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F A , receiver model 715 receiver cell input pin B HEZE I HZS, W] DUSE EHE 7 ESF].
I 7 X pin BB 2R O3 108 CFEE AR, 2.8 Lul, 3.8 L& E receiver cap.
FERFERE: 3>2>1. CHT &S FFX =Fh pin B, FHIRIESEL receiver_cell_analysis_mode
F cap_usage HI%E, HHIEFE R pin A . Net model 2 Fh, MRHEFEHIIZE D
N: ROM, Pl model, effective cap (Ceff)o CHT 7 B 588 B - T B 3k $ = P 8%
net 4TS5, T4 net model, FA4 cell mode.

2 Net E#%: net RLC tree

Net £ SEfrat iy il i B 22 B & Ja 2 A FLAE A, & REBREZNERE. A
PRUEASFE, 53 Bt T 42 BB FL3d 5 F 2> F fE A %’ﬁlﬁﬁi’]‘%, WREMZ A EIEA A S
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% load cell ff] input pin HiEEMHZ (receiver cap), KIIHAESHT stage I I 5554 net
RLC tree ¥s Ml receiver cap. N BIHH I cpin, €1, €2 BN receiver cap.
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effective cap (Ceff). CHT 7EfEMUME 5 5k B FE L T B 2k £ =R AXT net #H1T55 3K
3.1 ROM

ROM Mk BE R PR AY, SR AL FR AN Arnoldi BVERIT SR FY, AT 2 4L,
BRI 4 sz, BPERES net RLC tree (1) 4 MR AUFIEA S, HHFFK, X1 463 /ANHFHAM
470 MXTHLFLZE 1Y) net RLC tree, 4 MMBTAUIKAR o] DLORIEM S OAG S, UL 365 IR U6 net RLC
tree JL-FI&A X 5.

3.2 Pl model

PI model B FHPEAN B AT — > B FH (e 28 28 % net 3EAT455%, & T-TiBAfK) 2 B A Ay,
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pin:si| load — r
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Cell #ER ¥ cell ATEERE e, 49N driver model I receiver model. 7F net drvier Ui
FH drvier model ¥, 7E receiver ¥ receiver model &k, CHT 3 £ =Ff driver model: NLDM
model, ccsd model, ccsn model, FIAR#EZ 44 driver_cell_analysis_mode [ 15 & 2 36 W o i 714



receiver model ¥ pin cap [E €1H, pin cap VG, &I FE receiver cap, T IR 4E
receiver_cell_analysis_mode Fl cap_usage M€ A TiE+F .
4.1 NLDM model

NLDM HPAEZE BRI A, 2R R i), HAA ML, 7E 28nm DL LAY
FREARAE R RS B . B driver model 1Y cell input transition il output net cap ELIEET R 15
#I| cell delay 1 cell output transition. #A J5 1) 3 B4 B 25 R0 R AR R, i 75 FH 3 /e S R0
JEJE = A2 1) cell out wave FE%F T cell input wave ] cell delay 1 out transition 5 £ NLDM 45
1S HIEARIR] . Receiver model JiH it i X[l e H 834 & VU530, i receiver pin cap
2 netRLC tree FRHATHERIBEN T, 4568 4ERISSRCEEYR, 1 LATHEAS 2 receiver pin 4B [1)
Wl TR0 L5153 net ) delay F receiver pin [ transition. Receiver pin [ transition
YENR—A stage 1) cell input transition, FRAFMGE F—1> stage ] driver model. 4
driver_cell_analysis_mode Fll receiver_cell_analysis_mode #B ¥ B N basic B, CHT K HIX s
At stage M FEE.
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4.2 ccsd model

B LT PR, net HHFHIE K, NLDM REAVARIEA KSR, [EIR miller AT R
TR B 5, SR ARASH, R BLBOY T I AR A AR A AH R receiver pin cap R
TURAEE . T2A 1 HEIIASHA cosd 1BEAY .

cesd AT driver model 4 cell SN FEIRYE, @IS driver cell input transition FI driver
cell output net cap EHK ccs current FRAFEIHTLITE, FULEE net FEFHIE KA SR 0FE
FE . FEEER miller A IRALN., Receiver model it 2 B pincap 2534, Fi-BH c1, J5
FBH 2, DAIREHRE . FIFE, ¢ A1 c2 ilid receiver cell input transition Al receiver cell output
net cap BRAGH|. FIIHER], HTBMNBICITELIETEH ceff XI net HATEREANEUE
i), CHT 1E driver pin I TETHRIIFE SRS net 1) ROM HR 2R SIS BE BT ceff (4B, AT SE BT
EHRFA DN ERE, 5T driver pin WERMU#EN . BT AP receiver cap, CHT
ZHRYE 2 4 receiver cap HIZE 7 K/, HBHE RS OIE N ROM, DMRIERSE SHE . 2
QUM ROM I, BIEHETFBUEH c1 1K ROM #EATHHEL, JEEBUEH 2 8 ROM
AT

driver pin WA 22 J5, @i net ROM FATERTHERI AT 153 receiver pin I, M
15432 net # delay 1 receiver pin [ transition. Receiver pin [ transition {F 4~ —4
stage [ driver cell input transition, F>REZLHE F—1 stage [ driver model.

