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Table DESN1 Overall Design Technology Challenges
Challenges > 32 nm Summary of Issues
Design productivity System level: high level of abstraction (HW/SW) functionality spec, platform based

design, multi-processor programmability, system integration, AMS co-design
and automation

Verification: executable specification, ESL formal verification, intelligent test bench,
coverage-based verification

Logic/circuit/layout: analog circuit synthesis, multi-objective optimization

Power consumption Logic/circuit/layout: dynamic and static (leakage), system and circuit, power optimization

Manufacturability Performance/power variability, device parameter variability, lithography limitations
impact on design, mask cost, quality of (process) models

ATE interface test (multi-Gb/s), mixed-signal test, delay BIST, test-volume-reducing

DFT
Reliability Logic/circuit/layout: MTTF-aware design, BISR, soft-error correction
Interference Logic/circuit/layout: signal integrity analysis, EMI analysis, thermal analysis
Challenges <32 nm Summary of Issues
Design productivity Complete formal verification of designs, complete verification code reuse, complete

deployment of functional coverage
Tools specific for SOI and non-static logic, and emerging devices
Cost-driven design flow

Heterogeneous component integration (optical, mechanical, chemical, bio, etc.)

Power consumption SOI power management

Manufacturability Uncontrollable threshold voltage variability

Advanced analog/mixed signal DFT (digital, structural, radio), “statistical” and
yield-improvement DFT

Thermal BIST, system-level BIST

Reliability Autonomic computing, robust design, SW reliability

Interference Interactions between heterogeneous components (optical, mechanical, chemical, bio, etc.)

ATE—automatic test equipment BISR—built-in self repair BIST—built-in self test DFT—design for test
EMI—electromagnetic interference ESL—Electronic System-Level HW/SW—hardware/software MTTF—mean time
to failure SOI—silicon on insulator

IR REE 1 — a3 G EE

R AN R RIS 2R N RE T D720 Fo T IR RSN DREBE D RN 72 A PEME A Bifls ) —
RZEIZ 2 fELL RIZL 22 T b72 v, 2072 | 8% Gt BREERB LT AMIB W T, BFIHAEME(~ A
7L —3 3R AMS(Analog Mixed Signal)RF =7 O A& T0) % Hifli /—RZ &2 2 5L Bic Ll
AUTZRB700, FREHAEPEMED A EICBIT 2B ET &ML ROBYTh D, 1) MitodBEEHIK, &
BEHIZRIRREICH DRV Ry 7 THD) 2) IVENLL L TOYVAT KGO N RA T2 5, (548
TEDOTRIAEZ RV ar AT VAT —2a O EBL 3) SOC EFEMEIC T Db EERFMEEL T
W, MIARY TR 2 TR EOWE 4) K2 MPU IRHEICEB W T, BELRD D U7k O < 7 it
FETCDDRREHY — VI DIEETO, FEMEOBEE 5) SOCBLUNAMS VAT AR TA/NZE-THR
Eha, 7HalZ BLUOIY I AR 7 F(AMS)#R T AND A8 715, ZbotE i, EFLSh
TRREHIE OWIEEER LI THh D, JhUL, BEHE, %G NRE = AR, #liE NRE = &b, Bl (20
EE T HaAb, HEARGMEOREE THLbIND, ZEME, THIMERS XU BEA O L5705k it 5
T B O EFEHEL, BIR S D EBESNRT LR B0, FTLOEREHETO TG E A ORI
I3 AR L A EEH O DT T 74— b, BLOBFHEIFO BRI A EI2EY, Eiisnisidn
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(2 N\T =~ RO AR I B L7k 4 A 975, ENHLOFEEZLL N IZRE T,
1) MR —F~y 7HEIBEEBL N AT AR T AN E (IS <HEE IC LT . HP(High
Performance) MPU DVHEE L, 77 VBIO Ny r —2 0 ZEOHR TR, migEE R —TF
TR =V DBENRAZBET DI, FRINTZEBNEETHD 250W/em® b 45,
SOC-LP(Low Power and low cost) PDA K74 /3\[E, oy 7 A3 JOMLEERE 7 23 FE S B S i sE inL
BT HEEITIX, FHBIORZ U ANAEB N OBENLETHD, XX, AT ARTANED
Table12 T/RENDIDNT, FEREL TELD NI — KA F oy 7O XKV ERITR B0,
2) BEEOEIL, FEMESMERR TR T 22D B2 LI T 5, i T, fGEE ORI, A1
VT T BIRBIO/ARZEAZE D, ZNOOM T, Ty EORFRY Y — ATz 01X, TRV TUR
W= Ou—RvyZFICROEL T AT HRREROR A A X% EL IR Fry 7 Z2arha—L
T°%). ATE(Automatic Test Equipment)gE 7], IBX O N—2 A O AZ F1H T 5,
3) mitkRe AREVEE ) IR E AR A LI T A RAZ BT DHI21E, Z<OBHE —< LT Vi,
~/LF Tox, ¥/VF Vdd NHE—0a7 | 273528 — ZRIRFIE A CEXOE b ERsnb,
FIRFIZ, 7T —% T 7F v A =T 4 T AT A BT TV r—a 7 h-L~YLIZBITAHE
i bH L ETHD,
4) V—7EE, 7 —hERBALEECLEWEE /28 EH 7 at AT A= 280 | 55 BE 4
95, ZOZEE A= 7T REE OGN, RA R 7B R R T,

IR NEREE 3 — BLE R G T
[HfiF D BE(Red bricks) | — BEAI DI S NAELE LR WEAT 4 BL 454 — 1%, ITRS ORFEIRIC 7~V i
(ZHBND, —T7 T ITRS D— DD HEANFEIN TOMFR A ATREZRFR BT mnﬁﬁiﬁf@@@m LERD
UL T (KRR FRNOFFHR TEDABEMED B D, FRERDO BT/ — R DO EBLA[REMEIL, 2D X7 Tl
DEEDIA ||THDHZ L2, LTS, WO DBl 2R T,
1) 7TAZEEEDOIANB L OLE R FUCBE T AR, F#lOEET V(B 21X, 7rAR—70/ A
FEDRRRE A IR) D LVIECRE LY fRIEDRHND THAD, KT T /VIZIL, e T 2887
AR NG — A (ATPG(Automatic Test Pattern Generation)35 X O /L RAY « /L7 7 ANBIST(Built-In
Self Test))H ity & £415,
2) VAT L AT VAT =T - a R HEREIRGE, BEOVRKRIZREREE TAT 13, Fo 7y —UaR
— RN B IO IR O AL T | AT Lo ARy — DR EHEANIZ LD | eBESND FTREMED D
2o
3) U277 ¢, PIDS(Process Integration, Devices and Structures). 717‘/1*IVF‘7°HVIZX(FEP)\ BIOEL
BrEAT D, CD =k —/1(Critical Dimension Control)! iﬁ%gﬁ I, HEIELOE T ICBIT S IEfES
ZARAECE DT LWL SERESND AIREMER S A (T2 21X, XD X &B B LRI R, H
QUE72v AT I b ZA 7RG RE L, 38 KO MERERRFE),
4) B¥E NRE 2 ANL, v AV EFELRE T 0 —~0O, IVEIRAL X7 2— A2 XD BIEEIL5 fREMEAS
HD,

IR FREE 4 — T

Ja— VR D 2 — 7 TREL uufﬁ%k%iﬁb“@\é VY — 2% G006 A 5EE E R L, /A
REFPITED, I—f@ih i oid, smBiekit, B BEX TV VR EHZB W TALE LT
BT F N AT TVT 4 ARV, Eﬁ%zﬁxcz 100nm /—RETIFILETEDHHOD, FEHIYRRRIC
2L OOBHDL, TNHDOAYRaUE, EWVERA~DOIE — X A IV Ea ba— L3 57200
A, A2 7B 2B B UTEIRZ 7 RopBlekat, RExate, Iy ARV 7 /L0 RF a2 R — R
"R =127 SOCALIZ DWW TIL, KV FKIRDDTR I A R WEREND, 5% OMRFEREEL T,
JARDTEER R (B E— T =T N RARLK A I/ [A), ZEOREMEL LLITFEEEE2E
TolidiR, A EED IR Ray 7 L7 T REEDIZRIKD, 7,\4;%75@0,“\@@@} 2 BRI, 2
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A, BRI, T ANMID) L AN BIFIZHIR T 51213, 7 S A ACERRIZ R L 100%D 58 i E % 3R D
HZEEFRDIRTIIEIRSI2N, ZDIH7RTE A LT NE BT Ar— ) TR e 2o T, D
SAICBWTINESND, 2 ER5, FHilfA = 7 R e 2o T, 5 BP0 T /A ACEL AR
2R, EPERS LIIAR AR, L0AELRCT <5720 ThD, LLT, WL ONOREA I E 7R~
7

1) 65nm LLRE. E}Ei%‘ééﬁfﬂﬁﬁ(/7l\i§~)7b§ T A= R~V OB O FEAMEI  IRAV 85 B 52 %,
FLIAZAEVIZS TR FRBR A B °T  FH [RARIS B A 32T D,

2) BEDOIEFMRER (=2 AL, MEEE OB L FEIT R ATREIC 2D (FEE KA E VN
— U A VER BN BLL 72D, SBIT, N—=r A —T DI EE T E R KT 5,

3) “non-catastrophic”/27 —MRILIED T L — I X 70 | A A — L D55 M LT, %ﬁf:f£ry7
RGO FEIENLEEL 72D, —fRIZ, AT LB KRELRDTE DL R B IS TORERET AR A AT REL
oYt oN m#@D/\XHi%?%F@LKQﬁﬁ@ﬁ:@%]\?ﬁ) FVEHE LD, LVODRIREL TIE, UK filﬁl
WO HEHFAN, 74— VT U NEBE LA Ty RIS A A, SIS LT E CEE RO
BR%E, EL Y7 N =TI ST 4+ — /LN T U RS ELD,

PR AR DR E
J)a@ﬁ%@@% YT, FTT AL AR O EIZ SV, ZORITHFHIND 5 SOEHKI7:

FEIET ERRE R R IOV TCEELLR D, FIRL7ZIAIC IZEA S OMEIX. 5 HIZ
BiF5 EDA BZTTT&: TGO T AT —a Al S, SOC IZw e éirbéo
FHA ARy

Fo 7 DREHEFEED TRRIT, ix 72k, —/ViE, TUTEREFE O AR TLE B0 BbE T RE7
ERDIDIRA N LA RV BT 27 B — W I S22 B DIV TE T2, AR LE%&
A THLRGTAY R I UL ERSN TS, FEIFHRIZIVZ< OB RS ICEASED; L
TeH3 o T BTLWBLIRE AT 572D DFTLNTFERY — /LS BIFE S 4L, uxﬁ%?bﬁ)T/rﬁ}W&muﬂ:@ﬂ%
Ea T HIEZET DI TRFIUTZRBZ20, SHIZHEL O, #E0IRUA R/ NRIZ T 272012, BIBEES Z .
Rat EOWREZATIRIENATF 2RO HZE TS,

“More Moore”, "More Than Moore”, “Beyond COMS”EV V)~ AT/ =/ A)nH T /L7 a=7 A
IRBIZ K~ T, VA s VAT ADORGHTEET DI ED TEIRUVRTL A L T IPNAEL TS, ZHbiE
an+7 HEADT R TOLNIFHELE H 2 FTLWOAY RSO0 — )UIZ AT T2, ETHOLRIRELRE N
FoREND, BREHINL, /LI e = A TH 2 BINAEE X 7R RTREMEATE LT, i M TRl C =
ANHEDOEN )AL AT B RBL 72 U7 D72, T 7V r—ay GEES AT LR A
NEEZZI) Y EDA IZBL TEEDIT TLAETOLRWEREL AR L2 T UT b7, ST T 3 &k
ET T AOT 2V 71, AFETIE HEINATEST-R )7 )ay - a—a O -7, iUt
HEET — I MNBAL—RIIV AT IR T —H WAL T U TR DR E @V/\/szﬁgfﬂﬁuf%ﬁzé
EHHIRE EDA $4l0D _EIZSIIL Tz (X DESN2) , LINL7ei3n, ZHLTZa% et d, HIdeoMRo &
TITAEVFR,

T RGP It REE S R IEHE DL THIE IS TR 77 T R PRI EE T L2203 5 fEFEIC
T R FEEIC THBELRIR D VT ) £ 9IZO B—#D I T 7T B, RFFA Y Rt IR N 1T1d o & )
FHERBZEDTH S, RALEHITA Y N PEF5ir—EDR T TDA Y X T =g AT E DT, FOH 4«
DRF BN T DO H Tidhan SAL TS, T NTHADRG A Frid, 1) P> 750 0GR & FRIZ L S X7
LR E FIFIR DR T L, 2) WEER, BRF|E RGBT ORIR, = X 752X FDRIRD B IRET S HFIEH L7
» THHASFE S U & DFEMMAEDPE T3,
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Figure DESN2 The V-Cycle for Design System Architecture”

