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Table TST 1- Summary of Key Test Drivers, Challenges, and Opportunities

Key Drivers (not in any
particular order)

Increasing device interface bandwidth (# of signals and data rates)
Increasing device integration (SoC, SiP, MCP, 3D packaging)
Integration of emerging and non-digital CMOS technologies
Complex package electrical and mechanical characteristics
Device characteristics beyond one sided stimulus/response model

Device trends

3 Dimensional silicon - multi-die and Multi-layer

Integration of non-electrical devices (optical, MEMS, etc)
Fault Tolerant Architectures and Protocols

Device customization during the test process
Feedback data for tuning manufacturing

Dynamic test flows via “Adaptive Test”

Concurrent Test of IP blocks

System test as a component of manufacturing test
Maintaining Unit level Traceability

Physical and economic limits of test parallelism
Economic scaling of test Managing (logic) test data and feedback data volume
Managing interface hardware and (test) socket costs

Test process complexity

Difficult Challenges
Cost of Test and Overall
Equipment Efficiency

Test Development as a gate to
volume production (Time to Increasing device complexity driving more complex test development
Market)

Interface Hardware, setup/flex, lot sizes

Testing for local non-uniformities, not just hard defects

Erratic, non deterministic, and intermittent device behavior

Detecting Systemic Defect: - - -
clecting systemic Delects Mechanical damage during the testing process

Multi-die stacks/TSV

Future Opportunities

Test program automation (not Automation of generation of entire ATE test programs

ATPG)

ATE—automatic test equipment ATPG—automatic test pattern generation BIST—built-in self test
HVM—high volume manufacturing

MCP—multi-chip packaging MEMS—micro-electromechanical systems

21 FER FTF AN

BEICIR _7=dH12, TARFEIZIBIT B EER T A\ T, M2 7 AN AND A —U 7 D T, 8K
DT AMEREVSENEL | 7237 & TEHERLD n”g 1 FEM S L7 T e W EE R SR CThHEE 2
5D,

WIITNNAAD LYV R

2111 T AL VU H T = —ADHIR
2001 Al ITRS B—R <7 T, BEOZE(LO A, (BLATO R R &L C) Sl i O VO 3
FEDEIMZLED T AT DERED [A]_ IS D2 E2BRL T, 2003 BT, TANT —F% 0 77—
71X, 2001 RO FANEE ORISR vy 7 EOHENNII2NE DD | Gbls A2 7 =— AN 8K L OTH
X5y (AEY, CPU, Fy 7y b Ah) DIVIRNGEA~RE T HIEAFTL TV, iRt D 7y 7 EOR
—R=o L, T =% T I F X RrT L DAY DA =780, 2008 FfifE 2011 FERRIZ TRV GHZ IZ
2o TS, EHE YTV VO L) VO O abhmU T E FRZRHT T AR AR O S E O RfRE
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HEFF9 2572812 DFT (Design for Testability) &% (HVM: high volume manufacturing) 7 Ak TAEIZI1THH;
T ROFET Do

2.1.1.2 BT 5734 2ADERE
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2.1.1.3 FH= /26T T ¥ )V CMOS BiffF DR
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720 FEREUTRIMGOFE LTI <85,

o BTV DBEMES LSRR T, T X TOT B A5 T CRIBENE S L/ 8T —~ 2 ADHAE
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MRAHITEE EDA S BRETMRRET DRE I DRI E72D, 7 4 A 3 IRTEh TV AR D KO 72 fi 1
FINTT BB AEEB OB o TET /G NRA L2 o>TETEY,, HLWHIEEEET VLV HEEE
NESREND, T /VHEEDOIR T LR B FHIE R D/ T AR » 7T — R 2 IS 528720
FOZETTANTRRICE TR S EITD,

o NI URED—EOIAMUITE (IF) AT ARERLEMED LR EE S WA = X BE NS
Do

o RS IXEZ Y7 =T —# (L SRAM (THIZ, D 7e &b KBS AT AHEOF > 7 Cibliik
T REZyT LTV 7 70y T ETHINL TD, 2O, HEDBERFRIC DB T OBE L
ISEHRLTEY | fe/ NEEEN ERECIR B E R CORRBIED AN Z B N/-L T 5,

KRMEET VT T ARG =R T AMB SR, DFT ffRR, 7 AT 7V —as Ll
EELT ANTRRO T X TOME T, OO FEERTFAELL T 5, #JiE EE EORELEIORERE
WO T IURIRBIR, A LGS LTl Ay 7L TEEL QU VR 7-K VDD £ E A4
LT AN, SEHATE, 7H 7T 47 T AR, U TBLENR KRGS —ADYKEET VT =T 47
HEETeZETHD,

