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ZDESN 1 Overall Design Technology Challenges

Challenges > 22 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/physical: analog circuit synthesis, multi-objective optimization
Logic/circuit/physical: SiP and 3D (TSV-based) planning and implementation flows

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

Power consumption Logic/circuit/physical: dynamic and static, system- and circuit-level 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 DET

Reliability Logic/circuit/physical: MTTF-aware design, BISR, soft-error correction

Interference Logic/circuit/physical: signal integrity analysis, EMI analysis, thermal analysis

Challenges <22 nm Summary of Issues

Design productivity Verification: 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
Power consumption Logic/circuit/physical: SOI power management
Logic/circuit/physical : Reliability- and temperature-constrained 3D physical implementation
flows
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—nhardware/software MTTF—mean time to failure

SOI—silicon on insulator

IR N 2 — (B T

7'L—F71 CMOS 7/\470)#%%_\9’37\/7—)/7 (3L BLBRAT B S r — Vit DOr— R~y 7L Eh I,
IND = XA MBI BB L 7ok 4 AR T 5, (1) S XTARZONEZEITH MPU &
SoC-CP(Consumer Portable) N7 /SEH(Z, vy 7 #IR S JOMLERRE ) 23S B N Uisel T 5 T,
B ERFIS L ONAL L ASAEO B NFIEIML 2N ED RO B TND, s FHEIE, fEREL TELD YT —
VRIA  Fpr ZORIRICEOF FRIEIRDR, (2) BAEEOHEIL, [FEMECERRICRTT DD
WL EALSE D, T A EEOIINT, V=7 EIRB LN/ AR Z B S5, ZRHOM A, Fv
7 EOER) Y — AW 2L, T T VR =0 — R~y IR LT, AN TR OB 1
ARXZEPRIEL IR ey Zar ha—/L9%), ATE(Automatic Test Equipment)iE /), 33L UV I— A DOPEHE
KR T 5D, 3) mfkee, KEMEE ) RFHEE A A LI T A RZFEBLT 5101, Z<OHBE
—=/)LF Vth, ¥/LF Tox, ¥/VF Vdd BHE—DOa7|\ZHfF7752 L — ZRIFHIIEH CELE I Ho by
REND, FRHZ, T—F T 7 F ¥, AN —T AT VAT A BEXOT 7V r—ay s 7R L ~Ls By

LENEEIESLETHD, @) V=B, 7= MRPBIFEESLLEWEERE FER T R/ IT A
— 2\ I, IR E YN T, ZOZET, A= T LT a v AEEBO W 5N, AR T

BT,
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IR 2 NI 3 — BLE R G R T

[HeftTDBERed bricks) | — BEENODMER R ATFAE LR L BS54 — 1%, ITRS OAFEIIC o7~V B
RHID, —J7 T ITRS O— DD HEATHEIRN TOMERIA FTREZR I, SXFHIROE )/ e Rl L
ST, (KVRRFRN R TE D FREMED B 5, TUER S MR HIRRGH ERUEIZBE Dtho T X TH 5B LD
FABIFRICE > OB LTz, BUER S FHI DWW UL, ZOXEHIT R — R~y 7 T— 2O Fi2 A E N
THBALCWB, B/ —ROEBAHEMEIL, 2O L7073 LD Z 812705, LLTFIZ, W<
OPOFIERT, (1) TAZIEEOAARNS I OWLE RSB T 2REIL, I OEET L (HlZIX, 7n
A= R/ AFRIE D RRRIEFHIR) D L0002 BRI LD SR DR ONDTH A, AhEE7 /i, %t
3% H BT AN Z— A B (ATPG(Automatic Test Pattern Generation) 35 X OB /LR A Y« 2L 77 A
(BIST(Built-In Self Test)Hiffit & END, (2) VAT LA TVA T —ar « A PERERGE, B ORI
BI7REX AT TAT X, 7 -3 —V R — R b LOMT AN O 27258 AT e AL e R r— V5%
FHETICED, deES NS ATREM D B D, (3) V77«1, PIDS(Process Integration, Devices and Structures).,
7 bR v A(FEP), 3L ORI, CD =i ha—/L(Critical Dimension Control)lZx4" % 2R3,
RLEIXHHOE FIZBIT D EMESARGETEDH LW ERFHEINIC LD RIS A ATREIER A (B 21X, 1X5HD
EEZREUERREEE HAIRL AT TR, ZA T HEE R L, BEOFIRMERERGE)., (4) #5& NRE
AN, YAV EFELRE 70—~ KA A 27 2 — A X0 HBSD ATREMED 5,

IR R 4 — T

7 a—SOVELRO A —V 0 7 CREZRRA DIV TS, U — R 0% 3 H(E LR R, /4 XL
TFHHZED, J—BIi b, wmBaket, FIEEREE BLOT VB ERFHIB W TUAE L L TNWHY T
T AT VT 4 AR, G 100nm /—RETIFHERTEXDHDO 0, FEHPZRRFUZZL DD
D005, ZIHDAREIE, BWERA~DOVE —2 40 AW TEHV Z = ha— L3570 ORI, A4
JB A% G LTI TR EREE, el E By, Iy VAR T F L0 RF A IR — R ND AT —U T
& SOC LIz OWTIE, KOOI AY R a o NERESND, A% OBRRREEEL T, /A XD MEERA
R — e NT =T NS ZRLL A F Iy 7[R, ZEOREEGH LITHER G B ORI, MHaEED
IR Ry 77T REEDIZRY T /3 A4 7 BT ~DEEEE | Bl RHT, BREDO TV T 72BN
HIFHND, AR GHEATOMEIX, FHEHOT R TOL BN\ T, JARETHOREME, 7
AL FRITE L NS HiEE g T 52 TH A,

IR N 5 — 15 HEIEE IS

AEFE, BGRIE, T ANIDD DA BRI HIR T D12, T/ SA ACEHRRT L 100%D5ERREZRDDHZ
EERABROTATIURIREIRN, DI TH A I T NE, HTA =V T RS IZ o T HHDHEE
IZBWTINESND THA), 728D, HfiAr—Uo 73Tl 2 o T AR BB T 7 N A ASCELR
(ZHRTL @RS LT AR RS, IVAELRCT<Aeb720 Thd, LLT, WSO ORLI7 8RR~ T,
(1) 65nm LARE, A7 L/ 7 b7 —) 3, 74— VR~V OB OIS FENEC  RA e 8% 5.2 5, #i
IABAEVIT T/ B E 07 v T B RIRRIC B A 2T 5, (2) BIEOIIEFF MR (/S—2 1),
AT ORI FAT AR ATREIC A2 D (FEH BN RS — U A IR LB L 72D, SHITZ, 73— A
VAT U OB E I EROLIE KT D, (3) “non-catastrophic™/2 7 — MB{LIED T L — 7 20 o mik N
AT AIRE | AR — VDB E M UT-, FiT=72 1 7 8 RGO FEHEN LB L 70D, —RIZ, VAT LHK
LR TEDEEAKERE COMEET AN A AT BEIZ/2 DT80, BEETO R/ NAMERE [E L T- H B[] 45 AN,
FVEELD, LVH5D3REL L, ILERERKO BEHE A, 74— VLT B E LA T v 7 E]
AR, HISEES LT H SEERIE O, 2L T/ 7 =TI E ST+ — VL IV MR EER
o
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BT R SO R

ZDOEOERYVDOES T, T AL AR OMEL 5 SO TR R ERLL-R
%@ﬁ@%%fﬁﬁﬁCObWﬁﬁ<émtﬁbkiiﬁ\%HODEDA{%ﬁ&?~b7Ft?%/Hﬁi%LT\ﬁk
AE DFEEIT SOC IZv w7 &5,

FHPA L AIRRY

T T ikt U IEET A TR, BRFHE OMYR AN I RS TR B 3 B7-012, 2L OO
R — IV BIOE R aﬁﬂawmgkkofwﬁf,wgtkéuduﬂvvikﬁﬁiﬁéhfét# Z
MNEREC BB R G A R a3 e BEIZSNT& T, 77 /a0 AR SRR 8- M R e = &
ZROLIV, TDT=D, Frl- /e BiG T RREEE D2V T 4 1V iikat LA Sz 45 BL T kL
VLBV RS, SSICKRELFREI, TRVA Ry NRICT 572012, AR Db 4
FYANEFZREL T, et EOREETHZETHD,

“More Moore”, ”More Than Moore”, “Beyond COMS” & W)~ A/ By hu=J A/ bF /=Ly
= Z~DEBIZL ST, YV ay « VAT ADREHBHTHZ L DTERUVGH A LT |k
DECTWD, ZNDHIER 7T e 2ADOT_XRTCOLYVTEELZ 2 LA Y Ko PR —/ L2
Fie. ETOR RS RERENNEREIND, BREHEIMEL, /=17 he=7 ATEX b LHkk% 72
%@%ﬁﬁbk FEICEHMECRFCa X REROEW Y o« VAT AEFEB LT niERe 57
o BT TV r—v gy GEEIV AT A RTA NREEZER) BTRERLO LD L )T, R
ﬁfmA@&%%m&L@#Miﬁ%ﬁwo/):/7A4X@/;J/7k%n_%¢6%m7mﬁ
AL, AETIEAEMCEE L) ay -y )a—valiEol, Z0Xokyvar -/
2—a YORMIL, AL—RIHEET = N OREERTGER LA T U b« T—XITEH L, B pims
FE LAV TR RREE A AT 2 D ek a1 & EDA £l > FIZSII L T (K DESN2) . LA L7273 b
Z 9 L7zaRaHdimnsikle L TREA D 2 E1d, DIV EIOZ & Lo TiH e 56720,

T RFIA N ER I ERAENE T L THFES IS | EIULHIFIREE 7 L3 HREEIC T > &7 q7
TRIGEZR D VTV ) I SICIES R T X D—EDX T 7 Th B, RA S P LR & 13505 6 DT, Rttt
Wild A e e G dr—#H DX T » TDFEIEIZLT S b DT, 54 DRGFHHEN DT Cian S TVD, TN TS 7%
S TNBHRGI A N, 1) | T DFfE & RIS J 0 o X T A E BRI 2857 L, 2) BEEERNC J- 57079,
ARG & BLESHOIRIR, o X T A 2 X FDOWRYRZ R F AT 2 FI B ST b DEFMAELPEE b D TH S,
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Specification

Architecture Testhench
Partitioning

W\ e 277

Description

\ i

Sensor/ r
Actuator .
[ ]
Sensor/
\ -7

[ Actuator
‘ =ynthesis ; -
' Farmal Verification
= available
partially available - * Mixed-Signal-Simulation
Mask set .

[ ] missing
analog digital

/X DESN 2 The V-Cycle for Design System Architecture

L SOC DI ANCEIFHARIZ=912IE, A>T VAT —Lal D/ RA(LE)ERGED XA ) D —o 0 F5
PRATHERR SN DM 2% 37 v A (X DESN2) DRI b= bk it Hifia 3l 3%, Z DX, “More
Moore”E"More than Moore” D GO EE LTZiRGH AT e T —X% T 7F %D V- A7)V EMHTINLHD
ThHD, KFORENZL, BIIROEF AT LEREEZI T, Sk FH rIHE, SR rlae7e 2L
ZRL TS, FROKRFNIE, EDA IR 2RO R E 7R L CUVD,

AT MAFRITT =X T 7T b~ AT ETERENCEEIM LSS, SOC BkaTElE, £TWIHIBRE T AT A
R, VAT ALV RN A SOIZEEL ~L | [\ Ry NIARL L LAT TR L v AT sk
FEMZRL U AL T BFEEAT Y 7 D IELSEEEAY R MRGEL 22T AUTZR BRSO Th D, SOC
DORERGREENEIZ T Tl VAT L TR TR0t h— T/ F a7 =472 kDA )%/7
—al ERRRED TAE T2 T U7 D72 (R (D), BREH AT 2D T 4 VXV A (KF D%k E) Tl
EEL -~V X0 EMIEE (R) O — VoA Ry S B L0 5, 7 a7 dat SA (v \<O75x0>5'f0>%5ﬂfr
)E, EORREL ~VTH5ER7 R INTE AL AT BT | SHIZEENREECHD, R
ELTC, T/ G TR AT, BUEOBRGHEREECIL, FEMOR W GRE CTHD, T Dl FEkDOER
[ TIRD 2 HiFEE725, 1) More than Moore (ZxFL T, BLkod SOC &7 —IZE FAL TR, Y77 =7 R0
TN —/T I F a2 —FpE AT AIENET, ZIHITIREAIZL TOD, 2PRERIZIANT T, SHIZES
FEDT VAN Tl R e T a— IR — Y — 28D L SOC XG0 —03AEETh D, T, E
D ERIL AR S DEWES RS ZIERHIET DA EHHERL LV ORRGEAT > 7 A B e HTET
D03, WTNHREAEL TS, Tl Iy J AR 7 F O 7a—TTEELIZ, TR TORFL~ILT 0)7%1:7
7GRS T a Bl BEIRGES ML EEER D,

1 Z T TDEam DI ITTT 4 [T European Nanoelectronics Initiative Advisory Council (ENIAC)DZREFED 1D Strategic Research
Agenda (SRA)DIRHD 7 77 —hEL THESIHE, . K DESNZ 13 HBIFDHLE76DEDAGRG 7 12— 37726 DJEDS, 50T
JZAEDEDAZER 7 BT TVS, DXL Peter van Staa (Bosch)iZd5,
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F T /= ~DOBATIC I T AN SRS £ TOT R TORH TN, KREAERFERE BT
T L THD 1C OHBEEDCEIEME AR T 5, TOREREL T, SOC DRRFHAEMEIL, L
— 7 DIEANZELSL T /2L 7 b =7 ZEARO FFFO~— A2, fHIZITHEETE72WN (X DESN3) , BIFIZE%
FHAFEMA ) ESEDT2012, Wb DY AT ALYV LTINS SHRDEAREDOL ~LNEASNT-, R
I, B AT AL~V OFREL iR A 205,

AT LU VEREF

BA-EDOR]., BEIE AEEA LR HEN LY — L ORI, VAT LEEEX IS~ (T a
VIR REERIRAT—R, 7T I 7 ET )V, Fx) TmBRET L C& e, skt EEMEIC BT D0 F e
AL RS ILDT-OIZIE, VTV BRI OIRBLITE 2 72T U672, N—R =T &7 =T ey
AT DO, WREE, EEEZ HMAEL , 2hRA7R GRS A FIREIC T A7, S TRILATE-L
VAR NG AT 7L L S0 ERLOFTNMIER L~V T2 D,