FHLU Y SOC DZARK? time-to-market 2355% 5 HEATI AR 2 BERIL, BHE LR 2B ADHLP L3N E
V. FIUT DD EELR A (AT YA T —2ab DR AERREED /S R) OAERRSILCWS (X DESN2) . =
DL, V- AT IVERHINDRR G AT I T —F 77 F ¥ 23 L TEY, "More Moore” & More than Moore”

DS O FFORARZER AL TD, IO RANZ, BIFRE 2D 7 LR TRlREZeb O (k) | 5557
AN ATRE RS D (5 0) 7R L 5D EDA (25 A ERIIRAD REI TR,

VAT LARRIET —F T I T I~ AT E TR T v A T D, ZHLTZ SOC BRHDOT AT 4T D
BFIL, ET VIS COAT D&k A IR AREMEZTRIRL | [FIRFIZS AT AL ~L DRtk &3 H/i72 L~ L (8)
EL L Bl R RUAR L LA T IR~ AT L~ (TR TIT<, ZL T &V 774D
AT DIELEERGET 7 /0P DMERELZRT AUEZ2 5720, SOC ORERLERS-CEMEZ 82 T, BEkDA >
TVA T =2 a EREED T OB ATIL, VAT LY T 2T R0 — TIF 27 =—H R0
FHULZRBTRN, BB AT LDOT 4V HNVERER S A (R O%EE) T, BifEL ~ VOISR ELY oL~
DY — )L A RO BB 72D, T _RTCOIMBREDL ~ILTRAFLIZ ) a—Tar BNEIEAE RoTbi
IRN28D | TR ERESRATID —BREECTH D, fEREL T, TS RE O BE kS e 7 e R, B
TEDORFIEREECIL, EERMERCThD, £LDDHE | FEROERITIRD 2 FF 725, 1) More than Moore D
M3, B4 D SOC 7r—DIMINZH D IE ERT 5, E0blf, iY77 =7, bt h— 77F
27 T—2THY, BARIZRIEL TD, 2FFERICHZ> T, SOC Eit7m—D7=bDHLWERNIH TS,
VDT, TATHNET T ol Ol S E @ R EOL ~ )L THR—R 5> —/b, Ziud, LIRS EAIL
SOLOHERNLDEMWEAERE X T DR EDRGEEZ MR EL 72973, [ DESN2 (R T EONZBURA
ERCTHD, 7Hal Iy I AR T FAOT7a—TIRHELIZ, FiXatL L TOT Ful B ARE T as
[EIRIREE DY — LSBT0 B,

T )AL= AT A~DBATIZ L > T AN RLEE TOT R CORF T o A0, HHERGEMZ D2
T C7e< | I EILELTH D 1IC DB EOC B FEME B HAC B> TRA, EDOREREL T, SOC DF%FHAEFEM:
1%, Moore DIEHITERALEIND T /L I =7 ZAFH O HEFH O AL —RIZIBW DL ZENTER N (K

4 Elements of this discussion were initially developed as part of a recent update of the Strategic Research Agenda (SRA) within
the European Nanoelectronics Initiative Advisory Council (ENIAC) chapter on Design Automation. Figure DESNZ2 shows status of
the EDA design flow from an automotive point of view, but is general enough to demonstrate the future EDA requirements. The
figure was developed by Peter van Staa (Bosch).
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DESN3) . BINCRRGHAEPENMEA [ LS E L7202, WD DY AT ALY LERHIN DR E DL~ L8 E A
ST, WHITIE, BTLWV AT AL~ L OFEEMRI R A LT D,

VAT KL~ LERE

4L OWIMREFE T IFEAERET BB LY — L OYR—MEL T, VAT L&EE L Ipilig L~ L
(TuvZ K, RERIRAT =KX, 70T I 7T IV, 5x) TEZTE, REHEEMEICB T 0B e
ALV SNDTZDITIE, ZORDUTITV FERE D LRT UL B, N—RY =T VYT N =T %25
NIEV AT BOAERR FRRE, F22E2 b L | 2Rk 2 MR R 2 P RBIC T A7 121, A THIL
N CTEIZL VARSI RNTG VAT 7—L UL L0E ENLOBT LIS L~V LB 72D,

F 3

log 2 | Additional SW required for HW
s 2310 months

LoC SW/Chip
Gates/Chip
Technology capabilities
Gates/Day 2436 months
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HW design productivity
Filling with IP and memaory

== = | HW design productivity

of®
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Figure DESN3 Hardware and Software Design Gaps Versus Time”

VAT AL YLK EOICRB WL AR ORI A — L ORI L0 AR IS N EEE AL CnND, v
e TF o7 BICERGBEHEE 2 ROV AT AINEBLR[REL 72D 03, — H CINEBEDOLDET 5720121,
A B EHARTH 50 5 0L EOREFHAPEMENELRSND, VI AEHEE 1T, BAERZOEFEEOKNT A
AAREBRRA B2 T, mEIEEEOHLH AR AT 2R THI BT 5, 7 a— L7
W ERGFHT, 7o RAEL & LENMEOBICI - T, FERFIEN LD, F-, Ty 7T 2RYI51E &
W, BIERe 1 7y A7)V TIEEBL CTEplip D, LTZRo T, VAT AL~V eHE, xv kU —F 7k

° This figure shows the demand for software which is currently doubling every 10 months, the ~ capability of technology which is currently doubling
every 36 months all well as the hardware and software design productivity. Whereas the hardware design productivity improved over the last
couple of years by filling the silicon with  multi-core components and memory providing functionality only with additional sofiware, the productivity
especially for hardware-dependent software is far behind and only doubling every 5 years. This ITRS version includes therefore for the first time
additional figures for illustrating these new software requirements. This material is based on ITRS data on one hand and on additional input from
Infineon and STMicroelectronics and has been presented by Wolfgang Ecker from Infineon at DATE 2007. The red arrow summarizes the new design
gap including both hardware and software.

O S RFALANILTIE, YA DY —R [T PERH L BERC T 2B U LT BIL TS, BREFDE— M, TR T
(BN DTt T VEZETDLDIAGT—, 22T fF ol —gl e F—BRE) PN — Nz 7 (27 N—FDL Tz EE, N
R, Y FFy 70« L2 E) SIS, N — Rz T, A Z YRS [EEIC A S TS, T R Tl =R
=7 THFESFLSFEFED, i PEHVRIIR TSI L TS, BIE (behavior) &7 —F 72 F (377 H H1/E TIZMTTHY,
TG w2 FEN— Rz FIE T —F T2 T D EEE L7205, BIfEDEL PP RTL T 7o 2o a B E R, — T —F72F
o T IDIELMEIP R T AT TN T — AT D0 AT AERENS SR T A T —F T2 Fp DT T T gL
WETD IR FALANIGREFDIEITIEL Th Y, Fe, S R FADEMESED AR EFENZAS (7 —F T2 T [ KpERE D) 12
o T, WHEFHEL T3,
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FH¥EALr 9

SAT NCIEHERE T, KIHERET 1y

JDOEEH ELTENLREE Ny IR =T ESIND, AR AT LDV 7 Ny =T DL, < /LT
7 SOC 7 —X T I F ¥ DEuH/e % RIZE-T, VAT MEMEEE I XBINZHE KT 5, ~N—Ru=TH.LTh
%4 HTIL, ¥ DESN3 IZRONDERFHEROTT 4 — e XE L TWDY 7Ry =T 72T T /~N—RD
=7 EHEHEEL CTHREZ BT 5 — R =7 K7 7+ =7 (hardware-dependent software) T, /7).
SOC A>T/ L —3arRe, MEED TR TRV bR uTZ b,

[TRS B—R=o 7D 2007 R TlL. AT AL~V RSO, KEO DB EZE > T
720N, UL, TNHDOHEMFRENE TOLRBEHETHLHENI LR L TWD, T2 21T, BIES
AT AT DL~V EHCE S TETHDIN., 10 AL BB IFZEETHFHT . ITHED C S38

SystemC N—ZADA KL, FFF I ar L~ ULEF YT (TLM) B DA H 2350357, %) 5
HIZRENES BT BIED SEBLS LTV, iz, BIFED SOC it TN EIZRANT 7 4+—MIE-T
BRENSILCWAEZATIE, A%, THCIRE ). TH O . [RRVEHIE | 20 H7=72 07 i ME IR T &
IV, R EFHIF L. “More Moore” & “More than Moore” DFEIK C. A E Az Ry
AT BFEEEL AESERETHOBERIZIE ST 7TV r—va BRERK OO 5012, 2hH 172
TR ZHE TIT<Th A, & DESN2 12, IR LIEOE A HARIZ 1T D AT AL~V B EHT X

THOERMREREZRT,

Table DESN2a System-Level Design Requirements—Near-term Years
Year of Production 2007 2008 2009 2010 2011 2012 2013 2014 2015
DRAM % Pitch (nm) (contacted) 65 57 50 45 40 36 32 28 25
Design Reuse
Design block reuse [1] % of all logic 35% 36% 38% 40% 41% 42% 44% 46% 48%
Platform Based Design

Available platforms [2] Normalized to
100% in the start year [3]

Platforms supported [4] % of platforms
fully supported by tools [5]

High Level Synthesis

60%

57%

Accuracy of high level estimates

55%

64%

52%

75%

48%

80%

45%

85%

(performance, area, power, costs) [6] % 60% 63% 66% 70% 80% 83% 86%
versus measurements

- - 5
SOC reconfigurability [7] % of SOC 28% 28% 30% 35% 38% 10% 42% 45% 48%

functionality that is reconfigurable

Analog/Mixed Signal

Analog automation [8] % versus digital
automation [9]

Modeling methodology, description
languages, simulation environments
[10] % vs. digital methodology

Manufacturable solutions exist, and are being optimized
Manufacturable solutions are known

Manufacturable solutions are NOT known

Interim solutions are known

32%

70%

35%

76%

38%

78%
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Table DESN2b System-Level Design Requirements—Long-term Years
Year of Production 2016 | 2017 | 2018 | 2019 | 2020 | 2021 2022
DRAM % Pitch (nm) (contacted) 22 20 18 16 14 12 10
Design Reuse
Design block reuse [1] % of all logic 49% 51% 52% 54% 55%
Platform Based Design

Available platforms [2] Normalized to 100% in the start year

3] 43% 40% 37% 35% 32% 29% 27%

0,
gsltsfo[gr]ns supported [4] % of platforms fully supported by 90% 9206 94% 95% 97% 99% 100%

High Level Synthess | | |

Accuracy of high level estimates (performance, area, power,

o 90% 92% 94% 95% 97% 99% 100%
costs) [6] % versus measurements

Reconfigurability

SOC reconfigurability [7] % of SOC functionality that is
reconfigurable

50% 53% 56% 60% 62% 65% 68%

Analog/Mixed Signal | | |

Analog automation [8] % versus digital automation [9] 40% 43% 46% 50% 52% 55% 58%

Modeling methodology, description languages, and simulation

0 0 0 0 0 0 0
environments [10] % versus digital methodology O e Sl i R L i

# DESN2a & b D=bDAE,
[1] EDERIT R T L o LI« T AT TR< Rl NI T BER TOHS (S RTARNTFANETSOC - PE EPE1EIE
[B] T =TI E R,
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BB F TI270<, BEICTAE TSI EE 2 5 ot T T S 71 #54 Tbd,
SRR

PR3 333 B2 S5 T3 I D [ D ThY, S RT Lo LI s FAf DI L7 5 EHLHESD T DO ThS, n LEICE
11 B BRI IF, Fe b T BED D, KON VG TES,

reuse n) =1- (1—reuse) » ( (1 + pgrowth)n/ ( 1+ cgrowth )™n )

iz

reuse: FEIEL T BLEIZ IS AT,

pgrowth :  APEIED (TFRY) FEIFEZ R L3, 2L, BRFICLS5RIZEEFR0,

cgrowth: RFHRHIED (TH) T F 75

RE Rl EHEL R HNT, — & THSEWRE T B,

DEZCOJFTEEL, [ TG LR DEEAR 5 52N FI T 5750014, A EMED R L (FEFHEIRERS) S DD F 0 75 AR
JHIZ Lo TEW 75 THS,

[2] EE
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T — g {5 ] T 570 DIEAREREIF, A DI BEF R C LD G TE 0D, S AT ADZERIEIF, -~—
Rz T EENT T M = T ORI FEE DR B IA BNV T3,
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T TR T s e N XZGHT, RSN T B0, R EEMED D DB N FA N THS, Wi T S XT AL~
B G Tl BT RET T 74— AR HE T B ED B S,

