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Abstract-In this paper a low voltage low power
multiplier circuit based on the Gilbert Cell is
presented. Spice simulation using 180nm
technology is carried out to demonstrate the
working of the proposed circuit. Power dissipation
of the circuit is 0.0755mW. The -3dB bandwidth of
this multiplier is 26.73GHz.
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I. INTRODUCTION

Analog multipliers are extensively used in analog
signal processing and communication systems such
as mixers in FM receivers[2], amplitude modulators
and frequency translators.

Analog voltage multiplication can be performed
either by using the square law characteristic of
MOS transistors biased in saturation region [3] or
by using Gilbert Cell.

The voltage multiplier presented in this work is
based on second approach. Since the gain of this
cell is a function of control voltage so the output is
the multiplication of input voltage and control

voltage and  hence  implement  voltage
multiplication.
II. CIRCUIT DESCRIPTION

The proposed circuit is based on the Gilbert
cell[1],[2],[4]. The property of the Gilbert cell is
that the gain of the differential amplifier can be
controlled by the tail current. Fig.1 shows the
architecture of the proposed multiplier.
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In this circuit, transistor MP1, MP2 and MP3 act as
a current mirror. The current mirror is used to
provide the active load. Transistor MP4 is a diode
connect

MOSFET act as a resistance. Transistor M1, M2,
M3, M4, M5 and M6 form the Gilbert Cell
architecture. M7 and M8 are the bias transistors,
used to provide the constant current.

All the transistor operates in saturation region. The
condition to keep the transistor in saturation is that:
Vs 2 Vs - Vi

where Vg is gate to source voltage, Vpgis drain to
source voltage and Vy is threshold voltage.
Current through the transistor in saturation is given
by:

Iy = 3K (Ves — Vry)’ (1)

where K = u, (g ?, u, is mobility, Cy; is gate
oxide capacitance, W is channel width and L is the
channel length.

From the fig.1 the following equation for transistor
M5 & M6 can be written as

Vei- Vea = Vess - Vass (2)

When the transistor operates in saturation then from
equation (1) :

(Ves—Vm)® = — L, == (3)
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For transistor M1 & M2, M5 & M6:
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Ves1= JE T+ Voy (4)
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Ves2 = N }} + Vg (5)
011


http://www.ijera.com/

Chandra Shekhar et al. / International Journal of Engineering Research and Applications (IJERA)

www.ijera.com Vol. 1, Issue 1, pp.011-014
. S TV K
Vess = ,"STE' + ey (6) [,2 i Insfns} = (Iss —(Var- ch)2 )2
N 2
— Ips = Ipe=
V = IIB_E T .["'r'rr_r 7 K I L':ISS r r 2
656 ‘u! K @) (Vea- ch)*? !I = U’m - L'u::;" (9)
P k
Vo- Vo = (22— 2= (8) Similarly for transistor M1 & M2, M3 & M4:
[k [k
) N Ipy — Ip2=
2 I I'~rT I'I ) K I a]
Wer Vel = [ = % (ViVa) T [SE - (A=W (10)
Putting the value of Vgss & Vgse in eq. (2) and
squaring. It gives
— ¥
2y/Ipslpe = lss = 5{Var- Vo)
Again squaring on both sides:
FJ " | FJ
! 1
&DUT
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V85 =-1.5V

Fig.1 Proposed Multiplier Circuit
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Ipz — Ips=

[
E | 2lpg

(Vi- Vz)h? J &

(1, —1;)° (11)

Since the signal is applied in the complementary
form, so:

Vi=Vi=Vy & Viy= Veo=Vs

The input signal being very and (V,)® can be
approximated to zero.

Thus eq. (10) & (11) reduce to:

Ipy = Ip= V1 xm (12)

Ips — Ips= Vi J4KI,, (13)

2.1 The output voltage(V out)

Output is taken at the drain of transistor M1
&M3.So output Vour can be written as:

Vour =Ro (Ipy — Ipg +Ipg — Ipy)

Vour = RoVi ({Tpz — /Tps ) V4K (14)

Where Rp, is the resistance provided by the active

load.

From eq. (8) putting the valve of (,/T,; — /I, ) in
—

eq. (14)
¥
Vour = Ro V1 (Vei- Vi) *J‘”f *—

(15)

since V-,—_V-, =1, so fromeq. (15)
Vour= C *Vy1 *V¢
Where C=2RpK

This clearly shows that Voyr is multiplication of
input voltage and control voltage.

I1I. Simulation Results

Proposed circuit is verified through PSPICE
simulation. SPICE simulation was performed using
.18um CMOS process parameter provided by
Mosis. Supply voltage used were +1.5V. The
simulation result shows that its frequency response
is 26.73 GHz. Its power dissipation observed is
0.0755mW.
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A. DC Response

Fig.2 shows the DC response of the proposed
circuit. For £10mV input signal voltage, the output
voltage swing is £250uV.
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B. Transient Response

Fig.3 shows the transient response of the proposed
multiplier circuit as an amplitude modulator. Here
the frequency of the modulating (V) and the career
(Ve) signals are 500KHz and 0.1GHz sinusoidal
with peak amplitude of 10mV .
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B. AC Response
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Fig.4 shows the AC response of the proposed
multiplier circuit. The -3dB bandwidth of this

multiplier is 30.2GHz.
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IV. CONCLUSION

A low voltage and low power Gilbert Cell based
multiplier has been proposed. The proposed circuit
can operate at =1.5v power supply. The circuit is
simulated on SPICE using level 7 model parameter
CMOS 180nm technology. Simulation result
shows, the DC to DC voltage swingis +134mv,
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-3db frequency response is 26.73GHz and power
dissipation is .0755mW.
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