F 3

log 2 | Additional SW required for HW
. V4 210 months
LoC SW/Chip

Gates/Chip

Technology capabilities
2436 months

Gates/Day

HW design productivity
Filling with IP and memory

HW design productivity

e e mm == SV productivity

/5 years
- 0 =] - - - 0 ] ™ M~ .
L] & o o - =
3 3 3 2 S = g & T 5 time
g - - - - ™~ ™~ ™~ ™~ ™~

/] DESN 3 Hardware and Software Design Gaps Versus Time

T ZDRGIE, 10 5 HIFIZ 2 (FHRE Y T NI TANDERE, NN T T N TGO ETEIEEIAILS 36 5 A A 2 fHITR S 1
BEZIEINL TUB, EDFAEIDON— T2 T DR AEFEIEL, S22~/ T2 T 22— R AT TR, B7eciae5
TR T DHN S0 BT BE THZESIL TEED, — 5T FFIZN— P T EY 7 o= 7 (hardware—dependent software) 7
BRGEBEMED AT A EZSLEIL, 5L 2[00 TOBICTELRY \, ZRDKIPN— Rz TE 7 N T8 5 r 770l >
TERL TUNB, COKTIL, HI0D TEAADE=72 TN = T DB E Hn 9 B8 8L 7=, REFHITTRS2007HK TENSHZ,
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VAT B OLVEREIZRB W T, ARV RN — VAL AGEICREE s TE WD, LT
IR E B FF OV AT LN EBLBETH DN, TN EMERICTANMIRILBAR T DL, 4 B 0%
FHEFEMEIZ I ATRY 50 5 0L EOUENTRSND, VML, ~Tay =T ARMEHEMEORNT
AR e IR — R N T RO H AT FTRER T AT 2 BAR L 72T AUTR D7 N2 e a2 E T
%o 70— VIR EMARIEERGHE, 7 e R XSO EEIEEICIVIEF ICEMRL D LR | T T B AR
THEFIL. B 1 7y A7V TITRIZEL R, LTZD- T VAT AUV EREHT BB EBEe S/ <A
TIA LR T DHDINT, Ty NI —7 AL A BUIA F2 T R RS0, BT, G ERE A i)
CRERTLCL IRICHERE T moy 7 235G HL ., Z L CENLEBE v IR — TR AT Do MAAIAIR L AT DY
T2 T O'EE, v VF AT SOCT —F 7 7 F ¥ ORIERE RIZE o> T, AT MEHMEEEI TR R T2,
BIDESN3 (o~ SO BIRORRH T %Y 7 =T N ED 5720 Tldied , N—Ro =7 BB A TR
Ty =T H %<5 D TEY, EBTREHEREIX, 4 H N — U =7 HulhE7e o TODSOCHEAREE TR TAL
I U sz,

ITRS =—R~=v 7?0 2009 AR Tl AT ALV FFOFEAMRREIT, 1ZEALRIDOMREZE DS TV VRN, Z
DFEINL, TNOOHITFRED L THOLRHEMET %é&b\o_k%:i‘%bfb\é ez X ES BT AT 4
LULEREHTE S TZETHH DY, 10 FLL ELOWFZERE THY | ITHFD C FFER SystemC N —ADH LR,
N g L~ ULEF Y (TIM) Bt OHEARITE b 51 ERRAREES BRI IEED EHEIN T
720N, F2 L BIED SOC R TEMNIEAE RART T 3 —h_R—2THY, 51, THENERE . [ HEWERL .
[FROETIE | DT 72 T A EMN RIS D, BXaHHERE. “More Moore” & “More than Moore” DfEI T, fx
HHNTAARNHRD LN AT KL RGO ERIZIE ST TV — v ar R ERE O 8% H
R ThAD, & DESN2 I1ZIE, AR~V EHIRT T D AT AL~V RGO HE BRI 31T HFE Xt
A7 BRI DU T O R HANELR A 5D T FERO AN AU IT 5 AT AL~V R EHIRT T 5
BIRERERL TV,

Z DESN 2 System-Level Design Requirements

DESNA | %, ®itad BEEMENC I D AT L LU« FH AL ORISR 7R, 3% DESN3 1. Hiffraf
LFRIR DX Z L TUD,

O S RFALAILTIE, SV DY RGP~ DRERES 7 2 TIEZESIL, BRI, (B~ E T T 7Y 578 C
DIV EOIARBR T — R T 2 g o 7B D T N TR TR0, N—FRGHEBERNR, Vs Py Z 7L -
EDN—NDL TG FIE, N— Tz TIL RSB T, T oz TlIN— R 7 CE TSV S REDan PRI > R
T2 2qThS, BIE (behavior) &7 —F 72 FF/I7RFFH H1ETIIWAT THY, VTR TEN—F 2 T T T —F 72 F DI 2
FLLRD, BIFEHELTEO DI RT LA T 7o a2 L, T —F T2 F G T2 D5 NS DI AT AT T T g —As
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[X] DESN 4 System-Level Design Potential Solutions

JEFET D, SATAERED S RT L T —F T2 Fp [ ~NDT T T e o BT ISR T AL ANLEREFDOIEIT D THY, Fe,
SR TADBIESEDIIAL T —F 72 T+ g OBEHEIC 1517 S BFEIEASIC L - T, IEEED L T3,
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# DESN 3 Correspondence Between System-Level Design Requirements and Solutions
Requirement Solution Explanation of the Correspondence
Desion block S level The larger and more complex the components that can be reused, the
esign DLOCK reuse ystem-level component reuse greater the expected overall design reuse
Standardized communication structures and interfaces support reuse:
On-chip network design methods IPs with standardized interfaces can be easily integrated and
exchanged, and communication structures reused
. ) Multi-fabric implementation planning Enables integration of different fabrics on same die or in same
Available platforms

(AMS, RF, MEMS, ...)

package (SiP); hence, enables reduced number of platforms

Platforms supported

Automated interface synthesis

Automated interface synthesis is one building block to an integrated
synthesis flow for whole platforms.

Automated HW-SW co-design and
verification

Required for integrated, platform-based system development

Accuracy of high level estimates

Improved system-level power estimation
techniques

System-level power estimation needs to match progress in high-level
area and performance estimation

Chip-package co-design methods

Packaging effects, e.g., on timing, must be accounted for in
higher-level estimations

SOC reconfigurability

On-chip network design methods

To provide flexible, reconfigurable communication structures

Analog automation

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

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

Modeling methodology, description
languages, simulation environments

Mixed-Signal/RF verification

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

HW offers multi-core systems that
have to be exploited by SW

Parallel Processing

Due to thermal and power limitations further performance
increases have to be realized with multi-core systems.

Reduce SW verification effort

Intelligent Testbench

SW simulation, formal verification and automated
testbenches for SW will reduce the verification effort for
embedded software and enhance quality.

Productivity increase required for
SW since SW cost >> 50% of total
system cost

Concurrent Software Infrastructure

A set of tools that allow concurrent software development
and debug

Increase SwW execution

performance

Heterogeneous Parallel Processing

Parallel processing using different application-specific
processors for each of the separate functions in the system

SW Productivity increase required

Transactional Memory

A concurrency control mechanism analogous to database
transactions for controlling access to shared memory in
concurrent computing. It functions as an alternative to
lock-based synchronization

Productivity increase required for
HW/SW co-design

System Design Automation (SDA)

True system-level design including electronic hardware and
software, mechanical, bio, opto, chemical and fluids domains

Reduce verification effort

Executable Specification

Specifications written in a formal language allow
automated verification starting early in the design process
and at high abstraction levels, without the need to code
multiple verification models. This enables a design flow
from specification to completed system that has no manual
processes and that can be completely validated at each step.

[X] DESN5 1%, BT DL AT MEEE IO F/ Mt &2 ST 572D DT AT KL~V RGO RS D& EN %)

FHR—R~vyTERLTND, &
FHOF BN ~EHEEIRIREI G2 CT/RL T D,

KD/ R =T NCRTEAEIL. fEROT 7 /a0y ) —RIZBNT, VAT LR
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Power M|n|m|zat|on Power Minimization Power Minimization Power Minimization
2011 2013 2015

[X] DESN 5 Evolving Role of Design Phases in Overall System Power Minimization

A EE, [E1B%, WEER At

IC DAL T VAT =2 AT T DRI B CIL, FRBERRE eI, VAT AL~ UL O N R AT
(BUE, LURZ ST AT 7« L)L) BB G~ D AN LT — R LNV RBIA~D~ o 71
TATHD, FIFEHEFCIE, 72 ERBLOMEE ORI HE-SE | HARICHES NI BRI - ERR 7 R
BEERT 5T SAREBIRNR O Y (RF U H— R IL TV AL N TFay | el ZAlET 5, et
TlE, FoT A TVAT—Var (TarrTr=7 BlE, Boir, fh, PEREMNT) 2 3L, 7/ S A AL
B 22 P IEL DA Ty, WIBERE O T 7 N7y M3 HLE (BIFE, generalized data stream(GDSII) file 73
HL) ~DONCRE T (T =TT TR THY, EMESGEREHERL LAT D RERRE DA, 7280 K ONIKI(Z A
U BB EHEERS)DOGEE T T, wEl, B, MEEGHIL, AT AL ULEREE S xS DT I
BOWTA LT VA T —a BERER T 5,

REHVEFENET, B TETRBLYATRER AL T VAT —2 g s T 7 T U I DY AT LL~L s A F
TEBRT D, Lo, VUL, e E (P AT BB VT AT TV T
B BUER G TR 2B BA T L S b T 22 &2 INEEHZ 75, N IEMEZ: RAEDY

Jéﬁ%ﬂfm RANUROBRERERRET 57212, FaPhakit, FIRERIITIIT AT AL~V aREHT, PP
RETE VBBV VS DR DD, DT I/ NTH /rAT&;E)[Sk“)%\ M TET AT NI
DA TVAT—ar T T = PR R UTA L DI A BZNIR AR T 4 I ENT(H B BT, ZA T
AR\ 7 T = EUTHFRES DT A, FROAL T VAT —ay DT VL, BRINCHNINT 244
FER OV, HHIR R R ORI, 125 0&, IANMRE) ITEE T 57285 ZORMINIT BB R/T /A ADH]
Gk, FFIERE, b, K O LA i 2 A R ey ORI 2,

BIEDON—Rr =7 %5 BEYRIE, KO b BLE 7 a2 206 5.2 bbb T v Lo ¥ LRSI Tkl
T 5720, KORESEDMENSHD, BEDA/ R (X, “separation of concerns” (K72 [iEA /N2 ER 5y
MR RS D2 LM TEAUIAER DS | foeékv\o»%xji) ZFRHLL TS0 MGt 7 v —% 4%
Ml ff/\bfx%_ﬁ'éTﬁE&xT/7 DI CHERL L TUWA, 2B IUC /e > b D, AU
BOTHE, BEFT7r—CB835 LfiAT 7 COHBI, FHRAT Y 7 EHHT D7D, 2O X725
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AT T OBRAIE, T X TCOKFHUm A RIRHIE ET DAY Ra T, b n3h 57 A 240
LAREMED D, LnL, BExEl ST A—Z D[RR b R IR EECTH A7 | ARDULFHEERATRETH
D, P52 AHIFIDZERK FTRE THAOIRVITFFAIND THA), Lol ZIHD IR A P REIZ/2D
LX | ARAREDIIMGET D, ZOBA O T 7 a T, iR EFERIEICERY B & 5 H| WA ]
ELTEETDHIFERY TOHS, ZOIHRTRI, VAT UNEENZAI THIKIOERK, T2 ba A
T 70— BRI KT T DRE A AT IY G B R BRG] TR BT TND, (i‘iiﬁﬁ%'mﬁ
Al (ROETEFRIERREE) |62 7 — U 38, miili/e FRYOFIRKR L THIGL TW1D, ) BRI

A BOARaIZBIT DR A IRE T Db A R E B E AM (B DV L, WEEA AR E LSR5 ﬁﬁnﬁa‘ﬂ)
DOFRVIL, [FIEOFRERELL A7 U MO R E LIC LV AT — V& S SE AU HFR CE D ATREMEDN
H5,

IR, [EEE, YERGTIZ R DRREHER

FAER, (A1 MFEEREHCRBIT AN IR, KR T 7 ol bR 4 B ERER (v har— L BER) |
Fold, BN HRET 7/ a  CEEHT D720 O BERAEFEN (7 V=07 47 HR) OWTIIZi% Y
T D, BRI T D8 EAI7L BAEZESR DESN4 (TR,

# DESN 4 Logical/Circuit/Physical Design Technology Requirements

B ESRITS T DA Az LU RIS,

asynchronous global signaling (FEFEI m— 22" F U 2) — (AT V0747 HR) BIAED IC 3%
?Jr CRITHHEERT YL VL, BRI ay /G 5% SR TR AT 2— LU N CF v 7" RIRIC BT 228 T
Bo BRFHEHEY 22— N T v ETHEAGSE, ML BV 2 — VI B CE D@2 MR T 5280,
ﬁ’—»vl///’fé?)é Bt 2k lasynchronous global signaling | &1, [RIHAZ DMEERAE B L3%(5 TRIE 5 T3H
B, Koo 75 5% FVIROERREAZ ANV E BIRL CD, BEEEERISIE S oL Cidv e — 2 A Tk
ZRWTWD, VB —F R ATFIEICBIT DIHEE ) BIAHEMER O, A AROHNINC D4, REREIX
HAK9%, GALS(globally asynchronous locally synchronous)iX it Cld, HURLE DMERETE Y 2 — L ZHERDFR
FHNCTRAR LA T o= Iayy = R( L —2 L H OXZAIL T T o/ R =R IA IR T 2—
IWISIERIAD AN R = A7« T aba L 2 i CEfE$ 0 2L 2 TIREL T 5, N Ry = —7 2 dR—F 2 hD
%S, AT AOEMEE LR ET D, 70y 7 3BleFe0 | BhES DRI bA —/ S —~y R D72 M=
VIR R NEDBIRNZI T HE T RIT HOIE 2 Y TRV, 2012 FETITIE, FEABI 7m0
FRELU T, 1Y — VDS FTRRIZ2 D T A9, Hiiz/eifiis itk (Y — . Fulcrum Microsystems D2
HA/S—=72E) 23, 2014 T THEAEL | [N OB IEZ S ET5TH A,