[3] FFHICIT, s 7T f T — A E, D BAT KT BE TR TS, BERELEWTOUEAR IS O FE S ] L2 D, 7o P74
—ADE NI T SETH TS50 Thd,

[4] EE

FEEDTZ2 74— T8 GELR) YA —FElT, DT TP 74— L TD, T —F 72T, HW/ISW 34, 7—F7
DT T T T gL e B HW ) SW i dE, »N 74—~ R TY T/ N~/ 2R PDI— 77, HW L NSW 55,
HW [/ SW 1287z —R5kE, P—hL THBIET S5 aR 755 B 95,

AP

HBIEDHEAET, X T Lo Lol TV AT S I DFETH S,

[5] G HTB, 7T, Tg—h N BT Y (ST BB Y0 Y 2— 2 a AT TE T B0, ZEEATH 5 TE TR,

[6] E 7
SEFEVFERDS, BLEL 72 IC 121517 BIER B —E T3/ EH 0,
JAEE

LSBT, 22— STEFGHIFG (HERE FIR, ETRE LR, 7o) &7 7 5 i LD B R FHBI 0 (214, FHEE D S Y
PUETHB, B EIT SLR512, EHIZRLSWEERILE DS,
[7] &7
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SOC, ZH1>D5%, [EREZ P18 Al FEC SW E/=/d HW TEHLZFSL,

JAEE

SRT AT NI AT 7280, JFHelT, T T =721 TP A REIZ 05, L7 T, HERH DT 7 — 73 il K
7250 M2 T, B7eRe 5 R D FEH 72D IZEF 17 T NARD 7 2 TAGNE I TES720, Va2 7F 2 77 I F I F R 235800
75,

[8] E
T L RGFHE IS HBHEDES L
JAEE

DHDE T2 X T ADKZRNT, 7T 2 R BIAA TUBy 7T I 2R N I I T AT 7 Dk
HH L CHBLRE G Thd, LIERo T, T Zn FI e AZE 0T REEPEFED I R G HEFFE /= 1T TBIZ 14, 77
22 T AZIN I BIDEL DG L~ TOE N H B L ERS IS5,

[9] T T IR TS BB EFES, T RGBT S H BN E RIS L P,

[10] EzE

T IR BT BN, GRS 7S, Sl — g R E, o SR ERF TR LT,

JAEE

T SENET T2 ERGHIR T AL AN TILZEL S B HZ 287280, S RT A L~ l e T AZ BT B EEVED A EREF
TB720IZ1E, TS T IE BT SR T TV T ihiagd, T I DE S A DR E D AL S,

DESN4 L., ®HI$ AHRNC BT DL AT e L~UL s FH AL DI DRI R 2779, 3 DESN3 1%, %
AR LR R O XN Z L Td,

2007 2010 2013 2016 2019 2022
| 2008 2009 | 2011 2012 | 2014 2015 | 2017 2018 | 2020 2021 |

System-level component reuse

s ——
Chip-package co-design methods -&\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

NN
cotimation techniaues | A
HEEEEEEEEEENEEN
On-chip netw ork design methods _\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
Mixed-signal/RF verification -‘\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
Automated interface synthesis _&\\\\\\\\\\\\\\\\\\\\\\\\\\\\w
][

verticaton oo | A\

Multi-fabric  implementation
planning (AMS, RF, MEMS, ...)

HE Research Required I Dewelopment Underway [ Qualification/Pre-Production S Continuous Improvement

This legend indicates the time during which research, development, and qualification/pre-production should be taking place for the solution.

Figure DESN4 System-Level Design Potential Solutions
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Table DESN3 Correspondence Between System-Level Design Requirements and Solutions
Requirement Solution Explanation of the Correspondence
. The larger and more complex the components that can be reused,
Design block reuse System-level component reuse

the greater the expected overall design reuse

Standardized communication structures and interfaces support
reuse: IPs with standardized interfaces can be easily
integrated and exchanged, and communication
structures reused

On-chip network design methods

Enables integration of different fabrics on same die or in same
package (SIP); hence, enables reduced number of
platforms

Multi-fabric implementation planning

Available platforms (AMS, RF, MEMS, ...)

Automated interface synthesis is one building block to an

Platforms supported Automated interface synthesis integrated synthesis flow for whole platforms.

Automated HW-SW co-design and Required for integrated, platform-based system development

verification
4 hich level esti Improved system-level power estimation | System-level power estimation needs to match progress in
ceuracy of high level estimates techniques high-level area and performance estimation

Packaging effects, e.g., on timing, must be accounted for in

Chip-package co-design methods higher-level estimations

SOC reconfigurability On-chip network design methods To provide flexible, reconfigurable communication structures

Multi-fabric implementation planning for AMS and RF
components are a building block to analog
automation

Multi-fabric implementation planning

Analog automation (AMS, RF, MEMS, ...)

As in digital design, verification is an increasingly critical and
time-consuming activity in the design flow

Modeling methodology, description

. . ; Mixed-Signal/RF verification
languages, simulation environments

FmE, A1, WEERET

IC DAL TYVAT =2 a ATk T DAk AR B R T, FRBEER G, AT AL ~LER GO /N R 7&
7 (BUE, VYRS NTG AT 7 LoUL) B BRER G~ D AN L T2 — R L NV R BIA~D v o
7Tt A THS, MIKEREFTlE, et 2B L OMLE FoFIC S X R JQE%MT_?&%E’J-%
BRI R AT DT NAARLER IR Oy (RAY X — KRB )v TV B AR L T ad | ipd) ZRliE
T 5, MEERGFHCIL, Ty T AL TVAT —ar (T For=7  BE, Bt fillt, tEaeftT) &
FHEL . T A ALELRRE ZE MR IELSE DA Te, WBLELRT O T 7 M7y NI ELE (BITE, generalized data
stream(GDSII) file 23H0) ~D AR T (F—TFT7h) THY, Hﬁé(mﬁﬁhﬁu 1/4’7%9:@&&0)#
filitk, Ze N BLOHKI(Z A7 HEET) . BREERE)OMGEZ & T, fad, B, MEEEHT, v R
T ALV E X AD DT IZBW A T IVA T —av @aik 45,

X EHERENEIL, %%ﬁf‘%fﬁ%&DﬁfﬁEfM‘/fo‘/?w/a‘/ T TV T NDY AT Bl e
AT HBERT D, LU, TV M, s G B (F AT BB TN AT
V71 A, fER MR O ﬂ*ﬁé%fﬁé’}fﬁﬁiﬁ%nﬂﬂﬂb ?Ha%fm‘é &%:l*;éﬁ 29 %, NIETE
72 D VIZ KD 7e T — RN RORR EZ BIRET D702, fmBlEk it IR RIIZIZT AT AL~
AREHT. MR EH E LD BRIB IV VS DM BENDH D, ZDT-8 ., Eﬁﬁ/ 574%‘(2%5[5*)2\ hy 7
VAT UMLK AT VAT —al T I = TNIBRE S UTA L TV A HIVIR AR T 4 7 FRAT (1Y

BES), FAIT | AR I T — LU T D ThAD, TRDOAL T VAT — a2 DT I3,
k%);%‘ﬁﬁ WZHON T 28 HMEE B IO, BBl R FH (KIEFFE, (X560 aAxMeE) [ZEm T 5720, Z0
N T 2 e R/ T SAADHGAL, TR ERAE, 8T, BE O L Z TS DA e OBPUKAF T
Do

BRAEONN—RD =755 B Ebid, Lot Ee G 7 o 200 5.2 o bF v U a it
WA B2 LOBESHDINE N DD, BIED A/ Ra (X, “separation of concerns” (K Z72[HZ /N7

SR 3 D ZEMNTENUTIRR DB IR DN FZ R T7) Z T BLEL TWDHTz8 | f@%ﬁfimw
00— AR/ AT v 7 D THERK L CWVD M, A7y 7 [ OBEEIXBTHY | Sl TR
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HCTHA) A FIVAIZEBNTUL, 7 =182 LA T vy 7 TOHMIN, FiiAT Y 7 Zm i3
LI L5, :@otﬁf@mn+27/7 ODJ;%?/kﬂ: TR TCOREHImERIRFIZE BT A A/ N a izt~
T, (LB DT AL AL REMEN DD, Ll B ST A= 2 DR i b o TN #E <
3?;67%66\ ARPLULEREAR A RETHY, FIICEDHIFINE R FTRE THORVITHFRINDL THAD, Lo

L. ZNHDOHRINER A A REIC R D& | KAV R 13 iE T 5, ZOBAOMAIE T 7 ait, b

TR EFEBEIZRY , FIEOH L2 HEL TEET 544 —2aThd, ZOIHRAZ L —a i,
VAT INE R ZAIL T HIFKI DR, ﬁ“iﬁb%%&x& 77—V FEAUIXT T DRE AR RIZEY, fmit
A EM B GTOM TH N2> TS, BIARMIIZIZ, 5 H DAY RalicBi 2R 2R E T 5imEE
EMELE R OA XL —aid, Iilﬂﬁé@%%fii‘%iﬁkvfﬁm\@ﬂﬁ%éﬁffﬂﬂﬁ LIV AT VR A S
TAUTARR TED A REME N B D,

an2E, [El8, Y2, Ef/:.fo/féiz’“ﬁf%f

PR AR MR BT AN E R, R T 7 a D e AR (2 b — LB
R FmIE ’s‘uz%mt/ﬂ;ﬁ MeT 7 /P TRkt 5720 D ERAPEN (47 V20T 47 HR) OV
NIEM T 5, KERICKHTHE RN BIEAE DESNA (ZRT,

Table DESN4a Logical/Circuit/Physical Design Technology Requirements—Near-term Years

Year of Production 2007 2008 2009 2010 2011 2012 2013 2014

Asynchronous global signaling:

o, o o, o, o, o, o, o
% of a design driven by handshake clocking 7% 11% 15% 17% 19% 20 22 23%

Parameter uncertainty:%-effect (on signoff’ 6% 8% 10% 11% 11% 1206
delay)
Simultaneous analysis objectives: 4 5 7 8 8

# of objectives during optimization

Circuit families: # of families in a single design 8 8 4 4 4
- - -
Synthesized analog content: % of total design 15% 16%
analog content
6

Full-chip leakage (normalized to full-chip

leakage power dissipation in 2007) 3.5

4
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Table DESN4b Logical/Circuit/Physical Design Technology Requirements—Long-term Years

Year of Production 2016 2017 2018 2019 2020 2021 2022

Asynchronous global signaling:
% of a design driven by handshake clocking

30% 30% 35%

Parameter uncertainty: %-effect (on signoff delay) 20% 20%

Simultaneous analysis objectives:
# of objectives during optimization

Circuit families: # of families in a single design

Synthesized analog content: % of total design analog content

Full-chip leakage (normalized to full-chip leakage power dissipation
in 2007)

Manufacturable solutions exist, and are being optimized

Manufacturable solutions are known

Interim solutions are known | 4@

Manufacturable solutions are NOT known _
FHMTERIT T DAAZ L IR T,

asynchronous global signaling (FEREIZ 2— 3220 FY2) — (A7 V747 H3K) fﬁi’i
RETCBITHBEERTF v Lo d, AR ay 75 5% PR W R AT 2 — LU N TF v 7 2RI

j—é;kfﬁ)éo Iﬂu+(§g7’~:’5 /1*‘/1/%7‘/7 J:T'f'—h/\é’a‘ ZE_LL/ﬁ_:E/:L‘_‘/I/F'ﬁ u'fm%ﬁf%é@ﬁ: %Eﬁ
BRI HZEL, TYL U ThD, HIfTERDTasynchronous global signaling | &1, [FIHA &5 ZRE 5L
SAE THAG 5 CEIBL, Kik/ay 75 52 AWV AT ANV ZERL TWD, B IREERIRG 52t
LTI =2 AFIEEZ O TWDED, VE— 2 AFIEICRITDHEE D) B, B3I, mfg=
AROENNZ D0, RERAEIIHE K%, GALS(globally asynchronous locally synchronous)a% it Cl, i
R DBEREE Y 2 — VEIEROR G TR LI LT n—A - Iay s DXL —Z LA A A
TACT o =T IR T BB 2 — VIR DN R = A7 - T ahaV aflio TEfE 52 8% lhE
ET Do NURY =7 A IR =R hOEEN , VAT AOBEHEE AR TET D, Iy 43l R0 | B
BT DEHUEA — "=~y RO MNLa L R— 3 NI RIS 2 T RIS 20132 Tl
W, 2012 AEE T, FERMIZay o 73R LT il — VAR AT REIZ 725 Th AD, Bl 72iits
MR (Y — | Fulcrum Microsystems fED27 02— 728) 73 2014 20T THAEL , BN OEIES
BETHTHA),

