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Table 1 Surveyed processors.

Tuk Ny | TueA | BERER (a7%| BN 3R
Alpha IH DEC| 750 nm | 299 MHz 1 26 W [2]
Alpha |H DEC|350nm | 600 MHz 1 7T0W i3]

Cell IBM, | 90nm | 4.0 GHz 8 - [4], [5]
"E
Cell IBM, | 65nm |~5.2GHz 8 - [6]
Broadband RE
Itanium?2 Intel [130nm| 1.5 GHz 1 ~130 W | [7], [8]
Itanium Intel | 65nm | 2.4 GHz 4 - [9]
POWER4 IBM |180nm|1.3GHz~| 2 | 115W | [10],[11]
POWERG IBM | 65nm |~5.0GHz| 2 |~100W| [12],[13]
SH-4 HY |250nm|200MHz | 1 - [14]
SPARC Sun |150nm| 1.0GHz 1 80W | [15]

V9 64b
SPARC Sun 90nm | 1.8 GHz 2 90W [16]

V9 64b
SPARC Sun 65 nm 2.3 GHz 16 | ~250W | [17]

SPARC64 | B+ [130nm| 1.3GHz | 1 | 34.7W | [18],[19]
SPARC64 EtE 90nm | 2.4GHz 2 ~120 W | [20]
SX-9 NEC | 65nm | 3.2GHz i - [21}
$/390 IBM | 250 nm| 500 MHz,| 1 - [22]
G5, G6 670 MHz
UltraSPARC | Sun [130nm| 1.1GHz | 1 53W | [23]
UltraSPARC Sun |130nm| 1.2 GHz 2 23 W [24]
UltraSPARC Sun 90nm | 1.2 GHz 8 ~63W | [25]
T1
UltraSPARC | Sun 65nm | 1.5 GHz 8 ~84W | [26]
T2
Xeon Intel | 65nm | 3.0 GHz~ 2 ~150 W | [27], [28]
x-86-64 AMD | 45nm [2.7GHz~| 4 |~105W| [29]
core
zSeries IBM |180nm/| 1.0 GHz 1 - [30]
z900 IBM 180nm| 1.3 GHz 1 - [31]

(a) Tv7

b)Yy ¥¥FN () RNFaAT

(d) ¥ vFa7
ty b ay SoC
M1 BEOED? S O5E

Fig.1 Classification from the point of view of size.
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Fig.2 Trend of processor development.
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Fig.3 Classification of design techniques.
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Fig.4 Signal propagation between FFs.
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Fig. 6 Hierarchical design.
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Tty Rryy | HB 3 7N PG 2 Py
HAYN | HAY A
Alpha H DEC | 10% | — 90% — | [2],[3]
Cell IBM, |40% — 60% 5 [4]
HE
Cell IBM, O — O 3 [6]
Broadband %3
Itanium Intel O O — e [91
POWERA4 IBM O o) O 4 [10]
POWERS6 1IBM O — O 4 [12], [13]
SH-4 B3z @] O O 2 [14]
SPARC Sun O — O 2 [15], [16]
V9 64b
SPARC Sun O O O — | [17]
SPARC64 BE — O @] 4 [18]~[20]
SX-9 NEC O C — 2 [21]
S/390 IBM O @} O 3 [22]
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UltraSPARC Sun O — —_ 4 [25], [26]
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Keon Intel o] — O 2 27
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2900 IBM O O O 3 [31]
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TWBEELH 5 [9),[62).
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Fig.7 Types of block sizes.
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Fig.8 d1/d2 distributions of different block sizes [63].
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BI 8 1%, 180 nm D& T T R & fifio 7-EBE DR
= 2HWT, 7y 2 A XLEHRT 4 LAD
BRERLAELDOTHS [63]. A4 XDEEE DD
THY Z7IZBVT, FIANRTFRICERSNLAS L
V=NOWMARE LTy ZIZEEN, LirbL Yy —
NWPE—=DBFD2EYDRy MIOoWT, FRFho
BT 1 L A OEE O5AG % LBGER 5.
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LAZdleL, BEBHRORERTFCOmMFLEEL L
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LA THb. AF—VF1 LA CBOTERET 1 LD
EOLEELFOERONILER 8 IT/RT. K8
(d2—d1)/d2 =#ghic, BRI L2amr 7 7
THhb. '

(d2—d1)/d2 X 0225 1 OFEATHAT 5. 0125
WE ZAHEIEBETAVADEERIEAE LW LR
EFRL, 1 1SS ICONTEBET 4 L A OBEIK
EL b ZlERT. B, HSITMLz7Tuy s
DFILER 3 ITRT.

B8 RUF3ICLY, 70y 7 A XHWNEL %D
3L, 7y JATOERT 1 LA OEBITNEL R
B EWSA. 2%, 3.3 OEmEbEA L LTE
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F3 70y 7O#ET[63)]
Table 3 Profile of each block [63].

r— A THy s v, | TEv I
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*WMEL, 7uy 7 EEZEHRT 5T v THILT (chip
assembly) DFEIBWT, TO v 7 EE F 720558
ADT A VA 2 RBib T HLEND 5.

Ty 7H A X e RELTHRETOHE (K70 (a)
DIYAT) X, Ty AR EEERENT A 2 EEERT
% — A%\, Ttanium [64], SH-4 [14], SPARC
V9 64b [14] TiX, 782y 7 BB THEOL XV TH
5. £72, Xeon [27] TD, 702y 7 OH A X% EK
BIZTEBLITRELLTWAS, ZDEHRKEN
A X070y 7 ICHERGET ST 2854, dhk
v —nids A I v eRELLRLTW. LrL, 7
Oy 7 DA ZXPKEL A SARERICLLF1 L
A BZZRBTHLENDH LS, BEREIY -V TIE3.3
D (f) 2R L7z LA ERME OB R 2 F 258 L7z
¥, HEEEEHIBWTH RS & ZE T 5 B~
AEEITH LT W5 [56], [65], [66].

Ty 7Y A X RELTHPDr—RAEL LT, —
e e L]
Myszeicky, VyE—iEAS L RERFIHZ
—HIZERTAESLH D, Tuv st 4 XiE, H
FRRRE R N — R ICH A ¥ AEET 2N ED L Z L %
EZRLTHREENS. 2D X)) hTFiEid SPARC6L 7
Oy HORETHEHEINTEBY, 7oy 7 I+
T& 5 [19],[67). ‘
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Fig.9 Boundaries of logical and physical blocks.
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&, mEER L YHBRS B L Twhniwvng,
IHBER L WEHER Y R GAE, —HELT
VB BN THRE L WEO—FRIETH S LVS (*23)
PEGTHILEDNTELEVIEFREZ L. Wigo T
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Fig.10 Types of hierarchical design flows.

TovsA
TOviA
% TaviA
¢ BE D AL
JnvsB JrwiB JousB
(a) FralVhAR b)) TRy FAYE (c) =7 F ¥ 2AVER

7
B 11 7uvz7EEOEE
Fig.11 Types of block placements.
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Fig. 12 Typical design flow.
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Table 4 Design along time frame.
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Fig.13 Share of routing layer space.
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BT, VER, v MER, EREROEEIHE
AT N A, IESNERE, EELSOREEOHT
WEORY FREVERKFILTSHTSLZ LD TE,
EOMBPLE/-ON LI ERELLICEHI L
L., Ik, FyTrBEEoTay 2 125E L
WATHFHIBWT, o7y 7 L EETIESICH
BABD 7y 712 BT B EH ORI & F I K %
LREF A ED L EDTE L, B, Tuy IR
T/ AR EFERLUIEMEE2ITTo TR s g4, TV
Fhy TTHRIELNLTWAEBEF ¥ 2L (¥29) @
B2 THR L, BESELTYwA Ry ORI R
ZD Ay MIBET S EMOIERHER D B 055 Bk
FHOSTRRL 2 5.

5.4 THUEEIOYI7DE1I2TOEFIVIE
BHBHTy 7 OFRFIIBVT, Ty F T
¥AIVIBITTCIE, FIUIVRAFLARLVTHREIER
Te7ay 7 b I VIR LNV THEN IS, B
N 2 TERETEN LA, EAR—-ATHRITT 5
AL NFYDATVLNWTHINT 5 _0oDr— A
Wb, EVR—=ATHRFTLTHEIZ020Db5
FTrSUIVRATLARNTYA IV PN EIToTV05
D%, POWER ¥V — X KU Itanium 2 OFFEHCH
WTTHh5., ZOEHIZ, L R—A@ETEDRIER
BETBIEWEoTH A IV IBNBELRIET S 72
% [10], (18], # A4 I v FRFTORERR L 84k 7o
T AEBRGOBIEITOES S D720 [8], LIV X—AFK
RIS T VRS A b 24T ) 720 18] 2 &
TH5.

A IVITBHPRT L-7ay 2L T, €0
Ty rEELENRBEOTO Y 2 TY A IV TRIT
BT H972008 4 2 FOETFMEIZOWTIE, 2D

DEFIEDH 5. —OHOERKIE, 7oy 7L
T—HDOEVDEFIMALL R, 70y 2 D& AN
VPN EYETOFAVARIAIVITTFTAT
F1) & LTI T 2 78 Ch 5 [2],[7], [10], [13]. =

Ho@EREE, Yoy 7AWz VERE s VA
DLNVETERLTY A I V7RI %21T) HiETH
B9, 43IV 79475 RAEET 5 HEN—Kk
HThBY, BIEETRBOLIEER G TR0y
NEER L TRIT2fThbis.

6. HRXELEKE

HAY LG B EERT S LY P A B

RERETEDRRET L, KEREM D REFESAF T
HEFFHETH S, CE[R0] T, H AL LFEEHE, W
BORZANR PR —, NFUTIRAYDY AR,
I T Y YRR EORORME L ORI
LTORETH L, LEHZELTNAS.