Parameter uncertainty(» NI X —F DA HEEM) — (2 br—/LEEK) EDA Y —/UL, inBles e e
FHOMR AL OV 7588 T BURREBEIED ARHEFNEIZ KL TNVD, ZOX AT VEIIBRR D D3RR T
DT TV AR T DEKBIRAME R L, IR THLINIHLTE TR, ARER
fElIX, 7RIS 2E KON, ZAUTER T 2D5mBEaRa - B EHI BT D/ 3T AN v VI AN FENEIT 35,
G FE 7t D L BENEZ R L CUNVD, RO % —effect 13, Mi/INT DT NSAAZEBIT D/ 8T AN 772135
DEDEETHY, THUEZRL TWD,

Simultaneous analysis objectives (/F#FHZ T T ~ERFFFEE) — (7Y =747 8RK) BUEDT 7 /1
DT, ZHORGF BB RN ETEEEL TODD, TRLERIFHIONTL ., kit 32568035

o ZTIT, BRETBARLIL, BB WEE) (T 7747 bbb X AFIv) b YT A T
TVTATNZRIE, TN T— TV BT 4 ZL T ITATEVT A ThD, BUERFE T OREHHIF
2D, 2008 FFETIC, AR EVORELNBUEDRR G 0 — IS AIAEND, LT, 2013 FFETIT, #
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FHITFEITRG T n— DALY | BRI LR FVE KT 25%WET L THAD, T/AFEILEET v
AN — @HH%E PHTIC, BT TFENBEASNLE B, HAEDEEMEICS T 25&#E ke L TiE, BEF
DS ANEFALEE (1] : University of Michigan @ Razor technique) 23E7ESA1, 2009 AL ZITREEH7 2 —(C
FIIAFENDTHAD, EHEFENME K OFREFT AN, 2013 4 F CTITRFm B un’*ﬂyfﬁiﬂéffﬁé% &
AEPEMERRIRI S D BRI TEIRE L TDTeD | IR T2l b FHEITSALTU VR, D729, 2013 4R
DERIT red 12725,

Number of circuit families in a single design (—0@7‘?"1/47/ ,@/%’7‘“5@%77 V) — ATV rT
(A7 HR)  EPEREEREIRIS Cld, S AER T A0\, R, HEE ), Bt T S AL T (1]
W7 7VERHTHZENLZ, I T 7Y 75#%%%5&?&5’9@"@%1\ AHT 47 CMOS, ~/VF Vi, =
JVF Vdd, LT, XA 3Iv7 CMOS Thb, FEFIH FF (U7 var FF) OLH72EIEIERL | EFET > 71T
T2 THAD, BT 7V DMAEDEEL T, FEROMAE OO LA IEFEZ TS 2O XN #EET
0D, LInL, —2DT F AL O CHEE O T 7V ERHREI L, BERERTHHHUT 5, FRHT, FHEE
7 7 I DOIRM K O EHAFI OARIR ST EIC KO R FHEMEEE PG N EE A S 1735720, — o DF v ki
DHE BT 7 IV ) DI MBI Hivd L b s,

Analog content synthesized (BYkStE7F 2l a2 7)) — (AT V20747 HR) THALHFDOE
RCCERRLT=T T a RIF O &% 7 a7 [EiE &S 2EA T T HIL TE DESNA 1R, #Efil
VAT HRTANED AMS i BBOZE, Ta s GO L, 20 FFRTOFREES RO B T wm
SE5: DA H, 7T Ias AT SEE DL TRIE TR TS, 2)2013 FETITE, 77 5K
DOEFEMEIZL, 1990 FFO~ (a7 mty il 7LZ> iﬂ'é/\ﬁkmi%ir RN RV Ei5Va e = /A E1 2 57p)
25%ITEHSILTNDTHAD,  3)2020 FETITIL, BHEOT T ul/ G EMIXEaf LG 572D T4
VB TT —HRADA L T VAT — a1 _ﬁ;ﬁﬁ%#ﬁﬂ \DIINT, BT Ae A - BB EAS
RKdHND,

Adaptive ~self-repairing circuits (BHZ - H CEEFIRE) — (K7 2=r7478K) BE, REHDIE
BAXTOINDE A= %2 T HETELBEREL 72705, 7 mE AT 288 | T~ 7 OEFEMES
B FEVEBIENR ST D, ZL<DOEATE, VAT LIBUWREEHE O —RA 71250, N HEE# X 2
DWNEMTEENI B Z T, BRI E I NEPHER TR WFE TA U T VAT — a3 5EOHEH
G THAY, L, IVELDEKIZIBNT, AT LD T 7B A0 CTrafli T o, £7-1%. R
(ZHEREIRAEZ 0T L THEBL S A7 0D IC T AT LG T 2D 035D TRl T, ZDT- | ERIFE 1 XA
DIREIRUNDS, NSRRI Z SEEE %Fﬁf ORI T DTENEED, ZOLeT FA T, BEFHRALE,
il BLOT ANDOaAMNay ba— L 5D&N D, HOAZE BRI OMERE T 2RIEITREICibES T
F3Y (B : IBM eFuse FEMTCILMBE 5 OB K OEBATHET ) LT 7/ CliEELIcE K35
ThHHD, BN T DIEIRa AN ORSFAAMIEE T 57280, BASUTH Cfili#las B a—2 T A7 A,
RA[RIZIRDTHAD

Full-chip leakage power (J—2 - NT—DFw7fE) — (arba—/VEERK) JHEEINTN-ERFEENH,
TEEE L WD EERHINIME TH D, V—2/30 — (T ALz R 7 —8) i3, 7o 2O HE
OB TIN5, XA F207 Vi, Jaw iF—T 4 7 T — KA S BET AT
VR, BIREERIE, BB EA T — U7 B Ve NIV RS RT 4 ST AR E DI EY,
2012 AEE T, V—2&BFIT D THA), BAEDOT 7 /a Tl 7 AL v an R U=k T —hU—
I BB THHM, high-k FFEROHEANZINS —R V=73 f[gEL 72 b 7D T ALy a/L R —7
DMEREDHIFIL 72D L b D, V—21T5% 4 DERAEIE 2007 FEOMECTIEHEL TRY, A2/ R—ZDY—I%
T ay ) —RIZENRT =) 7 U TR LT,

‘Native’ 3D design technology (A7 73D &1 ) — (A7 V=0T 47 %K) 2nm ZmE 5, {HE
NERE R NTARDR Ly 7 3 LYER T D72 | FEZEFUL, IC OEAB EFERE L 24EM L (3D
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I0) 127 B T75891272%, ZD 3D IC Tk, v U= HiEE T (through-silicon-via, TSV) 25, i HESALAAD T
%, Interconnect &% (8 Assembly-and-Packaging TN —R~v 7 2R3 X2, TSV Hifffid, #5521 (v
7)) LTV T ey s R ONT I al SRE T ay R EL L CHEET D0 % FREE T H, ZOEMET
I, BOBR, PRAE N ONVH BB 1A M2 DA BEI RN B D, LnL, TSV LY 3D X AFEE &40 Bk &Y — v
DMFLELIRWN 28D | O IELS 2T ANDIND DEESE D, B ACIEET 2 3D IC [A T BEEE S
“/»—;W)é% X, Tl 3D Th D, ZOTHHE, 3D i, 2D IC HOREAY — v odu&Eiziaz 7euvy, Lo, 3D

CREEIDDOERIL, TV A AT 47 3D e ba ML E 5728, 3D TV a— /L 7aT 770,
tﬂﬂbua‘éﬁ% (ZA) D7 —R TSV % 3D Bl 95— L ssRdHD, 3D B H O — /L (B
ANCA ABHENE, 728) b b B L0 D, EHER 3D BREHEINT v L I, D) TSV v R AN T AL 40,
WERALTE | SR~ D) | 2) B T X OVt b, K O% 3) S HEME, BB A XK L OV 7N —
I RUTEE L= F > 7 Lo U — G E D,

TREL, [FIRE. MR R AR R Rl
FREL. (B8R WERRREH BT AR ERA X DESNS (T, ST A MILL T OmY T s,

1. Automated handshake logic/circuit tools (WA 2z —2G5 B~ JalBED B BiZk 71> —n) — T
W DIEFRID>DFEIEZ N 2 72 KIBGE[E 1T B

2. Synthesis and timing accounting for variability (/56 2&&ZE L 7= BLIAI0) — T
2B ITHNT AN w7 I X6 OXICELE LA Ak, RN AEBR 727 vy 7 JE % 5 2 (a5
2o

3. Circuit/layout enhancement accounting for variability (6 0&2Z L 7=[E]85 L1 70 FDHKEE)
— NIANIYIIEEHOEEBELIIEEE ), T, KGO KiE L,

4. Macro block/chip leakage analysis (/450X & ZEL=[EBE LT DUrDKE) — INHEBRED
EZEBR L7V T o7 OEEE)—7 R,

5. Power management analysis & logic insertion SOl SOC tools (FH &P 7 #I#ID 48745 4 O BEFEA
DFEDD SOI-SOC Fr—L) — PR ~ULCTOMEE S HIE O 7D O (F]: /80—« 47
=TT Tay =TT, fF*f SOI #H &Y —h,

6. Analog synthesis (circuit/layout) (7 7228k ([El88. L1 77F)) — ASIC A7 F a7 Eiapk
T HEL AR T e — Il LB T A R0 BT AN EEND, v A F 77Ty
IERRY — Vb LB THD,

7. Non-static logic implementation (FEXS 71> ZggBEIZ L B4 > F YR T —23>) — HATIvT
BB 7 7V AZT 47 =X AT Iy im B E B T 570 Ofm B K O BRA Rk,

8. Cost-driven implementation flow (ZX;ZEE D> TYR T —2 g 77—) — Y EﬂZ@:’X]\
(RTANI YV REFY | LT, V—2 - "D — T —) & B EHZERTO T BRI
RV IS WD, BIRDRET 7T Uy IBIRIRT DT DY — v, Blelb T /my ) — I\
WG G OAANHEE T DY — b, (AT URBRIARNC FE %) BOER G Mo,

9. 3D system design space exploration tools. 3D S X T ARG LT —) — DT T Vr—
av b xbii-lx 3D 5%‘*9: 2D FEEOELLERIRT RENE (AN, MERE, HEE 7L
OBRT)HIELIZY, 3D REEICB T LM ERRIE (27, Tryy 7 —8 2R ET DIz D
— L ThDH,
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10. Native 3D power/thermal analyses, optimizations. (3D K7 r 7 7T E 77, BHELT, FE1E)
W H & OVE IR 2 BRI :E\‘/“;L~/1/0)1§$E/ Z%jﬁﬁ%@%ﬁiéo PERELTH

BB ITHEELIZIBVNT, TSV |

ﬁffﬁ&ﬂiﬁfhﬁi%\gkéﬂéo

Frst Year of IC Production

2009 [ 2010 | 2011 | 2012 | 2013 | 2014 | 2015 [ 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024

Automated handshake logic/circuit
tools

Synthesis and timing accounting
for variability

Circuit/layout enhancement
accounting for variability

Macro/chip leakage analysis

Power management analysis and
logic insertion SOl SoC tools

Analog synthesis (circuit/layout)

Non-static logic implementation

Cost-driven implementation flow

3D system design space
exploration tools

Native 3D power/thermal analyses,
optimizations

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

Research Required
Development Underway
Qualification / Pre-Production
Continuous Improvement

/X] DESN 6

ﬁ IEI &f@ﬁ%lﬂXH

Logical/Circuit/Physical Design Potential Solutions

BIFHE R LRI R AR O BIfRAZE DESNS [T, FESRICKTL T, EBH%
—#y%%aéfﬁﬁéoto TV AT TFIEERERR L QD

# DESN 5 Correspondence between Logical/Circuit/Physical Requirements and Solutions

Requirement

Solution

Explanation of the Correspondence

Asynchronous global signaling

Automated handshake logic/circuit tools

Departure from fully synchronous design paradigm needed

% of a design (SoC) for power reduction, latency insensitivity,
variation-tolerance
Parameter uncertainty Synthesis and timing analysis | Tools that account for process uncertainty, and resulting

%-effect (on signoff delay)

accounting for variability

parametric uncertainty, will reduce guardbanding and
increase chip yields

Simultaneous analysis objectives

Circuit/layout enhancement accounting
for variability

Optimizations which consider parametric uncertainty
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Simultaneous analysis objectives Power management analysis and logic | Requires budgeting of area/power/timing constraints
insertion SOI SOC tools
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 increase emphasis on adaptive,
self-repairing circuits
Circuit families Non-static logic implementation Non-static implementations help improving different chip
# of circuit families in a single parameters
design
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
% Native 3D design tech in flow 3D design space exploration tools Enables correct choice of 2D vs. 3D, and 3D granularity
% Native 3D design tech in flow Native 3D power/thermal analyses, | Required for co-optimization of reliability and
optimizations manufacturability along with performance and power

REHRAE

BERERRGIEDT — /U, VAT ZFENERICZEOHERTHL T ARG SN2 OEEE —87
DIEHARFET HZETHD, FRAIRNE | BRI OEMEEE O KIT LY | BERERGEI IR ISR TE7R
WA THY | ZLORBGET V=T LR OGN TE LU TODIE R I A THITHE CE TIN5,
fﬂﬂr@?%ﬁ@@%ﬁifi JELWERFHEARRIE 2 ARDHIFI D T C, RIERRMRGE7 BB AN EIESAL TS
[RXTF | BRE ORI A RREEDO X R E L THERBULIRGEL T2 Thd, ZIVDDORGERGHE, 7%
AR %M’EO)}JM%%%L FAD—E5TLDR, ZOXHGSA FTREZRAEMES D JRIRNIX, 4 BBz 52
BT 572012, @EICERSN-BE 7 e bV CHAGDINT, BEICR ANV AT LA T,
(SoC)J:IEﬁIJ%/7 VT T ay e U AT AR T RRRERAN2MBIEL TN eiZh D, RET v

