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A A S EIR I AR i L% (Very Large
Scale Integration, VLST) B Hife # 19— 85 2
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TFE AR AWK, A4S EIR IO RS
£ B BR AT 2 ) — AN QB ), iR AR TR — R
TR TTAS B 1 A7 A 2 R AR D S 3O v 1 e P A 2
[ E T

W, FAESEIRDA PRI YR
BT HICAC R 52 . R A 18 5 R AU 5 v
KA FE g, ) W B B ik O otk
(Boundary Element Method, BEM)" "WA1F 3
ML & 592 (Floating Random Walk Algorithm,
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QRC. SynopsysH]StarRCEL K Mentor Graphics]
Calibre xACT. #5€ —MHIERRE, LT
E2 R FRI o /MBS, R P i A X
e MR A S8, WA AR R R
B, B IE A T 400 7 A AR S5 . SR, B
FHBOFERMERABIGK, A SR E SR
TEIAE b, XA A3 4 i 3 28 S AR B L DAAE
A AR BT i 0 5 L PR A

97 eSeat R T S T ) SRV DG 5 2 HL
FIFER, &R HFEROEFEZMERFTES L
Hdspkitth . 51640 F8)771%EAE, Choudhury
GNHRH T M AR R T, %5k
ZIE TR DA IR, Lise N5 A
B SR A AR, IS R A S AT LA
K. TR H ResNet 22 M) 4/ 35 2 [0l45 B 1 #E
SCHR[20]42 H T — PP IR T CNNR AR, 1A
Rt RAE A AR SFHEEM3-DEELSW. 46
BTN e 2 M R Al a1 7%, SCHR[21]
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(3)FEH T —FH M HIRC(Resistance Capacit-
ance) WG BIE, RE 2 TR S s L+
M@ RRCH, JFHEH 7 —FhEeas BAnHE & 2L
RLRCHEHUEE, DAAE RS I % 27 AR S 40

(4)8d 5 et fE M EDA T BAE Tk i1t
TR, UEM] T ARSCT R I ENE A R, B
RIS R RIF A RSB, A MBHRZE
K T1.2%.

AHIFRE T HLW R . F22WhH 7 HiE
A AR S BRI T A5 2T TE A 4 EDUHE B2 1) T 6 TR
3T TR T T 53 X R 4 Hfr SR P T
NER ) 25 A S BRI, R4 R 7 Dk it
RSB g R, B GRS 1T T A
2 Fa&ER

AT BE AR I BRI AL B T A0
Wo B JCHIA BIEAA AR N BN, S R
PN TS 375 s VT AT R HOHEBE
21 BEEFESHY

EIARRK T2, & EHELRY)HE
FOFANW4a /), Selr PR H 26 5% . X015 Bk 4k
Cize JEHR AR 1 25 45 3% 32 (equipotential connection),
FLTF AR RUORE R 5 ) LB M R (W03 5 REIR . ThAE
FUE 50 BME ) OCHER 3 . IR S8 8] 3 Bl B A
HLFH (Resistance, R)F175 4 HL % (Capacitance, C)
Bl JCHAE R AR GRS & 0N (electromagnetic
coupling effects). P, 1 #EMPEAL FFOLAL LR
PERE, atE S HER I T A XX LR C T
AT AR I A S5 05
2.2 HFESHIRBUER

T LT 1) 2 A8 S ER DU IR AE R R4 hi
I HE i) RIS, e 7 25 55 & A AT I A 2 ] HY
13 FEAF I~ AT, DRI )92 B T S R SR Tl
Fto A HE T AUV IC ) 52 B A% A 5 3 2
B (O)RAFEME: 2)FESTEREKA;
(3) R 25 A= S e L

