vi, ) ©)
From eqs. (3)-(5), the output current I, of this
transconductor can be defined and obtained as

I=1+L-L-I=K (V,-V,)(V-Vg -2VTn-|VTP[) 6)
By using the large intrinsic current gain, B, of a NPN
transistor, one can relax the requirement of K>>K,
in [4]. To guarantee linear operation for this
transconductor, the linear input range can be
approximately given as

VSS +2VTn<V1 > V2<VDD+VTn (7)

A BiCMOS four-quadrant multiplier using the
pseudo PNP transistors [5,6] and composite CMOS
pairs [7] is shown in Fig. 2. The currents for M,, M,,
M, and M, can be

[=Ka(Vx-Vy -Vy, 'IVTp|)2 (®)
L=K(Vy-Vy -V, -IVTpl)z ©)
=Ko (Vy-Vy -V 1V )* (10
L=Keol(Vy- Vi -V [V ) (11)

1 1 1
where = + . Assume that
[Keg JKn  JB+DK

the transistors, M;-M,, are biased in the saturation

region. One can obtain that

Ip)
K, Vo (12)

where K, and I, are the transconductance parameter

V-V, =V, V=

and current of M, and M; in Fig. 2, respectively.

Similarly, for the transistors M, ,-M,, one can obtain

/ 1§:9)
Vy-Vi=Vy-V = RE- HVg,l (13)

where K, and I, are the transconductance parameter
and current of M,; and M,,, respectively. From egs.
(8)-(13), the output current of this BiCMOS
multiplier can be expressed as
I=LAL-L-L=2K (V- Vi) (V- Vy)
=2K (V- V)(V5V)) (14)
II1. Simulation Results

The following simulation results are obtained
using SPICE with a standard 2pum BiCMOS process
in [1]. The aspect ratios for all transistors in Fig. 1
and Fig. 2 are listed in Table 1. The power supply is
+5V and R =1kQ. The transfer curves of Fig. 1 for
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various V, are shown in Fig. 3 with V,=0,
V,=0.972V and V;=-0.748V. The total harmonic
distortion with V=5V is found to 0.61, 0.65, 0.69,
1.3% for V=1, 2, 3, 4V. The input range is over
+3V and +4V with the nonlinearity error less than
1% and 2%, respectively. The -3dB bandwidth is also
simulated to be 54, 64, 72 MHz for V=3, 4, 5V.
The transfer curves of Fig. 2 are shown in Fig. 4
with R, =1kQ, V,=-V, and V,=-V,=+2.5 and +1V.
The input range is over +2.5V with the nonlinearity
error less than 1%. Its -3dB bandwidth is also over

60MHz .

IV. Conclusions

A wide BiCMOS OTA

multiplier

and a

Their

range
four-quadrant are proposed.

performances have been demonstrated

by
simulations. Using the BiCMOS technologies can
increase not only the linearity performance of the
OTA and multiplier, but also improve their frequency
response. The proposed circuits are expected to be

useful in many analog signal processing applications.
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Table 1 The aspect ratios for devices in Figs. 1 and 2

Fig. 1 M,-M; |M,-M; Q,-Q,
W(um)/L(iim) |4/8 12/4 |AST
Fig. 2 M-M, M, M, M5, M,s |[M-M,
W(um)/L{um) (4/8 4/4 20/4
MQ_MIZ Mls‘Mm ) Ql'Q4
24/4  |16/4 Ag=1
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Fig. 3 The transfer curves of Fig. 1 with
V=0, V=3, 4, 5V.
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Fig. 4 The transfer curves of Fig. 2 with
V=-V,and V=-V;=42.5 +1V.

Fig. 2 The proposed BiCMOS four-quadrant

multiplier
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