IZXAIE R ANDT- DI, PEEFDOBZE TID L DI EHERED TE L S EH T HZ LI EHR2L TA,
fﬁf DOBRFE T 0y 7 N ClIE RAET V=7 OBUTRGI = V=T BE A T RO MG TIE, 20
PRI 2:1 ICHETDEOBEEOREDR D, ZDIH72 THEN Y THAITOITODE I, iR
DRBTZ5T, L OER BRI EE SN =T Ry V7 RAEFRIED T2 TH 5,

TR 7 L — 2 2 —T2 Ui, BREMRGE, BIRPEE DR O BRI T, M I BETE T
1 HESNAREREL 25 Th A, 7% RV IRRREETENS S LS T 4 —~ N2 7 v AT T 528
T, TL—J 2 —PNEZHHF DB D, VAT LEREFTOMRELIRGET 572012, 4 B b COAIRGEETFE
DO EFIE, BOIELET VEES>TL, BROENTZT AN TENLE L I2L —ar LT, ooy
B R EIE DTS, 0 BINCIE. JEEIC BRIl — L aL _IBE R T HHRFL 2L — g
VHEIRINER TH D, LIRS, ZIHDT ANIED I — Tl IR IR, =7 —03 8 iahi-L
X2, BEDORNERE T D20 DT Ny 7 VBT, FEFICES TE T Ny /M —R ik p~=aT
T L 72> T LD, EBIT, ZRHDTFIEIL, SEIZEEN K ENERS J?D{Rb\ﬁ/\l/ﬂﬂrs/\foa& KEED
A OMGHEEL 72> TLEI D ZLOMGE TEE M HLET 5, (R FIES~OBATITIIRE 73 AR )
MHD T, PERDOBREHMT N EELL TD, 207D EZ DI TETHT LY \ﬁ%’e%‘:ﬁ%kb‘(@77b
—REIT 4~ VAN OB IL, 227372 R LRV,

LU E ATl AT DO EOEBWED T — /LT BT VAT, ZDET ILEI 2L —
DERE LT D) LI T HE I IHIZL QD AL —V OFHINE, BEERORFFDIELS %
HOIGHEE CEMTDL DL THEFHEND, HRERFETIL, RNl s — ANORFE DRI DM~ D=
VIR R MTEWR A, RIZTF V7| EhEBNT T AT AEARIZEFET e KOS 6D DT L3 — i
ThD, HTHIEIZID, HDH—2DaL R —R N WL IZEENTOD AT LT, FHIZHD
BT RIS DZENTED, (AT LEBED U2l — T al ATEHERT2O | FrBINE A%
SN ATREA R K& iR A RO EHI B WL, N—F =T s =3z —ar AUy 32— ar
OROVIAEDIND, N—RT =T « 32l —Ta 0%, V3ol —al A — RO TIIHHEW O MBS
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EZRICANDIENTET, BRIV AT ARELEY 7 =T BB Z ATREE T 5, L LRAD, =l —g
YERWTH, DT NEBRBEOUGELMEDLIENTEZ2W, ) ZOFEORL FRIONNHEZAIT, TR —
X NEADBEALFT7 2 —ADRRGEET, LIXUITFEIL TR T2 T % BHECRIRGEE Cho7ca R—
FUNHDBETHRHDTONLZENRIL DD, 90K, 74— R IT 4 — < URGEEIT A~ OB LA E
STETCWD, 4 B, IC BIRT— A, —RVOREHY — kDI 74—~V FECTEROBRGEE e
HE978, FILWFIEZEL QD ZHUTEGHIZHREL QOAREI T, FILWARER HIE T, 2085457
F—~ RREE I A 22l — gy s R A FIEL A A DD WO DO BT L MR IR AN 4, HFFEER
FEROPEFEBFE DM T TR L TV,

RANMAARRECN) T —aNd, 7—7 T U NPOEE M ETOI a7 /3 A ADRRFEZE 57
IZEBOAHT S DO THD, ZAUL, 82 10 RIS EIRICARR LToMREERERC, 2L T, 8RN — R AT A
DI RIREHESICEDLDOTHY, VDL VAT LA T L —2a BICHBNE 2 DS DOIHER
REANRHDHZEIDEDOTHD, RANAVIRFEOT—/UT, TN ORGSR/ CHRN ARk
NI o T LA, il 2R —F 2 hO—EFIZDOHABNDELRAL 7 B AR K ORES, $ih
(ZRAET DT Z L BTE EO KRR OBV EZAE TR E T, ZOMBTIL, BIEL o R—xy
NCFRERIR T ONIAT VAT DEAFHI LR IR TRy =T NOEL SV DT TV —a E TR
ST 2T DT AN 0T T L FTTHIEEGTe, WA AVIRRGETIEL 2 DOEELRFHFENRH D, 1)
BRI TR LD, 7V ar o2l — v a S TR DA 7 VR ST D2 LN TE D, Bz
X, vz —rar T Iab— g Tl FTIH Ao\ T —2ar — ey Tk 5283 T
x5, 2) BEELT-2 V3 AR (T O OB RHID, EES, NEE BT, 7V Va2 3al—
Tar BB BN CEZIDITIFER TEARN DT, TAR N T —2a 07 N\ 7 1T SOICREE e EEIC 7
%o TIBDOMANEREIL, 1@, 0o T FIA PR T uRa—T DI Z > T, T A ZADINERIE
RV AR A BT 2 — A% T 7B AL T TN D,

REMRAE~DEK

FDESNG X, FRDT 2 /0 ) —RIZHITF Dk s HEHEEE ~ DX NI | GREHMRFE~ DB ERIE B
ZRL TS, HANBURHBEIEE L C SRRt OIELSZRAET DRE ) &, BIR T By =/ N CESCSILAIRGE T
BOWIFIZOWTHRED > TS, RHOEEIL, IRAERFHIB T AL O TR, FHBRORE 7 ry =
IR DHEDTHD, b URRAENRNS R GHEMEE |2 L3272 51E, BEEH Y — L D7 p—~< /URFEE SR
2 —arOGHIE, RN THEEMA GO T NAT VR FEEEIT7 4 — < URRGEFED 25D 755
\ZE D THA), # DESN6 Tlix, ™"AT VYR FEIBITD, 74—~ /UG E BT 52— a e
R—=AFEOENEE AL > TND, VIR 2T ROIv I AR T b« 3 IR — R MZ LD B OB R &%
HMEDOHERIZ I D EXHIRIRD IR EE 2> TLAIEND, RO R — R MBI OV AT A2R
ELTORRGEDS, EARRGE T S DB TN TI7<, BT MRAEERIZKRIL CRuMER 72 kI
BATT AL, iGHERE 7 +— < /WZERBLT 2857003, 3 X CORGE TREZ BEi k327 Mz ot
HZENTI2D,

FRAEBREIEAHIL, TRD 3 DO 3T HND, 1) REET D% e Gk U CHFLICBRFE 35557, 2) ¥
—RR—=T UM ATFTDES(REE IP L TEISHILTUND), 3) AN CTLUATIC RSN T=b OB 45856
5% 3¢ DESN6 Tl S0 2 DD #R5y % FFIH (Reuse) DIE HIZ/RLTEY, 3 -2 HIE 100%5 5o 2 170
Bz 5| ETRFATED, KDORILD 2 1713, #EHED /L —(Functional Coverage)?D B E 3 52 L%
TR D ThD, RO N —VE, I—R AN —D 2T — AL — DRt R Th 7= 73, KR
AN —IIRGEE T R EREE R OBEEE LV E RN ML T D, Lo, ZIDNREE D R AT 57
D EIRDEE T A VL5, HHNBLOEMICHREEOEREZ ERLI 57201203, BiED L —
DOHNBEEZ D ENMETHD, T =TV 7T — L3, BERE N —V DRGEER ARSI E AL ¢,
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ZOFEFIARHEZ TETh, FFERICHDTZ > THERED SL— ORI AN KN D ZENNEEIZ LW 22 ZOF
[FRLTNVD,

Z DESN 6 Design Verification Requirements

R EHREED IR

FREEIZ KT 08 BERED <X 1FEAE T XTI AT AR TA/NZEEL TWVD, B &b &
BERREIL, 74—~ B OEIT 4 — < URRGEHEAN S o LMD B2 T <528 Th D,
BRI BGESE IR T DO H DM ERIEL[FERIZ, 74—~ VRRGEEY — /L OB B L HEME IR E 7R
HEENMECTHD, B, R~ BIF5Z0E, 74—~ VRRGEEOW 2 D#HE T 52 L3, E
JRRZRARE T oD, ZNHORMFGREIL, FITBIED EE THOH, MRS E S fairR bl
72UV, —fRIZ, TR TCOMGEREIL SoC (ZHTidED, MPU X, T DRI EHESE mwﬁ
TREINAEFESNDIBR IR GO B 2R B ED T2 AR RGERED 8D, fEREL T £
HAL IO W 7T, B D587 L O EERRE L R R DMFAE T 5,

ABEMERE (F+ Yo 7o) — A B BREEINI T 4 —~ /W RGEEE S ol — gl s =R FED, 2212
R HZLASTED, T VTEMIIR KBS 8D, 74—/ — A IMREDIEIE L MO 2 275 T
SR, TRalb—ial s N=AOY —UF T A EHIIRARSEMRA R 2 S 2L — 2 a TEDD, FEFIC
ERRIOI 2L —2a B FETLTh, BADDT ORI AL =P LHELNARN, T2l —ia ETEy
R P UNIAE LT T 2T 232 — 2 AT A THREO OB E R DO T, SV AL —U %155
:&753(‘%6 Lﬁibfcﬁﬁ)g %O)Eﬁ%ﬁ j”‘;ﬁﬁdﬁf%b nXu+#%r@imj< k—tlﬁfﬂﬁﬂé%@f ifcﬁb\ TX]\

NAL DN T —=Ta i, VA N— Ry =T T TN =gy TN 2 T INBIRDY AT LD | ke
LT@*%% @IE%II\ _F';?Jﬁ“é%ﬂ)”(}b@\ DY) Iz, ?AT@Z/T_Z‘/]\ﬁ)*MKELVCTf\ﬁ{H\éM FIXIII+®
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REHREE DRI TR
DESN7 I ZZ N F TR 7R  ~D /2R R & Z OF | ATERFAE EHIFE LD TUD,

First Year of IC Production 2009 | 2010 | 2011 | 2012 | 2013 | 2014 [ 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024

Verification methodology centered on
verification IPs and reuse

Hierarchical hardware verification
methodology

Solutions for the integrated verification of
hardware and embedded software

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

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

Reusable methodologies for functional
coverage development

Concurrent verification of hardware and
software components during development

Design specification formalized for
verifiability [4]

Verification of analog and mixed signal
designs

Thislegend indicatesthe time during which research, development, and qualification/pre-production should be taking place for the solution.
Research Required

Development Underway

Qualification / Pre-Production

Continuous Improvement

[X] DESN 7 Design Verification Potential Solutions

[X] DESNT DR

[1] ZRUZENE HW/SW BEE S R T LD 6B T8, BIHEDORFENIZ X T ADBEGES, N— Pz 7 CERESIENE
& TN T CERSI NS NEI P DL ET XD HEWEICEFL TS, i EORRITE R T A AN — R PDE )
G THY, CHOERAIAR S Tz TEN— D2 TDEL L TEB] T N&05 757, LPLRDE, il L ToHED
T, COBIFERE TDER T ARG Y T — a2 )b, FHZE L~ COBE 7 2L DIEL SDFRFED CE SRR EETH
=

o

2]V AR BE, BRAFHIZRB N — D = T RHFEDL T

[BIG VR BE N— Rz T L PERBIAL S TN T o L P E DA 5T 5 DIEL XL T SIFRL, BLKDOFH TE5
JERENT2 DDA FEG 4 AZIRAFT S 1) AN—Fx LA FIT E Y0 B SR A i CA L E RS IS, 2) MAAEZ S T
D THIN— R T (IR S) DIl —2a T T TR = T O W B LI L VR aES S, MAAZR S TR - T
T DRV R SEHE NN L), FEE AR50 B T B F T F T AL -/ [ 7o TS,

[4] (1R F 5 DRAFE L1 TSI IR TR E FED /=D D52 5K 74—~ /)T
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FRE 1P 13, BUEBLICATRRETH Y | MEELREDAEPEMN ED7-DIC#E L T DAY Fryo b
Y RO—EE 7o TS, fBk, ZOFEIL SOC FFEHI Y — K/3—7 1 O IP FEMIVICERH S5 12
D, bo LIKKEKTHTHA D, Ll THRREL IS, "—FRo=T—Y 7 sy =7 OBk S
AR Y Fa Pa HOTMRR T BRI N TR Y A% 23 F0 ) BICATAREL D5 THA I,

RITR LT 2 OMOERRIL, BIE, EEHEEEFSCH D, RIOHITIk~_72 X 912, MEEES#ET D6
VT N T ROk N T UV AZ DR ERTIET B T 4 —~ L FiEIX, MPU SEICHIE O
FERELPEZ 8 D, MEEAIRREE ) N L — 3 EAARIC B 2 BN DS AR OFRRIR & 72 2 DITE 72T 573,
TIBITRGEH E BEEDOAENED X ¥ v T E D B 7o OICEBE R HANT T D, F DESNT IXa%EHREE~D
R L fRRSR OXHGEIfR 2R LT 5,

Z DESN 7 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 improve design team

productivity

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

system-level verification

Hierarchical hardware verification | Enables the decomposition of the system into smaller
. methodology blocks which are suitable for formal verification
Formal and semi-formal
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}on . of . design Design specification formalized for | Formal languages and methodologies to support the
specification formalized for erifiabilit; formal specification of a desi;
verifiability v y D gn
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 . .
verifiability entering an escaped erroneous configuration after

customer shipment

System integration bug rate

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 complexity through

decomposition

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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ZDESN 8 Design for Test Technology Requirements

