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THA L« 2T A NMIUSEE LIAEROF NG, £ 712777 Best Design Award 28 1 313 THRE
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# 1: ASP-DAC 2010, 2011, 2012 @ Lk

BRI 2010 £ 2011 4 2012 4
o i 201041 H 18 H(H) | 201141 H 25 H (¢k) | 201241 H 30 H (H)
) ~21 H (K) ~28 H (&) ~2H2H (k)
AN L S e — =
o e (i) omt (g | T FED AT
=t Taipei International ST R Y 7) Sydney
Convention Center o Convention Centre
PFex R EDSF 2011
F SCBERR L 340 300 287
Fi S A E
(k) 29 26 28
AR AR S . . .
(R ) 119 (35%) 104 (35%) 98 (34%)
F—/—h 31
7 kL% 3 3 (2 2 BR)
e 30?"%;‘ 2 s (10488) |25y v (988)
Kiplle v va v . . 9tyiar
o D via
AR pvvas pEyvay (% 3 BIR)
2v5 2k 1ty ayv 1y ayv 2tva v
. _ BRI FE i BRI FE i BRI FE i
5 —
FETA =T A (Student Forum) (Student Forum) (Student Forum)
RAH—AR— R — — _
. 51 6 114 50  (F&5ZEMW)
— k1 L
AT 2= bIT | omsth bR 1) | (B 2 R 44) (4H 5 11)
NN 4 yrar
FYA R P Sdag (5% 4 BH)
7 F—T b < ;W'; 13 2) IR 2,
o /3H VR 2)




# 20 KL

A2 A bV A

Engineering complex systems for health, security and the | Giovanni De Micheli

environment

(EPFL., Switzerland)

Antipodean VLSI Adventures

Neil Weste
(OzRunways Pty. Ltd., Australia)

Trends, Challenges and Solutions of Design Ecosystem | Cliff Hou
for 20nm and Beyond (TSMC, Taiwan)

F3EREYyaryDEA ML

TS yvar e A4 v
¥ w3 S1: Robust and Resilient Designs from the Bottom Up: Technology,
CAD, Circuit and System Issues
¥ v ¥ 3 > S2: Domain Specific Accelerators
& v 33 7 S3: Design and Prototyping of Invasive MPSoC Architectures
¥ v 3 S4: Making ESL Models Work
A & > 23 7 S5: Advanced Post-silicon Validation and Debugging Techniques for SoC
& > 23 7 S6: Design and Architecture of Emerging Non-volatile Memory Technologies
& > I 3 > S7: Sensor Node Optimization in Machine-to-Machine (M2M) Networks
& > I 3 7 S8 Design for Reconfigurability and Adaptivity: Device, Circuit and System
Perspectives
v 3 > 89: Quality Insurance for 3D-Stacked ICs
F 4 THPAF =R+ T4 —F LDHA L (2012 TIXEMEE L)
e yvar e A M
H R -
ey




#*5: Tutorial ®# A ~L

N7 w7 | TR Z A4 hv
1 2 H | Design for Manufacturability and Reliability in Nanoscale CMOS and 3D-IC
2 4 H | Wireless Body Sensor Network (WBSN) Design
3 4 H | Heterogeneity for Power Management: Devices to Systems
4 A H Energy Efficiency in Scalable Power Sources: Portable to Grid-Connected
Systems
5 4 H | Assertion-based verification for SoC and embedded software

7% 6: Best Paper Award 234% 5- S 1172 7@ 3C

WA RV HE

3C-1: "EPIC: Efficient Prediction of IC Manufacturing Hotspots With A Unified
Meta-Classification Formulation", Duo Ding, Bei Yu, Joydeep Ghosh, David Z. Pan (The
University of Texas at Austin, U.S.A)

2C-1: “An Intelligent Analysis of Iddq Data for Chip Classification”, Chia-Ling Chang, Chia-Ching
Chang, Hui-Ling Chan, Charles H.-P. Wen (National Chiao Tung University, Taiwan), Jayanta
Bhadra (Freescale Semiconductor Inc., USA)

£T FFAL AT R MCTEB SR

A WM HA v EE

D1-2: "A 120-mv Input, Fully Integrated Dual-Mode Charge Pump in 65-nm
Best Design | CMOS for Thermoelectric Energy Harvester”, Po-Hung Chen, Koichi Ishida,
Award Xin Zhang (Univ. of Tokyo, Japan), Yasuyuki Okuma, Yoshikatsu Ryu (STARC,
Japan), Makoto Takamiya, Takayasu Sakurai (Univ. of Tokyo, Japan)

3.3.4 WX OERIKR

1998 £ 5 2012 F D, ASP-DAC ~ D LA O s OHER 2 [} 1 127797, 7272 L. ASP-DAC
2002 IZOWTIE, A > RO J7m—/L CRIEEB{#E X 4172 VLSI Design 2002 ~O #f5m L & & ie,
LITART RO, 2 ZHEEIF, LEMIZ 300~400 fHEoFNH 5, 4FE L HIZ. ASP-DAC IEikEHH
LS OERESEE LTESRE LTLES>TINTHA I,

£ 8IZ, BADL OMCEMBOHR L, 2ANLER SN RSO 2EE %2R, BAND
DR RN 2RI 5D HEIA1E, 2000 2 E— 2712 LT, 10%AIZICIET L TWD, G SCEREL
Mo l=Ol, KEO 758 (RilENX 73 ##) . FEO 45 8% (FilEE 39 ##) . BAD 24 #F (FilENX 31
M) . BB 37 M (RIENE 44 %w) . > RO 114F (FiENE 13 #%) . #EE O 1246 @EilENX 114#) Th

277,



X 1 Hudgdn | am ST AR AL

800
700 BEuwope & Others
600
ONorth America
500
OASP
Zm %& 400 (exc. Japan'Host Country)
300 BJapan/Host Courtry
200 =Grand Total
100
0
2 e < 5 - . 5
S R

&

#* 8 HARD L OfCHehatk & =T 5D 5EIE

iﬁu 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012
H A 42 29 24 42 36 46 51 44 31 50 33 31 24

(EA) | 29%) | (18%) | (9%) | (18%) | (12%) | (7%) | (12%) | (11%) | (9%) | (14%) | (10%) | (10%) | (8%)

RN 144 161 | 269 | 235 | 291 | 692 | 424 | 408 | 350 | 355 | 340 | 300 | 287

AT, BFFE5 BRI O SCHERR s X ORIGR U a2 & 9 12”7, ASP-DAC 2012 TliE, #F5esmir%
13 FEEEIC /08 L CRi SCORHE & R DIRTE 21T o 72, SR SCERENE o 128 1L, 2% 4 oM
ATy s VT NEA LV AT LDy gy, 8 7TOWHERGOE Yy a Ly, 3B 8DXA I -
THE ) - BAOFRAT - Faifb ot >y ra v 78 18 OFEdl - iy 7V r—raroktyvarTh

-7z,



& 90 B O f SCEAR AR & SRR UK

Ak WESE 5 et | BRIREC | BRI
1 System-Level Modeling and Simulation/Verification 21 6 28.0%
2 System-Level Synthesis and Optimization 20 6 30.0%
3 IS\}}éstzgi{I;e:lehipMemory/Communication Design  and 91 6 98.0%
4 Embedded and Real-Time Systems 33 10 30.0%
5 High-Level/Behavioral/Logic Synthesis and Optimization 27 10 37.0%
6 Validation and Verification for Behavioral/Logic Design 12 5 42.0%
7 Physical Design 30 11 37.0%
8 Timing, Power, Thermal Analysis and Optimization 30 11 37.0%
9 S;%ngigz\f;etli"ol;:tegrity, Interconnect/Device/Circuit Modeling 14 5 36.0%
10 | Design for Manufacturability/Yield and Statistical Design 20 7 35.0%
11 Test and Design for Testability 14 5 36.0%
12 Analog, RF and Mixed Signal Design and CAD 14 5 36.0%
13 Emerging Technologies and Applications 31 11 35.0%

& &t 287 98 34.0%

3.3.5 smBEDAR
ASP-DAC ~OHUIBBOSMELR OB Z M 2 127 T (Fa— M) T AOHROSMEEZRLS), £,
AR D DBINE OHER 23K 10 17T (AARBRMERFOL) , SEIORSINEEIT 256 4 Th -7, HilHl
(458 4) L H~D L BIENBD Uiz, BEMTH DA —A T U T b OBINELITERD 13.9%
D364 ThoT,
2 MBI OHER

800
700 n r wEurope & Others
600
ONorth America
500 -
QASP
BIMELK 400 (exc. Japan/Host Country)
300 @Japan/Host Country
200 OGrand Total
100
0
S N T AT T SRR A A WP R SN S S
T TS S S S S DD
&F




# 10:

HARBHEEED AR D OB IMEK & EEICED HFE
(Fa—=RITNLOHEOSMNE ZFRL)

ﬂﬁf 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012
H A 383 | 379 253 | 316 494 | 450 305 247
GEIA) | (716%) | (73%) (59%) | (61%) (70%) | (66%) (62%) (54%)
2K | 507 | 520 | 623 | 429 | 515 | 516 | 708 | 685 | 412 | 492 | 367 | 458 | 259

3.3.6 SRORE
ASP-DAC D4R OBMETEZR 11 IR, Sl&HE, RETHARBBICROIBRTS D,

7 11: ASP-DAC D45 #% OBETE
s BREE T & H R ffe IR 10 FITLZER
(R o N =
2013 4 (A4 2018341 H 22 H (k) ~25 H (&) (Waseda Univ.)
AN Yong Lian X, Yajun Ha X
2014 4 /(jjjj;jffw 201441420 B (4) ~23 A (k) | (National ~ Univ.  of
Singapore)
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— EHASOCHEBEMHRETTIZIFITLRILO BERIENERS
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— PMOSONBTI#1E S EEZE DD FAKIE. £ D MEREEICF
2L5%.
— NBTIOLZMEEEL LD DAL ROMEBHIEREE DFER
METBIREIRA AR +53
- HHY:

— NBTIGLEHHED XS DENHEROTVSIMERRZODER
- BYBERDIESDERH~DEHESMBHTEERLLER

NBTILELMEEBE =D S (1)

o AN=ZXLBE

— PMOSO4S—+EEHMTVIAEBEIL, VIOZLEICIESDENET S
- VIR LD HD“TF T LSHFE LI LM EHFRMNRES

V'/ 2 [MAX 3% increase
Trap, = |in 99% CDF pt.
A = _
<

ww
,.\

Oxide

Gate

fwm (n~ 1/6)
3 year@125°C\%=_1% CDF(V)
10° ; -

o . 10° 10
10 1 T|m1e°‘(sl ‘

K. Kang et al. ICCAD, 2007. Modified.
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NBTILELMEEES TFE=DHH (2)

EZE:NBTIVIFERTDIRFTT INMMALIaAL—av DIERERE EDORTR
AR ABEREESAOEREER EORT

ME TR RA—BILTLNS

NBTI Vtho RS HITHBIER S CELU TESAIREMEA R,

0.999

0.997

0.99
0.98

0.95
0.90

> 075 N
= 5
2 050 =
-g o
o 025 Left 1o right Iraces: -
0.10 -Nr=1x|l]“{:l1'l'2 =
D-Dg - N = 3x10"" em2 b=
887 - Ny = 510" a2 =

0.003 f - Ny = 1x102 cm2

3

2

1

ot
-1
-2
-3

0.001 ; ;
0 002 004 006 008 0.1
L\VT (V)
Delta Vth(mV)
Asenov et al.:
IEEE TRANSACTIONS ON ELECTRON DEVICES, VOL. 57, NO. 4, APRIL 2010
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« LEEWST . BROHE 32
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Emission Time _Constant o« exp| — sz , €
——> Lognormal distribution *H. Reisinger et al.; The statistical
— v analysis of individual defect constituting
1 (Ea —Ea) NBTI and its implications for modeling DC-
f(Ea)=\/2— eXpl o3 ) and AC-stress, Fig. 13, 2010 IEEE.
o

——> Normal distribution
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FyIRIESDE=50—/VIELDE; FYTADEF - ERETRTH
— AR —H 8= ITER T H_LERE

FyITAESDE=O—HIIEEDE; FYTADEF -BBREITLIUE L

EEZERE

D2D Variation

Conservative
SS Corner

WID Variation

Typical

Conservative
FF Corner

Performance
5

Z8—/\)L-B—ALIESDEDRE (STA)

Die to Die (D2D) Within Die (WID)
Correlation Fully Correlated Un-correlated
Bet. Circuits (Correlation Coefficient; r =1.0) (Correlation Coefficient; r =0.0)
Possible Gate Length CD Variation Random Dopant Fluctuation
Var. Source (ALg: Normally Distributed) (AVth: Normally Distributed)
—[ )— Always stay —{ )>— Randomly
. @ corner . sampled
Variation /\,, | Withr=1 T_L . with r=0
Assumption ? I | I
Chip Chip
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AEAEN, FITRIRTITAVIIELDED
FEBE_SRBIFER

AEIRB

« NMOS/PMOS lon4¥ %48 R
« NMOS lon#F 148

« PMOS lon#s 1448

PM0S(0.3/0.1) Ion

NMOS/PMOS® lonfE 48 B

NMOS & PMOS Dlon$5tE(EFvFICE>TEBD KESH RIS,
Thhb, MEDOEEMEBEIIE r<1TTEGIZ&K>THEED S mEE
2

« ERDOLW-TEDTEGTRIFEL-MEBEDFEHIL; r=0.65.

56

se” on fully-correlated

54

52

*

50

48

46

20
@ o 18 _
o tdh e o " 16 -N&PMOS(L=0.1um)
”‘“ KRS 14
I 12
IRadlil Dl 10

44

42

40

il

O NP~ OO
T

100

110 120 130 140 150

0 01 0203 04 0506 07 08 09 1

NM0S(0.3/0.1) Ion Correlation Coefficient

— 101 —




NMOS lon4F {448 RS

RILELAT IS =RY 150 -
NMOS DlontBR I, FHINSD . o [ Pair NMOS -
FOIZHEEAN T ITIEEITILLY e 7

g = r=0995 —
WTEDEZGEDHNMOS (LAT Ik = :
(& LLERATIT BB RE) DlonlE X7 100 - - - -
N MOS&H:E;EL’—C% :F*E F;:ﬂ 75‘ lj\é e " N:\AZC?S(O.(S/OJ]):ign " s
<f-d:é 132

s | Different Size NMOS
TIERERRE DIHE . NMOS lonfF £ T
DB THL TKREL g rggr"

: HE i R r=0.981 |

NMO0S(0.3/0.1) Ion

11

PMOS lon%F14+8E8

B ELATIRSNIRT = )
PMOS ®lontaa(. 48BEAS1IC 4.,  PairPMOS e
FEHEITEL, RPNMOSITHAR  Zw jo
THEMEEFES Fu et

Yol ) r=0.987
W~tEDEMGSHPMOS (LA47 ™ 10 —

NI ELERBOIT EEEH) D lonFHRE L A e T

NMOSELEEER L T/hNaLE D &
54 . Different Size PMOS™
PMOSIENMOSELLBL THERE =3
HMELN g "N
3 a2 A —
g« e r=0.889 _

PM0S(0.3/0.1) Ion
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AERR—E

« YT IILE =72 Chips/1Wafer
« TEG#1=256
- TEGAHAZEEM:

— NMOS/PMOS: 26 geometries each (L,W. including Pair MOS)

— Ring-OSCs:20 Cell types (Logic Gates, C-loadings)

— Metal Capacitances:20 components (Single lines, pitched lines)

— Metal Resistance: 16 Components (M1-M3, Geometry dependence)

Devices Correlation statistics
mean Sigma Min

NMOS Ion 0.921 0.083 0.627

PMOS lon 0.826 0.183 0.094

NMOS Ion vs. PMOS lon 0.393 0.309 -0.474
Ring Oscillator Ferquency 0.928 0.065 0.736
Metal Capacitance 0.517 0.378 -
Metal Resistance 0.293 0.635 —

13

FYTRRATITAYIIE6DEDMEE;
F&H

NMOSTF&E . PMOSFE M lon’3 14 48 B8 - 32 8I1{E [ EL EX AT
BELATIRDIBZEEr>0.88T1IZIELMEERT NESE
M IXEN TV

NMOSEPMOSD lonfBRE & ESBIEIZLE R THEMN /NS
L, FHEEDEMIL; r=0.65TH5
MOSERFDLWMNEL ELES1=IEHL. 2D R FD
lonfBBAME XI5 DE . HHNnWEHKT S
MOSHRFELLERL TR, CHMEDHEBE X IER (Z/MSUVE
EREENTEINTEY., E5D2FLKREN
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- {HBAEERED EE
- BEDRFFIEBROEMEE
— IRt L -5 S D ECHER
IR OEAHELTTOVNT S
— BCHBEED (=1/e)L% 5 FRE (
ERNEHERANEEET D
- JAIFEIEH
— NMOS lonDtEEES
— PMOS lon®O#BEE S
— YOG ALL—EERBOEEE
VXl

osys Correlation

Correlation

Length Distance

15

FEBE £ 721 ; NMOS(L/W=0.1/0.3)

« NMOS lon$¥1% (X155

""'ﬁ/\ 45
DEDIEEERES
40
iii 35
30
ﬁ25
MZO
. T4 &
- E3 15
=585um p
5
0 ek ——
N T © 0O NY©Q®RONTTO®ONT OO,
————————————————————
[ T N S R S S S AR N N (N A N S A S
O N YT © RO NT O RO NT O DO NTQ
ooooooooooooooooooo
+EB9EERE A /2[mm]
1 g [mm] - 0.585 o [mm] : 0.098
min[mm] : 0.358 skew : 0.080
max[mm] : 0.846 excess : 0.241
16
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FEBEE K7 ; PMOS(L/W=0.1/0.8)

« PMOS lon#4%1E5

;Jﬁ%@ffﬁ BE PR B 72 w

- FTHiaRI A =
=642um 0

5
0 | S ) S S B | I o
NEEEEEEREREEEEERREEREREEREEREEER
mmmmmmmmmmmmmmmmmmmm
[T N A U S N S A A S A A N S SR S =
QN e 0 QN T e RO N O 0o NSO
wwwwwwwwwwwwwwwwwww
FEBARERE A /2[mm]
FEt4 p [mm] : 0.642 o[mm] : 0.213
min[mm] : 0.406 skew : 4301
max[mm] : 1.832 excess : 21.386

17

MERSf; U T4 L—42EK
(Inverter, FO=1)
UL IFIL—5

RBIELSDEDHEE 0
ERRE ST R 2

20

45

« AR R .

=1000um ) :
0 |:ll o I[llnl i =

N & © ® O N ¥ © 9 O N © 0O I <+ ©
mmmmmmmmmmmmmmmmmmmm
[ R T S U S SR S SR NS SR SR A A A A SR S P
Q N & © ® O N T © 9 o F © 0 O N % ©
ooooooooooooooooooo
FHBAEERE A /2[mm]

F19 u [mm] : 1.000 o [mm] : 0.681

min[mm] : 0.303 skew : 1.605

max[mm] : 3.497 excess : 2.398

18

— 105 —
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FEH

« NMOS, PMOSE XU EIBFED L RATITAY
DNESDED &, FY TN THEEEAEBE SN
HY . HE=1DREITESHNIZHE -

o ERFHERCIEEEHOSMM~1mmiinsdE LD
TEGOH B +HRE{E X r=0.37 F2EIZIE T3

19

X5 D2FEDHLLVEE (Y O—/\)L, O—AJL)

o (X5 DFRETDOHMAHFE
— fERDOMBME(ESDOERET
s JO—N\)L;D—RbFyT a—F—(#EEE=1)
o B—AIL #HETS2 S L (FBBE=0)
s IV FYTAVRATITAVIIESLDE

— HILWMESDOZEERETO A
o JO—N\)L; FYTRBEEZEEL-T—ANFYT
o O—AhJL; #HEH504 L (FBEE=0)

o HLWWHEADZHR - -a—F—<T— U DHEM
— Ja—/N)LS OB (FBRE< 1)
— Y=V (FYTRURTIT4vIIE5DEIER) DHIK
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JO—/N\)L; FYIREEZEELI=T7—AMFYT

s ZF-EEROFYITREE(Ir<1.00DEE. r=1DFEEHEN
T 2ZEFDHHMITREICLES
— [EoDEEERECDIER

The sum of 10 unit Gaussians ga—nN)La—r—I%. [
Tz — P=10 BBk FEEERFO ! :
ChS . REREr D FEEEEDIES
0.01 - DENHITKTE
' \ 2. BENADEREHICEKTE
o I u———— Ja—a—F—IdReEE
o T EREHLELTOHRL
0.00 +—=— - TBey b‘;Z\E
10 8 6 4 -2 0 2 4 6 8 10 Statistical STAOERIL®D
E Rl

M-Processor Forum 2004
21

70—\ )ba—F—o O RERERHIKE
(5 B3 E)

FTEDIRE:

— FERZTHX =N(0,1). ZH BRI =ro (Xi) o (X))

— HEERZHOM (BIEREH=3DE)Y=X1+X2+X3

[B] 2% 14 B S

— p(Y)=E(X1)+E(X2)+E(X3)=0

EIFRDEEILSDE

— V(Y)=V(X1)+V(X2)+V(X3)+2[Cov(X1,X2)+Cov(X1,X3)+Cov(X2,X3)]
— o(Y)=SQRT(V(Y))

fil;

— [EEEMEIFEEE =0 MFF: p(Y)=0. o(Y)=SQRT(3)=1.73
— [EIERRE4EEE r=1 DB u(Y)=0. o(Y)=3

— [EERREAAEE r=r DBF: p(Y)=0. o(Y)=SQRT(3+6r)

22
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J8—/\)La—F—o3m O ERE IR
(—H&1E)

« NERDEIREHRDIGE
- X; RT—UGBE, Y, F—2JLIEEE, n; [EIEREREK

< where
Y=> X, ’ ,

— ! u, :mean of X, (i=1~n)
=

o, :standard deviation of X, (i=1~n)

H, = Z M =N, r. :correlation coefficient among X, (i =1~ n)
=1

V=2, +23 ¥ Covlix, x|
i=1

i=l j>i
ol=0’ [n+rn(n—l)]
y X X

23

kT —RhI—F —DIBFIE
 WEEOTO—/N)La—F—0ofEIZXTHEMZEE Kk ZE LLT
DX TEE;
B o,(r.)

k(n,r.) =

y X

k(n,r)zl\/n+rn(n—1)
n
kK>=r @n-—o

« Note; EZF{%E. FHRE r LEIFRERE n DREEEL

24
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S a—/N\)LIESDOZEDHEEE

DMELOHED
O—F—E&MEHS N

- #EtE
- tERERE S ;
o T, RERE o
- O—F—RMERES T,
o EY p RERE; of
HERBS MEa—FT—RBFERES ORI [11]

I =%\/ur +y4u,’ =30;
o} :%{Zyr —\4u’ =307 }

« AO—/\)L-B—AILIESDOZETDHEAETIL

- a—n)L: f(k)= N (Ty,+ATH,, ATO, ), AT=30pyp
- o—AL: g(x)= N (0, Oyng)
25
» » NN ;l; = 4=
JO—/N\JLa—r—0DEIERDEE
155 A—45 AR R, EIRE B M
PEELE T O—\ILa—FF—OHIBR  HEH<T— 2 HlR
r=0.8 — HilE=E: k=0.90
r=0.6 — HilJEE: k=0.80
r=0.37— Bl 3 : k=0.60
1
09
i 0.8
‘B 0.7
"g 0.6
05
% 0.4 .
303 Ratio : k(r,n) =—4/n+rn(n-1)
02 n
0.1
0
0 0.2 04 0.6 0.8 1
Correlation Coefficient (r)
26
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FyITREREEA D AEFDHEED
[EIEBIE LS DEHIBER (HEtEtHE)

HEORE; i gigzﬁf—\i
EIER BRI R ER S 25 | F 3
F19{E=0.7 P
S ERE=0.1 :
#RE o iy | X\
0 0.2 04 0.6 08 1
: _j—_ﬁu ;)ﬁ{%ﬁﬁ*ﬁ%+% Normalized correlation distribution (pdf)
T1918=0.84
ZAE{RZE=0.06 M
s L Ok=0.06
F1#416% Da—F—FHEIE 2 | B
NTED T
I — -
0 0.2 0.4 0.6 0.8 1
Normalized reduction factor distribution (pdf)

27

5 Aa—/\ L a—F—HEHET L EHER

Ja—n\I)IESDOZHBEDOEAEZALN =, 7—
ARa—F—D BT A
— PERLEO—F—BTE; F1910%., &K20%

o00 HEEH:
500 —+— Conv.Corner|| (1) 7 a—/\)LHEEs
400 —=—D2D_Correl. | =0.672, 0,=0.174
300 3
,~ Conv. Corner (2) Eﬂ?};ﬂi
200 i typical delay=10ps
Typical delay New Model worst de|ay=20ps
100 g
/ X
0 Seeerees 0. N (3) EIRE R
10 15 20 25 30 N>10
Delay (ps)
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SSTARRET LS DEET LD EHE

« JA—NLESED2F2—F—DHDORE
- A=)V (T—RAM)A—F—[E5D&E--SSa—F—51
- A=)V (RRM)I—F—[E5DE- - -FFa—F—52%

o O—ANIELDERINHRIA
— A=A (FUE L) [ELDE---ERA

Conventional |

/\ Corner bounds/\

—30 —3ko +3ko +30

Statistical Global corner distribution

JAN

0
WID statistical Local distribution due to RDF

29

FED

« JO—N\LESDEFI—F—([FHEEARMEERT AL
TEHI0%EBT H_EMNTES.

o JO—NILIELDOZFHEDO N HEBRET HE. O—F—
BIEHET R TELTERSIND

- LER#EREE(C, SSTA(Statistical STA) T;
— Ja—N\)LIE5DEF FF & SSO—F+—2%
- B—AILIELDE,; ST L#fET A H
"é?&? RETHLBIE D R AET R IEDFH LV EA LA E
D ER T EIREL:
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BREEH

de 5
¢ BIR

— BASUTRAIY A VA DI EGI—F— K H, BRIESDE
[+T3HCmax, RCmax, Cmin, RCminA—fi&IZALShTEY . BE
. BESFH. FSUDRAELDEEHEEMADE. TDI—F
—FHBEIERELG DTS, 4FICHOIIRREEICHE WL TIL EEAQ -5
FERIONREEIESDEDEEFZIT0T a—F—F UL EH
{EL TNV,

— O—F—FBHIEL. MV BRI OENERE., £-214325
INFEHEDEREFBLNTINS,

- T BEMOR/NRELDIA—FT—FHDBEIEENLEENT

AR
- HEY
- 22nm7AEREBFEL. RMIV T B ER/NRGO—F—5
HZEAELEIHE

- PEERICEE o0—F—SHEIRT SFAERHTHL

BefRa—F—5F M 5 &t

s LTOEHTT, FRERICEITSI—F—5%
HEEEDOERERET S
— FRERBTE AR IZITRSO—R <y [ HEHL
- EREEME/ BREEIESDEEIL. FnZT5nm(
30)¢&9%
— EfR R & B : 3um~500um&d 5
— FANFAXF x1BELUX8ET S
— BEI—FT—RHFIELTREDERSEHLET D
* Nominal MaxC MaxRC MinC MinRC
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&1 [0 %

SPICEETIL :PTM 22nm LP (Bulk)

SPICEBRET L :BSIM4

EEEE(VDD) :0.95V

EAINV(INV - X32) :PMOS (W=135nm * 22 / 45,L.=22nm)

:NMOS (W=90nm * 22 / 45,L.=22nm)
~Nangatett45nm>4 75" DEKRINVZEER

TEOEMEREZRANT,. RCOELDERSMEBIERMICRIZTZEICD

WTHRE
Delay - A .tz LB FE (Driver Delay)
Delay - B . ER#REIE (Wire Delay)
DeIay—A Delay-B

|

RI

*>ﬂ>ﬂﬂwﬂmw e
RESE A

70—

[Line]
V (Wout)
(Intermedlate [Receiver]
: W/ Lg, M(out)
[Driver]
W / Lg, M(in) D Tmt (Intermediate)

¢: effective - max.
(Intermedlate p: effective

1. Typical DRCIEHMH22nmFBLEDW / LglZEL1-
Nangate45nm(LP) 5427351, EXUPTM22nm/ 5 A—4%{E
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O—F—EBELEEREER

HFI—F—FH  BREICHTHN\REBEOFTMHEREZLTICRY .

Delay[ns]

LPE-10 [DRV1] LPE-1c [DRvS]

15 / .
>
/ —e— Nominal 1.0 ! —e— Nominal

Delay[ns]

10
7~ —s— MaxC —a— MaxC
« MaxRC MaxRC
./ MinC MinC
) / o ) !Wﬁ// o MnRe
X
0 0 L L L L 00 L L L L

0 100 200 300 400 500

Interconnect[um]

0 100 200 300 400 500
Interconnect[um]

R REBKICONT, BF4ETEMIEMNEIEELHEICRLD)
‘RS54 T K(Ron/N) DA HERR R IE NS E /N
‘RFSL4T1TIXCaA—F—. F5/4T8TIERCI—F—H KB

O—F—EIEAE xf LL#R% (Drive1)

F547112BLTEHI—F—BEDNominal =33 HLLEERT,
— BREIEELLEI—F—BEZENELR

FAIfE [DRV1]

0.8
3 6 10 33 66 100 200 300 400 500

ER#RE (um)

FBES500umLL F ClEMaxCHBET—RA R E# L4

FBEA00uMLL FTIEMINCHABIEAR X SR,
B EMA00uMmZEFB A S LB EHEEENominal KYEBEKXELD

ERR100umfTiEICCa—F—IEOBRALEET S )
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— 3B SE4H T EL B (Drive8)

‘S478IZELTEI—F—EBENONominallx35HFEFTRT,
Eifl{E [DRv8]

1.3

12
©
c
£ —&— Nomina |
g 1.1 —8— MaxC
~ — MaxRC
2y '—“‘”’%:t\i\!\a;‘a MinC
s e % | minre
a

0.9

0.8

3 6 10 33 66 100 200 300 400 500
EHE (um)

*MaxCHLEED —RX M2 D (XEHFERE100umEl T, 100umZid
Z%EMaxRCHGEBIET—R M 15D

FHRES50umEL T TIEMINnCASBEARR MR ETEA.
50umEFHB R 5ELEHELENominal Y BEKREL S, BBE
200umZ B A TMINRCEHNEBEEARMEHL12S

‘ERRRBATRCI—FT—IE(BEL)LRKELD

EIEy.s. o sk BT E
IR E 2 L BEDKREERELE (KS,T8. BEE100um. BREEESX)
BEIES DEKEFEL
py SRR OIS, B
N F B BB A TS
| S SLEE(LLEELRS
oo | BIE) Tlx. NominalftiElZ&
IMENTETE

Delay [ns]
o
o
3

™ -REMEEXIZ DN, EILE

> SEXEIN. BO#RB TR D

003 : i
L_D__J MinC-® a? ® MinRC | &= ... Nominal BrE ik
________ ERITE R/ RRIF5 xR BRMTERA —— Corner i@k
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FEER DR

o 22nMT AL RIZEFAERFEI—FT—FHICBELTUT
DIRZ1F71-

- EEEZZ 5N TLV=MaxC, MinC, MaxRC, MinRC®D4a—3—
DH T, BRI —F—%Hh/N\—TEHEAHIBAL =, $FIC
RS4339 4 X x 8Tl ER#EK100umFZ E TNominal & &A
BIEANR Y ES
— e, [E5DFBKRIZKY., SSITMaxEHEMInEHDEIEX
SHIZEXL., #AxtB9IZNominal & D EELFEAL T 5, ik

 EIRETE R KREFICIIBR BT L 5EEE. Mmx/ D EICIEE
#Ri%(:&éi&ﬁi%@%%t%i%hé
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BEINns

— RFSAN—PAXARINDIHE . 400uml L DERIEE AR TS
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EIWATRETH D
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FEDH

. 22nm7l:lt'7\%_’— EL. R RICKELTEDEENO—
F—FHELGYE %)b"’énﬂﬂﬁbf— SHEDFER. Mot
Z'C('ct 1IE5E%‘ZI:>1’L'CL\7‘_MaxC MinC MaxRC MinC®h 4

Rﬁld)é’%’ﬂi BR#Ra—F—Z2hN\—T=d RILEIh &
AT RE M ANBRREIZFR o 1=
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s WMHTOEXICEWNT, Bga—F—%@EEICH/N—F B1=
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BxEEHB

- R 20105EDEHNE

— 22nm7 At REEEL. BBESDERAHA RV AR T+—T vk
Sensitivity - SPEF (IEEE1394 - 2009)[1] D= lAE{To1=

— FiRiE, BRIEE. EBRIREDIERE/N\FA—2ELIGE, EL
HEICEDLT 0% FBALBRERENRELS:

— EoHRiE / ERHRFEIEE (W / Tox) ‘Ea%iﬂil_ | ER#RMEFE (Tmt/ S) D
2%;&@%%—9&3“6:&%?% . BEREZI%ICTEDILE
~LT=

« 20MEFEEDEZEHEM
— 22nm7 At REEEL. SSPEFOFZBE/N\NTA—2ME FiHEHELT
5
* IEEE13%4IZTERINTLBETIL(ERERT) . BEXUHERY—ILE
—RICAVLLNTWAETIL(BRERK2) (CHITHFEETMEZEERL. £
FRINSA—2MB A EZFIRTT S

SSPEFEC#R/\TA—4F4H

« HMHEAEDEE
— BERIESDEE(EX10H=Y5nmET S
— BRRIESDOEHEDT U TIL A DEIRAE
« +10. 20, *304m

— INSA—FHH AE
- CCFEERFHEI+RSM (R/NEFEE)

— FHi$E4E
nﬂﬂﬁT—'}",h’—i O~=* 30NET—IARTHDRE
s RETER 2RTHRE. RKRE

na*ﬁn-“jqﬁ" <. ﬁﬁ/j)l/,'f—io) U\jj_;&
/;&Ej—é
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SDECHRIBERCH H &

o HMHIRIE
— TAEXR-/INFAFKIE : Calibre xCalibrate v.2011.1_15.11
— LA47 ok : Calibre xACT 3D v.2011.1_15.11
— OS: Red Hat Enterprise Linux 5 64bit
— Workstation 6.5 - 7 x {RAE< >

o T—R-R—RELFIR

- £701R/—RIZHIET BEHRIZEMi(t) S HEZIEE Tox(t) 2B+
BEHET7AIL (mipt)ZER. TOERMEED/NSA—FMMIER

e
- BELLTAER/—FIZHIET TR RO EB S EMRLIZL A
TINEENENAFRL

« RCH#iH
— LEETHIH L= IE % 3% F A LExtraction3E4T
— HLEDRYR) AN T /T—=2a SN EEMS BURS
LE-VDFER=E. FEERBEZEL

5

{52 FHIDECHRIET E 8 1=

Parasitic Capacitances

. Intrinsic Capacitance

— Plate

— Fringe l
. Crossover Capacitance M3

- Crossover plate |

— Crossover fringe R

— Nearbody B
. Nearbody Capacitance . . VR —

Intrinsic fringe Intrinsic fringe
M1

Intrinsic plate

BHREHFERT=EL, BT ERBSEHEL T TR RS
- Field Solver BaseD B EA =M% A [2]-[6]
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{EA3DECKRL A4 7 I R RZAK

Parasitic Capacitances
1. Intrinsic Capacitance

— Plate

— Fringe
2. Crossover Capacitance |

— Crossover plate
- Crossover fringe I>’.. H‘D
— Nearbody

3. Nearbody Capacitance l

LI —+

gl HwW—Hrwi )
= P

HIT W FE T
o

TEIL—+
g a8 s ps

777

it
s

EHTFERCHEIL., BT EMARSTEL T TR RS
- Field Solver BaseD B EAREMHZEF A [2]-[6]

