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Abstract

In this paper Low power low voltage CMOS analog multiplier circuit is proposed. It is based on flipped voltage
follower. It consists of four voltage adders and a multiplier core. The circuit is analyzed and designed in 0.18um
CMOS process model and simulation results have shown that, under single 0.9V supply voltage, and it

consumes only 31.8uW quiescent power and 110MHZ bandwidth.
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l. INTRODUCTION

A multiplier is an important building block for
many analog applications. Real time multiplication of
two analog signals is one of the important operations
in analog signal processing. The main building block
of analog signal processing circuits is a multiplier
such as frequency translators, modulators, automatic
gain controllers etc. The Gilbert cell is a most oldest
and popular structure in IC technologies due to wide
dynamic range and high frequencies performance in
CMOS technology, the approaches which are
important for most applications in CMOS multipliers
using MOS transistors in saturation region and non-
saturation region. In order to decrease battery size
and weight and extend the battery life requires new
low-voltage, low-power analog multipliers. A CMOS
analog multiplier classified as type 1V (using Vgs2 with
voltage adders) which has a single low supply voltage
and is compatible with low power operation. This can
be very important multiplier for low power operation.
CMOS analog multiplier consists of a multiplier core
and four voltage adders. The transistors of the circuit
operate in the saturation region. The circuit uses
flipped voltage follower to get a low power
consumption.

1. CIRCUIT DESCRIPTION
The proposed circuit consists of four flipped
voltage followers and two multiplier basic. The
operation of all the transistors in the circuit are in
saturation region. The main blocks of the multiplier
are discussed here.

A. Multiplier Core

Here the multiplier core is based on Vg
technique [1]. As shown in the figurel, there are four
transistors in the multiplier core which operates in
saturation region. And their drain currents are
expressed as:

lg= K1 [(Vpp-Vs4- aVi-h) 'VTP]2 ) (1)
|d2= K, [(VDD-V3 - aVl'b) 'VT|:2>] (2)
|d3 = K3 [(VDD-V3 - aVZ-b) 'VTp] (3)

laa = K4 [(Vop-V4 - aVp-b) 'VTP]2 (4)

Thus, the output current obtained from the equations
above:
lout = (lar + laa)- (laz + laa) = 2aK1(V1 —V2)( V3 -Vy)
()

Fig.1: Multiplier core

The input signals (V,+aVit+b), (Vs+aVi+h)
(Vs+aVy+h) and (V,+aVy+b) of the multiplier core
will be generated by using voltage adder circuits[1].

B. Voltage Adder Circuit

The simple analog voltage adder limits the input
voltage range, they are not suitable with the one volt
supply. Flipped voltage follower is the powerful way
to implement a low power low voltage analog
multiplier circuit as they are suitable for low input
range supply also. The FVF[1] is shown in figure2.

If all the transistors are working in saturation
region in this figure, then the voltage applied at Node
C (V) will follow the voltage applied at Node D with
a DC level shift Vg

It is determined by the current | & the parameters
of transistor; the V¢ can be written as:

Ve = Vp- Vg =Vp—y/Ke) - Vi (6)
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The current equation of figure2 is expressed as:

1= K(Vag - Vv -Vin)? (7)
By the equations (6) & (7) , V¢ can be obtained as
Ve = Vp + V(Ks /Ke)V = [V(Ks /Ke)(Vaa-Vip V]

= Vp+ V(Ks/Ks)Ve -V 8

For increasing the range of the inputs in figure2,
the two NMOS transistors nmos_1 & nmos_2 are
used that are added.

As the transistors are working in saturation region,
Kg=Kg=0.5uCW/L.

So, lg=lg ©)
Equating the above equation, we get
K(Va-Ve-Vir)* = K(Ve-Vio) (10)
ThUS, VB :VA 2 (ll)
Therefore put Vg into equation (8)

Ve =Vp + V(Ks/Ke)Va-Ve (12)

V; & V, input signals are applied at A & D nodes.
V¢ = V+aV,+b (13)

Where, a=V(Ks/4K) , b= -V,

The equations above indicates that the addition
of Vo & Vg with coefficient V( Ks /Kg)can be
achieved in the first two terms of equation.