TR R B BRI B A e s sE IR G T 2T
ek — AN A E . ZEAS T A TR
Y ) EE R B S5 (R R) o % T 2 w1 e — st
X B ERE RS RIS, IR
g5 BAEAE N R U AT #3R (Look-up Table, LUT) &%
fiEtr A0 X — MR EMARE, (T
SHEMTLZ, T IAT IR 78 B 3 A S 5 i
R, ST SRR Ry 23 i B i B ) R L
WU B B S, A v BHERE S E S T
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PErp A B RR s A S, b S R B
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HESZHARI . FERRE DB, A SCE feilid T
73 X X o R 5 2 BOU Ul SR 8 A 2 5 AR
BRI FLEES. BE, ARTHEGRIEK
TR A (ELAER ) LTIa 58, Al — T4l
A IR L AR AR TR R PR A BT 88 2R ) B . A
20 Bear A Z B BCh, AR AT — B B 1A A
B L IR 2R R A R R IR CAE . BB
Bl il id B T S EAIE L RCH A, R 2k
AN AL B R SO 5 (1 70 AT ARC AR Y . 3%
E, EFEMEMBIMRCIEDUS IR, AR T
RCW BT M, JRES &5 — B BUR St Bt 4
A5 25 T2 SRR, w5 W
FOREERROR R A R A A A R . X
BB E AR, prit S A T EAE A T
FASIN  23HT (0 vk BE (0 g A A SR
3.1 ETHXEFEEFLEIRA

PRt i BETE A, ARRRAE 5 2R %
WESHIRPWEA BEP0 . — DR ESH
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FEME o ﬁ*%%%w&ﬁﬂ‘ﬁ?ﬁﬂﬁﬁ%%SRSR
E??ﬁ%fﬂitzﬂlﬁﬁﬁ_ﬁ iR bR, IR AR
(B1~51T). SRJEfH ﬁﬁ PR 2 getInitialSegNum (5
647 ) RIS BUII W) 46 2 & seg_numseg_num .
BHARRYL, /bR &L, eI KT
Hibr 2w MR Fre KRG, RIIA1IIFR.
B G RIRAEB [y, L(0)) AT DLUBR SR HOARS & B A 2
. MRLPHFAETREREDN T2, Mseg numik
B NLIK/N. getInitialSegNum pREU # & BT
MG 2w & AR IAE 5 L SRIAFR R RA
K, MMEET LESHEER.

TEHf € seg num MW UR1E J5, FFURmE £ A
UimsE. X TREMER, —DMHAHRMEES R
Ry X B InE S (5E7~917T). R 24w
B “startstartstart” JBTHEAR, XMAEYHT

Bk 1 BERERIRAEZX

MiN: Sw BIHAE BAEASR
Wit RIDEMSLBESS, BAHe PARNTE
1) 21, x Aw RELS AR

9) L RJSR S S MR H M AR 4

3
4

)
)
YU=LURUxz; Uz,
)
5 ¥ L, R, UETHF
)
)
)
)

start = x;

6) seg num = getInitialSegNum()
7) while start # @ do

8) end = UHstart i) F—AJtHK

9) S = S U {end,end-start,seg_num}

10) start = end

11) if start == x,- then

12 break

13) else if start € L then

15 else

16 (seg_num — —
17

18

end while
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(
(
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)
)
)
)
14) (seg_num + +
)
)
)
)

R FARI AN, FIHAEE B E seg_ num M
ZR, RZIMR(E13~164T). BRI &
AT, BEEV5 iR B H AR R w KR SR 2 o

B2 25t 7 — AN T2 X B G B SR (1)
B, FEE2Y, ALFRBERFL, 3IMHLKE
SEHGEETR. A FEEA EA RG4S
WARKR . dEId St E AR BOR ARG, HAR L
BRI N5 BE, RO Nseg, segy, - segs « BB
T B R RN B A RR AR A B BRI
“segy 127 RINHEABL seg, WG BAEE 2.
3.2 ETWEHIRZEDR A

BIR T AT HT 50 X ARG B SR
FESEBR A, a5 B AR S A ARG BO B4 HF
AR A BRI o BRI, AR ST HRE S i
BRI 73 22 A X DS i A B BOR 0%

EI3(a) B T — AR IR R X, Hdh g
THRAT R Gia PAR RN, XA
— B EI RO WA . BRSPS TR 2 B e A AH L
G WML, AL R R A T A
JIT 5 AR ) D s A SRS A T AR B 2R BB, A
TN PRE BOR L R .

