4. VAT AL FvF w7 (SoC)

JEREICHA T, FE R — N~y A3 Var fE o MR ICE B L, FE 08 it/ — Rk
BT BEAEY, ~f7uratH ASIC(application specific integrated circuit: % & H & A1)
IC)DA 53 B TR WRE R IR b E MR T v 7Ok Z P RIL T&/e, E Rparya—~iifoar
H EFEAT ARG DIRET R THAR—DF v A IZEM AR LR TEIRUNE, Ar—F~<y
THIOEETRMITILRLDOH LM TOEKREZMVANDIZ TR LELR>TE, ZO%
LA AT LA F 7 (system—on—a—chip :SoC, AT A LSI EHEEIENS)ERE S, SoC 1T A
IZE-T 2 DO/ FRIHHEND, AlH, REHE Darva—<HiHH VT SoC DXl THDH=
AREHED C-SoC &, D BEEVEMERR TSR L HELTO2MREN D P-SoC IZHTbND, ZD
W F DFEBERFAERITER 8 ITELDTND,

Table 8 Major Characteristics and Emphasis of SoC Classifications

CHARACTERISTIC C-50C Faltaloy
MAINSTREAM 50C HGH-END SOC (FORMERLY ASIC)
Major Drivers Low-cost, low-power Performance, complexity
Pawer Lowest possihle Upper technological limits
Package Very low cost High-performance, expensive
Pins-1-0s Few Many

4—1 SoC &iXfan

SoC Z At &L X Bl 255 R IFZToKSAHLHH, T DO HF THHFFFL T &1 SoC BEAMTHYZR R IR L5 1D
DLATAMIE S TR ELLD THDHEVI H ThHD, P-SoC TIHIEARBMRT T 2ENDH T
72 T BB ) B2 DO THD, 2O B TIEIZOEHE O FTEN N RVIZERETLHE, &
MEEDLD (F— M AERVE & HERERE) DRI TELN? [V TENRBEEREROTHD,
22, ZOE BIZKR 3 2EIZITIZ L <OER PEHEITHE 2G> T, bLb, KREIZAEEIND
a v a— B CRENCE TS BMED (NRE) X MR EH TEXALONRM L ThiredThL. 0D
WiEaANIR— R~y 7 TTRSNDE AR 2B ER (a2 Bk Bl 74— VR P AKX A
HAIVIEE IR E)E SoC DRy —V BLOTANDIARN TR EHZLILRD,
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Figure | Technologies Integrated on SoC in the Standard CMOS Frocess
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D SoC IZZNLSA DERIZEBNTH X TED, | FyTICTATLARBFEHINTVLDTHD
5| A DRAM R P E £/ I3RE A G BLRI B . 7 07 & JE 3 [ B (RF) | OIS m 7~
AU F M AT A(micro—electro mechanical system :MEMS)<: AH JTEIKEW-7-H D
ET, SESFERMABH TERAINDIAEEINM S ORI D,

TRTOu—R~y 7 A7IAVOH T, Rt EEEN FERERE B L5, B A RGN G
AEFEMEICX T 0HREZFEBTDODFELHNERD, ZOZEIE SoC IR L THICY TITES,
BEDISRIZESTeb O BRI T 52N FFO—FDOHBERDINETHD, SoC
ZED BB HENA MR 7oy 7L Tld, avba—J0a 7 EHLIA SRAM(static random
memory) AEV LW ONDOHEHERERIKE R H D5, HO5L A ICBWTEL, A7 Ty aXED | fiA
DRAM, MEMS. b2 4 3835 H K RAM (ferroelectric RAM :FRAM) O X572 %5 5k 72 5 ik 0 F¢
MR ANSNDIZERNDD, ZOIIRF R AGEHEM~OFEREK 112D TND, K5 E
D SoC \Zxt T 2R R M OFLIA L, 2 AN ZRE B0 1 W L2ME R EIZREINDTH A,

SoC IZE-TIE, K 1 IZhHAIORA MBI 725 i A FEHE D CMOS G B A 7' a BRI VIADHZ
CNEETHL, ZOBENL MOTavAEEBEZIILAERIESLW T O BRADOEY 2 — /LR
ETHY, EOM MR ZH0IA I, EOF M EZEVIA TRV EH HIZER DI R>TW AT
X757,