3DEEMHETO—

BEER 1. TypicalZEEE(Z[ESDMET-M(t), - Tox(t)DIL THEEZFER

v
WS | 2 i - 128y RCEASASHER
¥
RCiE& 3. TypicalfEZ&EEIZIESDMET=-M(W)
/$544DB Layout LAT YRR

\/

LVS rule —> HHY—IL — Schematic 4. Field Solver *2) [C&kAF4&E

l Netlist RCHith
HHDB 5. RYPMYRFEADNNYY T/ F—3Y
LE-%BEAERESDYDRC( / um) #R&H S

* 1) Calibre xCalibrate v.2011,  * 2) Calibre xACT 3D v.2011
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Sensitivity SPEF &R E 1

s [EBDENTA—EDEEIK T HRLCEEFTRE (ML
SPEF(Standard Parasitic Exchange Format)2E =X

T C[p]:c*ox“ 142 (emav) 1+ X cd,.,m-,._)']'l
|\ 7 I f /]
A T Ll'p):LUx|"|‘1+Z|,'.?nJ.mJJ"|f"1+Zta‘d,.mi)”
\ 7 I i !
| ¢ : 2.1 ‘.|' { vl f '
s L R['p.I_J:chitl+a><AT+b><AT’J‘><||1+Z w;m,erl\f‘HZu-diAr,_J}]
\A J [ i I
c J_ c‘njz['.lfr"- Clp)lop IC)XNF(p,) cd,=((8C ' (p)d p,)I(1/1Cy))XNF(p,)
In=((8L(p{a p L)X NF(p,) Id=((6 L (p)/op,)(1/L,))x NF(p,)
T m=((0R(p)l@p ) Ry)XNF(p,)  rd,=((6R " (p)lo p)I(1/R,))*NF (p,)

Av=VC(p )X VM (p;)
VC(p,)=0a(p)INF(p,)
a=(8RIBT)IR,
b=(8RIBT*)IR,
AT=T-T,

Interconnect cross - section

o EEK1

cn,=(0C(W)/OW)/C,)) x NF(W), cn,=(8C(T,)/dT, )/Co) X NF(T,,),
¢d,=(0C(S)/3S)/C,y) X NF(S), cd,=(8C(T, )/3T, )/C,) X NF(T,,),

rd =(OR(W)/OW)/R,) X NF(W), rd,=(dR(T ,)/dT, )/Ry) X NF(T )

RRE 1D

- REEX1

cn,=(0C(W)/OW)/C,) x NF(W), cn,=(8C(T,)/dT, )/Cp) X NF(T,,),
¢d,=(0C(S)/3S)/C,y) X NF(S), cd,=(8C(T, )/3T, )/C,) X NF(T,,),
rd =(OR(W)/OW)/R,) X NF(W), rd,=(dR(T ,)/dT, )/Ry) X NF(T ),

B
BIESDE/INGA—R(W, T, S)IZxL. EDHEEZE+HLDEZcn, rn (2,
BnHEBEELDIEZEcd, rd £ 95, (SSPEFARENDREER)

— 123 —




+10H 2T )LIZEBSSPEF/ NS A—AHH

1. 8= (BRER1)

04 SEBRDY LT ILE

03
T *%
- [ ]
i~(.2
H
o 01 s
D
w

0

00 0.1 02 03

DY IL—YaVER (fF)

0.4

2RFHRE

11.00%

T4

-0.37%

hR{E (ADT)

-0.11%

BEEE

11.12%

Sk

1.24%

=/

-26.81%

PN

32.78%

11

+20H T )VIZKHSSPEF/ NS A—4i
EE1)

2HEHOY TR

\3

1. B=(

0.1

0.2

0.3

DY 31—V 3 URER (fF)

0.4

2RTIRE 7.98%
iy -0.30%
FRIE (ADTV) -0.17%
RERE 8.07%
SER 0.65%
&I -20.53%
[P 24.72%
12

— 124 —




+30H > T ILIZLBSSPEF/ NS A—4A i H

1. 8= (BRER1)

04 - 2EBOY VTR
2FFHRE 9.31%
iy 0.59%
PRIE (AOTV) 0.38%
BERE 9.40%
DE 0.88%
=/ -17.57%
=X 17.72%
00 0.1 0.2 03
DYI1L—Y IR (F)
13
£H T ILIZKBHSSPEF/ AT A—2ihH
1. 8= (BEK1)
04 - REEEOYUTLE
2RFHBRE 8.35%
Fy 0.08%
hR{E (ADTV) -2.27%
BERE 8.45%
SER 0.71%
&/ -13.92%
=X 23.29%
0.0 0.1 0.2 0.3
DY I1L—Y VR (F)
14

— 125 —




BUTILRDZEVA (BRERT)

1. 8= (RER1)

22nm7OREHR TIX, O TILRAIZ30EWMBDNRR X+

@2FEFY, BmK. R/IRE

40% - +1Z:t’,]

—— K

30% - —>— &/

0% 2FEFHRE
ab%%(%) 10% -

0% ‘ A4 |

0 1 2 3 All (o)

-10%

-20% - /

30k - HoTIm o 20 30 | 0~80
2R FEHRE 11.00% 7.98% 9.31% 8.35%
15
+10H 2T JLIZKBHSSPEF/ NS A—42H

2. P (BEEK1)

400 - 2EEBOYUTILE o 2RTIRE 165.76%
- Fty -25.56%
g 300 PRIE (AOTV) 0.00%
. BERE 165.72%
-Ij 200 ek 274.63%
,,“ &/ -588.80%
'~ 100 X 331.32%
H
s 0
o [}
L-100 - 4 o

-200

0 100 200 300 400
DYIAL—YavER (Q)
16

— 126 —




2. Ein (BEER1)

+205 T I)LIZ&LBSSPEF/ NS A—AHH

o EEROYITILR

— 2FEFHRE 57.87%
< 300 - ) -15.90%
; hRIE (ADTYV) 0.00%

R RERE 56.30%
= 200 - S 31.70%
i~ B -217.22%

H 100 B =K 25.45%
L
Ll
o
S 17!

-100

0 100 200 300 400

DYRaL—YavHER (Q)
17

-+ ~ % — O m—

+30H T JLICKASSSPEF/ NS A—421H
2. i (BRERK1)
400 - REEOYUTILR

; 2REHRE 15.49%
v300 I iy 7.58%
1L FRIE (ADTV) -1.09%
= Z2ERE 23.24%
i~ 200 S 5.40%
E . g B/ ~15.46%

[ ] O 88.17%

o 100 - "
wn
wn

0
0 100 200 300 400
DYI1L—LavRER (Q)
18

— 127 —




2H T IVIZKHSSPEF/ NS A—4
2. i (RER1)

VT
100 - EREBOYUT LR
2FEFEHRE 7.83%
~ 300 Fiy 0.26%
il (197 098
BERE 7.91%
i~ 200 pren o
80 -16.86%
100 =K 24.50%
0
0 100 200 300 400
DVI1L—YaVER (Q)
19
YT ILEDEVE (RERT)
2. I (BE1)
22nm7AERBRTIE. YT ILRAIE30EFZHHIDHTRE
@2F T, B/IVRE
400% -
200% -
N N
mE%) O N A J—
0 1 2 3 All (o)
-200% -
_400% B _)(_Eaik
—>— g/
-600% - .
2EFIRE
-800% - HyoFILE o 20 30 | 0~80
2RTFHRE 165.76% | 57.87% | 15.49% 7.83%
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Sensitivity SPEF &R E K2

s [EBDENTA—EDEEIK T HRLCEEFTRE (ML
SPEF(Standard Parasitic Exchange Format)2E =X

T c-[pJ:Cox("fHZ (em;av) |1+ 2 cdr.,m;._)']'l
|\ 7 I f /]
A T Llp]:‘[3><|;|"l+zI,m.,-ﬂl",].ir"'l-&-zHﬂ',-d";]”
1 i |\ 1 /
> f ! : ) S e i X
s L R[p.I_J:RGxHl+a><AT+b><AT’J‘><||1+Z[J?JJ,-A1:.'I:H‘1+Zh'n’;AV,}H
c J_ en=((8C(p)lap)C )< NF(p,) ca‘;:[fﬁc‘ Y p)a p)l(11C,))xNF(p,)
In=((6L(pNEp L)< NF(p,) id=((6L Y )3 p (11 Ly) )< NF(p,)
T m=((0R(p)l@p ) Ry)XNF(p,)  rd,=((6R " (p)lo p)I(1/R,))*NF (p,)

Av=VC(p )X VM (p;)
VC(p,)=0a(p)INF(p,)
a=(6RIBT)IR,
b=(8RIBT*)IR,
AT=T-T,

Interconnect cross - section

- ERALERER

cn,=(0C(W)/OW)/C,)) x NF(W), cn,=(8C(T,)/dT, )/Co) X NF(T,,),
cny=(0C(S)/3S)/C,y) X NF(S), cn,=(8C(T, )/3T, )/C,) X NF(T,,),
rn =(OR(W)/OW)/R,) X NF(W), rm,=(dR(T ,)/dT, )/Ry) X NF(T..),

21

REX 20 %

- BEXN2

cn=(3C(W)/BW)/C ) X NF(W), cn,=(dC(T,,)/dT,)/Co) X NF(T,.,),
cny=(3C(S)/3S)/C,) X NF(S), cn,=(dC(T, )/3T, )/C,) X NF(T, ),
rn =(OR(W)/BW)/R,) X NF(W), rn,=(0R(T ,)/dT,)/R,) X NF(T,,),

B
BIESDE/INSA—2 (W, T, S)IxL. HEADEEZHHT . £ TNIE
#cn, rn &35, (HERY—ILTRVLLATNVAREES)

22
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+10H 2T )LIZEBSSPEF/ NS A—AHH

3. FE(EEN2)

04 -  2ESOYUTILA

;__/uj 0 3 2FFEHRE 18.00%
g : : Ty -10.13%
-Iﬁ hR{E (AZTY) | -317%
i ° .. o BERE 15.06%
1~02 - o 538 227%
HJ &=/ -55.09%
ﬁ =K 3.37%
a 01 -

(5]

(5]

0
0.0 0.1 0.2 0.3 04
DV I1L—LavER (FF)
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+20H T )VIZKHSSPEF/ NS A—4i

3. 52(BEK2)

04 SHEEOYUILA
EI-_-\ 2FFEHRE 17.82%
.\’ 03 r Fiy -2.98%
= o o kB (ASTF) | 36k
= : o EEREE 17.78%
i~02 S 3.16%
|.|J =/ -61.02%
i o BX 13.18%
e .
(7] [ )
[ )
0 |
0.0 0.1 0.2 0.3 04
DYI1L—Y VR (FF)
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+30H >

3. 5=(R

E2)

JILIZ&KBHSSPEF/ N

T A3

04 SHESOYUILA
2RFINRE 30.98%
Ty 16.64%
hR{E (APTY) | 2483%
RERE 26.44%
S 6.99%
=/ -71.32%
A 41.80%
0.0 0.1 0.2 0.3 04
YL —Yav R (fF)
25
YT I)LIZKBSSPEF/ NS A—42H
3. A=(RER2)
2FFHRE 8.35%
Fiy 0.08%
hRfE (ADTYV) | -227%
BRERE 8.45%
SR 0.71%
BN -13.92%
fSN 23.29%
0.0 0.1 0.2 0.3 0.4
DY —VIVEEE (F)
26
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HUTILEDENA

3. A=(REAR2)

22nm7 O REH TIX, O TILRAIF10EMBDNRR X

@2F L, K., B/IRE = Ty
60% r =
—>—&KX
40% /\ >R
e )20% I > 2RETHRE
B (% /x/\
0% | |
T (o)
-20%
-40% r
-60% r
-80% Yo IEA o 20 30 | o~30
2FFHIEE 18.00% | 17.82% | 30.98% 8.35%

27

SSPEFETIL R (Q)

+10H > T IJLIZCKSSSPEF/ NS A—4H
K

4. i (BREH2)

400

300

200

100

2EEBOY U TILR

0 100

200
3DYIAL—LaViER (Q)

400

2R TRE 18.18%
Fiy -3.94%
hRfE (ADTY) 16.60%
BERE 54.05%
78 29.21%
&/ -202.20%
=N 34.74%
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+205 T I)LIZ&LBSSPEF/ NS A—AHH
4. Ei (BREIX

400 ¢ EEHOYUTILR

S 300
ﬂﬁ 2FFH/E 20.70%
ﬁ 200 E1y -3.94%
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RERE 54.05%
E 100 Sk 29.21%
& B8/ -202.20%
175 0 R®X 34.74%
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-100 '
0 100 200 300 400
DY I1L—avER (Q)
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+30H T ILIZEBSSPEF/ NS A—AHH
4. B (EK2)

400 EHEEOHUTILR

g 300 2FERFHRE 57.89%
) Eiy -3.94%
'|§ 200 FR{E (ADTV) 16.60%
= BERE 54.05%
i~ SE 29.21%
H 100 &=/ -202.20%
L

L &K 34.74%
s 0

(7p)

-100
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DYIAL—avEER (Q)
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2H T IVIZKHSSPEF/ NS A—4
4. i (REN2)

400 - EHEBOYUTIR

é 200 2RTIEE 33314

Ty -3.94%
A=t FRIE (ACTV) | 1660%
= 200 BERE 54.05%
i~ S 29.21%
HJ 100 =/ -202.20%
i Bk 34.74%
s 0
1%,

-100
0 100 200 300 400
DYI1L—YavRER (Q)
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HOTILADEVNA
4. I (RREH2)

2nm7FOEREBRTIE. O FILAIZ10EMBD BRI
@2FFEH, BK, BR/IRE
100% -

50% - X/(/ \
o w///%\\\”

A
BE%) —

) 1 2 3 All (o)
el
>
-100% - ——xX
~160% - =R
2RTHRE
-200% -
YT LA o 20 30 | o~30
-250% - 2REHRE 18.18% 20.70% 57.89% 33.31%
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ESEER 2 LEER

SSPEF BRER(1) SSPEF RER(2)
o 3 2 1 All 3 2 1 All
2FFEHRE | 45% 27.5% 48.3% 4.2% 37.9% 25.4% 25.9% 26.9%
It 1.2% -6.8% -7.5% 0.1% 19.3% -48% | -12.4% | -0.7%
R E 0.6% 0.1% -0.1% -0.6% 31.5% 6.2% -2.7% 9.1%
ZHERE 4.4% 26.9% 48.3% 4.3% 33.0% 25.3% 23.0% 27.2%

-BER2(CINE, 2RFHRE25%LULELS

SIS, BoDHEY VT IVRELT:

B IREF37.9%ITE S

RREX1THNIE. 302U TIVALTHCLET2RENIRESL.5%.
SHIZoB LV 201 B HBETE2% AN LHIBMNTTEETHS

33

RITIER DB

-TRY—ILTRLLNATWSREX2TE, ETD/NFA—2E5FIC

BEL\TW5% . BIAITIERTIWHRRE TELL
— S8, FFICEVRSELDXYREELELTIERELS

BREXINI30TD I VTIVTEETEHDIZHL, ETDNSGA—A
ENFITE-TLBE BIT10TD I T1 T DAEN BIFLGRE

—SBEX1ANELEHRSOITHL . REGILILEBEE.

Exact [ZRHHENA TS Typ EETEHELAMNNTUIM KLY,
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FED

IEEE1394MDFEHICiR>-BEX1) . BLUMRY—ILORER2) F#HEL
fzo 22nmTORREZEEL-BE. ELoDBEXVEEL-S O—/1LIES
DEI—F—2BEHIN—TFBICIERENKE FYTRATUF LIESDEIC
MATTO—/WIELDEZHERT5-OIZ(E., 2 OCPEERERSE
%g;:{;ga&%&ﬁ%\ ToeRGEHEOREE(ICLYa—F—ZHHTS
;Z\ [+]

FEEFNEThORERISEL=71vT10 T FiEDBREE1To1-.

B 1 (IEEE1394#£80)
22nm7OtADEE (olE52F&ES5nm) (ZHL, a—F—TI1v
T4V T LR A DT 2RBE(134.5%EHY . BAIXTTEE, T4
T4 OBIZIFa—F—IZB1FBIE5DEENI_ENADE,

BEX2(MHEkY—IL)
22nm7 Ot ADEE (olX5DEES5nm) [THL, RE25%LLEEL

Y. 50— ILIELDEANERICIEMENRHS. KETILEERT
Alzix, Fo—nLEsoFa—+—0MEINKRETH S, F19T4

- s

V7 & Typ 5fELi b6, —F—DELOEFERERFFE,
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JEITA SV-WG Annual Report
Appendix 4.2

2012.03.30
SystemVerilog WG

-

- ““The member of SystemVerilog-WG __

7 4

Members:
Kasumi Hamaguchi Panasonic  Chair
Kohtaro Hachiya Jedat
Kundo Lee Mentor
Hirokuni Taketazu =~ Panasonic
Hitoshi Simosaka Fujitsu
Ryo Toda Synopsys
Takehiko Tsuchiya Toshiba

Tetsuya Asano Renesas
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SV-AC: ASSERTIONS

TEEEI800(SV-AC) Updatetdir  _ |

v'SV-AC £102% Enhancement(f1644 (15%)
(2004/12~2011/9)

V7145 (70%) [EXEDBRIEL . TS5 Y25t

v 154 (15%) K54

FATL B34THER

B Enhancement
| Clarification
W Errata

ETBD

m Other(Status closed LL5})
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Enhancement—&

ID Type [Severity [Status Summary
196|En major closed HM1: Allow optional argument types in sequences/properties

1932|En major closed Introduce LTL and other temporal operators

3033 |En feature closed Enhance checker modeling capabilities

1757|En feature closed Property resets: accepton(b) P, rejecton(b) P

1646 |En feature closed Generate constructs within properties and sequences

1769 |En feature closed Elaboration time user assertion and error reporting tasks

1806|En feature closed Introduce “restrict property” verification statement

3202|En feature closed Clarify or; w,hether certain system functions are allowed in
classes, 'let’, and other corner cases

1667|En feature closed Local variable arguments for sequences and properties.

1648|En feature closed Default reset for assertions

1601 |En feature closed new keyword for untyped formal arguments

3295En foature closed n.eed ta way to control only asserts/covers/assume
directives

2173|En feature closed Add case construct for properties.

2660|En minor closed Add indices to expressions

3069|En minor closed Relax rules for $global clock resolution

1361 |En minor closed need a way to control execution of action blocks

EnhancementhEv% X-1

v ID196:major:HM1: Allow optional argument types

in sequences/properties

V7Y —2aVIlETIEMTEST —FRENERT S
BIZIE. VSRA T O EEST ZEMNAIREIZHED

v'ID1932:major:closed Introduce LTL and

other temporal operators

VITL(RFFERIE) FORBEE FISHRHET D,

Sequence operators Property operators Associativity
[*], [=]1, [=>]
## Left
throughout Right
within Left
intersect Left
not, nexttime, s_nexttime —
and and Left
or or Left
iff Right
until, s_until, until_with, Right
s until with, implies
|->, |=>, #-#, #=# Right
always, s_always, eventually, —
s eventuaIly , if-else, accept on,
r;ject on B

— 140 —




SV-AC EnhancementhE% -2

v'ID1806:feature:Introduce “restrict property
verification statement
vassume& G C<Formaly— )L 2T
EIRRICHIFIEEZ . REEZRBZEFIR T 5
_EMTES, SyntaxMIEM,
assumetE74Y . BN ZOFHIFIZLHTLE
FOoTWAREIIHELD T,
FormalfZ#rBF D What-iffZT AR 512745,

-—y ™

n

restrict_property_statement::=
restrict property ( property_spec ) ;

SV-AC Enhancementht'% Z-3

v'ID2173:feature:Add case construct for properties.
TONT4XDHF TcaseX DLk E A HEE T B,
FHICEST BT ET7TH—2a i Ll TED,

w - o

property pl (logic a,b);
s(a,b) |=>
case (val)
3'b011: a ##1 b;
3'b100: a |=> b;
default: a ##2 b;
endcase
endproperty
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SV-AC REICELT
V15 15%DEEAH D,

VEBITHRERDLNELED
v RBEBG
/BIIDADHBE

FThH=0H ., REMGEREETIEE,

SV-EC: TEST BENCHES
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N\E )M IEEE1800(SV-EC) Updatef&

v'SV-EC #5545 Enhancementld21{4 (4%)
(2004/7~2012/2)

v'31044 (56%) (I XEDERMEIL . TS VAR

v'2234 (40%) K 5% 4

FATLAATIER

M Enhancement
M Clarification
Errata

B TBD

m Other(Status closed EA4})

SV-EC Enhancement—&

ID Type [Severity |[Status |Summary

1356 |En feature closed |Multiple inheritance

2987]|En feature closed |Soft Constraints

Non-trivial coverage space shapes and joint conditions are difficult

2506 |En feature closed . .
to specify with covergroups

3001 [En feature closed |Proper Polymorphic behavior of instantiation

2112]|En major closed |Remove restrictions on NBA assignments to class members
3028|En minor closed |constraints for unique array elements.

1091|En feature closed |Jeda verification enhancements

3279|En major closed |Enhance method override rules to allow covariant typing

1517]|En feature closed |Ballot comment #189 Array reduction methods used in constraints

Ballot comment #19 Preponed PLI region not included (but should

2748|E i losed . .
" minor close be removed from LRM anyway as it does not really exist)

2745|En minor closed |Ballot comment #111 impicit coverpoint for cross
1857|En major closed |external method definitions and parameterized class types
1560|En feature closed |Queue delete() method for entire array
2149]En feature closed |Covergroups sample method with arguments
1623|En feature closed |alternate timeunit syntax
1556|En feature closed |in—line static variable initialization — require keyword static?
1615|En feature closed |can processes spawned by functions execute blocking statements?
240[En feature closed |Expression evaluation with cycle delay
239|En feature closed |Allow specific clocking event on each cycle delay declaration
247|En feature closed |Property qualifier and random stability in object instances
1178|En feature closed |Proposal for Randomization and Constraints
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SV-EC EnhancementhE% X-1 i

-
v'ID1356:feature:Multiple inheritance
v iR B TR LS B Interface class"##71=Z5% (T
“implements”"F—" —FZ L \Interface cIass”’é%E%Lﬁ
TEAIIIHEREZILRT Do

interface class PutImp#(type PUT_T = logic);
pure virtual function void put(PUT_T a);
endclass

interface class GetImp#(type GET_T = logic);
pure virtual function GET_T get();
endclass

class Fifo#(type T = logic, int DEPTH = 1) implements Putlmp#(T), GetImp#(T);
T myFifo [$:DEPTH-1];
virtual function void put(T a);
myFifo.push_back(a);
endfunction
virtual function T get();
get = myFifo.pop_front();
endfunction
endclass

SV-EC EnhancementhtE% -2 .

-y
v'ID2987:feature:Soft Constraints
v'Soft ConstraintsZ D W\ THIFEE R EA—/\—S (K
TEDEDITHERENLIRT 5,

v'ID2506:feature:Non-trivial coverage space shapes
and joint conditions are difficult to specify
with covergroups.
VANLYOEE O PG EENTREGISES . K
covergroupz &9 oD E G-, ‘t‘blﬂ/Fﬁ;&’G‘%
covergroupzRILTE D LI, HEEL LR T 5.
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SV-EC EnhancementkE% X-3

v'ID3001:feature:Proper Polymorphic behavior

of instantiation
VADRRAD AN ZHRMEEIEIZDULNVTC+H+,JAVAEE D
IR TED IS ITHERENLIR T B,

class C; . . . endclass

class D extends C; . . . endclass

Cc = D::new; // variable c of superclass type C now references
// a newly constructed object of type D

-— ™

v'ID2112:major:Remove restrictions

on NBA assignments to class members
VIESUYOLIVIRIBETD ., 95 RAUN—IZXT S
JoTAYX T THAODFIRIE. BMEERERIC
KRETHEDOYIFITHE->TWNS=OFIBEET 5,

AR RERE@LT S ———=
V2234 A0%DBHHHS.

VREFDLD
VRSITEBERHONGEWNED
VeEESER

VAIIDADKE

FTHY. RENGRETIEEL,
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B
V-4 .~ ~
SV-BC L Sl

SV-BC: Design Subset

R0 IEEE1800 Updatefim— . _

v'SV-BC major/featureld£5054% (2004/8~2012/2)
v Enhancement 1514(30%)

Clarification  5644(11%)

Errata 29814 (59%)

FATL B4TER

B Enhancemen t

B Clarification

W Errata

® TBD

® Other(Status closedil4})

— 146 —



SAiil Enhancement—%

< -
ID Type _|Severity | Status Summary
2374 En major closed 7.4.1: Allow packed arrays of enum
331 En major closed Update $display and other file I/O system tasks for aggregate data types
329/En major closed Package imports in port lists
168/En major closed Complex Data Types of Wires
23|En major closed Update $display and other file 1/O system tasks for new data types
696 (En feature closed Ballot Feedback Issue 225: Add parameterized tasks and functions
1504 En feature |closed introduce parameterized structures
210(En feature closed Allow use of generate in module port list
1204 |En feature  |closed Add lists of figures, tables, syntaxes
1133|En feature closed allow reverse part—select [Isb:msb]
154 En feature closed Jeita 29: Dual Data Rate needed in always ff
2525/En feature closed Allow hierarchical references in $unit scope
1651/En feature closed $psprintf
1619]En feature |closed allow specification of default input values for module ports
1571 En feature closed Add default values for macro arguments
2131/En feature  iclosed Parallel_case equivalent needed for case and if statements
1197 En feature closed First class part selection operator
907/En feature  |closed Default parameter assignment should be optional
1090 En feature closed add ‘undefineall functionality
1588 En feature closed Add predefined macros for file and line number
2037]En feature [ closed Setting parameters in Configurations
1846 En feature closed D3 21.13: add 1800-2008 to ‘begiwn,keywords
675 En feature closed Ballot Feedback Issue 203: Packed unions shall not be restricted to equal length items.
1749 En feature  |closed %%
1589 En feature iclosed Function version of formatted write to string
354 En feature closed Add command line switch to control keyword compatibility of input
1724 En feature closed File and Line compiler directives
1524 |En feature _ |closed Lifetime option missing in packages (BNF)
314|En feature closed Proposal for IP Encryption Format for Verilog
906 En feature __iclosed Need localparam declarations in V2K-style parameter port lists
304/En feature closed $unpacked dimensions
324|En feature closed Add asymmetric casex statement
— 106 En feature closed SV-BC Issue 31: Erratta or simple proposal for task, function, property, sequencearguments.
243En feature closed Masked bitwise comparision operators
SV-BC Enh thES 1
\ ) nhancementhbEY 7 X~ ~ .
)

v'ID 2374:major:Allow packed arrays of enum
v'Packed array Cenum&£, | TESHKIIZT 5, LRMTIEEFE
NTLWELD, BREMENHY . T TITERY—IIL TR A,
Yy — )L DEREEICDEEELLRBSELVED,

v'ID 331:major:Update $display and other file I/O

system tasks for aggregate data types
v'$displayZ D 1/0 X T LR A%, stringt>aggregate data
RATEED . FHLWT =R TITRHESE D,
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SV-BC EnhancementhrEY7x-2

v'ID 329:major:Package imports in port lists

vport listC/\wr—% A UR—RRIBEEL T, A1 T EZHIE
TEDHKIIZT %,

package A;
typedef struct {
bit [ 7:0] opcode;
bit [23:0] addr;
} instruction_t;
endpackage: A

package B;
typedef enum bit {FALSE, TRUE} boolean_t;
endpackage: B

module M import A::instruction_t, B::*;
#(WIDTH = 32)
(input [WIDTH-1:0] data,
input instruction_t a,
output [WIDTH-1:0] result,
output boolean_t OK
)i

é'r.\dmodule: M

SV-BC EnhancementhEYo X-3

v'ID 1504:feature:introduce parameterized structures

VIBIEART/INSA—RZ/ZSHLIITT S

typedef struct #(SIZE = 32, TYPE = integer) {
bit [SIZE-1:0] m1;
TYPE m2;

} parameterized_struct;

parameterized_struct ps1; // Default parameterization
parameterized_struct #(.SIZE(64), .TYPE(int)) ps2; // Overridden
parameterization
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SV-CC: Foreign APIs

EIRXY  IEEE1800 Updatefiil— . _

v'SV-BC major/featureld 22324 (2004/8~2012/2)

v'Enhancement 444(1%)

Clarification
Errata

171%(4%)
125{%(59%)

FATLA FATHER

MEnhancement

M Clarification

WErrata

ETBD

m Other(Status close GIMES)
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SV-CC Enhancement—3% il

D Type Severity Status ISummary
3884En feature closed PI support for soft constraints
2094En feature closed Need to extend VPI to handle class specializations
332En feature closed IVPI support for new uwire net type
333En feature closed PI support for types on wires

SV-CC EnhancementH:*JO'Z- —

v'ID 3884:feature:VPI support for soft constraints
v'soft constraints ~NDEYNET VA FiR# 9 57=6 "VPI
object model DIEIEENLE,

v'ID 2094:feature:Need to extend VPI to handle class

specializations
VOSRBZALT~DIALINT I RERH,
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SV-CC EnhancementhrEY7X=-2

v'ID 332:feature:VPI support for new uwire net type
vUwireZ A 79 R—MZESVPID E E 3R

Annex G: vpi_user.h

AFTER:

#define vpiNone 12 /* no default net type (1364-2000) */
ADD:

#define vpiUwire 13 /* unresolved wire net (1364-2005) */

SV-CC EnhancementhEYT ZX-3

v'ID 333:feature:VPI support for types on wires
VERSIBIRYRNIL AV A DT U AHRER

Any net declared as an array with one or more unpacked ranges is an array
net. The range iterator for an array net returns only the unpacked ranges
for the array.
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SV-DC e —= =
S . D - >
SV-DC: Analog Connection
ALY  IEEE1800 Updatefim—

v'SV-DC [d£24 (2004/8~2012/2)

v'Enhancement
v'Errata

VIR RREMD =6
Mantis D H £ D750

V' SV-DCIEARHKET THT=IZ
BinEnt=

vEIcO—KTyTEE/RL
TRIEIFLEIEZMantis 3398
TEHE

v AR ET [EMantis 33980D T
DINVRAUNZEHEIATL
%

114(50%)
114(50%)

TATL BATHER

B Enhancemen t

B Clarification

w Errata

mTBD

H Other(Status closed LL5H)
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Gl Enhancement—% — —

- -
ID Type [Severity Status Summary
3398 [En major closed User defined nets and resolution functions
N A | 0.
AEIW  EnhancementhESozx-1 . _
y -

" Mantis 3398
->Z<:*L%liSV-DCD—F?“J?"'GO)E*ELE'GO)[MUST]G)H%@?E@?%*(T'J
TA

» RO05. [MUST] Aggregate nets with real valued components, including
constructs such as vectors, static arrays, structs, unions

» RO06. [MUST] Resolution functions for multiply driven aggregate nets

» RO7. [MUST] Unidirectional and bidirectional ports with aggregate nets

» RO08. [MUST] Atomic aggregate nets whose components are resolved jointly
(correlated resolution)

» R09. [MUST] Ability to represent X (unknown) and Z (undriven/high
impedance) states for atomic aggregate nets

A—HFEEDRYNELY)A—230-T7o030E, A—FHNEHLSY
DA G FILDY R T LEETIVIET B1=HIZIRHE,
A—HIZERSIN=FVFT, BE. Bft. B, TN\ RGEEEZTY
j?f'_'g_é:c‘:(iﬁfﬁgo
BERSANLO—NOENENOFERELI—FERDOLY)21—30D
TP AVIIBERRSAT DRI DEMEEETES
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Al  EnhancementtE972-2

w -

LRM®DENNDIE
6.6.7 User-defined nettypes
6.7.1 Net Declaration with user-defined nettype
6.7.2 Initialization of nets with user-defined nettypes
6.22.6 Matching nettypes

T 0. BETSEFEDEIC/NATTSTNDEMEEHY

A—HERRIYNIATDIA—VE

nettype data_type net_type identifier
[ with [ package_scope | class_scope | tf_identifier | ;

nettype [ package_scope | class_scope | net_type_identifier
net_type_identifier ;

w -

SAgiYd  EnhancementrE97R-3

{52 FH 5!

// user-defined data type T
typedef struct {

real field1i;

bit field2;
P

// user-defined resolution function Tsum
function automatic T Tsum (input T driver[]);
Tsum.fieldl = 0.9;
foreach (driver[i])
Tsum.fieldl += driver[i].field1;
endfunction

nettype T wT; // an unresolved nettype wT whose data type is T

// a nettype wTsum whose data type is T and
// resolution function is Tsum
nettype T wTsum with Tsum;

// user-defined data type TR
typedef real TR[5];

// an unresolved nettype wTR whose data type
// is an array of real
nettype TR wTR;

// declare another name nettypeid2 for nettype wTsum
nettype wTsum nettypeid2;
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JEITA LPBR#£T74+—< vk

ok wN

0o EE (M-Format)
Ty Xk (N-Format)
OviR—32 bk (C-Format)
TH A2 )L—)L (R-Format)

DA AR (G-Format)
FRiE £

JEITA LPBRZED+—<yrELTESDDI7AILEREE
1.

1. 702z MER

[ 2. Zys)RB |

= \

e

===

=

1 Copyright©2012 JEITA/EDA/LPB All Rights Reserved

JEITA LPBEE#ETA—< v MMIE
T+—< vk W= T+—IvrDER

JOovzHrEE B IA—T YLD G T XML (32 8)
(M=Format) BRI DER

BEET7AILED RS
Ry AR EERREBIREICT D Verilog-HDL (B%77)
(N-Format) 55, EJRGNDERIET S EIRGNDIH F£ BN
AVR—RUR I FIERDEE XML(JHE)
(C—Format) -HIFBEDER

-BEHRRORT
FHAI)IL—IL TO/ACDEE XML(JRE)
(R-Format) REL—ILOER

B EGEEYETYT
DX AR CEREHEREMTISES 7 1%9F : XFL Ver1 0 (BE7%)
(G-Format) YRR

2 Copyright©2012 JEITA/EDA/LPB All Rights Reserved
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JEITA LPB format

JEITA LPB format consists of five (5) formats and glossary.
1. Project Management (M-Format)

2. Netlist (N-Format)

> Component (C-Format) 1.Project Management
4. Design Rule (R-Format)

5. Geometry (G-Format) (2. Netiist |
6. Glossary

= \

===

1 Copyright©2012 JEITA/EDA/LPB All Rights Reserved

JEITA LPB format overview

Format name Contents Description form
Project *Format file association XML(Original)
Management *Update trace

* Association with related files
(M—Format)
Netlist = connection b/w hierarchy Ver||og—HD|_(EX|st|ng)
definition . .
With enhancing power ground port support
(N_Format) *Signal, power and ground
description
Component *Component pin assignment XML(Original)
*Constraint items definition
(C-Format) _ , ,
*Design status information
Design Rule *Technology definition XML(Original)
*Manufacturability rule definition
(R-Format) . N
= Analysis condition setup
Geometry *Geometry information for Apache : XFL Ver1.0(Existing)
analysis tools
(G-Format)

2 Copyright©2012 JEITA/EDA/LPB All Rights Reserved
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LPB Project Management Forma Ver2.0

<JEITA_LPB_ MFORMAT>

<header>
project 1
design _revision| 1
date 0---1
comment 0---1
author 0---1
email 0---1
company 0---1
log 0---

/>

<CFORMAT
comment 0---1
design_revision| 1
filename 1
log 0---
MD5 0---1

/>

<RFORMAT
comment 0---1
design_revision| 1
filename 1
log 0---
MD5 0---1

/>

<GFORMAT
comment 0---1
filename 1
log 0--
MD5 0---1

/>

<NFORMAT
comment 0---1
filename 1
log 0--
MD5 0---1

/>

<OTHER
comment 0---1
filename 1
log 0--
MD5 0---1

/>

</JEITA LPB_MFORMAT>

— 157 —



BE ., SHHHIBE Y AL BT EEE
OB/ >ETERIVIVERSIEITLET

5l <port id="UHFEE" x="xEEIZ" y="yEZ" >
<inductance min="fxME" max="FxK{E" />} inductance 299>
porto 3>
<delay min="fx B & max="x KEL" /> } delaytzoi 3>

</port>

2 a D TIZ, ZDEIavDRYRLEIRERSTELET

<port id="IF&ES" x="xEEZR" y="yEF" >

[<inductance min=" /P E” max="RAIE"_/>

0MS1EID#EYERL,, BlBinductance 29 a [T ELTEHELY

0...1

|<de|ay min="REIE max="IR XEL" />

0--1 051 EIDEYIRL . ElEdelay Y3V (FELTHEL
</port>

1+ 1 ED#YIRL, BB —EL EDportt /L ar AR E

FTLaFrNGERB R 78y X FTRELET
WEEE FR—ILVFXFTRELET

5 <module
name="#RETOvI R "
type="HEEET O OEIE” A7 aviER
shape_id="5MBshapeBIEFS"
x="x[FFE" A7 aviEH
v="yEEFZE" *AFaviEH
>

Syntax convention

LPB format form a tree structure.