Hi T receiver cap 71 3% 75 £ H] 2 load cell input pin transition, 1] load cell input pin transition
B3 N FE 2] receiver cap, Kt cht fEAH R cesd #RA I 75 EEA TR, HEIRE
2 KIERAFEIH net B FELA 72 St — e Ha .



N .

Vin 'm)

_/_ o T net ———  CCS capl/cap2
| model
At

%

4.3 ccsn model

cesn model Rl vivo #E78, R lib H ) ccb 53 JHI B B R H AR AL
IR, BLA miller FRZS, BEHIRGHH H R G IHIR —A cell. 1T cosn B8 B 4245 i Bl i
N R AR R IR, PRI AT DU B 1 cell SN IRTEALRE R cell H% H . 1X
F& Cesd FEAUR B4 HILH, A cesd AL input transition 1 output net cap & & 15%, 1M
input transition ANGE s N AN I SEFR R . [Rltk, CHT f ] Cesn model #E4T waveform
analysis 1 si analysis.

CHT 13 1 ccsn /4% cellinput 33 cell output FHH5 7 2 F B s : 563 cell A cesn
R E 0, net A pimodel B4, FEIGMIEE; 854 pimodel FIFANHZ (c1 Flc2) LA
S miller FRZAERINTHLELZE (cg) 23l WU UL 46 i 28 PR 28 A5 PR 40 i N 08 T2 R i S
TR A6 26 1R AR 7 SR M 2 1t T R A5 31 cell Fai Y . XTHEFELAS cg MM N2 N T
REEAERE, 81T ccb WEBA output_voltage_rise/fall #HHh &5 A Esk1E. cell input I
FE—th 2% stage 11553, WH XA cell input transition, NIRRT FE S ] normlized
wave 1l cell input transition WHEHTS 3] cell input KT .

cell ARG, BIE5 cesd MIFEMITHE T, 152 receiver pin W, MIiH
195 net ) delay Al receiver pin ] transition. Receiver pin [f] transition {E 4 K —> stage
] cell input transition #k%2 T~ —Z% (I 78

driving cell net
pin:SI| load
driving [pin:Q cell -
cell
—1> port:0[7]

5 Correlation

N 2 5kF B JE~ T CHT F1 PT ] correlation, LK Fl SPICE i correlation. M HTA]
PLE H, CHT [ base delay TH5 MG EEAEH 55, correlation 4 #B#RLE 99% LA L.
Z 5-1 CHT #A PT B4 base slack correlation

index design corner | process setup slack 5% hold slack +3%
1 ca53_cpu_wrap ff S28 100.00% 100.00%
2 ca53_cpu_wrap sS S28 100.00% 100.00%
3 GPU ff S28 100.00% 100.00%
4 GPU ss S28 100.00% 100.00%
5 MEDIA ff S28 100.00% 100.00%




6 MEDIA ss S28 100.00% 100.00%
7 VDH ff S28 99.92% 100.00%
8 VDH ss S28 100.00% 100.00%
9 ca53_cpu ff T28 100.00% 99.99%

10 ca53_cpu ss T28 100.00% 100.00%
11 DPD ff T28 100.00% 100.00%
12 DPD ss T28 100.00% 100.00%
13 ETH ff T28 100.00% 100.00%
14 ETH ss T28 99.87% 99.97%

15 mali ff T28 100.00% 100.00%
16 mali ss T28 100.00% 100.00%
17 PCIE ff T28 100.00% 100.00%
18 PCIE ss T28 100.00% 100.00%
19 PERI ff T28 100.00% 99.99%

20 PERI ss T28 100.00% 100.00%
21 R52 ss T28 100.00% 100.00%
22 SA ff T28 99.99% 100.00%
23 SA ss T28 99.93% 100.00%
24 SOC ff T28 100.00% 100.00%
25 socC ss T28 100.00% 100.00%
26 VENC ff T28 100.00% 100.00%
27 VENC ss T28 100.00% 100.00%

% 5-2 =& 7ns TZ~ CHT 5 SPICE K base path correlation

c T Total Avg Criteria 1 (£3%) Criteria 2 (£4.5%)
orner e
vp Pahts Diff passing ratio passing ratio

SSPG/0.71/125C Setup 1000 0.47% 100.0% 100.0%

' Hold 1000 -0.25% 100.0% 100.0%
FFPG/0.79/125C Setup 1000 0.19% 100.0% 100.0%

’ Hold 1000 -0.52% 100.0% 100.0%
SSPG/0.61/-25C Setup 1000 0.86% 100.0% 100.0%

’ Hold 1000 -0.90% 100.0% 100.0%
FFPG/0.90/-25C Setup 1000 0.77% 99.8% 100.0%

’ Hold 1000 0.39% 100.0% 100.0%

6 Outlier

6.1 TMFEERER

£ CHT i pt (1) driver Fl receiver A8 24 # 1% & i advanced, H. cell 5 ccsd model I,
CHT K H ccsd model 1% cell f#) delay # transition, Ifij PT 2/ NLDM model 115 cell & delay
F transition, MITSFE T /D1 stage HRKE R
W NRFZR, 1E cell input transition ZZF A KKHH T, CHT H NLDM 15 77754415 2
5 pT IEH —EUMLE R, 1 CHT A cesd T 7L 21Y) delay AT cell output transition #B5 PT
6