EFRIHEL T A SRS, BT
— ARG BN, 38T REAH AR T A 2
Bt CLE3(b)NBI, 3M&E)Z 7 mlm ML, M2
AMM3. xfFM2EH ) HirR& (LA tird), &
Je 3R H L AEMTFIM3 2 H ) 2 (1) A% (LA 21t
TWEoR), RIETHEAZXABRNEE. mREHRS
e A I AHARE A A, X L R R A
LB N X B B, AE B 4B .
XA TR X BRI INBCT A8
length in grid
grid _height

x grid_wire_num (1)

Hrb, X% 34 cross_grid_seg_num ik )72
WA ) S E R, MRS K Elength_in_grid &5
AR S S KME AN ES KA, Wi FEE
grid_ wire_ numZRME TR . 7EEI3(b)

cross_grid seg num =
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H, M2EMABRE T2 FEIMIFMMIERERL
g, PRI A CBEUNG
3.3 ETWEMNSLEEITHE
TEHERMEEREE, BT RFETESLN
PH. fEHELTAESHERIY, REE UCFEY
HETMSEZ MEE. TR IEE R
HFL, THERNR T L S bR a] PR R R
U, ARSCHEH T R TR I 2 TR AR
W g N— N BAnFPIEFm %K AT F LB
¥ o B HAR S w i T Mg 1450E L, W
FlRm — 12 F LM AR 85 (2)

gt _ (=D =2)(n—m+1)

T e Dy xx1 P

T HARS K w, WERHRIE NS LA T 5
(i + DMEHIE E, WIHEm - 25 FLR R
ATLLE I (3) 3R

N =

w

.

[=2)

[c |

(a) —RI5> RO WK ) X 42

m—i—-1)(n—-i—2)—-(n—i—m+2)

Cnita = (m—2)(m—3) x —x 1

n—i—1

(3)
HH 6 R] DA B 2R 1A R 45 T M % p, » TR
HEan(4) o
Cl2y  (m—1)(n—i—1)(n—i—m+2)
cmt o (n—1)(n—2)(n—m+1)

Di =

(4)

FIEP| S LB MR NLBIn —m, HEAH
AN RERS, AT RLR -2 R R K (5)

n—m

ave_space = Z Di X i (5)

i=1
KlafoR 73 TR 2 m] fhTH B SR . 25 7€
— M E AR FERMLLFNIE R 5 X%, Rk H
RN T LAENIE b nE4(a) iR, FIR3MR
FEM A SN CY) . FEE4A(b) T, EHR T

(b) M1, M2RIMS3JZ H ) G L6311
3 BT W% (138 B B ]

() EAR S LT 55 156500 |,
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2 %

AT %

BIEIRE P T 5408 I, XEWRE LN
PEN4. DRIk, IIAUZRIRIEE A4 x C2/C3, . KA X
FhARmG KT B A FMER I AR, 215
FPE AL IR o

AL B B SF S8 A ) PR AR A HAT @ A, AT
AN FANFE IR o ARSClt— D 7 — AN T
HMIEM SRR, ZRIEFE T 5 XA BT ol e
B F M TS IBLE] R, R 7905 R 2 1 1) B A
FE T LIRS e ) B v S 7
3.4 ETR&MBFLAIRCRIHE

IR Z ZHEg i, HiETAESHPE
it B NG sE IR B R SR A A5 . X T AR AR
L4k K (Design Exchange Format, DEF), Ak
FANEE B REMEILE R KR T —F&E
A L, AT LU B T BRI L Hh ) i i
IRCH -

FAE2VE AR | e T 3 2 A FL R CR AL 2
Bk, WAL EHIMNERRI S, HEH R
Hget or_create HTEHL T L Al AR RLI 1 A (BF2~
MT)e MR HFTT R CEHAIE, K¥get_or_create
W 3% (5] 5 AT 6 2 PR T Ao X AR T T A E )
w#, IR TR m A, e, RUTRE
TR, RN EFLIEAR AR E R AN E AL

% 2 ETSLEMBILAIRCHIGE

A FEESWHELESV
M. MIERRCH T LG NILES E

W)N=0,E=0
2) for {x;,yp, xr,yt,layer} in W do

3) node; = get_or_create(zy, yp, layer)

4) nodex = get_or_create(z,, yt, layer)

6) E = E U {edge}

7 N = N U {nodeq, nodez}

)
)
)
)
5) edge = create_edge(nodeq,nodeg)
)
)
8)end for
)