Example.
<port id="port id” x="x coordinate” y="y coordinate” >

<inductance min="minimum value” max="maximun value” /> }(inductance) section
<{port> section

<{delay min="minimum delay” max="maximum delay” />} <delay>section

</port>

A---B means that you can repeat the previous section from A times to B times.
A--- means that you can repeat the previous section from A times to infinite.
A means that this section should be repeated A times.

Example
<port id="port id” x="x coordinate” y="y coordinate” >

|<inductance min="minimum value” max="maximum value” />

<inductance> section can be repeated from 0 time to 1 time.

01
It means that <inductance> section is optional.
[<delay min="minimum delay” max="maximum delay” />
0---1 <delay> section can be repeated from 0 time to 1 time.
</port> It means that <delay> section is optional.

<port> section should be repeated 1 time to infinite.

1 anm
It means <port> section is required.

Italic notation means an item is optional.
Bold notation means an item is required.

<module
name="BlockName”
type="BlockType” Optional item
shape_id="referenced shape id”
x="x coordinate” Optional item
y="y coordinate” Optional item
>
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Yk X (N-Format)
Ver2.0

1. 74—<vyrDB#
LSI-PKG-Board & A D RIBIEHFEF v (LVS)  EHRAEREEE T D, £1=. EB T TIEAL,

EIRGNDIn ¥ DR R L BAREICT D,

2. 74—3vhk
Verilog-HDL (IEEE1364) DEX [Z#EHT B,

3. ER-GNDERh 3%
Verilog-HDLTI(&, FRELTWAER -GNDRDEB(CDNVTIX, EARMIZETELTREEL.
Verilog-HDLEL TFEDHEWAEEL T, TN BRTHIENSMNBIEHEZOAVILT
BETHEELTINS,
EIR-GNDARYrDERAEEX TR ELD,
OR—k & input]
@Akl lwire]
@A D F—T—FIXIPG.NET]
< gk >
module XXXX ( VDD, VSS)
input VDD ; /* PG_NET */
input VSS ; /* PG_NET */
module YYYYY ( ,,)
wire VDD ;
wire VSS ;

Netlist (N-Format)

Ver2.0
1. Nformat includes not only signal connection but also power/ground network.
2. LPB Nformat is conform to Verilog~HDL (IEEE1364).
3. How to identify power/ground network.
Add /* PG_NET */ keyword at the power/ground port/wire definition.
(@ The port direction for power/ground is “input”.
@ The net attribute of power/ground is “wire”, not “supply0” or “supply1”.
Q) Add /* PG_NET */ keyword at the power/ground port.
Example
module XXXX ( VDD, VSS)
input VDD ; /* PG_NET */
input VSS ; /* PG_NET */
module YYYY (,,)
wire VDD ;
wire VSS ;
—pk—
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LPB Component Format Ver2.0

<JE

ITA_LPB CFORMAT>

<h

ader

—_

project

—_

design_revision

date
author

email
company

Sooo
Ll

/>

<gl

obal>

<unit>
{distance>
<angle>
<area>
<time>
<resistivity>
<{temperature>
<voltage>
<power>
<inductance
<{frequency>
<impedance>
</unit>

oooooooo000
L L L L L L L L L L

<{shape>
<rectangle>
<circle>
<polygon>
<{/shape>

oo

<padstack_def>

<{padstack>

<{/padstack>

<ref shape> 1

</padstack_def>

<{/global>

<m

odule>

<socket>

<{default>

</default>

[<port shape> |0~

<{port>
<inductance>
<impedance>

<{delay>
</port>

ooo

<portgroup>
<connectable />
<mustjoin />
<ref port>
</portgroup>

-e°

<powerdomain_group>
<ref portgroup>

<{/powerdomain_group>

2

<swappable group>

<{/swappable group>

p 2

<{swappable_port>

</swappable>

2

<{frequency>

<constraint>
<impedance>
<delay>
<skew>
<guard_shield>
</constraint>

Sooo

</socket>

<specification>

[power> _Jo--

</specification>

<reference>

</connection>

</reference>

<connection> 0---

</module>

<{component>

[<placement>

<{/component>

</JEITA LPB CFORMAT>
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B SEMICBT SR BIIEEIRE

<O/ >ETERIVIVERSRIEILEY

Bl <port id="IHFEE" x="xEE&"
<inductance min="Fx/ME"

<delay

<{/port>

v="

max="Ex X{&"

vEERR" >

/> } inductancetz93-32
min="B A BE" max="BREL’ />} delayt5 3>

porttz < 3>

T3V DTFIT. 2DV avDBYRLEIRERTELET

port id="IHFEF" x="xEEAZ" y="yEZ" >
<inductance min="fx/ME" max="IxX{E" />

01

min="fx/VIEIE" max="IR KiEHE" />

oM 1EID#EEYRL . BlBinductance o a v [FESTH LKLY

0---1 051 EDIRYIRL . Bl delayzy S av (ESTHKLY
<{/port>
1--- TUEDRRYERL, Bl —E L EDportzy 3w B E
AT oarVBERIE 72y X FTRELET
WAER [IAR—ILEXFETRELET
5l <module
name="#gEJ OvH A"
type="HEET OV O BHE" *FaviER
shape_id="8& Mshape# B HF D"
x="xBE1Z" *FaviER
y="yEEE" *FaviEE

Syntax convention

LPB format form a tree structure.

Example.

<port id="port id” x="x coordinate”

y="y coordinate” >

<inductance min="minimun value” max="maximun value” /> }'<inductance> section

<delay

</port>

min="minimum delay” max="maximum delay” />} <delay>section

<port> section

A---B means that you can repeat the previous section from A times to B times.

A means that this section should be repeated

Example

A times.

<port id="port id” x="x coordinate”

y="y coordinate” >

|<inductance min="minimum value”

max="maximum value” />

0---1

min="minimum delay”

max=_maximum delay” />

|<delay
0---1

<{/port>
1eer

means that you can repeat the previous section from A times to infinite.

<inductance> section can be repeated from 0 time to 1 time.
It means that <inductance> section is optional.

<delay> section can be repeated from 0 time to 1 time.
It means that <delay> section is optional.

<{port> section should be repeated 1 time to infinite.

It means <port> section is required.

Italic notation means an item is optional.
Bold notation means an item is required.

<module
name="BlockName”
type="BlockType”
shape_id="referenced shape id”
x="x coordinate”
y="y coordinate”

Optional item

Optional item
Optional item
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LPB Component Format Ver2.0

R, REIFTRTTOP Viewl=TEET S
TOPLBOTTOMIZ I —HBI-TEET S unit

163

SCEHR T4 — 2y hEE Exolanation of the format 1RB_(Examole)
[¢=— Data-20120331 - In/A I [SATKRIE (- —> chua: TA comment starts with “<i=" and finishes with " I
CJIFITA | PR GFORMAT vergion="/8—33w B8~ In/A [strine [FHH/ [Format version number. |
<header A — 12V FAVR—F I T LD ERERE SR 5. MAEE. AvT—£) <header
SAVEMET BIELEY. [2OT7 AU ERENTNSTADTIME (project) | 1EAL project="JEITA LPB SAMPLE PROJECT”
Bl(date)., #EAL#& (author, email, company). ¥ 5 (design revision)& AF A REE L. 137
takahiro aoki”
company="JEITA"
2l
"IaYzyrE” N/A strine | IOV 7‘|: STOMEFETA Defines the name of oroiect. The name needs to be uniaue.
=" I7AME DIV EFRT N/A string | I74ILIE DA Defines the revision number.
N/A string |#ERLE: :I)‘/F Defines the creation date.
author= lfﬁt#” N/A string | VEREE Defines the author's name.
email="X— L PFLZ" N/A strine [#EREDA—ILTFLR Defines the author's E-mail address.
company="2#%" N/A string | VERLEDRHA Defines the author's comoanv.
1
<global> global 27T aL T3, B R (Cunit>). AR Cshape>). /(;M'}/'}Kpadsxacuw)& e global section defines the unit ~ nape “shape”. and
ERT 5, 70—/ LB TERSAMBOHHITE (R2—7) 1F, 3 K—F 2k 1o fobal soction defines the unit "unit”, shape “shape”, an
TIRTT AN RIS padstack Padetack.de
| The scope of global variable is whole of the file.
unit> SOAVR—F U TT AV THAT SR REERT 5.
CCTEBELEBMRE. COT7MNLERTHEN. Defines the unit.
HABLESHERRTRRT D
SHEEREF
Y ev24
Z e+21
E o+i8
P e+l5
T e+12 <inductance unit="nH" />
G er9 Cirequency unit="MHz" />
"L" i‘; <impedance unit="ochm” />
e
e <unit>
da e+l
d el
c e-2
me-3
u e6
ne9
p e-12
fe-15
ae-18
z e-21
unit="SR XM L N/A string [R&BIGT: m The unit of leneth
[<ancle unit="% RERE~ ) In/a Tstring [EREER d radian [The unit of ancle I
[<area unit="E A~ 2 In/A Tstring [EAAEL: m2 [The unit of area I
unit =M D T/a Tstring [ESMEE ¢ [The unit of time I
uunit=" G 5 28 /> In/a [string [AARHEREER  ohmm (Q -m) [The unit of resistivitv of conductor |
unit="0 BT~ > In/a Tstring ;& B - Cld Celsius). K(kelvin) [The unit of |
0.
[<voltage unit="MRFF T~ > In/a [string [BEEH: v [The unit of voltace I
[
<power unit=" R M H MEr " L In/a [string CEBEHEL: W [The unit of watt [
(]
<inductance _unit="4~ D ul L In/a [string [~ 5 5% B H [The unit of inductance [
(]
[<frequency unit="RME" Iy In/A [string [EIRSEL: Hy [The unit of freauency [
[<impedance unit="4~ E—&>2" Iy In/a [string [4~E—5 REfi: ohm [The unit of imoedance [
<Junit
1
<shane> shanet 7L 3V TIHRARBREFFET A Defines the shane.
R jidth="100" height="10" />
<rectangle RmEROPL Defines the shape of rectangle. The origin is center of rectangle. " diameter="20" />
The angle is the counterclockwise rotation with respect to the local <polygon \d P1” points="~10,-10, 10.-10,10,10,-10,10,-10-10" />
height origin. <circle id="VLLPAD"  diameter="500" />
|$'lﬂ'i' N/A string. width Defines the identification number <circle i "
width="" distance |double Defines the width. <circle i
height="&" distance |double Defines the heisht <circle id="
angle="TEIfz &~ angle double |[EISEAfE : MmERDELI RIFEEYELA R, LBEFZ0ET S, Specifies the angle of the counterclockwise rotation with respect |</shape>
to the local origin. If it is not specified, zero(0) is set as the
default.
/>
0
circle RO Defines the shane of circle. The arigin is center of circle.
=" N/A string. diameter Defines the identification number.
diameter="M&" distance |double Defines the diameter.
>
<polygon R (0, OFRAETS
/62 yZ Defines the shape of polygon. The origin is set to (0, 0)
Gyt The angle is the counterclockwise rotation with respect to the local
nz‘y\z
i="IAEF" N/A string Defines the identification number
points="xEEHy i xEEH yEEIM.." distance |double R Defines the points of XY coordinates.
anglo="TEIHEFIE” angle double | EIEEA - Az DL RISEHEYEIEARE, HEABFIZ0LT 5, Specifies the angle of the counterclockwise rotation with respect
to the local origin. If it is not specified, zero(0) is set as the default.
/>
0
</shape>
0
<padstack def> oadstack defz 7L 3L T/ SRR B TR ERT A Defines the nadstack <padstack def>
<padstack id="smallvia” type="VIA">
<padstack <ref shape shap: ¥
id="padstackMBIES" N/A string |padstack &R T AT HOBRIBES . Definas tha idantification number <ref shape
type="padstack#17" N/A string | padstack®%14 7 Specifies the padstack types; <ref shape
VIA ~+ VIAD TSR D EHE VIA .. via. <ref shape
DIE_PAD BvIS DIE_PAD ... die pad. <ref shape
BALL PAD BALL PAD ... solder ball pad. <ref shape
BONDPAD --- BOND PAD ... bonding pad. filiochip pad. <ref shape shape.i
> <ref shape shap
<ref shape shape
<ref shape - Snecifies the shanes of nadstack <ref shape shap
shape_id="$Wshapa AT " N/A string | ST Dshape DHES shape id ... Specifies the identification number of predefined shape. <refshape shape_i
typo="padfB 1t N/A string |/ SYFTSHK B et zhaps shap
Antipad . <re:,shape shap
" <ref shape shape it
NonConnecti
Land e <ref shape shape id="VDRILL" type
Drill 1) THE <ref shape shape id="VHOLE" type="Hole” layer="LBOT" />
Hol o RELE </padstack>
o A& ETHE Antipad_.. The diameter of clearance. </padstack def>
The land of
Land ... Normal land.
Drill .. The diameter of the drill. The outside diameter of the via
Hole ... The diameter of the hole. The inside diameter of the via.
x=XER = YER distance | double |xEEHE. yEE#E : BT Dshape DR MERE T HER. HMIFIO00EEIKT B, XY coordinates ... Specifies coordinate of origin. If it is not specified,
the origin (0, 0) is set as the default.
angle="[EIIEAE" angle double | BIEE /A : MmZ b & LT REFEEY ERAE, HBEEFIZ0LT B, angle ... Specifies the angle of the counterclockwise rotation with
respect to the local origin. If it is not spedified, zero(0) is set as the
layer="fF" N/A string | ST Ashana B MNALA VORI laver .. Soecifies olacement laver.
orr
</oadstack
o
‘vadstack def>
</elobal>
1




<module EVa—NEITavE, LulEICREAAMNRFEERT SV TV Esay ) ) <global>
(<sockeD)& HHET OV DIREEHT BitHts Y3 (specificationy)k., LAiBEf§ & |Module section contains socket section, specification section and <shape>
F EETEEREIVa YTHREh S, refarenca seotion. <rectangle id="PFGBABODY"  width="1200" height="1200" />
name="HINI I &” NA - |string | EGBIRE, CCTRBLEBIET DA T, COMET Ny ESHT B, Defines the modle name oy SCirele 48500 circle="500" />
type="HFET OV IEIE" N/A string Mr7n /’N)ET‘L LSLPKGPWBDF—T7—FTRIEZRAITS Specifies the module types; <padstack def>
LSI... semiconductor integrated circuit <padstack id="BGABALL"
PG ’ PKG ... package <ref shape shape.id="B50
PWB ;’ IURER PWB ... printed wiring board. </padstack>
shape.id="5shape i 1B S " N/A string |HIET OV ORI, SMBshape DB A EMIET OV DERE—HEE S, Specifies the identification number of predefined shape. o j/gar;mueb
i o _ global
x=EE = VEE distance |double |#AET DI /7a)shapeﬂ>iai&1!§v§iﬁ'éo shapeDRRE. 1L BRI RET Specifies the placement point of the shape. The origin of the. <module name="BGA” type="PKG"
%. HEEREF(Z (0, 0) IZERE shape should be placed at this point. If it is not specified, the shape shape_id="PFBGABODY" x="0" y="0" thickness="540">
will be placed at the origin. (0.0) <socket inst="BGAIO” >
angle="FEIfz A&~ angle double | EI#E£ . #RET OV I DR mZE DL RIS EY TOEEARE. Specifies the angle of the counterclockwise rotation with respect <default>
to the local  origin. oot shape padatack o~ "BGABALL" />
thickness="/E#4 " distance | double |#HET OV DEH. Specifies thickness of module.
>
shape of module ‘ /::Z:C’;O
port
Specifies the placement paint of
argin tha shape. The origin of the
T shape should be placed at this
o) P
Csocket THEREOERO (V7N ERRT . V7 JNIEBDAENETORE ThB. |socket section defines th tput ports of this modul
R s I 7 o e £ B T D BADY I ARG |fookstsecton defnos he inou/utut ports o is o
ATAVRAVABTHWAT . A socket is identified by a instance name.
inst="A Y RBVRE" N/A string |socketD ARV A%, CETEHELIZAVRIVRE T/ T ubES! Defines the instance name of sockets. The name should be unique.
>
PWB
BGA package
o
* socket
<{default> Vb RTFHT AEFoort)ICMT AT I+ ILMEFRTFT A Defines the default shaoe of oort.
<portshape padstackld="@fpadstackBIFER" /> [N/A string |3fF (port) DT T4 ILMERDER.
B2 DEFIRE-T-HRERET HBEIE. por> EEM Dpadstack id% T2  |Specifies the default padstack for port
(T3]
</default>
(2]
<port. HFORIK- R BHEERT Defines the port shape, name and location.
Bl Mikéh?iﬁﬁ&w%ﬁ& SCTRRT B, The notation of ports is not the same by a design language.
& pi BEARE 1AV EBEOWTICERES5X 5, |For example, Spice does not have the definition of a clear port name.
Moreover, Some languages, such as verilog, does not have the location
portlIF BT, idifFES) HLLIE, namediFH) ERET HTE. idkname DTS EEH | of por
LTHRL This section givens a common notation onto different design
languages.
All norts misst have nort 1D or nort name
="t FEHEE" N/A string |8 FES . sockeCNDEL DEFESE1=—ITHE &, i i
eI el i g siekﬁ;s identification number (ID) of port, The ID should be uniaue in
section.
Normally, port ID is according to JEDEG's naming convention.
For example, Al, A2, A3, .. in case of BGA package.
padstack id="EfFpadstackift I FE N/A string. R,
FREBDBEL, defaul> TERSN TS T IHILMERAEREN S Specifies the non-default port shape.
TIANERLBESh TOVEVMEE IR KRER (R) EBHKT 5. Padstack ID must be used with port ID.
EFRRIE, EFESEHACERTHL, BHTRIRETELL.
X=X YR distance | double TR . Specifies th dinate of port
padstackD R A BEME, CC CRALIMFEME—BEL S, The soordinate of port matet be used with port ID
BFERE EFESDERICEETHIL, BRTEERTELL. @ o0 ofp st be used with p
angle="IEl5 A" angle  |double BSR4 i AL T R R ER A . ABRE 0S5, Soecifies the counterclockwise rotation anele.
name="lFE" N/A string | HF % Defines port name.
COMFICAHNT HESBEWMFALT S BTLLL=—ITHILER L. The same name can be used to the different ports.
R—3#F&OMWMF(E. LEREBTEBSETLEVILERHRT S Normally, a signal name is given as a port name.
The same name ports are connected together in the upper
hinrarchy
direction="tfF 5" N/A string
inout -+ MAMHF Specifies the 1/0 direction
WFHAIL, EFBame) L HISEHT HTL. BETEERTILL., hat accepts signals coming into the module.
out.. port that drives signals out of the module.
in inout .. port that can accept signals going either in or out of
module.
out dule
modu The direction should be used with port name
inout
N/A string ES547 . Specifies port type.
power - W power .. port is used for power distribution network
ground TR ground ... port is used for ground distribution network.
signal ik N signal ... port is used for signal net.
floating. COBEF I LAV MERLTLEHLY, LT floating ... this port should not be connected to any net.
ﬁ(:k, dontcare ... this port does not have any logical meanings such as
dont COWEFIE. BAET OV DEEICIFRALEEELIHEML thermal ball.
fﬁ&{j ﬁ?%{name)k%l EHTHIE BRMTIIEHTELL.
The type should be used with port name.
>
<impedance ZOBRFOAE—TUX
typ="SAH" ENME (REFHE) Specifies actual load impedance of the port.
>
01
<delay ZOtRFORIE
typ="RAE" time. double FhIE (EREHE) Soecifies actual delav of the nort.
01
</port>
o
<portgroup portET N—EVT T %, <portgroup nam
name="4 JL—F&" N/A string |WFYL—T &, WFT L— 12&%?6%! Eﬁﬂ"m Defines the name of port group. i:;":g o
CsockeOWDT L—T B3 1=~ I THA The port group name must be unique in socket section. Craf port name.
> <ref port name
</portgroup>
<connectable/> &
th%fﬁ!& hf)liriﬁ"§z.'anf T IN—TIZEY BportE . HEL <portgroup name="
p JL. connectable @t %515, - " attri i i <connectable/>
i LS A TGP A1 VD01 LESREy o kevoow|[[ SIS KU et oo s e o) TR
BiRYT L —TEPKGRTYa—h&E T ERADDIZEAT B, <ref port nam
a—hLIELMES . PKG?&H%#":L:.I!‘EFTE;’M’ H%IIIEL'NSE </portgroup>
EATEA .
o
<mustjoin /> fEHERE L
L, CORMENEADNIS N el Byt satLmrnaan | .
Bz IE . LSIREH A L LR T4 HPK( EESTRY Jo— £ VDD2" [If “<mustioin/>" attribute is specified, the ports in this group must be
Eﬁy,b_-}ipmm?ﬁ_kvg,;jk 55 \'réiiAl T 5, connected together in the pper hierarchy.
(23]
<refport TIN—ELT T BportE BET B Specifies the ports that make up the group. The port can be contained
Portl3 RN T L—TIBLTHRL. by one or more groups.
id="8 h;-gzufﬁ" N/A string |7 IL—ELTTAGTFORFES Snecifies the oort ID.
1% F 2 N/A string |7 IL—F U T AMFOETF S Qm\mﬂr& the nort
portld. HFEE(METBame)DEBSAN TEET 5. e port 15 specified with port name (port, name) o port 10
1
</porteroun>
0
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<powerdomain_group

E%‘Diﬁh’)‘*f‘/%iﬁi?‘éo
|

(1) TREEHEEFORETOVIOBE. BRSNATRE, TOTRIFHHES
EAHNT Bportk, —DDERFA(2ET D,

(2) 7FRTEFORANRAT HHE. 7HOI/ B TEATIRWRLTFOIESE
—DOOERFAVET D,

Defines the power domain.

For example, in case of analog digital mixed design, specifies the
analog power/ground and analog signals that make up the power
domain in order to distinguish it from the digital

DCDC 25V">
WOUT1” />
WouT2” />

<portgroup nam
<ref port nam
<ref port nam

</portgroup>

<portgroup nam
<ref port nam
<ref port nam

DCDC GTRL™>
B />

DO" />

BREFEEET 5. </portgroup>
port name="8F & " N/A string |HFA Soecifies the nort name. <portgroup name="DDR DIG™ />
HFES” N/A string | HS Soecifies the oort ID.
WFIN—TR N/A string |BELALERES DportDHF /L —T %
SCTHERELIETF YL —T BT Bportld 2 TA-BEL AL THD, Specifies the group name. Sref part rame.
<portgroup>
port(d, #&F &S (portid), ##F 4 (port_name). #hF )L —T % (group.name)D. MM T |Specifies power or ground. The power or ground must be specified with Y
BT B. port.id. port.name. group name# FBFIZELA T H LA TERL, cither port name (port name), port ID (port id) or group name <powerdomain_group port name="DCOC | PGND typ="25">
(group_name). <ref portgroup name:
voltage | double RIME <refportgroup name
voltage | double FALME Specifies min/typ/max voltage value. </powerdomain_group> . . .
voltage  |double Kl <powerdomain_group port name="D.GND” typ="2.5" >
<ref portgroup name="DDR DIG" />
</powerdomain_group>
<ref portgroup F—BRFA > DWTFTN—TEEET 5, BREOHTF T L —TEEET BELT
2 Specifies the port that make up th d
SITHERELE TV —TIZBT Bportht. A—TRF AV IZET B, pecifies the port group(s) that make up the power domain
SREFIN—TE” N/A string |E—BRFAVICBT DTS IN—TDHH Specifies the group name.
2l
T
group
<swappable_group> TRAREAIF TN —TEEET 5. fines the swappable port groups. The port groups in same group <portgroup name="R CHANNEL">
A —Dswappable groupl <R T BIEF S N —T1FT L —THEL TR BT, (swappable_group) are swappable by a group unit. <ref port name="RAD1” />
<ref port name="RAD2" />
<ref portaroup XRARBIWT I N~ TR b 2B EOWTF I L —TEHEET L. (et port name="RADI" />
= portgroup
name="BRWFIL—T&" N/A string | XRARAIHTF I L —T OB Specifies the port groups. <portgroup name="L CHANNEL" />
o <ref port name D1” />
2 <ref port name="LAD2" />
</swappable_group> <ref port name="LAD3" />
portgroup>
<swappable_group>
<ref portgroup name="R_CHANNEL" />
<ref portgroup name="L GHANNEL” />
</swappable_group>
o
<swappable_port> T REAportEIEET B Defines swappable ports. The ports in swappable port are swappable | <swappable port>
[Fl—Mswappable port|< BT &portld, HELMIMRATHE, into each other.
<ref port name:
<refport ZRA R iportEEE T 5, 2MALLE DportEEE T AL, </swappable_port>
port FHF BB (DEIZHF Bname)DE LN TIET ST L, idlnameDRAERE;  [Specifies the ports. The port must be specified with either port name
R d BT EETEALY, (port.name) or port ID (port id).
id="8 Rl F M5 ES " N/A string. e oot DIEF HS Specifies the port ID.
BREFE" N/A string SR A B Eport DIEF & Specifies the port name.
appable port
<frequency EERTRN Specifies min/typ/max operating (clock) frequency for the port. <frequency port name="CLK” typ="300" />
portl, #F &S (port id), #iF % (port name). #iF4 )L —T & (groupname)D. LM T |The port must be specified with either port name (port_name), port ID
8T %. port.id, port_name. group nameZ FEF ISR T HTLIETELL, (port_id) or group name (group_name).
port.s name:"iﬁ‘ﬁ%" N/A string |8iF 4 Specifies the port name.
port id="1F N/A string | WP &S Soecifies the oort ID.
group.r nzmei’ﬂm?a'n, T8 N/A string [IFTIL—TH Specifies the group name.
min="RDIE" frequency |double RIME
typ="JALMIL” frequency |double ALME Specifies min/typ/max frequency value.
max="BANE" frequency |double BKlE
0
<constraint> FRERCNT ARBFEHT 4. Defines the constraints for the uoner hierarchy
Cimpedance AV E—T U RFE, Defines the min/typ/max characteristic impedance. You specify <portgroup name="CK">
AVE—FVRRVF VT EBRY Bports. FlEAVE—F A MERHT 5. port(e) requiring an impedance matching and the impedance value. 2’6?90" port name= cK,sN g
port name="thF %" N/A string | AVE—H U RTUFLIFERT Boort DIETFH Soecifies the oort name. (el port port-nam .
nort id="1E FER" N/A string |4 UE—8 U RTVFU I EBRE Anort DIEFES Sneaifies the nort ID. Conteaint>
group_name="8§F 5 L —T&" N/A string |AYE—HVARVFUIEERT Dponth\BT BIHF I NL—T &, ! . " =" 45" typ="50" max="55"
TN—TF BT B2 TDportl S LHINEBRT B, Specifies the group name. j::z::::i: ;:: e WfY::gI:‘“K" 50 457 typ="50" max="55" />
portld, FFS(port id). I F4 (port name). HF5 L —7 4 (group.s name) The port(s) must be specified with either port name Gimpedance group name= o type="differential” typ="100" />
O FRDTIEET 5. port.id, port name. group name & FFHIZIZAT & (port name), port ID (port id) or group name (zroup name). | </constraint>
type="847" N/A string A E— HUADBAT , B (L //7}1»1/“7)1%&’(/!: HORERBKT Do Defines a type of the characteristic impedance. If the type is not
YUY LIUROREA. defined, the “single” is set as the default.
differential B E— yzx(odd{/ —5U2R) single ... single-ended signal
common QEUAVE—H R (evend VE—F L R) differential .. differential mode of differential signal
ccommon ... common mode of differential signal
ﬁmtﬁ@sﬂﬁ
Specifies min/typ/max impedance value.
ﬁmtﬁ@sﬂﬁ
BRI, Defines the min/typ/max delay. You specify port(s) requ
BEFNEBERT Bports . BRI IBEMEEHT 2. and the delay value.
N/A strine |IEHNEERT Doort DT H Snecifies the oort name. A "
N/A string |RILHAFBERT Anort DT ES Snacifias the nort ID. <rof port port name="SIG3" />
VA foing |BEMIEERT Sponi Y ST T8 Sposifies the group name. Sportgroup>
52 TOportl M LEHEEAT 5. a aroup 107 b 12 mane 15" />
port@« )ﬁﬁwe id). 3% F 4 (port name), 74 )L —7 % (group.name)D. 1 The B .
- uF N port(s) must be specified with either port name (port name),
B TIRET B. port id. port name. group name FIFF R T 5= LIH THALY oort 1D (part i) or graup name (&roup name, o o i 0>
time. double. BMBRI </constraint>
time double LM Specifies min/typ/max delay value
time. double BIMEER
Cskew ZF2—HIf0 <portgroup name="skewset1 >
R 2—HREERT oot —T (group name)t, ERT BRAF1—MEEHT 5. - y
AF2—DEEESEL DRI T (reference port name, reference port id)EHEELFH |Defines the skew. You specify port group name requiring a skew and
B3 EOREEFOESBELELMELLFmax, mmﬂﬂlﬁ'{l#l—ﬁﬂﬁﬁiiﬁ‘éu the skew value.
HEHFEIRELLEVEE L, maxtLEminD AN TRF1—HIHEEET 5. maxh
EEShTEBRBLEMESERELLEZF 21—, minhIEES T ii“l;ti{.,& If you specify the reference port, the port must be specified with
WMESERELLEAF21—HIRELD. either port name (reference port.name) or port ID (reference port.id).
“HETN—TE" N/A ZF2—HIEERT BportHET BUTF T IL—T & Sref port name=
group_name= string | A% portt Specifies the port group name. </portgroup>
STUREL R 7 IR boor & THAS A MHEERT B, I i required that all port(s) belonging to the specified port group
should satisfy a constraint of skew.
reference port name="ZEHFH N/A string |AF1—REEBLLIRERTF DTS . Soecifies the oort name. it used as a skew standard sienal.
reference port id="BEEMFHFES " N/A string | AF2—IHAESE =&§&§£ﬁ¥mﬁ¥¥%n Soecifies the oort ID. it used as a skew standard sienal.
HAEBT (L, 57 - port -port i THHET The skew standard
> ¥ mreforen o port(s) must be specified with either port
B BIE R ﬂ?—éhtlxﬁg"u" name (port name) or port ID (port id)
time double Specifies min/max skew value. Refer to the following figure how to
time. double. in=-§ max=10 set the skew constraint

referencenet_port portd | i

portt <

Port_groupiskewsetl.{ L1

ort3

i
Skew srror—1
max=10
- T

portd X
Port_group:skewset2 4 ports ___ ! X
T D

i
Skew emor—1

Skew srror —— \ min=-10!
portT 1 [
Port_group:skewset3 <, port8 |

Casel: The reference port is specified.
Skewset1: The constraints are defined with min/max values.

Case2: The reference port is not specified.

Skewset2: The constraint is defined with only max value, refer to the
fastest port in the group.

Skewset3: The constraint is defined with only min value, refer to the
slowest port in the group.
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<guard shield

S—ILFER,
S—IFEBRTHESEALNT Dporté, Y—ILFIZALBEBE AL AL T Sport
EEET D

Defines the shielding constraint.