4—1—1 aRMR—RAOF/E IR T S

SoC OATIAVTO EH R 1L, C-SoC DaANEMHFFF TH D,

Total capabilities (axtrema points)
Chip cost estimate

Logic density (standard cell)
Package i Logic density {compiled, requiar)
Test mtt:;Ii:::“h Memory densities (EDRAM, SRAM)
Others?
@ 6]

Chip area for component [3}

[ Target yielded component cost feefiof Vieid equation =] Type of circuit fabric |

(22) 3 (2b)
Wafer size, wafer cost
(1) | Defect density and distribution
Packaging assumption

Figure 2 Possible Flow for Estimation of New Roadmap Entries

DRAM DEE OIS, HOMEIEICH Hie7 v A%k 0B m EHING R THL0, HilF/—F
FEELTCTF YT HBEA NS AHBEEDOIEMRIE ARG EZERLTH, Imm? M 720 DA R D T
FyTHEBEENTG DY, Ty T OaR RN T2V EMAREIVEIVIZTE RN, 22T X 2 12
AT HRERL T, AORE T —2()EFFE DRI 7T AR TR B ELZCHOICE ST, 52
HITea AN Ra)lxt T 24 E R 7 F7ADH N F A B) &2 T T 252N TED, THEEND 1/0
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FER LA MR ~DEREZIEL T, RBRAI PRIV O REMEZIEIC Ay r—TV LT R
MZX T HaRNERDDHA), ZDEE, NRur—V LT ANIK THaANeT v T aANEIRDOH 5/ —
BRI O TN EWI R EEZ B LT, Xt D& 7 Icxt 758Kk ERG)L THITES,

T e AEAMIE, R E R T IV OB H TR NEIRE 5~ EHRITE S R0, s %
DE|E LT ANE R B =078 3 Rk a AN REEL T5H, 7utA/ =R G xonlel
TR BERY 723 B B ISR IO D D181 S OTE RT3 & O A S A & LB 0 b D, & 912X D
L&D —IMEY AT v T LT,

Table 9 Example of Circuit Fabrics
Hand-designed static CMOS logic

Standard-cell auto place and route logic

Regular logic structures (datapath)
Dynamic CMOS logic

SRAM

Embedded DRAM

Integrated CMOS analog
Integrated CMOS RF circuits
Processor cores

ZDIHLDWKDINEIZ Y RAAXNET VIE B ER, MOET LV TIZET ARFIELRND, H
HNEI AR R DICLL, EDET LB E L7 > T D, 2 5] B & 1L <OaANE R &
12 TCW5, ITRS B—FR~yFIZBEICR B EINTWDT =406 E 2 CTaAMEN THRLELS 1o T
WDHE Gy LI, Ty T DR ESTERESLFFE ORI (FEE) 77 AR TP RINLEHEIANTH
%, ZOT —4#% DRAM, FEHEFmH Al ¥ . B B) Bl & B AR O B [E K IZBI LT ITRS r—R~<v
WP REPH > TS, TNZE BRI TELR B #EE I L TOaxh A1, K 3 oXoicn
%o

ZOEHE ITRS B—FR<o 7 OREFMNFEMERICHOIATVEHGHRIK OB E2E TR T L2
HALT, E R EEATIDOE AR REEM 2SO 1| Fo 7LD REMEZF 352N TE
%

ZOEHED, fl 2 OEH T/ —RIZX LT 3 0L —#EDOTay N ZHFELIENTED,
Area (mm?)

F 3

SRAM

Node: 100nm
Auto-generated logic

High-performance analog

*Cost ($)

Figure 3 Schematic Representation of Area-cost Curves
for Particular Circuit Fabrics at a Technology Node
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ZOFH LN SoCHTIVNZEALTELZLARTNIERLR2VE) 1 DOEF X, (V7 =T 721 field
programmable gate array(FPGAIZ KA 0l I3 7« —rafi H92) 70l I A0 G81EIZ >N T
T %, SoC 1%, n—R~=v FITHIA /7%&:7@4&/:9_»%@ R TR LI OICE AT BT
oD, SoC BT T T2 T NZT o N—RUAYRERICT 20 CHIERPRE WM TNIT-oZ0iE
STLDMD, ZORRIIRFFETANDHEMNOFICEE THDH, mtEGE ASIC MLk, 2 v
—<HHICBNTH, YRR, 2AN  HBEE N OKE 2 IZOWTHRMIREZAZR DU BEVERDHD
ZEMB W OT T —F LA T ODICH YR AN A HEL, ZOREZITSZVIELDIT,
BT IV TON DDAl ZZEK 10 IZRLTND,

