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Abstract
In this paper, a low voltage CMOS analog

four-quadrant multiplier using two V-I converters is
presented. The proposed V-I converter is composed
of the series composite transistor and the low
voltage composite transistor. The designed analog
four-quadrant multiplier has simulated by HSPICE
using 0.25um n-well CMOS process parameters with
a 2V supply voltage. Simulation results show that
the power dissipation is 1.55mW, the cutoff frequency
is 489Mk, and the THD can be 0.26% at maximum
differential input of 1Vp-p.
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Fig. 1. The proposed V-I converter
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Fig. 2. Analog four-quadrant multiplier
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Table 1. Transistor sizes of V-I converter

. Dimensions
Transistor Type

W{(gm) L{zm)
Mal, Mbl NMOS 1 2
Ma3, Mb3 NMOS 1 2
Ma2, Mb2 NMOS 1 6
Mad, Mb4 PMOS 10 0.25
Mab, Mb5 NMOS 10 0.25
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Fig. 3. DC characteristics of V-1 converter

I3 4% 443 HElEgolole DC EAeE
Vi-Vo7t -1.0VelA 10V7ZHA] ®isg o Vi-Vie
-1.0VlA 1.0V7HA 025V 2tB o2 AlgdolA 39
o},

V3i-vazrQv

Vout [V]

" L :
-1.0 0.5 0.0 05 10
V1-v2 (V]

a9 4. 43 e Egelole] DC &4
Fig. 4. DC characteristics of four-quadrant multiplier



20004 ABEFILE IZHALMAR WXHE H23% H1% 2000/6

a9 5% Vi-Veol 1.0VepE ZE 10MHzY A
L3 V3-Veol 1.0VepE 2 IMHzE AM 4SS
g 9§92 FYol o

ViAv2 V]
o

Z [
g
Kl
008 [
004 |
=
§ 0.00 !\
£.04 L
-0.08 1 1 - 1 1
00 5000n 104 15) 200 251 30p
Time {s]

29 5. IMHz$F 10MHz 42159 &
Fig. 5. Multiplication of 1IMHz and 10MHz signals

Y 62 V3-Vy7b 1Ve)al V)-Vool 10MHz9 A}Q)
dHL A7MEE o AEgdEHolHdE THD HAlolt},
Vi-Vo7F 1Vep 4 o THDE 0.26%°]T},

THO [%)

0.00 a0 . . N s
0.0 0.1 0.2 0.3 0.4 0.5 06 0.7 [ 09 10

V1-V2 [Vp-p]

2% 6. Vi-Vo[Vppl9] ®3tel @& THD
Fig. 6. THD as a function of V1-V3[Vp-p]

VI. 28

2 wRolAE AL AR WENE 01§35 AA

-208-

grell A F&3t= CMOS ofd &1 448 dejZeto]o]
& AASAG [Ag-AR ¥EVE AY £ EUA
289} A EFEAAN2EHE o83 AAY §
ol At =¥ Kr=1/29 @ g gHo| A%
Holx Ad-AF HIVZ FAsle FHE e
AAE old2a HE|ZFololE 2V FFAYA
025tm CMOS n-well 33 dgvlgg o]&39
HSPICE Al&dol4 syt AlgdHold A3 A &
B2 1.55mW, AgEgdaes 480Mizo] 32 1Vp-p o o=
oA THDE 0.26%°]t}.

wetA A" 32e AXY, nFdsF 3o &
THE oldza 32 &8 15T Aotk

FuEd

[11 S. C. Qin and R. L. Geiger, “A =5V CMOS
analog multiplier,” IEEE J.  Solid-State
Circuits, vol. 22, pp. 1143-1146, Dec. 1987.

[2] K. Bult and H. Wallinga, “A CMOS analog
four-quadrat multiplier,” IEEE J. Solid-State
Circuits, vol. 21, pp. 430-455, Jun. 1986.

3] J. S. Pena-Finol and J. A. Connelly, “A CMOS
analog  four-quadrat multiplie wusing the
quarter-square technique,” IEEE J. Solid-State
Circuits, vol. 22, pp. 1064-1073, Dec. 1986.

f[41C. W. Kim and S. B. Park, “New four-
quadrant CMOS analogue multiplier,” Electron.
Lett., vol. 24, pp. 1268-1270, Nov. 1987.

[5] D. Brodarac et al, “Novel sampled-data MOS
multiplier,” Electron. Lett., vol. 27, pp. 783-785,
April 1991.

[6] C. G. Hwang, A. Hyogo, M. Ismail, H. S. Kim,
G. Moon, “LV COMS high speed analog
multiplier,” Proc. IEEE Int. Symp. on Circuits
and Systems, pp. 1189-1192, 1998.

{71 M. Ismail and Terri Fiez, “Analog VLSI Signal
and Information Processing,” pp.  49-50,
McGraw Hill, 1993.

{81 A. Hyogo, C. Hwang, M. Ismail, and K. Sekin,
“LV/LP CMOS square-law circuits,” Proc.
IEEE Midest. Symp. on Circuits and Systems,
pp. 1181-1184, 1998.

[9] S. C. Huang and M. Ismail, “Linear tunable
COMFET transconductor,” Electron. Lett., vol.
29, pp. 459-461, 1993.