<guard shield port name="CLK" shieldnet port name="VSS" />

SRR MBS A TUELNEE (£, DEFOPINS #5530 CRESh AL DB
HERKT D,

~Jf%"(oump)fﬁi&éh‘tué’ﬁélx. FOAVR—F MBS REL DB

N/A string | —LFA#ERT DoortDIEF4 Soecifies the ort name which reauires a guard shield.
o N/A string. — LKA ERT AoortDIEFES Soecifies the oort ID which reauires a suard shield.
e 175 WA fonn | EERRT St TSR TE Spaifes th i rame i roires  rd sl
s = PO 4 . It is required that all port(s) belonging to the specified port group
should satisfy a constraint of guard shield.
portld. 3 F & S(port id). ##F % (port.name). 5#F 4 JL—F % (group name)D. fil
WM TIEET B, port.id, port name, group nameZ FFF MG T BT EETERLY, The port(s) must be specified with either port name (port_name),
port ID (port id) or group name (group_name).
shieldnet port name="34F %" N/A string |S—LFISALSESEAE AL T bportDIEF & Specifies the port name which is the signal used for a shield
shieldnet port id="1#F & 5" string | S—LRISAVSIESEAL AL TV ot DIEFES Specifies the port ID which is the signal used for a shield
?i%% (smeldnetjun name) 5\ F &5 (shieldnet port. id) DFINH TEET %o The shieldnet_port(s) must be specified with either port name
FIRAT HELETERL. (shieldnet._port_name) or port ID (shieldnet port id
o
</constraint>
011
</socket>
0
<specification> B
<power EEE - BEIOy I OEBE T
power double RNME
oower | qoube Ao Defines the min/typ/max power consumption.
power double Kl
<
01
<reference LEREREE, COAVR—F T 7L TF YT (wrap) T HHRET O ;';m&m*h?%i Defines the " dure bet rts ket secti
BTD. (B LN = MBI E R — LTI 1 efines the connection procedure between ports in socket section
and ports in referenced file.
xmins:ZZZZ7="http:/ /www jeita.or jp/LPB/22222" XMLIEX Dnamespace B E , 22222 D #5313, BT HEET+—YM&EYLLFOfIAL [ XML namespace definition for the referenced file format.
DOF—T—FElD. RBHISR The 222272 is replaced to the following keyword accorind to the.
verilog referenced file format. See examples.
def verilog
spice def
dif spice
gds dxf
xfl gds
ibis xfl
JLPB ibis
JLPB
reffile="$RI7 A LE" N/A string | BRI BI7AIA,
SOAVR—FUITA—TIRITA T, Ty (wrap) T BT OV I N EHENI=T7 14 Specifies the name of reference file.
format="RR7+—2vh" N/A string. m‘Eju VDRI EEIA—I Vb, Specifies the design language format.
SPICE , IBIS, XFL , VERILOG, DEF, GDS, DXF SPICE. IBIS XFL.VERILOG DEF GDS.DXF
distance="REEIFT" N/A string | BRI BI7 AL DHEEREEET D
DXFO> &SI AL RE 17 B F— SIS L TR 5 2 518 &I<HAT
um - TAGOI—kN Specifies the local unit for reffile without unit definition
mm e SUA—RL
om U FA—RL
moe A—RL
scale="fERE" N/A double | 77§ HEMT—FDERE, (0&LYKERMIHE. ) Specifies the scale rate of a figure. (A larger real value than 0.
>
<connection V7 b E(<socke)) TEEL = F(<por)e, BBL TR I7 /LD AHNIEHF LD
HRRERET 5, BRTHI7A LD SO TR LRI RES, UTI<,
REMLHIZETL.
BIAIE, verilogD &3 ITR—MHBIREIC R BESN TV DB EIE. [EVa— LA EMR—F
B IDEAEHETEREND,
<connect socket name="socket1” port id="A1">
<verilogref port module="topmodule” portname="DQ1"/>
</connect>
COBITIE, A2 28 R & socket| TEHSNDY 7 IMRT HAIRF I, verilog
topmodule DDQ1 3 F LRIE (TN 5.
Spice Xy hTIE, HTH—FUbELR—RRIBTOSREL S,
<connect socket name="socket1” port id="A1" > Defines the connection between socket ports and terminal in reffile.
<spiceref port subckt="spicetop” portid="5"/>
</connect>
COBTIE, sockeummaﬁ?l:smcemv7v FvhspicetopD5% BITEHSTN TN
HFIBE oD,
DEFTIL, I0EL DI FURBEELRDEBEDE TERT A7 —AL EVEE
i 3
FHBMEND,
ect>
gmm'ﬂx socket| DATEEF (&, BIET—4OMIFED(222 999) I ELTLBIE
paiaed
socket name="4~ X8V 2&" N/A string |7 IbDAVREY R, Defines the instance name of socket.
port name="1§F 4" N/A string |socket name TEMLI=V 7y MRT port DI F £ Specifies the port ID.
oort id="IHFES" N/A string |socket name TEMLIzV 7 IR T BoortDIHFES Soecifies the port name.
BFANEFEROALNTEET S, WAFFRICRAT AL AT, The oort is soecified with nort name (oort name) or oort ID
>
<verilogref port verilogD B! Verilog means the logic language used by the logic simulator for a <reference xminsverilog="http://wwwieita.orjp/LPB/verilog reffile=" XXXXver”
desian. format="VERILOG">
ES1—NE" N/A string |B8T AveriloeDES 21— LA module  : module name in veriloe file <connection socket name A
R N/A e | St Bt B T 12 A B ARk TR AT nortname - nort name in tha madule. Cveriogret port module="topmodle” portname- DQ1"/>
</connection>
<connection socket nam
<verilogref port modu
</connection>
<connection socket nam “A
Cariogret port module="topmodule” pmname- “DQ3” />
</connection>
<reference>
[XXXX.ver]
module topmodule(DQ1.DQ2.0Q3)
<defref port DEFDER DEF(Design Exchange Format) means the design information <reference xmins:def="http://www,jeita.orjp/LPB/def" reffile="XXXX.def"
technology format. format= DB et et
TR N/A string | S8BT ADFFOIUK—AUE comn - comoanent name in DFF fila © edatref port compors .
- f port comp=
pmnlll\u— (7 N/A string sk pinname : pin name in DEF file. </connection>

<connection socket nam

</connection>
<connection socket name="socket1”
<defrefport comp="SBIt
</connection>
<Ureference>

<reference xmins:def="http://www,jeita.orjp/LPB/def" reffile="YYY.def"
rmat="DEF">
<connection socket nam¢
<defref port pinname:
</connection>
<connection socket name="socket1” port id="A2">
IN2"/>

="socket1” port id="A1">
PINI"/>

socket1” port id="A3">
PIN3"/>

<defrefport pinname=
</connection>

<Ureference>
[XXXX.def]
COMPONENTS 100
- SBIOT o

- SBIO2 io

- SBIO3 o

END COMPONENTS

[YYYY.defl
PINS 10

- PIN1 oDQ1 ;
- PIN2 oDQ2 ;
- PIN3 0DQ3;

END PINS
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BOTTOM: - - SR A ¥ DBOTTOMEI-#HET Oy s EERE

TOP : ref module is placed the upper surface of target layer.
BOTTOM : ref module is placed the under surface of target
layer.

<spicerref port SPICEDBH SPIGE (Simulation Program with Integrated Gircuit Emphasis) is a <reference xminsispice=" http://wwwjeita.orjp/LPB/spice” reffile="XXXX.sp”
language corresponding to the software which simulate the analog format="SPICE">
operation. <connection socket_nam o
subckt="4T4—FohE" N/A strine | S8 BsoiceH T+ —Fuh A subckt sub-sircuit name in soice file ¢ Sepioeref port suboldt="top” portid=
. portic="1—rDERME" N/A string | ST AR—MRAET TN AIEE . LI TH—FvNsubckd)| BT AHR—RTHAT | oortid: the order of i/ in sub-circuit Coamnoction sacket nam
<spiceref port subckt:
</connection>
<connection socket name
<spiceref port subckt
</connection>
<reference>
[XXXXX.sp]
subckt top p1 p2 p3;
<dxfref port [DXFOBR DXF is a GAD data file format for drawing that is widely used <reference xmins:dx="http://wwwjeita.orjp/ LPB/dxf reffile=" XXXXdxf~
for exchanging data between EDA tools. format="DXP" distance="mm"> .
= =Ty distance | double | & A8F DXYREHE X_ v ¢ XY coordinates of referred port. Tnodule="TOP" />
layer="L 4 N/A string |SETAEFAGETHR. laver : The laver that the oort exists.
mount="FERE N/A string | T OREE. - mount : TOP .. The port exists above the layer. <connection socket name="socket1” port id="A2">
Top EEROTOPHI-HFHEESNTLAS g . <dxfref port x="200" y="8078" layer="L1" module="TOP" />
BOTTOM & @ OBOTTOME I FHEREIN TS BOTTOM .. The port exists below the layer. (/mm:w ¥ Ve
7 37>
<dxfref port x="300" y=' layer="L1" module="TOP" />
</connection>
</reference>
<gdsiref port GDS(GDSINDE GDS(GDS 1) is a GAD data filo format for IG layout that is the de facto | reference xminsigds="http://wwwjeita.orjp/LPB/gds” reffile= XXX gds~
industry standard. format="GDS" >
AR YR distance | double | ST BIF-OXVEER X. v XY coordnates of referred port. Ceonnection socket name saoketl”
laver="LA¥" strine | SET AT MG ETAE. laver : The laver that the nort exists eonmections
> <conneotion socket.name="socket1" port "
<gdsref port x="200" y="8978" layer="L1" />
</connection>
<connection socket name="socket!” port id="A3">
<gdsrref port x="300 978" layer="L1" />
</connection>
</reference>
<firef port. N/A string |XFLOBH XFL is a language for describing layout of PKG or PCB. <reference xminsixfi="http://wwweita.orjp/LPB/xfl” reffile="
omponent="TK—R b !th‘AxFun:/P ESIE component  : comoonent name in XFL file. format="XFL" > .
pinname="E'> 4" By BE A pinname - pin name in XFL file <connection socket name="socket!" port id="A1">
AUNIET AL THAHL, firet port somponent="NEWLSIDIE" pinname="1" />
</connection:
<connection socket name="socket1” port id="A2"
< f port component="NEWLSIDIE” pinname
</connection>
<connection socket name="socket1” por 37>
ref port component="NEWLSIDIE” Dlnnamaf"an 7
’» </connection>
</reference>
[XXXXxl]
part
DIE R-135-135 135 13505 0{
1-4-5B4
2-3-5B4
3-2 -5B4
i
end part
component
NEWLSIDIE DIE 0010
end component
<ibiscref port N/A string [IBISOBH <reference xminsibis= http://wwwjeita orjp/LPB/ibis” refile= XXXX.bs~
format="1BIS">
151 0 e emten st ol s vt | eometon st rame= e prt 0>
d FKGg P! put sier <ibisref port component="DDR3- |Gbx|5 signal.name="Vddq"/>
When you refer to IBIS, define the model name of IBIS to refer to at /connection> " oy
dule, and the port name to refer to at portname. <eonnection socketname="socket!" portid="A2"> DOUS”
module. Sibisiref port component="DDR3-1Gbx16”  signal name="DQUS" />
</connection>
module="T1R—F MR BETABISOIAVKR—RU L module : [Comoonent] name in the IBIS file. <connection socket_n: ‘socket1” port_id="A3">
port name="34F &~ £8B¢ AIPINDsienal name . oort name-{Pinl signal name in the IBIS file <ibis:ref port camponent “DDR3~ |Gbx|5 signal_name="DQU7" />
> </connection>
</reference>
XXXXibs
8IS ver] 42
[File name] ~ XXXXX.ibs
[Component] ~ DDR3-1Gbx16
[Manufacturer] JEITA FACT
[Package]
| variable  typ min max
Rpkg 05 04 06
L pkg 150H 10nH 20nH
Cpkg 0.4pF 0.2pF 0.6pF
|
[Pin] signal name model name  Rpin Lpin Cpin
A1 Vdda POWE
A2 DQUS DQ_MODEL  0.58 1.9nH 0.58pF
A3 DQU7 DQMODEL 057  185nH  057pF
<JLPBiref port JEMA SoR—% ko7 A LOBH JLPB means the C—Format files of JEITA LPB standard format
module="EJa—)LE&" N/A string |BBTBIAVR—FIUTFILDES2—ILE module : module name in C-Format file.
socket="Y7YME" N/A string | ST HYrvbE, LimodulelX®T 2V 7V THETE, socket : socket name in the module.
N/A string | BT BportDIEF & . L iEsocket/=BT Bport THAHZE, port name/port id : port name/id in the socket.
N/A string | ST DportDIEFES . LiTsocketlMT Dport THHZ L,
portld. #iF &S (port id)H\IEF 4 (port name) DTN M TIEEY 5. MAZE FFFIZ
BATHLIFTEGL,
XXKref port> TS LS EMA R . CEESRIRT D EXEANT RO
B RUBE XXFR T BBORU Y EDSA LR TEET S
Urefarance>
‘modul
Tooe
Ccomponent> ChauR—FoF o7 ALISREL RERED. RELT MOHBER
%45, Defines the module(s) placement.
<placement IOV ORE
ref_module= ’ui‘?:—wﬁ N/A string | SR BHAETD ;7@{/;—;L4z.a Soecifies the module name.
inst="A~ R Z: N/A string |2 AEV 2%, 1. THDH, Defines the instance name of sockets. The name should be unique.
E;sgz distance |string ieia'émmlemﬁél ﬁ?éiu%mii
DXFO & G B RE RV B ISHU TR EEHT HHE <A
%o
o HavA—5 Specifies the local nit for module without unit definition.
mm UA—5
om e EUFA—H
angleunit="F FEE1L 7" angle string. EEﬁTémcduleﬂ)ﬁf§l~‘l?’5$ﬁ¥ﬂ>iﬁ
degree ). Specifies the local unit for module without unit definition.
radian illll“ﬁ(?/7/)
soale="HERFE N/A double | FERE (05U KFNRHIE) e E— Specifies the scale rate. (A larger real value than 0) g
A dsnce |dnble | Sy ST e mE Y e, | relmodue ]
BETOYIORAE, SO TRELIXVERISRET 5, . Specifies coordinate of origin. —
e itanco (double ZEEHR: layer S OIERE, HHOHLO, | T Specifies the Z coordinate 7
Alip="Y) s T84T~ N/A string | 7Yy T84T Specifies the type of flip.
X@EPDEELEDY YT (EFRIE) X: flip vertical
Y e VBN F| -1 (e ) Y- fiin harizantal
angle="[EIIEAE" angle double @izﬁl‘ 55§ﬁ7741b0)4&i57ﬂ IR RERDELE KRB EY DEEAE Specifies the angle of the counterclockwise rotation with respect
—BEEOEE TRIEED to the local origin.
layer="fE" N/A sting |F§ : EMETHBMLIL213.) Specifies the placement layer.(L1,L2,L3 -
N/A string |BREE: TOP- - - HRLA Y DTOPEIHRET OV /ERE Specifies the placement side;

JEITA LPB CEORMAT.
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LPB Design Rule Format

Ver2.0

<JEITA_LPB RFORMAT>

<header
project 1
design_revision 1
date
author
email
company

e
AL

/>

<global>

<unit>

<distance>

<angle>

<area>

<time>

<resistivity>

<{temperature>

<voltage>

<{power>

<inductance

<frequency>

<impedance>

PIPPPPPPPPQ
LLLLLL AL Ll

</unit>

<shape>

<rectangle>

<circle>

<polygon>

oo

<{/shape>

<{padstack_def>

<padstack>

</padstack>

<ref shape> 1---

<{/padstack_def>

</global>

<Physicaldesign name>

<default/>

<material_def>
<conductor>
<dielectric>

</material_def>

i

i

<layer_def>

<layer>

<{/layer>

<line_width> 0---
<area_limit> 0-=+1

</layer_def>

<spacing def>

<layer>

<line_to_line>

<line_to_via>

<line_to_pol:
</layer>

on>

e

</spacing def>

<pitch_def>

<via_pitch

</pitch_def>

<bondingwire def>

<bondingwire>
<forward>
<backward>
<length>
</bondingwire>

e

</bondingwire_def>

<ball_def>

<ball>

[Kfrustum> 1+
</ball>

</ball_def>

<mold>

<conductor _struct>

o2

<trapezoidal_angle >
<surface_roughness>

</conductor_struct>

</Physicaldesign>

<Constraintrule>

<top>

<height_limit>
|E<bottom>

<{/height_limit>

<design_rule_area>

</Constraintrule>

</JEITA LPB RFORMAT>
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B, SHRICBA S HERET EEIR

OO/ >ETERIIAVERRIEIZLET
Bl <port id="IHFEES" x="xEEAZ" y="yEEE" >
<inductance min="fx/ME" max="Ex K{E" /> } inductancet933

portoiay
BOBE mac  BAEE />} delayt 533>

<delay min="

A

</port>

T2 av DTS, 2DV avDRYBLERERELET

<port id="UHFEE" x="xEEE" v="yEE{E" >
[<inductance min="fz/ME" max="sx A{E" />
0---1 0MB1EIDIEYEL, Blbinductance 7 av (FESTHELLY
<delay min="fzAMEHE" max="fR REFE" />
0---1 05 1EIDHEYIRL , Bl delayz7S a2 [FBSTHELL

</port>

1-- 1L DRYIRL, B —EL L Dport V23V BB E

AT ar VBB 75y X FTRELET
WEBEE FR—IVFXFTRELET

5l <module
name="#88EJ AV & "
type="#EET OV EIE” A7 aviEE
shape_id="8 Bshape# BI ES"
x="XBEHZE" A7 avigH
="y~ A7 aviEE
>

Syntax convention

LPB format form a tree structure.

Example.
<port id="port id” x="x coordinate” v="v coordinate” >
<inductance min="minimun value” max="maximun value /> } <inductance> sectio
<port> section
<delay min="minimum delay” max="maximum delay />} <delay>section
</port>

A---B means that you can repeat the previous section from A times to B times.
A--- means that you can repeat the previous section from A times to infinite.
A means that this section should be repeated A times.

Example
<port id="port id” x="x coordinate” v="v coordinate” >
[<inductance min="minimum value” max="maximum value />
0---1 <inductance> section can be repeated from 0 time to 1 time.
It means that <inductance) section is optional.
<{delay min="minimum delay” max="maximum delay />
0---1 <delay> section can be repeated from 0 time to 1 time.
</port> It means that <delay> section is optional.
1--- <port> section should be repeated 1 time to infinite.

It means <port> section is required.

Italic notation means an item is optional.
Bold notation means an item is required.

<module
name="BlockName”
type="BlockType” Optional item
shape_id="referenced shape id”
x="x coordinate” Optional item
y="y coordinate” Optional item
>
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LPB Design Rule Format  Ver.2.0

AR, BEET S TTOP Viewh 5 RIHDEL. ToPtBoTToMm; I '(Eﬁ?’bu
€31

T —Z bR

Exolanation of the format

ERIBI_(Examole)

[ Data:2012331 —> [SAUbiE a— —> chugs A comment starts with “<—" and finishes with " [
IFITA | PR REORMA varsion="/3—S='/@% > In/a [strine_[HEN—Uso %R [Format version number [
<header headert 723V EFF AV L—LI7 AL OEREHESA D, <header
R, headertt /S E BT HLEICLY, COT7A LA BASN TS project="JEITA LPB SAMPLE PROJECT”
7D‘/’x7>~€ (project) desi ion="1.3"
A5 AL B (date
4’Em§&mhon email, company)
Elgi%mwgn revision) email
EAFARLLD, company="JEITA
= 7n*);am N/A string | TOVTIME TOCIINFFEET AL~ R AR Defines the name of oroiect. The name needs to be uniaue. >
"7 ANLIECIL R N/A strine | IPALNEVI Defines the revision number.
te: - N/A string  |#ERLE) Defines the creation date
author="fFREE " N/A strine | fERLE Defines the author's name.
emm ;‘ ~ILFFLR" N/A string | fERLEDA—LTRLZ Defines the author's E-mail address.
BHE" N/A strine | {ERLED RS Defines the author's comoanv.
1
<global> gobal s Y T The global section defines the unit "unit , shape ~shape”, and padstack
eDERHT Do “padstack def
elobalz 752> TRESN - EHOAHEBE (R1—7) !3 The scope of global variable is whole of the file.
COTFFAUN—LITANEEIRA,
unit> COTFAIN—NI7 AV CERT SREREERT B. Defines the untt. Cunit>
COTERLEBURE, COTFAUL—LIT AL RETHI, <distance unit="um"/>
HAB{ESHEBRRTRRT 5. <angle unit="degree” />
SiEERR <area unit="um2" />
Y es24 <time uni
Z ev21 Sresistivity unit="ohmm"/>
E e+18 <temperature unit="C"/>
P etl5 <votage uni
T e+i2 <power uni
G 9 <inductance unit:
M e+ <frequency uni
k e#3 <impedance uni
hes2 </uni
da e+l
d el
o2
m e=3
u b
n ey
b 12
fe-15
ae-18
2 e=21
y 24
[<distance _unit="BEREE" D N/A string | EXEY The unit of lansth
-1
<angle unit=" ' 7 In/a [string [ EF - degree, radian [The unit of ancle
0---f
[<area W 7 7 Tstring | mi8 847 - m2 [The unit of area
0---
<time ' 7 In/a Tstring [ wRiEsfo s [The unit of time
0---
<resistivity _unit="SIERMAL" /> In/a Tstring  [#ATEHE i B BT - ohmm (O +m) [The unit of resistivitv of conductor
0---
[ unit="JR REM {1~ /> /A [string R BLfr : Cldegree Celsius), Klkelvin. [The unit of temoerature
-1
[<voltase  unit="MREEME" L /A [string [@ 86V [The unit of voltaze
]
[<power unit="M WA MET" 7 In/a [string [EBEHEE W [The unit of watt
X1
[<inductance unit="4~&Z8AMH" /> n/A [string [A 458> 8L H [The unit of inductance
X1
[<frequency unit="JH BB MET" L In/a [string | Mm 8B Hy [The unit of freauency
]
[<impedance unit="4~P—&LAMEY" /> /A [string [~ E—4 > 281 ohm [The unit of imoedance
0.
Yunit>
1
<shape> shapet275/3> T3, padstack(<padstack deb)&ﬁﬁi#é&tﬂ‘ﬂ’éiif%c Defines the shape. {shape>
BIZIE AT T IRIEPETSUFORR/ YA XBETHD <rectangle id="SQ_50um” width="50" he\gm 50" />
<rectangle R ERORL Defines the shape of rectangle. The origin is center of rectangle. i
The angle is the counterclockwise rotation with respect to the local 5"0" height="8000"/>
e ttntiriraadt N/A string Definas the idantification number
distance | double heigh Definas the width
distance | double Defines the heisht e i6="Cir250um” dameter="250"/>
angle double | EIfRAAE: RAEPLELIREFE EY ERAE. HREFE0ET S, o Specifies the angle of the counterclockwise rotation with respect P
to the local origin. If it is not specified, zero(0) is set as the default
0
Zaircle EEERET Defines the shaoe of circle. The oriein is center of circle.
=" string ® diameter Defines the identification number.
diameter="J " distance | double Defines the diameter.
0
<polygon R shape fERL A E R RERMER KT o BH [EshapePLEEHT 5. Defines the shape of polygon. The origin is set to (0, 0)
The angle is the counterclockwise rotation with respect to the local
2y2 rigin.
:f" Y Gy [
=W S N/A string e‘—mzywz Definas the identification number
nts distance | double Defines the noints of XY coordinates
angle double | EIEEARE: R A% b &L REFI EY EERE B . HREEZ0ET D, Specifies the angle of the counterclockwise rotation with respect
to the local origin. If it is not specified, zero(0) is set as the default
0
</shape>
0
<padstack_def> padstack 933> TIE, &L AYIS; ﬁi‘é/wrmﬂmAbE&ﬁmu LOEERET 5. Defines the padstack. <padstack_def>
REPI, ZIROL 1 VRIZ IR T HE 75D <padstack id="VIA L1 L4 type="VIA" >
FIEBLAVISFET DY A/ SR/ 18— 1‘71!52/% RUTALT 1SR RES " type="Land” layer="L1"/>
padstack&EL TEE SN Do 0” type="Hole” layer="L1"/>
oadstack =" Cir 200um” x=" n Y=10" type="Land" layer="12"/>
id="padstackIR A& 5" N/A string i BRI S E Defines the identification number :YPE’ :0'90 ‘3\/9"‘ L2 ‘/ 4 s
2 dstack$17" N/A t dstack® 547 ype="NonConneation” layer=
tye adstack 51 string | pa \SAZC VROBROES Specifies the padstack types; i="Cir 200um” " u =07 lwe’ Land” layer="L3",
% via -
DIEPAD - DIEQ/SyFRAKDESR DIEPAD .. die pad. ol layerr Ly
BALLPAD - /3v/—SOBALLIBHROE BALL PAD . solder ball pad. ""e N""dc",""““"f,, fayer="L3"/>
BOND_PAD 1897 —S 0> mr FC/3y ). i layer=
f V=YD T4 T IR /FCIF DB RDES BOND_PAD ... bonding pad, filpchip pad. lwe’ Hole” layor="L4"/>
>
</padstack def>
<ref shape oG Soncifins the shanes of nadst
shape_jd="$@shapeli I EH =" N/A string | RIE S S8 =l lonConnection — aeeifen the kianifation numbar of oradafinad shaoe.
R VR distance  [double |xER. yEEHR: ST Bshape DI R Land T Hole | XY coordinates . Speciis coorainate of origin. I s ot spedified,the
orisin (0. 0) is set as the default
type="padf6 1R~ N/A string |padfisik u | Antipad .. The damoter of clearance
Antipad GUTSVAE Tl The land of
NonConnection +++ KiEHZ/ K L2 Land Normal lan
Land e EESUR Il Drill.. The diameter of the dril. The outside diameter of the via
Drill FUZ ETHE (R - Hole ... The diameter of the hole. The inside diameter of the via
Hole RE ETHE La =
ange=" AL e |double | BURRIE: FAEBOLLL RS HEYEIAR, 8oL 4L Lo { angl .. Spscies the anee of the countarclackuise rotaton with
respect to the local origin. If it is not specified, zero(0) is set as the
Antipa default.
layer= N/A string | : BHT BshapeZRETHL AV laver ... Snecifies placement laver.
orr
‘padstack
Teee
padstack def>
0
</global>
1
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<Physicaldesign name="7 42 JL—IL&"> Physicaldesignt? 723> Tl ##(<material def>). L 4 ¥(<layer def). Defines the following physical design rules.
AR—Z(<spacing de), E 7 EF (<pitoh_deD>) . T4 5 74— (<bondingwire_def>) . ~ material <material def>
H— L (<ball den>) . {—;ert«me\d def>) . B (<oonductor.struct>) . - layer <layerdef
&0 (<component_def>) &L ISSA—BERET Do - space <spacing def>
~ via pitch <pitch_def>
- bonding wire <bondingwire_def>
- solder ball <ball.def>
- mold form <mold_def>
- conductor structure <condustor_struct>
- component <component. def>
<default/> Ldefault> F— ) —F D EBENBE. COIL—LETT ERIEAN I <default/> attributs is specified, this rule is applied to all area
<material def> MHER Defines the material <material def>
ATHAUTEDWAMHEERRT B, <conductor mater tivity="1.68e-8" temperature="20"/>
<conductor material: ="233¢-8" temperature="20"/>
ET3 Defines the conductor. <conductor mater 2.17e-7" temperature="20"/>
matorial="# & string | #¥}4 : COPPERGE DHEHFE Soecifies the name of conductor. ctric 5" tan delta="0.035" frequency="1G"/>
volume_resistivity="thIIEFIE" resistivity |double Soecifies the volume resistivitv of conductor. 45" tan delta="0035"
temperature="1E G ERE AL Specifies the temperature condition of the volume resistivity of R L . o
ronductor material="REGIN” per ="45" tan delta="0.035" frequency="1G"/>
</material def>
0
<dielectric iR Defines the dielectric
N/A string | M B FR-AGEDIRRIKE Defines the name of dielectric.
N/A double Soecifies the dielectric constant(DK)
N/A double Soecifies the dissipation factor(DF)
frequency  [double Soecifies the freauencw of dielectric orooerties(Dk and DF)
0
</material def>
<layer_def> LAYESR Defines the layer stack up from top to bottom. <layer def>
LAPELENSFRICANTEET S <layer name="TOP_SR" type="dielectric" thickness="20"
CERAICERSNEEETOP, —BRENBOTTOME S B, dielectric material="RESISTORINK"/>
Clayer name="L1" type="conductor” thickness="10" conductor_material="COPPER">
. Cline width min="40"/>
namo="L o N/A string Defines laver name. layer>
type="dielactric HL<I conductor” N/A string | dielectric £ LI conductor: M Type THEREMNEAEBAEBRANT 5, Specifies the layer types; Clayer name="BU_1 2" type="ciclectric” ness="40" dielectric material="FR-4"/>
Dielectric ... Dielectric layer <layer name="L2" type="conductor” thickness="10" conductor material="COPPER">
Conductor ... Condustor layer Cline width min="50"/>
thicknese="M#" distance  |double |E& BESEEH . Di (SFERE. Soecifies the laver thickness. <layer>
distance  |double |*vFRE BIFAYFRE. DI [FEELEL. Soecifies the olatine thickness. <layer name="CORE" type="dielectric” thickness="100" dielectric material="FR-4"/>
N/A string | WA HL BEMEE Soecifies the conductor material name. <layer name=" type="conductor” thickness="10" conductor material=
dielectric.material="HE&R#1# " N/A string | BRI EBHHE Soecifies the dielectric material name. <line_width min="50"/>
<layer>
layer name="BU_3.4" type="dielectric" thickness="40" dielectric materi
<line_width FCHRIEI<BIT SRR Defines the desien rule about line width. layer name="L4" type="conductor” thickness=" e
¥ I T distance | double Soecifies the minimum line width. Cline_width min="40"/>
max="RABANG distance  |double |BAMIERALACTHEL Soecifies the maximum line width layer>
<\syer name="BOTTOM_SR” type="dielectric”
thickness="20"dielectric. material="RESISTOR INK"/>
</layer def>
EHIZBIT HHIR. Ch U T OEBOFE A Z— @ EhEl. Defines the minimum area rule.
area double Soecifies the minimum metal area.
laver
Teee
<spacing def> AR—REH Defines the design rule about space. Spaces between <spacing def>
BRARR (<line to line>) . BRARE 7] (<line.to_via>) , B4R = /Bl (<line to_polygon>) 0 lines(<line_to line>), between line and vias(<line to_via>), between line and | <layer name="L1">
AR—REFEH polygons(<line_to_polygon>) are defined. <line to line space="40"/>
0 line_to_via via="VIA L1 L2" space="40"/>
layer . line_to_polygon space="55"/>
namo="L A ¥ & N/A string Snecifies the laver name. layer>
> <layer name="12">
- line.toline space
ERIAR—2 Definas th snace betwaen fines. Line tovia shace
distance | double Soacifies the minimum space between lines. line tovia space="50"/>
line_to_polygon space="55"/>
</layer>
<layer name="13">
ine to_via [ERE 7M. Defines the soace betw dvia " 50775
VIAZ " N/A string WAaﬁWaiéntL\m\ﬁAI: LTOVALSAVMEIZ, CORR—I VT L — LS Eh Specifies the padstack-id of via that is applied to the spacing rule. 50"/>
%, 314" 5
- Dace— "50"/>
VIABEESh TL BB A R SR TUBVIAE S RIZ D& L— LB SN B, Cine o polyson space="55",.
space="JRIMRR—R" distance  [double Soecifies the minimum space between line and via. <layer>
<layer name="L4">
line.toline space="40"/>
line_to.via space="40"/>
<line to nolveon EHAR)TUMAR—R Defines the soace between line and a polveon. <line_to_polygon space="55"/>
TIDRAR—; distance  [double Soecifies the minimum soace between line and a polveon. <layer’
</spacing def>
laver
Teee
pacing def>
-1
<pitch_def> EvFESR Defines the pitch between center to center of vias(<via_pitch>). *NG to use the stack via.
EPMOt2 8—ME Y F (viapitch)) R HT <pitch_def>
<via pitch vial="VIA L1 L2" via2="VIA L1 L2" pitch="250"/>
Ciapitoh <via_pitch vial="VIA L1 L2” via2="VIA L2 L3" pitch="275" samenet pitch="225"/>
) <via_pitch vial="VIA L2.L3" via2="VIA L2 L3" pitch="300"/>
Stacked Via <via pitch vial="VIA L2 13" via2=" pitch="275" samenet pitch="225"/>
¥ <via_pitch vial="VIA L3 L4 via pitch="250"/>
L </pitch def>
L2 +OK to use the stack via.
- - ~ _ i |<itch def>
="padatack id N/A string Specifies the padstack-id of vias for which the via-pitch rule applies. o pitoh vial="VIA L1 L2" via " pitch="250"/>
mz- padstack id” WA string K] Giapich viat " pitch="275" stacked.offset="75"/>
via pitch vial="VIA 12 13" pitch="300"/>
h="tz2 2 —ME distance | double L4 Soecifies the minimum nitch batween two vias on different nets. ) itoh via1="VIA L2 13" 2 “VIA L3 L4” piteh"275" stacked offset="15"/>
samenet t pitch= ﬂEQt?ﬂ)f/&—/!‘?b/f distance  |double | R&UYE 7R IEEFIZ| E7E Specifies the minimum pitch between two vias in same net. i piteh vial="VIA L3 L4 vis2-"VIA L3 L4” pteh="250"/>
Pty PPy o
stacked offset="X 5y IE FDX L&~ distance  [double [R5y YE P A samenet_pitch pitel Specifies the maximum acceptable gap between center of stacked h
HEShIETALOHBEEEET 2. via.
/> itch
via_pi i
a_ samenet _pitch stacked_offset
W R L
T
</oiteh def>
0e1
bondingwire_def> RUTAVTIAV—FH Defines the bonding wire geometry and material +JEDEC-4Point
RT42T 04 HHLUBR/ S #Y 2. <bondingwire_def>
= name="WIREBOND! " diameter="20" material="GOLD">
ondinguirs ILlength="100"/>
4_,_5- N/A sting |74V —8 I —BH Defines the name of bondine wire. o he:;"t:‘ 01257/
distance  |double |MI#E: 74 Y—M{E Soecifies diameter of bondine wire.
materra)— O t—FH" N/A string | DAY —F#H: T4 —#H (Au, Culz&) Soecifies the material name of bonding wire.
<forward forward 27> AV (3 IBR 7427 DB TI37a<. Defines the bonding wire loop from die side.
1SR T AL TRAVMAIDRR S5 A—FERBT 2LDTHD. i vortioal Jengthe"0” horizontal
THOIE LRI 5%, o o100 o125, 100
S HorizontalLength
E :
g
horizontal length="2k 1 distance | double Refaranae of the following fisure B T e S
vertical length="EE &~ distance |double
angle="FIE" angle double
horizontal ratio="K FLL” N/A double
/>
- JEDEG-5Point
o <bondingwire_def>
<bondingwire name="WIREBOND2" diameter="20" material="GOLD">
<backward backward 2523 (&, R T2 T DEKTIAAL, Defines the bonding wire loop from substrate side. 100" angle="80"/>
AR F AT RAVMUDIR AT A— 52 RRT HLDTHS, ="0" horizontal ratio= 0‘25 ">
JEDEC-5Point (., forward 5232 EDMAH B hE TRIRAML S, 08"/
HorizontalRatio = L2/L /bondingwire. def>
Harizontallength
horizontal length="7k (" distance | double Referance of the following fisure
vertical fength="E B distance  [double die p4
o= angle double
horizontal ratio="2K ¥ N/A double T
>
(00405, Ds05warc0)
Dl tckness = H
2
Ditanc o wes s e araania s 5 (5.
Defines the bondine wire length.
mln— = B EE” distance |double |B/VRE Snecifies the minimum length of bondine wire.
max="BARE" distance |double |BAKE Snecifies the maximum lensth of bonging wire.