2.3 TSk AT REME:

231 TANS BT ABHEIARR

EDA(Electronic Design Automation) 3573 A% %> DFT, fill TIEAF v A, IBEL OB Z13) #HeDiA
HAEVNZXT % DFT G E CTIZBDOAIAF/RRE 2R L QD —T07, HEIRIE Ty 7 by = 7 B3 =
AMZDUNT, (FRZRBU T s RIS, IERENIRA L H T = APMEESIIZ SoC T /S AD) S
DT ANT T T LOHERTO, AFEMESS BEMEIZEE T 5 TR RSV T D2 B 0305, 4 H | s E
TAAIT AN =TV 7 AT LR DT DM E 2 H AR DIMERN DT AN 07T DRI
2L DIFRZ LU TND, PERRUZ B B ENBATS LTz, Bix OB T AN 0 Z Y — )L L[]
Bk, EELTATE &EHIZ ATE _UZ [ ZE- TRt B2 2D SetEly7y 7 vy = 7 s 5, 7 A
NI BT T LDTD DT — ZEEDIEELS LURINATOI, BT eb Db TETCWD (T AN —F T4 —~
I (TDF) &AV NIHFEHRET ANA L 57 = — A 53 (STIL, Standard Test Interface Language) ) , AT, 7 /31 A
VO \ZU T IVH A LZKET 5, High-Definition-Language (BG5S 58) 74—~ v N CTT /A A0 OF§EEZ il
GULTEDIIR, T ANEBEOFH LN MEREL R ATREIZ /20 225D, [FIERIZ, T ANEREZ, DFT (2&->THf
BEL7R STl 2 DT SA AERED AL TV N T AN FATTHRESININDY , BITHEMES AL >o5 D5, =
OREA R T 52 81%, 7AN B 7 A0 BEMEIZE T 28 O D DFEEEE/R > TV, LML G, W
FINFRDIEAN I FRZEL T, TAN 07T LEWE AR ORRGEL , JASFIH ATEE T <X A RRED Y
T =T BRI EE T EREDIEVEASN QWA THLOY 7 =7 DIEEALIE, Stz b=l
IO — v BTG, HARRIN I EH72 2 LB T QDD THD,

3 TANHREVE R

B/ ARG OEREIDINA T, 7 AMNIRGES NI T v 7 DR EA PR3 572D\ TSR ¢
NI N =T EAR T D, TAME, KRMEALEALDIA S SERIEKIOREE , 2 AMNTA D2 AN B OS5,
T AHE LG T B AD M DR 2 YR — 572 | ZDRENEBHIFE LT 72T U3eb720,

3.1 BRHIT AMI— R E2 W

T AR ZDE L,

(1) K

(2) 7NTANY I EIEHDE

DI L TREEESID, RGOBERIIT o H LR MabL S AT~ T 497 RGO T IZRL TRE LS

The International Technology Roadmap for Semiconductors: 2013



TAK 9

% (TR o LA T =KX ) Eiae /) o 7 AN ARG [FRAETE s test structure, 7l FE 7D ZET TEG(test
element group) EHFEIILD ] N—ADKIGE AT, AaHR07emfgl 2B AR L, 28D AN —n]FE7:
WIERRIR AR DO RF I ES D, FBE 0T WRFTRZR K FEIL, OPC 7 /LY R A VY TRETOH
TNRG—= T SRR, BROBER L2 5 e MR 722 DT BEL T AR D EIETZINC L5 K
HERERANET T HELSI, 2 Th o CEHEERYHINRR G A e L T2,

