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Abstract: To evaluate effects of process variations on circuit delay accurately, this study proposes a Statistical
Static Timing Analysis (SSTA) which incorporates process variations with spatial correlations. The algorithm
applies a second order delay model that taking into account the non-Gaussian parameters - by inducting the notion
of ‘conditional variables’, the 2D non-linear delay model is translated into 1D linear one; and by computing the
tightness probability, mean, variance, second-order moment and sensitivity coefficients of the circuit arrival time,
the sum and max operations of non-linear and non-Gaussian delay expressions are implemented. For the ISCAS89
benchmark circuits, as compared to Monte Carlo (MC) simulation, the average errors of 0.81%, —0.72%, 2.23% and
-0.05%, in the mean, variance, 5% and 95% quantile points of the circuit delay are obtained respectively for the
proposed method. The runtime of the proposed method is about 0.21% of the value of Monte Carlo simulation. The
experimental results prove that the high accuracy of the SSTA is reliable.
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WENEEE T, Ko SRIBIRE N, s MTHIE
KT8, &R |, AHEERIEL
JE W, SBEIELEET,,, L& IR & Hyp,
é\ Lg 7W[] 7Toz 7VVint,l ’ Tint,l & HILD,Z j\j%l\lﬂ %E%E‘JTi
ZH, A N, AL T 2350 F T Ikl
RIS TTRE N BTN L, W, X T, £R A
Wi, HSHWEEFE AN [p—-3-0,u+3 0]
BTN HEL I W, Ty M Hy o, R0 N E R
Wi o A (03851434 ), HSHOETE F Y (1 — V3

®1 AXZRAATIZSH

SR L,(om) W, (om) T, (nm) N, (x 10" em ™) nmos/pmos ZH Wy (om) T, (nm)  Hyp, (nm)
1 60.0 150.000 2.500 1.00000,/1.00000 I 150.0 500.0 300.00
3o (FriH) 9.0 11.250 0.250 0.72750/0.72750 NEY (H1aD) 15.0 25.0 22.50
30 (FA) 4.0 5.625 0.125 0.36375/0.36375 30 (i) 7.5 12.5 11.25
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o, +3 o]y BN, R NIRRT i K NSEN
BIMEFN 3 45/ 3 fEArvEZE A IR 1 s, b oAy
FATESHBME; 30 (/N T 2S5
L, W, 5% T, 1) 3 f5Jrlal )y WAREZE s /30 (Jr1al/
)AL ESE W, , Ty M Hyp, KB A5 R/
T NFRAEZE s nmos/pmos KN T.EZH N, XN n/p
UM

TE AT L ESE 23 MO, 75 ELAE 2
BT RN LR B B E A R, AR SO A A
UCLA K2R A 5 1 B Capol SSHEAT R U641 )5
RJG FAT A A 2. PRI rL S e, A
ORI AR B R TS, TSRS RS
(P T TB L B AL 100 A~ A4
By ASCZBEP NG SRR s 5 R s
TR A Mg 7R KT A IS RS TR (R 2, AT K 22 4 ] R L
HELIENT TR A T2 HM I R eI

h T AR S [ SCHE SSTA(CSSTA) HIKs i1k,
A HE T AR R B 5 M B RIS AT T SRR I 5 3T
(MC). MC J& MinnSSTA 1 {f)— B AR E, A
VAR FE RIS ) T4, AN SCWCE T 10000 RIEAR,
FERF— AR, FEF B e BEMLIE R — 41 T E 54,
T OB X 4L &S HOo N 5 s, T
K LS A S E(RC), RIS 4 IU T
FERF; ARG R PERT $R4b 73k, i A% i 2 i
SR, DS RAMERARIER . MC [ 10000 &
EATE T 10000 MBEPLA AR LE N 4551, Wi 4
TR Eegt R i KM B/MES PIEE T ZH R,
RInf 525 LS5 B H4h, 7ETHEIA RC
ZHRGE AR T, ASCEH 2] TR #E, ik
MC AT MTALAB A SR, RTR
M, EARGI AN IR . K 2 AL CSSTA Fil MC
xF Eb s B, Hoh#C, #G 20 9 IR g b & AN
KT I [ BTG JORN 7 b o T4 TSCAS89 ik
H, P A T PR N M w(ps), FRUE

7 sd(ps), 5%MEZ S 5%Pt F1 95%MEZ 55 95%Pt
(ps,5%Pt & SUNAFAE— N ERHE, {15 p(z < 5%Pt)
=5% ;5 95%Pt & X NAFAE — AW, A 15
p(z < 95%Pt) = 95% ) MAZATIN H] ¢(s). M3 2 ATLA
B, BRRTIRM SRR AT, B bRAEZE
5%Pt M 95%Pt WA R ZE A HH 0.81%,
-0.72%, 2.23% }—0.05%. XFWIAL CSSTA B
A2 RS I R, DAUCHC L SE A ZE I 43 A o 06T
HL% s38417, Kl 5 45t TR JTVE T ILERS PDF
1 CDF xfHugh 5, Horp = ffbesl 2% fe 23 fa) e H
s T2 2 E IR I I AN s 39 20 A R0 R = 307 29 A 7
CSSTA 255, T MR RSB R ) MC &5
B WEI AT LLE H, PRV M 2 B A
MR . 54k, WK 2 el LR, BEARA
W CSSTA KM T ICA F1 PCA ¥R, HHz
ATIRIAERT MC B E/MREZ, BT HE s27 [ia
ATITRIZ) 2 MC IsATI T 1.29%4, e FLis i
AT JL T MC Ig 4TI R 50 2 Ls FEil i
Xt T HL % $35932, A ¢ CSSTA &7} ] 4y 10.65 s,
M MC ZF L 7 he Bk, WHER 2 nTLIHHE
AT 9 LR CSSTA “FHJis 4TI E 414 MC
SERIIEATI AN 0.21%