Table 10 Fxample Applications of Frogrammable and Nonprogrammable SoCs

FPROCREAMMABLE SON-PROCEAMADLE
Liow-cost PEA chip Sensar incerface
R Digital camera chip Low-cast home RE frant end
FPGA
blicrocontroller-based Sol
High-end game plaifarm Read-channel for disc drive
P-Sol Ser-top bax High-performance netwark chip
High-end network router
s

4—2 SHESoERA~DER

SoC TlE, & I IIRLEb DRI 1 ITRTEHIF DWW DEE O T, £ <O R DY ¥ & %

VT A ENH SN TWD, FHITEAR CMOS 7o —0 — ¥ THRWE 2 A& T2 28k
T5, EAREATH, & B MITHEA CMOS 7 —%2 2 2 52L7:<, CMOS 7k A ZEnbHDOHE
EERVIATL D DN MAT Y T H2BMTHIETHDL, €T DHEXFHIL RF 7Ty aAE)R
EOMMAEEZLEIECTIRYANDZENTE, Fy 7 OIERE CMOS i O ARAANIITHE B E
B 27T Fy7aEoaxh, g, FEME EEE I ﬁzéﬁbu%a;@ﬁf%%awﬁ?é;k
NTED,

INHDOHEE R E O AL E R TH7010, R LRI DIERL/WEE BRI O f 2 Kk (12
NN IS

o EMERET s B LN RE BB D728 0 Bl 7o Bt B 3 5 & A2 VAL T
o MEMS Z# & 3572 DRI 73 EALJE 7' v A ARIE M AL H 4
o NELYERAETAHLDOERIZR R 7 rtk A

o 2 SOBMMEBEEEZMEIRED) F v 7 DOMIRAYZ2KE ) HIRAHE R T D200 A B iEAEOF
H

COENTHT B RAOFE O L EREDITHY, TALITR KRHLNISNDTEAD,

TavAOBEHESIT SoC BHM DO ETaANER THDH, 1 Ty ITHEINDEINTOMAE
MELIBRNITRDIFE, T ARE M- TLD, 7rBEADEIANNWBIZARD)ME, FT LW
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Bt A7 a2 ATy T OH LW AEENHLETFTHILICLL D, ZDIH72E A 12250 TO
MO AEZE 11 ITFELD THT,

R 1LIFF LB O BB EIZ > T R T 2B HMEE %2 AR % CMOS i BE [\ B B iy (243
REVTFTTADYATEOHIMBLEEL TRLTWD, ZOROT —ZiE MIAEMK O MR T =
TADBEMEEEZZF LGNS EDT L BIOHIA £ R 23 M B 5B R ICH D oo i
LTCW5, fLAZTe M N 2 DX & B NI T 5,

Tabie 11 Added Process Complexity for SoC Technologies

Cost of adding qu n-k.aJ
technology in units Cc Che Electrg
of mask levels Logic | SRAM | Flash | DRAM | RF | FPGA | MEMS | FRAM | Sensors| Optica
|Legic 1]

SRAM 1-2 0

Flash 4 34 0

DRAM 4-5 i -9 ]

CMOS RF i-5 59 69 | 610 | O

FPGA 2 24 46 37 | 5T 0

MEMS 2-10 | 3-12 | 614 | 615 | 5=15| 4-12 0

FRAM 4-5 i -8 2-3 | 710 | 6-7 | 915 0

Chemical Sensers | 2-6 | 3-7 | 610 | 611 | 511 | 4-8 | 4-16 | 611 0
Electro-Optical 5-8 69 | 912 | 913 | 842 | 710 | 718 | 913 | 714 0

