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Table 1 Dimension of MOS device
MOS W/L MOS & W/L
Q1.023 90/10 Q12~Q15 10/20
Q2,03 20/4 Q16~Q21 120/16
Q4~Q7 16/4 Q22 20/10
Q8,09 90/2 0Q24~Q28 30/10
Q10,011 3/10 Q29 120/10
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Fig.4 Integrated circuit of four quadrant CMOS analog multiplier

o T 45 th i) CMOS % Y 52 [ A5 480 5fe 1 A 3L
i gt A B S S P IR AT DL S — A 00 A
A it A5 e P B o B 14 455 181 5 O LR Y
VI fh PR B 4 A

R,
2 R
3R
R
| R V.
- A2
out R
Rs V+
& L a2
El B
2
R,
3R

PR 5 3fe vk 405 Ui i i e Fl B o i o v S
Fig.5 Circuit of converting dual terminal to single
terminal

2.5 hERH

XFF b T AR SR VA ER A5 MR CSMC 1Y
0.6pm n B 2p2m T2 2E 47 i 1 52 B, A4 114 i 14
mE 6 PR . fERR B H 25 s SRR T E R
BT ISR G s o R 455 ) LA s 47 2K i

K6 ket
Fig.6 Layout of multiplier

3 HENHEER

I HSPICE X 7fe i 7 i, 6 17 45 S 15 L L 3
F CSMC #y 0.6pym n Bf 2p2m T. 2 SPICE
BSIM3V3 MOS # % (level = 49) , L {1 A 5V.

3.1 EnRnfewdsH

X EAR AT H I ATl LR F) L, 7E 5V
AL 1 DL &8 T 3 4% 1Y DU A B A ity 350 i AE
2.5V HLJE. SR 5 X o i 2R E AT B AR L B K
JO0.5V.E7H V. IE-1.5~+1.5V i AJLEN



338 F Ktk

EE

527 %

B A etttz . K 8 S V, 7E - 1.5
~ + 1.5V i [ AL 1 917 0 1A £ i e b

-5 <10 05 0 05 10 15
0%

7V BTG RRE
Fig.7 Direct current transfer characteristics of V

0%

B8 Vy B EE

Fig.8 Direct current transfer characteristics of V,
3.2 ZimEH

TE 5V HL AL PR F P B0 T Lo 3R ik 4 1 pa A
i A ity HL S8 M B AR 2. 5V SR JE X TRk g EA T RS I
e E 9 & V,=1V(AC B, V,=1V(DC
{6 I 30 3k i 1 R A0 45 4k i £k — 3dB A SR

20
AOp————————————
N
AN
S 60 Flow:1.2297MHz
\
\
-80F
- L L L
100 g0 102 10° 10° 10¢

fHz

B9V s o2 i A A ok
Fig.9 Alternating current transfer characteristics of
Vy

1.2297MHz. {1 10 & V, =1V(AC ig{), V, =1V

(DC {H) i e 35 e 1 1 49005 2k il 2K, — 3dB 7 585

6. 665MHz.
Neer———————

—
N
\
(2
45} i
|
3 \
=~ |
Flow:6.6655MHz \
50k l
_ 1 1 1
S 10° 10° 10° 10¢

fHz

10V o 52 U AL i e 1
Fig.10 Alternating current transfer characteristics of
Vi

3.3 fEueEHE

K11 28 1kHz (9 1E 5% 65 538 A BIoRE 4% )a
By 2kHz IE52 (5 5.
35

3.0
Z2sf
2.0 i
1.5k u v l(f v \I lJ
2.5004
2.5003
2.5002
2.5001 |
2.5000 (3
2.4999 I
2.4998 fire
2.4997
1 1 1 1

2.4996 3 y ¢

1#/ms

T
A ———

VIV

F11 Sk dvda (5 S
Fig.11 Signal multiplying by multiplier

T

AT CMOS Y 5 BR AR I 1 % » i i
FI A PR A TR T 35 R A0 R B T A
SPICE {48 i 7R 12 e i 4 2 A B R M 4k M iy A
Pl 45 Shy AR A 90 25 A 1 S AR R I R 1)
IV Y



I FEW2ELE . L CMOS U4 FRASE 1 T 1 4% 339

gle-ended output and improved temperature performance.

S % 3k IEEE J Solid-State Circuits,1991,26,1293

[ 4] Gilbert B. A high-performance monolithic multiplier using
active feedback. IEEE J Solid-State Circuits,1974,SC-9(6) .
364

[5] Coban A L, Allen P E. Low-voltage CMOS trans-conduct-
ance cell based on parallel operation of triode and saturation
trans-conductors. Electron Lett,1994,30.1124

[17] Qin Shicai, Jia Xiangluan. Analog integrated electronics.
Tianjin: Tianjin Science Press, 1996296 (in Chinese) [ Z i
AP B R T R KA A HOR A
1996 :296 ]

[27] Qin Shicai, Geiger R L. A £ 5V CMOS analog multiplier.
IEEE J Solid-State Circuits,1987,SC-22:1143

[3] Wang Z. A CMOS four-quadrant analog multiplier with sin-

An Integrated Four Quadrant CMOS Analog Multiplier
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(MEMS Center , Harbin Institute of Technology, Harbin 150001, China)

Abstract: A four quadrant CMOS analog multiplier is presented. It consists of active attenuator and Gilbert cell. The simula-
tion results based on CSMC 0. 6pm n well 2pZm process SPICE BSIM3v3 MOS model (level =49) at 0~5V power supply. The
simulation results and layout are given.
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