TIFal I IARN T RE S XFARGAN — THal IyJART T F )V RE VT VAT AL, 3
VIR MDD 1O A —REEBIT, T ED vy I RN T L AERT =X T I F y DYEREIRE DT A
T AMEREE L CHRE I/ TR TS, 4 H, 25UT 5GHz 2825 RF OFHIICEIL CEAIZAREICE L
u\z; gL B MRIR BN L AE EHIEDT-DIZT =— L ~YL T 5GHz #BR DT AN IEHEIZATODILFE
WITEEL W, 7o — D OT AN T B B EN LT ANRE#EL 2> TRY, 10-300GHz O & JEH DIy 7 AR
2 F VAR AARAE D EPET ARNEE TT ICT AN O T IR TA R TEL LI FiEA RIEL S %
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neo7ral IyJART 7 G0 RE B 7 VAT AT 5 DFT HAfT XGRS, BIRSITns T
—~ THLDBEIDTZOITIE, 20 DFT Hfffid, sat TEAHIL . /A AFRELRIC IO TERMEZ SE
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WA EMEREND, MFEE T /UL, ZIURNATRECTHIUTH T, KIEET L EMBERRIZ BEAHT 3 e ST
WRITAUTRD720 ZAUZ K> T B A EHAEAS, KEEZHRBZR O UITIEE TEDIDICHETE, £
TRV EYGETED, 7Ty TANRE (T Iy O H T AN &) OT ANMEEEZFHIILS S B MROH
DHINTA=BEFR T HIEDNRO TEHETHD, Z<O7 Fua/ & X, K, Bt 7o — X7 O &
DINTA—=HIN AREDOFFHADN ST AT L2 Lo TEY, #ED XL XN EENGEL TS, ZhER)
TR Tl OMET L —TF 4 7 LT ANERR D T2 DM EE T VNGB L 725, TFars Iy AR
7 F )V RF OFEHTIE, #bsEs ol —a OREME 2R IMEL, FRHCE O 2 —a FEE
ZHERFT 5 EDA Y — VIS ELICh D, 7 als OMEET LT e ADRKGET VGt I I E3IE
W=, SoC X° SiP _kiz7 s Iy I ARY T F L RE BT VAT DA LI EROBL D720
(IR EICEERIETHD,

ZIBDERIZRT T DMERRIEA X, V7 VAT 202 250805, 7y Iy VAR T F L RF O
DFT OREZRIT 57210, ERERFZTE A 727 7o —F BRI TE -, TNHDEL0%, Flxi
PLL, % —BIST, =12 /3N—4—BIST, b7 3 — 3—DFT 2L DRFEDRLTLBRIZ T 4+ — AT HHON
%2\, DFT OFETRFEEICZ DY AT L& GHET AN R L SN D IR T &R0 T, 7
1y IyJART 7 F )V RE @ DFT FEO—ARUITHIRHFHUILEL S TR, §7XTo DFT FEICHE
HOAREHNCEE/LBEEEDS, AT AL~V ORI EL Tt LB Th D, X TDOT 44/ DFT F
BT THY, BENED THY, AT 7L —al NESTHY, L TCAD Y —/LOBIFELYR—RNC
FOBRNE S THHZENEE L MR IZ72 D, BILED DFT FETIX, FIEHERET AR T AN w7 7 X
FAEFTHLH, ZNHOT ANED EWFIBED RESAIUE, ANT 7T F—_—AD DFT M5k OREHN
IR LT, ANT T —X—R DFT FHERAERNA TR AL NI RIGESFERIZ DWW TO LGB
ENFONDZEIZHY, ZHUZE S TRE S EETANIIE D ED VAT A THRD EEL 2 BEDERS
N5,

—0 DFT fRRFIL, 2o B a—XLBEE T — AL RITHA T DHBED R FHH i A AA T e LV
N, A2 F w7 DFT V7 VAT L THAKIELEBE DT O DBERERODOT o= 528 Th D, T4
VERSAVTPAREICRD SN T ANRBEE DB AMEHE( LS L, T AR T 7B ADO BIREITNERIZ 38R
WSHDH, — Tl T 7w, WWEE S, /AR, BIEA OO A28 O G STA—2 ED[E
BOR—RFTWFET D, THas Iy I AR 7 GV RE O DFT ~OBHE R R EZ fRR 35121, Al
BRI LS AT DR EHE DT A T —F T 7 MW= HIEE IR bR W EENEE SRS, Zb0
DFT fERSRIE, EHT S AT L AT T —a Nl 5, 7hal Iy AR 7)1 RF OT ARDRE
VAT ERET DI, RFEZ ST A7 CRBSIRIT UL B0,

MPU_PE,DSP > XFARZA/N — UTEED GHz D7 a7 BRI LD T 44/ DFT <° BIST Th/3—
SHVRWHIT 70T AN TETCWD LTV R, TIHD T AT AR T A3 E DFT X° BIST, 7= IDDx DL
IRFIEICOWTIIREL TS, Do — WA /A RN 5 E B a7 TOT ANOFREIL, ek
DIy I ARV 7 F )72 RF ORI MEO —HEL TEBLED, B aro# S5,

MPU/PE/DSP/AEY AT LRTA NIk 2ERIT B EMESILTERY, 8% 10 FRICZLOFREN DFT
& ATE Daa =7 (28 TRIIFRICHRR SV TE T, FERDZEEZ 2 DL LV RBWT 424/ DFT 51/31
—VhEETEERTERIT, BRI DFT 720 L 2RI DFT FEO—ECRTIUZ725780, ZOE/LRA
¥ DFT &, ERO7 0y 7 OMRE, BETDAZ AN ~N—Rill#E, V7 MG, 23T AN > 78RO IO 7wt
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HO LR FFE D BAEIK AT L TRIAKEL LGS, DN — VU E LSETDILEDHD, T 44 /L)
FTA=ED _OOFNTIRIELTEE BT THY, ZO/\TA—LZOT ANFEEZW R T5729IZ, DFT & BIST @
UCENEECThD, HhE, Kifa, 7ANT RE T A= O JRHFIZ DT — T DF =) 7 132K
72 DFT <° BIST O FEICHHAIAT e Z LN EIE T, FHZ HHEL 725/ 8T AN o 7P S dEE RN =2
TENIRT T B7e 0, BEEREE DT T AL TAL IR UTA T TA L DN = DE=HI T 1T,

AREMEDH DY T T AT DOEEE FRILTZ0, SyBEL 70T 2D\ ARG EZ 137 L, UL iEED
{EME DS BT BE R D, MBI R T A B L T U AT KD /3T AR 72 LA AR & i )
MaZdE 3 57201, 74— VRN T NCIEEREREZ A 95 DFT FIEDNELRSIV D, fnBRS AT LD
@ DFT & BIST 7L — AU — 7 OB i)eT — /WA E T/ AU bran,

~NF AT MPU T AAREE DT % Ffoar v a—~<AF 7 OHBUILY T ANERHET AN HIE
T D7D BT -a 7 o EOa L b T AR TED DFT B E 2> TND, FEERFORN — R4
(ST, BRI B AL A M2 DT OB DONAR (RS H—R « 7 2 A RX) ZAEI R E L B EEINHTH
A9, AT R T ANFEIC CGEIE RO 72 WL T — X [EREOFEREL T a— L7t o v d
DT, MIERRATORE RO IEMEZRALE D RS AVRITUTR D72,

T TORIANIHEEIND L DOFGEY AT AT TR R IFEEL TOVD, RS COHRREET,
Ty IV ORRIRIY | T LAV AT AL~V ORISR A~DER ThH D, Falk TIRELZIOIC, T4
DBV AT NOVEREIZ DD SINDIVT 4 1N 3T A—2 GRIE . WEE S X — . BEIRE
ENEL RIZIZE RN DFT OfERERZRD QD ZNHDNTA—L XTI 2T B —ar T AN fEpE
BLET ARO[ 5 TRET DD, TANIFEDE DFT <° BIST O FENIEFIZLEND, EIINT-F
YVT VL —var HERERE A TR UL T A L7 iFRIR Y BTV AT LD G ET AN —F TV F v DRI
RO CEEZRLOLLTENATEAD, 4 HOMPET.L0 DFT/BIST Fikd, HLWT 4P H L DT A—H T
02D DFT/BIST Dl 2o T, T A7 LT ARORRFHE L, EWIED IR % R FEZ A NTEHT5624 T,
VAT LRI SFEGLTZ DFT/BIST O7 —X% 7 7F % ZAE0_EiF 72 iud7e b, DX 13X 77 Ak
T =X T 7T RV T AN AL, 7 ANE ST ANT —H BEIZBEL T, RV AT 47 AT TR
IZRIEZELND T, ZUd DFT/BIST OFFMZRUHZ 812785,

REY S RFARGAN — EOBIRIBATY 7 0y 7 85172707 AR EAARL L TOAE TN R, A
EFY VAT ARTA/NE DFT, BIST F72 3R 7 ANFIEIZBIL TE, EBITRAL TD, ZIVHOHTT-72
TARNRE, BIZIXHTLWED A =KL V—R/TARNT 72 AR O AR ZEMN /2L  IXRHRDOIy 7 AR
7N DT ANEROEREREO —HEL TEETHIELTED, ABVDHBMNE KD T, SoC 1ZH
AENTL L TORBESN T RIBEL 225> CD, AEVRRFFOBLESIL, T AN — T B/ TR IR
DEFETHD, LR TT A — V- N T Ml BERT IERR G LD, ZOT AN O AMEIZ OV TIEIER
ICRERERRE L TETD, ARV 7 0y O A X KT HI2EG 70> T, SAEVOREIL, #)e AT &
NVDFRFHTZT T AR DOFIIN TOARY DAAI T MREE G T 50178~ TCD, T7bh, 80
EDT-OD DFT 1, WHIRZRWE LAY 7 1007 DA A 7 MHRED W )7 OREE - Ko7 Fika it
A pp gN A YA AN

ESEITHE B S —RH72SoC PSiP #71 — BERGHT vy 7 KRR T SAZ RITkA L TITIKZET,
ZNHDOT a7 INE—FE (T X TOmE T a7 80 ThoToe LT, BB AR 2 T HERE DO KA 7
G —v, DFT, ZL CHLERF T ANIH 25T, 5 %7, ZEEO K T oy 7 BNRASN 225D,
L 17 SRAM L C DRAM (T4 TIEILEL TGRAESN TE2L, 4 B Cldras Iy 7ARy 7
F v, RE, FAER T Ty 2 BN 172 RAN SHlAGHEN TR TQND, =a2—T/L T awy
W N LHEBAD X =2 — T VO T v ANH 5720 T AN B2 582 T-5L TVD, fASH
TeT AR DNTD 2R AN I TR FTRE CTh D, LILARDD, sz 7my sl
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T NAZFEIENNRAS THAHZE T, T AN REMERCER EHRGE, £/ RUERF 7 AMIXL T, #ELL ETTHIA
AIREZRAARDHE R ZH 7o HL TS, KRR FRELY 7 LU Tl S Cd ASIC X° MPU w7 C
I%, ZORBEIFBECIIE L TRY, EEREROT ARDAARN VA azx e B2 TD, DFT 2E->TE
Z EDIAANTHIELL L2725, ZOECTib <% DFT/BIST KX, iT9 D= 2DL AT LARTA /R THR
—XNT=T a7 ~UL D DFT D HRHZHED TIHRWIEE 2 THFAL TR &0, VAT AOFIFHIZ
PLRENT- DFT BsRkE, ZNOfERF L, DET/BIST ORI AT 49 I AL A 20— I Dff%4E:
LTIl 7 ey /LTI N —TERD, 20U RIB T S D T AMERRE S ATZH D
TR U B0,

VAT LDV T, DFT 1 3F v EOZL TV AT ANDO T AMERRET ANT TV —var OFEE
BAEL, ZAUZ LS TT AMISRIEAN ATE %0727 AMRY 2. AO BRI AR s, 72N
R DOFHAN—RT 7 SHAIAZT VTV AL, T AR T 72 ADO VB ZHEL . DFT FEOHELETH
DY AT DOV TO BIST ~OREJEREZTEM D, 7T 0s Iy ARV 7V RE BT VAT LD
DFT HfffOU# bt /2o T, TAMERET 7V —2a BRI, VAT BT AMDBREICAL— RIS
NRTFIUT7 25720, DET IZE - TS A RS (OO0 D FRFED 2~ — R ifE L < OFRFAD 735 AN w27
HEHEE) 1, ARERD R E 2 A DY — 2 — o NESERE D720 A 7 R AR D DD~ & Th D,
L7235 T DFT EVAT LGEEEAYRaUld, DFT LWL CCOEEBREA AR L iU 7e e, S5
7 a—r L CREDI7: DFT OB ASROBFTCOFHIET —R w75l COXFY) 7 L—
BEICHD, TREAELDERLT SAADREERMETH L TL T, VAT MERZ IR 572012, Gt IS
Fo THRHASN TODELDF YV 7 L —ar FiEE, DFT FEEAREAN Gt oL L TR—HT&5,
VAT AX YU TL—ar DA Ra LT DFT 2 9528 T, BEHE D REEH e T AN BB /il 2 2%
IR AT EIMEES NG, A2 TAL DHE ., 74— VRUAT  EREE FOEE2 8 1%, AEf7: DFT A
R Lo TS ATRRIC 72 2 A7 PEREZE R T 2,

MAAIATLT T 7 DT AT, MAAFEN TONRNT 97 DT ARE A THIE MR T AR Z72MT 5
RETCHR, AEY, BVvI, RS Iy I ARV F )b, RE D% % (ST 57 AT, ATE, 17
Jl—sa . i OBSE O T DI AR B D ASA N A b TEY AL TTF ANAT T84T
1%, EOLTCARZANDIERE T HZ L0805, DFT 13 A LTI E DRI ARFHE LW E O AR FE <
REARNIDT, FANIANI L TH B S R ETh2,

DFT #t A ~Dkk 4 72 EIC LD T 7, 7 AN O VO BlE, HEE S, SV RE, 5 BERE DY
AT DAL RTNIBLT, DFT 1 ZEBDD30 D& DR LTz, T ul Iy AR 7))L RF LR
BOT AT BB T VAT B SoC R SiP IZHEATHIET, V=B, /AR, /—ROEA 728D DFT
IZED TE=F —SNDREHLUWEDNAEL D, AU RIEOB ISR /A RI2E DV AT DT p—~
VASD DFT ORI, E LSS FRISIVRITIUZZR D220, UL T, HiaSivd_E DFT
FIEO BRI S ETANDFENAA T 4 TED, DFT FiEIT, SHIRIEKED ) — R DF=HY) 7R
HI72 T AN R0 FHARD (BIZIE, SRR 0 T AN 75 HAN (B TE 1T 2 BN 80 D,

