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CMOS Four-Quadrant Multiplier Using Bias Feedback Techniques
Shen-Iuan Liu and Yuh-Shyan Hwang

Abstract-A new wide-range CMOS four-quadrant multiplier
using the bias feedback techniques [1]-[4] was presented. Simulation results show that for a power supply of 5 V, the linear
range is over f4 V and the linearity error is less than 1% over
a f3 V input range. Experimental results show that the linear
range is over fl v. The results will be useful in andog signal
processing applications.

*

Substituting (1) and (2) into Fig. 1, a routine circuit analysis
yields:

11 = K(Vx - VB where,

-

VB = VB

I. INTRODUCTION

R

ECENTLY, many efforts have been focused on the
realizations of multiplier circuits based on the squarelaw characteristics of MOS transistors [2]-[8]. However, most
CMOS multiplier circuits have a dynamic input range (for a
linear output swing) which did not exceed 50% of the power
supply [7]. A modified CMOS version of the Gilbert multiplier
cell and a composite transistor based multiplier with f 4 V
input range has been reported [7], [8]. Both the multiplier
circuits using the active attenuators [7], [8] to obtain a wider
input range. In the video and communication applications, both
linearity and high frequency performances should be optimized
simultaneously. In this paper, we proposed a new CMOS fourquadrant multiplier based on the bias feedback techniques [ 11.
It has a very simple configuration and a wide input range ( f 4
V) and the linearity error is less than 1%for input up to f 3
V. Moreover, its high frequency performance was also good.

(3)

+ V',,Vl

= VI - VB

(4)

and, [see (5), bottom of following page].
In general, the voltage VB should be connected to the negative power supply. If IVx 1, IVY\ << VB VT,, (3) can be
approximated as:

+

The remaining currents IZ,I3, and I 4 of Fig. 1 can be obtained
similarly. Thus, the output current can be expressed by

11. CIRCUITDESCRIPTION

The proposed CMOS multiplier, shown in Fig. 1, was based
on the bias feedback techniques [l]. The drain currents I D of
an NMOS transistor in the saturation and triode regions can
be given as
I D = K(VGS- V T , ) ~

(1)

and

[

I D = 2K (VGS - vTn)VDS - V2i s ]

%
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(7b)

+

If IVxl, Ivy1 << VB VT,, a four-quadrant multiplier can
be obtained. Once this multiplier was used to be a squaring
circuit, its linearity will be better. To widen the linear operation
range of the proposed multiplier circuit, the magnitude of V,
should be increased. To guarantee linear operation for this
circuit, the following conditions should be satisfied.

IVXl, IVY1 5

(2)

where K is the transconductance parameter, V i , is the threshold voltage of the transistor and VDSand VGSis the drain-tosource voltage and the gate-to-source voltage, respectively.
When V, &d Vy are small, the transistors h f l - h f 4 are
operated in the triode region and Ms-Ms operated in the
saturation region with their sources connected to the substrate.

(2JZ)KVxVy.

+ vi,.

v1,2

(8)

The input range is given according to (8)III. ERRORANALYSIS

Our previous analysis of the proposed circuits was based
on the assumption that all the devices are ideal. However,
practically the various second-order effects, such as mobility
reduction, transistor mismatch, and channel length modulation
will degrade the circuit performance. The channel length
modulation effect can be improved by using the long channel
length devices. In this section, we will only discuss the
influence of mobility reduction and transistor mismatch.

0018-9200/94$04.00 0 1994 IEEE

~

LIU AND HWANG: CMOS FOUR-QUADRANT MULTIPLIER USING BIAS FEEDBACK TECHNIQUES

75 1

VDD
M9

nio
RL

J

-+ w.-w
-g- w=*w .
w=*1v

-A-2.wE-4
-6.W

4.00

-2.W

0.W

2.00

4.00

6.00

vx
Fig. 2. The transfer charwteristic curves of the proposed multiplier with
Vy = f 5 V, fl V and RL = 10 M.Vxchanges from -5 V to 5 V.
TABLE I
"'HE ASPECTRATIOS OF THE MULTIPLIER
(N FIG. 1

Transistor

Fig. 1. The proposed four-quadrant multiplier circuit based on the bias
feedback techniques.