</bondingwire def>
0meet
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<ball def> —LEH Defines the geometry and material of solder ball <hall def>
R I (Chall) DA B A KT (S A—BE BT
<ball
N/A string | R—)L&:K—)L& Defines the solder-ball nam
N/A string | R—)LFH —)LMW(SnZufak) Soceiies the materal name of soder bal
Frustum Defines the geometry of solder ball
A ball is expressed by a The solder ball is expressed by frustum(s).
number of frustums. Defines the frustums stack up from top to bottom. A
</ball def>
s
height="M&" distance  [double Soecifies the heieht of a frustum.
diami=" F W& distance | double _ Soecifies the diamater of ton side of a frustum
diam2="FH O WE" distance | double / Soecifies the diamater of bottom side of a frustum.
> / .
/ height
diam2
T
ball
Teee
ball def>
0e1
<mold E-ILFESR Defines the geometry and material of package mold.
E— LK (Cmold>) DHE B LUK/ SGA—3ERHT B
width="H8" distance  [double Snecifies the width of nackaze mold
distance | double heigh Sneclﬂe: the deoth of nackage mold.
distance | double " depth the heisht of nackage mold
N/A string | E—JLRSEH :E—LRATH o §nrmﬂe= m material name of mold
<conductor struct> BABERE Defines the cross section of conductor, trapezoidal angle and
E Langle>) 5T & surface. EHET Do surface roughness.
<trapezoidal angle B REER Defines the cross section of conductor, trapezoidal angle and
TyF I EEELERREORREEET 5. surface_roughness.
“u ' /
p— p— vl
= Pl - -
LAvE” N/A string A L (=3 Soecifies tha laver.
-nﬂ»'{lﬁnl' angle double | RIEfEE L | Defines the angle (alpha) in the drawing.
0¢a <1800 EFFBACADT %5, | T = [Ere=ra] When it is 0<a <180, it's lower size of CAD trace.
0> >-1800) - FMACADT -2 When it is 0> >-180. it's uoner siza of cad traca
0 s
/condustor struct>
<surface roughness REESER Defines the surface roughness. condueter
HRANSHEBRETOREN - RETFHLLEOTHRTERT S,
layar="L { ¥4 N/A string Soecifies the laver.
UP_RMS="LE—RF M &" N/A double |#EF|.F-EELA YD FAO-RFENME(RMS) FFHT A Soecifies RMS on too surface.
DOWN_RMS="FH = HF iz N/A double |{EFL1-BEL A YD FEOZRFLMX(RMS)FFHT A Soecifies RMS on bottom surface.
0
nductor struct
1
Teer
<Constraintrule> Constraintrulet723> T, B&HR (<height limit>) . This section contains the limitation of height and non-default design rule |<Constraintrule>
HHRRMETHY B TIZWVTH A2 )L —)L (Cdesign rule_area>) EEHT 5. area. <height limit>
Cneight imit> EeRRER Defines the lmitation of height <top <o, Connector Location”
TOP/ROTTOMBIZ T AF U — ILIZRU A H B AHIRA S AR A TRTA o onnector Lo
<top TOPRECOBESHIR This section defines the maximum height for component on TOP layer. Rec 6000um.8000um
TOPRBISHET 2ESa—ILITRYHE BE. TOEREERT D,
n-m TOP.‘éM‘ﬂﬂﬁ' N/A string. Defines the name of a domain.
distance  [double |EEHIR: TOPEREALDEEHIMRIE Soecifies the maximum heieht for TOP laver. ottom Connector Location”
.h-pu»h “$Mohapa AT S N/A string aps B! E Specifies the identification number of predefined shape. 0"
TOPREH SHIRFBMDTAK. shape Re.; ammum 8000um”
RETON RE—BEHD, x= eana v="2
X ="y distance  |double |xHEE. VEEHE: SEET Behanad) I & K Snecifies coordinate of orisin it
angle="EIRF A" angle double | E#ESE: TOPREBEHRM DR AE P LELI RIFFHEY TOEBRRAME. Specifies the angle of the counterclockwise rotation with respect. e
<design_rule_area
ta the lacal orisin. I it is not snecified. 7ero(0) is set as the default
ref_rule_nam
0 S aﬂaﬂum “S000um”
(4
<bottom BOTTOME TOm IR This section defines the maximum height for component on BOTTOM /Gonstraintrule>
ROTTOMBIZH 8T AF U2 — LIZHURHEXHR AR AR FOESFRETA aver onstraintrule
mm "'Boﬂoulléﬂﬁﬁuﬁ' N/A string Defines the name of a domain
WS distance |double | FFEHIR:BOTTOMBRE A >DHSHRIE Snecifies the maximum height for BOTTOM laver.
sfnpon:"lsmp-ﬂmiﬁ' N/A string Ry 5 Specifies the identification number of predefined shape.
BoTToMFnéﬁJﬂEﬁ!&mW%
REBOTTOMES: RE-HEtE D
= ="y distance  |double |xEEHE. VKIS : B HIT Ashaoe) & FEHE Soecifies coordinate of origin.
anﬂef EEAE” angle double | EI#EfAE:BOTTOMES SHIBMABORAZE P LELERFEHEYTOEEAR, Specifies the angle of the counterclockwise rotation with respect
ta the lacal aricin I it is not snecified 7erol0) is et as the default
0
height limit>
0e1
<design_rule_area BETFAVIL—ILESR Defines the area for non-default design rule.
BIZIECATYT D&% — LT AL —ILE
BOTHFAN—LERELEWMER. EORBTFAVIL—ILORREERT .
ame="FH A2 L—IL &~ N/A string Soecifies the name of oredefined bhvsical desien rule.
"9 Mohapa AR S N/A string 7 i Specifies the identification number of predefined shape.
7D—/\lbﬁ§iﬁkli5‘l <, HAMBIZRELL !257*}'{/»—/»0)#’#,
BMshape DRRET F A2 L —LEBORRE—HE
A =y distance | double |xBEIE. VHEE - £ H8T Fshane) F & Snecifins coordinate of orisin
angle="IEIFE B angle double | EIFEARE: MBSO AEPOELIREFEHEY TOEEARE, Specifies the angle of the counterclockwise rotation with respect
t the lacal orisin I it is not snecified 7erol0) is set as the default
01

0mert
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Apache Design Solutions

PCB/Package Data Exchange File (XFL) Format

1. Reserved Characters

# any data after # sign in each line is ignored so the user may use it for

comments.

“ ¥ any data between two double quotation marks are considered as a string.

2. Structure

The XFL consists of several sections and each section start with a dot (.) followed
by a key word. .version, .unit, and .scale sections consist of one line each. All
other sections end width .end followed by the same key word. The key word in
the .end line may be omitted. Except the .version, any section may be omitted.

version x y
.unit [inch | mm]
.scale value

Jayer
definition
.end [layer]

.shape
definition
.end [shape]

.board_geom
definition

.end [board_geom|

padstack
definition
.end [padstack]

.part
definition

.end [part]

.component
definition

.end [component]

.netattr
definition
.end [netattr]

-netlist
definition
.end [netlist]

via
definition
.end [via]

.bondwire
definition
.end [bondwire]

.route
definition
.end [route]
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3. Description
. version X y

A version of the XFL file. x is a major version number, y is a minor
version number. .version must appear before any other section appears.

X integer
Y integer
.unit value

A geometric unit used throughout the XFL file. The value can be either
inch or mm. If this section or the value is omitted, inch is assumed as a
default.

value string (inch or mm)

.scale value

A geometric scale used throughout the XFL file. Actual dimension of the
data in the file is determined by dividing the number by the scale value.
For example, if the unit is set to inch and the scale is 1000, the geometric
data represents mil or 1/1000 of inch. If the unit is set to mm and the scale
is 1000, it is micron or micrometer. Default is 1.

value double

Page 2
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Jayer
definition
.end [layer]

Layer stack up. Describes a layer stack up from top to bottom (or from
front to back). Each layer is defined as:

where

Note:

name thickness type conducting dielectricl [dielectric2 dielectric3]

thickness

type

conducting

dielectricl

Name of the layer enclosed by double quotation

“n

marks. If unknown, write “".
Thickness of the layer. If unknown, write 0.

Type of the layer. A single character defines the

layer type.

S for signal layer

D for dielectric layer

P for power or ground layer if it can be

differentiated from the signal layer

Conducting material name if entered as a string
enclosed by double quotation marks.
Conductivity if entered as a number. Unit is
I/ohm.mm

Dielectric material name if entered as a string
enclosed by double quotation marks.

If entered as a number, this field is permittivity and
the next two fields diclectric2 and dielectric3 are
permeability and loss tangent, respectively.

Throughout the XFL, signal layer numbers are the numbers that
are numbered sequentially from the top by counting only the
signal/power/ground layers.
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.shape
definition
.end [shape]

Shape definition. This section defines shapes that can be referenced from
other sections of the file. Available shapes are polygon, rectangle, square,
diamond, circle, annular, oblong, finger, bullet, and composite.

Each shape is defined as :

id keyword parameters

where the id is a number that will be referenced by others and it is
sequentially numbered from 1. The keyword and parameters are described
below.

id polygon {x/ y/ x2y2 ...}
Vertices are enclosed by { } and data can be
shown in more than one lines. The last point
does not need to be the same as the first point.
Reference point is at (0,0).

id rectangle width height

h| X Each rectangle is defined by width and length
and the definition must appear in one line.
w Reference point is at the center of the rectangle.

id square width

X Each square is defined by width and the
definition must appear in one line. Reference
point is at the center of the square.

w

id circle diameter
Each circle is defined by radius and the
definition must appear in one line. Reference

point is at the center of the circle.
<d—»
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w

w

w

!
!

i) 1

id annular outer diameter inner diameter
Each donut is defined by outer diameter and
inner diameter and the definition must appear in
one line. Reference point is at the center of the
annular.

id oblong width left right
Each oblong is defined by width, left, and right.
The definition must appear in one line.
Reference point is shown at the left marked as X.

id bullet width left right
Each bullet is defined by width, left, and right.
The definition must appear in one line.
Reference point is shown at the left marked as X.

id finger width left right
Each finger is defined by width, left, and right.
The definition must appear in one line.
Reference point is shown at the left marked as X.
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id composite {/* point segmentl segment?2 ... }
Composite shape consists of lines and/or arcs.
The definition is enclosed by { } and it can be
shown in more than one lines. There are four
types of segments — straight line, clockwise arc
(arc), counter-clockwise arc (rarc or reverse
arc) and arc defined by three points (arc3).

No keyword between two points indicates that
they are connected by a straight line. A keyword
arc, rarc or arc3 between two points indicates
that they are connected by a clockwise arc, a
counter-clockwise arc or a three-point method
arc, respectively. For are and rare, an arc origin
appears after the arc ending point. For arc3, a
middle point appears after the arc ending point.

The composite shape at the left can be described
as:

2 composite {X,YaXpYb Xc Yo FArC XqYa Xp Yp Xe Ye
Xr¥r are X, Y Xq Yo Xn Y are3 X; yi X, yi}

where the number 2 at the beginning is a shape
id. Straight lines a-b and b-c, then a counter-
clockwise arc from ¢ to d with an origin at p.
Straight lines d-e and e-f, then a clockwise arc
from fto g with an origin at q. A straight line g-h
and a three-point method arc from h to i with a
middle point at r. Finally straight line from i to a.
i to a is not defined but a straight line will
connect the last point to the first point by default.

The same shape can also be described as:

2 composite {X,y.X;yiare3 X yn X Yr Xg Y rare
Xt ¥r Xq Yq Xe Ye Xd Yd Ar€ Xe Ye Xp ¥p Xb Yo}
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.board_geom
definition
.end [board_geom]

Exterior geometry of board or package is defined by one of the four
methods shown below.

polygon {x/ y/ x2 y2 ...}

composite {I" point segmentl segment? ...}
shape shapelD x y rotation mirror

shape shapelD x y mirror rotation

The method of defining polygon and composite are the same as described
in the shape section.

The shape is placed by defining shape ID, x and y coordinates (global
coordinates) of the shape origin (local origin), counter-clockwise rotation
in degrees, and mirror indicator. Mirror indicators are:

X mirror about X-axis
Y mirror about Y-axis
N no mirror

If the mirror indicator appears after the rotation, the mirror is performed
after the rotation. If the mirror indicator appears before the rotation, the
mirror is performed before the rotation.

Both mirror and rotation operations are performed with respect to the
shape origin (local origin).

Holes (cutouts or voids) are defined by using one or more of the following
methods.

void_polygon {x/ y/ x2y2 ...}

void_rectangle width length x v

void_square width x y

void_diamond width x y

void_circle diameter x y

void_composite {/" point segmentl segment? ... }
void_shape shapelD x y rotation mirror
void_shape shapelD x y mirror rotation

void_polygon, void_composite, and void_shape are defined the same
way as polygon, composite, and shape, respectively.

void_rectangle, void_square, void_diamond, and void_circle are
defined the same way as rectangle, square, diamond, and circle are
defined in the shape section. They are placed at the coordinates x and y.
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.padstack
definition
.end [padstack]

This section defines pad stacks and each pad stack is defined as:

pad stack id {padl pad2 ....}

where the pad stack id is a number that will be referenced by vias in the
via section and it is sequentially numbered from 1. As described below,
Pads are defined only by using the predefined shapes in the shape section.

signal layer # shape id shape rotation apshape id ap shape rot

where
signal layer # Signal layer number as appeared in the layer section.
shape id Shape ID.
shape rotation Counter-clockwise rotation angle of the shape in
degrees.
ap shape id  Anti-pad shape ID. Anti-pad definition is optional.
ap shape rot  Counter-clockwise rotation angle of the anti-shape
in degrees.
Jpart
definition
.end [part]

Describes a part. Each part is defined as:

part name [ shape lIx lly urx ury height [type [noflip ] [material
{pinl pin2 ....}

where part name is a name of the part. shape, lIx, lly, urx, ury, height and
noflip are optional. If the keyword noflip appears, part will not be flipped
when it is place at the back side.

shape Top view shape of the part.
R for rectangle
C for circle
D for round-corner diamond
1Ix, lly Lower-left coordinates of bounding box
Page 8
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urx, ury Upper-right coordinates of bounding box
height Height
type Part type

R for resistor

L for inductor

C for capacitor

0 for other types

Pins are defined as:

pin name X y i/o type [pad_stack_id]

where
pin name Name of the pin. If the name is not known, a
sequential number will be used as a name.

Xy Location of the pin with respect to local origin
i/o type Pin I/O type.

D for driver pin

R for receiver pin

B for bi-directional pin

DT  for driver terminator
RT  for receiver terminator

.component
definition
.end [component]

Describes a component placement. One component placement appears per
line and each placed component is defined as:

name part name X y layer rotation [above/below]

where
U-name U-name. Also known as location identifier or
reference designator. No space is allowed in the
name.
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part name Part name. The name is enclosed by double
quotation marks (* ™).

Location of the component origin with respect to
the board origin.

layer Placement laier number.

[P
t<

rotation Counter-clockwise rotation of the component in
degrees with respect to the component origin (local
origin).

.netattr
definition
.end [netattr|

Net attribute definition. This section defines net attributes such as net class,
allowable delays, and other user properties.
Each attribute group is defined as:

id {attribute name |=valuel attribute name2=value2 ....}

where the id is an attribute group number that will be referenced by nets in
the netlist section and it is sequentially numbered from 1. There may be
more than one attribute defined for one group. Each attribute group
definition may appear in more than one line. Attribute assignments appear
in the braces { }. Each attribute assignment consists of attribute name,
equal(=) sign, and the value.

.netlist
definition
.end [netlist]

This section defines net lists and each net is defined as:

net name net ype attribute id {nodel node2 ....}
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where
net name Net name.
net type Net type.
S for signal net (s if broken)
P for power net (p if broken)
G for ground net (g if broken)
attribute id  Net attribute ID. Zero indicates that the attribute is
unknown.
Each node is defined as:
U-name pin number /o type [{x y layer}]
where
U-name U-name. “-** (minus sign) indicates unknown U-
name.

pin number  Pin number or pin name.

i/o type Pin I/O type. Available types are D, R, B, DT, and
RT as described in the part section. A place holder
“-" (minus sign) must appears if the type defined for
the pin in the part section is to be used.

Pin location may appear at the end of the node definition. It is optional and
must be enclosed by { }. Set the layer number to negative for solder balls.

via
definition
.end [via)

This section defines vias. One via definition appears per line and each via
is defined as:

via name pad stack id pad stack rot shape id shape rot [ thickness ]

where
via name Via name that will be referenced by routing in the
route section.

pad stack id  Pad stack ID. Zero indicates that no pad stack exists
for the via.
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pad stack rot

shape id

shape rot

thickness

.bondwire
definition
.end [bondwire]

Counter-clockwise rotation angle of
the pad stack

. t<0
Shape ID of the via barrel.
Counter-clockwise rotation angle of
the via barrel shape.
t=0
Optional. Via barrel wall thickness.
t=0

This section defines bond wire geometry. One bond wire definition
appears per line and each bond wire is defined as:

id type material diameter h,, hy alpha beta

where the id is a number that will be referenced by routing in the route
section and it is sequentially numbered from 1. Others are explained below.

h.. alpha
ha dk bet
f substrate
|
Die-down Configuration Die-up Configuration
type Bond wire type.
D for die-down configuration
U for die-up configuration
material Material name or electric conductivity (1/ohm.mm).
If it is a name, it must be enclosed by double
quotation marks (* ™).
diameter Wire diameter.
hy Wire loop height.
Page 12
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hy Die height.
H gie_pad — H 10p_of 10p_metal_layer for die-up
H gic pad — H pottom of bottom metal layer for die-down

alpha Die side angle in degrees.
beta Substrate side angle in degrees.

.route
definition
.end [route]
This section defines routed nets and each routed net is defined as:

net name {segmentl segment2 ....}

where net name is one of the nets appeared in the netlist section. Each
routed net consists of one or more of segments and each segment is
defined by one of the following methods. All of them are in the form of

segment type signal layer number(s) segment definition

path layer width {I"' point segmentl segment? ...}
via begin layer end layer via name x y rotation [ mirror |
bondwire begin laver end laver bondwire id x; v x; v,

polygon laver {x1 yl x2 y2 ...}

rectangle /aver width length x v

square [ayer width x y

diamond /aver width x v

circle layer diameter x y

annular /aver outer diameter inner diameter x y
composite laver {1" point segmentl segment? ... }
shape laver shapelD x y rotation mirror

shape laver shapelD x y mirror rotation

void_polygon laver {x] yl x2 y2 ...}

void_rectangle /aver width length x y

void_square layer width x y

void_diamond /aver width x y

void_circle layer diameter x y

void_composite laver {1" point segmentl segment? ... }
void_shape laver shapelD x y rotation mirror
void_shape layer shapelD x y mirror rotation
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The path segment is defined the same way as the composite shape is
defined in the shape section except it has a width and the last point does
not automatically connect to the first point.

The via segment requires begin layer and end layer numbers while other
segments requires only one layer number. The via segment also requires

via name Name of the via defined in the via section

xy Location of the via

rotation Counter-clockwise rotation angle of the pad stack in
degrees

mirror Optional. Padstack mirror flag.
Y mirror padstack
N do not mirror padstack

The bondwire segment requires

begin layer  Signal layer number of the one end of the wire. Use
negative number to indicate the die.

end layer Signal layer number of the substrate side of the wire.

bondwire id Bond wire ID. (0 if unknown)

XdVd Die side coordinate of the wire landing point

X Vs Substrate side coordinate of the wire landing point

All other segment types are defined the same way as they are defined in
the shape section or in the board_geom section.
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T e e DI s T o
s RAYR)REDYT)L

I* DIE */
modulde DIE(SU,SD,DBUS,DQ.DN.VDDC VSSC,VDDQ,VSSQ) ;

inout VSSC\ /* PG_NET VSS */
inout VDDQY, /* PG_NET vVDDQ */
inout VSSQ }/* PG_NET VSS */
endmodule

inout
inout

VSS1;/* PG_NET VSS */
V8S2; /* PG_NET VSS */

wire VSS ;

wire VDDC ;
wire VDDQ ;

assign VSS2 =VSS ;
DIE X1 (.SU(SU), .SD(VSS), .DBUS(DBUS),

endmodule

I+ BiR (R BIRERR)

module PWB(iVDDC,iVDDQ,iVSS) ;

inout iVDDC ; /* PG_NET VDDC */
inout iVDDQ ; /* PG_NET VDDQ */
inout iVSS ; /* PG_NET VSS */

I* SBERYERE O

module CF1D(A,B) ;

T4

wire [3:0] DBUS ; inout A;
wire [3:0] IBUS ; inout B ;
wire SU ; endmodule
I* /\°‘y'7'—~“) */ wire DQ ;
modulde wire DN ; I* &ﬂ.&uﬂ ’gﬁa& *,
PKG(SU,DBUS,DQ,DN,VDDC1,VDDC2,VvDDQ1,VDDQ2,VSS1,VSS .
2); f . CF1DM C1 ( .A(VDDQ), B(VSS) ) ’i'r‘“:’u‘:'iBHD(A'B)v
input SU CF1DM C2 ( .A(VDDQ), .B(iVSS) ) outB
input SD ; CF1DM C3 ( .A(VDDC), .B(VSS) ) enamodule
inout [3:0] DBUS ; CF1DM C4 ( .A(VDDC), .B(iVSS) )
output DQ ;
output DN ; RF1DM Rp (.A(VDDC), .B(SU) ) ;
inout VDDC1 ; /* PG_NET VDDC */ RF1DM RO (.A(DBUS[0]), B(IBUSI0]) )
inout VDDC2 ; /* PG_NET VDDC */ RF1DM R1 (.A(DBUS[1]), B(IBUS[1]) )
inout VDDQ1 ; /* PG_NET vDDQ */ RF1DM R2 (.A(DBUS[2]), B(IBUS[2]) ) ;
inout VDDQ2 ; /* PG_NET VDDQ */ RF1DM R3 (.A(DBUS[3]), B(IBUSI[3]) )

.DQ(DQ),
.VDDC(VDDC), .VSSC(VSS), .VDDQ(VDDQ),

PKG X1 (.SU(SU), .DBUS(DBUS), .DQ(DQ), .DN(DN),

.VDDC1(ivDDC), .VDDC2(ivDDC),

.VDDQ1(iVDDQ), .VDDQ2(VDDQ),

VSS1(VSS) , .VSS2(iVSS) ) ;
BBOX X2 ( .IBUS(IBUS), .DQ(DQ), .DN(DN), .VDD(iVDDC), .VSS(iVSS) ) ;
endm

* *

assign VDDC1 = VDDC ; I* LSI (Black box) */ »
assign VDDC2 = VDDC ; modulde BBOX(1BUS,DQ,ON,VDD,VSS) ;
assign VDDQ1 = VDDQ ; inout [3:0] IBUS ;

assign VDDQ2 =VDDQ ; !nput DQ;

assign VSS1 =VSS ; input DN ;

inout VDD ; /* PG_NET VDDC */

inout VSS ; /* PG_NET VSS */

.DN(DN), endmodule

VSSQ(VSS) );
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module ChipA_PKG_set2(CK, AD, DQ);

input[1:0] CK;
input [3:0] AD;
inout [15:0] DQ;

inout VDDIO ;
inout VDD ;
inout VSS ;

CHIPA X1( .GPIO(GPIO), .VSS(VSS)),
.DQS0(DQS0), .DQS1(DQS1),
.CK(CK), .VSSQ(VssQ),);

YN ANGHIBER)
EERER(MEER)

endmodule
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<JEITA>
<module name="ChipA_PKG_set2" type="PKG">

<socket inst="ChipA_PKG_set2_PORTS">
<port id="1" name="A1" x="-5500" y="-5500" />

</socket>

<connection inst="ChipA" portref="A10" />
<verilog:portref module="ChipA" porthame="VSS" />
</connection>

VM) ANGHIBESR)
EERER(MEER)

</module>
</JEITA>
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<SwappablePin>
<Group name="DQ_BYTE1" part="CHIPA_PKG">
<Pin name="AC10"/>
<Pin name="AB9"/>

</Group>
</SwappablePin>

<FixedPin>
<Pin part="CHIPA_PKG" name="A1"/>
<Pin part="CHIPA_PKG" name="A2"/>

</FixedPin>

= =D
<DifferentialPairConstraint> ?s“/I“UZI*( imﬂE% )
<DiffPair name="DQS0" LengthTolerance="0.500" >

<Pin part="CHIPA_PKG" name="AC8" /> pEE FﬂiE%( %EE% )

<Pin part="CHIPA_PKG" name="AC7" />
</DiffPair>

</DifferentialPairConstraint>
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-Data=16/\yk
-DQS=2Pair(4/3yK)
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2 VSSi GND inout -3355 3135
3 VDD1 Power inout —-3355 3025
4 GPIOO0 Signal inout —-3355 2915
5 GPIO1 Signal inout —-3355 2805
6 GPIO2 Signal inout —3355 2695
7 VDDIO2 | Power inout —-3355 2585
8 VSS2 GND inout -3355 2475
9 GPIO3 Signal inout -3355 2365
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I* DIE */

modulde
DIE(SU,SD,DBUS,DQ,DN,VDDC,VSSC,VDDQ,VSSQ) ;
input SU ;
input SD ;
inout [3:0] DBUS ;
output DQ ; .
Qutput DN; I* TR_'“ (&J:ﬁiﬁﬁ) *
inout VDDC ; /* PGANET VDDC */ I* ,{.717-_:’ */ module PWB(iVDDC,iVDDQ,VSS) ;
inout xggc i FF”G, EETT\\//%% 7 odude inout iVDDC ; /* PG_NET VDDC */
nout vssg ; // Pg- = vss*Q/ ! PKG(SU.DBUS,DQ.DN,VDDC1,VDDC2VDDQI VD inout VDDQ ;  PG_NET VDDQ */

; _| DQ2,VSS1.VSS2) ; inout iVSS ; /* PG_NET VSS */

endmodule "

input SU ; N

input SD; wire [3:0] DBUS ;

inout [3:0] DBUS ; wire [3:0] IBUS ;

output DQ ; wire gg . -

output DN ; e DN I REERE O TUY

inout VDDC1 ; /* PG_NET VDNC */ wire DN ; module CF1D(AB)

inout VDDC2 ; /* PG_NET VDDO\/ _ / Ut A

inout VDDQ1 - /* PG_NET VDDQ CF1DM C1 (LA(VDDQ), B(VSS)); nout 2

inout VDDQ2 . /* PG_NET VDDQ %) CF1DM C2 (.A(VDDQ), B(iVSS) ) ; out B ;

inout VSS1 ; /* PG_NET VSS */ gggm 23 E -2%388, g%gg; ;; endmodule

; S paT] . 4 (A Bi :

inout VSS2; /* PG_NET VSS */ : ;

. I BEYER G IEER

wire VSS ; RF1DM Rp (.A(VDDC), .B(SU) ) ; 4——————— module RF1D(AB);

wire VDDC : RF1DM RO ( .A(DBUSIO]), B(BUS[0]) ) ; inout A :

wire VDDQ - RF1DM R1 (.A(DBUS[1]), B(IBUS[1]) ) ; inout B :

RF1DM R2 ( .A(DBUS[2]), B(IBUS[2]) ) ; endmodule

assign VDDC = VDDC : RF1DM R3 ( .A(DBUSI3]), B(BUS[3]) ) ;

assign VDDC2 =VDDC ;

assign VDDQ1 = VDDQ : PKG X1 (.SU(SU), .DBUS(DBUS), .DQ(DQ), .DN(DN),

assign VDDQ2 = VDDQ ; .VDDC1(iVDDC), .VvDDC2(iVDDC),

h o A .VDDQ1(iVDDQ), .VDDQ2(VDDQ),
VSS1 =VSS ; * *
222132 VSS2 = VSS - VSS1(VSS) , VSS2(VSS) ) ; I* LSI (Black box) */
’ BBOX X2 * modulde

DIE X1 (.IBUS(IBUS), .DQ(DQ), .DN(DN), .VDD(iVDDC), .VSS(iVSS) ) ; BBOX(IBUS,DQ,DN,VDD,VSS);

(.SU(SU), .SD(VSS), DBUS(DBUS), .DQ(DQ),.DN  endmodule :2;33: [ggl-lBUS:

(DN), : !
input DN ;

VSSd\(/\I?;)SC)(\){DDC), VSSC(VSS), .vDDQ(VDDQ), inout VDD PG NET VDDC |

endmodule inout VSS ; /* PG_NET VSS */
endmodule
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AR REETRTTOP ViewlSTEHT S

# Data:2011.01.24 EEIN " " " "
<module RS B <module name="Package" type="PKG">
name="#HEET OV type="HEET OV IRIE"> #wieJava . LHBERENACOBRBA. UITLURE y
HWRETOVIEIE : LSLPKG, PWB & <unit>
<unit> HURER BB . COFER moduleRIFISHZ <distance unit="um"  scale="1.0"/>
<distance un i
<area <angle unit="degree" scale="1.0"/>
<time
<funit>
<lunit> BURER BT
ELEX ELY) <shape>
e (EEX, Y,
<shape> HEBRER Wb <rectangle Ix="-3000" lly="-3000" urx="3000" ury="3000" />
<rectang\e dx\séi s sca\e; "HERE" SHR iEWi;ﬁ(TOP V‘\efw)k </shape>
S Etxl&ﬂ "B LYER/> ﬁRi OLY RENEME .
o e FEFXEE, %YM, A EXE, 5 LY ETX AT <socket inst="BGA">
SRERIRT ST DTop Viewh > DA B .
<port id="1" name="A1" type="NC" x="-2000" y="2000" />
<polygon distuni scale=" R E" B HUTER g
_____ points="xEE4E, EEAR VEERR.." /> ﬁ Umn.;:“l‘)’“}:?l‘»%ﬁﬁ (x2,v2) <port id="2" name="A2" type="power" direction="inout" x="-1000" y="2000" />
fﬁﬁ&itrjgg;gpnefmemaﬂ&# <port id="3" name="A3" type="signal" direction="in" x="0" y="2000" />
EREROIRIRTHAIIMIL S <port id="4" name="Ad" type="open" Xx="1000"  y="2000" />
IR #® 3,y3) . g
</shape> WERRER #T = <port id="5" name="A5" type="ground" direction="inout" x="2000" y="2000" />
<port id="6" name="B1" type="power" direction="inout" x="-2000" y="1000" />
<socket inst="{ Y REVAA"> EROER B
AVREVRE XFF <port id="7" name="B2" type="thermal" direction="in" x="-1000" y="1000" />
mgﬁﬁi Tﬁ%ﬁh\a)@:ﬁ%%iﬁﬁ?‘éﬁ?@ﬂﬂ% <port id="8" name="B3" type="thermal" direction="in" x="0" y="1000" />
,iﬁiﬁ it%gﬁ‘bﬁ ,_,Am ;fnm* lna):?fm <port id="9" name="B4" type="thermal" direction="in" x="1000" y="1000" />
{ES5AT: power ground  signalzé <port id="10" name="B5" type="power" direction="inout" x="2000" y="1000" />
WFRRER Bith () . " "
WEREEE = <port id="11" name="C1" type="signal" direction="out" x="-2000" y="0" />
mm , mil &
BRE | ORUXENRBL <port id="12" name="C2" type="thermal" direction="in" x="-1000" y="0" />
XEEAR. yEEAR  BHE T T AL D F OXELR, YER
LAY SBEI7ALOWETF ORER <port id="13" name="C3" type="thermal" direction="in" x="0" y="0" />
’ﬁg_?xfé;ﬁ ZE‘FVEP P — <port id="14" name="C4" type="thermal" direction="in" x="1000" y="0" />
AEERTT 51 DR ER <port id="15" name="C5" type="open" X="2000°  y="0" />

1 JEITA/JEDA/LPB All Rights Reserved
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ERETHIRIDY T IL

<SweppablePin> EVRDYTEE Bh

<Group name="PSGO1" part="AAA"> A7 ;7‘[5&5;715—7?% TN—T& & <Header

<Pin name="A1" /> t/%

<Pin name="A3" /> — "
</Group> 27 ;:“[ﬁnt/iw T8T TechDefName="Tech_ref"
</SwappablePin> EYRDYTEE 1 . A aw

Version="1.1

<FixedPi zvﬁ’ﬁitzﬂﬂiﬁﬁﬁﬁ“

<Pin part="AAA" name=" 27 £ —n "

<Pin part="BBB" name="1"/> JRIE. 88, 2 Type="PKG
</FixedPir> ROYTRIELRERT DesignUnits="um"
QnterfaceStandardSetting> S xiﬁ%&i Bt AreaUnits="um2"

17 standard="ddr3" />
5" waveform="666MHzRect” />

<Pin part="AAA" name=
Net name="DQ1" standard="xxx" voltag

/nnn

/b% s BEEE. BRA

: AngleUnits="degree"
</mrf-cesmmsmng> AUE—DT—RFHERE BT

TimeUnits="ns'
<DifforantialPairConstraint> %%%gﬁ?ﬁ@g -
<DiffPair ="Diff01 @ 31 7 3 fativi FTo—T) )
Lengnc:‘”r‘;mr: ="0.005 RREHEE. RS ResistivityUnits="ohm*m
MaxViaCe . .
<P parte" AAA” name= TempUnits="degree Celsius"/>
<Pin part="AAA" name="A3" /> R EY
</DiffPair>
</DiffarentialPairConstraint> EPRREHR BT <I- physical design rule -->
<ElectricelConstraint> ESEES B
<PinDelay part1="AAA" pm| “A1” part2="BBB" DmZ "A1” delay="100" /> TALAER@RI ST, B2, 1m7»2 TALATE
net="single nef 50" AR ) e
<D.m.npod-nce net1="diff net1_p” " net2=" " diff net1 n” \mpedznce “100” /> 4%1}4/E HOR(EE): R, */FZ i <LayerDef>
ElectricalConstraint> ESEEHG €T . )
/HlctricalConstrai i <Layer name="L1" order="1" thickness="30.0" material="Copper"/>
<WiringConstraint>
<Net name="DQ1" | <Layer name="L2" order="2" thickness="20.0" material="Copper"/>
MinWidth="0.15
g{fﬁgiﬁﬁvssn s /_”,’\Eﬁ7 ok <Layer name="L3" order="3" thickness="20.0" material="Copper"/>
</WiringConstraint> RREMEE BT <Layer name="L4" order="4" thickness="30.0" material="Copper"/>
e i HEM HRERE B <Dielectric above="L1" below="L2" thickness="100.0" material="FR4"/>
<Spec name="ddr3"> R
<SignelLevel Vihac="12" Vi ] ) " ow s " " i I="ERA"
e Viiaoz05" Vo <Dielectric above="L2" below="L3" thickness="200.0" material="FR4"/>

<Dielectric above="L3" below="L4" thickness="100.0" material="FR4"/>

<TopSurfaceDielectric thickness="40.0" material="Resist"/>

<BottomSurfaceDielectric thickness="40.0" material="Resist"/>
</SpecSetting> SN, WEMRE KT

</LayerDef>
<MaterialSetting> MHBE B
<Gonductor material="Copper” VolumeResistivity="1.68¢-8" temperature="20" #W% Wni&fn¥ ﬂmmﬂimﬁ
material="Au = P L EREEERE
<Insulator material="FR4" Permittivity="4.2" TanDelta="0.016" frequency: ﬁﬂ%% nﬁi BEER. REREM <LineDef>

&Mmﬁalsmino MHEE #T

<Width layer="L1" min="60.0" max="100.0"/>
TomperaturaDef> RILER H )
jient tamperature="25.0" /> "L2" min="100.0" max="50.0"/>
ureDef>

1 JEITA/JEDA/LPB All Rights Reserved

263



JEITA LPBIZETA—< vk 4

B2 N E
® NitHERZEZMMREBICEIIROERZESR
o YIRIER
BB ED2R TR
VIA, Bump, Bond Wire 3XRITHIEER
EiEE

® PCB/Package Data Exchange File (XFL) Format%
EdEE

17 Copyright©2011 JEITA/EDA/LPB All Rights Reserved

JEITA LPBIZ#&ETA+—< Yk 5

"
° LPBTEASLIMENEHTRESS
anBH5.

® |PBEITHREEZEALY.EERZFEZALD
[CEFRINDMNDIENH S,

o HBOHFEEZEET D

No.[ & AR A &R SHA PKGH PWE | M
. — 275 5 -

[T570oX
I

122522 [RefDes oL R

=
prassok

<o)
PR T
SF

18 Copyright©2011 JEITA/EDA/LPB All Rights Reserved

— 264 —



TA+—<IIYrDAF

HLPBHEAEFHE:TOWebR—I KUTLEA—kREL
Tver1.0MN AF e
http://www.jeita-edatc.com/wqg Ipb/home/lpb.html

LSI-/ Xy =3 K= FEERE D —F I I —T 91T oAb

LPBiEE RS —
B TLTWGB! LS|/t r—D - R— K OIEERHEp]
~LPBIEE 74—y FOERSRE T OBR~

11817B(*) 15:30—17:00 EDSFair §RRT—2 (7 XwH Rk—IL)

201110417  ECSFair 2011 NowFREGD11.1
201110117 JETA LPETEEZ8ETD —F

19DERSE
W—=F D FFA DT —F

M JEITA LPB #R¥ET7+—< v |

v apy @D (O )

19 Copyright©2011 JEITA/EDA/LPB All Rights Reserved

REDETEFESE

B4 —I v ERICES-EET AN EER
ZDEDEDSFairfs sk AT —U TR ERLET,

BT RANDEERFZIT. T4r—IvbEdTZ2 2Ty
7. verREEEH

20 Copyright©2011 JEITA/EDA/LPB All Rights Reserved

— 265 —



FEDH

B EEBREHETERTIE=HBEICERFLAEL.
HEtETHSLPBHERETEHET

B LS| /\vyr—o  R—KREIT, K&t BFICDELR
FHRE A L—XIZTOYERYET HIEITA LPBIZED
F—VREERTE

B ETFELTLRITH—TVE
1. Rryk Xk
2. [EREMER
3. EZETHIAY
4. FARTEER
5. AZ&

21 Copyright©2011 JEITA/EDA/LPB All Rights Reserved

— 266 —



LSI-N\wr—2 - R—FHRERHT—F 7T —TF

LSI-Package-Board

LPB interoperable design seminar for
EDA vendors

~JEITA LPB format V2.0 release~

3/14/2012 (Wed) 15:00-17:00
JEITA LPB interoperable design working group

1 Copyright©2012 JEITA/EDA/LPB All Rights Reserved

Agenda
15:00-15:15 Opening
Satoshi Kojima (NEC System Technology Ltd.)
JEITA LPB interoperable design WG activity

Vice-Chairman Takashi Otsuki (Ricoh Corporation)

15:15-15:30 Issues and Solution on interoperable design
Interface Format SWG Takahiro Aoki (Toshiba Corporation)

15:30-16:05 Outline of the JEITA LPB format V2.0

Interface Format SWG Leader Toshiyuki Kaneko
(NEC Toppan Circuit solutions.)