4—3 Rolfr—Vrv 7 ~DEE

SoC @&l TlE AN =V 7K L TRy r —2 7 A B R L, C-SoC TIXAKAT
s TE DD RNy — VB H 2 £72 P-SoC TlkmMERE T /?ﬁ@%b\/\“/b‘*—‘/ﬁﬁ%ﬁ%ﬁ
4%, B2, 7 rs R RE MoK #EF° MEMS £ TOHE M OIRAICXY ., 18K W E IS~ T
Bl 7p o lr— e A7 oav B ELTLD, TNHLOEIR TOE 2 O — AR IT LR EEZ <D
NI EFCHD,

4—3—1 SoC DRy —Tv 7

CMOS OEFEE FE MR W 72< B FH- L TWDOIE KA #& O #5 H F #2126 325 SoC (21T D
THEHERBE S E72o5TND, BIZIX, VT TT4DT74—F ¥ A AR R EZELQTEHR I TN
LLThH, AZ U RT Ry D~Arnarybha—7-a7DF v TP A XTI Ny Ry F 0 R THI RS,
TR IS L THiE /NS DenH 2 &7, arte—7-a7EDSPaT il AdoE5E, LIXLIEE,
arhr—7% DSP BHARLDHE AW 1/O HOF v 7R TE, L /0 2Ny R THIRENDF > 7 iE
FENICEDLENIZERHVED, S 7oL, O —VOaANR G L TICRDTED)2 DD Ry
=V OaAME 1 DO%AM e bLUATME W AMIE DY TV MRICE D 2w 3 /NS5
EVIHZETHD, IBIT, Ty TN DT DORTANEIEOL B RELRY | Z I B L 72 38 JE I [
DHEFESI, HEENPWD, TO L A F TR N TEDLIETED2o0aT W TOT — X4
EONCRIEAALZY | PERE M L ACIR 23D, R RR 22 R 45 1 B AR HE AR A3 — SR ai e L 72 g T
DSPtavtm—7maTr i A/D&D/Aﬁ@@ﬁk%%%ﬁé ETEZTED, HDIERIZ DN T,
Tar I~ TN THLENIZERRARTHY WNEEOMIAT Ty a ATV A H T2 THR
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rEELND,

SoC Ny =V 7B OE LT, E 5 0m BRIt/ T52810H5, Ty
TVT =T 7 KO R WEEHIE R E DN T /AN TEDO Ry =TT e s T U
JARHEE F 2B L2 TR0 <d, BHT LAV EBLINLNEIDITDONTHENDO DR
FFEIalb—alRBREE T, SoC REFD R WK I ARy —V 0 V2B BT HUENELD, U
TN T =T Ny =V DM B TOTANDOEHEE % R ET BB TE EL TR nidk
SV

SO HICB TR, Ty A XL, 22 EIR o R ELHITH /SN TV TH, [/0 Ny
RTHIRZZ TLZENRN, Ty T A XOM/NITF v 7 DaR W HEELH, Ll 2 20aTx
1FyTICERT D80T, Ty T OSRFICEBEBERIFL, FyTaANREE KSED, 2 2Oy
=% 1 O0E%ED, HLUIARWT/OZFFOLDOTEZWZ DL, Ny —V 0 7 OaxMNIN4
PLRICD, FoTenor—VEG b azxME, l A2 OIS HICESsTHEBET5, LLeRs, F
S TIATTDORTANREHEEBE N OEHRITR—F EOBBEEZEOL, 2 SOa 7 ONRURIEE
fl ESELAREMEEZLZH0L, EREEM O SoC 2 A T2 0T CIIEEREENERDLIEAS
Do

4—3—2 RF BLIOIVvIAN T FIVEARyr—D0 )

53 B OB R 1L AR Al B 5 A AR 2R O E SRR OB SN OO G SR Z ] ok DTN
O, HBEMENEHRITHL TS, Y Uar ICHEEEN LR L TE/2ZE T, 10 GHzEL T To J&] 5 £ #5 ik
TR A RS DR BEDR T RE LR o, ENIVE WA B LT, IvEE N EZE T 205 HIZ
13 GaAs IC | ZLTA TiE SiGe IC M A S5, 15 5 DEEMELa AMIBE 2 E 28 1 2t
DI TCEIe g N =T ~DTVy T Fy T O — EOMIAZE# R T3, Ny r—Ib
NV TOMEREZMEDR T 220D T L EM L2512 55, REFEFEITZWMME Y F - R— L7 U7 LA
(fine pitch ball grid array :FBGA)<F v S A4 — )L« X/r—3 (chip scale packaging :CSP) D L5
BIEA L OB ATERBEDNT =23 T AR IIv 7 - EV2a— LV IVBIERaXTF v
DEINFIH TELIDITRD,

