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A Circuit Extractor Using Directional Edges for Design
Verification of Integrated Circuit

Yeong-Chan Son' - Seog-Hong Park'' - Sang-Dae Yu'"'

ABSTRACT

Due to the high density of integration and the high performance in current integrated circuit, it is more emphasized
to verify the electrical connectivity and performance of the circuit extracted rom the lavout. In this paper. we propose a
new algorithm to extract the netlist including the geometric parameters of MOSFETs and the parasitic resistance and
capacitance values. Where a set of polygon blocks for routing wires in the layout are described with directional edges
and the Javout extraction is carried out by checking over the abutment of these blocks on MOSFETS.
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void recursiveCalil Edgslist «next, tdgel sl wprev )
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1 a new ranch created in only prev side
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if savel !~ save? &% savel—>prev !~ savel- >next
resirsivaCalll save2—>next. savel~>prev i /4 3rd Dranch

7

i Ist branch |
¢ 2nd branch

/i 1st branch
4 2nd branch

(2l 5) 2ix|el
{(Fig. 5) Progresses of branches,

T next wo) ko Adabtia 1E HAedA o
A

T AR A B RCE Abeeh dd Fel ter
minal edgest WipAU AV HAE RE dhid
3

o 4dor HAHG. e AFeld ne 447
e A e DAY ARt A 2%

2
frol 7 AR Apolg] FaF RCyF Ak

s

R et = Ry ELength(z)/ Width( i) (2.1

C liemped =

C, < 2 Length( i)« Width{ i) (2.2)

_save! /S save?

<

prev—>prev
N

prev
*
next

savel —>prev

gab AN otk v dglelet el wal vy
of Al A ke vhfglont g v rp At
kg Wool WANE HYE e fae didol
oftirh, JH HWe A= mle] wedle]l ron 9
& %S ThEh

A FollA 7P A=A S 249 prev
->prev’t next$l, next->next’l prevel 'Hoi4l
g W, delaan 9l WMol g "heko g Al

AT T

sha 7y ARG of 7IA] sbab H o] MY AL s vt
A2 WAHAG Ee 378 7F o spxse gy 5
ALt 14 4 & prev-rpreve W& #Ho] pext->

a

nextol 71t} next >nexto] ™ el prev >prevel
W dgRo] FolAis $a7F 7k d Aol
prev->prev® W& ROl next->next7h ol ® 8
Sael 9%ow JRAF g4ddY et next->
next?] d-%we| prev->prevzt oy zla whake]
A ] S R R e b S P

4]

13
i R Ik A

o

3

7]
44

Oj D
Bl prev->prevel ug
=
=

o] £ We] opym o] F el gwie] ® 1} F )
of wol ofgjq Ay AdY 57t obhrw 34 A

T S B B S e B B e S o = g
& oFelshy, 71 BHelM b Az 2
RCE 2#@rp ey of 7A4xe] Erige v 19

# AGeof whel -

o] )i A7t A
ez & recursiveCalli) o]

save?

&—————  savel—>prev

N save2~—>nexi

savel—>next

savel

Y

? savez

savel
™ * *

<

* *

{b) )]

(121 6) next® prevollM 25 JHX|7| A4
(Fig. 6) Branching in both next and prev.



Sk Manhattan LV #lw88hs) wiioll agad At
w & bl 30 oleloly] shAe) s A s 4t
bl e AL T S ko] Al letAnt

ab ghepoll dal of 4ol A terminal cdgeir Ui
7l= 444 terminal edge”t#l] RC 7% %213
ab s WETh o ol terminal edge’t oy
WAk RCe] FE o) rhyely slel

1Y 68 prevel nextolAl BV Vb vb @A gl
Fe et} prev->prevel e ¥ saveld} next
>nexte] g ¥ osave2® ol 119 Gta)it savel
- save2, 1%l 6(h)i= savel->prev = save2 >next
A ol 5 el At dAELL 1Y Gie)s
savel* saveZelil savel->prev¥save? >nexto]
1L {save2->next, savel >previe] & o] el
R e = B Ry

recursiveCallt 18k 4=

S0l 1}

0
P
[
i
=
o
o~
e
g
£
o
=
ofl,
L
ity
Ve
L
hire]
~J
—_
N
=
I
Q
1

& dolojote] QwelA: 1y 7uk go] vhy
b

-2l HAE 9gEe obE A S mrl 9 Hl

A (33 o] A EE - g1}

¥

diffusion contact

{a) Top view

MomonmT L ESEDE ionEL
k)
R i (3
) in
ol R odlelo] apels] el ele)i]