DFT O ROERKE, 7ANEET ANIANDIRBIZH D, Z0 DFT OE#EKIE, SoC/SiP DL~ /L TIGES
NHERETHDH, EVIDIXZDL L TTARNEET ARIARN TS ENE ZLTHESICHA TEO DL TR
DOHFDOT ANEHNED HEMEIX, AT DNORFED T 0y 725 57 ANERT AMFH TldZel . £k
AT LT N—F 57 ANEET AN ThHDH, 7 AN T AR AMNT, ATE LFEHRIZHRSBIEL TW5,
EWVHDIE DFT X° BIST 238> T, 7235 ATE 237 AN CIXEE /R & E 2> QOB THD, #4722 DFT
FIEE ATE EORIDOALH T 2 — A 3&EH AL TEFR LRI IUTRD2 0, 2L > CTER OB OT ANAE
KA 2H72 57 DFT & ATE OFIREAA GO H HENTFRSND, TANT 7 AR —MZOMMDT A
NEEEEDAZENETHH 2 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),
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1500(IEEE Std 1500-2005, IEEE Standard Testability Method for Embedded Core-based Integrated Circuits.) 238 <A1 C
WHEIFEWR JRRUTT AT LAY (EERERRIZRL A 7 — 2185 DL AV 72 E) ITHRS - a G R 72
DFT/ATE A2 57 2 — A7 O )V PHESLS VA RE ThH D, ZIATEIUL DFT FHEDOERKE ATE O AJHE
A7 TIERTELEI1T72%,

SoC/SiP @ DFT/BIST D A{RRI72 3 EI k9~ AR R I T B 41, FEFITE A=A TE LRI T T
%o SoC R° SiP DH DT 7 /a0 7 VAT ARG TFIEDOZHEMEI X, 7 ANMERY —/L & DFT/BIST > —
IVINT A HNT ANFIE (B, KRG, 2 XT AN w7 _X—R) L7 Jay Iy I AR 7V RF 7 AL (B
AB. /ST AN 7R —2 FERIIZITEE, KEEN—2) BSESNAHZEEERL TS,

ZOFRIRIL, VAT DML | BEF T A AL h—~—r b, ELTEIROT AN ANARI T 57280
(2, BRETROT ANT T =0 7 DY — )L LS TRAFE SV AUTR D720, WINRDMEE DL~ LT | 205
A7 AT MRS SR EHE I Z e T LSS A0 &5 DFT/BIST ZHRHEL2iTLIZ7eb7e0 L, 5%
FEOEITIZIE U TR FHE O 4 IR IRER A SV R bre, IR RITBRAEHIZIX, XaTE
T ANDWS O feii b A B RIS TRITIUTR D720,

RIS ol —2 a7 VY — UL, TR TORGETAND T T = TIZNTET Db D THY, 7
ANIY 2= ar D5y CrRTIURIRDIRN, R, AT LMEREICBE 5 DFT/BIST D584 RAELHZ L
IZBWTEITHD, v Iab—Tay— UL, &0 LRI ERZ L ~L (B, B, AT TN 21T
T HIZLT2H3 > T, DFT/BIST D5225D RARD Z 4L | ZAUZL-oC, b 2472 DFT/BIST O FENNEIR T
ELHINTL 2 UTZR 720, BIRZ B CORNRIEIRIL, S AT LT REI AL —2 (i, ~NTAN w7 |
BERE. 72V LT NL O A A DY) THD, TAUL, DFT/BIST O—#E L TRHSNDRETHY, TARD
M EEMED B DO FIZB W TSN RETHD, 4 TA TH AL — VBB CEDEREITIEF 1 258L
RKOLNTEY, BAEANITREE SVE O % flREIC T D RO R R MO FHZBRE S A TEH LD
PRI = DFEEF DT LY XL BZE ST HUE 2570,

VAT LI K S DFT/BIST AERRO T, Sieb i OHNT/LDOIIMERIZ, T~ 1> DFT/BIST #HE
& ATE ORDALZ T 2—AThD, DT AN ARV DI ThT AT H NV AT LHIZIZAFEL T
LU, T CTIHEIVIAR YT TV eV AT AZDWTHIFEL TWD, Ll SoC/SiP DERDIDT=%, A4
7 2 — ADEHETBR TIXREL TND, TARNDTZD DY —AD 55 EI DS RER O TREL /2 -T
WA728 DFT/BIST & ATE DDA 27 = — AT I3 EZESIV TR T2 R RO IR RIZ BT
1. LT = oD BEEARBEEICEAL T, ZOA L Z 7 = — ADEFA - 72T T e by, —old, BT
IR/ BT LT VAT AT ANIEII DR 4 72 ATE O a[fEosh A S rIREIC 22528 69—
%, FEHRIRA L AT 2= ADERICL ST BV AT LDOREHET AN =T 7 F v OIS AL
ThHD,

RER S LR (Design For Manufacturability (DFM))

IEH DD RIZELIR, AT AR T —ZBEOETE F LTI T T7 ¢ E O R N EFE Rk ool
ER G M COE KR GHREL G [ XEZL T,

F—F o F+ TOFE — [HIROMREOZ R T HZE NN R -2 7 —% T 7F % COTEMEN VL
LENDTHAD, ZOFSBETIIZNLL EOZEEATHIDITEEL W,

GRBELIEIRE TDEE — T 45V S 7 ARY T T )L CORSRIEIEE O L EEVE T3 CTHh A9,
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THEEE ), ZA T OWRME G AT SRR G EAR /0D, 7272 EBRICEREHEITOITIE, AT O &E
Fi7p 2 SRS T DT EHNRET B,

1) FFHIRR R — N ~D AT 70D, XTI 2 TAREET VYT

2) WREFHIFENTNG | SOIZEHRAMER O @\ i b~ D% i
ARSI, FER IR — L SR IO BGE L A, KRR R EICEROHHET /L TIdiRd | K
DORELREHER T 2IED &2 M A2 ENUA TH D, Fat BN S B L OBFE TORE £« DIED
DEDEL, T BADF XTI HTA X TORFHIIR AN %8 0 COIAD /3R TFEEFE S BT
WRIT UL D70, BEE S FROAIEE DL RLERFREL | Bl L7 AIEICHEY | FEREL CEHR =
AN A TLED,

LA TR COFE — TN, T AL =V F =0 DML N ZR ISR D, L—
JUiE 2 R (SR — L HESEL— L) ~ERBAL T, SHIZITBEHL 3 JBEENH DI, B W
& (BB — /L Cldel  REEENT— 7T U N COHMEL L T CE 5, AR LA AN /XL — M —
THERRHET D) ~EET B LIV, ZOF =y /1L, BRI OBMESZERRS 52 LT b2
DB THD, 2 F BT VT T7 A IEE TR DAMEFE DRI D 7= 12 RET(resolution enhancement
techniques: ARG FEHTIERAN) DREZ SOIZIHRINCT A 7a—I@iiT D2 ENERE D, RET V—
S, T2& 213 OPC <2, CMPUL ARSI BEALER) T T AU P 13AA I 7oV B 170 8 DRI 45k
ZIRENCE R T DM ENDD, FIUCED, ELLT, BRSNS — L OISR RS | HRE0 D)
FEARREL, BUEDARDOHNRE, v AT T — 2RO DR A UGET DI LN D, 20T T a—F
TSR e B 7 m— 8720 | BRI R E Tt ~Mez | lx OY— VO FRE IR L OREES
{LEBES ZEIT72D, FEREL T, LY A — T AT 7 =LY GDS 7 —#(RTL2GDS) ~D 7 1 —|ZH
WL ) e RET ° OPC DIEIER Tt~ 27l 23T T =0 7T BB 55, FlziE, 7 a—N
S, a— VBRI DR FE L, BERSBLE 2R\ CL X =T U ADGFTA R E T DI B B NHw0
BB, ZHUTTDERFTD CMP 74V 7 L2 DR ED RFEVNREE 20 ZNERIRHIZUT 4 VIR F b
DIERE L AT TN ==K A7 T —2 4K (MDP)OPC L~ )L MEET HI LN TED,

RFEEEL TDLEBVFREREE — ZZTOLATIRDOREAIL—/LIT, HITR7EEE TR, 72
WRDEEEDOERTHOIL, iXFHOSEIV T LARG O ER T 5720 Th s, U7 DK
ST, RV DNES EIT A RIREE T DITIE, A BRI ZLE L — /L ORI OS2 WA Z L3
LD, TNHLDHELREL— VT BREIL AT IR 2= T a v ADER, FIZATT T A A NDFRE,
YT IE, RET [7]_E0Z DML O ED O B O BRI HAFHILD, DEM ELCOXFRIL, 2380
D= DT, WEES, L TEEOTF 2—=0 T ~DO B E 52 5120 BRFHHC 2> LD, ZEHE
FRIZHRWTHHY | T, 2L CHEOHBOEN S i, 2 ora B g O - — R 705561
DILED DD, BERENII L OV ST AN 770565 DFM xR, i EF OB AL (ZAUF E 4 IZLUTRR
TERRFE RGO T, MO EL DS, BREFFA) D) EL T T L, e LARE 7 a—o i CHi-
7o HEREE L TIEASNARETHD, ZOEKT HEZAT, VO T E, RO T T =27 &
i, BLE, BUf7RE O — L ~EE L, BED T A R R OSSN, ELTEEED
B CHURINC T 223 G HEIE L L CO)EFE R E DT R TORG BIEE B ET AL BT 5, 0FdHe
A BRI as I NER ORGHEMES TrRREA O BEFTREEO W OB Th D, DT, BHD
FFED 7 B ADRER/SHIE ~— 0 D\F— kg F T Dol am b S vz s gt Bes 7 mkx
SAETITEFE B HRRVIMEL RS ATREMEL D, T D728 BLEAHRY — /W T, B pF2ETOAY
VAN ERER R A FTREIC T DITIE, FEBEDOX—7 Y N aE A TOFRELT A7 ZY D IEMAAEDET L
AN YT I HTARLTRLIENLELI2D, TAT TVDOHBEDET VL, 7o' ADNE TG
BSOS A TO DB T D,

# DESN9 1%, FRLoFERE% . DFM ZRkEL TERILLIZH D TH D,
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#& DESN 9 Design for Manufacturability Technology Requirements
DFM &L TOZELRIZ, IRITHT 520D 7 TV SN D,

BB BT B3R — DI TAVNI~ AT A AN G I, ZAUTEE TRV DL ~JUITEL, D728
INSIREERe, i~ — 7 "D AN S FEHEIN DY AT LA T 7 OFE G2 59T HZ 12785,

1E60&%X0, V77 [RIRDHDER—ZDT17AVNE, T/ A AR L E BT L TV D Rl L
DIMGETORSE | BREFHSNARIEAERICEET 5 ERiL ~ L ORE CORRRAE & A T0D, T~
IVTOFERCSICELRIEEL TE, (P Fy 7 RIRICHESND) BREEDIISL &, (R—E U7 RE
DIXHDOEE BRI ROMFE DL L TO) BEEEDITH->E, L T CD(Critical Dimension)|XH->&
DEIERENEGEND, LI TIEEIE T 4 —~< 2 ZADIEL S EDEIE (B TOIVT 4TIV /RAD LT,
T T RARDINT p—~ 2 AZRTE T DR E D AN IOFIE) R0, FIRIHEE /1 DIXH>EDHIE (T
T AT EFRHEIRRE COME DEEETe WEEIORHENIDOEIE) ZEREL THD,

K O EER THDHYAZANT, PRSI 52N R Ch o7, ~ A7 AR TAT OBl
T = AN —Z T DI DN LELSND, ZDIDIRT L —I Z)—i372 e | IREREL T,
WNF T 2N 2N A TAXRKY T TNy I RANT 7 F v —R ASIC MEHEEND, X552
LT.CD Iy ha—DEHR” Frat AL ~UL” (D85 A— 20 MG EED L7 BIEL ~ L7 %S T
Bex I \TA=ZRZ O BEMEITEGT CTHIIS LD, GRFOREA s 5F v RV —E v 7 DA
S 0) BUEEIEDIED XD L7100 $5 A— 2 [T AR PR AL S ERL LT 10 575, ZHLLRi T fakk
BRI L 725 ATREME A D TUND, & UARAHIZ BT IR 338 AT hIE . b AL~ Lins 7
ARV ~YL | [BRLARLNEXT A= 7 P MATET DT LT IFFICRBI TR G R Bk PERE
VYT DI DB D,

7% DENS9 TTHIENAIELDZDOROFEREL T, (D Rk D55, Bl K IGIZ LD OREED 2L
IZED, B AR R & Q) BRI DIZO X IBET 53T AN w77 R B ED X BIMNEERIZ 72> T
Wh, BIZIE 81 MOSFET OBIEEIEDIZHOXEIRDT-D . SARM B/WTEZIALT AR AL
HZET 1 DOMIMEIZEEL CLEIBIGD AT 5D, ZOFEDOBLG T 65nm CTEEIZJASBATELL TWD23,
SOIZBEEIRD MO IV T A N R BIEFE ThHHT v T ROV VAL — T 7 AL THIID 2 DRI 72D, T
DL A BOJRRNL FFED IS,

© TRt XI50& Fypvkk, BIEEE, BEIERE DT ASAZNRTA=ZOREHHITHOE. Frx
NEDIELOXTT A UROE(Line Edge Roughness)Cfhlod/ & — SR IZEEAIL . B EECBE)
EDIEZHOEIITIIR— U DT F LI AR — IR T2,

© R DITE DX YHNTA—ZDEAIZ L LR OEEFMDITHOX. KbIHFE/LLOIL NBTI
(negative-bias temperature instability ) {Z &% Vth @ Z8 @) <>, HCI (hot-carrier injection) , TDDB
(time-dependent dielectric breakdown) |Z& 57 —NEFROELE THD,