RELDOYV AN EZ K IRENICEVFEO LD, A bSNTET I TEvIab—varDy —
NBLETHD, BEIZi UL, A®Y, Yatt Iy AR T REEE AL 1| Ty 7D
RAEMMDCTELET, MR WEYAX, aXNEMORAGIEBHELEDONDTEAD, Ty T T
— VO T DEBE TORWE G A7V LIEMERI 2L —ayin, 2O G b O FEB K LR
Do Flo, N —V B COEME T AN G L~V RE T AR D B i &0 D, MEMS 1T, >k
HRE 2~4 FEDIBIZTANE Ay T Fikdm, TOMOE L O E ITHEDbNDLIOITD, T
T R AR R REEE . IC LORAEILEVIRAY YR MR AMEN LB TEH Ny
FHE~DO A REME A A LTV 5D, MEMS 2 7 Tl (3 8 M 5 B & & o ] RE M, 55 /B 22—
U OE-DHIEA D,
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4—3—3 MCP/MCM/SiP

~NWNTFF v EY2—/ (multi-chip module : MCM)D# & & 133 R O FFICK LT 72003,
VAT INTANTV T F o T N T E S T AN D EE B o T G Th D, LIRS,
VIRNF T No2502~3 Ty )ETa— Tl mEKGIICHD, v VFF 73— (multi-
chip package : MCP)DE % RF LIy /A7 F VBB A E THI0ILETH2LI2ED, 4~5
Fo T (DT EHER)ED 2a— VR ERITH VAT ERDTEAD, MCP (FLIXLIT
SiP(system-in—a-package) EFEIEAL, FEEL TRy ASNIZH M O IEH ICHE M2y AT DTt 954
ALY T~ —lry NEEIZISEUDLDOEENTND, SoC AHAMT &% % MO i TrlBEIC/ > TLDHE,
1 5D MCP Ld IC $id, # s a2 hI &/ N REIC KD F 45 215 BT 12, filE F21H - TS
Do

HOHWRONT-EICEHLTWAIE, BIERERL S T RT Ay — D il o R, i 0y 72 (4
RIMCM MIRIRSNDTEAD, EWVI DX, MCM DM i il 72 fli A PEBE DX r — VR TH DD TH D,
LIFLIE, 20 /O V=R ZFE S+ LWV IFBEF o7 ARV T T B3 F o T O1F 545 2 R [ &
/MET DDA L TR EIND, EERIIE, ZDIORVATLEE®TIIvI MCM IZHH# T2
DIZHBERERBEAE R (B I BAEDTIFIAF 7 MCM BN TELHL 0L LT REW, 22 TEE
FTREIVATAEREDOaARN VAT AEE~OER, CMOS N—RZAV 2T LADOE M THY, Ry
=P 7T OAAXNTIERN, WIS /0 B DL WA IC DCAIFRBIED MCM O ELTH
ATHVHRFHLINTOD, TR RD T TAF v« RX—ZD MCM THY, VAT AR E AR
AN AB L TESREOK FTEHF A LTS, O TUNSWE Iy —Y 7 TE5, 2
DFFEIZED, CMOS Fy 7 DIE ML 3~5 5 m <20, CMOS Fy 7 DOMREIX 15% M =92, KV
B WY AT MME M ~ORET A R H RSN H T, MCM BU AT AR FHZEAE AT A
nonsrEsro,

— %I, MCP/MCM/SiP [ Z4&Afi # C-SoC & D& 5 EAL Ea AN B RICEH>TRIA T X
. B k72 P-SoC @B EALEMERE R EERICK-TRIATEND, (T X —=T74vDEH72) 7
o F o T EAMITEL R MCP/MCM/SIP £t (BT~ 7" MCP 2» iy i1y 72 MCM JERE) E L Th &
PSFIHENALICRBTEAH, D> MCP/MCM/SIP 123t 5, AIREME L TH B DR R &
LTIE. A FTOIHRbonE 265,

o fliHL72. HDHVITHHER MCP/MCM/SIP (TXE D1 fE &5 1) O B & Bl & FTRE & 42 . RF BIl e

PR REY— v
o BB E DI BILOAZ AL AT
o [EAM# T4 M 72 KGD(known-good-die), Ty 7 DI H LET 2 — /L DT AN MCM O HE &