16:05-16:20 Merit of applying the JEITA LPB format V2.0
PR/Promotion SWG Takehiro Tsuda(Denso)

16:20-16:35 Future support plan
Chairman Yoshinori Fukuba(Toshiba Corporation)

16:35-17:00 Free discussion

2 Copyright©2012 JEITA/EDA/LPB All Rights Reserved
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LSI-Package-Board

JEITA LPB interoperable desigh WG
activity

March/14th/2012
JEITA
LPB interoperable design WG

3 Copyright©2012 JEITA/EDA/LPB All Rights Reserved

¥ Background : LPB interoperable WG at JEITA

Current issue of LPB design. Common in electronics industry.

*LSI, package and board are designed separately. It makes
the system level design optimization more difficult.

-Each tool is interfacing with different data format. This
makes less efficient of EDA tool usage.

- The engineers are spending efforts to handle different data
format of EDA tools when they design and analyze.

= It is time-consuming and engineers can not spend time for
essential design and analysis.

Huge pain, but small benefit.

4 Copyright©2012 JEITA/EDA/LPB All Rights Reserved
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o Purpose/Goal

MPurpose of LPB interoperable design Working Group.

LPB WG identified design issues, analyzed them.

*Checking design data such as connection description, geometry
data and analysis condition, we investigated the definition and
format, then made the proposal.

*The proposal will open to public for wide public usage

*It will contribute to make Japanese electronics industry

MDiscussion and Goal
Points: Improvement of the communication and data

exchange for design/analysis. Shorten LPB design lead time.
Merits for the User Merits for the EDA Vendor

Higher Accuracy, Better Quality. |Higher function efficiency.

Optimize Cost and Performance |Low maintenance cost

olo]e]

Minimize preparation/design time| Shorter design time

_i(:—l"lﬂlIVA‘-IIl']llOl‘.Ill(:-ll‘-lﬂﬂ']lll}ﬂ:lki'-lllilq'l:"l:—llh[‘](-ﬂ

8 Copyright©2012 JEITA/EDA/LPB All Rights Reserved

N Interoperability between EDA tools

Specification, performance and cost target

Product plan: High level design, material and design rule

Design data: Netlist, Physical data

- L - L - L
LSI Package PCB board Common

EDA | cap CAD CAD format
Tool

J L 4 L 4 L

Design physical data (Result)
CAE model
CAE simulation
Analysis and feedback

In non-competitive area.

6 Copyright©2012 JEITA/EDA/LPB All Rights Reserved
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¥ LPRB interoperable design WG member

LPB WG consists of total eighteen (18) companies, twenty-two (22)
members, from LS| vendors, set makers, EDA vendors and one(1)
University .

LBP WG member (Alphabetical order)

Ansys Japan, KK. Panasonic Corporation

Apache Design Solutions, KK. Renesas Electronics Corporation
ATE SERVICE CORPORATION. Ricoh Company, Ltd.

Canon Inc. Sony Corporation

DENSO CORPORATION Toshiba Corporation

DSM Solutions Corporation ZUKEN Inc.

FUJITSU SEMICONDUCTOR LIMITED

FUJITSU VLSI LIMITED SHIBAURA INSTITUTE OF

Jedat Inc. TECHNOLOGY

Mentor Graphics Japan Co, Ltd

NEC Corporation

NEC TOPPAN CIRCUIT SOLUTIONS, INC.
Nokia Japan Corporation
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¥ LPB interoperable design WG activity.

History } ) )
2009 2010 2011 2012~
’Tentative Official WG LPB V1.0 LUPB V2.0
WG start 7 start v v
[\ Update Spread/maintain/
Und di " . Standarize the
Dgfir?;sfc?rmlzts " Format Make Design Trial LPB format
o [ o
BEDSFair EDSkair EDSFair2011
2009 2011 November

I JEITA LPB interoperable design WG history

2009/Jan. The panel discussion of the necessity and issues of LPB interoperable design at
EDS Fair 2009 was held

2009/Jul. The discussion as tentative WG started.

2010/ Apr. The activity as official WG started.

2011/Jan. The panel discussion of the necessity of LPB standard format at EDS fair 2011
was held.

2011/Mar. LPB standard format V1.0 was defined.

2011/Nov. The design example with LPB format at EDS fair 2011 November was introduced
2012/Mar. LPB standard format V2.0 will be releaed

8 Copyright©2012 JEITA/EDA/LPB All Rights Reserved
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BN SWGaG activity

Interface format SWG

Format
Definition ‘ f Feed Back

B Interface format SWG
*Investigate and define the LPB format.

B Reference flow SWG (2010)

Sample flow verification SWG (2011)
*Apply the LPB formats on sample case, and verify the issue(s) for the official (practical) release.

H PR/Promotion SWG
+Publicity of WG activity. Plan the SDF, EDF Fair, and official website.

tvy

OMS uoljowold/id g

*' The three SWGs collaborated in the format development

& JEITA LPB format

JEITA LPBformat consists of five(5) formats and a glossary.
1. Project Management (M-Format)
2. Netlist (N-Format)

3. Component (C-Format)

1. Project Management

4. Design Rule (R-Format)
5. Geometry (G-Format) 6. Glossary
6. Glossary

N-Format is based on Verilog-HDL format, and G-Format is based on
xfl format which is donated by Apache Design Solutions, Inc.

Other formats are JEITA LPB original using XML.
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B Verification by sample design

Sample case verified by Sample flow verification SWG.

We used sample design and compare the design results between
conventional and LPB method.

M Conventinal Chip A
CANON DDR motif
MLPB
«Chip A
LSl : Sony
PKG : Fujitsu R
Ricoh : e
+Chip B g Address (abig) [
LSl : Toshiba Byte Lane 8ot .
PKG : Zuken I o EIEEY
*Board  : TNCSi
Panasonic
-Analysis : Denso The LPB formats are used to exchange
the design specification.

| This result was presented at EDS fair 2011 Nov. Please refer the presentation material for the detail result.

11
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¥ LPEB interoperable WG Website

The latest LPB standard formats (Ver2.0) will be
available at LPB website on Mar/30/2012.

http://www.jeita-edatc.com/wqg Ipb/home/lpb.html

LSl dr — - R— FRARRST—F /I I—T 21T+

LSI-Package-Board

BREEW LPBAHERETWGITDULNT |JETA LPB #1874 —= v 1

BRAUVE pratzk 2]

EDAN 4 —ff)k} SR
LPBHEEME =, — JEITA
20124£ 38140 () 15:00 - 17:00 (D) MPWBEFERRE AFtYE—EILAF 41688= .
s & edsfair

3
011111611 1 9XDEEISE

2011-10-17  ECEFair 2011 howBafEC

M JEITA LPB SRET7A—<w
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W Message for EDA vendors

B LPB WG developed and verified JEIAT LPB format
with sample design to investigate and feedback issues,
then reached practical and highly efficient format.

Please implement JEITA LPB format interface into your
standard tool environment.
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LSl-\wir—2-iR— FEESSH 7 —F 57—

LSI- Package-Board

JEITA LPB Interoperable design seminar

Issues and Solution on

Interoperable design
~Why we have developed JEITA LPB format ? ~

2012/3/14
JEITA LPB interoperable desigh WG
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B Why we need LPB format?
B Working with LPB format.

C-Format
G-Format

JEITA LPB 2012

Why we need LPB format?

We need a something for
the communication.

C-Format
JEITA LPB 2012
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We need something for the communication.

System designer

| need a new LSI
for my product

il

L
—

[T

4

17 Copyright©2012 JEITA/EDA/LPB All Rights Reserved

We need something for the communication.

System designer LS| designer

The architect of

[ this LSl is ..... }

<
SN = T

Picture(Visio)
— DQ[0:8]
| ckN ADRIO:8] |——
— | RST TST

SIG[0:16] |——
—— FB

4
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We need something for the communication.

System designer LSI designer
Our requirements

TR -

(5N — ()
Text (WORD)

Body size : 15mm*2

Voltage : 1.5V

Clock frequency : 3Mhz

Power consumption : 1.2mW
Needs impedance matching for ...

<=>
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We need something for the communication.

System designer LS| designer

g { How is this package? b
(F = '

Picture (Power Point)

T ‘Q O OC; | Number of layer fis ..

O000 Package thickness is ..
Ball pitch is .

O0O00O

OO0OO

4
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We need something for the communication.

System designer LSI designer

Picture(Visio)

DQ0:8]
RST
SIG[0:16]—
Fn
[ &) Text (WORD) ()

We are using many documents for
the communication.

FIcture{rower roint)

O O OO ackage thickness ig ..

all pitch is .
O00O0
000

t o000 Fumber of layer is ..
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We need something for the communication.

System designer LS| designer

Swap the A1 pin and

[ the B5 pin. }

AN =
E-mail without documents
maintenance.
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We need something for the communication.

System designer LSl designer

| would like to confirm.} ?

[ Is A1 this ? ;
= T

DO OO0
0000
0000
0000

FAX without documents
maintenance.
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We need something for the communication.

System designer LS| designer
<|Picture (Visio) | >

> —
= === (T )

\/ B ‘)

= . atc.hing
_Pictt ——At)
g

We spend many times for
the communication.

24 Copyright©2012 JEITA/EDA/LPB All Rights Reserved

— 278 —




We need something for the communication.

System designer LS| designer

O "

We were looking for the format.
But we could not find it.

Body size : 15mmA2

Voltage : 1.5V

Clock frequency : 3Mhz
Power consumption : 1.2mW
Needs impedance matching

for ...

"We have to communicate
with one document”
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We need something for the communication.

Board LSI

Gerber
DXF
etc...

All formats are used to define the
inside of object.
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Package LSI
Gerber Verilog
DXF VHDL
etc... DEF
GDS
etc...

The something is LPB C-Format.
We call the boundary as a socket.
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We need something for the communication.
System designer LSI designer

&

7

= =
AT

PB C-Format

C is component or communication
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Why we need LPB format?

We need a something
between EDA tools.

G-Format

JEITA LPB 2012
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We need something between EDA tools.
Modeling

Artwork
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We need something o

Why we need to
redraw it for
modeling ?

~
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We need something between EDA tools.

— Why is the
U < unnecessary

layer contained?
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We need something between EDA tools.

@

<:| LPB G-Format J@

LPB G-Format

G is geometry
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Why we need LPB format?

We need a something
for the reference.

JEITA LPB 2012
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We need something for the reference.

Package vendor

Could you send
me a design rule?

9 40 ©

A
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We need something for the reference.

Package vendor

Picture (PDF)
so8

P
Sheet (Excel)
(TR N{\

DIAMTER ]
Wk

[o][e}
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We need something for the reference.

Pi F
Which one is the 5“@ B

best for my project? | Shee

g Data Book

ar S —

is difficult to compare tnem
because the rules are defined by
different form.
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We need something for the reference.

Package vendor

| have same questions.
How many space is

required ....
()

an :ﬁl N

We have to spend long time to
understand the design rule.
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We need something for the reference.

|

The data entry methods are
not same.
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We need something for the reference.

Hey rule is changed.
Here is new one.

We forget a re-setup.
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We need something for the reference

Package vendor

égm

\/

/ \
LPB R-Format

R is rule
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Why we need LPB format?

N-Format

N is netlist.

M-Format

M is management.

JEITA LPB 2012
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Working with LPB Format.
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Working with LPB Format.

System designer

‘*— DQ[0:8]

%(: __ | ck/N ADRI0:8;
_ | RST TST
'FB

SIG[0:16]

e' | need a new LSI }

[ x h for my product
Y
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Working with LPB Format.

System designer m\
| . —1  DQI0:8]

<module name="NEWLSI" type="LSI">
<socket inst="10">
<port name=DQJ[0]/>
<port name=DQ[1]/>

</socket>

</mgdglle> -
- | need a new LSI
[T for my product
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Working with LPB Format.

System designer

~

g.» Hum.. According to this
[ 7 A floorplan, the body size of
% new LSI should be ....

/
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Working with LPB Format.

System designer 5/\\
p \

<shape>
<rectangle id="BodySizeOfNEWLSI" width=".." height="..."/>
</shape>

<module name="NEWLSI" type="PKG"
shape_id="BodySizeOfNEWLSI">
<socket inst="10">
<port name=DQJ[0]/>
<port name=DQJ[1]/>

</socket>
</module>

\V4 L new LS| should be .... J
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Working with LPB Format.

System designer
/ ) Repot D38

vvvvvvv

\
Hum.. according to pre-
[ simulation, this line needs
impedance matching...
/
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Working with LPB Format.

<shape>
<rectangle id="BodySizeOfNEWLSI" width=".." height="..."/>
</shape>

<module name="NEWLSI" type="PKG"
shape_id="BodySizeOfNEWLSI">
<socket inst="10">
<port name=DQJ[0]/>
<port name=DQ[1]/>

</socket>
<constraint>
<impedance port_name="DQ[0]" type="single" typ="50"/>

</constraint>
</module>
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Working with LPB Format.

System designer LSl designer

sl =

LPB C-Format

Here is the specification of
new LSI.

<pe e=DQ[0]/>
<port name=DQ[1]/>

s
2
S

c
<impedance port_nae="DQ[0]" type="single" typ="50"/>
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Working with LPB Format.

P LSI designer

This package is the
best for this project.
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n </shape> I

<padstack_def>
<padstack id="BallPad" type="BALL_PAD">
<ref_shape shape_id="BallSize" layer="BOTTOM"/>
</padstack>
</padstack_def>

<module name="NEWLSI" type="PKG" shape_id="BodySizeOfNEWLSI">
<socket inst="10">
<default>
<port_shape padstack_id="BallPad" />
</default>
<port name=DQ[0]/>
<port name=DQ[1]/>

<port id="A1" x="."y="."/>
<port id="A2" x="."y="."/>

</socket>
<constraint>
<impedance port_nae="DQ[0]" type="single" typ="50"/>

</constraint>
</module>
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Working with LPB Format.

Chip Layout engineer LSl designer

How is this pad
placement ? h’/\
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Working with LPB Format.

<shape>

</shape> ner
<padstack_def>

</padstack_def>

)

<module name="NEWLSI" type=“LSI"
shape_id="DieSize">
<socket inst="10">
<default>
<port_shape padstack_id="Pad" />
</default>
<port id="P1" name="DQ_0" x=".." y=".."/>
<port id="P2" name="DQ_1" x=".." y=".."/>

</socket>
</module>
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Working with LPB Format.

System designer

How is this package? J

40

= |
LPB C-Format

55 Copyright©2012 JEITA/EDA/LPB All Rights Reserved

Working with LPB Format.

System designer

Bl ia="BoaysizeOmEWLSI">

LPB C-Format

Re-build the package symbol using
the C-Format.
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Working with LPB Format.

System designer

—

Consider the net assignment to
package pin.
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<rectangle id="BodySizeOfNEWLSI" width=".." height="..."/>

<circle id"BallSize" diameter="..."/>
</shape>
<padstack_def>
<padstack id="BallPad" type="BALL_PAD">
<ref_shape shape_id="BallSize" layer="BOTTOM"/>
</padstack>
</padstack_def>

<module name="NEWLSI" type="PKG"
shape_id="BodySizeOfNEWLSI">
<socket inst="10">
<default>
<port_shape padstack_id="BallPad" />
</default>
<port name=DQ[0] id="A1" x=".." y="."/>
<port name=DQ[1] id="B2" x=".." y=".." />

</socket>
<constraint>
<impedance port_nae="DQ[0]" type="single" typ="50"/>

\eserved
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Working with LPB Format.

System designer LSl designer
Could you design the
package using this pin

assignment ?

=
LPB C-Forma
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Working with LPB Format.

LS| designer

|LPB C-Format ===

Read pin assignment from C-Format.
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Working with LPB Format.

LS| designer
It was troubled.
gNiring is impossible.g

Qoﬁ(\

Consider trace routing in the
package.
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Working with LPB Format.

Chip Layout engineer LSl designer

Could you change the l
pad location ?
<
LPB C-Format -

(4 Copyright©2012 JEITA/EDA/LPB All Rights Reserved

— 297 —




Working with LPB Format.

<shape>

</shape>
<padstack_def>

</padstack_def>

<module name="NEWLSI" type="LSI"
shape_id="DieSize">
<socket inst="10">
<default>
<port_shape padstack_id="Pad" />
</default>
<port id="P11" name="DQ_0" x=".." y=".."/>
<port id="P22" name="DQ_1" x=".." y=".."/>

</socket>
</module>
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Working with LPB Format.

System designer LS| designer
g Could you change the g
pin location? 7N

;

d

<=

LPB C-Format
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Working with LPB Format.

Sy

<module name="NEWLSI" type="PKG"
shape_id="BodySizeOfNEWLSI">
<socket inst="10">

/ <default>

<port_shape padstack_id="BallPad" />
</default>
<port name=DQ[0] id="D1" x=".." y=".."/>
<port name=DQ[1] id="A2" x=".." y=".." />

</socket>

</module>
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Working with LPB Format.
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Working with LPB Format.

System designer LS| designer
\

Could you give
me a package
Model?

\ /
g

/\
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Working with LPB Format.

LS| designer

posa ©
m CAD g

@ Artwo r?—m

=

LPB G-Format/i.:

LPB C-Format—=—
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Working with LPB Form ey,

LPB G-Format :
<default>

2 <port_shape padstack_id="BallPad" />
.part </default>
BGAR -13.5-13.513.513.50S 0 { <port name:DQ[O] id="D1" x=".." y:"__"/>

; <port name=DQ[1] id="A2" x=".." y=".." />
A211.512.5B 8 5

D2 - 4'_5 B4 </socket>
} ' </module>
-end part <reference reffile=“NEWLSI.xfl” format="“XFL”>
.component | <connect pin_name=“D1">

NEWLSIPKG BGA™ 01040 <xfl:ref_port component=“NEWLSIPKG”

NEWLSIDIE DIE 0010

.end component pinname=“D1">

</connect>
<connect pin_name=“A2">
<xref:ref_port component=“NEWLSIPKG”
pinname=“A2">
</connect>

<[/reference>
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Working with LPB Format.

O

subckt top i1 23
R1r1151e6
r2121e4
c11401u

vdd 70 dc 5

Qz/ggz
2

OO

B~ OWON -
CO@O P>
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m& <soc§et inst="10"> .

<default>

<port_shape padstack_id="BallPad" />
</default>
<port name=DQ[0] id="D1" x=".." y=".."/>
<port name=DQ[1] id="A2" x=".." y=".." />

</socket>

</module>

<reference reffile="NEWLSI.sp" format="SPICE">
<connect pirt_name="D1>
<spice:ref_port subckt="top" portid="3"/>
</connect>
<connect pin_name="A2">
<spice:ref_port subckt="top" portid="1"/>
</connect>

</reference>
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Working with LPB Format.

System designer LSl designer

Here is a package model
and C-Format.

- ) =
[ \ LPB C-FormatJ

subckt top i1 2 i3
R1r1151e6
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Conclusion

M [ssues

® Interoperable design : Different cultural exchange
® \Want to make communication smooth...

® Need common protocol for the different cultural exchange.
« Establish more smooth communication.

- Efficient usage of Analysis/Modeling EDA as
design tool.

M Solution

® Define the unified formats for the better
communication

We need yoursupport
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END
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Conclusion

M [ssues
® Interoperable design : Different cultural exchange
® \Want to make communication smooth...
® Need common protocol for the different cultural exchange.
» Establish more smooth communication.

- Efficient usage of Analysis/Modeling EDA as
design tool.

M Solution

® Define the unified formats for the better
communication

We need yoursupport
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JEITA LPB format

JEITA LPB format consists of five (5) formats and glossary.
1. Project Management (M-Format)

Netlist (N-Format)

Component (C-Format)

Design Rule (R-Format)

Geometry (G-Format)

Glossary

1.Project Management

[ 2. Netlist |

S e o
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JEITA LPB format overview

Format name Contents Description form
Project *Format file association XML(Original)
Management *Update trace Adopted original dleslcription, bet?ause there
L . . is not a proper existing and public format on
(M—Format) * Association with related files the market under our research.
Netlist = connection b/w hierarchy Verilog—~HDL(Existing)
definition , .
With enhancing power ground port support
(N_Format) *Signal, power and ground
description
Component *Component pin assignment XML(Original)
*Constraint items definition Adopted original description, because there
(C_Format) . . . is not a proper existing and public format on
*Design status information the market under our research.
Design Rule * Technology definition XML(Original)
*Manufacturability rule definition Adopted original description, because there
(R_Format) X . is not a proper existing and public format on
*Analysis condition setup the market under our research.
Geometry *Geometry information for Apache : XFL Ver1.0(Existing)
analysis tools _ _
ranted as public format at this moment.
Granted blic f t at th t.
(G—Format) Approved by Apache Design
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JEITA LPB format #1: Project Management (M-Format)

1. Project Management File

<Objectives>

* Association of each format files used in the project

*Figuring out the update status for each format files

* Association with referenced files (ex. IBIS models)

<Advantages>

Possible to figure out the update status when exchanging the format files
between the design hierarchy as if LSI and Package design.

Possible to figure out the design revision including constraint, even in
proceeding the design inside the hierarchy.

<Description>

*The original format based on XML

5.2
&
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Sample of Project management (M-Format)

<?xml| version="1.0" encoding="Shift_JIS"?>

<JEITA_LPB_PROJECT version="2.0">

<header

/>
<CFORMAT

/>
<RFORMAT

/>
<NFORMAT
o
<OtherFile
/>
</JEITA_LPB_PROJECT>

project="JEITA_LPB_2011"
design_revision="0.1"
date="20120108"

file_name="ChipA_PKG_set2 HR_V2.05_Rev.0.1. xml”

design_revision="0.1"

file_name="ChipA_PKG_set2 DC_V2.05_Rev.0.1. xml”

design_revision="0.1"

file_name="ChipA_PKG_set2. v”

file_name="ChipA. ibs”

Header
Project name definition
Revision of Project management file

Creation Date of Project management file

Revision management of Component file

CFORMAT
Specify Component file

RFORMAT
Specify Design rule file name
Revision management of Design rule file

NFORMAT
Specify Net list file name

OtherFile
Other related file list, ex. IBIS models

H5.3
I-
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JEITA LPB format #2 Netlist (N-Format)

2.Netlist (N-Format)
<Objective>
- Clarifying the connection between hierarchy
*Enabling to verify the connection for entire LPB

- Clarifying the connections not only the signals but also the power and
ground nets

<Advantages>

Possible to define the connection for both signal and power/ground
between LSI-Package-Board hierarchy even the designers are separated.

- This saves the time to setup the analysis tools to connect the nets across
the hierarchy.

<Description>
Basing on the Verilog-HDL format
*Added power/ground port description to Verilog-HDL

m w,
\- ) - &)
=1 B
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Sample of Netlist (N-Format)

I* DIE */
modulde
DIE(SU,SD,DBUS,DQ,DN,VDDC,VSSC,vVDDQ,VSSQ) ;
input SU ;

input SD ;

inout [3:0] DBUS ;

output DQ ;

output DN ;

inout VDDC ; /* PG\NET VDDC */
inout VSSC ; /* PG_NET VSS */
inout VDDQ ; /* PG_NET VDDQ */

I* Board (Top level)*/
module PWB(iVDDC,iVDDQ,iVSS) ;
inout iVDDC ; /* PG_NET VDDC */

I* Package*/

I* Passive Components */
modulde

inout VSSQ; /* PG_NET VSS */

PKG(SU,DBUS,DQ,DN,VDDC1,vDDC2,vDDQ1,VD

inout iVDDQ ; /* PG_NET vVDDQ */
inout iVSS ; /* PG_NET VSS */

I* Capacitor */

module CF1D(A,B) ;
endmodule pQZ,V381 V882); inout A ; “8)

input SU ; . ’
input SD ; wire [3:0] DBUS ; inout B ;
inout [3:0] DBUS ; wire [3:0] IBUS ; endmodule
output DQ ; wire SU ; .
output DN ; wire DQ; I* Resistor */
inout VDDC1 ; /* PG_NET VDB */ wire DN ; module RF1D(A,B) ;
inout VDDC2 ; /* PG_NET VDDO*/ " . inout A ;
inout VDDQ1 ; /* PG_NET VDDQ CF1DM C1 (.A(iVDDQ), .B(iVSS)) ; inout B ;
inout VDDQ2 ; /* PG_NET VDDQ */ CF1DM C2 (.A(iVDDQ), .B(iVSS) ) ; endmodule

inout VSS1;/* PG_NET VSS */
inout VSS2;/* PG_NET VSS */

CF1DM C3 (.A(VDDC), .B(iVSS)) ;
CF1DM C4 (.A(VDDC), .B(iVSS) ) ;

wire VSS ; RFIDMRp (.A(IVDDC), B(SU)); I* LSI (Black box) */
wire VDDG ; RF1DM RO (.A(DBUS[0]), B(IBUS[O]) ) ; modulde
wire VDDQ - RF1DM R1 (.A(DBUS[1]), B(IBUS[1]) ) ;

assign VDDC1 = VDDC ;
assign VDDC2 = VDDC ;
assign VDDQ1 =VDDQ ;
assign VDDQ2 = VDDQ ;
assign VSS1 =VSS ;
assign VSS2 =VSS ;

DIE X1
(.SU(SU), .SD(VSS), .DBUS(DBUS), .DQ(DQ), .DN
(DN),

VDDC(VDDC), .VSSC(VSS), VDDQ(VDDQ),

RF1DM R2 (.A(DBUSI2]), B(IBUS[2]) ) ;
RF1DM R3 (.A(DBUSI3]), B(IBUS[3]) ) ;

PKG X1 (.SU(SU), .DBUS(DBUS), .DQ(DQ), .DN(DN),

VDDC1(iVDDC), .VDDC2(iVDDC),
.VDDQ1(iVDDQ), .VvDDQ2(VDDQ),
VSS1(VSS), .VSS2 ;

BBOX X2

BBOX(IBUS,DQ,DN,VDD,VSS);
inout [3:0] IBUS ;

input DQ ;

input DN ;

inout VDD ; /* PG_NET VDDC */
inout VSS; /* PG_NET VSS */
endmodule

(.IBUS(IBUS), .DQ(DQ), .DN(DN), .VDD(IVDDC), .VSS(iVSS) ) ;

endmodule

VSSQ(VSS) );

endmodule
L= =3
0 B
S G
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JEITA LPB format #3: Component (C-Format)

3.Component(C-Format)
<Objective>
- Defining the pin attributes between LPB hierarchy
*Defining the constraints(ex. Delay)
*Exchanging the design status (ex. Current delay at pin)

<Advantages>
Possible to keep away from human error with this unified format
to connect between the hierarchy

*Possible to preliminary design verification with sharing design status
to decide in which timing the designers need revision in LPB

<Description>
* The original format based on XML
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Sample of component file (C-Format)

Reserved for XML unit type Explanation
<module
Module section contains socket section, specification section and
reference section
name="Module Block Name™ NAA [strimg Defines the module name
type="Motide Block Type ™ M/A [string Specifiss the moduls types;
LSI ... semiconducter intszrated ciroult
PKG ... packaes
PWB ... printed wiring board.
shape,_i="shape 1D number” M/ |string Specifiss the identification number of predefined shape
X=x coodinate” ="y coodinate” distar{double Specifies coordinate of origin
angle="Rotation angle™ anzle [double Specifies the angle of the counterclockwise rotation with respect
to the local origin
thickness="Thicknass™ distar{doubls Specifies thickness of module.
>
“enckst Sacket section defines the input/ output ports of this module
& module can have multiple sockets.
& socket is identifisd by & mstance rams
inst="Instance Name" NAA [string Defines the instance rame of sockets. The mame should be unique.
<defauilt> Defines the default shaps of port
<portshape  padstack_id="padstack ID number” £ NAA [strine
Specifies the default padstack for port.
01
</ default>
01
<port Uefines the port shiape, name and location.
The rotation of ports is ot the sams by a desien language
For sxample, Spice does not have the definition of & clsar part name
Moreover, Some languages, such as verilog, does not have the location of
port.
This section givens a coramon notation onto different design languszes
J T
i port number” M/A [string | Defines identification number (D) of port, The ID should be unique in
socket
section
Mormally, port D is according to JEDEG's naming convention.
For exarmple, A1, A2, A3, ... in case of BGA packase:
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Sample of component file (C-Format)

[ ]
. .
Reserved for XML unit type Explanation
<module +
Module section contains socket section, specification section and
reference section,
eference sex
riamy

<rmodule ) ) ) } ) )
Module section contains socket section, specification section and

refersncs section.

name=""Module Block Name~ Defines the medule name

tvoe="Module Block Type” Specifies the module types;

L51 .. semiconductor integrated circuit

PKG ... package
PWE .. printed winng board
shape_io="shape 1D number” Specifies the identification number of predefined shape.

x="x coodinate”  y="y coodinate" ) ' .
ry { Specifies coordinate of ongin

angle="Rotation angle” Specifies the angle of the counterdockwise rotation with respect.

. s - to the local ongi
thickness="Thickness @ the lecal onan

> Spacifies thickness of moduls.

TSP EaUaT, SO el eUaeas, SUeh 5t VerTos, doss ot Pave e et or
port.
This section sivens a common notation onto different desien lneuazes

Al mimarn e ik i it T e i e
i "port number” M/ |string | Defines identification number (D) of port, The D should be unique in
. socket
section
[ ]

Norreally, part I is according to JEDEG™s naming convention
For exarple, A1, A2, A3, __in case of BGA packaze.
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Sample of component file (C-Format)

[ J
® . .
Reserved for XML unit type Explanation
rmodule
‘ ‘ Module section contains socket section, specification section and
.
<module>
natme="Chins PKG_set2” -
type="PKG"
shape._id="PKG_FRAME"
x="0" + predefined shape
e
thickness=" kA" chwise rotation with respect

<socket inst="ChipA_PKG_set?_PORTS" >

<default>
<port_shape  padstack_id="BALL_PAD" />

ports of this module

</default>

{part =" AT 4 " y="-B5007

{port - y="=B000" /> +. The narme should be unique
<port = y="—4500" />

{part id= y="-4000" />

part y="-3500" />

<part y="-30007 />

<part o]

{port "

Cport o

Cport "

<mn o= 7 a‘ design lanzuaze

Cpart i 24 inition of = Glesr port Reme
<part rod be, does ot have the location of
zz: — ;i Do differsnt design bgusgss
{port 12 -

Cport i -~ port, The I shauld be unique in

Ccording to JEDEC™s naming corwention.
2, 43, case of BGA packaee.

e g
| | For example, A1
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JEITA LPB format #4: Design rule (R-Format)

4. Design Rule(R-Format)
<Objective>

-Defining the overall technology (ex. Layer stack-up, trace width/spacing)
for LSI, package and PWB

*Rule Definition for manufacturability

-Definition of the analysis setup information(ex. Material properties, detailed
stack-up information)

<Advantages>
-Enable to share the rules including analysis conditions beforehand between LPB

*Enable to share the constraints between LPB to define additional or re-structural
of rules to make the most cost effective design in the early stage

<Description>
*The original format based on XML
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Sample of the Design rule (R-Format)

(3
L]
Reserved for XML unit type Explanation
[<Physicaldesign="Design Rule name"> Defires the following physical design rules
— material <material def>
- layer <layer def>
— space <spacingdef>
— via pitch <pitch def>
- barding wire <bondingwire def>
— znlder ball <ball def?
— mold form <mold_def>
- mndustor strusture <corductor_struct>
— comporent {cormporert def>
=default/> If <clefavlt,/> attribute is specified, this rule is applied to all area
[<material def> Defines the material
<condustor Defires the conductar.
material=" Material Name" N/A string Srecifies the name of condustor.
volume_resistivity="Volume resistivity of Gonductor” |resistivity  |double Srecifies the valume resistivity of conductor,
temperature="Temperation condition ™ termperature |double Specifies the temperature condition of the volume resistivity of
oonductor.
/>
0
<dielectric Defines the dielectric
material=" Material Name" N/A string Defines the rame of dielectric
permittivity=" Permitivity of Dielectric” M/A o uble Srecifies the dielestric constant{Dk).
tan_dedta="Dicsipation Factor of Melectric M/A clo uble: Srecifies the dissipation factor{ DF)
fraquency="Frequecny conoltion” frequency  [double Specifies the frequenoy of dielestric properties(Dk and DF)
0
[</material def>
01
[<layer def> Defines the laver stack up from tap to kottom.
< layer
name="Layer name " N/ A string Defines layer name
type="dielectric or conductor” N/A =tring Srecifies the layer types;
Dielectric ... Dielectric laver
.
o
[
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Sample of the

L]
Reserved for XML

unit type

Design rule (R-Format)

Explanation

<Physicaldesh

= ion Rule name">

Defires the following physical design rules
- material <material def>

— layer Clayer def>
— space <spacing def>

<Physicaldesian="Desian Rule name”>

<default/>

< material_def>

{oonductor
material="Material Name”

temperature="Temperation condition”

/2

volume_resistivity="Volume resistivity of Conductor”

- sclder ball <ball_def>

= mold form <mold def>

- conductor structure <conductor_struct>
- component {cemponent def>

If <default/> attribute is specified, this rule is applied to all area

Defines the following physical design rules
— material <material_def>

= layer {layer def>

- space {spacingdef>

= via pitch <pitch_def>

— honding wire {hondingwire_def>

Defines the matenal

Defines the conductor.

Spedfies the name of conductor:

Spedfies the volume resistivity of conductor.

Spedfies the temperature condition of the volume resistivity of
aonductor.

N/A
/A

name="Layer name ~
type="dielectric or conductor”

Sample of the Design rule

Reserved for XML

string
string

unit type

Diglectric

89

Defines layer name
Specifies the layer types;
Dielectric laver

Copyright©2012 JEITA/ED

(R-Format)

Explanation

< Physicaldesi

= n Rule name”>

<{Physicaldesign="Designrulel ">
<defaults/>
<material_def>

- layer <layer def>

Defires the following physical design rules
- material <material def>

— space <spacingcet>
e —_———

<oonductor material=" COPPER” volume_resistivity="1 68e—-8" temperature="20" />
<oonductor material="GOLD" volume resistivity="2.33e—8" temperature="20" />

{oonductor material="SOLODER" wolumme_resistivity="217e-7" temperature="20"/>
{diglectric materal="FR—4" permittivity="45" tan_delta="0035" frequency="15"/>
{diglectric materal="RESISTORIMK" permittivity="45" tan_delta="0035" frequency="15"/>
{diglectric materal=" REGIN® permittivity="4.5" tan delta="0.035" frequency="1G" />

</ material_def>

< layer
name="Layer name " /A
type="dielectric or conductor” N/A

string
string

90
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Defines layer name
Srecifies the laver types;
Dielectric

Dielectric laver
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JEITA LPB format #5: Geometry (G—Format)

5. Geometry(G-Format)
<Objective>
- Defining the physical design for analysis environment
*Physical information
By-layer 2D drawing
3D shape for vias, bumps and bondwires
Layer stack-up information

<Advantages>
-Does not depends on the analysis tools, and LPB design layer
*Enable to share the drawing information

<Description>
-Using PCB / Package Data Exchange File (XFL) Format
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JEITA LPB format #6: Glossary

M Glossary
® The terms used in LPB might have different meaning

® Sometimes it causes design delay and mis-understanding
between LPB designers

® Defines the common terms as JEITA LPB format
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Positioning of JEITA LPB format files

[1. Project Management (M-Format)

2 Netlist
(N-Format)

2. Netlist 2. Netlist
(N-Format) (N-Format) |

4. Design rule 4. Design rule ]l
(R-Format) (R-Format)

3. Component
(C-Format)

LSI Design

PKG Designer Board Designer

LSI Designer@- = | °

W

Design optimization

IBIS/SPICE
P/G equivalent model

Product Designer

3. Component
(C-Format)

|

93
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Applied sample case (EDSF2011)

100mm
10}22Uu0)

Connector

4L thru. Hole PWB

Commodity:

4L Thru. hole PWB
A: Controller LSI(WB)
B:Memory IC

High-end:
4L build-up PWB
4L build—up PWB

A:Controller IC(FC)
B:Memory IC

Power supply

10323UU0)

60mm
40129Uu0)

Connector

100mm 60mm
B Assignment A:Controller B:Memory
Board
LSI Package LSI Package
Commodity | Ricoh Panasonic
(100x100mm) . — . |——— _
Sony *Toshiba | Zuken i
. % S . oppan
High-end i Fujitsu NpEpC
(60 x 60mm) —
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Applied sample case (EDSF2011)

M ZUKEN.