HEIREET L D I A ¥ L5 J®ﬁ#ﬁ&%ﬂf%%ﬁ
B, B4 BB S Twa, CHk[81) TIF, %Etoz
NENDOEREICIFET 2 AMBES ‘iﬂ&b’(%ﬂ%r
MEL T LTI, %ﬁuﬁi@k?kléﬁ%&

LERETOF DL, E EEHBH L Tn5, 3Tk [82]
BEhR% Ju%x%nt%#®%§ﬁ®¢f@ﬁffé
D, B THREMEZLTAREDL /) R~ a &L
&m#%k%%LTWé 72, 3CHL[83] TiE, # A

LEREHIEMIC X AR TR, AT X 535
tﬁ%f@ékﬁ%bfw%

Bz 02, BENEEETLT L O Rl R % B Wl
Bf%R 14 1”7, TAUEICE[84] IREN T
LB CHAH, AMDENV A, B, C, D»5%5% b
VARG Z b, SHMTHEIN—2OMEICIE 2
BORNIZFTBALr — AT, FHIBE 2 HE) 2EHo
KRS THEV) BERBETRELENS HE)
WMETIE, (a) DL) BFEREIELNS. LL, &
VBB HEBROSFIVN S WHFESR L O Tl
ﬂibwtb,iﬁmuaﬂwﬁﬁibﬁwm%a&
5. (b) D& ERZHEEETHEL 202X, ¥

__________________________________________________________________

__________________________________________________________________

() E@bﬁﬂ%@rﬁk% (b) Feili 2 KLE

14 Tl 7z HCE [84)
Fig. 14 Optimal placement [84].
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] 5
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(8) BEFEFN (b) FIYVAFEFL (¢) LATY FEFL

Bi1s FIUIAYVUNVOBRE
Fig.15 ‘Transistor-level design.

NTO LV EEGEOEREO &R O HEERICED 540
S5, EEOr—2ATiE, 3.30 (a) 25 (h)
FTOFFELTHMASLE LRV O RERET RO L L8
W B0, BIRTIIEM L -REH LB A A 4
EEto T EEIRE & D BB LEBRICEVW T W 5.

FFUYDVRZLULANTHRY P A MERREL, LA
Ty hOAFTIFI ZNAAY AFFCIR, M15 D
(a) DEFETNVIEDLTIZ, Fv PR MEETI
byDNF VY IAYETFTNEFERT A, Fi2, VAT
TRRED () DL T YTV AILANLTLAT
7 NEATI.

BIZE, NI YTV AELANNLT NAND D& L%k
T A5G, T4 LA xS LTEMEB LR ERT
LHEELT, £50L9) % ABEOMETR %A
GheEDH I LHTE S [30],[31],[85]. BRMEAYICHE S
N nzffio CTHEBREILERALHE, 3.3 (a) &
5 (h) FTOFFEICWEINDLY, PTUyIRFL
NWVTEFEIT) 7NV H Ay LRETOEE, BIZES
D &) LFEEMAS LY RELITE L&é L
L, HEHEIHEZOS7E TR 25, 7B, X5
RT LI B NT VIR OFR#ELE HIET S CAD #
b ERLEN TS [86]~[88].

2T, HAYLEE L HEREHIBWT, £0O%
SRR EIERRIIOVT ED L HWVDEDDH LIS
DWT, fAT A, CHEK[RY) TIE, HEr—DoDT 1Y

DOFFHIETAHME AN VY —AZNEFNRIZON
f,ﬁz&Aﬂﬁkaﬁﬂﬁéwﬁwaé WA Y
LRETTIZ S ATIHAMTH 2013 LT, HEIRE
T35 AT6EMEZR-oTBY, ABEEBEHOBET
A A Y AREHIEERETON I FoRES L ko
TWwh. JCHE[90] i, HENEEETOEBMEEIIN A S

AL DI 0RBEN T EATRENT WS, T2, X
BR[65] TIE, 7 A Y ARREFL7zRIERICH LTz Ic B
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£5 FIUYIRAYO 4 FEEOREE

Table 5 Four kinds of transistor tuning.

FES0F SR
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NI =LA [F A4 AR RELT B LWL, \HANELARD,
ERENREI SR R B
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N=FZ Ly |BIICEREND nMOS DFF VYRS DY A A
EEAAHIECEY, YEYESLTHO

T4 VAREZDLILENTED,

VSsSs ICEFIICERSNS nMOS DTV VRY
F =LY F | DA X% VSS HIMSIEINELTH I LT, B
?D VDD IGEWHDANE Vs ro7Fs LA
FNELTBIENTES,
FTRCDITVIRID Vyy, &R Vi EVIZT S
Vin ZEIZXY, PV RIDATI OB ETD
FAVARNELTES. ZORDY, BLEKR
WREL B,

@ﬂﬁ%umﬁé X D HEREL 30%NE L ot
SR 0% E TR oI EBRENTVWES,
&ﬁ,ﬁx&Aaﬁiﬁ%;bw?mTéiiﬁ

BHEOXBTHBE S TWD, XCH[91] T, 7o

Yy FERETOREEN S, B LREMEEOERB TIZAD

BROBRFMEXRTHE L 2R 2EETELEI) 2L

A7 NTIm s FREAL, BAY LEEHIBY

LEFETORLVELEZES TFEICODVTRRT WS,

TCHK [92] Tid, RIS H A Y ARREISER SR Tw

57— S AR DRETIZBWT, WmEeHR Y Es

W e TELEZTHEALCHEET 5720 0FHE)T

BRONTWE, XHR[93] TIX, 7 AZ LFEIETY

Ty 7IIBWT, EIZHE L CHEEET & 235

ERBIZH R Y BEETPLBELRESIHT T, BBk

FRE A A Y AEETOWM B WY ANT=E I WA Y L%

FOFHRIIOVWTHRRT VS,

7. 243 TREFE

ARELE TEEET X, BRA¥ LE REhIC Hé?]ﬁﬁl,lnln
D7z, Fu FRLTEEO 7Ty 7124588k
FrEanhs,. Zoizw, 7ukyHEREITOy LI T
BEfblE, 7uvy 2 ROFy Ty 7O OB T
fibhs, Fvy 7 by 7R, Fy7ETCTOy 7R
FOMOEHRPORE INE, 20X ) RaElkaHc
BWTC, ¥4IV T eimELT 5 =20DFHEIIONT
AT 5.

7.1 YA

I UDVARY LNIVTRETEIT) TNV RS LEKEE
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Y=NA@wWL/ 70ty FEAFEOBRRE 4 —RURIL e EHT 5RE 70— & CAD VA7 45—

FEBTHIENTES, LiL, BICEMINE
VNDFAT ) ffioTIT) LI DAY LEETRPHE
RENCIE, RELRENOVA XOBIRPEBEL L2 5.
Bl ZIE, 4 /8—% % NAND ZEDEMIZBNWT,
WED F T v VA5 QIRDPEEF A XD NEDODLD
PHEBEBEINTHLE, L0V X0V EHEH 2
LR CHEDERET IULENDS.

CNEBETLIARENEFHLLT, aysrr
74— b (Logical Effort) &9 L[S 35, &
DOFETE, BEOFOEV DT VA 4 1F, 3
(B) DEHCEFMEENS.

di =7 (gihi + pi) (5)

T, 7TIZAREAR T O AIIBIT L EREY AL
DA v N—=F ORI E ANBEOEP LHES N
BEKTHL., 0 1F, & 2FEE T O ATHK
35y ERF LR WETICOHET 5720 I1IZBA S
nb.

pi \38ET 4 LA (parasitic delay) &IFiEh,
Y L A0 Y N—FIZBWTHHE VICEFOES
BHEVGEDT A VA Z piny EXRFLL, MOBEEHD
ENVIIZBWTHNY VICEFOBERESZ WIEESD T 4
L AL piny PFEICTZ o TR EDE VI D72 ETE
YA,

G ROV AN T 5 —bEFEN, BEVDOASE
VRBERREESAADA VN FDODATE BRELF
Cl L7256, Vol E Yy P—Eal e THE
T2 ODREMBEED A 2 N— 5 OFBERE OMAE
Wb PERTMETHE. ZOMHEIE, EVORES A
FEFOXVAFOANE VHICI D RFEAHETHY,
BMFEOWS I T 2 RN ERMOESOE &L E
T LHBR[B8] TidA v NN—- 7 DEE%E 1 LEHRT L7
», 2 AJ) NAND o613 4/3 L kb, £OHHE,
AYN=FBIEEYEITOIDFA LA ZFLELT S
7212, pMOS D+ 5 ¥ PV AFH A XH nMOS D 2
Lo TWA, ZHIH LT 2 AJ) NAND D54,
pMOS K" nMOS O ED b T ¥ I A& A X9,
AYN—=FDnMOS D 2L o TWAE., ZDFER,
2 A NAND ODANE VFBEEA VN—FDATE
VEBEFULICLZEE, 2 AJI NAND O ER
A YN F OMIIBERD 3/4 L %Y, FIHERR
X 4/3 510 %B720THhH 5.

hiZZbL 27 AN T 4 — b EMENR, EVICE
MENTVLAFOBENZDOENVBEDO AN VE

BEOMEIC o TWA P2 RTETH L. DI,
77T ML LHEINS.

ZOUTVHNIT = DTAVAET N E@FST
B NDIADT 4 LA PD25TET 5 LR (6) D &
I b,

N
PD=r Z(gihi + pi) (6)

=1

OVHANITT A= DTA4UVAEFTIVTIE, p; 1T
LNVDOREI A TIZOALoTHEREY, VDA
ANWEFE L vy, L2 T, PD BR/NCT A7
DI, gih ORAMOBWA 2 B/AICTRIT I . H
IEY > HFEFEHTH L0505, TRTO K LT
gihi=git1hiv1 = f OBEHMNTY = HEEy &
%Y, gihi OB RANELRL., ZORER, PD D
/ME PDpiy, 133 (7) TEEINA.