AR KESR

delay max rise (ns) delay max fall (ns)
cellinputtrans | cell outtrans | celldelay | cellinputtrans | cell outtrans | cell delay

PT value 0.1565 0.0358 0.0785 0.1504 0.0357 0.0769
CHT value 0.1596 0.0188 0.0629 0.1496 0.0183 0.0607
CCSD diff (CHT - PT) 0.0031 -0.0170 -0.0156 -0.0008 -0.0173 -0.0161

diff ratio (diff/PT) | 2.0% -47.5% -19.9% -0.5% -48.6% -21.0%
CHT value 0.1499 0.0369 0.0765 0.1418 0.0344 0.0726
NLDM | diff (CHT - PT) -0.0066 0.0011 -0.0019 -0.0086 -0.0013 -0.0043

diff ratio (diff/PT) | -4.2% 3.1% -2.5% -5.7% -3.6% -5.6%

XIT net delay /NT—3EE (41 3ps) MIIEHL, CHT A TPt &k, ¥ %H NLDM
model T+%. 1 PT #KIHKH ccsd model i+5., MIIFE T /DT stage HRANE R LA

FERCHTRRAS A 2% -

WFRFT7R, {E cell input transition 22 7 AKMPIELL T, CHT A cesd tHH TEKBAE RIS
PT IEH —BUNZE R, 1 CHT A NLDM 157575453 211 delay A1 cell output transition #5 PT

AR R ZE R
delay max rise (ns) delay max fall (ns)
cellinputtrans | cell outtrans | celldelay | cellinputtrans | cell outtrans | cell delay
PT value 0.0375 0.1171 0.1000 0.0497 0.0711 0.0769
CHT value 0.0383 0.1182 0.0989 0.0488 0.072 0.0656
CCsD diff (CHT - PT) 0.0008 0.0011 -0.0011 -0.0009 0.0009 -0.0113
diff ratio (diff/PT) | 2.1% 0.9% -1.1% -1.8% 1.3% -14.6%
CHT value 0.0383 0.1153 0.0736 0.0488 0.0692 0.0428
NLDM | diff (CHT - PT) 0.0008 -0.0018 -0.0264 -0.0009 -0.0019 -0.0341
diff ratio (diff/PT) | 2.1% -1.5% -26.4% -1.8% -2.7% -44.3%

6.2 Disable arc 5| BRI ZER

HHLL cell /Y arc #7456 disable 2 J5&, J5%EH] stage F A ATLAE TR k. XX
MFIL, PT K )5 SR stage [P input trans AR A 0 115 delay F1 transition, transition Jf:
AFEJEAESRE . 1 CHT N RO JE 4258 —A stage Y input trans #8240 #H4THHEL, B N —%H
stage K E—%% stage 15 KA input transition BT 115 . TS ECH LK) outlier.

WRRRET, BT cellinput transition 25, cell delay fA7ER K2 . {HAE PT
#J cell input transition ¥ & iR CHT —Z(}, cell delay 5 CHT JE% —%K.

delay max rise (ns) delay max fall (ns)
cell input trans | cell out trans | cell delay | cell input trans | cell out trans | cell delay
PT 0.0000 0.1551 0.0694 0.0000 0.1566 0.0702
PT 0.1836 0.1782 0.1782 0.1836 0.1805 0.1782
with same trans
CHT 0.1836 0.1683 0.1831 0.1887 0.1832 0.1832




Wave analysis 543

Wave analysis /& 7> HTIN PP B A2 BN, BT O R BN MK B R R5E . 2 cell HY
i NV T BRSO 9 SR AR I R P B A B T, an SRS IR Se 2, 4 ] B T EUEIR T
EANHER . 1E 16 YUK IE /NS, WS ELE ™ 5, Kk waveform analysis 3F % &
B, CHT NPT THI R FE IR EAUN . driver wave propagation Al sink wave compensation.