The Partner for Success

PKG Geometry Board Geometry
(G-Format) (G-Format)

)imbic

N

Run the analysis cases with
importing G-Format to Nimbic
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Sample of Project management (M-Format) for high-end design

<JEITA_LPB_PROJECT version="2.0"> ChipA DIE v(NFORMAT) chipA chipB | ChipB_DIEV(NFORMAT)
<header Ch\pA,.D.IE,C,XML(CFORMAT) g: EigiéMFlé(;;iﬁ_h;lAT)
project:"JElTAfLPB720127SET2" ChipA.ibis(IBIS FORMAT) ipB.ibis(]
desigy rovision= 1.0
date="20120214 ChipAPKG.R XML(RFORMAT)
/> ChipA_PKG.XFL(PFORMAT) ChipB_PKG.v(NFORMAT)
ChipB_PKG_C. XML(CFORMAT)
ChipB_PKG_R.XML(RFORMAT)
<CF0RMAT ” . ” ChizB,PKG.XFL(PFORMAT)
file_name="ChipA_DIE_C_Rev1_0. xml
X T PWB_SET2.v(NFORMAT)
deSIgn_l’eVlSlOn— ]0 PWB_SET2_C.XML(CFORMAT)
> <RFORMAT PWB_SET2_ R XML(RFORMAT)
<CFORMAT £il ="ChioB PKG R Revl 0. xm|” PWB_SET2.XFL(PFORMAT)
file_name="ChipA_PKG_set2_C_Rev_0. xm desian rovisiomgr "
design_revision= “1.0” /> - ’
roRAT il <PFORMAT
, o Y file_name="PNB_set2 R_Rev1_0. xml file_name="ChipA_PKG_set2 Rev1 0. xf|”
fi Igfname:l(}h|prI31E797RevLO. xml design_revision="1.0" design revision="1.0" = -
design_revision= “1.0 /> s - :
/>
<PFORMAT
<CFORMAT <NFORMAT X v "
- Capy " file_name="ChipB_PKG_Rev1_0. xfl
fi Igfname—ICh|pB7f[’KGf§7RevLO. xml file_name="ChipA DIE.v" design_revision="1.0"
design_revision= “1.0 /> s -
ééFORMAT <NFORUAT <PFORMAT
fil ="ChipA_PKG. v” i = ”
ile_name="PNB_set2_C_Revi_0.xml” fy o PR Fi le_nane=Pli_SET2 Revi.0. xf|
design_revision= “1.0” <NFORMAT /> esign_revision=.
/> fi le_name="ChipB_DIE. v"
% <OtherFile
CREORMAT <NFORMAT file_name="ChipA. ibs “
file_name="ChipA_PKG_set2_R_Rev1_0. xm ile_name="ChipB_PKG. v* > - .
design_revision="1.0" s - OtherFile
d <NFORMAT file_name="ChipB. ibs “
file_name= “PWB_set2.v />
/>
</JEITA_LPB_PROJECT>
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Advantages
Format
For Designers For analysis engineers

Project management *Enable to manage the constraint rule history +Easy to figure out the latest analysis conditions
(M—Format) Easy to figure out the verification status
Netlist + Satisfy the low-leakage design with unified format |- Saving the trouble on LSI-PKG-Boar d connections
(N—Format) *Reduces the human error
Component *Enable to reduce the planning/re—spin time * Clarifying the constraints

between the LSI-PKG-Board Enabling th timization i v st

Enabling the optimization in early stage

(C-Format)
Design Rule Enable the cost-effective designs with clarifying | -Clarifying the analysis conditions

the design rules preliminar,
(R—Format) € P 4 *Reducing the analysis setting TAT
Geometry *Re-use of design properties *Reducing the data translation TAT
(G—Format) *Enable to reuse the reference design data *Improving and efficient analysis tool evaluation

v
‘ﬁ The unified file formats for all LSI, Package and Board
v

—Enables not only the optimization inside each design, but also overall LPB designs

! —Efficient design and analysis (especially to prevent from error of communication) (]
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Request to EDA Vendors

Please utilize JEITA LPB format

- Expect to reduce the TAT with this unified format and
to prevent from human errors
-Enable to overall optimize beyond LSI, Package and Board
unit designs.

Please contact to JEITA LPB-WG when your tools
are enhanced to support JEITA LPB Format

-LPB-WG expects to adopt from C-Format for
CAD tools, and G-Format for analysis tools!!
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Merits of JEITA LPB format

® Merits of captive EDA vendor formats

- Reducing the R&D resources(Reducing to maintain the
interface development)

- Eliminating the influence of specification change by other
vendor

- Easy to setup the environment by own enhancements to the
competitors

® Merit of EDA vendors Industory.
- Development of New business opportunities}
- Promoting brand-new valuable “happiness”

Introduces here today
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Merits of LPB standard format for EDA vendors

» Development of new business opportunities
» Reducing EDA adoption cost

» Reducing EDA leverage cost
» Design cost
» Simulation cost

» Effective improvement of design flow

» Promoting brand-new valuable “happiness”
» Arising new users and new needs

100  Copyright©2012 JEITA/EDA/LPB All Rights Reserved
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Merirts of LPB standard format for EDA vendors

» Development of new business opportunities
» Reducing EDA adoption cost

>
>
>
>
>
>
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Adoption cost <Current issue>

We need a new EDA tool(s) for more efficient,
rational design flow at the early stage to prevent
from re-spin.

Barrier to adopt new EDA tools

Py
@ .
5 Who will guaran_tee’?the data High
= conversion?
<
g T|  What's the synergy with the \
3= 2 existing tools?
3 ® 8| Do we need additional costs —
> L
e @ for existing tools?
> Who will prepare the benchmark data? N Q
$ How can we compare between tools? E—— %
% Is it possible to apply the rare products? =
= Can not adopt EDA tools
Q ! . .
S| Tool purchasing cost: OK Only with securing the tool
[¢)
= budget
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Adoption cost <Current issue >

We want to streamline the design flow to make it
front-loading (prevent from re-spin) with EDA

N

P The figure of EDA adoption from users.

T Who will guarantee the data 7 A

= conversion? )

<
% T What's the synergy with the Only stable/strong companies can
33D existing tools? consume adoption benchmark cost
3° g. Do we need additional costs __
2 @ for existing tools? \/ ‘ \
= o

Who will prepare the benchmark data? 9' = (— — —= #__/ / D

How can we compare between tools?

spasN

Is it possible to apply the rare products?)

Negative spiral for weak companies who
requires the evolutional design flow
change by EDA tools

Tool purchasing cost: OK

swAhed
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Adoption cost <after introduction of LPB format>

Improve reliability with unified
data format(monitored by all
users)

Easy to extract the effect

No influence to other tools

Sharing the benchmark in industry \s !

Enable to reuse the same data

Enable to compare with available data ><

spasN | uonesedaid fupgerey

Applicable to existing rare products | m—

Tool purchasing cost: OK

1uswAed

EIZEVN
V 47 % reduction of barrier

The companies can start EDA adoption regardless
the company size - Expansion of the EDA Market
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Merits of LPB standard format for EDA vendors

>
>

» Reducing EDA leverage cost
» Design cost
» Simulation cost

>
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EDA leverage cost (Conventional and LPB style)

Conventional style
PCB: Company C

LPB Style
Comp.A  Comp.B Comp.C Comp.D

ata integrity check
and translation

System: Company D &

Communicate with

unified data

Semi-
automated
» data synthesis

Hard to communicate because of the
local terms and multiple view point !

EDA tools

Define/Revise specs: Perception gap with JEITA LPB format

Simulation: Cannot utilize enough

Conventional style: Perception gap might be occurred, and can not utilize the simulation
enough

LPB style : Focus on the design and analysis work by communicating with
unified data.
106  Copyright©2012 JEITA/EDA/LPB All Rights Reserved
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Leverage cost — application example (EDSFair2011)

H Conventional Verification
Controller Memory
methode Board
e LSI Package Package LSI
Commodity | A:—E Canon
(100 x 100mm) . A= (A= (A=]
DENSO
B LPB method Controller Memory
Board
LSl |Package Package LSI
Commodity
| RICOH |Panasonic M ZUKEN. I TOSHIBA
(100X 100mm) . .
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Leverage cost — comparison

— 320 —

Conventional Style LPB Stylestimateq)
—+—Materia-to-exptain-the-spee 2-6h
2. Explanation to designers 0.5h 0.5h
—3I—Definition-of PEBdesignrutes—3-5h
4. Creating new netlist 5.0h 5.0h
5. Floor planning(CAD operation) 7.5h 7.5h
v" -Registering macro parts
v' +Gathering the parts
v' -Place and route ;
6. Design feedback Work time 7.5k Work Time2.0h
(3X re-spin, 3days (One time re-spin, half-a-day)
— 1
Total 26 Hours Total 15Hours
(Suspended 3 days) (Suspended half day)

V¥ reduced 42% resources, less than 1/3 suspended time
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Simulation cost comparison
M :Wait Bl :Manual H:Automated

Conventional style LPB style

Requesting/Obtaining data: Min 1 week

Data shape and port assignment: 2H

Assignment: 3min

PKG shape check / preparation: 10H

Assignment: 3min

Data shape and port assignment: 1H

Requesting/Obtaining data: Min 1 week :

| Import board data and condition | Revise:0.5H
i setting

1 Everything is automated - reduces
‘ the human operation error

Import board data and revise : 2H

Work: 15H  suspended:More than 1W ; work: Less than1H Suspended:O

V¥ Reduced 95 resources and
enabled Non-stop design
109  Copyright©2012 JEITA/EDA/LPB All Rights Reserved

Merits of LPB standard format for EDA vendors

A\
YV VYV
vV Vv

» Effective improvement of design flow
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The effect of the mass-production design flow by a LPB style

HMTraditional style : Current basic design style
The entire system verification follows the individual chip, package and board design.

10 Floor Chip design Chip Manufacturing
L S I Planning verification wafer >
@
/ Y Foo N\ o g
= asl
Model 5 s % 8
Pin . Package Design @kl Manufacturing o g Q
Package assignment Re-spin loop extraction package 3 o 3 E
N is huge! (IBIS,SPICE) substrate 5 x Q @
\ \ 3 0]
PCB Floor planning Signal Integrity Manufacturing ’ -?r
Board ReElDeeien Power Integrity PCB
e
-
-
-
-

B LPB style: LPB concurrent co-design
Enables entire LPB design optimization and verification by concurrent co-design environment

=
10 Floor Chip Design Final Manufacturing o)
LSI Planning Verification Wafer > 8 L R e |
2 5
@ @ I I
{ : 3
= R I
- ) . 2 S E
Virtual Package model Package Design Model Manufacturing © g - I
P aCkage extraction (IBIS,SPICE) Extraction Package S| B LPB Effect
1BIS.SPICE Substrate gl 2 1 I
¢ Wi 2
— — - - 5 1 |
PCB Floor planning PCB Design SI/PI/ Manufacturing o
Board Signal /Power Integrity/EMC EMC PCB X b e e e e = =
sign off L1 3

Provide an effective front-loading applicable to EMC simulation
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The effect of the mass-production design flow by a LPB style

BLPB Style : LPB concurrent co-design flow:

Enables entire LPB design optimization and verification by concurrent co-design environment

10 Floor Chip Design Final Manufacturing ] =
LSI Planning Verification Wafer > 2 <Additional
; \ [\ A capacity>
Virtual Package model Package Design Model Manufacturing a g’ g
Pa ckage extraction (IBIS,SPICE) Extraction Package g “a'
Substrate 5 .
f / W &l 2 Creating brand-
Pa Floor;mning RB Design— SI/PI/ Manufacturing % new EDA
Board Signal /Power Integrity/EMC EMC PCB = Ieverage
sign off L
— Y resources
V
Reduction of development cost and verification
cost en deli time
. T
— Prevention of un-planned .

rise of product cost

Great advantage for both EDA vendors and customers
(ex. Mass-production division and business units)

Recoagnizing the total EDA effect with combining design and simulation
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Merits of LPB standard format for EDA vendors

>

Y
Y V¥V

>

» Promoting brand-new valuable “happiness”
» Arising new users and new needs
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Increasing number of EDA applied products

New user development

114 Copyright©2012 JEITA/EDA/LPB All Rights Reserved

— 323 —



Expanding the scale of EDA market

New opportunity development
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Acceleration of EDA leverage

Increasing
Models

/EV'OTUW\O‘F»\\
simulation )

technology

Increasing users JEITA LPB

Format panding range--.
([ of indications
and results

Expansion of simulation needs

New competitive area development : Market expansion
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Summary of advantages

n Take full advantage of EDA strengths

Proposal to your customers for cost and
resource reduction

Shorten design TAT
- Improve the EDA utilization width

New market development
and new solution proposals

Diffusion of LPB standard format = More activate EDA Market
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Attention

®Please make EDA tools possible input
and output the LPB standard format

®Please declare that “we support LPB
standard format X-Format”

®Please give us the feedback for
description, item and contents

®\We'll report the quarterly based status
for enhancements
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Our support

®\We'll give you the sample data
if you're planning to adopt LPB
standard format

®Planning to build Q&A structure

®Planning to build the checking
connectivity
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® Promoting the standardization, need
the cooperation from EDA side

®Planning to have user conference

®\Vould you like to presentation and
exhibition for LPB standard format
result at EDS fair (on Nov.)?
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At the END

®L et's give a tremendous boost
to this exciting LPB standard
format under the driving force of
EDA
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B Why we need LPB format?
B Working with LPB format.

C-Format
G-Format

JEITA LPB 2012

Why we need LPB format?

We need a something for
the communication.

C-Format
JEITA LPB 2012
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We need something for the communication.

System designer

| need a new LSI
for my product

il

L
—

[T

4
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We need something for the communication.

System designer LS| designer

The architect of

[ this LSl is ..... }

<
SN = T

Picture(Visio)
— DQ[0:8]
_ | ckN ADRI0:8] |——
— | RST TST

SIG[0:16] |——
—— FB

4
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We need something for the communication.

System designer LSI designer
Our requirements

TR -

(5N — ()
Text (WORD)

Body size : 15mm*2

Voltage : 1.5V

Clock frequency : 3Mhz

Power consumption : 1.2mW
Needs impedance matching for ...

<=>

19 Copyright©2012 JEITA/EDA/LPB All Rights Reserved

We need something for the communication.

System designer LS| designer

g { How is this package? b
(F = '

Picture (Power Point)

T ‘Q O OC; | Number of layer fis ..

O000 Package thickness is ..
Ball pitch is .

O0O00O

OO0OO

4
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We need something for the communication.

System designer LSI designer

Picture(Visio)

DQ0:8]
RST
SIG[0:16]—
Fn
[ &) Text (WORD) ()

We are using many documents for
the communication.

FIcture{rower roint)

O O OO ackage thickness ig ..

all pitch is .
O00O0
000

t o000 Fumber of layer is ..
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We need something for the communication.

System designer LS| designer

Swap the A1 pin and

[ the B5 pin. }

AN =
E-mail without documents
maintenance.
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We need something for the communication.

System designer LSl designer

| would like to confirm.} ?

[ Is A1 this ? ;
= T

DO OO0
0000
0000
0000

FAX without documents
maintenance.
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We need something for the communication.

System designer LS| designer
<|Picture (Visio) | >

> —
= === (T )

\/ B ‘)

= . atc.hing
_Pictt ——At)
g

We spend many times for
the communication.
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We need something for the communication.

System designer LS| designer

O "

We were looking for the format.
But we could not find it.

Body size : 15mmA2

Voltage : 1.5V

Clock frequency : 3Mhz
Power consumption : 1.2mW
Needs impedance matching

for ...

"We have to communicate
with one document”
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We need something for the communication.

Board LSI

Gerber
DXF
etc...

All formats are used to define the
inside of object.
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Package LSI
Gerber Verilog
DXF VHDL
etc... DEF
GDS
etc...

The something is LPB C-Format.
We call the boundary as a socket.
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We need something for the communication.
System designer LSI designer

&

7

= =
AT

PB C-Format

C is component or communication
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Why we need LPB format?

We need a something
between EDA tools.

G-Format

JEITA LPB 2012
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We need something between EDA tools.
Modeling

Artwork
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We need something o

Why we need to
redraw it for
modeling ?

~
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We need something between EDA tools.

— Why is the
U < unnecessary

layer contained?
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We need something between EDA tools.

@

<:| LPB G-Format J@

LPB G-Format

G is geometry
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Why we need LPB format?

We need a something
for the reference.

JEITA LPB 2012
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We need something for the reference.

Package vendor

Could you send
me a design rule?

9 40 ©

A
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We need something for the reference.

Package vendor

Picture (PDF)
so8

P
Sheet (Excel)
(TR N{\

DIAMTER ]
Wk

[o][e}
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We need something for the reference.

Pi F
Which one is the 5“@ B

best for my project? | Shee

g Data Book

ar S —

is difficult to compare tnem
because the rules are defined by
different form.
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We need something for the reference.

Package vendor

| have same questions.
How many space is

required ....
()

an :ﬁl N

We have to spend long time to
understand the design rule.
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We need something for the reference.

|

The data entry methods are
not same.
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We need something for the reference.

Hey rule is changed.
Here is new one.

We forget a re-setup.
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We need something for the reference

Package vendor

égm

\/

/ \
LPB R-Format

R is rule
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Why we need LPB format?

N-Format

N is netlist.

M-Format

M is management.

JEITA LPB 2012

42 Copyright©2012 JEITA/EDA/LPB All Rights Reserved

— 348 —



Working with LPB Format.
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Working with LPB Format.

System designer

‘*— DQ[0:8]

%(: __ | ck/N ADRI0:8;
_ | RST TST
'FB

SIG[0:16]

e' | need a new LSI }

[ x h for my product
Y
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Working with LPB Format.

System designer m\
| . —1  DQI0:8]

<module name="NEWLSI" type="LSI">
<socket inst="10">
<port name=DQJ[0]/>
<port name=DQ[1]/>

</socket>

</mgdglle> -
- | need a new LSI
[T for my product
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Working with LPB Format.

System designer

~

g.» Hum.. According to this
[ 7 A floorplan, the body size of
% new LSI should be ....

/
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Working with LPB Format.

System designer 5/\\
p \

<shape>
<rectangle id="BodySizeOfNEWLSI" width=".." height="..."/>
</shape>

<module name="NEWLSI" type="PKG"
shape_id="BodySizeOfNEWLSI">
<socket inst="10">
<port name=DQJ[0]/>
<port name=DQJ[1]/>

</socket>
</module>

\V4 L new LS| should be .... J
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Working with LPB Format.

System designer
/ ) Repot D38

vvvvvvv

\
Hum.. according to pre-
[ simulation, this line needs
impedance matching...
/
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Working with LPB Format.

<shape>
<rectangle id="BodySizeOfNEWLSI" width=".." height="..."/>
</shape>

<module name="NEWLSI" type="PKG"
shape_id="BodySizeOfNEWLSI">
<socket inst="10">
<port name=DQJ[0]/>
<port name=DQ[1]/>

</socket>
<constraint>
<impedance port_name="DQ[0]" type="single" typ="50"/>

</constraint>
</module>

49 Copyright©2012 JEITA/EDA/LPB All Rights Reserved

Working with LPB Format.

System designer LSl designer

sl =

LPB C-Format

Here is the specification of
new LSI.

<pe e=DQ[0]/>
<port name=DQ[1]/>

s
2
S

c
<impedance port_nae="DQ[0]" type="single" typ="50"/>
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Working with LPB Format.

P LSI designer

This package is the
best for this project.
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n </shape> I

<padstack_def>
<padstack id="BallPad" type="BALL_PAD">
<ref_shape shape_id="BallSize" layer="BOTTOM"/>
</padstack>
</padstack_def>

<module name="NEWLSI" type="PKG" shape_id="BodySizeOfNEWLSI">
<socket inst="10">
<default>
<port_shape padstack_id="BallPad" />
</default>
<port name=DQ[0]/>
<port name=DQ[1]/>

<port id="A1" x="."y="."/>
<port id="A2" x="."y="."/>

</socket>
<constraint>
<impedance port_nae="DQ[0]" type="single" typ="50"/>

</constraint>
</module>
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Working with LPB Format.

Chip Layout engineer LSl designer

How is this pad
placement ? h’/\
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Working with LPB Format.

<shape>

</shape> ner
<padstack_def>

</padstack_def>

)

<module name="NEWLSI" type=“LSI"
shape_id="DieSize">
<socket inst="10">
<default>
<port_shape padstack_id="Pad" />
</default>
<port id="P1" name="DQ_0" x=".." y=".."/>
<port id="P2" name="DQ_1" x=".." y=".."/>

</socket>
</module>
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Working with LPB Format.

System designer

How is this package? J

40

= |
LPB C-Format

55 Copyright©2012 JEITA/EDA/LPB All Rights Reserved

Working with LPB Format.

System designer

Bl ia="BoaysizeOmEWLSI">

LPB C-Format

Re-build the package symbol using
the C-Format.
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Working with LPB Format.

System designer

—

Consider the net assignment to
package pin.

57 Copyright©2012 JEITA/EDA/LPB All Rights Reserved

<rectangle id="BodySizeOfNEWLSI" width=".." height="..."/>

<circle id"BallSize" diameter="..."/>
</shape>
<padstack_def>
<padstack id="BallPad" type="BALL_PAD">
<ref_shape shape_id="BallSize" layer="BOTTOM"/>
</padstack>
</padstack_def>

<module name="NEWLSI" type="PKG"
shape_id="BodySizeOfNEWLSI">
<socket inst="10">
<default>
<port_shape padstack_id="BallPad" />
</default>
<port name=DQ[0] id="A1" x=".." y="."/>
<port name=DQ[1] id="B2" x=".." y=".." />

</socket>
<constraint>
<impedance port_nae="DQ[0]" type="single" typ="50"/>

\eserved
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Working with LPB Format.

System designer LSl designer
Could you design the
package using this pin

assignment ?

=
LPB C-Forma
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Working with LPB Format.

LS| designer

|LPB C-Format ===

Read pin assignment from C-Format.
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Working with LPB Format.

LS| designer
It was troubled.
gNiring is impossible.g

Qoﬁ(\

Consider trace routing in the
package.
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Working with LPB Format.

Chip Layout engineer LSl designer

Could you change the l
pad location ?
<
LPB C-Format -

(4 Copyright©2012 JEITA/EDA/LPB All Rights Reserved
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Working with LPB Format.

<shape>

</shape>
<padstack_def>

</padstack_def>

<module name="NEWLSI" type="LSI"
shape_id="DieSize">
<socket inst="10">
<default>
<port_shape padstack_id="Pad" />
</default>
<port id="P11" name="DQ_0" x=".." y=".."/>
<port id="P22" name="DQ_1" x=".." y=".."/>

</socket>
</module>
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Working with LPB Format.

System designer LS| designer
g Could you change the g
pin location? 7N

;

d

<=

LPB C-Format
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Working with LPB Format.

Sy

<module name="NEWLSI" type="PKG"
shape_id="BodySizeOfNEWLSI">
<socket inst="10">

/ <default>

<port_shape padstack_id="BallPad" />
</default>
<port name=DQ[0] id="D1" x=".." y=".."/>
<port name=DQ[1] id="A2" x=".." y=".." />

</socket>

</module>

65 Copyright©2012 JEITA/EDA/LPB All Rights Reserved

Working with LPB Format.
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Working with LPB Format.

System designer LS| designer
\

Could you give
me a package
Model?

\ /
g

/\
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Working with LPB Format.

LS| designer

posa ©
m CAD g

@ Artwo r?—m

=

LPB G-Format/i.:

LPB C-Format—=—
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Working with LPB Form ey,

LPB G-Format :
<default>

2 <port_shape padstack_id="BallPad" />
.part </default>
BGAR -13.5-13.513.513.50S 0 { <port name:DQ[O] id="D1" x=".." y:"__"/>

; <port name=DQ[1] id="A2" x=".." y=".." />
A211.512.5B 8 5

D2 - 4'_5 B4 </socket>
} ' </module>
-end part <reference reffile=“NEWLSI.xfl” format="“XFL”>
.component | <connect pin_name=“D1">

NEWLSIPKG BGA™ 01040 <xfl:ref_port component=“NEWLSIPKG”

NEWLSIDIE DIE 0010

.end component pinname=“D1">

</connect>
<connect pin_name=“A2">
<xref:ref_port component=“NEWLSIPKG”
pinname=“A2">
</connect>

<[/reference>
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Working with LPB Format.

O

subckt top i1 23
R1r1151e6
r2121e4
c11401u

vdd 70 dc 5

Qz/ggz
2

OO

B~ OWON -
CO@O P>
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m& <soc§et inst="10"> .

<default>

<port_shape padstack_id="BallPad" />
</default>
<port name=DQ[0] id="D1" x=".." y=".."/>
<port name=DQ[1] id="A2" x=".." y=".." />

</socket>

</module>

<reference reffile="NEWLSI.sp" format="SPICE">
<connect pirt_name="D1>
<spice:ref_port subckt="top" portid="3"/>
</connect>
<connect pin_name="A2">
<spice:ref_port subckt="top" portid="1"/>
</connect>

</reference>
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Working with LPB Format.

System designer LSl designer

Here is a package model
and C-Format.

- ) =
[ \ LPB C-FormatJ

subckt top i1 2 i3
R1r1151e6
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END
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FEH | HERGTDFREEY ) 1—ay

S
OHEAERET : EXERITOXIR
« AZa=H—23 FH2ERL—XIZLIZLY
e EXLREIZRICIE., EHONI-TOrIILNDHE
- BEROBBEMIEIC--
« BIT-ETIIY—ILERETDERIZ -
m))a1—3>
OS24 —1 3 D=HIZT+—TVrEH—
LPB M/N/C/G/R-Format

EROCHNZRNET
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JEITA LPBR#£T4+—< vk

ok wN

JOoo /7 EE (M-Format)
k) X (N-Format)
OviR—3 2k (C-Format)
TH A2 )L—IL (R-Format)

DA AR (G-Format)
FRiE £

JEITA LPBRZED+—<yrELTESDDI7AILERAEE
1.

1. 7O I NER

[2. xvrURE]

= \

===
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JEITA LPBZRETA—T Y IE

TH—<vh% BE T+—TvrDER
JavorEHE B TA—T YR DR T XML (Bt )
(M=Format) CEHRR D IR FBLTVBEEI+—yMERAELL
BETT AL EDH G faR. ML
kX~ * FRiTTIN. 2 erilog~HDL (BX7F
ykl BRI RZBAREICT S V (%)
(N-Format) {E8 . EIEGNDZRIT B EIRGNDIE F %5810
aVR—Rk IR FIERD E S XML (2 E)
(C-Format) HIHEEOES FBLTVNBEE I+ — Ty MEREL
-BEHRRORR R AL
FHAI)IL—IL TH/OCDES XML(3EH)
(R-Format) HERIL—ILDEE RBLTWBEEFE I+ —UbEREL
RV YT R MBS
DA AR CREHEREMATICET 7 189F : XFL Verl .0 (BE7F)
_ YIRE R B A TAREROLN=T+—7 vk
(G Format) T INYTFEEMSRR—3 0 TEDWTLVET
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JEITA LPBEE#J4+—<vh 1: 70z MNEE T 71 )L (M-Format)

1. 7P HONEEI7MIL
<B®H>
-ATACIHORCERLTWSE ITA—T YR I7AIL DR IG{T T
R IA—I VR IT7AILDEFIK R DIBHE
-SBI7A/IL(IBISETILE) LOBEESIT

<fERAJYE>
‘LSIEPKGED LS I BRI TH— SN & I+—IvbT7 (L%
PYRY T 255, EHBEEDIBENTES,
BN THIEEDDIGFETHL FIHINBFNERBERELILIETES,

<TH—TVE>
XMLAR—Z H,.3
B TA—T vk 1=
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JAvzONEBIFAILD YTV

<?xml| version="1.0" encoding="Shift_JIS"?>
<JEITA_LPB_PROJECT version="2.0">
<header 7 Header
project="JEITA_LPB_2011" .
design_revision="0.1" JOS1y FEETIFALOYED 3 UER,
date="20120108" Jalzy FEEI7AILDERRER
/>
<CFORMAT 1
file_name="ChipA_PKG_set2 HR_V2.05 Rev.0.1.xml” CFORMAIF Ao koA LB DR
; e avkR—%y 7 EE.
s design_revision="0.1 AVR—FU R TFALOYES 3 VEE
<RFORMAT )
. s " RFORMAT
fi Ig_name—lChlpéZPKstetZ_DC_VZ. 05_Rev. 0. 1. xml AL LT 7 A LEDEE.
s design_revision="0.1 FHLUN—LTFA LD ES 3 L EE
<NFORMAT NFORMAT
file_name="ChipA_PKG_set2. v” FYRURETTANBOESR
/>
: ] OtherFile
<OtherFile file_name="Chiph. ibs “ ‘L BIST 7 A LEDBEET 7 A LEDES
/> B 1 EFET
</JEITA_LPB_PROJECT> ]:
-
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JEITA LPBEZ#DA4—< vk 2: vk XL (N-Format)

2. 2~y A (N-Format)
<B®#I>
-ERAOEREFREZIAEIZT S
-LPB2ADEERIIZAI8EET D
EB 11T T, ERGNDinFDEHGEFZRELAEIZT S

<ERA)YF>
-LSI. PKG. PWBD & EE THI R DEEEHT —2&H>TLHERIHFD
BN BRRE (722N, Ry M) RAMITHREBRE O inFiERERE
BATEICE &S D, CNISKY . BREEZEFCRYMIFLT,
Ty — L TEAISRELTOV=FRZELS

<TA—Vb>
-Verilog-HDLZE AT+ —<vhET S
-BiRImEFOERXZENM

m w,
\- ) KO,
= B
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YRR RDHT )L

I* DIE */

modulde
DIE(SU,SD,DBUS,DQ,DN,VDDC,VSSC,VDDQ,VSSQ) ;
input SU ;

input SD ;

inout [3:0] DBUS ;

output DQ ; .
output DN; I* TK_I“ (ﬂiﬁﬁ“)*/
inout VDDC ; /" PGINETVDDC ™/ pix ) Quyhr—m$? */ module PWB(iVDDC,iVDDQ,iVSS) ;
inout VSSC ; /* PG_NET VSS */ inout iVDDC ; /* PG_NET VDDC */
inout VDDQ ; /* PG_NET vDDQ %/~ Modulde inout iVDDQ ; /* PG_NET VDDQ */
inout VSSQ : /* PG NET VSS */ PKG(SU,DBUS,DQ,DN,VDDC1,VDDC2,vDDQ1,VD ; o

. inout iVSS ; /* PG_NET VSS */
endmodule DQ2,VSS1,VSS2) ; -
input SU ;
input SD ; wire [3:0] DBUS ;
inout [3:0] DBUS ; wire [3:0] 1BUS ;
output DQ ; m:z gg ’. .
output DN ; . N I* &ﬂmﬂ AT UY A
inout VDDC1 ; /* PG_NET VDNC */ wire DN ; module CFAD(A)
inout VDDC2 ; /* PG_NET VDDO\"/ ) ) / iNOUt A o
inout VDDQ1 ; /* PG_NET VDDQ CF1DM CT (LAGVDDQ), .B(VSS) ) ; inout B -
inout VDDQ2 . /* PG_NET VDDQ * CF1DM C2 (.A(VDDQ), .B(VSS)) ; e
inout VSS1 : /- PG_NET VSS */ CF1DM C3 (.A(VDDC), B(iVSS)); endmodule

inout VSS2 ./ PG_NET VSS CF1DM C4 (.A(VDDC), B(iVSS));

I+ BEHER A EHRR

wire VSS ; RF1DM Rp (.A(\VDDC), .B(SU)); 4————— module RF1D(AB);
wire VDDC ; RF1DM RO (.A(DBUSIO]), B(IBUS[0]) ) ; inout A ;
wire VDDQ - RF1DM R1 (.A(DBUS[1]), B(IBUS[1]) ) ; inout B ;
RF1DM R2 (.A(DBUSI2]), B(IBUS[2]) ) ; endmodule
assign VDDC1 = VDDC ; RF1DM R3 (.A(DBUSI[3]), B(IBUS[3]) ) ;
assign VDDC2 = VDDC ;
assign VDDQ1 = VDDQ ; PKG X1 (.SU(SU), .DBUS(DBUS), .DQ(DQ), .DN(DN),
assign VDDQ2 = VDDQ : .VDDC1(iVDDC), .VDDC2(iVDDC),
assign VSS1 =VSS ; .vDDQ1(VDDQ), .VDDQ2(VDDQ), . .
assign VSS2 = VSS VSS1(IVSS), .VSS2(VSS)) ; I* LSI (Black box) */
' BBOX X2 * modulde
DIE X1 (IBUS(IBUS), .DQ(DQ), .DN(DN), .VDD(VDDC), .VSS(ivVSS)); BBOX(IBUS,DQ,DN,VDD,VSS);
(.SU(SU), .SD(VSS), .DBUS(DBUS), .DQ(DQ), .DN  endmodule Iﬁﬁﬁi [gg]_laus;
(ON), i ;
input DN ;
vssd\?\[/)gsc)(\)/-DDC)' VSSC(VSS), .VvDDQ(VDDQ), DG * PG NET VDDC |
endmodule inout VSS ; /* PG_NET VSS */
endmodule
% B
-
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JEITA LPBfE#TJ4+—< vk 3:a i h—FR >k (C-Format)

3. aAvR—x >k (C-Format)
<B®#I>
-LPBOEEMZER T SinFIEHRODEE
-HHNBIE(EEEEDHINGE)DEE
ERETIKR (IR FICHB T HIEB EBERRLE) DI

<ERA)YF>
RSt —< U b CTREBREGRR FIRRZECYRYTELDT
RBEVOHERDRNGEDERIADREZEITHENTED,
-RETRRZEBRI THA TELD T, LPBOEDERETRAEZITON
ERMREEITOCENTREEL D,

<TA—Vb>
*XMLR—X
MBI+ —< vk
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AVR—RENT7AILD YT

[ J
o = . . =
XML —Z2DFHI5E unit_type B!
<madule FVa- kL avE. EHEEBICRED AR NRFEERT 20k £99 3 (Csocke 208,
HEET O Mt EETH T 58 €22 30 (Kepecification>)k, b RzME ST R E DEEFHE
EEERTLBB LIV I Creference ) THEZTh 5.
name="#EF0»2E" MAA (string | FREBER L. SO TERLAEEET O 00E T COSBET O Y ESETD.
type= R T BT MAA |string [§ERET O w2 MEK. LSIPKGFWED % — 0 —F TEHEEN TS
LSl woLsl
3] e wdr— i
. FWE o TR
shape = "B shae RAFEET MAA |string |EE T 0 w0 AR, $0Bshape DAL LEET O OREAE-HIHD,
== T e AT distan|double (#EBE T O w0 DR GES. S IL (000 RA LD,
anate= BT A& anele |double ([T AE. HEET O w0 SEP.CELERBH O TOOERE.
thickness= AT diztan|double [(#BE T O w2 OE &,
5]
<socket LR O EEOICA T EERET S, AT EIES 0L BENR FOEE THES.
—CTOEET O ISEE O T EERT DI TEL. @Y OV B ISE A A
AASAETRNT D,
inst="A2 AV AF" MAA |string [scketl 42 AR 28, COTER LA 20 28 T T ESET S,
>
<default> UTUrATERT DRTF ot T S F A I EERET D

dstack &S £ |NFa | strine (35 F Cport) @ 5 7o )L R MER.
B2 DEFICRBL R REER T RS L. port>ERMMA D pedetack FEERT S

<portshape  padstackid="%E

</ de fault:

<part T MR B EHEERT D,
A SEICLVRULKRTFERTEINERE CTRIRT 5.
3 fz. verilog S pice Fob M L5 | CHIBeU EEER LI SEOHRTICEEES LD,

port|ZILE T, iR FESIELAUL. name SR FEVEER T D LL. idbname DEHEERHLTEHR
Iy

=W FEST MAA |string (45 F &S, <socket>PIME Y MIEFES R 1--2THD L.
—#8|ZIFJEDEC D F—E T I — IS - TESES A,

padstack i “Efpsdstack A NEE MNAA |strine | SR FRELE.