N 1/N '
PDyyin = TN (H(Qihi)) = TNf (7
i=1

COUIHIVIT 5 — MOFETE, 525078
ALDEENVORHE YA X e RO B 20121%, $F
FDINADNWTC N ATRE DA C RUISA DR
DENVDATE VEE Cins 25 f 2RO, /SADE
HEBEOBMPOHHIZAY FUAME ML — A LA
5, MALDEZEEMIBWT ghy = f £ 555912
ER BB e 2V DY A Xz LT, /16 1R
T L) LREEDRVIEN C ZBREIT5 3 ED/3
ADPA, NAEDZELNVOREHE LY A X 2 e 5
LA, B COEIPSEN 1 DO A X ki, B
EENEV1IDODADNEVEEPLEL2DH A4 X%
WET S, RIZ, BELVOI A X 2RETHDDE
R EF A HET S, BWICIO/SAIZBITA
Frkwze, X DL k2.

c!
g=4/3 943 g=43 I

h3=C,-,,,2/ Cin,s h2’=Cin,1/ Cin,2 h=C/ Cin,1
Cyr5=4C;,5/31 O C,,=4C,,,/3t 4 C,,,=4C /3f
16 TYHNITTF— b
Fig.16 Logical effort.
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3 1/3 5 1/3
= (H(Qihi)) = ((%) -C’Z,g) / (8)

B CREEHTLEL 1 O% A X5 ED 51T,
Cing ZHRONIT IV, g1y =
THBDT, Cimy=C-(4/3)/f L7h. Lizdt>T,
1 TRIDEISENCADEVREOR VDY A X
TERT L. ZORNVDBERIZEY G PRESND
&, BIZHIEDOEN 2 DF 4 X2 FIRICHRD L. Cins
PRAFABEOAR C LR Ly —Z2TiE, X (8) 12
D f=4/3%b720, Cina = C-(4/3)/(4/3) =
L%, FERIC Cino = C-(4/3)/(4/3) = C L% 5.
2%0, 2 AJINAND TH2EV3DANESYFE
LR UEM%E 3D 2 AJ1 NAND CEEI§ 254,
NS 3ED2 AJ)NAND o4 &L wE
BN ADTAVAPRANE LD EERLTVS

ZOLIICENDRBET A A EPRELIZEE, TD
T A XNEVEVPEFENTVDE I EPEETH 5.
DL A IHANIT T+~ eEEBLTIATIY
mﬂ,fwé$ﬁm>iﬁﬁ[18] Bl IZRENT VA, %
B, LHLBS BRI H VT T 5 — PTlE, K

BELANERZOAN—ZZBEINLEZV., T, B
UHNVIT F — MIGHREIBER BT A LOT A
AafEit A2 L 2EME LTHBELA-HHTH A
72OTHL, uVAINET r— NERANDYF LTS
CELTHEFCERR2FETH L0, HETIELA
T NOBRBTOZOMEREMHATESL L)1, Wil

TIIARBEERATEED AN — b EE L =T 500
FEEINT V5 [94],(95]. %7z, SOOI ANLTT 5 —
MIXBENVTA DV 7T REIMLICEATSZ LD
g & LT % [96].

7.2 VE-—&#&EA

Fov 7 ETESzREBERTLILEND H5E,
BHRICVE— 2@ ALTEREELZELL, T4 b4 %
WETLIFEIERONSE., VE—FH/AOELRN
FAT) X AE LT, van Ginneken 2 X 5 b DWH
%wm TRy DX Fy TERO Ty &

WHBI SN TERFTENLEE, V-2 DL HIH
AT BhEV) ZELEELRFEIHE 5.

JE—=F 2 ANTHECANEVWEEL) T4 L
ADVKETAERANEREE ) T2 V) E— 5 g
Lorr MR, ZOWEE Lorr (X, 3N (9) TS
% [56].

2018

(4/3) - (C/Cinp) = f

Lorr = KRgCg/\/Rwa (9)
ZIT, Ry, Cg lFENETNY V— & OX )VHERD

EHEUBEET, Rw, Co 3EFNFhrolBIE
VICERANLEBOBMNEL ) OEM K UEETH
5. ¥z, KIANE Y THERINLWEILDOA V-
JE—SDLVEERTA NI VIVAID L ZWEE
JE7% EOBRFIEMCHRELERTH S,

BT T ZAOMMILE DI, FIYVARSD
T4 VAR TEBEO T4 LADWKEL 2 BT2D, 2
DB Lopr WAL E & HIZH R >TWAE, L
DWoT, Zo0T7ay JEOEEFNIE—F LR LT
207y JEIHAOTIYy O LEENS L
THT TR L A%E, FEAT O ADOHREITHES
TIEL %D Lop WHIELT, U E—5 354857
0y 7O A Xb/NELTHLENRSS. £6 [51] 1
90 nm ® Metal-6 TD Lorr % 1 & LT, Y870
AT LN RETRL2SDTH S, Metal-3
(T Metal-6 & ) TUORMETHY, HUEEHD O
DS Metal-6 &L ) KEWoI2, FAUREAR ST &
A DAL TIE Metal-3 @ Logr, DB Metal-6 O{H
X/ E W, F72, Logr 1% 320m O TIE 90 nm
DRI TRH 1/5 Lo TWVA,

ConT7ay 7 IZEIZY Y- % AN STk
17 WRT L9112 (a) 225 (c) D=Z2dH 5.

(a) 70y Z7ICY =¥ A F— 3y EIHTNAEE
AL C, 2212 -5 2EET % [27], [64].
V¥—%ixvuavy s AL BEERTARAY P XL
ZEmMENA, JE—FIEADDIZ, Ty s Ad

F6 FEESTLAMATD Lorr DHE[51]

Table 6 Comparison of Legzs in process nodes [51].

Eo#Z | 90nm | 65nm | 45nm | 32 nm
Metal-3 | 0.43 | 0.24 | 0.14 | 0.08
Metal-6 1 0.56 | 0.32 | 0.19

TavgA JovyB Jovsc
a) >
b) P>
IOCXT

t N
VE—2RF—iar  JousBicBmEhiihTF

B 17 U ¥-5 OREBTE
Fig. 17 Types of repeater placements.
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Y- NARI 70y FREFEOBIRE 45— IR R £ 5RA 7 W~k CAD Y A7 A—

5COFENFNDAY YA MIOWTIIERT S0
ik, 7uv s A»S CrEUCENREREO 7T Y
JDFy VIAMNEEETLHRETTE . L2L, 7
Ty 7RI E— FiEADZO DB HERT HLE
BHAHL, VE—FOEREBMEIXTT v 7 OB O
WRR6NAS,

b) 7uvy Zz7oLicY -4 2WMBETEL L2,
¥ — ¥ BRI E 70y 7 FICER L CRET
% [10],[18]. VE¥—% 1k (a) OFFELERKICTE Y 7
ADPS CEELENEEO7Oy 703y M A RS
R ENG, T, ASKAZYE—-F1E, Tuvy s
BOLZEDOBRBELRGFICERTEETAZ LD TE
5., LaL, ERL70y 7 TR E¥E—FDORED:
DDGFTEHERT HULERDH 5.

(c) 7y 7 EICAHMBE Y 2#H/zIBMLT, 20
EVvaEHRLT7uy 7oRiciEE sz ¥—4 %
BHTA L) ICERETA(26). 70y 27 BEEDOR Y
FJAMIBWT, 7By Z BOATE Y251 ¥—
YDANE L, VE—YDHRBEYRTay
7 BOHMBDEYICERENS LI B EiTv, VU
Y- OEREIX 72y 7 BOBREOFTIT). JE—
FIBADIZDIZ, VE—=F %2 ANLEEVFET LT
Oy 7 ROTREBO 7T Y 7OWmHOE Y F1JA B
NOEEPYEE 2L, V-5 OBEIL, 55475
TREED 7Ty 7 TITI.

171I28WVWT, 7av 7 B DIED Lorr £ D/NE
WIBEIZIE, Lopr DEFRIDV DV E—FEHAT LY
BN, L7z T, 70y 7 OIREEED Lo
DEZBZ VW ERFRHETLIZEICLY, —DD
THy RV S LTCHRYWAZENFNTE A0,
COXIRFHFEELoTVRETr—AbdH 5 [27)].

7.3 LAEIREEIM

VY¥—%BAICL D713 I RElbolaric, B
BOBEPLAVN SV B OBLE TR T 5 FETY A
IVITEREILEITISHESDHSH. POWERA4 [10] 0%
FiZ, Fv 7y TOEROK 30% 1ML T % 35,000
RKOBED LAEHBIIBWCHE TR WA A S L
BENE LTEBEINTWE, 20132, Futy
RETEHI [5], [13], [16] 7 12 BT, EATECHEFIH
WCEB54IvrRBEPERSTWS. £72, £
FYE—-FFEAZITV, ZNTHIRRTE VAT
FUREEEN ZEAT A L) RHEEDOr—Ab H
% [5].

ZaysG

JavsA Jayye FowsD TousE
D .
ﬂ =Pl
Jaysa 7078 JawsD FavsE
D Xy D
\
JE—4
— AN —2fFE  — 1{51E

18 LRFEHRELY E— 5 O/EE [56]
Fig. 18 Combination of upper layer and repeater [56].

—IRH RO HERRET Y — VT, 2o XH Rk
NEB OER R B E L\ Wi, EHIN5LMHRE
DA AT AREHIHE L TN W, 2070, HE)R
FrY W2 B EEHRB OB EBFEDMEL TT
EATECHUE OEIC U CHEIRRET LSRR &, SAB
DI L BEDEZ T CTEHIE OMIZ L THE
BRET LR EZ B LT, T4 LA OEIFKEIWESD
ICEBEO FEHE BT 2 FESAwS R Tn b
=255 5B [65]. T, HERENY -V THEHE
DFENTITHEREAEBIMLT, ¥4I VI RE{LTES
r—2 T3 [56], [66]. '

LIAT, (9 BNT, LAEHEDHD Ry Cw
DIEDNE L BB 720, Bl Logr 1, EVEEHED
FHEEL RS, F£6 D 90nm TIiE Metal-3 X ) kA7
ElZE T 5 Metal-6 Tl, Lorr 25 2.3 f512% o
TWb, L7z2oT, YE—% & MUEHEZ iAE
besZ iz, M8 D7 u vy B %it)5E#H
DEHZ, VE—F R L TERTELIHRELEL TS
ZEDTREE %2 5 [27], [56].

8. SROHZEFEEZTh%EXZ25 CAD
VAT L
PEET TR E, SBREICET[97) 0 X ) IZHER
LTWwWEEZLNTWS, 2O L) 2L
WRICBWT, ThFTLREURFFEZITIE 7
By FHEENIEL o T ALFHENSL, TOE
T, SHBOBRFTFEOREL #IT3 5HHAIZ
DWTEED S,
8.1 #EETHYEREL
IhECTOREEHRENERE (deterministic de-
sign) LFERDIZH LT, BEXLOEEEE L 25
Bl & #ralEkeEl (statistical design) & RS, 4D
Taty v OBEREILEERT S LT, BEEEIL0X
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7 EEEATTEAOER [97]

Table 7 Trend of semiconductor process [97].