BRETHEERER LD,

4—4 SoC OT Ak

FEHAIIC AT, IC OFT AMI B &) 7 A E & (automatic test equipment :ATE)Z{#H L CT ARX%
5D F 1 (device under test :DUTHZHAN B AN N ZH 2 R FESN T FRE LR U H ) 235
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Ehéb%&“ﬁﬁ\f“ﬁOTé‘f:o ATE RIS T O HNE B THDID, TUXNVICR LT FasikE
ZHLAL Tz, B CELD ATE BERFE PNV DWWD SoC TAXIRDEDEIRFE LI T D,
ZOTAZTIETVEN, TFIul AEY RFRFE2EZ L DUT AT ANTEDLR, 2TV THTANIT
THERTIT O,

HL, SoC BTEABIIIT R E 2B B A% & (T a s 0 RE DO EEREFRBLE B CATVET)OE S
RELTHEREINIETIE. BEOHEEICH L CGEH TE, ZoHEORFORNICHK A TED
TANFIEPETCHLIZENTEATE AL > TEI, 5 358, EREm 22O WLl L &2 AN 2
SORBLOMHEND, TANDA VAR =R AR ERAT R THLHEE LD, ZOTHIIX ITRS 72—
R~y T DTAT 4T TNV —T D THOHNTHD, T2 TH, BT ANFEIX DUT NEB
DT ANE I &AL THZETTAMEIT) ATE ICH - TR OONDETHIL TS, (KAl ks ATE
T VINRAF Y F oA — R TE, ZOMRZB N TELLOLHESNTVWD, ZOT VX
Joe T AR RHEAIZIE 64 DfE FE AT A TOAFEAED DUTE Y N 1LIREEL 0REEDH 2T
TATIWATERLEDEIDZBH T 272D D HEWSIRMERE 1025, A 7T AR
(bu1lt*1nfself*test BIST)H LA AEV 2T AT HDIfE HSND28, 7 urs R RF B K I2% 35
BIST L&V DI KR EL THHEZRL I £5,

SoC N7l I<TNThHarn EhDaryta—IJ% AT TR, fFRVAT A TIELW =

(T ARNFEPBROANSNDAREENE W, 22T, 7ar I~ 7 R MIEE 5 B H 27T AR,
Fnns 7o noo (Bl ZIEAETVENITO) T AR B 500 £FE &S NIZHD BIST B0
LOEBEBLTC MO F T OH T AT LEFE LNV TT AT HEEZE UL, NS, 2 AD
R 72 TSRV ENSE ., il # D — R HE T &R IR 2l onbiz 59,

SoC TAREMT ~DERIZE T 52 1212, SoC TR U748 Mt 70T AN i o0 3 B g v 12 ) 1 ¢
o O KB RINDRE B UIIREF O E NFIELR 6 DOHEIE I ZK > ORI
TS, ZNHIFIRDOIHIRRETH D,

o % J&E B MR 11T @fé&mxb~7%%ﬁ7‘:&ﬁtB@%—F‘M&it&)@%ﬁﬁw@%:fw 83 72

SoC HEEIZHOWTHIFF T 2T AME REZH A TH-20121F., HEOH —HEiERiEET LV CIEA
N TIE7plp>TETND,

o SoOCHOT VAN ZE R T AT 520 DKHE TIRaIANRATEZ A[GEE T 5, BIST 24 o 7
ARNF I,

o T RE ML IILDOENEL LT AMIMH TEAH, HrLWT ARNARE 22 ik &t T 15 (design
for testability :DFT),

o IIRMK THCEE TELATY -TAMNC, mBl B NMEE TED, HLOWEI T T u/ Il T
% BIST FIEDMRAESNLILERDHD,

o S0C OFANHEOEMLEBIELT, FANOHR AR TREERDED, TR T RIFILTE
CFRARNT — & T L O RS (L A HE S S AL T AU A DA,

o TANEFM ELAE, b T OIEWE ., M O H T Z2E HL T, 7AMZE 53 AR Hl
B EN T 75720,
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Table 12a SoC Test Technology Requirements—Near Term