1. Parameter uncertainty(/FX—SZDFHEEK) — (v bo—LER) EDA Y —/ Ui, ik ite
WIBEEE G O R AL DOV 7% 588 T, BURREIE DO A ffe SEMEL %T&LLL“CI/\Z)O ZOXHLTTIE AL
FROBDPRR T LD, N P ARZITEIT HEXAVR A IR LT, BT R TH D0 %t
ﬂ(%fb\fgb\o Zlgg;kf i Zat A i%/)% %J:U\ Z \—t.j‘é an+ lﬁl%&“n B
T2/ FAN Y VI AN VR KT T 5 B EE 72 IS D BN A R L CUd, DT % —effect | 1.
ﬁ‘fﬁ’/]\?‘é?/v)%01:1?5U6/\°?7‘}‘U‘7?7‘£6f%0%0)Fﬁiﬁ“@%@\ THNEZ RL TS,

2. Simultaneous analysis objectives (JFAFIZ BT T RERFFAEE) — (A7 V=l 75R) BUE
DTV /P Tix, ZHORG BIEEYBBLG N A VIZEEL TWAHR, ENLEFEIRFC L, &
WAL T2MERHD, 22T, RE BIELE BEFEBIE HEE (T o747 Tbb A4y
I) HRE, YT TN AT IVT 4 TNERE, TNENRT— TV ZEYT 4 ZL T, UFATEY
TATHD, BUERHZE P OFFHNTIEIZELD, 2008 FETIZ, S EV OIS BUEDORK G 71—
(AL ARAEND, EL T, 2013 FETIT, HRHIFIEITERFI 7 m— DR L0 | BAFE IR L AE
EIRKT 25%NETDHTHA), TNVARIELT VAT —D[ERIHTIC, FaHHTENEASND
ERbND, HEOEFEMEICK T HRE(ILEL T, E%f@ﬂ/*\xwﬁ%@@(w:University of
Michigan @ Razor technique) 23LIRS A1, 2009 FFEHICITER I 7 — ITHAIAENL THAD, ixEHE
F&fik‘cl:(ﬁ% FF AN, 2013 FEETICRHBBIEI AL AGA FNDTHAD, R Ft A FEMEFRIZIZ R T5

FATFEIREL TWDT20 | AL T Bl b BT FN DI TRV, 2728, 2013 FDOERIT red
a 2%,
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Number of circuit famllles in a single design (—od)fﬂ'/f//#/ ZHe TSI IVE) — (KT
=T 47 ER)  mPEREEERERIR Tl A IBR T AT, EAE, HEE ) RE L SR
LT, E%?Tivéﬁﬁﬁﬁ“%ﬁ}:ﬁi%’?b‘o E%7Tivﬁifﬁsﬁﬁéhé;ﬂi@%ml@f X, A¥T 427 CMOS,
~/LF Vi, w/VF Vdd, EL T, X 14FIv7 CMOS ThD, FEFRH FF (U7 Tar FF) DLH72REEIE A
b, BEF v TITERTETHA), FEE 7 7V OMAEHOELEL T, FROMAEOEO LA IERHIC
THIFTLHOIXRETHD, Lo, 400)‘?47“‘4’/0)¢T%§§ﬁ@ﬁlﬂﬁ77l)%ﬁ5ﬁﬁ %, EEARTERT
BHOFGET D, [FIRFIT, FREL7 7V OIR M 36 JOGREHHR ORI ST JERE HEME R RS N AR s k-
AA D720, —HODF 7 FIZOBDEEE T 7 IV il ry > focb\ﬁ mzbnsliEbihs,

Analog content synthesized (BSHEFF ez 7)) — (AT V20747 ER) TP A HD
BRTER LT T u /B O &L 7 e/ B &I %G T THRILTE DESNG ([TRLT-, 3%
L, VAT LRTANRNED AMS Hiz 2 BOZE, 7 ad B RS RLEBMNE, 20 F/TOF fi/\ﬁk@@wﬂ
ZRWHSES: )4 B, 7 el BlRIEsstE cESiboTaiE TR TS, 2)2013 £FETIC

T uas A& ROEEMIL, 1990 FEO~AruT oy IBIT D EEAEJZODEE GRS UR Eﬂ’?’élﬁ’ﬂ
72T al EEED 25% A SN TWDTHA),  3)2020 EETIZIE, BUEDT 7 & i i
LIRS BT 7‘%’V&’/Vé\ﬁi“@?“—§7/<’7<0)4‘/7°9%‘/?“—“/a‘/fc;??: ICHIf R TR CnA LI, #ie
et e BENMEA R D HILD,

Adaptive ~self-repairing circuits (@i, H SEEEE) — (A7 V=747 %K) BE, REEK
DT ENDH A—T % 51T HEIE LR Lf£<7l£5 G T RCBITAEEL ., fET 7T DE
FEMESC AR 0 A RIS S8 5, %’7<0) T VAT LABBEEMEE O — R A7 EY, RS
EEWZ DONEMIZENDFEZ T, & *Bun%:l//\&btbmﬁ%ﬁffm\iﬁxf4’/7 VAT —ard
HEDHWr D e ThH A, Ll JZU§<@|E|E& jbl/‘“f\ VAT LADT AR TEAl THDN.
FolE, EIEEITHRIRREZ AT L TIE B 572DV AT A EBIE T 50030 Cafi Th b, Z0i-
D, ERIZETTmEFED KR ELIRDS, PR 252 BE |20 H CEARIKICKH T AR ENE D, 2D X577
T AT, BREIRGE, B, ioJIU\TXT\@ZXF%:I/]\E‘—/V?‘E)@ (TN, HEEA BB OMERE
T 4RI IBEICHLESILTEY (. IBM eFuse Hfr ClIdkbEil /0 O EE B L OVE R BAEFRFEST D) .
LWT 7 /ay TIRELICE K35 THA), f%ﬂ[]Lﬁ”é@%ﬁﬁﬂxl\j‘o’i(ﬁﬁﬁﬂxFGlﬁﬁj‘ék&)\ B
ArE T H Ol B a— 2 U AT AL, R RIZRDTHAD

Full-chip leakage power (J—2 - NT—DF 7§ &) — (arho—/VER) {HEEINTEIRESE
NEIEEFE L CWD EEARFHEETH D, V= U — (T ALy a/L R, 7 —N L, 7ok 20
T ~DOBI TR E B AZEIN 5, X AT 7 Vi, Javyl P —TF 4 XU — R A )/

BWIET AT R, BIROEERIE, BB A —) 7 B Vt bV VAL TRT 4 AT AEIRED
FIIZED, 2012 FFE T, V=2 %8R T 5 TH A, BUEDOT 7 /0y TlIH 7 ALy va/VR - U—27 0%
LT —h U= KERITH S8, high-k FFERDEANZLDT —h - U—2IZHIE FTREL 22 572V 7 &
Lo a)LR U= BERED I L 22 DL b s, V—212% 4 DRI 2007 EOE CIEHALL THY,
AL IN—=EDY—0%T 7 )ay )—RI A — 7 U TR LT,

P, [EIEE, HPE, ‘7‘/ Z 51T B AERFER
AR, [E13% . W PREREHC BT AR A A X DESNS (SR T, st AT A MILL R D@ Th D,

3. Automated handshake logic/circuit tools (N2 —Z 5582 [FIBE D B Bjg7F>—n) — T
WO FERIID DAL Z 2 72 RO |22

4. Synthesis and timing accounting for variability (/256 2&&Z/E L= EBHBLZAIT) — T
BIFDNTAN IO OEIEE LT G il WRINZAEBLAY 727 vy 7 JER A [R5,

5. Circuit/layout enhancement accounting for variability (A6 & & E /&L /Z/ERE L1 T DK E)
— NIANZIELOEEZEUIHEE D), T, KM ik,

6. Macro block/chip leakage analysis (if6 D& & Z L EEEE LA T OrDKE) — INTREOLE
BEBELI-7 0T o7 OEFEEY—7 ALY,
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Power management analysis & logic insertion SOl SOC tools (FH 2P & 7 #1#ID 4 BT - TN BEFEA
D7EDDSOL-S0C > —st) — FabiL~L COWEE I O7=D O (B /3T — - —F
AT AT —T )RR SOI il a AR —h,

Analog synthesis (circuit/layout) (7 /2285 ([El# L+ 7D F)) — ASIC A7 FalZ Wk
WX, BB AR 7 e =@ L2 T W EAY R iZm ETAZERNEEND, VT T 7TV I E

Non-static logic implementation (FEXZ 71> ZgaBEIC L B4 T YA T —2a2) — H AT Iy /Al
W7 7 AR T AT —H AT Iy IR B B T 572D OFmEE R KO BLA K.

16 F¥FA v
7.
8.
Y=V LB TH D,
9.
10.

Cost-driven implementation flow (ZXAEZE D12 T YX T —g272—) — PRRFE O AN
(RIAN Y 7B ED | BALEAE, V=2 s U — T —) & @R ETZER] TO T EPRFRITLD 58
VISR D, BIDHEF T 7 TV INBIRIRT D120 DY — v, BipdT 7 /ay ) —RE Wiz
BOARNHEE T DY —/b, (AT U RBRGERNC FE N %) BEAR G M,

2007 2010 2013 2016 2019 2022
| 2008 2009 | 2011 2012 | 2014 2015 | 2017 2018 | 2020 2021 |

Synthesis and timing accounting
for variability

Circuit/layout enhancement
accounting for variability

Macro/chip leakage analysis

Pow er management analysis
and logic insertion SOI SoC tools

Analog synthesis (circuit/layout)

Non-static logic implementation

Cost-driven implementation flow

1
i
|
i
|
N

! ::

BN Research Required B Dewelopment Underway [  Qualification/Pre-Production Continuous Improvement

This legend indicates the time during which research, development, and qualification/pre-production should be taking place for the solution.

Figure DESNS Logical/Circuit/Physical Design Potential Solutions

AP, B WEEER EHC BT D ELR RIS O BAMR A 2 DESN5 (TR, A ZRITHL T, E &Y
2=y N BT DI — NV E T FIEE L TV D,

Table DESN5 Correspondence Between Logical/Circuit/Physical Requirements and Solutions

Requirement

Solution

Explanation of the Correspondence

Asynchronous global signaling
% of a design (SOC)

Automated handshake logic/circuit tools

Departure from fully synchronous design paradigm
needed for power reduction, latency
insensitivity, variation-tolerance

Parameter uncertainty

%-effect (on signoff delay)

Synthesis and timing analysis accounting
for variability

Tools that account for process uncertainty, and
resulting parametric uncertainty, will
reduce guardbanding and increase chip
yields

Simultaneous analysis objectives

Circuit/layout enhancement accounting for
variability

Optimizations which consider parametric
uncertainty

Simultaneous analysis objectives

Power management analysis and logic
insertion SOI SOC tools

Requires budgeting of area/power/timing constraints

Simultaneous analysis objectives

Cost-driven implementation flow

Cost is an engineering parameter that affects
turnaround times. Silicon cost no longer
dominant; test and manufacturing costs
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increase emphasis on adaptive,
self-repairing circuits

Circuit families Non-static logic implementation Non-static implementations help improving different

N o . . chip parameters
# of circuit families in a single design PP

Synthesized analog content Analog synthesis (circuit/layout) Allows for larger portions of a chip to be analog
Full-chip leakage Macro block/chip leakage analysis Enables accurate leakage predictions
U= =
i aﬂﬁ I
RERRREDT — /UL, VAT DFIENTERIZEDHERTHLT N ARITFHRS NI EOEEL — 8