High Volume 2006 | 2008 | 2012 | 2014 | 2016 | 2018
Manufacturing
Technology Nodes | 65 45 32 16 11 8
(nm)
Capacity (billion 4 8 16 64 128 | 256
transistors)

% ERE L7 EHIA R E o T 5 (98], [99)].
8.1.1 #MEHWHY A I ¥ 7R

WETRREEH L L ORI R B EAT LD D L
LT, MEtW I A IV IBsH 5. PEAETTER
DML OMERIZL Y, BEITO DX ORENIKE L
LoTCT&720TH5, FlziE, 5om OBEEITS O
X%, 250nm HAGTIX 2% TH 525, 45 nm AT
11%2d % b, L7zd5- T, BRIy, SEEs
DEDPRTAVAILEZLBEEIRE{EoTnAE,
WELMEICERD L F 4 3 2 TR, SA LA
DENVREBHIFIELS D EIC X o TTRTHEERICE
{RABREOBEFHELTCWA, 2, BLHPE
Pl NBRZ TR SN SZ2IZBWT, ikHO*
VOBEEILDXNGMH LBV TEENREER
K430 L VI FREDHEDT 4 VAEZ FNLFN T,
B W, L7t &, BEMOTA LA EZEZER LB WE
BEMICEDLI A IV IBITTI, NADOT 4 LA
PDER (10) DX )iz b, LHL, TOMHEE, +30
DREA Y MES D HERE 0.135%0° N Hlfild THE
TAHZELEBELTCBY, BEICEBENLBITE 2o
TwWh,

N
PDraz = Z W; (10)
i=1

COX) RRBEOMBE L FIT 572012, ASIC
DEBETTIE, CHR[100] DFHID & 912, K (11) ITR
T AT R (Root-Sum-Square : RSS) #EAT
BIEIEY, HERFEDY A IV IEFTFEORT
ARBMTEML T3,

N N
PDprss = ZTz + \J Z(Wz —T;)? (11)
i=1 i=1

COPITIE, TOBITANR—AIZ LA I VT
T—FTRTCHRER LI, T4 VA4 2EGmELT
W) H- ey 4 I TR EH L. 20k
BOSIIRE LA I VLT —E, &RAHD
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¥ 0.02%0D A THAHZ EFHFEEINTNS,

65nm LLETIX, 74 LA ZFERSAR L LTH) %
%Y A I TR PEASNFED TS, Tuty
PRETOBE, BETHY 1 I v FBISRE TP
TEDI I ITHERENENIZOWT, WODREE
AONB. MEt s 4 IV FBTICB AEEFES
LOFMICOWTIE, ¥ —A LHk[101) 2 BB LT
YAV AE-FAa%R
(a) Fv7D¥ 43I 7HE 1M

65 nm LA L8R T 02 2 Clk, RESMEICHED
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Fig. 19 Timing yield distribution.
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Fig.20 Timing yield of each block [107].
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Fig. 21 Trade-off between power and timing yield.

PETHY, RNERFABREUL LT v 71X, Bn»
B ECEET AW EEMED D o COHEBEN R EEE
OEP SR TE R, Lo, #EEso%
oiof ZES A IRIEI & 3 EH B R CRETI I RAT

L, WMNERIE T 5EEREROSA 2 B L7125k
FFFREOMFE D ED LT 5 [109)].

F72, ¥4IV TEREIEBEIIBVWT, §XTHO/RA
DT 4 VA PEESERRESIGT A2 HET 1 LA
UFERbIITLE, K ADT A VADPEHETA
VA 2B WHEHHT, RLERDA %\ High-Vi,
REDRNNEBEWBWZEND, T4 LAIZEBOD
BHINAEEL LTREIMET AFEVH 5. TOHER,
Bl 21 D (a) IZART L HIT, TXTONRRIEET 4
v4iﬁx&wﬁ%1@wﬁkmﬁA¢#ﬁ%.g@
MR, ERICEE LSS, BEEL0%iItkoTS
AIVT7HEBYVEIR21 O (b) DL I KT T 208
B#sb, LizdoT, NADFA LA DEHEITT
%<, 8.1.1 CHBLANSZADEEIZS DX IIXT 5
JRERH, HE—FEUTORED/SZIZOWVT D -
IRNBROD WL IVIZE &2 5% EOFEOMLE
b ST 5 [110], [111].

8.2 CAD ¥ X7 LIBZE

8.2.1 HEHIDSHT

IH DEC o 7't v it [3],[83] Tix, &ikreft
PEHRTL-DICEEBIC b7//x&v«wf@
AR L7, CAD Y AF A0, ZBETESR, CADHF

%,bva,%&/U9~¥$LﬁowT%“éﬂ
BRELDTHAHELT, CAD ¥ A5 2 4ko HAE
RS2 ANTE /2, BHI2 CAD VAT LR
bk, KEOHEHESR» SHEEFRZ AT L
THHELT, MIE CAD IZBICHEANTE .
IBM @ 70+t v ¥a&EhTid, 1980 DA A > 7
L — LERETORH) S FICHA T CAD Y A7 4% B
BT HEVWIEEEEY Lo TWhH, C[112] 121, B
HTHBELZ CAD V= A HPHERT LR ENTS

2022

D, —FDHFD D DT 1960 FAN T HET AR 1
DT IRAYLRVTOFRHKY —VETE DT
%. EDANXRYY (¥32) OV —VHHTL BH056 7
Oty J&Er %o C& /2720, CAD v — VO #Hi
b, EmHEREEE, WHEST, ¥4 I VUM, BET R
bR EAfEEE BRSO CAD Y AF LA TR LT
X/, LYk Tuk y HREIOA LR ST, &
TERE 7 ASIC EEMICH @I D TS, 72721,
5O POWERSG Ti¥, EDA R¥ ¥t HEEE
PHBEAO Y — Vb EH S RO Tw5 [13].

Intel ® 704 v Hg&EHTIE, 1980 FELIZXE Y H
570y I YA ADTEZBTE, CAD ¥ X
FADEEWRE 2 TEHL DWERITo72. TD0,
1981 £ LIHTIE, CAD ¥ A7 LB 70% 741D b
D, 20%DHHND L DICFERINZ DD, 10%D B4
B TH o720, 1985 FEE TICZDEFIEENTN
15%, 30%, 55% &, BFtEZEO Y —vA 55% % TH
Z T 5 [113]. EED Intel TO Y — LD HILRFED
B, BICGEREN TS CAD Y AF LI LT
AL—X|ZEATEZWEEIEHBAR T2 b
DTH 5 [114].

Sun O 7 UE v HEEITIE, £{DEDARYFD
RT—FI VY —VERBUOHLT, #n6TToky
PRET D720 D CAD VAT L ERET L E NI FER
FIZEDWTS (115, Z0kH %4 —T 7% CAD ¥~
AT LEE L, EDARYFY = VIZhwb Dk
A THE TS LI FETTO Ly B#ET24T7- T
W5, FNTH BHHARIUELZ CAD V- VE LT,
EHRILD O DBRINV -V F oy 7ROy 7 R

—@Hi R E R EHBEEL TS, /2, EDA N
VHIHEEBIEAELTLEY &, Fioh Y N0
TREEL L) ERELTRFEL T 5

BLtEo 7oty EREITCE, PEAKS U“EXL K
I, LB L Twaiiak L, HiH
DAy MR WEHRT L/ ZAIZ EDA XYY
V= VEERL, 7oty TOEEELORTIES R
FREOBE LD A Y AEFTER—RICLZVA
T RPRERIAIVIIUEICHET A IEE
IR T AL VIEIEE &5 TWn5[20]. D0, &
VAR —ZDOYHEEHIEE TS LA T, 1%
7 (*¥33) ©720® DRC-IVS ¥V — L PAFIRE A Y
E#THEL TS, T/, VS UVRAZLNLTO
REMBETHE, A PYAIRLAT Y FOATICIE
EDA XY ¥y — VaMEbi, HEg B GE I

NI | -El ectronic Library Service



The Institute of Electronics,

W — AT Ty R REOEIR & A

I nformation and Conmuni cati on Engi neers

R LA BB T ARt 70— bCAD/KTA——

b B FEHT - RER DY — IV iC
ENTWVW5S,

8.2.2 A1DHNA

INFTCAD VAT 2% AL TCWEr—A
Tb, FORFEEHEIEHEL TS, Fl2E, Intel Tl
2003 £ F TO\|E TERIZEDLNZTFT—F 5, b
S5V AZHEIE10M » 5 100M, RTL itk of785id
400K 205 1,000 K, #i&gi 7 #id 500 25 8,000,
MILT — Lk 2 BICENENFEARLTWDHB T L RRL

FEMRAREY -V O EA

TWwWh, Zhi, REroEESOEKICCAD V-V
EEHFHEOESLIEVOVNT VWV ER2R LT
% [116].

T, ABROTILY FREREITE, B AY LREO
HsAVNS (2D, BEIEREP X DIERT 5 L DR
bdHDH[97). BHELTIE, BEFEHIEHRILEL, &
BILEE 2SN TOHEZ ZEMERERBLERE/LZTT
ml, BIZEN-HAEY - BEEITEERLTEBR
TELBEVBDHID, NFER-—ALTIHNAY LKE
TRINLEROHRB L FARICEZLPLERFT5 2
EBRAENBHLEZEZONTVEDLLTHA.

D& RU,S, BREMEY — V& EDA RNV
T = WOREDLEMEE o TE72[36], [117]. 2
5 L7zRA 2 RET 572012, EDA XY 5% Ope-
nAccess £ V) P2 BETT—FRXR—A%REAL, 7—
FR—=RA%ET 7 AT BN APL (%34) d#E 2
C&7z. ASP-DAC (Asia and South Pacific Design
Automation Conference) 2006 Tit OpenAccess ®
v a YTRASNTY S [118]~[121].

9. & ¥ U

KELTHE, 1990 EMRLIFICRRI N -Ta X v ¥
IZoWwT, ZOEEFEEY -1 Lz T3, -
NATHENRE BT Oy FEEAEZEN L, [
BEREt st OB ORI oWT, 6%
B LA 58 L7,

PEAR T T AOMMLIZ XY, BRI E T v
VAZEPEMT AL DI, EEITLOXDEITK
EL{ B, ZOLHYBRAIBNWT, §BEOTOEY

PREENCBU B2 -2 RETFRICOWTOREIZOW
THlR7z, 5B EMER oy YEkE 2 H T
Wl Zoltlt, RO ey bR TEAS LT,
BERFTFECHETAMAEZY -, L, BRI LI L
BEETHL.

%3, 1980 FEARMBEOBEBE TOHARIZBITS CAD

AT ADOHF— A IR [122] 7, F 72 2000 £
BEETHOTaEyY - ASIC &FHE¥ED CAD VX7
L DY — A IR [112] 2B L THE 72w, 2000
EMRFERFETO EDA XY F O 0 b OfkerFik
2 CAD Y A7 LD — A TDOWTIEICH [123] %
ZHLUTHEEZW.,

HEE BELHIER, HMERZBYILLERED

FHEDERILPOEHEB L LIFET.
X Bk

[1] A. McKnight, “lFlexible design methodology manage-
ment,” IEE Colloquium on Design Management En~
vironments in CAD, pp.1/1-1/6, 1991.