YEar 1939 2000 2001 2002 2003 2004 2005
TECHNOLOGY NODE 180 nm 130 nm 100 nm
Fault Model
Stuck-at fault model Single |Single fault|Single fault|Single fault]Single fault|Single fault] Single
fault fault
Delay fault model Gatel/path | Gate/path | Gate/path | Gate/path | Gatelpath | Gate/path | Gate/path
delay delay dela dela dela dela dela
Mew fault model (crosstalk and others)
New fault model (RT level fault model)
Test Method
Low cost test technique for embedded DRAM XX XX XX XX XX XX
(BIST + direct access)
High speed test using low speed tester XX XX XX XX XX
[BIST with on chip clock generator, test
circuit on tester board)
Test technique for asynchronous circuit XX XX XX XX XX
Test strategy for IP core-based design XX XX XX XX XX
(test control integration, test scheduling)
Whole chip path delay test XX XX XX XX
IDDO test for low-Vih circuit XX XX XX XX
Low power consumption test technique XX XX XX XX
[test pattern adjustment, test scheduling)
ATPG for interleave at-speed tester XX XX XX XX
Self diagnostic technique on maximum
frequency
DFET
DFT at gate level design (scan design) XX XX XX XX XX XX XX
DFT at RTL design (DFT, testability analysis, XX XX XX XX XX XX XX
overhead estimate)
DFT at RTL design (fault simulator, ATPG) XX XX XX XX
DFT at higher level design XX
(hehavior level, hardware/software co-design)
DFT at higher level design XX
(high level synthesis with testahility analysis)
DFT for analog / mixed-signal Block Block BIST, JTAG | BIST, JTAG | BIST, JTAG | BIST, JTAG BIST,
isolation isolation JTAG
test test
Test integration (IP core isolation test) XX XX
Test integration (test integration tool XX XX
supporting cost-, area-, speed- and power
driven DFT selection)
Test integration (fully automated cost-, area, XX XX XX
speed- and power-driven test integration tool)
DFT circuits generation (memory BIST, logic XX XX XX XX XX XX XX
BIST, JTAG)
At-speed test with low speed tester XX XX XX XX XX
XX —applicahle node vears
Solutions Fxist 1 Salutions Being Pursued I No Known Solutions I
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Table 12a SoC Test Technology Requirements—Near Term (continued)

YEAR 1939 20000 2004 2002 2003 2004 2005
TECHNOLOGY NODE 180 nm 130 nm 10 nm
BIST
Embedded memory BIST Restricted | Restricted | Practical Practical Practical Practical Practical
use use use use use use use
Embedded memory BIST XX XX XX XX XX
(redundant configuration, self repair,
many kinds of test algorithm)
Logic BIST Restricted | Restricted Practical Practical Practical Practical Practical
use use use for use for use for use for use for
stuck-at stuck-at stuck-at stuck-at stuck-at
faults faults faults faults faults
Logic BIST (high fault coverage, at-speed XX XX XX XX xxX
test on system operation, test time
restraint, low power, low area overhead)
Analog/mixed-signal BIST Restricted | Restricted | Restricted | Restricted | Restricted
use Use Use Use Use
{PLL, ADC) | (PLL, ADC) | (PLL, ADC) | {(PLL, ADC)} |(PLL, ADC)
Others
Standardization
Test data WGL, VCD, | WGL, VCD, STIL on STIL on STIL on STIL on STIL on
STIL STIL EDAJATE EDAJATE EDAJATE EDAJATE | EDAJATE
Test method/test interface P1500 P1500 P1500 on IP | P1500 on IP | P1500 on IP | P1500 on IP | P1500 on
corel EDA | corel EDA | core/ EDA | corel/ EDA IP core/
EDA
Fault modelfault coverage Stuck-at Stuck-at Standard Standard Standard Standard | Standard
model model fault fault fault fault fault
models, models, models, models, models,
SoC level SoC level SoC level SoC level | SoC level
coverage coverage coverage coverage | coverage
Test Cast
Test time reduction (full scan IDDC) XX XX
Test time reduction (IP core-based design) XX XX XX XX
Faulty chip repair (memory BISE) XX XX xX XX
Faulty chip repair (logic BISR and others)
Fajilure Analysis
Electron beam tester XX XX
Chip backside analysis XX XX XX
Design/package for backside analysis XX XX XX XX
Integrated failure analysis environments XX XX XX XX
Test generation for failure analysis XX xX XX XX
Failure analysis for analog circuits
BIST pattern exchange technique
XX—applicable node years
Solutions Exist L1 Solutions Being FPursued 1 No Known Selutions I
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Table 12b SoC Test Technology Requirements—Long Term