10) viay = get_or_ create(z, y, lower_layer)

11) viag = get_or_create(x,y,lower layer + 1)
12) edge = create_edge(viai,viaz)
13) FE = E U {edge}

15) end for

16) & RCH A M

(

(

(

(

(

(

(

(

(9)for {z,y,lower_layer} in V do
(

(

(

(

(

(

(

(17) return N, E

)
)
)
)
14) N = N U {viay, viag}
)
)
)

WR(BBEI~154T). ZJa, KB R R AL
Kt AR PIRCHW I AEN, BVEKRCWZ—1
WA TR G (1 T
3.5 ZEMAMNMAIRCIZE

BT WE S IR B ) 4 18] R AS Y RN B i 1 T 255
PR, ZFE ST LUK B B IR SRR R K
R Bk, T2 “.captbl” $ft | HiEH
SRR, AR DU 2R 2R (R B EAT R T .
Hy, w5 T2ZMK, JFRHEARANEEZE L
BEAHAR. & s NKEE, w LR, &M
FAYEAE J7 3R A5 A BB R (s, w) » W3R (6)
R(s1,w1) R(s1,ws)
R(s2,w1) R(s2,ws)

1—w
[
Hs=5—5, w=w—wi. 51, s2, w Mwsy &l
K5 BT~ W26 B L St b b s ARG, ET
SrHBH R(s, w), LUK FE L FH BN (T)
res = R(s,w) x length (7)

He, length RN FLRMKE . 5L,
FLEHAW AT DA R e BRI S, %
FE B AH AR 2 2 0] 1) 5 26 1 5 2= 5] & A A1 ) FE & 2L
N, AR T AT RS R A R, AR
WIAE B AR, S5 1 AR 7 VR A R A
A
4 LIHFER

AL C++ 4afeil 5 Ll 72 T4
SR AESHIRIE T, H/ERLA Intel Xeon(R)
Platinum 8260 CPU @ 2.40 GHz[f]64/.CentOS
Linux TAEuG FiE4T 7525860, #5528 nm
AT nm A AR SR L2 RS Tl iseit . K14y
W7 EAENR g s, P EORTT AL AR
EMA AR AE R T E 2 A “Tech.” |
“HNets” Fl “#Stds” TN

Ris,w)= [ 14 g][

A
IR LI R o
Wl #_D ____________________
'R s 'R
Wy oo .__1_1 _____ ._l ____________ .__Zf__

Ex s S,

K 5 SR M AE ) R
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TEPERE S, A H R EYE T B
HABY B (R4 JR A 28) #E AT 37 AE SR AL, DASEELRT
TG T 5. L, ACHEBKRE NG ES
BRIy vk 5 et s Mk T A Cadence Innovus
20. 1T UL, N T AR, A SCE M Innov-
usH 4 R AT 26 8% SR AR A R 5 5 %42, (BN
AESEIRIUEI N o VI HENNA I bh i g R e 4
fER1p, Hep “RT(s)” UM NRAREEEZ
1THFE],  “Capacitance error” JHIE AR (C. - C,)/
Cy x 100% tHHE K, HC, NInnovusik & 13
SHHE, CRRAHIRTESHIEES T B

ZMH. “Resistance error” AR F 7 = UHES H
K. fER1FH, “Mean” Fl “Std_dev” ¥t &

ANFEUENRLZE N 27 4= S HOR Z P E AR HE 2, &
Ja VT SR 1 AN A AE D ) ~F 35 He B AN B 2R R 22

MFEIATLAE H, ARSCHR 1 75 AR S 3R VR
AU RGP ar 2 S B0 B, IR BRI TR
InnovustR21.6%. HL2 1R % 1P A AR 1 2 5 5l
HN1.15%H3.09% . % T HEH, FHiRENHN
0.08%, Pbr#EZN2.63%. F1IHFROCKET SUB-

SYSHIRX SYSTEM WRAPIX /AN () HL %%
RZERR, A N413%M3.59% . ik XX A
BT 000, RIBEAERZE FEEPAERANDR
(Non Default Rule) B L, X SEH N8 H
S Sk MR Lk a BRI K, A4S R BN, In-
novus_L EAEFIWT 26 & 55 NDR BN B 2724
ANFE RS R . H AT A SCHE )R R
NDRAI 4T H 1A, [R5 InnovustH B HL2S
IRER K. F2ER T InnovusiZ FE ENDRIT 5 X
BRTPRITIERINT . SEIRZE R, 7EREENDR
PG T, AT AN AR IR ZE B E WD . EXT
ROCKET SUBSYSHIRX SYSTEM WRAPIX
PN, AR 22 4 il 22 1.35% F11.18%
BB IO T AR SO VA A R .