?‘é EEARFET DI ETHD, 53%/\7275:% N R G OBEHEE OB RIC I | BEBERRGEI IR IR T
XV THY, ZLOMFET L V=T PR O EIEE) TH LU CWODIE KRB A TH T T
FTATND, BLKDOPEEEFR OB AL, BEL W ER IR S ARO IR O T T, RERRREET nE 5%
MESILTNAITIBE T, 3R EF D4 72 ﬁ%@a&@ﬁ%ﬁ&ﬁ& \LRRGEL T2 THD, ZHo
FRAEXS 1%, A% FHE @Jﬁf@}_{m S RAIVUTIFAD—ERS TLOR, ZOXISEAR ATREAE ML, &
B2 BB 572012, EE IR SN EE 7 ahaL THAS DS, EmEICkaSNZY AT
DT e F T EWHNF T vxl/%fmtﬁf VAT MR LT, BRGER I ASGBIEL TN EIZH D,
REF VLB KIZAANDT=DIZ, FEER ORI THD LD 3 ZRED IELSEHBLT 541
E"?DL’CU\Z) ﬁﬁ@?ﬁ%\é7m/:&kfi BEE— =T OBIIRE = =T HE s T Rb M
IR EETCIE, ZOERIT 2: 1 ITHETHAEDOEBOMRENRH D, ZO L7 THE L THITHhILTOHER
HE, MESE7 R R DN LT 53 2D DRI EE S W T Ry Ve REGETFIED T2 TH 5,

REEAV72 7 L — 7 2L —72 UIZIE, BEEHRGEI, B PEE DR DB EICKRT LT, ML ITERET
=R éﬂéﬁaﬂ*&iﬁéf%%oo TR I IRRRETENS  #E LS T- 7 4 —~ Vi 7 a v AT
THIET, T —T 2N —PNRIDIE NS D, VAT LR OBEREZMEET 57201, 4 BiEbh T
HIRFEFEO LI, OIRLET V&R T, B&amf_Txwa%mg%/:;v—/a/m )
DN TNT D 5T ENIHLDTHD, 2D HEZIE, FEWIZEmB T Iab—ar XU X AR T D
B R a2l —val HIMMERTHD, LInLRRL, ZNHOT ANIED I AL — i@ IEE IR, =
TN RENZEETE, FEORR 28 E 5720 0T Sy 7B, IEFICRS TEME R T Ny 7k
L — AL~ =a T MENTE 725 TLED, EDIT, TNHO FIEIE, B ITEEN K ZOE RO
L— Ry e B E DR G OMAEERE LR > TLEI D, ZLOMGE TLEE ML EET 5, R X Tk~
DBATITIEIRERIARNRDNDD T, PERDBGEEAMT N EE/LL TWD, ZD72 | X AL/~ TX
LUV R L L CO 74— -0 BI 7 +— < VIO T, 7B L,

G L U MEE R 1E TR AT LA EOEEDT — LT BT N AE- T, FDETILEIal
— Al RAE LT ALV LI T A LI TS, AL —VOFNE, BREERIROFRETD
ELEA2HDEMEE TEMNMTOILDOEL THEEFSND, EEERETIX. &) K@ﬁ*)\@md‘%ﬁ)m#'ﬂ‘
DA 2 DA TR—R MR, RICTF 7| B S AT A RRICEIE T KO HEE R
LHZEW—RITHD, HTDHZECIY, HDH—D>DarR—x b (FERLEAL) c:aimm\ézwc:ﬂ
LT, BN OB ITHM I, fRIRTHZENTED, (VAT LARIROI 2L —a N IE MR-
FRIIBINE 25 5 (W AT RE e K& e i 2 FF ok GHeBWTid, N—Ro =7 Illl/*“/zl/ﬁﬁb
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Table DESN6a Design Verification Requirements—Near-term

Year of Production | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015

Productivity

Design size verifiable by 1 engineer-year (in millions of transistors -

based on an SOC design and a 10-person engineering team) [1] 79 103 | 135 | 176 | 231 [ 303 SSFE 2 o0 @

Methodology

Design errors exposed using formal or semi-formal verification (%,

: - 4.7 7.1 9.4 118 | 141 | 165 | 188 | 21.2 | 235
versus simulation)

Effort spent on system-level verification: software, hardware and

electrical effects (%) 116 | 131 | 147 | 163 | 178 | 194 | 209 | 225 | 24.1

Portion of the design specification formalized for verifiability (%) 13.8 175 | 21.3 | 25.0 | 288 | 325 | 36.3 | 40.0 | 438
Bugs
Escape rate: bugs found after first tapeout (per each 100K lines of 8 7 7 7 6 6 6 6 5

design code)
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Bugs found after system integration until tapeout (per each 100K

lines of design code) 62 68 74 79 85 91 97 103 109

Reuse

Portion of the verification infrastructure (e.g., test beds, coverage,
checkers) which is newly developed (versus reused components and 739 | 70.8 | 678 | 64.7 | 61.6 | 58.6 | 555 | 525 [l
acquired IP) (%) [2]

Portion of the verification infrastructure which is acquired from
third parties (i.e., verification IP) (%) [2]

Functional coverage

Portion of design for which verification quality is evaluated through
functional coverage (%)

Covera_gg goal der_151ty (expressed_as number of coverage goals for 1204 | 1608 | 1922 | 2235 | 2549 | 2863 | 3176 | 3490 eI
each million transistors of the design) [3]

155 | 183 | 21.1 | 238 | 266 | 294 | 321 | 349 | 376

465 | 49.7 | 529 | 56.2 | 59.4 | 62.6 | 659 | 69.1 | 724

Table DESN6b Design Verification Requirements—Long-term
Year of Production | 2016 | 2017 | 2018 [ 2019 | 2020 | 2021 | 2022
Productivity
Design size Which can be verified by 1 ‘engir'leer-year (in millions of transistors - based 121.0 1597
on an SOC design and a 10-person engineering team) [1]
Methodology
Design errors exposed using formal or semi-formal verification (%, versus simulation) 28.2 30.6
Effort spent on system-level verification: software, hardware and electrical effects (%)
Portion of the design specification formalized for verifiability (%) 51.3 55.0
Bugs

Escape rate: bugs found after first tapeout (per each 100K lines of design code)

Bugs found after system integration until tapeout (per each 100K lines of design code)

Reuse

Portion of the verification infrastructure (e.g. test beds, coverage, checkers) which is
newly developed (versus reused components and acquired IP) (%) [2]

Portion of the verification infrastructure which is acquired from third parties (i.e.,
verification IP) (%) [2]

Functional coverage

Portion of design for which verification quality is evaluated through functional

coverage (%) 788 et

Coverage goal density (expressed as number of coverage goals for each million
transistors of the design) [3]

4431 4745

Manufacturable solutions exist, and are being optimized

Manufacturable solutions are known

Interim solutions are known | @

Manufacturable solutions are NOT known _

% DESNé6a & b DFEIR

1 77 H (productivity) #7&, 200 74ED FJHEIT ZEIRHE T — L0058/ L T, BT —5 (20224F) & T-HIEFL T, [EARAT
ZHEINIE L I1dD TSR AIEL TYHS,

[1] R EPEVEZR AL, S RTARNZ4NED SOC design productivity requirement 355/, 1 4 Tl T&or> v s
KOS/, A EIEERNEZ PR FE TE T R 7 L F TE > T B, il THECT R LD A, 2007 FD
70%72°5 2022 4D 50% E THIBICEIL T 8L

[2] BRAFFEFIH D E 2 713, B R AR 5T + R + P — PN — T DR AE IP =100%E L 75, /T, B IR ar B b i L
—RN—=F BFFIP 12O COEZ N TS,

[3] 5 Hiz 5L, CHENDR P EIRISELGENTI00 T 72 X5 2 G- S PRE 207810 L<IFZ8F1 Db S FHEGEN
B TIEAS S TV — g0 F = DK,
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R JE AR KT AL AT ATV T LRI Lo TFEA L REFES LTS, FREFD K1, &7
FHE T a s EREEE O CT AN Y T ERGET A28 TN D, Iy 7 AR 7 VR EH L, MGE
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B BALORERI
BAENT AR, bUIT LRLAE e IR AT BAFE R DR R4, X DESNG 13BAFET — AT HifT
FOMRR DM A FTRERF I L LB I, MEEEMIC LT NS E T A2 R LD T,

2007 2010 2013 2016 2019 2022
2008 2009 | 2011 2012 | 2014 2015 | 2017 2018 | 2020 2021

Verification methodology : :

centered on verification IPs and &\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\Q

reuse

Hierarchical hardw areverification
methodology

Solutions for the integrated

Embedded softw e components A\

and their interface [1]

Design develpment and
structure, taking into account
for verifiability [2]

A\

Simulation and verification
solutions for the detection and
correction of soft failures and
manufacturing faults

Reusable methodologies for
functional coverage development|

2

A\

Concurrent verification of
hardw areandsoftw are
components during development

(3]

Design specification formalized
for verifiability [4]

-

Verification of analog and mixed
signal designs

HE Research Required I Dewlopment Underway [ Qualification/Pre-Production == Continuous Improvement

This legend indicates the time during which research, development, and qualification/pre-production should be taking place for the solution.

Figure DESN6 Design Verification Potential Solutions

[X] DESN6 7%
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NEFGIE T T CELRES S REH P ~DSE) T XD H BT FL TS, B, FOFRERIT R T AT — R
FOEBLLFITTHY, FHEEMAIRS Y TR TEN— 2 FDE L L TEH T REDFNT, LIRS, B 11
1EL TOSDT, ZOFFFEBN TOLRXT ARG T —2a2)E, FFICE N L~ TOWE 7 RO IELED Al TES
SR EETHS,

[2]50 ‘W2 B, BRAFICR G 2 — N D T IR DFEI

[8]E VR BE, Nz T LA T ERBIALR S T2 T e LA b DA KT g2 DIEL S ZREFET SR, BRDOFH T
EBARINT2 DD LA FER 4 ITIRFFT B 1) N—PIo LT A IR IR A A CA LRI AS, 2) #A
ARZS TRz FIIN— R 7 (BT IFE ) DT L —a BT [T TP TR LT SE LTI OPRFESILS, MAA
BTN T T 7Y 23 e D PR SEHE NI D, AR i Bl T3 F T F T AL -7 R oo TUHB,

(1] (TFRE B DIRAFEZ T3 1T DL IR IR EFHTE DI 8D D(FZ 5T 74—~ /)T
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PRIL, BUE, FEMEE BB ICH D, AIOHI TR _7=I002, MEER SR OBF ., V7 hmT— KA/
IRNT U AE DRI FTIET D7 4 —~ /W7 FEIE, MPU fEIK CHII O SZ5R B 255, 1SR RE D
N — U LRI BT D E I AR DI IR &7 D DT FI2 0 THDHA, ZHDIEFRE EMREED A pEMED
XX 7 WD DT DI EER T TH D, 3 DESNT 1Ei% FHRRGE~D B R LF IR Ot BR 2 R LT
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Table DESN7 Correspondence Between Design Verification Requirements and Solutions
Requirement Solution Explanation of the Correspondence
Verification methodology centered on | Verification IPs and reuse reduce the amount of new

Productivity of verification
tasks

verification IPs and reuse

verification development required in a project

Hierarchical hardware verification

Structured methodologies
productivity

improve design team

Reusable methodologies for functional

coverage development

Functional coverage is time-consuming, and specific
for each distinct design; development of reusability
techniques is critical to boosting productivity

Concurrent verification of hardware and
software components during development

Advancing the verification of hardware in parallel
with that of software components can significantly
shorten time-to-market of a product, in contrast to
methodologies that begin software verification only
after the first hardware prototype

Enables the decomposition of the system into

system-level verification

Hierarchical hardware verification smaller blocks which are suitable for formal
. methodology o
Formal and semi-formal verification
verification centered Design for verifiability organizes a design so as to
methodology Design development and structure taking | simplify verification; additional verification-specific
into account verifiability hardware structures further simplify design-time
verification tasks
Verification methodology centered on | Verification IP components enable an early start on
Methodologies for verification IPs and reuse system-level verification

Integrated verification of hardware and
embedded software and their interface

Directly provides solutions for effective system-level
verification

Port}o.n . of . design Design  specification  formalized for | Formal languages and methodologies to support the
specification formalized for . - o, o .
. verifiability formal specification of a design
verifiability
Development of hardware structures (checker-like)
Design structure taking into account | which can be used to detect and correct a system
Escape rate after tapeout e e . . .
verifiability entering an escaped erroneous configuration after

customer shipment

System
rate

integration bug

Analog and mixed-signal verification

Limits the bug rate due to analog effects

Simulation and verification solutions for
the detection and correction of soft failures
and manufacturing faults

Manufacturing faults occurring in post-silicon are
detected at system-level integration; techniques to
detect and correct electrical and transient defects
reduce the effort required to expose and correct
these problems.

