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Abstract

This paper presents a new simulation-based analog cell synthesis approach with improved
simulation efficiency. For the hierarchical synthesis of analog cells we developed the sub-circuit
optimizers such as current mirror and differential input stage. Each sub-circuit optimizer can be
used for synthesis of analog cells such as OTA(operational transconductance amplifier), 2-stage
OP-AMP and comparator. To reduce the time spending of the simulation-based synthesis we
propose 2-stage searching scheme and simulation data reusing scheme. With those schemes the
synthesis time spending of OTA was reduced from 301.05sec to 56.52sec by 81.12%. Since our
synthesis system doesn't need other additional physical parameters except SPICE parameters, and
is independent of the process and its model level, the time spending to port to other process is
minimized. We synthesized OTA and 2-stage OP-AMP respectively with our approach to show its

usefulness.
* &R, SRRt I.ME
(Anam Semiconductor, Inc.)
* FER, BN ETERITE FHol| opdZ 3|2e} tAE Iy A& Hel
(Department of Electrical Engineering, College of — ¥&dk= A o] 74 ulde] 24 Eolvty, st
Engineering, Hanyang University) o Hell st Alzglg Ak AA Al w2t
B R 199945 25 H, AL SR 199049/ 17H oldz o 32 B2 AAAZ HAr 87FT Q)

(682)



19994 10 EFILeHm

ol oldl we} AAAZE dE5S 3 opdE 1 I3
A9 AFs3lel| it " gAdo] ZA e gt
ojn] WuF opdE 1 MARIEE e 37 3}

7)ukel A (optimization-based design approach)

=k
T

glo)ole- 7uke] AdAM (layout-based design approach)™ .

=
o

I AARAA] 7k A A (knowledge-based
design approach)®® oz T =Hola 4= glc} )
o] ohdzy Zuly] AladlEe] A=elAel &
HEL o234 2ok

AA, 32 AADA N B2 AEelHE ZvH
22 FgIRE sfAF] Ao vl 7|Ee] Aa€E
2 32 E AAshe WA e AEdHelEE ARS-3
A Wa AAE vhElshe #E WAl ARSsl
ed™ M sz dARAA S TAAE ALg
she 79 A eAE ksl v A 2] 9A
oflAe Algdolele} HPS EFAI= Aol
gk AEHold FHon lste] AAAZ] =ZA
Edsis

4, ZAglalz] A A 24 2 ke FHA4E 6
of girh r|Ee ophdm AAXMEE A2F
SPICE &4 dlelvle] ¢fell= 10~2071¢] E2j&al 1}
clole] 2he Wa 2 sy mas 4 o) SPICE
rde #dd 1-302 Ak 2294 SPICE 34 =
ghule] ool FrlEe FHelely AFE A4S sw
Astelel7t FAolu} SPICE 2% el ule} A|gke

L=ife]
2 i

W SPES Ajalsolo} Hek
g, ofdm A AYIEE AZEH A7)m 55
AFless] chert opdm A sllele] e &

olatA sfof it
B dFoAs Selx AdFE 7]E oldEa Hukle
o EAAES Mdske AR AlEeld ke
opdE 1 7S Adh

B =2 vt 2ol AEe] Slvk T Aelle A
23 Algdeld 7Hbe] opd®a A AT m A
dlAe AlEHe I E& FYIES A AR IV
o= R FPAAHRE Bolx, VAdAe dEs
BT ATEE AN

[
=

o. M2 AlZsojd 7|gtef otz A

g

(683)

E3ABE CHhH F10H

2 Aol Akl AReld s ohdEa
A e A7) A5 AA AN AR A

Al (hierarchical synthesis approach)& AN=slsich

[51-18]

Circuit and Spec. Process
L (Avo,UGF,PM,SR...) | Parameters
Sub Cir. Generators

——»y
(Current Mirror,

( Synthesis
" | Differential Input...)

.splitting sub circuits
.spec. assignment
.generating sub circuits
.composing top circuit

»]
w

SPICE
Simulation DB
Save & Reuse

Ye»( SPICE )
— JEY EAFX

- E=E2 N

.circuit Lib.
.analytic cir. models
.design equations

( Optimization

(Circuit Schematic )

a2 1. A=A opdzra 32 A4S S8 A Ax
Fig. 1. The design process for hierarchical analog
circuit synthesis.
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Fig. 2. OTA(operational transconductance amplifier).
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operation characteristics.