[2] W.J. Grundmann, D. Dobberpuhl, R.L. Allmon, and
N.L. Rethman, “Designing high performance CMOS
microprocessors using full custom techniques,” De-
sign Automation Conference, pp.722-727, 1997.

[38] P.E. Gronowski, W.J. Bowhill, R.P. Preston, M.K.
Gowan, and R.L. Allmon, “High-performance mi-
croprocessor design,” ITEEE J. Solid-State Circuits,
vol.33, no.5, pp.676-686, 1998. ’

[4] D.Pham, HW. Anderson, E. Behnen, M. Bolliger, S.
Gupta, P. Hofstee, P. Harvey, C. Johns, J. Kahle, A.
Kameyama, J. Keaty, B. Le, S.g Lee, T. Nguyen, J.
Petrovick, M. Pham, J. Pille, S. Posluszny, M. Riley,
J. Verock, J. Warnock, S. Weitzel, and D. Wendel,
“Key features of the design methodology enabling a
multi-core SoC implementation of a ﬁrst—generation
CELL processor,” Asia and South Pacific Design Au-
tomation Conference, pp.871-878, 2006.

[5] J.A.Kahle, M.N. Day, H.P. Hofstee, C.R. Johns, T.R.
Maeurer, and D. Shippy, “Introduction to the Cell
multiprocessor,” IBM J. Res. & Dev., vol.49, no.4/5,
pp.589-604, 2005.

[6] O. Takahashi, E. Behnen, S.R. Cottier, P. Coulman,
S.H. Dhong, B. Flachs, P. Hofstee, C.J. Johnson,
and S. Posluszny, “Cell broadband engine processor
design methodology,” Custom Intergrated Circuits
Conference, pp.711-716, 2007.

[7] S. Rusu, J. Stinson, S. Tam, J. Leung, H. Muljono,
and B. Cherkauer, “A 1.5-GHz 130-nm Itanium™ 2
processor with 6-MB on-die L3 cache,” IEEE J. Solid-
State Circuits, vol.38, no.11, pp.1887-1895, 2003.

[8] J. Stinson and S. Rusu, “A 1.5 GHz third generation
Itanium”®? 2 processor,” Design Automation Con-
ference, pp.706-709, 2003.

[9] B. Stackhouse, S. Bhimji, C. Bostak, D. Bradley,
B. Cherkauer, J. Desai, E. Francom, M. Gowan, P.
Gronowski, D. Krueger, C. Morganti, and S. Troyer,
“A 65 nm 2-billion transistor quad-core Itanium pro-
cessor,” IEEE J. Solid-State Circuits, vol.44, no.1,
pp-18-31, 2009.

[10] J.D. Warnock, J.M. Keaty, J. Petrovick, J.G. Clabes,
C.J. Kircher, B.L. Krauter, P.J. Restle, B.A. Zoric,

2023

NI | -El ectronic Library Service



The Institute of Electronics,

I nformation and Conmuni cati on Engi neers

IS A5 CEE 2011/12 Vol. J94-D No. 12

pal

[11]

(12]

(13]

[14]

[15]

[17]

(18]

and C.J. Anderson, “The circuit and physical de-
sign of the POWER4 microprocessor,” IBM J. Res.
& Dev., vol.46, no.1, pp.27-51, 2002.

Y.H. Chan, P. Kudva, L. Lacey, G. Northrop, and
T. Rosser, “Physical synthesis methodology for high
performance microprocessors,” Design Automation
Conference, pp.696-701, 2003.

B. Stolt, Y. Mittlefehldt, S. Dubey, G. Mittal, M.
Lee, J. Friedrich, and E. Fluhr, “Design and imple-
mentation of the POWERSG microprocessor,” IEEE J.
Solid-State Circuits, vol.43, no.1, pp.21-28, 2007.

R. Berridge, R.M. Averill 1II, A.E. Barish, M.A.
Bowen, P.J. Camporese, J. DiLullo, P.E. Dudley, J.
Keinert, D.W. Lewis, R.D. Morel, T. Rosser, N.S.
Schwartz, P. Shephard, H.H. Smith, D. Thomas, P.J.
Restle, J.R. Ripley, S.L.. Runyon, and P.M. Williams,
“IBM POWERS6 microprocessor physical design and
design methodology,” IBM J. Res. & Dev., vol.51,
no.6, pp.685-714, 2007.

T. Hattori, Y. Nitta, M. Seki, S. Narita, K.
Uchiyama, T. Takahashi, and R. Satomura, “Design
methodology of a 200 MHz superscalar microproces-
sor: SH-4,” Design Automation Conference, pp.246—
249, 1998.

R. Heald, K. Aingaran, C. Amir, M. Ang, M. Boland,
A. Das, P. Dixit, G. Gouldsberry, J. Hart, T. Horel,
W.J. Hsu, J. Kaku, C. Kim, S. Kim, F. Klass, H.
Kwan, R. Lo, H. Mclntyre, A. Mehta, D. Murata,
S. Nguyen, Y.P. Pai, S. Patel, K. Shin, K. Tam, S.
Vishwanthaiah, J. Wu, G. Yee, and H. You, “Imple-
mentation of a 3rd-generation SPARC V9 64 b micro-
processor,” IEEE International Solid-State Circuits
Conference, pp.412-413, 2000.

R. Heald, K. Aingaran, C. Amir, M. Ang, M. Boland,
P. Dixit, G. Gouldsberry, D. Greenley, J. Grinberg,
J. Hart, T. Horel, W.J. Hsu, J. Kaku, C. Kim, S.
Kim, F. Klass, H. Kwan, G. Lauterbach, R. Lo, H.
Mclntyre, A. Mehta, D. Murata, S. Nguyen, Y.P. Pai,
S. Patel, K. Shin, K. Tam, S. Vishwanthaiah, J. Wu,
G. Yee, and E. You, “A third-generation SPARC V9
64-b microprocessor,” IEEE J. Solid-State Circuits,
vol.35, no.11, pp.1526-1538, 2000.

G.K. Konstadinidis, M. Tremblay, S. Chaudhry,
M. Rashid, P.F. Lai, Y. Otaguro, Y. Orginos, S.
Parampalli, M. Steigerwald, S. Gundala, R. Pyapali,
L.D. Rarick, I. Elkin, Y. Ge, and 1. Parulkar, “Archi-
tecture and physical implementation of a third gener-
ation 65nm, 16 Core, 32 thread chip-multithreading
SPARC processor,” IEEE J. Solid-State Circuits,
vol.44, no.1, pp.7-17, 2009.

H. Ando, Y. Yoshida, A. Inoue, I. Sugiyama, T.
Asakawa, K. Morita, T. Muta, T. Motokurumada, S.
Okada, H. Yamashita, Y. Satsukawa, A. Konmoto, R.
Yamashita, and H. Sugiyama, “A 1.3 GHz fifth gener-

ation SPARC64 microprocessor,” Design Automation

2024

[19]

[20]

(23]

[24]

[26]

(27]

(28]

Conference, pp.702-705, 2003.

N. Ito, H. Komatsu, Y. Tanamura, R. Yamashita,
H. Sugiyama, Y. Sugiyama, and H. Hamamura, “A
physical design methodology for 1.3 GHz SPARC 64
microprocessor,” International Conference on Com-
puter Design, pp.204-210, 2003.

N. Ito, H. Komatsu, A. Kanuma, A. Yoshitake, Y.
Tanamura, H. Sugiyama, R. Yamashita, K. Nabeya,
H. Yoshino, H. Yamanaka, M. Yanagida, Y. Ozeki, K.
Ishizaka, T. Kono, and Y. Isoda, “Design method-
ology for 2.4 GHz dual-core microprocessor,” Asia
and South Pacific Design Automation Conference,
pp.896-901, 2007.

SUPRRE, HIEE, REPAR, SUEMk, HEFATE, fRIg
A=, “SX-9 @ CAD FAli,” NEC ¥, vol.61, no.4,
pp.30-34, 2008.

R.M. Averill III, K.G. Barkley, M.A. Bowen, P.J.
Camporese, A.H. Dansky, R.F. Hatch, D.E. Hoffman,
M.D. Mayo, S.A. McCabe, T.G. McNamara, T.J.
McPherson, G.A. Northrop, L. Sigal, H.H. Smith,
D.A. Webber, and P.M. Williams, “Chip integration
methodology for the IBM S/390 G5 and G6 custom
microprocessors,” IBM J. Res. & Dev., vol.43, no.5/6,
pp.681-706, 1999.

G.K. Konstadinidis, S. Wong, S.
Bhutani, H. Stuimer, T. Johnson, A. Smith, D.Y.
Cheung, F. Romano, S. Yu, S.H. Oh, V. Melamed,
S. Narayanan, D. Bunsey, C. Khieu, K.J. Wu, R.

K. Normoyle,

Schmitt, A. Dumlao, M. Sutera, J. Chau, K.J.
Lin, and W.S. Coates, “Implementation of a third-
generation 1.1-GHz 64-bit microprocessor,” IEEE

J. Solid-State Circuits, vol.37, no.11, pp.1461-1469,
2002.

T. Takayanagi, J.L. Shin, B. Petrick, J. Su, and A.S.
Leon, “A dual-core 64b UltraSPARC microprocessor
for dense server applications,” Design Automation
Conference, pp.673—677, 2004.

A.S. Leon, K.W. Tam, J.L.. Shin, D. Weisner, and F.
Schumacher, “A power-efficient high-throughput 32-
thread SPARC processor,” IEEE J. Solid-State Cir-
cuits, vol.42, no.1, pp.7-16, 2007.

U.G. Nawathe, M. Hassan, K.C. Yen, A. Kumar, A.
Ramachandran, and D. Greenhill, “Implementation
of an 8-core, 64-thread, power-efficient SPARC server
on a chip,” IEEE J. Solid-State Circuits, vol.43, no.1,
pp.6-20, 2008.

R. Varada, M. Sriram, K. Chou, and J. Guzzo, “De-
sign and integration methods for a multi-threaded

dual core 65nm Xeon™

processor,” International
Conference on Computer Aided Design, pp.607—610,
2006.

R. Varada, S. Tam, J. Benoit, and K. Chou, “SOC
design challenges in a multi-threaded 65 nm dual core
Xeon™ MP processor,” International SOC Confer-

ence, pp.217-220, 2006.