1 Driver wave propagation

CHT BEATBIAL R 7 :NE ZG AP UAFAE cosn AL, {HH cesn B8 H 324 driver
cell input I AL 2 driver cell output. 3% A cesn YRS, 1#id moment matching B AN
driver cell input V& FII 7 FEHfF) normalized wave 4TI TEICED, 1531252001 effective
transition, RJ5iEIL effective transition T4k ccsd FHFAT IR IAALHRE

| Vout Vload
Vin llli

-/_/ ] cesn net model |

———  CCS Capl/cap2
model convolution

A4

Vin
net model |
/J — a ccsd ] === (cscapl/cap2
moment model convolution
matching
A4

2 Sink wave compensation

Driver wave 132 2 )5, it net FEMERL, HHERITRAZE] receiver pin AL HIETE
(sink wave or receiver wave). H T load cell F¥] miller cap fF7E T RN, N T IREFEE,
CHT X7 sink wave 47 72 1E . BIEMIEAJFHE FRLAHSE . 158, I AREIER sink wave 1@
I cesn PEIEALAE R —A> ccb J5T1H, #3+%] ROP wave. 115 ROP wave 5 sink wave HH &,
WRAFER K ESE, 178 ROP wave 1@ miller cap X sink wave 477 5 5 Y 1SS o
BB 75 2EX) sink wave HEATAZIE. R ROP wave Fll sink wave T+ & MUK R B K, 315214
SRRSO L L2 cap=k*miiller cap. BT FLAIE K, 7EFVIAHSE I ATHR T, 18 2IAH B 1) HL %
{E IR TR 3. [RIEXT sink wave PR [R] sTEAT 282, 1931 5 282 J5 11 sink wave . 1%
J5 1 sink wave #4842 cosn F A EL 3 effective transition fE3EE N — %%



driving cell

Vrop

negative
feedback

Vro
A p Vload-

.
.
g

7.--" waveform
“"{" compensation

3 Correlation

NEJEIR T CHT 1 PT ££% & waveform propagattion 1 si {3 2 J& [ slack correlation.
MERHTT LA . CHT ) waveform propagation (3K KEFE R ARH =i, BRIl case (41
B KT 99%LAAN, H A case [ correlation 4 EBHAE 99%LA L.

%= 3-1CHT #1 PT #Y waveform (& si %) slack correlation

index design corner process setup slack £5% hold slack £3%
1 MAIA ff C1X 100.00% 100.00%
2 MAIA ss C1X 100.00% 100.00%
3 MAIA tt C1X 100.00% 100.00%
4 ROCKET ff C1X 99.95% 99.98%
5 ROCKET Ss C1X 97.91% 99.84%
6 ROCKET tt C1X 99.97% 99.98%
7 TCVR ff CiXx 99.58% 98.41%
8 TCVR ss C1X 99.95% 99.73%
9 TCVR tt C1X 99.94% 99.29%
10 TWS5GRFDS ff C1X 99.92% 99.96%
11 TWS5GRFDS ss C1X 99.70% 100.00%
12 TWS5GRFDS tt C1X 99.89% 99.99%
13 TWST ff C1X 99.88% 100.00%
14 TWST Ss C1X 99.94% 99.96%
15 TWST tt C1X 99.96% 99.99%
16 AUDIO ff S12 99.89% 100.00%
17 AUDIO Ss S12 99.89% 100.00%
18 DSS ff S12 99.88% 100.00%
19 DSS ss S12 99.99% 100.00%
20 enyo ff S12 100.00% 100.00%
21 enyo ss S12 99.99% 99.99%
22 HSDTO ff S12 93.15% 100.00%




23 HSDTO ss S12 99.73% 100.00%
24 AUDIO ff S14 99.90% 99.99%
25 AUDIO ss S14 99.81% 99.99%
26 ccpu ff S14 99.13% 99.74%
27 ccpu ss S14 99.89% 99.54%
28 HBM ff S7 96.17% 99.48%
29 HBM ss S7 99.45% 99.92%
30 h32 ss T7 99.00% 99.73%
4 Outlier

PT ] waveform propagation J5 VAR A, W85 CHT BT IEAER K ZE S, Kk waveform
propagation 2 Ji 45 SEAEAE I Z ) outlier. 1X2% outlier KEATLAZ» Ay 3 Fh2i Y,
FFRAL CHT B LM outlier. —IEHZMIFE—ZITE, CHT 5 PT K input
transition Z 75 /MEE input waveform B BAFER K ZE R, M SEZH 2 J51 delay
F transition THEH I TROKZE 5, JEM 2 J5 48 stage.
W R R HIFIT. % stage cell input transition ZFAEH /N, HMNEE FEHZRWBAERE /D,
{H A cell [f] output transition 1 cell delay #RAFTER KZE . (HAE CHT FEMAEM . M IFEFP =
N EKUE, CHT B RELRIE waveform BN

delay max rise (ns)
cell input trans cell out trans cell delay
PT value 0.337 0.495 0.312
value 0.341 0.623 0.400
CHT | diff (CHT - PT) 0.004 0.128 0.088
diff ratio (diff/PT) 1.2% 25.9% 28.2%
B MR CHT 5 PTspice i L& RAHZEEUN, T PT 55 PTspice {7 H&5 RAHZEBORK
B o

R REIT, PT 5 PT spice (IZE3A 19ps, it 8.8%

delay max rise (ns)

cell input trans cell out trans cell delay
PT SPICE value 0.082 0.324 0.217
value 0.082 0.241 0.198
PT diff (PT - PT_SPICE) 0.000 -0.083 -0.019
diff ratio (diff/PT_SPICE) 0.0% -25.6% -8.8%