FEFEOBRSL. defult>TERFh TS F A IMERNER WD
FAFIEREERID TV ES REEFEER (I EERT D,
HFREIL, HFESLRICERT DL, B TRER TEIL.
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°
.
XML =22 DFHIE5

oo

— R ITFAILDY

T

unit type SnBR

<module

EVa- b E2v . LEEEICREI ALK FEERT S0 29 3l dsocke tall,
WEET OO O BETE T LAE 73 32 (Cepecification>)k, b ufliE T B Q@BHEFH

{

name="#&EE 700~ 7 B"
type="ReEE T O IE I

shape_id="FEshapei I EE
B A

angle="IHIEF A E "
thickness="1B& "~
>

B Y LR cidt ok i

EUa— B avE, LHRBEEBCREZ AR NG FEERTEZVT w290 3 (Keocket e,
HEETO D T HFEEET 2 Lz 0L 3 Kspecificationn& . LUREL TURED ZRFR
EEERTAEHEEEIL v Kreference ) THEMIN 3.

FEEE. SO TERLCEAETO LD RET. COMBEETO Y ESEBY S,

AT O v 2@ EM. LSIPKGPWBD - —FTEMHFERIT S

Lsl Lsl
PKG IS —,
PWB TU kiR

HWEETO o o O SR, T lshape D ERE BEETO L 7D ERF—HEE 2,

HEETO vV Dshape D BLE EREIEET 2. shapeD Bm, CCTHELCERICEETS. 98
B3 (0, OJICBLET 3.

OEAE. #7000 RSP .0eLit kT
HEETO v DD EH,

FTEYTOEER K.

=W FEE

padstack it= "#fpadstack R FE

[ J
XML —Z2DFH955

AVR—R R T7AILD Y

N7 . |<tring [T F B, ceocke o D T IR B 1o — D Ch & L L,

— BEICILJEDECD S-S I — L IS - THEES 15,
PR,
FEBDBE, Cebult> TERFh TLBF T LFEHNER TS
FoA IRV ER Sh Tl BS R KR TR (S AR TS,
HIEHIL, HFES L RICERTD Ok, BibTILES THIL.

MA A |string
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B

unit type

<module

EVa- b E2V . EEEICREI ALK FEERT S0 £29 3l idsocke tall,
WEET OO O BETE T LAE 73 32 (Cepecification>)k, b ufliE T B Q@BHEFH

fype= <module> —D—F TREEERNT S
natme="Chins PKG_set2”
type="PKG"

s ::f’.‘g?:‘d' PIG_FRAME | LT 0T DRSS B EH D,

#= e [ PN

s o RO TODEAE.

i thickness=" NA

L

| <socket inst="ChipA_PKG_set?_PORTS" >

<o B T RES AR TR T RS Tha.
<oefaults THLLLTES, @7 OUTob L B2 D5 oAy
st <port_shape padstack_id="BALL_PAD™ /> S A T ESIE T,

; Cport AT = oBBO0° \="-5500° /> TEEEETE
Cpart id=TAZT %=T-BEO0T  y=-50007 4>
<part id= x="-5500"  4="-4500" S
Cport id=" x="-5500" C A 13 <port>E M O padstack iFzERAT D
<part =" x="-5500" gy
<port id= x="-5500" s
i {port = x="=5500" T
<port i x="-5500" C o
{port id= w="—FE500" A 2E. COTMIRT S,
PE— =" ~5500 s SR LS E DR TIIEEES 3,
2;’;: E;, i; _gggg />/> BFE)EERTBIL, dame DA S EEHLTHE
{port =" x="=5500 Fos A —ATHD L,
<part id= x="-5500" % STHEESEE,
<part =" x="-5500 %
o i . & 3R EF(E B

cport i x= 79500 2 THok, Wi THER TAEL,

SRS AT reference > TH A Fh D,
wE T COHBET 0w ESET D,
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JEITA LPB{Z#J4—<whk 4: 7% 1> J)L—)L (R-Format)

4. TH A2 )L—JL (R-Format)
<B®H>
-LSI-PKG-PWBEIKD TV /0T (BIERK. FAVIANR—RFE)DEE
BEMDIL—ILDESE
BTN T YT ER (ME. FHEETEEE) OER

<BERA)vE>
R R EELPBREI CTEAMREI T EMAIREEE D,
- THAUIIL—ILDOFEHHENREZEE . LPBREICTHNBEOLEML
BIEDA)YREDRL—FATEBRIHEET T HIENAIREE LD,

<TH—TYL>
XMLR—X
REIA—T Yk
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FHAUIL—ILDYTIL

L]
XML =22 DFHI5E unit_type Bl
<Physicaldesign name="FtF 470 L — L& "> Phyzicaldesien name /73 322 TIL. #EH <material de f2), L 4 (layer de f),
Ai— Alcspacing de ), BT B wF(<pitch defx), Fis F 4244 77 — (<bondingmire def:),
Hi— e (<ball defz), E— ILF IR (<mold de f2) 15 ( <conductar_struct>) |
HEW L (Coomponentdefs] Lo BB S OEFIHT
=material_def= HEER
EFFATEDNIHEETRET S,
<conductor frog v
material="H# &~ MAA|string |#§HE < Copperdi ¥ HE#E
wolume resistivity="tE S IERE" resis|double | {E 3 IEH ., Wolume re sistivity="1 63a—8"
temperature= AEETEE tempdouble (34 538 5 38 BE . temperature="20"
S
<insulator BEF
material="H# &~ M A string [# 145 -FR-4%4 K Di@ig kS
permittivity=" B\~ MAA(double|  ZREER, Permittivity="4.2"
tan dekta= FERLHET M4 |double SEE|L#E. Tan delts="0015"
foqrenays BEMER frequdouble [ 3BT EEE, frequency="15"
S
=imaterial def=
Clayer de £ LAvER. LI LB TRIZAN 2 TERT 2.
—ERICERIH LB IETOP. - BREEHNEOTTOM
<layer
name="IEHFE" M A string
type="dielectric & L{H ductor” NAAlstring | ZZOType THREBMERENERANTD
thickness="JF &~ distajdouble | conductor IR |XFFHIEE & . Dielectirc DI & [T EEE
Plste thickness= "NwAQEE " distaldouble|  conductor MBS (T4 0t BE, Diclectric MBS T ERHLALY
canduator mataria= EATE T MAA|string | iR EELE
dislpctric materist= REEFRH T NAA|strine | (BRI S
B
<line width BL 8 18 2R T D HIPR
min="R-E&E" distaldouble|  BAGIEERLECTELL
=" AEHREE T dista{double
£
Zarea limit "R T 2RIR. Zh b T O Dshape [T 1E AL
min="&- &~ area|double
£
°
°
[

86 Copyright©2012 JEITA/EDA/LPB All Rights Reserved

— 370 —



FHAIL—ILDYTIL

0
[ 3
d =
XML =2 DFHEE pnit,_type B
<Physicaldesign name="FtF 470 L — L& "> Physicaldesign name /73 32 T, # EH<material de f2), L 7 (<layer de f2),
A= Aldspacing def>)l ET EwF(<pitch defz). w2 Fam T 04 — (<bondingwire de ).
Hi— Il (<ball def>), E— ILFRAE (cmold de ). B 4815 (<oonductor struct>)
L2 S (<componentdefs) HL o IR S A DETFHTD
=mateg
(Physicaldesign="FH 1 )L — L &"> Physicaldesigntz 75 22 TId . #H#H < material def>). L1 Ylayer def>),
A= Aldspacing det). B P E wF ({pitoh def>) R T F D — (Chondingwire def>) .
L (Chall def>) | B—ILE TR (Krmold def>) . BB {F#E1E (<conductor struct)) |
FEEER G (Kcomponent def>) LT MIBSA—SETHRTA.
<default/> Cdefaut>F—D—FDPEFESINDZE. O —ILIFTUT R FIC RS
<{material_def> HElEs
EFFATEDNIMBEEET S,
<conductor
e B
material=" ¥l & l:F e
volume resistivity=" (& T IK{LE" ¥ COPPERTSL O HihE
temperature="HT B EEE"

L

B
<line width B 18 2B T 2 RIRR
min="1g-E&E" distaldouble| BAGIEXERLECTELL
= T TR distaldouble
£
Zarea limit "R T 2RIR. Zh b T O Dshape [T 1E AL
min="1g-- W&~ area|double
A2
°
[
°
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FHAUIL—ILDYTIL

L]
XML —2DFHHIEE unit, type & A
<Physicaldesign name="FtF 42 |l — L€ "> Physicalde sien name £330 37 T, # £l (<material def2), | 7 (<layer def>),
Aol— Alcspacing defs), EF EwF(<pitch defr), £ Fa2F D4 — (<bondingwire def),
ti— Il (<ball defz) . E— JLF B4R (<mold de ), 8 (6415 (<conductor_struct>)
i3 5 (Coomponent defo) by o SPRIB S - TR

<mateL]

<{Physicaldesign="Designrulel ">

<defaults/>

<material_def>
<oonductor material=" COPPER” volume_resistivity="1 68e—-8" temperature="20" />
<oonductor material="GOLD" volume resistivity="2.33e—8" temperature="20" />
{oonductor material="SOLODER" wolumme_resistivity="217e-7" temperature="20"/>
{diglectric materal="FR—4" permittivity="45" tan_delta="0035" frequency="15"/>
{diglectric materal="RESISTORIMK" permittivity="45" tan_delta="0035" frequency="15"/>
{diglectric materal=" REGIN® permittivity="4.5" tan delta="0.035" frequency="1G" />

</ material_def>

<line width B8 18 2B T 2 RIRR
min="R-EEE" dista)double BEEEESELACTELL
=" AEHREE T dista{double
£
Zarea limit "R T 2RIR. Zh b T O Dshape [T 1E AL
min="&- &~ area|double
£
L3
L3
[
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JEITA LPBRR#E T+ —< vk 5: DA AR ) (G-Format)

. A AR (G-Format)
<am>
REHEREBITIRIBICETROERETE
-%E'Iﬁ%ﬁ
ERBZED2XR T
VIA, Bump, Bond Wire 3:RITHIESR
B

<{FREA)YE>
LPBORERE ., —ILIZIRTFELZRLY,
KT 2D EFIEA ATREL LS,

<TH—<vk>
-PCB / Package Data Exchange File (XFL) Fromat %1%
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JEITA LPBZE#T74+—< vk 6: HEE
m Rz
O LPBTHEASNSIAEBNSETELSGELNHD.
® L PBEICIREE LAY BERZEADDICHEMN
MWNESZENH D,
HBORABZERT 5,

FAE% Rev.1.0
No.| 98 - W EX- R SR LSIf PKGH PWBH | BA:EFE
EZ3
N - o D12 8—D1— R L7 B A NIEF . b1
1[eyRURE Rk (8) Hn—ﬂarstﬂisri:—»;?;am E22 | pR—t pos, =
frvruzr [yzrLoze) | TZ7EoR
3IRVRIR MV REV R (8) [ [ RB2 R [RefDes V7L R
4FIRURE [Fuk () Fv b ESTS
5| Ry RE /3R AV V3 AV.3
B&
hoR— |&b&
6[fiz4Xk 7—% |DIE ISoCPAEY L EL AV FUTDE - ~ U R—
LS1
7T
TR T —% |PKG N7 —2 D
e [TV REIRDIE (PCBELIFIEN DN EEMEI ARG
B[k e R RS R S ]
—F
2nd/ Sk
I RT—8 [RoR DA RUTFAo I D ORIRBIDE A DB - ’74:‘rzl~ B
1'/:‘4/7
tolmir g |EEES T L,EL,,L; e
. SRR e M—
nimirge Eewmmms  [THCGSROREELS jl-—}r—
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LPBIZ# I+ —<IVrDEEDIT

[ 1. 702z MEE(M-Format)

2. ;ryRYRE

2. ryb YRk

2. xR RE

Uioran)

(N-Format) (N-Format) (N-Format)
4. THAUIL—IL 4. THAUIL—IL |
(R-Format) (R-Format)

3. aAViR—xY
(C-Format)

/\
IE/%EH??E

IBIS/SPICE
Bl [E B

[EE]
oy EY

PKG#8 %4 Board
LSH’E%:{TT R

) |
<D

BEHEE

PKGa%5t

3. aviR—=xY
(C-Format)

)

[

EIE/EEIKE

=5
o=

6. AEE

91
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1 FH = 5| (EDSF2011)

4 AETAT1 AREBEER BB BREE/N ABE LR ER
BRI 4B e
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BRI DETEE KX
« TrO#HELT REI—F—HEX
- EfRa—F—HIEX

+ E#RGloball {5 D& F#STATH 125 E . BEXRBELLTHERET
T4a2—+—iwhE (Cworst, RCworst, Cbest, RCbest)

— SSTATH—BIIZIRS LD HATF

| I

- SS*:qFAi?IFESensitivity - SPEF : {2 BB EET JLAIEEE1481 - 2009
THRE
— EREHE. FHNORIEVHE

- BHHY
- 22nm7 O+ REREL BEMLER. BRBETREREETIL
DFEERIIZTV., EESCREERE~DEZELFTM
- LERRERICEE, SSTAICK [T HRETHELRBERCO XS DERK
EETIVEFEDRE

TR/ —FEORE-EIRIN URER |

" ToOERURBOFETENEI " FoeREREOFLERNEE

—o—Typical

—+—Typical

= Worst
(Cworst)

8
2 0.18
o

€ 014
5

P tic Capacit: (fF/um)
° o
R b3

H
ParasiticResistance (Q/um)
& &8 8 8

o
5
°

XITRS2007ICEI=HH

1. 704X -/—FOWMILIC DN, BERESL-YDFEREL LUV
EHEmM

2. BB#ERCOIESDFHIFD=OIZIF. BRIRESDOETEDHIFEADLE
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Sensitivity SPEF (IEEE1481) &[& |

s [EBDENTA—EDEBIH T HRLCEE FIRE (ML
SPEF(Standard Parasitic Exchange Format)®=vy k1) X+

T ('w]:cox“1+Z(m,m-,l'\f"1+Zmr,m-,1”
) [ i |
Aw T L(p!:LDx“l*Y[!H;‘n' ;]IIHV{M _\\‘J”
-] ).k | HH R(p.T)=Rox|(1+axAT+bX AT’ lx[|1 L (m,Av |h”1+5 (rd, A v, )M
C L *\'L yl Alv‘J,J n/\ NF PJ (‘ﬂ ={{6C PIH}JH\I[LDHX \rlpr
In =((eL{p)o p L)X NF(p,)  Id;=((d L7 p)lé p,)/(11L,))x NF(p,)
T =8 R(PIOP YV RIXNF () rd,=((0R ()3 p)(1/Re) )X NF (1)

Av=VC(p)xVM (p,)
VC(p,)=0o(pJiNF(p,)
a=(d R.’! TI."RQ
b=(FRIGT*)IR,
AT=T-T,

« ERORBRENSA—EDOHAMNAIEE

« FRERENTA—2E RLCICH L TEHAIB LI REEFIELTESR
Sh, bl / REEFIEORIEZMELTRRSNS (1RH)

* RICETILEMBEAREELEZAOND

Interconnect cross - section

O
SSPEFET JL#F E 1M I

Wmt, Tmt, ToxZ . BEOERIESDENTA—F FIEL/\TA—FLYEEIND
FRI/NSA—4, FNFNESSPERBERAL-SAZTEXRET S,
BELEDHE
(BIEETI) C=Ctyp(1+ aWmt+ BTmt+ yTox) ---HEKETIL
(2IBETIL) C=Ctyp(1+ SWmt/Tox+ € Tmt/S) ---IREETIL

EREEE
(2IBETI) R=Rtyp(1+ ¢ /Wmt+ A /Tmt ) --'1iE5|E=E7'-“)L
(1IBET/L) R=Rtyp(1+ ¢ /Wmt Tmt ) REETIL

(Wmt : BL#E1E, Tmt : BER4RIEE, Tox: EE%%FFEHE%%H%F S : FefghERE)
BREEHAE:
BEIFWmt, Tox, - Tmt | L - Wmt, - TmtEZEHEL T,
+10, +20, +30 IKEDLIERKRDATETL. BEHEERDS,
LERTHEONEGEHE (=SSPEFET /L) DFEEEEITD.

10
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SRl ey

- BTEEE

— ITRS2007& O R R D&/ T A2 % H

Parameters TOX Parameters
Tmt [esom| 450m] 320w 220m| 85nm] 45nm| 320m] 220m)
[} 1E+05[ 1E+05[ 1E+05] 1E+05
122.40| 81.00| 60.80| 44.00 ) M3 [
108.80| 72.00| 54.40] 39.60
122.40 | 81.00| 60.80| 44.00 | E@_,%»
108.80 | 72.00| 54.40] 39.60
122.40 | 81.00 | 60.80] 44.00| ) M1 GN
[} 115.60 | 81.00| 60.80 44.00
Wmt
65nm 68.00

45nm 45.00
32nm 32.00
22nm 22.00

- HHIRER

TRt R /NS AZZIE : Calibre xCalibrate v.2011.1_15.11
RCHht : Calibre xACT 3D v.2011.1_15.11 (Field-Solver based)
OS: Red Hat Enterprise Linux 5 64bit

Workstation 6.5 - 7, x {x88< >

11

FCHRRCHIH S S #ER

No. A B [¢]
Wmt  |Tmt —Tox d_600 Rmt2
TYPO i 145881 | 62.086323
o 193073 | 45.426128
i 210628
o 229241 | _37.126652
o 257329 | 38.328525
o 283201 | _34.779514 |
o 286018 | _31.832054
a .395352 33.149394
8 3 411856 | _30.079940
9 o 448184 | 27.530755
WST a 453172 27.530755
[MABIK] o 0094923 | 62.086323
10 =5nm fF/um Ohms/um
Variations
TP | type01 | type02 | type03 ] typet] type0S | type0s | type07] typeos] type0d | WST | TVP | type01 ] typeo2 type0s| type0b
; 10000 ] 10000 | 10000 10000 | 10000
44.00 | 49.00 | 54.00 | 59.00 | 49.00 | 54.00 | 59.00 | 49.00 | 54.00 | 59.00 | 59.00 [ M3 Gng
6 e | aen | e [ ae | e | aen | e [ ae | e | e vie
44.00 | 49.00 | 54.00 | 59.00 ] 49.00 | 54.00 | 59.00 | 49.00 | 54.00 | 59.00 | 59.00 [Fend E'j’ [z ong
& s aen | e [ ae | e [ aen | s [ ae | S| e vie
44.00 | 49.00 | 54.00 | 59.00 ] 49.00 | 54.00 | 59.00 | 49.00 | 54.00 | 59.00 | 59.00 [ ) M1 GE
[N 44,00 39,00 | 34.00 | 25.00 [ 34.00] 29.00 [ 39.00 [ 29.00 [ 39.00 ] 34.00 ] 25.00
[] 10 15 5 10 15 5 10 15 [ -5 -10 -15 -10 -15 -5 -15 -5 -10 -15
L] 10 20 30 10 20 0 10 20 30 20 30 10 30 10 20 30
22. 0
v 5
¢ 5
Ne. 17. 5
1 1 1 10 12, 10
2 1 2 20 12, 10
3 1 3 30 12, 10
4 2 1 20 7. 15
5 2 2 3o 7. 15
6 2 3 10 7. 15
7 3 1 a0 7. 15
8 3 2 10
9 3 3 20
10=8am
12
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FL#RRCIGZ B E & |

o BINSGA—ADELDEEE, XM TARCHEEHERMND.,
RCIELDZEETILKEZEH

o EFIILKXDEH L. RSMaker for Excel (R IT £ X%
E?Bﬁ? BITPMER #HYEIFER HFHEE)%
F

A ETT I EHER |
Wmt, Tmt, Tox, S : [nm]
W3ZE(31B) ETIL (SSPEFFT) © - [fF/um]
C=-0.261+0.0177 * Wmt + 0.000919 * Tmt
-1.16 / Tox

W 2ZE# (218)ET )L (SSPEFXIHGT])
C = 0.0395 + 0.0391 * Wmt / Tox + 0.0425 * Tmt / S

B 2RK2EHR2E)ETIL (BE)
C =0.0347 + 0.0371 * Wmt / Tox + 0.0467 * Tmt / S
+0.00481 * (Wmt / Tox )2
- 0.00270 ¥ (Wmt / Tox ) * (Tmt / S )
- 0.0000914 % ( Tmt / S )2
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RETTIEEDHEE |

SIEETIL(W,Tmt, Tox) DIFE, S0% L LDETILRE

1RIAFEET VAEETE
50%
a0% F-—--—--- P it
Wo30% [
ﬁ{.‘_ﬁ 20% - * . .
% 10% [ e - - .
s 0% s 4 MY
2 -10% e %
i 20% F-----------------—---
R a0 | T
B
-50%
0 0.1 0.2 03 04 05
TypicalB & (FieldSolver) [fF/um]

SBETIVEE TSR
B=TtT /)R xn$ ﬂﬁnl:l
2IHETIL(W/ Tox, Tmt/ S)ZRALSIEIZKY., FHRE1%LTIZHIRE
F2HETLERANDIEICKY I RRETILTH T 2RAET IVERSF
DFEE
1R2BREBETILFEETHE 2R2IGARBET IV ETE
50% 50%
40% F--—mmm e m—m— - - — 40% F-——mmm e m—m——— - —
W 30% W 30%
WK 0% - ———————————————————1 MK 20% - ———————————————————1
g 10% S 10%
g 0% DR Ao 20 e o o v g 0% AR 3 anadiie 2ens A TESe o
S -10% S -10% t
L—20% F———————————————=—————1 L -20% F————————————————————1
& _30n ® 308 |
-40% -40%
-50% -50%
0 01 02 03 04 05 0 0.1 02 03 04 05
Typical R & (FieldSolver) [fF/um] Typical R & (FieldSolver) [fF/um]
RARE 2.6% RARE 3.0%
FHyieE 09% e 08%
XTHBEFERTHTES 6
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|
BRETIVHEEEES |

o BRERIE (W) | BERRIEE (Tmt) | #EZIRE (Tox) DIZE#ZE
INGA—BELIIGE  22nmT O REZEET 5. 30% %R
ARDBERENELE

- ERHRIE / BRHRMEIRE (Wmt/ Tox) | BLiRIRIE / BoRiEIbR
(Tmt/ S) D2EHZE/NTA—RETH LKLY, BREREE
XAR3%ITHIZ D EMNTTHE

e TRKETITHLLERETILEZRAWAIEIZKY . 2XKET
ILERBEDETILIEH T BE

RRERET I EHER |

Wmt, Tmt, Tox, S : [nm]
R:[Q/um]

W 1RX2ZEH (218) ETIL (SSPEFXIIGT])
R=-446 + 1242.0259 / Wmt + 2200 / Tmt

B IR ILTEHIE)ETIL (SSPEFXIIGTE)
R = - 0.000376 + 60100 / ( Wmt *Tmt )

W 2RH2EH(2R2IB)ETIL (B5FE)
R = - 0.000495 + 0.0562 / Wmt — 0.0522 / Tmt
-1.978 / Wmt2 + 60100 / ( Wmt * Tmt )
-1.93 / Tmt?
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R ET LS E SR |

RIFETILTHNIE, BRT%REEDRE
2QAXETIVERALLIE, BEZEFEEQ

1R2BERET )LFEETE 2R2BEMET LA EE
50% 50%
40% - mmmmmmmmm—m——— e — o 0% |
30% - 30% |
- TR S
3 10% [ S 10%
3 3
& 0% ..‘."3'= 3 ) -
2 -10% * 2 -10%
' 4 . L
L 0% - - - —— - ——————————— - £ -20%
R aon | * —30% |
I 0% - — - - - — - —————— -
-50% -50%
0 50 100 150 200 0 50 100 150 200
Typical#&#i {#(Reference) [Q/um] Typicali#i {#(Reference) [ /um]

RKIRE | 6.8%
FHRE | 3.3%

&RAKRERE | 0.002%
EHERE | 0.001%

19

—

EHETILEE SR |

AFETIL I Wmt Tm) ZRWSZEIZEY ARKXETILTHOTH, ETIVER
EZIFFEOICTBEMNTTEE

1RAERRET VR BT
50%
40% -
E I
%‘J:!E 20% -
L
) -
v
® -30%
—40% |
-50%
0 50 100 150 200
TypicaliEHifE(Reference) [Q/um]
=ARFRE | 0.012%
FHFRE | 0.002%

20
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HEET LS S E |

o 1/ ERERIE(T/Wmt) 1/ BHRIEE(1/ Tmt) D2ZE#%E /N
SA—RELI-BE (RIBETIL)  22nmT O REZEET S
& B RT%DIBMSENHEE

o 122U 1/ ERERIE-ECHRIEIE (1 / Wmt Tmt) /85 A—42 &L
=BE MEETIV) I FEETILVEZZEAOICTRIEN
GI):

e TRKETILTHLLERETILEZRAWAIEIZKY  2XKET
ILERBEDETILIEH T BE

21

|
BIEICH T B4 S R EE |

o F|ZEHELT=. Sensivity - SPEFIZ&HEHRRCIESDE
ETIVRETMEREZANT BERE~ADIU/NNILE
EL i

o RERFTERICEDE, (E5D2FHS (W, Tmt, Tox)ZE &
.3 aL—a ER

- BRI, Typical&#hT BEREE=V/ILEE &45
BfRR(Lw)&L. AT ERRER(LW) N SEEERCIEZERE

22
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.
S ST S 1 |

SPICEETIL :PTM 22nm LP (Bulk)
SPICEERETIL :BSIM4
EIREE(VDD) :0.95V
EAKINV(INV - X32) :PMOS (W=135nm * 22 / 45,L.=22nm)

:NMOS (W=90nm * 22 / 45, =22nm)
~Nangatett45nm>4 75 DEARINVEE A

T;%)gﬁﬁlilﬁ’é’&ﬁﬁb\‘c RCOIEDDEMD M EBERMIC KR IZTHZEICD
WTH

Delay - A :tzJLEEE (Driver)
Delay - B - ERfREE (Line)
':Delay—A": Delay-B X
N | | R R R R |
Drivel ;/; ;/; ;/; ;/; Receiver
23

.
QE IE\I 'H'E" I

RE2IFHETIL(Wmt/ Tox, Tmt/ S) HIUHEH 115 (1 / Wmt Tmt) T )L
ZAVV-EBE.. EEEHREIP1%THY, 2RAXETIL(BE :Wmt/ Tox,
Tmt/S; #EH:1/Wmt, 1/ Tmt) EFIZREDREEEZBIENTRETH S,

(C:1R2IE RIRIIE) 2R2IEL
50% 50%
4% - m - 4% -
30% 30% [
2% - 2% -
|.E 10% o Line LE 10% ¢ * Line
S 0% e e . . S 0% ey — — e - . .
T _10% - ® DrivertLine < _qo% | = Driver+Line
-20% |- 0% o —————— - —
e -30% |
-40% |- -40% T
-50% -50% ; !
10 20 30 40 50 10 20 30 40 50
Delay(Reference),ps Delay(Reference),ps
JKRRE | 1.4% RARRE | 0.9%
EHERE | 0.4% FHIRE | 0.3%
24
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EIEFE ELM(BIEET L) |

ARE3EETIL(Wmt, Tmt, Tox) . EH2IEETIL (1/Wmt,1/Tmt) Z L V=15
B.20%%BA5BEETIRE

(1R3E)
50%
40%
30% .
20% SR T .
L 10% ..
S on g . L
© —10% <o -
-20%
30% F-————————————
0% F———~——————————

25

« 22nmTO0EREBEL, BRI DEAARYNI AN TH—
ZwhSensitivity - SPEF (IEEE1394 - 2009) (D32 5 {fi%
£y

- ECiRIE. ECIRIRIE . MRRIEEE/ NS A—SLLTSSPEFET
IVERLTZSE . 30%EBASBERE. 20%DEBIERE
NFELE

+ Sensitivity-SPEF (SSPEF) £ L& EAT 3BATHT
$. BofRIE / BoERREIIEE (W / Tox) | ERIRIEIE / BRfREIFR
(Tmt/S) . E4RIETE x BRI (Tmt x W) Z(EDDEE
BNDBESNBERE/INTA—HLETHIET, BERE
%3%. BEIREZ1%(ZHIH| AT 5E

26
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TOLREDDEEEELI- ERE L
DONBTIH & EARATET LR

27

B=EEH

de = |
B3R

— HHASOCHIEREMEHET TIX1FIT (=10°[E]/FF
=105E/FE)RNILD BERIENERSINDS,

— EBIT NBTIOLEWMEBELEICIXIESDELAHY.
1FITLRIILD BEZEZRT DICIE. ZDIELDED
EELERTIVHELNHD,

- HAEY:
— NBTISG L4 ED IS DEFRINTHE
— 22nmCMOSTONBTIZS L4 EEZFRITHE

28
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NBTI |

-, Trap
Vt»’/:
'
'
'
'
'
'
) - ?_&9—
Vg2 1.8V, 1.7V, a 'O Va=13v,T=108
1.6V, 1.5V < e o
.
= . (3 2 o8 : «* § 3
=] =2 . H N
. % °® v s ]
& el . ' g 06 .
I
- < e g, .
. > R z ™ Egg 8 8 E
1=
01K Ay v 2 02 /= 11V, T = 30°C
v
b2 65nm technology, T=105°C E oo 65nm mesurement
10' 10° 10° 10° 10° 0 2000 4000 6000 8000
Time (second) Time (second)

Wenping Wang et al., Statistical Prediction of NBTl-induced Circuit Aging

* NBTI
- PMOSIZED/NATADBEHIMENDZ &Y, PMOSOLELMENEE)- &
LT BRR,
o Si-HIEEDMIEICKY REEM AL

o F—FEBMSERICEFLA I RIL, EADIYTHEES 2

RDF variation |

RDF (Random Doping Fluctuation)(Z, ER A MIZH#-TIES DI EMRFISNTIVS,

1MOS ¥ : E
L = 0. lum, W =0 8un L =0 lum, W =08xn == 2
(75 =0.3u4, Vs =12V) (Ves= LIV, Vos=1.3V)

H. Masuda et al. “Challenge: Variability Characterization and Modeling for 65- to 90-nm

Processes”, CICC’05 Abstract, pp.594-600 , Oct., 2005.

30
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BESLETARRE (121 —%) |

o AL ENYEERFEDIESDEE, RDF+HNBTISEEEE
L/\ @%Dslb_t/ayégjﬁj_éo OVdd

o 40 on

Flesh (RDF)

pdf © vss
coun 1 years (RDF+NBTI) EE E
SPICEETIL/S5A—4 PTM 22nm HP
SPICEERETIL BSIM4
del BREXE 0.8V
e ay =<5 s |P_W/L=400nm/22nm

ERORTVIRTYAX N W/L=3000m/22nm

2011.03.20 31

B SES L fE AT |

EII;I\IIIIIII“ [ rl

Z
o
o
S
.
0!
J
n“_
Nt
F
i
&
3t
A
Sl
At
S_ E
ﬁ'mj
i
\'l
n
L
C

—iavL-#ER
- 1TENEEROSILE
— Vth Shift: #790mV
— Delay:

+  +36% (typical)
. +60%(+30)

NBTID X5 DEDFETERTERLY,

32
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NBTILZLMVE

EBEELINED D

© EBUNBTIVIRERADIRITT/NAAVIaL—2av DR

kil

c AR NHBMEREELSMOERERKLORELH
- MEFEBRA—HLTEY . IR A THLTESELE,

0.999
0.997

0.99 y: j y i
098 o 5
0.95
0.90

0.75
0.50

0.25

0.10
0.05
g8

0.003 -Np= 1x10' em®

0001} :

0 002 004 006 008 (K]

AV, (V)

Prabability

Left to right traces: 7
-N_=1x10" em™?

Asenov et al.: 45nm

3

r>

Normal scale (Sigma)

.

!
<

100 150 200

IEEE TRANSACTIONS ON ELECTRON DEVICES, VOL. 57, NO. 4, APRIL 2010

2011.03.20

250

33

NBTIETILDELETFItLL N JL DEHT |

25

T T
=MD TET I

9
A —EBHHEFL 8
\ —HMTFRAEE 7 HYERHBESIL
| —
i 2
a E > N
10
ﬁ% N
.
i o]
2
_ )
0.05 0 0.05 01 15 02 0.25 03 015 017 019 01 023
Vth Shift[ Vth Shift[V]

RDF+NBTI(10000hour)

- RDFIXERSH

- NBTIO#A (&, ERSMELIIHRERS A
NBTIETILDELMZELS. 1Fit=430@1Fhour)
LRI DYEEE

—  Vth Shift = +50mV

— Delay = +34%

ERRS MR E TIL1Fiteso) THo=H DA, #f
ﬁ ﬁﬁ\ 59f_i§ns 4100Fit.20 48 4

T ——ERSHEFIL
T —HERSHEESIL

.
>

//

/

/ 9 11

delay[pS]

13

— 414 —




{E3EM (NBTDETILIAEF LD |

o EEMEMNROLNDSOCIZEWNTERINDLILIFLANILD
[ES5DENEEEIZEBL.NBTIOIESDENEEIZEZ 55
BHEERLT-,

— NBTIO[EHDERZK
s NBTIG{EARFIEITIESDKHE
- NBTIQESDED AR
c [ERDOENHEEFRESFOMKOEE CHRIERD R

- [EEMEOHEHRRITE . 22nm CMOSA U/ \—2 B BRE I
PESIETEHEL =,
— RERONBTID MM TIFITLALDOSIED, RIZEOBHTT
(F100FITEL B EERLL=
- SIEAHOMNEEEZERT HIHEA . NBTIS LR ES AR
EELKR-BIRMAKRITHS

35

5 |

o T OERIZEITALSIEEEICE N TIE. BRIES
DEPEEMZELHET S, SESFLREN BT
ELTHEY. BEMTORRNEHICG>TETVET

[l

« JEITAF/HARYEREFWGCTIE, 5IEHKEE. EEX.
REFHFEUEOHADLE, HIHFREDRE. B
U BRFEDREEHETOCNEFEY

s SRELBRIUOTHNOESENBLET

36
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4.4.4 1TRS (ERR+BHEMO— K<y 7) DN (ZD1)
~LSI FEtHEfion—F< v 7 (REELHERE) ~

TRS (B WEkEHO—RTy ) OB WD

LSIEREtEfifooa—FK <y
~ LR RE ~

20114 11A17H

JEITAREBHKE iIO—F<vy7EFREE L (STRY)
Bt —X2 55 I —TWGT) il BEl

ULRYR TLHMOZIR)

Work in Progress - Do not publish System Design Forum: November 17, 2011, STRJ WGI Design 1

|
PO

& [TRS I ZE£75

& ITRS System DriversE #3491
@ [TRS Design= B4

@ ITRS DesighED Ayvtz—
& STRJ FZETWGDFEIRAE
@ [TRS/STRJ WebH A FMEA
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