YEAR
TECHNOLOGY NoDE

2008
0 nm

2011

S0 nm

2014
35 nm

Fault Model

Stuck-at fault model

Single fault

Single fault

Single fault

Delay fault model Gatef/path delay | Gatef/path delay | Gate/path delay
MNew fault model (crosstalk and others)

New fault model (BT level fault model) XX XX XX

Test Method

Low cost test technique for embedded DRAM XX XX XX
(BIST + direct access)

High speed test using low speed tester (BIST with on chip XX xX XX

clock generator, test circuit on tester board)

Test technique for asynchronous circuit XX XX XX

Crosstalk test

Test strategy for IP core-hased design
(test control integration, test scheduling)

Whole chip path delay test

10D test for low-Vih circuit

Low power consumption test technigue
(test pattern adjustment, test scheduling)

ATPG for interleave at-speed tester

gl X E|%]| %

Self diagnostic technique on maximum frequency

DFET

B R|F|R| R

g F|F|R| R

DFT at gate level design (scan design)

DFT at RTL design
(DFT, testability analysis, overhead estimate)

DFT at RTL design (fault simulator, ATPG)

DFT at higher level design (behavior level,
Hardware/software co-design)

SR X%

BE E|%

ZE E|E

DFT at higher level design
(high level synthesis with testability analysis)

5

XX

XX

DFT for analog / mixed-signal

BIST, JTAG

BIST, JTAG

BIST, JTAG

Test integration (IP core isolation test)

Test integration (test integration tool supporting cost-,
area-, speed- and power-driven DFT selection)

Test integration (fully automated cost-, area-, speed- and
power-driven test integration tool)

DFT circuits generation
{memory BIST, logic BIST, JTAG)

At-speed test with low speed tester

Solutions Exist

XX —applicable node years

L1

Safutions Being Pursued

(I

No Known Solutions
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Table 12b  SoC Test Technology Requirements—Long Term (continued)

YEaRr 2008 2001 2014
TECHNOLOGY NODE 70 nm 50 nnm 35 nm
BIST
Embedded memory BIST Practical use Practical use Practical use
Embedded memory BIST (redundant configuration, self XX XX XX
repair, many kinds of test algorithm)

Logic BIST

Extension of
handling fault
model

Logic BIST (high fault coverage, at-speed test on system
operation, test time restraint, low power, low area overhead)

Logic BIST (faulty chip repair)

XX

Analog/mixed-signal BIST

Total use

Others

Tester on chip

Standardization

Test data

Analog data

Test method/test interface

Automated SoC
test integration

Fault modelfault coverage

New standard
fault model,

its coverage

Test Cast

Extension of
handling fault
model

XX
Total use
Tester on chip

Analog data

Automated SoC
test integration

MNew standard
fault model,

its coverage

Extension of
handling fault
model

XX
Total use
Tester on chip

Analog data

Automated SoC

test integration

New standard
fault model,

its coverage

Test time reduction (full-scan IDDC)

Test time reduction (IP core-based design)

Faulty chip repair {memory BISR)

2| %

Faulty chip repair {logic BISR and others)

Failure Analysis

%%

B[ %

Electron beam tester

Chip backside analysis

Design/package for backside analysis

Integrated failure analysis environments

Test generation for failure analysis

Failure analysis for analog circuits

2 BEE

BIST pattern exchange technique

% % ElEE

2 % BlEE

|

Salutions Exist 1

XX —applicable node years

Solutions Being Pursued

1

No Known Solutions
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