B =P CHT/PT 5 PT spice 1/ B 45 A Z2 50K, Wi R PR HH —A stage receiver
pin FIEIEXT L, 1% stage input pin waveform JEH 323, 1H receiver pin [F1J%E5 spice i &
g R R
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receiver pin waveform

05 '/
‘d

04 | g
—m—PT

(/1 —&—PT_SPICE
J.2

/ ’ CHT
0.1

-0.4 -0.2 0 0.2 0.4 0.6 0.8 1
t (ns)

voltage (v)
N

M 1% receiver pin WK 5 #2 N —> stage If] delay PR KIER, IR ERHR. PT Y
spice [1] cell delay diff 75 20ps, T cht 5 pt spice [ cell delay diff 5 28ps, X5 #$FHZ ELAk
Ko HXUTTE spice H ELH) SRR 7 ) A—F o

delay max rise (ns)
cell input trans cell out trans | cell delay
PT SPICE | value 0.430 0.278 0.369
value 0.430 0.215 0.389
PT diff (PT - PT_SPICE) 0.000 -0.063 0.020
diff ratio (diff/PT_SPICE) 0.0% -22.7% 5.4%
value 0.430 0.198 0.341
CHT diff (CHT - PT_SPICE) 0.000 -0.080 -0.028
diff ratio (diff/PT_SPICE) 0.0% -37.2% -7.2%

KH5) outlier J& T3 —Fp2RAL, BIRES /372 CHT H & FIEA 5838 FE &, (H—
B CHT AHAL PT 2 SEMAEM — 28, FrDAANAEMEE R UL CHT B ae 2 5. MM =, =FhklY
Sk, PT waveform propagation tA77ESEANHERIFH I o
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Si B4

Sidelay CHRPLLEIR) /248 net ARG AR AVIEE . fEAER BB, BT 230
BRI, net BB HEA, CANZBA B R AFEZFAE A . P AAMAE net FH—%% net
(FRHN aggressor net, fRIFK aggr) KAHSFAR{LE;, @A %, aggressor net &\ 75—
2% net (BN victimnet, fEIFK vic) VENHER. XFHTEAN S S victim net L1558 101%
B R EIR 5, B4R BT Y Si delay.

NN\ aggressor net
v

L coupling
— cap

N
" victim net

Y VYV

victim net

1 Aggressor HJi%EEL

H1T victim net [ aggressor net H A[EIRZ, HIRZ aggressor net X} victim net FJ 50
FEAKR, N TIREN FHTEEE, CHT RUEBGH 7 52K aggressor net #E47 401 an sk
ZH xtk_virtual_attacker_mode #f % B i statistical, 8 #% ik € A 55 40 52 R BEOK Y
aggressor net ¥4A 20— Virtual aggressor, XFETEHE i 2 BTk BEF R, WRELRIE— 2
HIFSRE . CHT %) T victim net 55 aggressor net 2 [A] ] arrival window E&XZR, i
window #& 15 H & X} aggressor net FE{TILJE. X4 aggressor net i IR 1 S ME 5 %) br L H B A2
— .

1.1 Small coupling puRd

4 victim net 5 aggressor net 2 [A] ] coupling cap /N T—EHIE (ERIA N 0.0001 pf)
I, aggressor net Ki# B2 IE .

12



1.2 P& Bump i3 38

driver wa-\-'e/‘
aggressor aggressor

driver receiver
total coupling|cap

- bum
victim I'S /\ P victim

driver receiver

hr ;
! total group cap

4 FE X} aggressor net Al victim net #H4T @245, I f55H RE2% aggressor net X victim
net Y] bump. - hr 24 victim driver cell [IJNFE (tHFRXN holding resistor). rs JAJ aggressor
FITE coupling cap F| victim driver FIIIACT 2 HLFH, H1%E% aggressor [ coupling cap I victim
driver FJHEBHZ T coupling cap HIINBCF- 2153 . K8 XS LB IR, 1IZAE A5 E ) bump 5
X bR T —BUER 4

FIiH aggressor net [ bump {5 5E /5, XF bump H/NEIKEHTHET . X+ bump/vdd
/NF 240 xtk_single_bump_filter_threshold (EX1A>4 0.01)[1) aggressor net K4 it i€ o ¥4 Fitick
JE ¥ aggressor net [ bump/vdd #AT MM F] KKK R M. RIMEDT S
xtk_accum_bump_filter_threshold (ERiA 0.03)/ aggressor net Kt g, ol 4wk TR € 1)
aggressor net B R o

1.3 Window overlap i3 JE

H1T aggressor net Al victim net [ AN sink pin Y arrival time #54 fT 22 5%, WR% & sink
pin #) window ¥ RIAEH KAOAEMEE, PANEZE . CHT KA aggressor net I victim net
driver pin ff] arrival time 115 E471# window. U1~ LA rise min [ si delay 115 41 . Aggressor
#J window 7 [l y[aggressor driver pin rise min arrival time, aggressor driver pin rise max arrival
time]. 1M victim ) window J [l A [victim driver pin rise min arrival time, victim driver pin rise
max arrival time]. 4 [ fRiE—E AWM, CHT X window 34T 7 —& M3 fE. Aggressor
window R FETHE I bump BEATY RE, 22149 BAE AN akxtl, A543 FE{E N aExt2. Victim window
R4 transition HEATY R, iy REAN vExtl, AiUY BAEN vExt2.