NI | -El ectronic Library Service



The Institute of Electronics,

¥ A

I nformation and Conmuni cati on Engi neers

/7y FREETTFEORR 4 %—m MRt 2 BRI A8 7o — & CAD VA7 A——

[29]

(30]

(31]

[32]

(33]

[34]

[37]

(38]

39]

[40]

[41]

(42]

W. Keshlear, S. Oliver, R. Colyer, J. Schreiber,
T. Antoniadis, T. Mickelson, and M.

Bates, “Design optimizations for reduced power and

T. Puzey,

higher operating frequency in a custom x86-64 pro-
cessor core,” Custom Integrated Circuits Conference,
pp.17-20, 2009.

G.A. Northrop and P.F. Lu, “A semi-custom design
flow in high-performance microprocessor design,” De-
sign Automation Conference, pp.426-431, 2001.
B.W. Curran, Y.H. Chan, P.T. Wu, P.J. Camporese,
G.A. Northrop, R.F. Hatch, L.B. Lacey, J.P.
Eckhardt, D.T. Hui, and H.H. Smith, “IBM eServer
z900 high-frequency microprocessor technology, cir-
cuits, and design methodology,” IBM J. Res. & Dev.,
vol.46, no.4/5, pp.631-644, 2002.

J. Koehl, U. Baur, T. Ludwig, B. Kick, and T.
Pflueger, “A flat, timing-driven design system for a
high-performance CMOS processor chipset,” Design,
Automation and Test in Europe, pp.312-320, 1998.
M.J. Flynn and P. Hung, “Microprocessor design is-
Thoughts on the road ahead,” IEEE Micro,
vol.25, no.3, pp.16-31, 2005.

D.J. Frank, R. Puri, and D. Toma, “Design and
CAD challenges in 45nm CMOS and beyond,” In-
ternational Conference on Computer Aided Design,
pp-329-333, 2006.

ITRS 2009 Edition, System Drivers (X ¥ 54 »), A
46 http://www.itrs.net/Links/20091TRS/
2009Chapters_2009Tables/2009_SysDrivers.pdf (&R
2011-3-18).

J. Parkhurst,

“From single core to multi-core: preparing for a new

sues:

J. Darringer, and B. Grundmann,
exponential,” International Conference on Computer
Aided Design, pp.67-72, 2006.

D. Sadowy, “New microprocessor features for lower
power and increased performance: Doing “Moore’s”
with less,” International Symposium on Electronics
and the Environment, pp.146-150, 2005.

B. Shekhar, N.P. Jouppi, and P. Stenstrom, “Mi-
croprocessors in the era of terascale integration,”
Design, Automation & Test in Europe Conference,
pp.1-6, 2007.

S. Borkar, “Thousand core chips - a technology per-
spective,”
749, 2007.
ITRS 2003 Edition, Design (54 ), APk
http://www.itrs.net/Links/2003ITRS/
Design2003.pdf (B 2010-6-14).

A. Dasdan,
Kucukcakar, and E.G. Friedman, “Exploiting setup-

Design Automation Conference, pp.746—

E. Salman, F. Taraporevala, K.
hold-time interdependence in static timing analysis,”
TEEE Trans. Comput.-Aided Des. Integr. Circuits
Syst., vol.26, no.6, pp.1114-1125, 2007.

C. Yeh, G. Wilke, H. Chen, S. Reddy, H. Nguyen, T.
Miyoshi, W. Walker, and R. Murgai, “Clock distri-

[43]

[44]

[45]

[47]

(48]

[49]

(50]

[51]

(53]

(54]

[55]

bution architectures: A comparative study,” Inter-
national Symposium on Quality Electronic Design,
pp-85-91, 2006.

Y. Wang, W.S. Luk, X. Zeng, J. Tao, C. Yan, J. Tong,
W. Cai, and J. Ni, “Timing yield driven clock skew
scheduling considering non-Gaussian distributions of
critical path delays,” Design Automation Conference,
pPP.223-226, 2008.

S. Tam, R.D. Limaye, and U.N. Desai, “Clock gen-
eration and distribution for the 130-nm Itanium”™
2 processor with 6-MB on-die L3 cache,” IEEE J.
Solid-State Circuits, vol.39, no.4, pp.636—642, 2004.
P.R. O’Brien and T.L. Savarino, “Modeling the
driving-point characteristic of resistive interconnect
for accurate delay estimation,” International Confer-
ence on Computer Aided Design, pp.512-515, 1989.
S. Abbaspour and M. Pedram, ¢“Calculating the
effective capacitance for the RC interconnect in
VDSM technologies,”
ence, pp-43—48, 2003.
C.V. Kashyap, C.J. Alpert, and A. Devgan, “An “ef-

fective” capacitance based deiay metric for RC in-

Design Automation Confer-

terconnect,” International Conference on Computer
Aided Design, pp.229-234, 2000.

J. Werber, D. Rautenbach, and C. Szegedy, “Tim-
ing optimization by restructuring long combinatorial
paths,” International Conference on Computer Aided
Design, pp.536-543, 2007.

W. Chen, C.T. Hsieh, and M. Pedram, “Simultaneous
gate sizing and fanout optimization,” International
Conference on Computer Aided Design, pp.374-378,
2000. ’
D. Baneres, J. Cortadella, and M. Kishinevsky,
“Layout-aware gate duplication and buffer insertion,”

Design, Automation & Test in Europe Conference,

pp.1-6, 2007.
P. Saxena, N. Menezes, P. Cocchini, and D.A.
Kirkpatrick, “Repeater scaling and its impact on

CAD,” IEEE Trans. Comput.-Aided Des. Integr. Cir-
cuits Syst., vol.23, no.4, pp.451-463, 2004.
L:P.P.P. van Ginneken,

tributed RC-tree networks for minimal Elmore de-

“Buffer placement in dis-

lay,” JEEE International Symposium on Circuits and
Systems, pp.865—-868, 1990.

J.A. He and H. Kobayashi, “Simultaneous wire siz-
ing and wire spacing in post-layout performance op-
timization,” Asia and South Pacific Design Automa-
tion Conference, pp.373-378, 1998.

J. Cong, L. He, C.K. Koh, and Z.D. Pan, “Intercon-
nect sizing and spacing with consideration of coupling
capacitance,” IEEE Trans. Comput.-Aided Des. In-
tegr. Circuits Syst., vol.20, no.9, pp.1164-1169, 2001.
K. Moiseev, S. Wimer, and A. Kolodny, “Timing
optimization of interconnect by simultaneous net-

ordering, wire sizing and spacing,” IEEE Interna-

2025

NI | -El ectronic Library Service



The Institute of Electronics,

I nformation and Conmuni cati on Engi neers

BT IEHEE S AR CEE 2011/12 Vol. J94-D No. 12

&
il

(57]

(58]

[59]

(60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

tional Symposium on Circuits and Systems, pp.329—
332, 2006.
Z. Li, C.J. Alpert, S. Hu, T. Muhmud, S.T. Quay,
and P.G. Villarrubia, “Fast interconnect synthesis
with layer assignment,” International Symposium on
Physical Design, pp.71-77, 2008.
ITRS 2009 Edition, Interconnect (¥ > 74 ), AF
56 http://www.itrs.net/Links/2009ITRS/
2009Chapters.2009Tables/2009 Interconnect.pdf (&
H 2011-3-18).
1. Sutherland, B. Sproull, and D. Harris, Logical ef-
fort: designing fast CMOS circuits, Morgan Kauf-
mann Publishers, ISBN 1-55860-557-6, 1999.
M. Hirabayashi, K. Nose, and T. Sakurai, “De-
sign methodology and optimization strategy for dual-
V1 scheme using commercially available tools,” In-
ternational Symposium on Low Power Electronics
and Design, pp.283-286, 2001.
T. Kuroda, “Optimization and control of Vpp and
Vg for low-power, high-speed CMOS design,” In-
ternational Conference on Computer Aided Design,
Pp.28-34, 2002."
C.J. Anderson, “Beyond innovation: Dealing with
the risks and complexity of processor design in
22 nm,” Design Automation Conference, pp.103-103,
2009.
S. Raman and M. Lubyanitsky, “Cone resynthesis
ECO methodology for multi-million gate designs,”
International Conference on VLSI Design, pp.195—
199, 2009.
P. Gopalakrishnan, A. Odabasioglu, L. Pileggi, and
S. Raje,
during physical design,” International Symposium on
Physical Design, pp.182—-189, 2001.
T. Hill, H. Chan, B.
“Methodology for re-
in the RTL,

out, floorplan and fullchip timing databases of the
T™

“Overcoming wireload model uncertainty

R. Mclnerney, K. Leeper,
Basaran, and L. McQuiddy,
peater

insertion management lay-

Ttanium microprocessor,” International Sympo-
sium on Physical Design, pp.99-104, 2000.

K. Ueno, H. Murakami, N. Yano, R. Okuda, T.
T. Kamei, and Y. Urakawa,

methodology realizing an over GHz synthesizable

Himeno, “A design
streaming processing unit,” VLSI Circuits, pp.48-49,
2007.

P. Saxena, “The evolution of interconnect manage-
ment in physical synthesis,” International Sympo-
sium on VLSI Design Automation and Test, pp.27-
30, 2009.

FRERIZ, /AMARREL, WIAER, T R—, BILEAT, &7
BETE, SAEAF—, #2ILAS, “2.16 GHz SPARC64 < o
yOusuEYREEIAIVT - LA Ty FEREEEREE,
DA v VRI T A, pp.255-260, 2005.

D. Behrens, K. Harbich, and E. Barke, “Hierarchical

partitioning,” International Conference on Computer

2026

[69]

[70]

(73]

[74]

[73]

[76]

(77]

[79]

(80]

Aided Design, pp.470-477, 1996.

R.G. Bushroe, S. DasGupta, A. Dengi, P. Fisher, S.
Grout, G. Ledenbach, N.S. Nagaraj, and R. Steele,
“Chip hierarchical design system (CHDS9): A foun-
dation for timing-driven physical design into the 21st
century,” International Symposium on Physical De-
sign, pp.212-217, 1997.

S. Grout, G. Ledenbach, R.G. Bushroe, P. Fisher,
D. Cottrell, D. Mallis, S. DasGupta, J. Morrell, J.
Sayah, R. Gupta, P.T. Patel, and P. Adams, “Hier-
archy — A CHDStd tool for the coming deep submi-
cron complex design crisis,” Asia and South Pacific
Design Automation Conference, pp.257-260, 1998.
J. Cong, “Timing closure based on physical hierar-
chy,” International Symposium on Physical Design,
pp.170-174, 2002.

N. Ito, H. Komatsu, Y. Tanamura, R. Yamashita,
H. Sugiyama, Y. Sugiyama, and H. Hamamura, “A
physical design methodology for 1.3 GHz SPARC 64
microprocessor,” International Conference on Com-
puter Design, pp.204-210, 2003.