However, V. also includes a level shift V, that
represents V(Ks /Kg)(Vag - Vip)+ Vin.

C. Completed Multiplier

The block diagram representation of the
complete multiplier circuit is shown in figure 3. The
first four blocks represent the flipped voltage
follower cell as in the final multiplier circuit the four
FVF cells are used. And the two multiplier core are
used which are labeled as V to | converter.

VitaVith
PP Vi+aVi+b
FUPPED viol | 1e | veo) | 77 FLIPPED
VOLTAGE convert convert VOLTAGE
FOLLOWER or o FOLLOWER
Ix=le + ls
lout={kx-~ ly)
ls ls
ly=letls
FUPPED Vio| Vtol F!.IFF‘[F?
/OLTAG VOLTAGE
VOLTAGE converter converter FOLLOWER
FOLLOWER OLLOW
V+aVi+h VisaVssh

Fig.3: Block representation of the complete
multiplier circuit.

The output voltage of the multiplier can be expressed
as:
Vo =Ry [(la1+da)-(laz*+1aa)] = Rilout (14)

On putting Iy in equation (14) above can be written
as:

Vo= 2aKR VxVy (15)
Where Vx & Vy are (V1-V,) & (V3-V,) respectively.
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Fig.4: The Complete Multiplier Circuit

1. SIMULATION RESULTS
The proposed multiplier is simulated using
0.18um- TSMC. The power supply is 0.9V & R, are
10KQ.
The DC transfer characteristics curve of the
multiplier are shown in figure5 and Vo output voltage
Vy, between £400mV, respectively.
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Fig.5: DC transfer characteristics curve versus Vy

The linearity error of the proposed multiplier can
be calculated by fixed input Vx while Vy varied and
vice versa. The result of the linearity error of the
circuit is 0.7%.

The figure 6 shows the frequency responses of
the output voltages versus Vyx of the complete
multiplier circuit respectively.
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Fig.6: Frequency response Vo Vs Vyx

Figure 7 shows the application of the proposed
multiplier as one of the modulation technique known
as amplitude modulation technique. The input signals
Vx & Vv are IMHZ & 10MHZ with 400mV,.,
amplitude performed the modulation. The result
shows that the output voltage is a sinusoidal
waveform of double the input frequency.
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Fig.7: Modulation technique as an application
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Fig.8. Total harmonic distortion waveform

In figure 8 the total harmonic distortion (THD)
of the complete circuit is about 1.8% when Vy is
400mV,., sinusoidal input signal with frequency of
IMHZ & Vy is a 200mV and vice versa. The power
consumption of the circuit is 31.8uW.

V. CONCLUSIONS
The completed multiplier works with a single
supply of 0.9V. The various parameters which are
analysed are power, linearity, total harmonic
distortion. It has low power consumption (31.8uW),
linearity error of 0.7% for linear range 400MV5p.p,
THD is 1.8%.

REFERENCES

[1]  Amir H. Miremadi, Ahmad Ayatollahi, Adib
Abrishamifar, “A low power low voltage
cmos analog multiplier”, IEEE 2011.

[2] Amir, Hossein, Gholani, “Compact Low
Voltage Low Power and High Bandwidth
Four Quadrant Analog  Multiplier”,
SM2ACD, 2010.

(3]

(4]

(5]

(6]

Chunhong Chen,”A Low-Power CMOS
Analog Multiplier”, IEEE transactions on
circuits and systems—ii: express briefs, vol.
53, no. 2, february 2006.

Witold Machowski and Jacek Jasielski,
“Low Voltage, Low Power Analog
Multipliers Based On Cmos Inverters”,
MIXDES 2011.

Amir Ebrahimi & Hossein Miar Naimi, ”A
1.2 single supply low power cmos four
quadrant multiplier”, 2010 Xlth
International Workshop on Symbolic and
Numerical ~ Methods, = Modeling  and
Applications to Circuit Design,2010 IEEE
Behzad Razavi, Design of analog Integrated
Circuits, Tata McGraw Hill, 2002.

WWW.ijera.com 4Page