Hierarchical verification methodology

Supports management of
decomposition

complexity through

Functional coverage

Reusable methodologies for functional

coverage development

Reusable functional coverage solutions leverage the
coverage development effort and boost quality of
results
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T BRI EERE b S 7= SOC, SIP XN #E72# % DFT (Design for Test) (ZHEEL TV D, T AREZEIT,
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DOHDHMN, EDJEW AT AN ASLELE L )L TOT AFIFIEL TR, ZORBEITE R IZHhT--
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ALTODD, FIZRRBIL TR, 2D DFT i, %t THEHIRL , /A RXBREERICID IS
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Table DESNS8a Design for Test Technology Requirements—Near-term Years

Year of Production | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015

System Driver: Analog/Mixed-signal/RF

All-digital DFT for analog/mixed-signal/RF circuits and systems.
% digital circuits in DFT implementations

Correlation of DFT results with existing specification-based test
methods. % results correlated

Availability of fault/defect models for DFT-oriented test
methods. % AMS/RF blocks with accepted fault models

System Drivers: MPU/PE/DSP

DFT coverage of digital blocks or subsystems. % blocks with DFT 70 70 70 75 75 75 80 80 85

DEFT for delay test of critical paths. % paths covered 55 55 60 60 60 60 70 70 70

DFT for fault tolerance in logic blocks.
% blocks with fault tolerance 40 40 45 45 50 50 = 55 60

System Drivers: Memories

DFT for yield improvement. | 85 | 90 [ 90 [ 90 [ 90 | 95 | 95 | 95 | 95

General SOC/SIP requirements

DEFT support for logic and other non-memory circuit repair.

% blocks with repair 50 60 60 60 70 70 70 80 80

DFT reuse for performance calibration, and measurement

purposes. % DFT circuits reused = = E E E <9

B
a1
ul
o
ul
o

DFT impact on system performance (noise, power, sensitivity,

bandwidth, etc.). % performance impact (aggregate figure of merit) 15 15 L L L L L L L

DEFT efficacy in test volume reduction. Reduction factor 5x 5x 5x 10x 10x 10x \ 20x% 20x% 20x% \

DFT / ATE interface standard, including DFT control via standard
test access protocols. % of test interface standardized 45 45 50 50 60 60 i w B

Table DESNSb Design for Test Technology Requirements—Long-term Years

Year of Production | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022
System Driver: Analog/Mixed-signal/RF

All-digital DFT for analog/mixed-signal/RF circuits and systems.

% digital circuits in DFT implementations

Correlation of DFT results with existing specification-based test methods. %
results correlated

Availability of fault/defect models for DFT-oriented test methods.
% AMS/RF blocks with accepted fault models

System Drivers: MPU/PE/DSP

DFT coverage of digital blocks or subsystems. % blocks with DFT 85 90 90 95 95 97.5 100
DFT for delay test of critical paths. % paths covered 80 80 90 90 100 100 100
DEFT for fault tolerance in logic blocks. % blocks with fault tolerance 65 70 80 90 100 100 100
System Drivers: Memories

DFT for yield improvement. | 98 | 98 | 98 | 100 | 100 | 100 | 100
General SOC/SIP requirements

DEFT support for logic and other non-memory circuit repair. % blocks with repair

DFT reuse for performance calibration, and measurement purposes.

% DFT circuits reused

DFT impact on system performance (noise, power, sensitivity, bandwidth, etc.). %
performance impact (aggregate figure of merit)

DEFT efficacy in test volume reduction. Reduction factor

DFT / ATE interface standard, including DFT control via standard test access
protocols. % of test interface standardized

Manufacturable solutions exist, and are being optimized

Manufacturable solutions are known

Interim solutions are known |4@

Manufacturable solutions are NOT known _
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AEHOX | BN R NEREND, BT VL, ZRNATRETHIULH I, KIGTET /L LB
BE AT 23 72 S COVZRIT IR B2 ZIUCE > T B A B LHIEIAS, K Baz HlRZ R DU 2
TEALIDNTHETE, TSRV ERETED, 7Tl T ANRE(TFulZ O H 7 AN G Te) DT AR
i B FHALAS D E R

2007 2010 2013 2016 2019 2022
| 2008 2009 | 2011 2012 | 2014 2015 | 2017 2018 | 2020 2021 |

SYSTEM DRIVERS: ANALOG /
MIXED-SIGNAL / RF

1. All-digital DFT methods

N
\\\

/I

2. Structurally-based DFT
methods

7

%
/I

//
%

3. Radio wrappers for SOCs

SYSTEM DRIVERS:
MPU / PE / DSP/ Memory

1. Delay BIST methods

I'

-
|
%

2. Alternative digital BIST
methods using IDDx, thermal

|
/
/

;es; ettC. ide digital BIST | m
achitectures N\

GENERAL SOC/ SIP
SOLUTIONS
1. Test generation tools and
integrated DFT methods for
functional, parametric, and
defect-based tests

N

%
/

2. Hierarchical DFT methods

periormence caioracon, | R T N

.
/

repair, and yield improvement

3. Simulation models and tools

]

for predicting DFT impact on
system performance

4. Statistical methods for
coverage monitoring

|

S
| i i

5. DFT / ATE interface
standard definitions

I Rescarch Required I Dewelopment Underway [ Qualification/Pre-Production ESSY Continuous Improvement

This legend indicates the time during which research, development, and qualification/pre-production should be taking place for the solution.

Figure DESN7 Design for Test Potential Solutions

DN TA=L T HI LMD TEHETHD, <07 Fus ML, K, EE, 7=—X7RE0
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AT LRTARNTHNR—=EINT-7 a7 LD DFT O HERAEFTED TlInWltd, Z2THRAL TR E
720N, VAT DOFFICIL RS- DFT BRkE | 2O H L, DFT/BIST ORI 0 2T 47 A
RV a— U T OfRERIEL 72T IR 72Dl 7T ay L)L TIE AN —TER W e U RS
INDHTAMEREE & AT2H DO TRITIUERB20,

VAT LDL YL T, DFT 13F 7 EOZ LT AT LNDOT ANERET ANT PV r— a0 O FiE
ZHEAEL . IS TT AN/ EANES ATE Z2fifi 727 ANRY 22— LD A LR T HuUE7e b7,
FAMERDERN—RT =7 L ISABRTIVTY XL, T AT 7B 2O LBEPEZ ST 5L, — Tl
ZERRD T sT AL~UL DFT DER THSH, VAT ADL L TO BIST ~OHJE B A #L35, 7 us,
VI AR T F )V RF BT AT LD DFT HTOUGEICEL /> T, TAMERRET 7V —a &I,
VAT DT ARDERELZ AL — XTI A SNRTUER 5720, DET 128> TR EN Dk (WO <ono
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FEFEDO N—R ML L OFEFD /3T AN 7)1, AR H A LY —~— 7y NEE MG D 725D
IEESINDORETHD, LIz > TDFT VAT L3FHAYRa U id, DFT &1 )L COEEMEREZ f it
LR AUE b7, &5/ a— )L Tk 118972 DFT OMIEIL. ASROBFT COFHAIE T 4—R R0 7%
HLTOFYIT L —adiBledsd, 7B RELDERT NAADRFEEVEICK L TL T, VAT A
BEA TSI 272012, A ICL > THASN T ELDOF v T L —ar Fikid, DFT FEEARER
A2 DEL TR — 1 TED, VAT LX XV T L —a0 DAY LT DFT 24520 T, %
FHE DR ET AND BB I EEA LD IR DI EMEES NS, AT A DRNE, T4 — IV RUAT
PEREAK T OIEE 72 81T, ALHEHIZ: DFT AV R 28> TR AT REIC 72 D HEAR I 72 VERE R TH D,

SOC <° SIP |ZH#H SN2 T vy 7 DT ANMIIE, ENUNHEARD XL R THEM LA EO F W T ARRER 232
92725, SRAM, DRAM, w7 7w o, 7l IyI ARV F v RE D% 2 2657 AR
. ATE, &AL 77— a3, M E Ol b DO 7= O I\TABR RN IR DAL AN b o> TERY, P ZIT,
ZNH%E SOC ELTHRA LIS AT, 2O LTZAXAIVINEFET D0 5T D, BARKDT 1/ RAM T
I, Bpo7= M D ATE 07 ANEEOZI AN, 2@ B/l FILERIZ L > T, ARIEFITEDIDNDT A
MRF 2R CETWD, ZHLTZTEDY SOC 728 Tl A TERWOTH D, HEVDE, SOC ELTA
T T —RENTEG A, FDT O I DO ~DT T RANRARRRETH 720, IiEIIIZDT 503, H
RTIZA[REZR DT CZDEICLL D, ZD72  DFT FESR Ty 7o 7 aha/LOdLiEE T Tz,
BIST LHHAIA Y T N ffioT- B 7 ANOE HAZYLR T HZENKETH D, SOC IZHEINTTFrs
Sy ARV F v RF 71227 @ DFT X° BIST (3R WIS FEREIR DT —~ 722723, SOC ~DFE A DHE
FENEELEILY ERTOEBHAME/DT259,

DFT #Ea~Dkk % fEFICED Fo 7w, 7ANA O VO Bl HEES ., ORI, 55 RERE
DY AT DAL RTNMIELT, DFT 138030028V IR oTe, 7T Iy I ARV T F )0,
RF LHBEEDT AV YT VAT L% SOC R° SIP IS AT HZET, V—IEBFS, /AKX, /—RD#
728 D DFT IZE - TE=S— SO NS HELVBRENEL D, U RIROBRSCATIMA R /A Xl DY
AT LNT F =< AND DFT OFEIT, ERIESh oIl FRISHZRT IERBe 0, ZhU2dk-> T
MESNDNE DFT FHED RIOF| FLLAANDBE NAZ T 4 TED, DFT FikiL, SHITREED /—
RDF=HY 7 RN T AR R D ALY (B 213, SR o/ ST AN Z75HAD ICH S T 540 8
D&%,

DFT O ROERKIL, 7 AMEET A=A ARORIIZH D, Z0 DFT OHEERIE, SOC/SIP DL~ T
AESNDRETHD, EVIDITZDOL L TTANELT APAARNNT-EV L ZLTESITFHE TE L)
LTEDOTOT ANEHID AAFEIL, P AT AN ED T vy 7126 T 57 AT AR Tld/s
L BV AT DTN —F 5T ANELT AN T D, FAIE, 2006 (ZXF LT 2 FEDOEIRERITT 1
BT UAT LEUTUIPERDTIEDN, ZIIRNT TR RF 25 L RRS AT A THHI %S 2T %Y
IRESRE T D, 7 AMRFRIROT A AN, ATE LIEFIZHRSBIEL TS, VDD (I DFT < BIST 3%
2Th, 7238 ATE 3T AT EERKE ZFf > TODbTHD, B4 72 DFT FikE ATE DR DA 5
72— AFEHAEERLRTIUIRLR2, TS LS TEA DR DT AR ER T D527 DFT &
ATE OEREAGHED B HENTFREND, TANT 7 AR =2 OMOT ANEEDOIERETHS
IEEE1149.1(IEEE Standard Test Access Port and Boundary-Scan Architecture), 1149.4, 1450(IEEE P1450.6,
Draft Standard for Standard Test Interface Language(STIL) for Digital Test Vector Data—Core Test
Language), 1500(IEEE Std 1500-2005, IEEE Standard Testability Method for Embedded Core-based
Integrated Circuits.) M SALTNDEITWZ | INHFLIZ T AT AL AT (EVEMBELIR 2L AV, 7 —F#fE
DL AY 72 E)VIPERS N @ E)7e DFT/ATE A2 X7 =— A7 bV PHENLSNDRETH D, LM
T&ENUE DFT FHEDHBRE ATE ORI REMEA 7 /WITIE I TE2E01272%,

SOC/SIP @ DFT/BIST ORISR DR RIT, 18 EHFEFRR I TR THY, ML TIE
FAH WAL= THEA TUVD, SOC =X° SIP DHFDT 7 /e, 7 VAT ADOR - FIED ST, 7
ANERY — v E DFT/BIST Y —/VinT 4 U4 V7 ANFIE (B, KBG, 7STAN) 7 _R—R) L7 rr
VP ARY T F v RF T ANFIE (BEEE, /NT AN 7 _— 2 PRI, K —R) DA SD
ZEEFLRLTWD, ZOfRIRIT, VAT DEHERE | 5 T M Lh—~—F v ZLTREDOT AN
SAANARI T DT, REFCT AN T = S DY — )L o TRIF SR UL B2, We s
BEfE DL~ T RIS AT AMERRD, BT 1> THEA LSS A0 &H 5 DFT/BIST %42
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LR TR B0 L BEFOEITITIS U TGS Ok % IBIRER A SR T U267, 2RH)
IR R T IR BINIE, BREHET AL DWJT DRI b a8 I R L2/ B TR e brany,