SRS, 12 BB BRI B ol s il 2%/
HA BHL 15 22 10 BT A A e 22 39 /N T 5%, IX 3 B A SC T
PEH SRR T A B AR S HER A SR A H
L, ATCAURI e RIT R mtE RE A R k. K6
JE7R T HMEHP _DEC_ TOP ) HL 25 A1 L LR 22 1)
BTl

%=1 BE. BEAFMESITAIES Innovus AILLERE

Statistic Capacitance error(%) Resistance error(%) RT(s)
Benchmark
Tech.(nm) #Stds #Nets Mean Std_dev Mean Std_dev A3 Innovus
HP DEC _ TOP 28 1657690 1672977 -0.19 1.32 —-0.15 1.74 241 316
CPU_MO_WRAP 28 1021481 952813 0.25 2.37 0.39 2.81 136 179
HPP_AHP 28 505021 518611 -0.09 4.95 0.18 2.57 80 99
HP TOP_ M1 VI 28 1512026 1612055 -0.15 3.81 0.01 1.86 256 296
MO_TPP 28 1457856 1610694 0.81 1.76 -0.43 1.57 227 288
MEDIA SYSTEM 28 1050317 1116939 0.43 4.62 -0.29 1.74 158 189
MAQ VI 7 2546138 1687508 1.72 2.98 -0.52 2.73 281 317
ROCKET _SUBSYS 7 2048857 1824439 4.13 3.07 0.47 4.36 260 319
RSFEC_fsu 7 2157315 1984282 1.52 4.44 1.05 4.50 321 363
MEDIA iol 7 1058482 1023658 0.98 1.86 —0.42 4.19 151 190
HP WRAP 7 2148977 2297812 1.15 2.34 -0.26 1.79 302 392
RX SYSTEM WRAP 7 4843973 4797617 3.59 4.90 0.74 3.41 793 847
Average 1.15 3.09 0.08 2.63 1.000 1.216
%< 2 Innovus%E [ENDRET S X ER A ERIXTEE
Statistic Capacitance_error(%)
Benchmark Technology (nm) #Stds #Nets Mean Std_dev
ROCKET _SUBSYS 7 2048857 1824439 1.35 2.41
RX SYSTEM WRAP 7 4843973 4797617 1.18 3.72
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400 000 350 000
350 000 300 000 F
300 000 250 000
50 000
% 250 000 < 200 000
},’;\\, 200 000 Eﬁ .
150 000 L 150 000
— 100 000
50 000 50 000
0 0
8% 6% —4% 2% 0% 2% 4% 6% -9% -1% 5% -3% -1% 1% 3% 5% 7%
wE R
(a) AR (b) PP 7
Kl 6 #HEHP _DEC_TOPHIRZEE K
i\
5 ?nlﬁ Electronics and Computer Science (SCEECS), Bhopal,

ARSCHRH T PP T BER MR R A A S
MU, F T B BRIk 4 i AR 2
el . Oy TR & B AT R T —
ot s et 2R s AR AR R o0 SR o BT ARAT Y
MEBL Rk B 1 A R A B TR
Mo it SRR, PG TH SR — AN A B A R RN
WP T RE . Z )5, AR 7 M
BRGNS IBN K T 2 £l
HEERCOW , Bl 5 K R BE 08 TR 5 RN (1Y
RCFEBUTERAE G EF ES K. f£121
Tk S AEIN B B M SEI 45 R R, A N 52
W5 3 A B A 2 2 805 40 1 7 Mk T A Innov-
usii i A AE S HORAT RIFAOHIORME . RACR it —
SRR A I W A A S B iU %, Ui
— AT nm T2 T A A S HER BRI ) R AN

5 % X #
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Abstract:

Objective Parasitic extraction is a critical stage in the VLSI design flow, as it determines the parasitic
parameters of interconnect wires, directly affecting delay evaluation, timing analysis, and performance
verification. With the increasing complexity of modern designs, accurate estimation of parasitic parameters has
become a central challenge in routing. Developing a fast and accurate extraction algorithm is therefore essential
to enable high-performance routing solutions.