- B TR PR AR IB W T LR D EFREMEICER T2 A X, Zhudiay AR B
AR, TVTTT7 )AL X522,

SHBOT Y /BT HINGDOBRGULH5BO T ET 572012, KE DG TWG 1% 3 FEOZ HE
NOREAEN) /2 CMOS 20w 7 Tdhh, SRAME YRV, ToF Ao/ —F—|ZOWTIIZELT-, ZHux 7
FaT Ry VAR T F VIR E ORI DR RO EE ORERE R TRICD7223%, 20 3 DOEEE
TR, 74250 CMOS G COEERHEH#HE BRARRL TS, L& (SRAM B heL) | [
(FoF) EL BB (Ao —%—),  BIIEONANRTH—v  ADT vyt —TiX, E T O
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SRAM B2, 25 DT FZ L TAL /3= =72 E NI A ET D,

20D 3 FEHDEIE ORI RIVRNAINT =~ L AT /0y ) — R TOR BREERIT, —MRA725 PR, SRAM [A]
FIZHT5 12nm FTOIRELHSEET )V THlEZ G ATZ PTM (Predictive Technology Mode) 252 2T, #lrk
T RERAILOEOFEICL DRI E L IaL— L a THIENAIRETH D,

ENENDOAREOHTAVE: SRAMEYME/V T read,write,standby DN THY, 7 F TIE DB Q
SOBRREIECHR— VR RR (Zay 7Y A7 VNTD) ZL A N—F—TIIH I TCOANy T U T ARER
ThD, ZNHDOFE TIIAERDO MR OFE (RIFEMRE Y PN SRR T S A AP A X720 8) 1328
EDTRNZEERHREL TS, ZOTFEIZED ZOFRAE TITFRANTIZ BRI, FREHEIS BERSAIIZ A
=0T M TSI EETRIL T,

2SO IFEEDOAEHR IO AR B 2K X DESNS 12777,

1. SRAM RERIL, EFICKEOEELI-MERE, BECEREHIL CTEERMEZ 5[ EEZL 0D
D, ZHUTAS B EDITH KT AREI S S X T A72010, [T —% T 7 F v CORFHNE
kKEns,

2. FvFIL, SRAM EIALFERLIZE DS D703, 65nm 77 /1 Tld SRAM ViR THHH3, 22nm
T CIXBIAED SRAM DA BHRIZEEULGSD | FERIZIBZOZEDREFILSRAM A X 5 ThH A
Vo ZDTOFT/2BIEET —XT 7 F X IO TN ELONNRUENZRDTHAY, A/ N\—H
—[X CMOS Hfi Chigh Bl T D g EFEZR A1 ThY | A% HHIR THHZEITIELVAS, H{ED
2R TR, AN RIEE 725 ATREMEZ /R L TUVD,

1.00E-03 - /

1.00E-06
1.00€-09 -

1.00E-12

1.00E-15 —&—Inverter
== Latch

1.00E-18 .

1.00E-21 A

1.00E-24

1.00€-27

1.00E-30 T

45nm 32nm 22nm 16nm 12nm

/X DESN 8 Variability-Induced Failure Rates for Three Canonical Circuit Types

DESNO (% DFM DR Rtz 7~ .

o EERHLARFHIFRICHIS LTEAERFE — ~ AT B R DN G /TR B R 2 SN 5728
(2, ERTNIVRLRAL AT 2—AIZBWT, DFM Y — V3B D, F—Lb0~v 3 — L, B
LV DFM DR —R 47 OFFRIMEIZ DUV T, KVEERICEHE T 5 TH A,

s WS DOEDEEEITH T AR — TFk DEM XD D E DRk & 2R B0 IOl 7B X
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727N, I, HEREETEEE ) O T DIXHSEIT5 I Lfocn‘mifoeﬁij\o FORER. HETHIERE
A TR SEICEWAN /ﬁ;h BRNTY — VPSR EEELR2 D, 210, VAT T A IETUH LEND 2 OD
B DFFHIOZ VIR A DT DB NS, 5 310, BIRMHS, IRE, BMEETEE2EA, 1T5
DEEF|EFRITERES T BB RO 2 R ER O bW EETH D, Ffr iy — N — AL DR
I, +A TR,
DIEFERENE, IR, 70y 70 AJHE ZOIXL OSBRI ZFRL | o b3 5 Eae7e @ hes Al al g
)R PTHNZIERIIAZR GG, TR, RRVETIEfF S U(BCC) & & T lXH XT3t 9D AR 72 i 2 B
TET =X T F vh Gt (XL OXEHE T OREEIRS LI LD,

U571 RO BT I T AR — VT T 7 4N T EEAAE| D702 ITRS 13U
777 4IZBAEL Tz DFM [RIRESCARIR IR 2 B S 2 3 BRI IRVAHA T, FRRORGET T e —I%, VY 7T
T AHFNT IS LT A 7 B AN TR E 725, ZIVHOHEATIE, BELIL— /L _R—R (VY —)L &
et o—F3F O~ OEFELID) LT NR—R (EREMI— VR T o —F 3 e D —
FEEFETDH)DE ST OLATIMEEAGTe 225, 5 1 12, A HLAT Y MEICE SN TV
RET (3. FFRA R XAV HEE, BLE B W= 0RO TR ET T ATV T 52
EMMELL/2 %, LTSGR ERESTH R 1 O AR BEBIFR O E FEHER KD IAT e Z LN B L7

Do ZORVEDIE, LA T U MRRERCTREL A kWS 727 BT LR — R RID G TRRIZIWN T, B
E’J BT TN D, 5 212, RO FHEEERCRGH L, A F O BEME CHORIIZ RS 7T RE
72BN, & EE L OFEFD (manufacturing friendly) " 23 BEE 725, Bl TR 7o ik BT AR UE (Bh R
A7 BLEMED R RINZHED " HEME” D& D ik e BIME) | SERITHIFRS AU 723 FHIEYE (RbD Bl
LIRS TARDOL AT I RO L7 /NSO A sERE AN CRUEME 2 ffe F2 03 D H 7R G L UE) |
ZLCHBECERSLY — /L ETRRL I A L H — R L Roa 7 il | GRS IR O B s L
7%,
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2222222222222222222222222222222222222222222222222222222222222222

Radically-restricted rules (grid-like layouts, no
diagonals, etc.)

Statistical analysis and optimization tools and
flows (vdd, T, Vth)

Statistical leakage analysis and optimization
tools

Architectures resistant to variability
(redundancy, ECC)

Adaptable and redundant circuits

Post-tapeout RET interacting with synthesis,

Model-based physical synthesis

Manufacturing-friendly design rules, including
Radically Restricted Rules

Litho-friendly (router-friendly) standard cells

[ [ ] ]|

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

/] DESN 9

Design for Manufacturability Potential Solutions

WIEICIE, ZAIL T FRIT O L 7RI O D Z A BB HT N MRRIR A3 5, 5 FLINIZIE (2009 42
5 2011 ) EFHOZR RN SRR FHIERIATIND, ML, BEALT-HAR O BRGS0, &
A AN -0 R A P O S5 i FE 2R R R HR O — AN F S 45,

UV T T7 4 % BN AHTE S5 DEM T — % L7~ 7228, K0 IREPH R RlE T 5 L -oflid s — 2 L3
PREHENU T E L~V ORI SR DI EBITR 23D D, RO 10 4T, T 7 13l Lo
I BRI TND, L LR DZ ORFETIZ, B FHRHCEERIER A UeET 0126 75 1FHR S
(2, BRF AN R FHE DS BT DO EF L ~UL 0 DEM A2 L CRUSAIC BRSNS,

#% DESNI0 X DFM OER EZ ORI OO RGBSR E R LIZH DO THD,
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ZDESN 10 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, power)

More effective optimization, fewer design iterations

Statistical leakage analysis and optimization
tools

Estimation and control of soaring leakage 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

Reduces mask, manufacturing cost; addresses
Manufacturing-friendly design rules (hard rules) printability
% Vaa variability seen at | Tools that account for mask cost in their
on-chip circuits algorithms Obvious
Better manufacturability and yield, less mask
RDRs (grid-like layouts, no diagonals, etc.) complexity

RET tools aware of circuit metrics (timing, power)

More effective optimization, fewer design iterations

Statistical leakage analysis and optimization
tools

Estimation and control of soaring leakage 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

Reduces mask, manufacturing cost; addresses
Manufacturing-friendly design rules (hard rules) printability
% Vi variability (doping | Statistical analysis, opt tools and flows (Vas, T, | Better estimate of variability impact reduces

variability impact)

Vi)

overdesign

% Vi variability
Includes all sources

Statistical analysis, opt tools and flows (Vaa, T,
Vi)

Better estimate of variability impact reduces

overdesign

Adaptable and redundant circuits

Inherent circuit robustness to variability

Statistical leakage analysis and optimization
tools

Estimation and control of soaring leakage variability.

% CD variability RET tools aware of circuit metrics (timing, power) | More effective optimization, fewer design 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 | Leakage power variability will soar. Statistical
tools leakage tools are critical to estimate and control it.
Post-tapeout RET interacting with synthesis, | By interacting with earlier-in-the-flow EDA tools, can
timing, P&R more effectively address litho issues
Model-based physical verification Can address litho issues with precision
Explicit litho model-based approach moves into the
Model-based physical synthesis physical synthesis toolset
Reduces mask, manufacturing cost; addresses
Manufacturing-friendly design rules (hard rules) printability
Circuit performance
variability Routing-friendly rules reduce design, mask, and

(gates and wires)

Router-friendly standard cells

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 leakage 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

Router-friendly standard cells

Routing-friendly rules reduce design, mask, and
manufacturing complexity
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£ 1%1k(More than Moore) D437

R b B8 EE 0D BELIR] LI LA 2 B B 72 W NBE R O FH SR 7R BB RS | 2569~ 2 BE S R OO R EHEAR e B Bk
A ZFRRET D700, RIED 5 DOV a2 NIRs SNSRI 2 S22 r—) 77 | el
2= BIONERED AL D 3 SOOI TINIAFE LT, FOREFAX DESN10 (277,

100%
90% geoscaling
80% equival caling
70% - - —
60‘; functio iversification

(]
50%
40%
30%
20%
10% -

0% - . . . . |
> » < S
(((?\0 Q{é\(ﬁ é\‘f? (’é\o Q<<®
¢ P & &
& o4 N &
é‘& K O
S (_/0 0“’
&
S
\/O

[X] DESN 10 Moore and Non-Moore Design Technology Improvements

ZOIARTINC, BEFOFNERE, DEVT AT AL ~ULREF T, BERED SRR bR BRI 645
DR DB et K& BB A .2 CD, Z LT, REIDHEA T, TOMBEDOL ~LMEL 2512
T, iz A —V o 7 oMM IR A =V T Mo > CRER B E 5.2 5, ZOZ 8L, BEDH
HORYFHLEAL TS, Thbb, DRFWIH DT AT LWL~V OHIRED BPETIL, o= T . 77
TUI A AT RANRIEL TS, M7, 2B G OMGE DB TIE, &7 ay ZIXRCAA T DL AT
TR A RS, 1T D EE RSN EGHY — /L0 ENE F FTHEIC 72D,

Truls IyJART T F )V RE B ORN R EFRE

T as v IART T T IUAMS)E L RF [BIEIE, 72V EI TR 25, ZiublE, “high” (Vdd —
JARTFRME) & "low” (Vss + /ARFFRAE) THDHITE 2 IRREED BT L~V TRELINDIHHRTIZZ2,
R B RROZ2  RABART (1 21, 270 742528 high) TEBESNAIERTIEARV, 7F s RE BT
WFESNAIEF1E, FER AV C(F21E, RERIR LOMRIERIC XD/ NSO FFRRR A T), R IO
IRIEETEREL T, LTe > T, M CHEMASNO SR TOMIENE, /A X, FEDER., BLOERRZ:
A — M7 E OBARR) TRV | [BIREN CLBES AT Tl B O RF G S ICEEINE L /A X%
KIET, TATZIVERIZIL, Kby — OB BT A RE LD ZNH0 /A X% E L
UL THIET BRE I DMt > Td, Ll 2O HMME BEIEDFRIX, BOEIEZOX A FIv 7L
VUDNIEENIENZD, TS L RF OfF SR CILE A 352 LN TER, BIfEEEORE, $7-, 55
[EE A1 B B S E Z 0T UWME B2 AT L RIS, Z<KOMRFEEREEVHTEVOFER, Zhb
DORIEZT 07 TR TIED DN THRERA) T D IR 2R EE L T D,
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7 a2 L RF OF%EHE, F T OBMEN TROVFHED T XTI OWTOEREERa ~INET I ¥y
FGIETAR B EM O LT Z RD TET=, LUy, oL T e/ B I ONRE [BIEZGE (7
1%, VAT IR 1280 T K@~ ~ORIBY LD 7D D/V— VB ZFIEF IR EEIZL TVD, 7o
DHNVRIETHE RIS Y — VX, Tl R EHI B W Tt et o Tl EFWICTREME TH T,
HHICR T, Fo 7 B0 DT BIONRE AN DA DEENINTT 4 2V IV AN P AA DRI
LR ORISR CTHATD, 7 s L RE G HEE T AT AL ~LER G — Vb S 17 CE T, [H]
BRET AT DERFHTOWTIX, ZOFEDOH -0 [FHEL, [BIFE, WEELGEH iR <bind, 4 H, 77 rre RF
HEHIBWTESHLIV T b D LREROFR-EN, 74V #VEEEHIR Ray ' J7aAN—272 8B\ ThH
FAELIRD TD, DD SOC T AV HVEKETTIE, 7 a2l BX O RF (BT~ 7 A 655,
EDA ¥FUZL D7 I rr L RE IZRHELTZTLO BRI IR DY AT I E LD 25| Z BT 72 5 T
W5,

SRTARTLNFE TR LT, AMS REHIIBIT DA —V 7 LRGEH T iR (migration)l 2 B35 2<
DN DD, ZAIHOREIZIT, BHEEEDIR T MR T A—ZEBOEE K, F> 7 Y007 I
T ST D AFEEDEER G a7 R0FE T BIRO EH# L, SOC LU COERIZEIT D) —7 &7
RAN—=7 DR, £ LU TRETAF LR HEMED N RSO RIS E EILTND, f 2 OFREIZI, TROEHDH
0% (1) “TAVHVTEZTIarEind” T4—7 - T7Ira R em g5 ray 7 B Zuds
AEBNRDOEER ARERBENIR, ST FNALT T VT4MEEH; Q)7 T el REGHIERT 97 1a 72T
LHIeDDOT I ur Gy —/v; QBN FEEBRT L “BERS G . (OBEMREBET A RITE
FDE BB AT KN (ZDIFEA LT T 4PV THD) LTl RF 7ar b ROERERERL, %
LCS)E i MEMS 728 OIEE 7-Eih O mss B ER b, ZNHOEIL, %l 3 A Edkaikic
DONWCOfEROHFTIVFELGR BN 5,