RN a2 — a7 NEY— UL, TR TCORGFETAND T T = TIZNIETHHDOTHY
T AN 2 —Tal O—5 53 TRITIUTRBIR, FRZ, AT LMEREIZES 05 DFT/BIST D288% RFED
HZLIZBWTEITHD, v Ialb—Ta Y — U, it D TR 721 ~L (BfE, B, LATTR)
LTI HIZ LT3 > T, DFT/BIST O3 RV AL | ZUTd - T, &b %72 DFT/BIST OF
EDNBIRTEDINT U 5720, 2RZ B CORIEIL, VAT LT AL — (i,
INT AN T KGR, W LIRENL DM A G D) Thd, ZiL, DFT/BIST O—iiE L CHR TSNS~
XTHY, TANOBEEMEO R O T IZB W TSNS RETHD, AT TN —UREHITX
HIEBEITFETITIRRD LAV TV, oIS IT S B O UGEZ FTREIC T AR OR O K B D #i
WZBE ST N TEDILD 72 L — D OFEH DT VTV X LRSS T TR B0,

AT LT ARD DFT/BIST fiER R OH | fieb iem DI/ D DTS, T~ £ DFT/BIST #46E
& ATE DDA BT 2 — AT D, DT AT L3P Th T 4P H VS 2T D IIIAFAEL T
WAL, T TIEHIY AR T S L e VAT BZOWTHLIFEL TS, LL, SOC/SIP DE{EDHI=5,
AL BT 2 — ADIERETEAR TIIRIZEL TNVD, TARDTZD DV —AD 43 E DAL T RN ER DT REL
oS> TWAT-8 . DFT/BIST & ATE DDA 27 =— RIS EFES IV TR T8 SR DO fF R
RIZBWTIE, L FO SO EELRBAHFIZEHL T, ZOA X7 2 — ADEREFF 72T b0,
—OlL, B TR ERICE ST, VAT AT ANIBIT D 4 72 ATE O a[HuEC2h S m i FH 23 7] 6E
22D 8, by —DlE, FHRIp AL H T 2 —ADERIZE ST, B VAT LDORGHET AN —XT 7 F v
DOHFIBEHEEINDHZLETHD,

RER S Li% 5t (DESIGN FOR MANUFACTURABILITY (DFM))
[EHOXDERIZEL R\, v AT AR T — X BOESR, 2L TV TT7 4 E O RPN ERE R O
FER SV TOBRRRFEL [ SEIL TV,
T I Fr COFRE — GEOSR AL T H ENR B 0\2 7 —% 7 /¢ CO IR
BEINDHTHA), ZOHIRE TIIZN LDOZEEATIDITHEL L,

FRBELEIBER G TOBE — T AVHIN Iy I AR )L CTOd ST O LBV T 9 TH A,
HEE S AT OWHMEZ G AT IR G DN EEAR L7025, 7272 EERICEREZ1TO120E, B
TOEBER 2 SEAEICTAIENEET B,

1) HEFIEFHY — IV ~D AT E705 XX TIETAREET VT

2) MEFBIIENTDND  SOICEHREAEMEEE O @ e b~ D%
HREBNZIE, FERHIIIENTY — L SR RE AL B IE I, R TR OH5HET LTIk
72| FEOBLE LR FHIER T DI 2Z 2 KT HZEN M Th D, FaHIIMENT & E b O
FTOM A DIELOZXOEKIL, 70 ADOXF YT/ X7 X TOMHHIRA R Y %28 CTO )
DI REFALEEBES DNEBALTORIT U, B RO RIEG N5 L R DD EH R A
RITHL T, RLEERR L RS2 EZE AL TLED,

LA TONYBERG CORE — FTRINC, T AN —NTF oV OBHEEDE KRS H (T T77%5
AT) o VL 2 SRS (SR — v & HERL— 1) ~LIRBAL T, SHITITREHL 3 BIENHD
WL, B OB (B EG L — L TldZel BRFFENT— 77U CORERELL TR Tx5, AL
MFEIARD R — b — T %43 25) ~LtETe b LV, ZOF =o 7k, REHE I OEMESE
kS ERATONDAIENRETHD, 2 FHIZ, VI T EBOMRBREDORADIZDIZ
RET(resolution enhancement techniques: f#5: Al (EHZ1lT) D B2 IBICHIRINICT A 7m—|Z
WIS AHIENEEREND, RET V—/b, 7221 OPC <2, CMPULZ2HIREMAF BELER) CDOT AU
TRTEAI TRV EE )70 E ORI A RIS ER T 20 ER DD, EHICED, kel
T, BT 12— L DBEMEZ D, Ao m E2 el L, G X ol ~27 57 —4
Yefif DT- D ORFR 2 BT HIEIZEN D, ZOT 7 a—F TR BRI A 7 a— L7200 | ]
7B M%E Tt ~Muz ., il 2 OV — VOB FRIEEICEIDRES AT EIT D, fBRELT, U
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VAR KT AT 7 —L YL GDS T ~5I(RTL2GDS)«@7m~&’%5u VL JE )72 RET <° OPC @
EIEE Fit~&o7% TZ)J:O _7 T =TT HMENGD, TmEZE, T a— )L ma— B VELRE O
BRI IR E 0O BT —74/1/%]\@*757}3)?%%!15?“5%%75%@\ ZAUZEYDERTD CMP 7
AV T DR E @Eﬁf@ ﬁ:ﬁ BEL720, ZNERIRFIZI VT A AN Ry NOIEME FAEL AT U7 =
— R, v AT —HE K (MDP)OPC L~ L Mu#ETHZENTED,

REFEREL L TOXHEFYFHEREE — ZZTOREAL—/LI, BITO7EEME” TIZRZR, 28725
ZZTOUFIFIE, mz.:ﬁﬁtih@ifb%mﬁr@% FANEEHETHLDO THAT-O THD, i/
FODORRAEG T, BBV ON S BT 2 REE T HI21%, AR T2k st/ — /L OFEF O kIS %
WL ZERNE LD, ZNHD HERL— V71X BRIV AT U R 2 — T e AO TR, FlZI1XT
FTAANDEEE WM IE, RET 1] ERoZ O OHKI & DO BO BRI SESND,
DFM ELCOXIRIT, BV OmEFE, HEE S, CL THREOTF a—=0 T ~O 8% 5.2 57
B, BRFHEICR 25 TLD, BRFHBRRICBW TR, R, T U GHRE O B OREN TSI, H»
O AR E AEORN — R 7 RGN ENH D, BREM B L OVT AN v 72 BRI IZxE35
DFM X3 I, B FH OB (ZAUTTE 2 ICU CIRERZRFE R LELI T Dy D EL D55 LB
fI3035) ELTTIHRL, DLARGT 7 —O I THi- 2 il LIS IEL L THA SNDRETHD, =
@%‘%Ték: X BRBOO T E, RO TTo =0T ARk BUE . BRI E DY — L ~FEAL

B, T p—< A HEEN.EFOEEN, T L CEHREYEOBE TR :%ﬁf:foamﬁaﬁ"‘
&L‘f@)ﬁ%f&&@?m‘(@mﬁrEF%%F%%_ EREWT D, DFELHEZA, BREVITT v IR E
HOEEHBMEE, 7T aERXEA D BED FTHE i@ﬁ%@%‘%ﬁ@é D=, HAHRFED T A
DBRE 72/~ —  D/RF = TG AT DT I b S Tzak ihid, B 7 a e A58 Tik
HE FBREOMENATEEE LD, DT, Eﬂ%’@ﬂﬁ/wv IZRBWT, e RIETOHREYa AR
D IEfEFHIZ v REIC T DI2IE, EFEDX — 7 v e v A TOMREBTIA 7 7VD EMER Y ET v
EREANIX YT IHTARLCRBLIENM LD, FTATTVOBEVET VX, 7o ADNS EiF)
DAAER B Z DT VBB B A THO LM ETHD,

% DESN9 Y. Fitd F3iiE%4 DFM ZkEL CEEILLIZH D ThD, X DESNS 1%, 2N HDEE
RIZ%F$% DEM LU CORERll COiP-3E Th b,

Table DESNY9a Design for Manufacturability Technology Requirements—Near-term Years

Year of Production 2007 2008 2009 2010 2011
Normalized mask cost from public and IDM data 1.0 1.3 1.7 2.3 3.0 3.9 ‘ 5.1 6.6 8.7
% Vyq variability: % variability seen in on-chip circuits 10% 10% 10% 10% 10% 10% ‘ 10% 10% 10%

% Vy variability:  doping variability impact on Vy, 31% 3506 40% 40% 40% 81%

(minimum size devices, memory)
% Vi, variability: includes all sources 33% 37% 42% 42% 42% 58% 81% 81%
26% | 26%  36%  36%

% Vy, variability: typical size logic devices, all sources 16% 18% 20% 20% 20%

% CD variability
60%‘ 63% ‘ 63% 63% 63%

% circuit performance variability
circuit comprising gates and wires
% circuit total power variability
circuit comprising gates and wires
% circuit leakage power variability
circuit comprising gates and wires

72% 76% 80% 84% 88%

186% 255% 281% | 287% 294% 331%

Table DESN9b Design for Manufacturability Technology Requirements—Long-term Years

Year of Production 2016 | 2017 | 2018 2019 2020 2021 2022
Normalized mask cost from public and IDM data 11.4 14.9 19.6 25.6 33.6 ‘ 44.2 57.7
% Vg variability: % variability seen in on-chip circuits 10% 10% 10% 10% 10% 10% 10%

% V variability: ~ doping variability impact on Vi, 81% 81% | 112% | 112% | 112% | 1120 | 112%
(minimum size devices, memory)

% Vy, variability: includes all sources 81% 81% 112% 112% 112% 112% 112%
% V, variability: typical size logic devices, all sources 36% 36% 50% 50% 50% ‘ 50% 50%
% CD variability

% circuit performance variability
circuit comprising gates and wires

63% 65% 66% 69% 69% ‘ 71% 73%
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% circuit total power variability
circuit comprising gates and wires
% circuit leakage power variability
circuit comprising gates and wires

92% 96% | 102% 110% 121% 130% 140%

368% 381% 395% 360% 325% | 477% 628%

Manufacturable solutions exist, and are being optimized

Manufacturable solutions are known

Interim solutions are known |

Manufacturable solutions are NOT known _

DFM LU COERIT, RIZHT 20 7TV S D,

c BREIFEANCIH T A ER-ZOD T IVNFI~ AT IR NG I, 2T E TRV DL~ TEL, Z D
T2 /NIt R, Frlll~— 7 FORENSILZ D THAI VAT LA T 7 DEATEH 2 fE R I
IHT IS,

XD ER, VT T LRANSDER-ZOAT IV, T A ARLEKREE BRI EH L TS i
V“\\/V@*EE%TPT@BE??*}: REFSNARIE2IRIZEEE T 5 Bl L OB E CORRAEE A
TW5, TPt~V T, ERIbESNTEREEL T, (A F o7 BRI ESND) EIRELOIX
box, (K t/ﬁz;;%F“@ IXHDEERRELTORN U ROWHOFELLTO) BEEEDITHD
X, ZL T CD(Critical Dimension)iXH>EDEIE D355, LIt TIXEIFE /AT 4+ —< L ADELDOED
FIE (BB COIVTAINISRADIAND, T T BARDINT 4 —~< U AR ET DA ﬁﬁ@ﬂ@bx
SOEE) ., MIEHE B DOIELSEDEIS(T 7T 47 L IRRECOmMEDE N2 E T 15T
B DORENSDEIG) B RELTERD,

VA AANRE DR EOBERIL, BEEICHIE T O8N KEE THY  HRL THTKZEN THIZNS,
ZHCEDDREREL T, vV TF a2l Ny e— AV TA4X T TNV IRANT I F ¥ —R
ASIC DHAEEID, I OXICE LT, CD a2 ba—/L D57 7T AL~V DT A—=H2 fikih

ED X727 AL~V TG TR & 7237 A—202 O B FEE IR CHIlES LD, (B 1O ElE
Jiiﬁr%ﬁwv/ml/l\——t VT DR Te) BUEEEDIXLDEXD LMD /T A—F XA A RE 1Y
KU, FERELTLOFEE D, ZHLARNCfEERI72 R L E 72 D AT REME 2RO TN D, & UIRAIZ2 8T LU iR
RIR D R EINR2T R, T a AL ~LINLT NA AL~ [BIEL )L ERT A= 2 % Bt~ MR
THZEIZES T, FEFICKBE TR AR BIREPERECIH B B /I O LN LT DL E R H D,