h T HIE SSTA ARZ i ={E iy U g A ) & FE
ASCE TR B 4 b AT T I, LR sy 4k
FEXT MC [ B iR 22 . 7ESCHR[9)H, 1R BRI
o T 2 HUR S AR S o A, AR ZE IS ARG
RHUELEMEN . 3K 3 4y T AR5 SCHR[9) 77 i
PR EL g IR, KA yIHs TR 45 R, X
e (1)F 3 RFME SUE R LR (2)
PR VRIS AT I R AR MC #ENMRZ . W 3
ATLLE Y, #50L MC O EEERSEHE, A ST 341
PafEZE L 5%Pt f 95%Pt [ TR R Z /N, X
WA S AR EE SCRR O] 58 by R ff

% 2 ARCE (B KEX SSTA(CSSTA) /7% 5 545+ 1% (Monte Carlo, MC){F BB} LL£5 R

TR LE CSSTA MC (CSSTA — MC) /MC (%)

H 5%Pt  95%Pt 5%Pt  95%Pt
g #C #G u(ps) sd(ps) t(s) u(ps) sd(ps) i(s) u sd 5%Pt  95%Pt
w4 (ps) (ps) (ps) (ps)

27 13 4 89.4 8.5 63.9 1149  0.03 89.7 8.5 64.2  115.2 232 -033 0 -047  -0.26
1196 547 16 434.3 40.8 3119 5567  0.09 4362 40.7 3141 5583 15323 044 025 -0.70  -0.29
5378 2958 64 363.5 33.3 263.6 4634 043 3629 34.3 260.1  465.8 623.75  0.17 -292 135  -0.52
$9234 5825 64 596.2 55.2 430.6 7618 078 5941 57.1 4228 7654 128261 035 -3.33  1.84  -0.47
s13207 8260 256 10728 104.2 760.2 13854 198 10657  105.2 7501 1381.3  1976.78  0.67 -0.95  1.35 0.30
s15850 10369 256 12102 114.1 867.9 15525  1.39 12043 1175 851.8  1556.8  2284.83 049 -2.89  1.89  -0.28
$35932 17793 256 1059.7 91.8 784.3 13351  10.65 10379  100.7 7358 1340.1  26250.71 210 884  6.60  -0.37
$38417 23815 256 873.4 85.1 618.1 11287  4.04  856.1 86.8 595.7 11165 517538 202 -1.96  3.76 1.09
$38584 20705 256 1530.5 1379 11168 19442 515 1497.1 1429 10684  1925.8  6004.48  2.23 -3.50  4.53 0.96

S - - - - - - - - - - 0.81  -0.72 223 -0.05
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008 = R Rl T
=00 = ZE [ KIKSSTA - 0.8 | = ZEMKIESSTA
= = 06
=
ﬁ 0.04 % N
£ 0.02 I
0 . : . 0 ! L : . : '
600 700 800 900 1000 1100 600 700 800 900 1000 1100
SEIH (ps) SEI (ps)
(a) PDF (b) CDF
5 WL 38417 FERMSKHK SSTA 5 MC J7ik FIIER PDF, CDF b4 R
£ 3 AXZEKEE SSTA 7535 5 3CHK(9] 755 I3 Lh 45 R
WA AL (CSSTA-MC)/MC (%) SCHR[9] (SSTA - MC)/MC (%)
FHL I A2 R #C #G u(ps) sd(ps) 5%Pt(ps) 95%Ps(ps) u(ps) sd(ps) 5%Pt(ps) 95%Ps(ps)
27 13 4 -0.33 0 -0.47 -0.26 0.13 0.22 0.57 0.13
1196 547 16 -0.44 0.25 -0.70 -0.29 0.29 0.59 0.83 0.97
5378 2958 64 0.17 -2.92 1.35 -0.52 -0.53 -1.32 -1.56 -1.34
$9234 5825 64 0.35 -3.33 1.84 -0.47 0.91 1.81 -1.31 1.29
13207 8260 256 0.67 -0.95 1.35 -0.30 1.77 2.24 3.03 2.39
515850 10369 256 0.49 -2.89 1.89 -0.28 1.98 2.51 3.79 3.14
35932 17793 256 2.10 8.84 6.60 -0.37 1.15 2.82 3.67 3.78
38417 23815 256 2.02 -1.96 3.76 1.10 1.71 3.29 3.87 3.59
38584 20705 256 2.23 -3.50 4.53 0.96 1.51 3.68 3.61 3.50
FHE 0.81 -0.72 2.24 0.05 1.11 2.05 2.47 2.24
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