1GHZzLA LD EEETlIA 2 7% G F AR ARE I, BT B072 RIFAA Ere & O AT EHEE 1O 1IEMT:
HEDBRAIRTHD, ZNHOFBEIIEBFOREFE, WIEIZ SRR BB AT ON AL 22 I
AT, = ET NVERET DUEN DD, ZOXH705H RO BEEM: LN D00 BB R, R
72 130nm CMOS 7'm& 2% HV /2 43GHz VCO(FEEHEFIRER) D% F HFlE LT 2005 FEOF S THES
TWD, ZOFSCCIIBCRRIE Spum, BOHRHERS 10pum T, £X2% 100um Ofg FfE Cu flfRo 1 BETA X IH4
NFEBIND, ZOHMREF OV AT TN 83pH, Q fH 35 DAL X 72 % LT, 2.5 D &g Ial—
Tar PR ERBONRO EMLTT V7R HENTZ, X/ 33 ZIEBEE 100x100pum DOH A X THEEL
=,

10GHZ(EZEH O R A 1% 100GHZC 3mm ! )& X D8 HE 137 7 T RN EECTh D, T
FRITRESND T 7 L E E 7R BUEF R FEMBI 21X finite difference time domain 3% VN CRREHL 7l
MIFRBRVD ZOT T F IME SRR O T AR TSNS 6T R DT OGRS L
ZPUR TS 72U Th I B L 72 FiE CRINT 20BN B 5, ZD L5706 I fElk CoRkFHH-EIL.
TETEN - A TIRRE R A e IGHZEL DT 42 v ay G B DT D D EifERe T F- 7 [al ik A ff
IGEITHIAEL  RISSIVRT TR0,

<77 VST EROERADIZL AL T RTREEE 5.2 2, 15 SRR OB BB L ORISR~
TV T Rl =D T ENT=F o T OBERE, 7T o iR L ORI A4 R NS
MEMS EIfERFEZ2E 1T 2D F7213 3D OEREFHATFIEL VT, 10 D 4 D 8 DD HFEATHREL
SD, FHEREDO RIEZRXME A EEULIC, 2O HFERUX TREAK)E (order reduction methods) | &1L T
HDIVTWDHET, REZ 10 D 2 FhH 4 FeETIRHT HZ LN TED, ZOFEIR CTOMHTHAFOZF LI
HRNZED, TeZHEAFITHE R 2 CAD YV — L REBSINLHEEZ LD, ZOLH7eH LW BB ERR S -~2
OET UL, TAVZINVEIEEDZAI T ENERY 7T NA LTI VT AN E RS, 7 a7 BT
IEHESNDZ L2,
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AMS FRF 2 X FAL~L G

VAT LU YVEREHZ RIS AMS O EEHEHIL, 7 ul BIEOIEAR T —TE T L T as B
TOETVA kJ:U\IEIFtW\EJZT%é SOC \ZHAENDT A VA VIR 7 Ny =T BT, VAT AEK
DREEA L BT = —AD 57 ATREE 5, X Et Sl DT MEFEICLE DWW, Bk =T )
7 E# A s KON Fai b 23S B SHL TS, BREITIRD 4 JTHDH, 2l —a BT, T4
2L ClX GHz BAL T 1 B ECoBEZ Iz LT, GHz AL T 100 FY&E T JE R EZ lﬁ%é:%tto?ﬂ‘m

TR DEA DA — AT HZ L BFEDOT AN F AR LI AL —Da i+ 52L ;. REHICh
O ET L TCORIKIDGEE ER T DIl T LT ERERIR L ORGSR R ARIESEDTE,

AMS FRF f 722, Y22, [EIE5R5)

A, WEL, IR G T, L ILT T a S B Ch D, A —TF 7 V7 SOC THA X, T
FalEE ORI F 7 E OB ZERMLETH D, VAT AL ~YLek et EB O H i =— 1%, F55]H
A[HEC, retarget FJRE/R T T IP V= R —F ThHD, PLL, A7 N —7 7 LR E R
LS BUEDERE A BT KO — AR RIAI B ~IERS LD, LA T UM RUT, mPEREZR T ey
Rt (BN SAS Y FIBUERIR N T D AZ DT DI R ST L AT I N EYD = —XIZxH3 %
JolZir 5, 77‘D7 RARAT TR 32l —3a Tl BEEESCRIIERRIEME, 0 — 2T 415
ELTIEHT AT 1+ :V&&Fiﬁka LBEHEIEMIEMED I KISV T 5, F-, AR, 7=
T =T A VHIARTEICB T DR A OIA~y T il AR HEE TS S ~OREERVEH =&

(272 %, FLEIEOIZIE, %4/5{7;:~;<|E|Etﬁé<o Q EOENA L T T A X I HRTF 2—= 7 a3
?)Ez FOTDDFLNWE Y — VBB LSS, B RIAIREL X, BIKE It rbt
Ve BT =R [A ZLU T, BUNETR(E — A AT T V)G ThD,

AMS ERF [ 7 HeqF

AXEFHRGECTIE. AMS BRI BAERICEIL TEOb e LA, RIS 87 F =/ 2 B35, v
2b—ar OB LR )72 2 — a0 ThDH— 7Ty BILWKREEY Y = —a i, et Tk,
FELE LoD alb—varamdb 23 7T 0 2L T, HiLOA G HEIE R YER B A
Tz 725, Flo. AMS BEHE, WEERBATHDIRE T AT LORGFEE BN L2 T UL 7es
WL T, LD CHH OB, BIEDOT Ry /7 T u—F 2 E T 25505 F I K
T EVAENRY ) 2 —a Aok a RoT 528 Thd, MEMS, &+ — L5, B —4EWTF foak“
DFEADHIRD BRI Z DD ERDIZ O, TNHO B M EAERH LTV AT L%E T Vbl 5
M. BEE T DZENAS B DORRBELERD, I—R o ) Fa—T T URE BB AZ R
VAN F AR DIH7n | R BN B AR LT FERE T T A A THE R S U= RIS I BV Th [A]
HThd,

AMS ¢RF B 7XF#5

Btz TAMKEHIBEL CiE, 7 s RISy 7 AR V7 G0 SOC DT v 7 fEIRO L —H#THhHIT
LB, BET ANIANE KELT D, T T T ANDIEENIRSIRNRY 27 AR 7 L 8L D
AANIBIT LT T 0T T ANDAAND LRI R UG T D72 A9, FHIRRELRIZ, 7ha s Ry VAR 7
JVHI® DFT/BIST THY, FrZ, ~—A R L BIZE 3 ERED 2 @ JE I A~ D*E T, A F o7 b
ST~ 14-16 bit D &5 RAE ADC & 1-5GHz D Nl RE - F-D7=0 DT AR B e BB TS
72T BWER DR WE D TRITFIUTRBR, T7bh | ZNOIINS T TR -7y 7 O
AR TS/ TUIRBR, mfERE ADC 3B | BT 2 B Al L<IE mesh [BI#E CHRERR S LD,
DO OEODFREMEGH D AMEIL. DFT £/-138L 77 ANOERIE A2 BRFE 5128 7--> T, ZOREER 72
HREYEFIHTHIETHD,
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PIDS ZTClX, 7717 CMOS 7o P AR I X0 @7 a/ EIFRELE CEMEL . 2-3 DHET/—RIZBn\T
R =V T ENIRNEWVIRFE IR TN, Lol ZOZEITIHEE S, 7o A Ak, miEshE, s%Et
BEHEE | FREEE T AR ST T 4 T V7 ANEZ SRR L2, E5IT AMS BREHEPEM L, Briv <y
AR T FIVEDBIFE DT DX — LR DA TR L TWD, AMS X et o7=d 0B /sn—R <y~
1%, LR OIE B O 72y — v B L, BiLWEH IR S FEE G A TV,

o  TFuTLN\o s —URBEL, RIS AT AOLRRR

o [HIEREY AT

o [HIBRKOBLER S OB &Mt B @k F =27 EHn)
o TIulRERIEL— N EEE LT T a s RF LAT UM AL
o Tus IP ORIEEIEHERI LS FFIH

razxivh TWG OFRE
TTFNTE Rl —gy

[AF 1% Modeling & Simulation ITWG EIASHLD1EY E9H L THT BT X BHEL T, AEhaHk
¥ 2 B MEO— 21T, JE ST A—Z DTV LEEO, (P2, Fr VK= T o) KE
72 IR OB R T D% HI BhE 32/ 3T A—Z D W ZE O TH D, ZORMEIZ DWW TIET A
BEORGER ARG O CRAGEICERML 9, 7 Vo7 e ab—ar 5, @uRerit 7
A—ZIZKL T, ZD X7 RO B2 A L I N F T 52 L2 o T, ZORBEEEIT DI
DIITTHY, ZHRLIRTIUIRDR Y BT 2= OB L [FRRICREF R bIT, /3T A—2 <0
TaEABLOT AR a2 —var b ol il B2 mL T, BRERE O BIR O A ROAN
— 7 WU URERRE, (EBIUE BFIEIER O T AL TRBLSND) A Z—ax I DT TV T o
TefX R ST A—ZDEDFERAE UL RS RT U2 D720, £TETEEITe>TDDIL, Al
VDR A-BIRMEE Th D, EIUX, HATGETEL, T ARVEEBIEICEN T, R—E 7 LEBRT /S AN
T A—HDBERIFERI R 25X AFAD 1 o, T3, 2. 3 ORISR T 52810725,
EODIFEELLOIE, T AEEE IR0 IBLNNILTEN T DI T 40y F o T e o7, B
STEbDNIR A FEET HT B ART T MO ASER THD, 22l —aA3E&BIT, AR, EBIEE
b, /AR, BIOMEEMERED AL I SO BT 5 &ThH D, TOFIITEERFOZES & %
TS, 5 —OFR | OBRNRT Fal BEHI B W TRHICEE Th o (7ot 2 d~y T o 71T EE M
ETHD), BIROHZ—7 NI, BRI ST A= EFHSNDETOT SART —F T 7 F v LSGIERHE
FETHIETHD, T, FHZENLD T BB RIZL S THERINI LA S A TORIT IR B0, &
DZEIE, REFE DOV L RARE( AT T SO TEALT 25 LIV E IR T 20 & BT 579D 12w
E T, ¥z, 2L, T HFA Oa—F—ET VOMERICEDNAT YRI5 DI EIHEOF LB T D
FHIZEBL 2T UT 6700, 2l —al O ARG OIMMEI L, A D72 R &/ h Sy a2
T, AWV EZE A B BIRICIHA - RR CTEDILTHD, 2D L HTET I T E ol —aldilmEo
T B ADEDE AT LERRLZRTIUTR D0 FTLWEREENOLOIEN Z AT CELEERYZR L
FEVZFRHEL 22T e D72\, 20 BREETER T 5581218, T A AR~V OB ERIC L D555
— V% T BISY72 TCAD 2R ab— 3 a ~iblie ifama B L2 AU £ A, (72& 21X SPICE
IRTA=HRZENLDORFHET V)

R~ A7 VERRIC P DA 72 2 A DA — )L ORE T, Bl FEBEL AT D74
LUA NDHPIETDIZHLETHDHT A MERE, BILOBEELER EOERT —X D37 Y FORHR
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Aoutputs = model (4 inputs) [1]
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£ DESN 12 Simplified Electronic Product Development Cost Model
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Design Technology Improvements and Impact on Designer Productivity

DT Improvement Year Productivity Delta Productivity Cost of Component Affected |Description of Improvement
(Gates/Design-
year)
None 1990 4K
In-house place and route 1993 38.90% 5.55K PD Integration Automated block placement and routing, transferred from|
the semiconductor house to the design team
Engineer 1995 63.60% 9.09K Chip/circuit/PD Engineer capable of pursuing all required tasks to
Verification complete a design block, from RTL to GDSII
Reuse—small blocks 1997 340% 40K Circuit/PD Blocks from 2,500-74,999 gates
Verification
Reuse—large blocks 1999 38.90% 56K Chip/circuit/PD Blocks from 75,000-1M gates
Integration
Verification
IC implementation suite 2001 63.60% 91K Chip/circuit/PD Tightly integrated tool set that goes from RTL synthesis
Integration to GDSII through IC place and route
EDA Support
RTL functional verification tool suite 2003 37.50% 125K SW development Tightly integrated RTL verification tool suite including
Verification all simulators and formal tools needed to complete the
verification process
Transactional modeling 2005 60% 200K SW development Level above RTL, including both HW and SW design and
Verification consisting of behavioral (where the system function has
not been partitioned) and architectural (where HW and
SW are identified and handed off to design teams) levels
Very large block reuse 2007 200% 600K Chip/circuit/PD Verification |Blocks >1M gates; intellectual-property cores
Homogeneous parallel processing 2009 100% HW 1200K Chip/circuit/PD Design and |Many identical cores provide specialized processing
Verification around a main processor, enabling performance, power
efficiency, and high reuse
100% SW
Intelligent test bench 2011 37.5% 1650K Chip/circuit/PD Verification |Analogous to RTL verification tool suite, with automated
verification partitioning and taking electronic system-
level description as input
Concurrent software compiler 2013 200% SW 1650K Chip and Electronic System |Enables compilation and SW development in highly
Design and Verification parallel processing SoCs
Heterogeneous massive parallel 2015 100% HW 3300K System Electronic Design and |Each of the specialized cores around the main processor
processing Verification is not identical from the programming and
implementation standpoint
100% SW
Transactional Memory 2017 100% HW 6600K System Electronic Design and | Automates true electronic system design on- and off-chip
Verification for the first time, including heterogeneous technologies
(Phase 1)
+100% SW
System-level DA 2019 60% HW 10557K System Electronic Design and | Automates true electronic system design on- and off-chip
Verification for the first time, including heterogeneous technologies
(Phase 2)
38% SW
Executable specification 2021 200% HW 31671K System Electronic Design and | Automates true electronic system design on- and off-chip
Verification for the first time, including heterogeneous technologies
(Phase 3)
+200% SW
Total +264,000%
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