A. Mobility Reduction
The simplified I-V characteristics of an NMOS can be
modeled as [9]:

W
-

- Mi6

Mi - Ma

M g

2%

10pn

Mi7 - M20
10pm

M I ,M3, M5, and M7 and those of the matched transistors
M z ,M4, MG,and Ma are K + ?and K - y,respectively.
The output current deviation (from that given by (7b)) can be
obtained as

(9)

-

where, B is the mobility degradation parameter which has a
value of about 0.1 0.001 V-l. Substituting (9) into (3)-(7b),
we can obtain the output current deviation (from that given by
(7b)) as:

Hence, such mismatch will contribute to the second-order
harmonics.

IV. SIMULATIONAND EXPERIMENTALRESULTS
where, the higher-order terms of 8 were neglected. Both (7a)
and (10) indicate the third-order harmonics will be dominant
in the total harmonic distortion. Experimental results will be
given to demonstrate this in the following section.
B. Transistor Mismatch

For the proposed multiplier in Fig. 1, let us assume that
the transconductance parameters of the matched transistors

The following simulation results are obtained using SPICE
together with 3 pm p-well process parameters and MOSFET's with V,, = 0.8 V , V& = -0.85 V, K , = 43.07
p A N 2 , and K p = 20.79 pAN2. The aspect ratios of all
transistors are listed in Table I. The power supply is f 5 V
and VB = -5 V . Fig. 2 shows the transfer curves of the
multiplier circuit. This circuit has a linear range over f 4 V
and the nonlinearity error is less than 1%over f3 V input
range. The total harmonic distortion of the output current was
also evaluated and it is found to be less than 2.5% for IVX I < 5
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Fig. 5. The output waveform of the squaring circuit with a 2.42
sinusoidal input signal of 10 kHz. The horizontal scale is 20 ps/div and the
vertical scales are 0.5 V/div and 50 mV/div.
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Fig. 3. The measured DC transfer functionsof the proposed multiplier circuit
with Vx changing from -3 V to +3 V and V y being equal to -3 V, -1
V, +3 V, and +1 V.
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the output voltage of the multiplier is shown in Fig. 4. In Fig.
4, the third order harmonic distortion was dominant in the
total harmonic distortion. As an example, a squaring circuit
was also implemented based on this multiplier circuit. A 10
kHz sinusoidal signal with an amplitude 2.42 V (peak-to-peak)
was applied to the input and its output waveform was shown
in Fig. 5. Its -3 dl3 bandwidth was also measured to be about
820 kHz.

V. CONCLUSION
A CMOS four-quadrant multiplier using bias feedback
techniques was proposed. Its performances have been demonstrated by SPICE and experiments. Second-order effects have
been analyzed to evaluate the practical circuit performance.
The circuit will be useful in many analog signal processing
applications.
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Fig. 4. A typical spectrum of the output voltage of the proposed multiplier.
The vertical scale is 10 dBddiv.

V (peak-to-peak) and IVY[ < 5 V. The simulated -3 dB
bandwidth was about 20 MHz.
To demonstrate the feasibility of the proposed multiplier, we
have breadboarded the multiplier circuit in Fig. 1 where two 50
kR resistors were used to replace the cascaded current mirrors.
We use the NMOS transistors with their substrate connected to
the negative power supply in a commercial CMOS transistor
array (CA3600E). The phase inversion was achieved by an
operational amplifier (LF356) and two 10 kf2 resistors. The
power supply is f 5 V and VBis equal to -5 V. The measured
DC transfer functions are shown in Fig. 3 with Vx being a
triangular signal of 1 kHz changing from -3 V to +3 V and
Vy being equal to -3 V, - 1 V, +3 V, and +1 V, respectively.
To measure the harmonic distortion, a I-V sine wave of 30 kHz
is applied to VX while Vy is 1 V. The measured spectrum of
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