13



arrival window edge

/ aggr window /
driver min_rise arrival  driver_max rise_arrival

aExtl aExt2

aggressor

coupling position

P
e

arrival window edge

/ victim window / 0.5V,

driver min rise arrival driver max rise arrival

v

vExtl VExt2

4 Aggressor I victim [f] window #B¥ B2 5, HEATLLE T 2 AN%A4EHA%E window
T HE. 5 victim AER[NY aggressor net K A2 sidelay 15, 1M H (1 aggressor net
¥ 225 victim net ZHi% net mesh 4%, B R victim ANFEIFX AL E, 52REHLT
[ si delay. 1R window H& £ window F FESIEEH) (E) window ¥ R Z BT ANEHZ, 1
window ¥ JEZ JE A HE), XFEILN, ageressor /L] bump £E victim window [X[8] A A
£ 4RI victim net |, I aggressor X victim AR, (HIUZHM . CHT Kit5
window HZ XI5 window ¥ R 2 B ELH], FEdidiX AN LR F-467)N aggressor Xif

victim 52
ovelap condition

Cond1: VicWindowLeftSide-vExtl < AggWindowRightSide+aExt2
/ aggr window /

/ victim window /

Cond2: AggWindowLeftSide-aExt]l < VicWindowRightSide+vExt2
/ aggr window /

/ victim window /

1.4 Virtual aggressor fJ &

Z ¥ xtk_virtual_attacker_mode #{ 1% B il statistical i, #Z{HHE bump 1L JEN aggressor
net, W5 bump/vdd KT — & FHME (ERIAA 0.7* xtk_single_bump_filter_threshold), K420 &
&> virtual aggressor, 1F ANIX%E aggressor nets 1125535 . Virtual aggressor [/ coupling cap,
coupling cap 2| victim driver [FJHLPH, LI =521 aggressor driver transition #5281 4t ih2% 1t
HASR, FEARYE S5 PUEAE bump AH R 7 A3 2I bump, 7E24 Virtual aggressor X victim net
faj- AR

14



2 Mesh #)& 5[

B A WL JE R aggressor net 5 victim net ff] net RLC tree Hf2AK 2 > mesh, 1 & fi
No HHF—/ mesh (it} aggr mesh) 7E victim ) driver %iji%4% victim driving cell FJ N BH (5
B[l holding resistor), 3% Skt aggressor 7E victim driver 3 =42 (ITE N HLIAL, BAJZAE victim
receiver ¥ = £ ) bump. 55—~ mesh (it vic mesh ) 7E aggressor 1] driver %iii% 4% aggressor
driving cell FIPFH, 32 F K115 victim net 52 si 2N 2 J5 I stage delay. 1> mesh [ Arnoldi
LT 4 AR, 1531 4 AL ek 4L

7

cell delay
inject curr eeap bump
victim
holding
resistor
aggressor >
holding
resistor 1
—— c-cap b“mp
inject curr
victim I ’
bump :1lig11111911r
e /
solve ccb add bump ROP wave

(add inject curr)

3 Bump FEAENBERITE

Aggressor driving cell Bl ccsn AR AT E] aggressor driver AL, FiEil aggr
mesh [ 4 B 4L 4R BEEFR TSR, 43 91452 victim driver i FVF N LA victim receiver i )
bump.

4 Victim si wave propagation

Victim si wave propagation R 7E % [E TS aggressor net X victim net [FJ7E N HLIRA] bump
TGO, 4 victim driver cell input I TEAL 3 2 victim receiver cell ] input pin 5.3 output
pin &b, MIMHHHEA si ZN ] stage delay.
4.1 victim driver wave propagation

victim driving cell JE it cesn AL SR g , [F]ILE SK MRS 25 FE BT A5 aggressor 1E I victim driver
REP2 A RN IR, 13352 si 520 Y victim driver .

4.2 victim receiver wave propagation

victim driver J#JEZi@ vic mesh [ 4 B &5 BCEERATHE, 152 victim receiver AL
o TR RIZEAE E, ¥ aggressor 7Lt victim receiver ZbF=AE /] bump AT S
I, 338232 si FEM ] victim receiver BT o I8 H R U SEBR UG DT AR — N 2Lt E
DGR, (H 2 S I f a7 5 ELKS B3 P Al

15



4.3 victim ROP wave propagation

I A2 si 2P victim receiver YT ELAS I si delay i T80, X & FA victim
receiver cell 38 % B A (K JE S FRFPE, 32 si 201 victim receiver {Eiﬁ/fééji victim receiver
cell ZJ&, KA HENITFE. NT HIETFER sidelay A2 Tl FIEW, $REFREFE, CHT K
52 si 520 victim receiver Y3 — D AERE 2 victim receiver cell output. &G 75 H H cesn
MR AT A% . [RIG, 402 victim receiver cell AETE cesn #78, A4 si delay ¥ ELEZLE victim
receiver Ab1T5HAFH .