A. Mehrotra, L. van Ginneken, and Y. Trivedi, “De-
sign low and methodology for 50 M gate ASIC,” Asia
and South Pacific Design Automation Conference,
pp.640-647, 2003.

F.Y.C. Mang, W. Hou, and P.H. Ho, “Techniques for
effective distributed physical synthesis,” Design Au-
tomation Conference, pp.859-864, 2007.

J.Y. Sayah, R. Gupta, D.D. Sherlekar, P.S.
Honsinger, J.M. Apte, S.W. Bollinger, H.H. Chen,
S. DasGupta, E.P. Hsieh, A.D. Huber, E.J. Hughes,
Z.M. Kurzum, V.B. Rao, T. Tabtieng, V. Valijan, and
D.Y. Yang, “Design planning for high-performance
ASICs,” IBM J. Res. & Dev., vol.40, no.4, pp.431—
452, 1996.

B. Schurmann, J. Altmeyer, and M. Schutze, “On
modeling top-down VLSI design,” International Con-
ference on Computer Aided Design, pp.508-515,
1994.

M.S. McCorquodale, F.H. Gebara, K.L.. Kraver, E.D.
Marsman, R.M. Senger, and R.B. Brown, “A top-
down microsystems design methodology and associ-
ated challenges,” Design, Automation and Test in
Europe, pp.292-296, 2003.

N. Kaul, “Design planning trends and challenges,”
International Symposium on Physical Design, 2010
(X354 ), AFEHE http://www.sigda.org/ispd/
slides10/1.02.pdf (ZHE 2010-6-14).

R. Kumar, “Interconnect and noise immunity design
for the Pentium™ 4 processor,” Design Automation
Conference, pp.938-943, 2003.

-D.H. Allen, S.H. Dhong, H.P. Hofstee, J. Leenstra,
K.J. Nowka, D.L. Stasiak, and D.F. Wendel, “Cus-
tom circuit design as a driver of microprocessor per-
formance,” IBM J. Res. & Dev., vol.44, no.6, pp.799—

NI | -El ectronic Library Service



The Institute of Electronics,

I nformation and Conmuni cati on Engi neers

P _A/L/ 7uty VERFFEORRE 4B —aHRlb e ERTHEE 70— L CAD Y A7 46—

(81]

[85]

[86]

[87]

88]

[92]

(93]

[94]

722, 2000.

S.E. Rich, M.J. Parker, and J. Schwartz, “Reducing
the frequency gap between ASIC and custom designs:
A custom perspective,” Design Automation Confer-
ence, pp.432-437, 2001.

M. Nemani and V. Tiwari, “Macro-drivén circuit de-
sign methodology for high-performance datapaths,”
Design Automation Conference, pp.661-666, 2000.
M. Reilly, “Designing an Alpha microprocessor,”
Computer, vol.32, no.7, pp.27-34, 1999.

Q. Liu and M.M. Sadowska, “A study of netlist
structure and placement efficiency,” IEEE Trans.
Comput.-Aided Des. Integr. Circuits Syst., vol.24,
no.5, pp.762-772, 2005.

L. Ding and P. Mazumder, “Optimal transistor ta-
pering for high-speed CMOS circuits,” Design, Au-
tomation & Test in Europe Conference, pp.708-713,
2002. i

A.R. Conn, P.K. Coulman, R.A. Haring, G.L.
Morrill, and C. Visweswariah, “Optimization of cus-
tom MOS circuits by transistor sizing,” International
Conference on Computer Aided Design, pp.174-180,
1996.

A.R. Conn, I.M. Elfadel, W.W. Molzen, Jr., P.R.
O’Brieny, P.N. Strenski, C. Visweswariah, and C.B.
Whan, “Gradient-based optimization of custom cir-
cuits using a static-timing formulation,” Design Au-
tomation Conference, pp.452—459, 1999.

C. Visweswariah and A.R. Conn, “Formulation of
static circuit optimization with reduced size, degener-
acy and redundancy by timing graph manipulation,”
International Conference on Computer Aided Design,
pp.244-251, 1999.

Y. Liao, G. Mehta, M. Liu, Y. Su, and N. Raman,
“Fully automated physical implementation method-
ology for Tolapai-the first IA based SoC,” Inter-
national Conference on Solid-State and Integrated-
Circuit Technology, pp.1815-1818, 2008.

PEAIZ, AMARRER, FH#EF, “SPARC64™ Tut vy
YERETH CAD VA7 ADMHE,” E5%%H (D), vol.J92-D,
no.9, pp.1495-1507, Sept. 2009.

B. Krishna and G. Kleinfeld, “Circuit design environ-
ment and layout planning,” Intel Technology J. Ql,
pp.1-9, 1999.

T. Chan, A. Chowdhary, B. Krishna, A. Levin, G.
Meeker, and N. Sehgal, “Challenges of CAD develop-
ment for datapath design,” Intel Technology Journal
Q1, pp.1-17, 1999.

N.N. Eleyan, K. Lin, M. Kamal, B. Mohammad, and
P. Bassett, “Semi-custom design flow: Leveraging
place and route tools in custom circuit design,” In-
ternational Conference on IC Design and Technology,
pp.143-147, 2009.

A. Morgenshtein, E.G. Friedman, R. Ginosar, and A.
Kolodny, “Unified logical effort - a method for delay

(95]

[96]

[97]

[98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

evaluation and minimization in logic paths with RC
interconnect,” IEEE Trans. Very Large Scale Integr.
(VLSI) Syst., vol.18, no.5, pp.689-696, 2010.

C.C. Wang and D. Markovic, “Delay estimation and
sizing of CMOS logic using logical effort with slope
correction,” IEEE Trans. Circuits Syst., vol.56, no.8,
pp.634-638, 2000.

N. Miura, N. Kato, and T. Kuroda,
methodology of post-layout gate sizing for 15% more

“Practical

power saving,” Asia and South Pacific Design Au-
tomation Conference, pp.434—-437, 2004.

S. Borkar, “Design perspectives on 22nm CMOS and
beyond,” Design Automation Conference, pp.93-94,
2009. i

T. Karnik, V. De, and S. Borkar, “Statistical design
for variation tolerance: Key to continued Moore’s
law,” International Conference on Integrated Circuit
Design and Technology, pp.175-176, 2004.

U. Schlichtmann, M. Schmidt, M. Pronath, V.
Glockel, H. Kinzelbach, M. Dietrich, U. Eichler,
and J. Haase, “Digital design at a crossroads: How
to make statistical design methodologies industri-
ally relevant,” Design, Automation & Test in Europe
Conference, pp.1542-1547, 2009.

L.B. Marshall and E.A. Foreman, “Timing closure
in 65-nanometer ASICs using statistical static tim-
ing analysis design methodology,” presented at User
Track of Design Automation Conference, 2009. (4 >~
4 ), AP http://www.dac.com/46th/
proceedings/slides/B.23.pdf (Z 2010-6-14).

S. Tsukiyama, “Toward stochastic design for digi-
tal circuits - statistical static timing analysis,” Asia
and South Pacific Design Automation Conference,
pp.760-765, 2004.

S.V. Kumar, C.V. Kashyap, and S.S. Sapatnekar, “A
framework for block-based timing sensitivity anal-
ysis,” Design Automation Conference, pp.688-693,
2008.

A. Datta, S. Bhunia, G.H. Choi, S. Mukhopadhyay,
and K. Roy, “Speed binning aware design method-
ology to improve profit under parameter variations,”
Asia and South Pacific Design Automation Confer-
ence, pp.712-717, 2006.

A. Devgan and C. Kashyap, “Block-based static tim-
ing analysis with uncertainty,” International Confer-
ence on Computer Aided Design, pp.607—614, 2003.
ANRHEEE, AZILEAT, M BA, HORD, RATES, FH
weE, hERZ, BRER, FiH R, AEED, BE
FIFT, BT % 1 I V7T E T e RE~0#H,”
DA ¥ ¥ RI 7 A, pp.1-6, 2006.

X. Li, J. Le, M. Celik, and L.T'. Pileggi, “Defining
statistical sensitivity for timing optimization of logic
circuits with large-scale process and environmental
variations,” International Conference on Computer
Aided Design, pp.844-851, 2005.

2027

NI | -El ectronic Library Service



The Institute of Electronics,

I nformation and Conmuni cati on Engi neers

&
]

B FIBHREME 25 3R 2011/12 Vol. J94-D No. 12

il

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

[117]

[118]

N. Ito, H. Komatsu, H. Sugiyama, K. Iguchi, N.
Bizen, and Y. Yoshida, “SSTA and its applica-
tion to SPARC64™ processor design,” presented
at User Track of Design Automation Conference,
2009. (4> 74 ), AF% http://www.dac.com/
46th /proceedings/slides/04U_2.pdf (S 2010-6-14).
S. Borkar, T. Karnik, S. Narendra, J. Tschanz, A.
Keshavarzi, and V. De, “Parameter variation and im-
pact on circuits and microarchitecture,” Design Au-
tomation Conference, pp.338—-342, 2003.

R.R. Rao, D. Blaauw, and D.

Sylvester, “Analytical yield prediction consider-

A. Devgan,

ing leakage/performance correlation,” IEEE Trans.
Comput.-Aided Des. Integr. Circuits Syst., vol.25,
no.9, pp.1685-1695, 2006.

A. Srivastava, D. Sylvester, and D. Blaauw, “Statis-
tical optimization of leakage power considering pro-
cess variations using dual-Vth and sizing,” Design
Automation Conference, pp.773-778, 2004.

M. Mani, A. Devgan, and M. Orshansky, “An efficient
algorithm for statistical minimization of total power
under timing yield constraints,” Design Automation
Conference, pp.309-314, 2005.

E. Davidson, D.J. Hathaway, B.
Koenemann, M. Lavin, J.K. Morrell, K. Rahmat,
W. Roesner, E. Schanzenbach, G. Tellez, and L.
Trevillyan, “EDA in IBM: Past, present, and fu-
ture,” IEEE Trans. Comput.~-Aided Des. Integr. Cir-
cuits Syst., vol.19, no.12, pp.1476-1497, 2000.

R.A. Burgelman, Strategy is destiny: how strategy-

J. Darringer,

making shapes a company’s future, pp.57-59, 147—
149, The Free Press, ISBN 0-684-85554-2, 2002.