N
P
§

\i

Holad 7uke} ohdza A A

KIFR 5t

] a o] AfFelele] At Wl dig AR
oke] A FA1E 28] 3(b)ell el slch o714
ARl AdARke] Al 29 AF0), Ha 29
A0, H2ZHAJOER Aol ARvizie AR

olSgt mE LENE Soz AgEs, OP-AMPSIA

& AlzelS(gan), & F43% 8 ¢ AgHos
° OASYS[7]lAE the = Al

ol-g3te] AFu|eE AR

R,=(/AI,XL/L,, ) W
I, =K'W ¥y -V,)% /2L )
A7 KB uyCp, AE AEZoe] WZ(channel

length modulation) Sefelejelck 4} (4) 4 (5)7} 2A
Axstrl o g AlgE7] flelde agle] UAI Ry#
o] L/Lumnll vlEIZ s Zlo] AA| Helxof g} 2
2 A3 AErte]zE2 FAA od FES UA
1A ol ERA|2E]S] Zv|ef wet Wik

RowMe) Lot

a3 b
Length (x 10gm) Length (x10pm)

a
oz Width (< 100pm)

p a4
> Widih (< 100m)

(@) R,,when I, =50pA (b) Ve when 1, = 50uA

(@) R, when I,=50pA (D) Vymn, when I,=50pA

a2 4. Wep Lo} w3 wE AHFvieie Rost
Vomin & ¥3}78

Fig. 4. The variation trend of Ro and Vomin of a
current mirror according to W and L
change.

a3 4= 06 EF CMOS FAH A ARFalee] vlo]
ol AF 1,7} 50edclz AdAelgt yelrt A7
1~10pm, 10~100mm A W W RSt Von
Wst AgE vepla glck AWSelAd B2t Vi
go] niAldA o g WHale] 53] Ad gelrt 50melst
d d R Vot 43 Wk 1¥ 3(a)9
Widlar AFul2l9] RE 500KQ~5M2 M9 e
7l Bel & ReE ) dsixME dezmE=

(cascoded) AFI2E AMESh= Ao] ExpHoln] 4



19994 108 BFTLEEH

Mo~ Mo WS e et AFele} o
Aspl B2k WS 24 A7) AMIE Vo ©)
Aojol ek 2t AE A vholzE AN A

@3} B)E A2 FHleleE A3 AAE S8 At
43 4 gl

1. AFoiz] A A7) optimizer of current
mirror)

£ gyelde ARrle 5 FelE dA A AT
H

o 32 AEHeleE HHEALE AMSle AEd)
ol Zuke] A3} HA 7 dme)Ee AHick

Target Specifications Design Parameters
(Io,Ro and Vo) (WandL)
Setting
Initial Parameters
(Wmin and L min) Adjusting
Design Parameters
(WandL)
(Simulation with SPICE) A

Performance Measurement
Roand Vo)
ves

J

end

a3 5. Af{ElE 44719 delE] 2=
Fig. 5. The data flow of current mirror generator.
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Fig. 6. The algorithm of current mirror generator.
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Fig. 10. 2-step searching scheme adopting variable
parameter-increasement.
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1. OTA 3 (synthesis of OTA)
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Table 1. Comparisonn between target specifi-
cations and designed specifications.

c} Op-
|| OTA () o
AAA R AARAT ALK BAZH

Orpen loop gain B 50 512 | B
Unit gain frequency | Mhz 5 524 8 825
Phase margin degree 45 | 66.056 H 48
Slew Rate (+) V/us 4 386 7 71
Slew Rate (-) V/us 4 36 7 6.8

PositiveOutput swing |V 30 312 28 275

NegativeOutput swing| V 025 | 0049 025 026
Input CMR V | 0528|0429 | 05-30| 04-31
CMRR daB & & & 8
PSRR Vdd dB &0 & &0 R
PSRR GND B & & & a
Power dissipation mW 05 | 0337 10 09
Power supply v 33

Output load oF | 5| 5] 3] 3
Process 06 #m standard CMOS
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Table 2. Comparison of no. of simulations and
spending time with and without
using the simulation data for the
design of OTA.
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