Methods Pattern matching is a widely used technique for full-layout parasitic extraction. Given an
interconnect layout, the method divides it into small sections and determines the parasitics of each section with
a pre-built pattern library. However, with billions of transistors placed on a single chip, the continuous growth
of design complexity makes full-layout parasitic extraction increasingly challenging.

Inspired by pattern matching, this paper presents a probability-based parasitic extraction algorithm
tailored for modern VLSI designs. The proposed method consists of two main stages: (1) layout analysis and (2)
parasitic extraction. Given a global-routed netlist and technology files containing pre-characterized parasitic
values, layout analysis captures coupling segment information and generates a probability-based look-up table
for efficient wire-spacing computation. Parasitic extraction then constructs the RC tree for each net and
produces accurate interconnect parasitic parameters using the spacing information derived from layout analysis.

For layout analysis, a partitioning strategy is employed to identify coupling segments that are parallel to
and overlap with the target wire segment. In practice, coupling segments far from the target wire exert
negligible effects on parasitics; therefore, the chip layout is divided into regions to improve identification
efficiency. During parasitic extraction, coupling segments in both the same layer and in abutting layers are
considered. If the target wire fully traverses the grids in an adjacent layer, all segments in those grids are
treated as cross segments; otherwise, only partially overlapping segments are included.

Once the coupling segments are determined, wire spacing must be calculated. In parasitic extraction,
spacing represents the distance between a wire and its nearest neighbor. Because of the vast number of wires in
modern circuits, computing exact spacing for every wire is prohibitively expensive. To address this, a
probability-based average spacing model is proposed.

In multilayer circuit designs, extraction also requires accurate reconstruction of routing information from
layout data. In the standard Design Exchange Format (DEF), routing topology is represented by wires and
vias. To handle this efficiently, a construction algorithm is developed to build connected RC trees from
distributed wires and vias. Leveraging the probability-based wire-spacing model together with the technology
files, the algorithm extracts parasitic parameters while accounting for coupling effects.

The technology file “.captbl” provides interconnect parasitic tables indexed by wire width and spacing,
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with widths varying across different metal layers due to process constraints. Interpolation methods are first
applied to obtain the unit resistance as a function of wire spacing and width. Wire resistance is then modeled
by multiplying this unit resistance by wire length. Similarly, capacitance is extracted using interpolation, with
additional coupling effects between neighboring layers captured through a grid-based recognition strategy that
identifies the number of cross segments. Relative coupling capacitance is then determined accordingly.

Results and Discussions Experiments were conducted on twelve industrial designs to evaluate the proposed
extraction algorithm. The results demonstrate that the method achieves high parasitic accuracy while being
21.6% faster than the commercial tool Innovus. The average capacitance error is 1.15% with a standard
deviation of 3.09%, and the average resistance error is 0.08% with a standard deviation of 2.63%. Notably, for
all twelve circuits, the standard deviation of both capacitance and resistance errors remains below 5%. These
findings confirm that the proposed algorithm provides both accuracy and efficiency for full-chip parasitic
extraction, offering a practical foundation for developing high-performance routing algorithms.

Conclusions This paper presents a probability-based parasitic extractor for addressing full-chip extraction
challenges. A partitioning strategy with grid-based data representation is developed to capture coupling
segments efficiently. Based on these segments, a probability-driven mathematical model is proposed to calculate
wire spacing, with a pre-computed look-up table accelerating the computation. An efficient construction
algorithm is further presented to build connected RC trees from distributed wires and vias, followed by a
coupling-aware RC extraction method to produce accurate interconnect parasitics. Experimental evaluation on
twelve industrial benchmarks demonstrates strong correlation between the extracted parasitics and those

obtained from the commercial tool Innovus.

Key words: Very large scale integration; Parasitic extraction; Timing analysis; Global routing
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