S. Nachtsheim, “The Intel design automation sys-
tem,” Design Automation Conference, pp.459-464,
1984.

A. Cao, A. Adalal, P. Delisle, P.
Dedood, P. Donehue, M. Dell’OcaKhouja, T. Doan,
M. Doreswamy, P. Ferolito, O. Geva, D. Greenhill,
S. Gopaladhine, J. Irwin, L. Lev, J. MacDonald,
M. Ma, S. Mitra, P. Patel, A. Prabhu, R. Puranik,
S. Rozanski, N. Ross, P. Saggurti, S. Simovich, R.
Sunder, B. Sur, W. Vercruysse, M. Wong, P. Yip,
R. Yu, J. Zhou, and G. Zyner., “CAD methodology
for the design of UltraSPARC™-I microprocessor at

J. Bauman,

Sun Microsystems Inc.,” Design Automation Confer-
ence, pp.19-22, 1995.

G. Spirakis, “Leading-edge and future design chal-
lenges - Is the classical EDA ready?,” Design Au-
tomation Conference, pp.416-416, 2003.

T. Karnik, S. Borkar, and V. De, “Sub-90nm
technologies—challenges and opportunities for CAD,”
International Conference on Computer Aided Design,
pp.203-206, 2002.

M. Guiney and E. Leavitt, “An introduction to Ope-

nAccess — An open source data model and API for IC

2028

design,” Asia and South Pacific Design Automation
Conference, pp.434-436, 2006.
[119] Y. Inoue, “Open access overview “industrial experi-
ence”,” Asia and South Pacific Design Automation
Conference, pp.437—438, 2006.
H. Ofek, “EDA vendor adoption,” Asia and South
Pacific Design Automation Conference, p.439, 2006.
D.A. Papa, I.LL. Markov, and P. Chong, “Utility of

the OpenAccess database in academic research,” Asia

[120]
[121]

and South Pacific Design Automation Conference,
pp.440-441, 2006.

T. Sudo, T. Ohtsuki, and S. Goto, “CAD systems for
VLSI in Japan,” Proc. IEEE, vol.71, no.1l, pp.129-
143, 1983.

D. MacMillen, M. Butts, R. Camposano, D. Hill, and

T.W. Williams, “An industrial view of electronic de-

[122]

[123]

sign automation,” IEEE Trans. Comput.-Aided Des.
Integr. Circuits Syst., vol.19, no.12, pp.1428-1448,
2000.

ft %

*1 CAD Computer Aided Design BT, 2 ¥
2= FIZXBREIEETAEY 7 MY 2T, KL TIX
2, Tutky Y hloFy TR ETBTLV T
v T RERT .

2%y PYA L FRENEEHEET SmES— v
ya7ny 7k EOMBEZROEGER. &8, Ay b
EREBRETREBEEROE Y OREELERL, &V
FEUARMNT Y 7 T2 0I8 ) FREREIEHRS
ns.

Bl BEOMTI VIR EHMAEDETELR
7REEOBERE (AND ® OR 2 &) 23 DEEDZ &,
CORBEEBEEMAGDLE D T &I X Y REE B E
s, rF— eI AZ LB HBD, KFLT
TN TH—T 5.

* oo EENCHESIAELVIAT, ELEY
REVERHBERECTHRFIFSNZEROZ L.

*5 ASIC  Application Specific Integrated Circuit

DT, FATVINIASRTS) ¥ XOFEER

AT IC DT &,

*6 37 HERIE CPU LIFEN/fEBeTH Y, —D2D
F v IO CPU BRI HR I Wi iz/-0, —
D0 CPUBRRIZ 2 7 LIFHEN S X H 12k o 7.
*7TIP <271 IP & Intellectual Property @& Tl
M EEZERL, v 703 oy 7 2 BHRT 5.
IP =271k, FH2CEEIT 20 Tid% {, BICHRENE
ADT I AEERT 5,

NI | -El ectronic Library Service



The Institute of Electronics,

I nformation and Conmuni cati on Engi neers

P —RABHL/ Ty FERFTTFEOHRE 5B — AR b2 EE T AR 70~ L CAD Y A7 46—

*8 SoC System on Chip DBET, ¥ X7 A&fh—
D2OF v FTIEHRINTZD D,
*9 DFM  Design For Manufacturability DB T, F
TEEORG A ER LR R E®RT 5.
*10 DFT Design For Testability DB&T, F v 7
BHRIEA DT v 7 LT ) Bl - ARG & IR
TORBREBDIT HEETEERT 5.
*11 FF Flip-flop DT, N2 5 0fIEIC XL D, &
2073101y bORELZE®RTLZ LN
T & % [mk,
12 71 LA EEPEKT 2B OBERH 2 ZRS
. BELIFENEZESH B, RFLTRT4 L
AN HE—
13 27 F 4 HVISR HEHREFMNTOIAI VT
AT OFER, TAVADPRDEVIADZ L,
14 AN — FAIVTBERICBNT, A— (slew)
BERBOLZTIVEGEZERL, WEOERL NIVHH
2L 20% & 0% I DB % R 5.
15 LEWEEBEE P UV AYDOATEITERER
OV 2ot bl s, BAPETHBEDI LT
Hy, AL alVFEBELRENS.
*16 ERHFE VORI E VICERBIERI NS
&, BVOANEYPORANECETOF 4 LAIEE
VOBV ICEREINAERICEELSZITAL, 20
MEASET L0, BV ICERESNARED
L —-DODHFECTERLEbO.
*T Y ¥—% WEEEELATY N LRI, —o
DLV DOBDOEHSRVIGE, BHRT1 LA
F—=27 7 A XEEMELEET2DICANS 1 ATT1HS
DENVDI L, FEOBWRHOSGEIT NNy 7 7 LT
i, RESD 2mEOBEEA =% LI 5.
INLZODORBPIE—-FTH 5.
*1I8 A v b A b EiE, WEREEOHFT, HHnd
XLt roYroBEsoZ b,
*ORNER FF U IRATICBWT, Bifkk 3R
GBLRNANLEBHROZ L., V—AL FL— VDD
RNERPLT7— b BEROBMOGNER LR EDNH 5.
BER SO A DML > THEWREL LT
&7:.
*20 ¥ ¥v ¥ 2RAM F v 7OMCH LELEERE LV
HARALET = OPTEREEOS VLD EF v
OFTHRFLTBL D0OEELLERRDOZ L
10 LA 77~ YEEFTORT, CVORERT A Y
MOEMEEEDTLAT Y b EIES,

*22 RTL Register Transfer Level DB, Fu¥ % FifE
FFTHHV VA OHET, MAETHBEZEHLZE
FOERTIBRT A LICLY, mEERET ISR
BEOL )V,
*23 LVS Layout Versus Schematic DBET, AT <
TAY 7 EVAT Y MPBIA AT A DT, WED
—HLTWVWbLILOWELERT L. B, AF~<
T4y e, Ry M)A NMINET S RBREE BER
T5.
#4 FI—AFN Fy FREET DI, SEHE
2 TR L7 CAL SRS Y B B U2 X ) SRTE O -7
AMEEIT). ST TORLABREH LIRS0,
Ty TOVAT T PR RICEROBEZ T v 7 L
T, BRFES—EL L% 5 L9 CREICANSE
WMETI—AFIVENLR,
*WNT v b Sy T YT VORBREIIBYT, T
B IS ENAHHDZ L. HiE, ¥4I 702
BT AHIFDIINI, BHR /A Xk ER 4 ZHlRDS
5.
*26 GDS Graphic Database System OB, v 7
DEGET -5 BT 7 74 IVTERT A BEOEFIEi
7 —% v b OZHE. ERAHIT GDS-IL
*27 DRC Design Rule Check DUET, KFHILTD
DRC ZV 477 MCBT2WHEM LV — VDT 2y 7
TEKRT 5.
¥ Y7 HEEOEMREEZM - TERMAET 56, KD
&9 L TOEME OB BESWICHERT 5729012,
ZODEKEOEIZE b 0.
*29 LT v AV BEHBICBWT, EHIES 2
ENTELLIBESNI LA, FEHBOFHICE
WT, FYRVTRBROBENLEZAZHET LI L
2L, EROBORROMREOERzHRET LI L
PTES.
*30 MERTHOIIE  BETEIINEL, oD ADT 1 L
1 DMERFER Y ThEN (1), L) & LzE &,
f1(t) & f2(t) DBAAEFTEHEEINS.
*31 MM MAX AT MAX X, =20/ 82D 7«
VA DORBOMmBERE ENEN F1(t), Fot) & L7
&, d(F1(t)Fa(t))/dt &7 5.
*32 EDA X% EDA & Electric Design Automa-

~ tion DEET, F v TR EDKENEXET 558, EDA

NRYFiE, EDA V- VEREET 5 &4,
*33 A VoA T CRERELERNICBE T — 8 2R
12, BB T —F O ANEEET LI &, BEMH

2029

NI | -El ectronic Library Service



The Institute of Electronics, Information and Conmuni cation Engi neers

BT HEHERESSWICEE 2011/12 Vol. J94-D No. 12

PBRETANV—VE CAD V— V%> TDRC #5
TLT, TPV LOMRAEITHI 2 LT, K3
INhb.

*34 AP1 Application Program Interface DB, 7 —
FR=ZADT7 + == FOFMPGTLERITS, 7
TNy —=ary7arsanpbLr—y ) HE5s &
IICHEM L7z A T DT L,

(PR 22 4 8 H 24 HEAF, 23 4 3 A 21 HEZM)

REE Rl (EH)

HE 57 7K - L-1BRE. FEFEEE ()
AfE, DSk, A4 7VL—4, Futvyy
SE L arYa— ¥ ORSFERUHE
HEVMEOWZERR T, BHE, HEAL
LT, SERERFREY AT A BRI
Y¥a—F A T2 2B OB HREE

Tx FH (ER)

8 56 SR - TS24 - WE T,
MH 58 MARZERTLEMAERIELRET.
[E4E (#R) HIZBERT AL, DUOREH R
BIEATIC BV TARERERN—-F 727D
. W9E, 7 = —NAR7— VETREIBATIEICHE
S . OF3~4 RES—AF— 20 YREE
BITRBERS. T 6 HERFET - BRILFRMHEE. F 16
FRZEY X7 AERTLEVENEE. @5& VLSI, B5
HEBER, #N—Fvz7?, 73—=VFPLS U FVAT
A, Za—F Wiy bI—7, BEHT VI X LOHZEICH
¥, %% [Massively Parallel Artificial Intelligence (MIT
Press) | [ BRAFEE (A1 GEE) 135 B (I5).
IEEE, fH#LBEFEEE.

2030

NI | -El ectronic Library Service