DFM ORISR = ST /LT 5120%, X DESNS I[ZRE#iE& TV D DFM ORI DM EEL 725,
o« EEHGLRBE B HIF RIS L 7R —  ~ A7 B LIS & AU TE R B IR 2 B 5700 _f%t
O, BT NAVRLRA AT 2—A BT, DEM Y — V3L BEZ 705, T — LR~ 2 —T v L,
#ELV Y DFM O R —R A7 O EBIEIZ DV T, KVEEMICEHME CEX5 TH A,

- (L OXDEBEIZN T BAERE — Ik DEM IS OXOkE A B A TS Xolc e bt
(X727 1 IS RSB B O 5 DIEL X IRS LT RS20, ZOkE R, #idt
HIRSRERENT . B 2NE ) IRAVEE IFRATY — VIS REEE L7025, 3 c_\ VATRT AT LTS I
LD 2 DDORH B DR VB A T ANEN DD, 312, BIREE . IRE, I%%ﬁaﬁ
%G AT XD EZ SR TRESC T B A & 72 B D i) %4573%%(%50 w®EIZ
IR — RN ZEAMER X, 57 TR,

D[EIFEELE, B, 7D/&J?°)\jﬂmﬁ® X SR ZIRRL | fed b 32 m P Re7r i s A e B
2) R PTHZIER 725 BT, TLRME, BRVET IEF BAK(ECO) 2 & T iX b D E Tk T 2 S n 72 i
BT A7 —X% 77 F v &2 Gl X XA ME T AR AL E LB,

Y57 IR DEFEEIT I T BARRIE — VI T TN BT EEAREE D=2, ITRS 1
U757 4\ 2B L 7= DFM [ R A2 L B L350 BHICHWAA TS, RO 7 e —I%, Y
V7T 7 AHIFNC R I LT AR E W2 B A BN T L 702, 2D HAMTIE, k%%</v~/w\~x
(V=N EEHTO—F T DO~ FOEFTHELID) LT R —R (BRI — VR H 7 —
FZEO—HEE Eﬁ”é)@ﬁtﬁﬁm/%?%ﬂkwg TeZ LT D, 11T, aEII//(TWM*&

S TWD RET 1L, il &R, Z A7 KRG, EE%EH%&\otfié;lem)zuiri%zkia“iﬂ“
FAAIZRVE T2 Rl s, U CEOICHIRRICTEREL T 2 8 1 O M BABAMR O & 2 1A
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BEVIATe ZENEEL/2 D, ZOCVEIE, VAT U MRRERTREE G R E N7 T L= RD
A LRRICIWN T, B, BV TOND, 8 2 12, RO FHEHERR T, %Gt
DEERE CHARNZELE P REL 72 D IDIT, 2§ 4 7 HLE L OF AN (manufacturing friendly) ” 23 40 2 70
%o BE LTI TG G IR E (D R A2 BUEME O JRRNZIED "B I Db 2 Wk 7 L) | 58421
FIBRS TG G R YE (RO B A LRV E IR DL AT U RO K578 /NS UWEIE DM REZ AR
THREUEMEZ I T D e 3 ) | 2L CH R ERLARY — L SRR L 7= A& & — R B L
RaAT7RE | XTI R O F BT LD,
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N
T st ok EEmEETEmEEEEE
s e e | [
eyt s
e oo o tovs | [ [T T T
St e e ot | [
Carabiy (edundaney. 2) Il
ataai o s e e e e e e
s |y
Modekbased physical syrithesis AIHIIHHHhy
R | p— s

I Rescarch Required [ Dewlopment Underway [ Qualification/Pre-Production ESSY Continuous Improvement

This legend indicates the time during which research, development, and qualification/pre-production should be taking place for the solution.

Figure DESNS Design for Manufacturability Potential Solutions

WIICIE, ZAITRRAT D L7 BRI D E TS F UV SR 3BT 5, 5 A LINIZIE (2009
D 2011 4F) fEFH RO LR D e ISR FHIEWIA TN D, YL, RV 7= B R O BIR B 725 <0,
ST AT AT A S0 R B A P O S VA & FE 7R3 BT O — 8 38 FH S b,

U757 4% BEEHIIH5ET 5 DFM 13— i E7e o7z, K0 IRga R iE e 7 L -oflig s —4
CEREPR H B LTI L~V O R RHEAT SR DI NI S BITRER 30303 D, RO 10 45 CTld, T 7 13 8iE |
ORI BRI TS, LILERNHEDORFETIZ, HFHFICEEER S L2 UE T OIEHT5
TEWMUAINT, BRI IR G DN E R T DL E L ~UL 0D DEM HA I doo TR B9 L FF 3 i
b,

7% DESN10 |Z DFM O E Rk E DFM OfRERE DB OXIGNEfR 2R LIZH D TH D,
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Table DESN10 Correspondence Between Design for Manufacturability Requirements and Solutions
Requirement Solution FExplanation of the Correspondence
Tools that account for mask cost in their
Mask cost algorithms Obvious
Better manufacturability and yield, less mask
RDRs (grid-like layouts, no diagonals, etc.) complexity
RET tools aware of circuit metrics (timing, | More effective optimization, fewer design
power) iterations
Statistical leakage analysis and optimization | Estimation and control of soaring leakage
tools variability

Post-tapeout RET interacting with synthesis,
timing, P&R

By interacting with earlier-in-the-flow EDA tools,
can more effectively address litho issues

Model-based physical verification

Can address litho issues with precision

Model-based physical synthesis

Explicit litho model-based approach moves into
the physical synthesis toolset

Manufacturing-friendly design rules (hard
rules)

Reduces mask, manufacturing cost; addresses
printability

% Vaa variability seen at
on-chip circuits

Tools that account for mask cost in their

algorithms Obvious

Better manufacturability and yield, less mask
RDRs (grid-like layouts, no diagonals, etc.) complexity
RET tools aware of circuit metrics (timing, | More effective optimization, fewer design
power) iterations
Statistical leakage analysis and optimization | Estimation and control of soaring leakage
tools variability

Post-tapeout RET interacting with synthesis,
timing, P&R

By interacting with earlier-in-the-flow EDA tools,
can more effectively address litho issues

Model-based physical verification

Can address litho issues with precision

Model-based physical synthesis

Explicit litho model-based approach moves into
the physical synthesis toolset

Manufacturing-friendly design rules (hard
rules)

Reduces mask, manufacturing cost; addresses
printability

% Vu variability (doping
variability impact)

Statistical analysis, opt tools and flows (Vdd,
T, Vth)

Better estimate of variability impact reduces
overdesign

% Vin variability
Includes all sources

Statistical analysis, opt tools and flows (Vdd,
T, Vth)

Better estimate of variability impact reduces
overdesign

Adaptable and redundant circuits

Inherent circuit robustness to variability

Statistical leakage analysis and optimization | Estimation and control of soaring leakage

tools variability.
RET tools aware of circuit metrics (timing, | More effective optimization, fewer design

% CD variability power) iterations
Better manufacturability and yield, less mask

RDRs (grid-like layouts, no diagonals, etc.)

complexity

Adaptable and redundant circuits

Inherent circuit robustness to variability

Statistical leakage analysis and optimization
tools

Leakage power variability will soar. Statistical
leakage tools are critical to estimate and control
it.

Post-tapeout RET interacting with synthesis,
timing, P&R

By interacting with earlier-in-the-flow EDA tools,
can more effectively address litho issues

Model-based physical verification

Can address litho issues with precision

Model-based physical synthesis

Explicit litho model-based approach moves into
the physical synthesis toolset

Manufacturing-friendly design rules (hard
rules)

Reduces mask, manufacturing cost; addresses
printability

Circuit
variability
(gates and wires)

performance

Router-friendly standard cells

Routing-friendly rules reduce design, mask, and
manufacturing complexity

Adaptable and redundant circuits

Inherent circuit robustness to variability

Circuit power variability
(gates and wires)

Adaptable and redundant circuits

Inherent circuit robustness to variability

Statistical leakage analysis and optimization
tools

Estimation and control of soaring
variability.

leakage

Post-tapeout RET interacting with synthesis,
timing, P&R

By interacting with earlier-in-the-flow EDA tools,
can more effectively address litho issues

Model-based physical verification

Can address litho issues with precision

Model-based physical synthesis

Explicit litho model-based approach moves into
the physical synthesis toolset

Manufacturing-friendly design rules (hard
rules)

Reduces mask, manufacturing cost; addresses
printability
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Routing-friendly rules reduce design, mask, and
Router-friendly standard cells manufacturing complexity
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Figure DESN9 Moore and Non-Moore Design Technology Improvements
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Table DESN11 Near-term Breakthroughs in Design Technology for AMS
Field of Breakthrough | 2007 State-of-the-Art 2008/09 2010/11

Specification, Established AMS Hardware | Multi-language support, Complete specification-driven design

validation, Description AMS extension of flow; some specialized formal

verification Languages HW/SW description verification methods

languages for full
system simulation

Architectural design

Algorithm-oriented design
(e.g., with
Matlab/Simulink
)

Language-based performance
evaluation; closer
coupling of
architectural, block, and
circuit level

Synthesizeable AMS description;
power-aware HW/SW
partitioning extended to AMS
systems

Physical mixed A/D
and RF design

Procedural layout
generation,
module
generators for a
few block types

Module generators for often
re-used blocks,
design centering,
performance estimation

Synthesis: behavior to layout (at least for
the most important building
blocks)

Parasitics extraction,
automated modeling,
accelerated simulation

Electromagnetic immunity
simulation works
but is too
complicated for
broad usage

2D/3D model-based
order reduction for
interconnect systems
and substrate effects on
chip,
thermal package
modeling

New fault-tolerant circuit architectures,
robustness against technology
parameter variations; order
reduction for all kinds of
parasitics and antennas
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Figure DESN10 Possible Variability Abstraction Levels
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Table DESN12 Design Technology Improvements and Impact on Designer Productivity
.. | Productivi Cost o
Productivi ly 2] L
DT Improvement | Year v Delta (Gates/Desi Component Description of Improvement
gn-Year) Affected
None 1990 4K
In-house place and route 1993 +38.9% 5.55K PD . Automated block placement and routing
Integration
S Engineer can pursue all required tasks to
Engineer 1995 +63.6% 9.09K Chip/circuit/PD complete a design block, from RTL
Verification
to GDSII
Reuse—small blocks 1997 +340% 40K C1r'0u1t/1fD Blocks from 2,500-74,999 gates
Verification
Chip/circuit/PD
Reuse—Ilarge blocks 1999 +38.9% 56K Integration Blocks from 75,000—1M gates
Verification
Chip/circuit/PD Tightly integrated tool set that goes from RTL
IC implementation suite 2001 +63.6% 91K Integration synthesis to GDSII through IC place
EDA support and route
RTL verification tool (“cockpit”) that takes an
ES-level description and partitions it
RTL functional o SW development into verifiable blocks, then executes
verification tool suite 2003 +37.5% 125K Verification verification tools on the blocks,
while tracking and reporting code
coverage
Level above RTL, including both HW and SW
design; it consists of a behavioral
SW development (where the system function has not
Transactional Modeling 2005 +60% 200K Veri ﬁcagon been partitioned) and an
architectural level (where HW and
SW are identified and handed off to
design teams)
Chip/circuit/PD .
0, . ~
Very large block reuse 2007 +200% 600K Verification Blocks >1M gates; intellectual-property cores
) Chip/circuit/PD Many identical cores provide specghzed
Homogeneous parallel +100% HW . processing around a main processor,
. 2009 1200K Design and .
processing +100% SW Verification which allows for performance,
power efficiency, and high reuse
Chin/circuit/PD Like RTL verification tool suite, but also with
Intelligent test bench 2011 37.5% 1650K PX . automation of the Verification
Verification I
Partitioning step
Chip and
Concgnent software 2013 200% SW 1650K Electroplc System | Enables compllatlon and SW deve_lopment in
compiler Design and highly parallel processing SOCs
Verification
System Electronic Each of the specialized cores around the main
Heterogeneous massive +100% HW y . processor is not identical from the
" 2015 3300K Design and " ; "
parallel processing +100% SW Verification programming and implementation
standpoint
System Electronic Automates true electronic system design on-
, +100% HW ystem and off-chip for the first time,
Transactional Memory 2017 6600K Design and . .
+100% SW Verification including heterogeneous
technologies (Phase 1)
St kgt Automates true electronic system design on-
o - .
System-level DA 2019 | S0%HW 10557K Design and L O3B ) 9l I et
38% SW Verification including heterogeneous
technologies (Phase 2)
S s Automates true electronic system design on-
. . 200% H . ~chi i
Executable specification | 2021 00% HW 31671K Design and 'fmd Of.f SOOI,
+200% SW Verification including heterogeneous
technologies (Phase 3)
Total +264,000%
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