4.4 si delay %

52 si 520 victim Rop 2B victim receiver 3 AT T victim driver cell input pin 4L
delay i 25 base delay RIA[75% si delay. {HIE%# ccsn HA )i+ 5MEH 5 base cesd AL {511
AW ER, N THBRIXLEERZN, CHT KAE sidelay THE SRS, FHHMIE cesn 12
ML ANE aggressor [ net RLC tree [EFMEAY 1157 victim uncoupled ROP P JEEFE victim
uncoupled receiver /£, 1#id victim coupled ROP % JE 5 victim uncoupled ROP % JE 11 2 {E 5K,
# victim coupled receiver J 5 victim uncoupled receiver I TEIZH, 153 IFSHAY si
delay 1H.

vdd
IR Coupled
* receiver wave
.
Uncoupled .
receiver wave ®
“
.
See
s TS ROP
R “ss sidelay
0.5vdd P
receiver N N
i Y .
si delay 8 .
) )
‘\ \\
Uncoupled 's, s,  Coupled
Rop wave s s ROP wave
\\‘ \~
. .
. .~

5 alignment

HITHI 221 aggressor net Al victim net ZEFELE window. N T fRIFHH I si delay & EW
5. F2ELE aggressor net 1 victim net ] window PN, #EAT Z IR F48ZR . B S5HE1E,
aggressor net 7E victim driver ZbFJVEN HLLAITE victim receiver b1 bump & IN7E victim 3
IR R —E . @I CHT R REE, ERIEEE BN T, MR RREWE si
delay ffi. A2 4 R EAER bump 2 hnid R K.
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aggrl bump
7\ /
’/\ aggr2 bump /
’/\ aggr3 bump /

—_—

victim rec

\aggrl bump
\ aggr2 bump
\ aggr3 bump

eiver wave

y
/
/

\aggrl bump
\ aggr2 bump
: aggr3 bump

6 Correlation

NI 2 5KR BB~ T CHT 1 PT ff] correlation, LAz F1 SPICE [¥] correlation. MFEHA]
PLEH, CHT 1 si delay THE RS [RIFEAE R &, £5% LA I correlation £ ¥HRTE 99% LA L.
Z 6-1 CHT FA PT B9 si slack correlation

index design corner | process | setup slack £5% | hold slack 3% | hold slack 5%
1 ca53_cpu_wrap ff S28 99.40% 97.33% 99.62%
2 ca53_cpu_wrap Ss S28 99.25% 98.63% 99.76%
3 GPU ff S28 99.87% 100.00% 100.00%
4 GPU ss S28 99.93% 100.00% 100.00%
5 MEDIA ff S28 99.55% 99.68% 99.91%
6 MEDIA SS S28 99.87% 99.77% 99.97%
7 VDH ff S28 99.97% 99.98% 99.99%
8 VDH ss S28 99.94% 100.00% 100.00%
9 ca53_cpu ff T28 99.98% 99.84% 99.99%
10 ca53_cpu ss T28 99.20% 99.92% 99.99%
11 DPD ff T28 99.70% 100.00% 100.00%
12 DPD 3 T28 99.99% 100.00% 100.00%
13 ETH ff T28 99.99% 99.30% 99.89%
14 ETH SS T28 99.99% 99.62% 99.99%
15 mali ff T28 99.99% 99.99% 100.00%
16 mali SS T28 100.00% 100.00% 100.00%
17 PCIE ff T28 98.10% 99.95% 99.99%
18 PCIE SS T28 100.00% 99.99% 100.00%
19 PERI ff T28 99.97% 99.91% 99.99%
20 PERI ss T28 100.00% 100.00% 100.00%
21 R52 ss T28 100.00% 100.00% 100.00%
22 SA ff T28 99.98% 95.71% 100.00%
23 SA ss T28 99.99% 100.00% 100.00%
24 socC ff T28 99.84% 99.97% 100.00%
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25 SOC Ss T28 99.99% 99.98% 100.00%

26 VENC ff T28 100.00% 99.78% 100.00%

27 VENC ss T28 99.99% 100.00% 100.00%

% 6-2 =& 7ns TZT CHT 5 SPICE H si stage correlation

. Criteria 1 (£5%) | Criteria2 (£7.5%)
Corner Type | Total Stages | Avg Diff . . . .
passing ratio passing ratio
SSPG/0.71/125C Setup 500 0.7% 99.2% 100.0%
’ Hold 500 -0.4% 99.8% 100.0%
FFPG/0.79/125C Setup 500 -0.2% 99.2% 100.0%
’ Hold 500 0.3% 100.0% 100.0%
SSPG/0.61/-25C Setup 500 1.0% 100.0% 100.0%
' Hold 498 -0.5% 99.6% 100.0%
FFPG/0.90/-25C Setup 500 0.0% 99.6% 100.0%
' Hold 500 0.3% 100.0% 100.0%