Gulv Ael AHaelar gic Y sebelE{el] o)y
Fol7lis T AFelrh iy TwelM vy W Eel
b 6o}l M13 shabed el Ml A3 B2 10 ©
ofgtvi T8 7ok Zro] Ml Eakeded Alole] 1046
ol dede] AgR ddsle] Qli- Grp kdy 4}
steb = Qdvk 1% 7oA RCMI# RC.diffusion
Metall 2} #hobed ol digh B4k RCEES vhelbich

Aol eolobsel v Fel e 44 WEE FU
il argech ddel ¥y MEn HHel vE v

44 Mg of

2ol A vl el iy 8ol vjzty

2]
bt
2

oS

(b} Contact resistance insertion

(D8 7) OE MY Hate 20t oy
(Fig. 7) Equivalent model for multi-contact resistance.



L ]
. {
ks
[P ¢

(7121 8) Scanline & 2% o

MOS AR @*EOII EloH lermlnal edgei EEE ¥
{Fig. 8) A merged polygon by scaniine algorithm and edges
marked as terminal edge adjacent to MOSFETs or contacts.

Hggt 4= olup w chba s FAlE s el A ter-
minal edge® “Esfordhvl EAI 49 8 14 3
g oAelret AL W 2 4 5y K5 (erminal
cdge Haguh i bl WMl -el8E ter
minal edge® & #Hoz thzdS e Hol
vl oupbES vlEshs ol Mol os) Ay W2
=2l terminal edge 1ol els 7§
of 1AL EHY 1w A3t of Al W el
aalgal o v pecursiveCalll el. ¢l 1o ZEs o
2 RC pES sl W el7e) elT |7k Hol
o gleni Wd akA g1%o s FHA7E YAy
vhoaab e A A gasslere HY nla
adakst s dd lebal 4y aldAe] @Ak RCVE
Astgick 7eal 44 nlg AEA %”é o
"’E ’*3’““] ek 4T dHeE d4sin (el C4J$’~} (e,
WA i sl A A recursiveCall(d
o ias R Sl R - e B BT N VB
alal (02, e 7l 5)35}04
terminal edge 75 vhEo iy A&l S i)
o 2l #HA nielA] terminal edge ‘-)’7}"49] Ak
RC7F Asbdeh relar vbg 0a (ed, el7ieh 9f8)
terminal odge 2, 3, 1 ARl 7 %,},l% gy o1
Nol vizhge) gk RC Fefol Hybth ole|dh A&

tafol Byl 79l sel chzgel WE i RC
g

Aol Az 7MY 4F blol

1

ot o] wdlg p3a%

1
r -
e AT ke Aol d waDEe el &

‘' Terminal noges |

® | Created nodes .

(212 9) 12l go) miojofEH S
24 RC 24
{Fig. 9) Distributed RC model equivaient of layout in £

g g

5 32 F&F1 Algaold A

=zl PR FdalAe A
#e)Y 150 MHzelA] C odojR Fdssod %
e gee 2708 ARG 2€ 108 @9 08 m
CMOS AAl FA19]¢) HSPICE 4 13 BSIMI[Z0]
S AbEsbe SAPICE[RIE HAS Y8 AA3=5

i

4]
!

'I:_\_‘ ok
o

i FOE AR OMOS 44 3% Aol o] &
E715 gelolgat 3R FE] dH= EM oy
1 11 29 109 3 ie) ik dolob o ® MOS
vad
L MIE L M3 md
* - MiG
NE
v, .
) o W,
W . e yo— yor e e
. - oL,
' M M7 ME
- 471 1“ »
" KMS MG
- 420 MI11 - ma“‘» M"':f ' - »
Wiz M M4 my
(J2 107 =HE 7 HﬁEES = E02 AR

CMOS SMZEET|
(Fig. 100 A folded-cascode CMOS operational amplifier
with regulated cascodes.



} ECIE HATE CMOS 24t SE7(9 #|0jo}2
(Fig. 11) Layout for a folded-cascode CMOS
operational amplifier.

w o o a a =
T 5 s 20 e s |
?E m B 3

e .4

:. 0olal —~

(al Matail

(D) Matai2

v,

— E

R PR Y

(c) Polysiiican

(32! 12) 245 RCE $&517| Holo] HWEE 88
{Fig. 127 Blocks merged to extract distributed RCs.
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{Table 2> Elements extracted from layout in Fig. 11
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(Fig. 13) Comparison of the initial circuit with the extracted circuit by simuiation.
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(Table 3> Results simulated for the initial circuit and
the extracted circuit
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