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Abstract— A new CMOS voltage-mode Four-quadrant analog Multiplier is proposed and analyzed by applying inputs signals to set of
Summation circuit and substractor. Based on the proposed multiplier circuit, a low voltage high performance CMOS four quadrant
analog multiplier is designed and simulated by using 0.35 micron technology. The measured 3dB bandwidth is 15 MHz. Simple
structure, low-voltage, low power, and high performance makes the proposed multiplier quite feasible in many applications
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l. INTRODUCTION

Analog multipliers are important circuit blocks for many
applications such as frequency mixers, variable frequency
oscillators, adaptive filters, neural networks automatic gain
control, amplitude modulation, etc. In order to improve the
overall power efficiency of such application which is now
regularly required for modern analog and mixed signal
design dedicated for portable equipments, the analog
multiplier to be used must be able to operate under a
reduced supply voltage and consume low current.

Four quadrant analog multipliers are widely used in
contemporary VLSI chips for non-linear operations,
modulation/demodulation as well as frequency conversion.

The basic functionality of the multiplier is to deliver output
signal vO proportional to the product of two input voltages
V; and V,:

VO0=km . Vl- V2

Usually, the variable transconductance technique which
operates on Gilbert’s translinear circuit is widely used for
the design of multiplier circuits in Bipolar CMOS
technologies [6],[7].

Multipliers are classified based on its MOS region of
operation. One type is analog multiplier circuit based on

square-law characteristics of MOS transistor [2, 3, 6]. The
square-law characteristics of MOS multiplier can be realized
easily since the squaring function can be obtained from the
inherent square law of the MOS transistor operating in the
saturation or triode region [3]-[5].

The multiplier proposed in this paper use analog adder
circuit with squaring circuits to get the quarter square
algebraic identity.

Il. CIRCUIT DESCRIPTION

The multiplier proposed in this paper has great advantage
as it cancels all non linear components at the output of the
multiplier .the multiplier configuration is achieved using
quarter square identity, to implement the quarter square
algebraic identity we use a summer and squarer circuit.

(V1+Vo)? = (V1-Vo)2 = 4V, V, (1)

Where V; & V, are the input voltages. From the above
relation the circuit needs summer, subtracter and squarer
circuit to implement the multiplier.
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Fig.1 Proposed Multiplier

A. SUMMING CIRCUIT:

In the following circuit analysis, it is assumed that the
drain current of the MOS device in saturation is given by
the following equation (2) &( 3)

Fig. 2: Squaring Circuit

Now by applying the input voltages V; the current
flowing through the drain terminal of the MOS transistor

is given as,

1p1=0.5 Un1Cox1 W/ Ll(V681'VTn1)2
(2)

I5,=0.5 Un2Coxz w/ |—2(VGSZ'VTn2)2
3)

Where Ip; is the drain current flowing through NMOS _1&
Ip2 is the current flowing through NMOS_2 & Vi, is
threshold voltage of the transistor.

From the circuit we can conclude that,

Isum=Ip1+Ip2 4)
=K/2[(V-Vour-Vro)? + (-V-Vour-V1o) ]

=K[VH42  VA(Vsst 2Vr)’+  (Vsst2Vr)'l 4(Vss
+2V1,)°

The voltage at V,, can be derived from using small
signal model that is:

Vour= K/2gm V2 + K/Agm(Vss+2Vry)° ®)

B. SUBTRACTION CIRCUIT & SUMMATION
CIRCUIT:

For getting the difference & sum of two input signal V1
& V2, they are applied to the subtraction circuit &
summation circuit respectively. The relationship of the
drain current of transistors M1-M2, M3-M4 is:

B.1) Subtracter Circuit:
Ip1= Ip2

Ips= Ips

K (Vi- Vours -Vr)* = K (Vo Vs -Vrp)

K (-Vi- Vour- 'VTn)2 = K (-Vy- Vss 'VTn)z

Fig3 A: Subtraction Circuit
The output voltage of signal subtraction circuit is:
Vour+ =V1-V3 +Vss
Vout. =-V1tV, +Vss

Vour = Vour+ -Vour- = 2(Vy -V, )
(6)
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B.2) Summation Circuit:

The relationship of the drain current of transistors M1-
M2, M3-M4 is:

Ips= ps
Ip7= lpg
K (V1- Vours -Vrn)* = K (-Vo- Vs -V,)°
K (-V1- Vour.-V)? = K (V- Ves-Vry)®
The output voltage of signal subtraction circuit is:
Vout+ =V1+V3+Vss
Vour- =-V1-V; +Vss

Vour = Vour+ -Vour. = 2(V1 +V, )
(7

Fig.3 B: Summation Circuit

C. MULTIPLIER

Employing the squaring circuit of fig.2 and the summation —
subtraction circuit of Fig.3A & Fig. 3B. The subtraction
between squarer summing and squarer difference gives the
result of multiplier in voltage mode.

Vour = K/29m (Voutsum) 2'VOUT(SUB) %)
Vour= K29, [(2(V1+V2)) 2 (2(V1-V)) 2]

VO uT = Bvlvz

Fig.4: Proposed Multiplier Circuit

I11. SIMULATION RESULT

The proposed four quadrant multiplier shown in fig .4 has
been simulated with TSPICE using 0.35micron level 3
process. The power supply voltage is +1V.

Fig.5 shows the waveform for amplitude modulation as
one of the application of a multiplier. The modulation is
performed when the input voltage vl & v2 are 100 KHz & 1
MHz with the peak amplitude of 400mV.

Fig 5: Transient response of the four quadrant multiplier
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Fig.6: Frequency response of the four quadrant multiplier.

The error voltage is measured within the range +400mV
for Vi, while the other input V, varies from +400mV. The
power consumption avg_power =1.8819e-005. The
proposed circuit achieves the output without using the
passive component i.e. resistors.

1V. CONCLUSION

A voltage-mode four-quadrant analog multiplier based on
simple summation-subtraction and squaring circuits is
proposed. The circuit is based on the simple square
mathematics model that implements simple operational trans
conductance amplifier pairs and squaring circuit. It achieves
the multiplied output signal in voltage form without using
resistors. The design uses 0.35micron CMOS process and
the performance has been demonstrated by using TSPICE.
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