7 Outlier

7.1 PT HRIEF LA K] outlier
PT 7L enable spice 2 J5 I sidelay {ELE 2 & A2 BRI ARAL 280t KB TE] A% B 9

HEM PT 9 7 M si delay AT FE, 2 RAPO#E L. PR EE TR si delay [EANE#E
i, AL CHT 74 7 FEAR I outlier. #lt1, XJ ¥ dth FA™ case, FATHMIAILH T 1000
% si delay #HZ 5 K net. 7E PT enable spice Z J5, H:H' 75%H] net [ si delay {55 CHT 1}
HMERGAE . RIILIX A5 outlier 2T PT PR EVE BN Z R, FEAZ CHT 1M E
k. FEPkE T HA 25 MR AT U, H aggr #6542 infinite window 1L, ALk
%7 window HIR2M . FTLAE F], CHT THEH si delay 15 PT PUlBVE A 25, (HEMR PT K
R AR R R IS S T

CHT5PT si delayXt H &

® ptiLE AL chtkg i Bk
0.07
0.06 /
°
0.05 7S /
0.04 =
® ®° ° o
0.03 = °
o0
°
0.02 / ‘0‘
0.01 / °
0
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07
ptAd i F 1% si delayfi (ns)

& V%si delayfH(ns)
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7.2 CHT H &4/ outlier

FANE DI outlier A& HT PT PUEFIESI LI . 3XH6 5 outlier [ )i K = E AT LLIH
ESySENTTPAR CE 3P

BT, cosn RAVIEELZE 5. FETTE victim driver cell B3 ROP HTERS, CHT ik
HUAY cesn #7455 PT ) cesn A ALK B ANFI) arc, S5X sidelay f£7E 25 5% . CHT #EHY arc fFR
HEAEfH45 transition S EGERLP, 10 PT 7E R L1500 N HAEIX —hnifE o

W~ R AT, CHT FI PT 7E enable spice #5 T #>K A infinite window =4 B S0
B si delay, RUARIEE 7 503% ) R window [ {HJ2 CHT 1 PT K si delay #KIHAHZE 20ps,
spice 1/j HL&5 AMIGUE N oR =35 02 14ps (WLRBIEEE —F18E) . XT L spice 1 B OUHF, K
L35 1) spice {1 FOCAF I FITIZE timing arc AN—E, 24 CHT spice 17 F I3t FH AHIF arc i, spice
SR8 ULREFE—HETD.

Tool (ns) Spice (ns)
si delay 1.5 stage delay | 1.5 stage delay | 1.5 stage spice delay | 1.5 stage spice delay
(enable spice) (no si) (si) (si) (si, same arc)

CHT -0.093 0.305 0.211 0.205 0.193

PT -0.113 0.303 0.190 0.191 0.191
Diff

0.020 0.001 0.021 0.014 0.002

(CHT - PT)

B R window Z . CHT Y window J& LA driver pin [ arrival time #4221, 1M PT
#) window HJ BE FEAN X T 2 /720, H. arrival time 3Z base delay £ waveform propagtion ]
SUNA, CHT A1 PT A sk EAE 25, Ik window A BEAEAE — & M2 5. Window )2 74 5
2 aggressor IHIEHIEL HANE, AT si delay HiIH outlier.

XFPRBLE outlier IEH A 70 #E, RTER CHT Al PT 1 si delay THELREFBE K 1
R, CHT Al PT & infinite window BEATTHEL, outlier HIZE RIGHHERFFAEH /N IR
H1) 2 MFIF, CHT I Sl delay 55 PT AHZE )LD, (H2 A 1 RIERIHE T si delay {Hf
S| HE S S T

stagel stage2
PT si delay 0.0091 0.0285
CHT si delay 0.0282 0.0415
diff (CHT - PT) 0.0191 0.013
PT si delay (lterl) 0.0377 0.0419
CHT si delay (Iterl) 0.0332 0.0415
diff (CHT - PT) -0.0045 -0.0004

=R alignment 257 . Alignment ;248 2R ECIET si delay FICEEP %, H
T holding resistor % % 5, bump (A DL AR AL B R HILECR 22 57, 1X0K 2 5L
alignment /7 & A RE HH B Z, M-S E sidelay HILZE R . X P a8 R gEFRRZE R, (HATA]
W . IXFPERELEHY outlier JEH BN, HEEAZ.

WK 2 A stage I, BRINIEHL CHT {8 H I HRE T alignment 53%, HAT 51 si delay
5 pt M2 10% /4 47, (HZ U CHT i 55257 (Bl exhaustive_align), BEAT4HLTT align %f
FHHE, CHT THEM si delay 5 pt AHZEAEH /N T 52895 FER KK, AT Mt HiE AL,
CHT BRIAASH 75 551533417 alignment #E1E.
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stagl stage2
pt si delay value 0.1043 0.0879
value 0.0939 0.0808
cht si delay diff (CHT - PT) -0.0104 -0.0071
diff ratio (diff/PT) -11.1% -8.8%
value 0.1007 0.0862
cht si delay -
) ) diff (CHT - PT) -0.0036 -0.0017
(exhaustive_align)
diff ratio (diff/PT) -3.5% -1.9%
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