INTANI VB LT T 4 — R 71,

(1) TARENE L T A—H

() FR7 e A E/ER

IZX L CTREEEND, T 7 A AL T A—Z OFHAIE, ST AN, FRCAY T4 7 T4
¥ FET CNEHERHR PO A BT =K TFL QD AN DZOINNE, AVTAT T4 T T THD
F 7y MTHUAFNEIK, INA TT ANHARESE X, /3 —FATREZR BRI, BRI OBUZHIR D & 5,
[F}/ T A—=HINED IR E T F T HEL 2T HIDNT72 D120, BT ARD FERE R 7238 B3
BB, T BITHAAL T T 5, BALEIRELO B0, ot A=V 7 OV 74—
B IVTATNISADBBIT =2V 7%, ~A7a7ay 7T A0 1C T, 73T AN v IR B OB
IXHOEOEFRICA H CIIAEERIE S TOD, Z(LOHHREIT, 22D D7 R RTA—=Z DEH(
T VRS Vt, VARV A AP E OB D TEAL O EE R L5 A TUWND, ZOZE I E S
X, XA FANOM T OEFREETe, FRITFEFIT ALY 3 FHO HIETHREVUEICH A T&ED, —
OVIE TFRADT =R\ 7| XD TREIE, IRITET VoV UGt~ DA 7 vk, 3 FHHITHR L
FEAOT X T T 47 2B CToD, HOIAENT-FHI R 7- L8 ST — /MR OFEBERIR S, (& ERS
BEHNCTADITNETHY , BT AN DT B RO B/ FHE ThAZ LI EE LT U B0,
AR ZE M E R G e /0 A T A—ZDIAIE, T VXV ERREICT a2 RF [BICE~>TEE
%o 77 BJRF (2o TG TROGEMREAAE CEXOH07RBE L Rio T FIENVE LS NS, B
DIAENTZFHMIAZE 1L, T AN RRDORIET, HAVNIT 77 L ADF T HEEL DT DT —ZT 7 A
(ZHIR 3> T20F D720 AT TAT TA LT — 2RI TE 72> TR A DBHIRES DG EITH 73T AR
Vo7 T =R et CEDI20 A THD, ZO IO IALAFEM A RIFIL, BRIk _&ETY
YT DRENIDS, HEADZEACITIBRE CEARLRDIT oI, FT2EVZL DT AN V72 EDT AN 7 a7 TF
BT DO, FOEBEAT THAIZLITHEFEET REThHD, Wi 7T AMNX, Power-grid-droop [ FR#
F IR Ry 7' O—FE, FPTH7REER T, DL FEER FERT )0, 7uAh—7if#ED 57 /A XIZBf%k
LTe KKt D50 a7 m B AOF A BRIZ T 4 —R /3y 7 %ATHDIT, IZIT7eEE K<L T
W5, BERREJEIREL, BBIE, SAIC i TUIR T 4 — M T A ARG I A ST 74 77 17 [H]
HEMEIL, T T A= AR5 a2 Ty 7 ITHDIAT e Z LA D D EVIMRR RA AT, ZAULFIRHC,
EETOH —R NSRBI ZEITHE N DOLKD T, T AN I IR EE 72D, T AN 72 A
T =X LERAIL , EINDDRRFNZIE SN BRFVE BT 1 — R 24 THZ LN BICE 8> THD
Thod,

ERIT AN —ADOEZWT TIEIL, ATV, BRI, AX v T o — 0 RAEVE G T[RRI RIL T
TIN5, iPREIFE OS2 W IO LB OTER 72 B ChH LM, FEE ., DFEE KEDT —HD
FURIZBEA T 28N NWEIZIZH D, LAT U MEROFH AT —EANLEHSITND, A T AU RAERER D
HEILDOEAIIBEICBR ST, A TA T —FD AT AR, 2> O TRWIEE /NS TUTEALY
RZTILWBTERIZ2 % 7 — KB LA TUVD, ZL<DORBEHX A G DT R EHFEZ T (Volume Diagnostic) 13,
7o TV DA VR 3 DI LA Ch D, KEMBEZENIZAE S QWA 25 l4 A DOffcEt
HITFET, T H DRBDAN =R LINEY AT T A9 I 12b D% KT HDIHE ThHD, VAT~ T 47
RMGD AT =R LEREFETHZEIE, 7o ADOLE, DEM A (I AR Y hORFEZ G Te) 07 AN E £
FSEDT=DIZEETHD, KAllE I3 DEEOMEICIL, MESNDOREV AT T A 7T DHTH LA
ROMFRHEDR EN DD, IBHeHI72 7 VT 4 TV ) T Tk a & ik s ol B SHIRHEIEL, KRR O TRE
PO EDVER DM E 2 b b UL ITER R T a e 2RO M A AR O CIXIEREMEIC R IT AR IGET
JUTHES 2N EWTFR N BT ESIN TS, FISRRHNA I, SIS HEZW N+ F4 HE
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705, FEEOBL N— R = TSN M2 O MBI BUE, SEORCa— v DR —
BEREOFETET MR TCWDL AT T 4 V72 RGATI = AL LT, HEMEAHE S, £D
FER ZLOPEAT =X LR ETUMBIICE/2Ae 5 b LivZeuy, BIZ, B IZE DWW
TlL, B VERIBR T D BB A = X A H WIS ED D, EAIRT AT T 4 778 K AT
=R LGE A2 DFEITENTHLNHLINRND T, R a— X —ZAOZWHIEETHD, Z<DOREL A
\ZETNDT —HDEREL, DOV AT T AT I8 AT = A Nl D12\ E L 705,

B R a2 W MR AT AR =3y vay | B~y 778X, ERi2Wa i 3 A1siE N
720, DI EIRITIEMSEZLEL , BTN T A ERREE R KX L, 2< OB DOIA
R DHZELTEDIEA), ZHDEIE, 638D PFA (Physical Failure Analysis) 0 EEECTF 7 D&
WRERTYT I N—FTHLINTED, Y — IV OFT-BENT FHORATRMEDO R B AT = X (R gk
DRMa HLLIT T AN w7 ORIRE) AL, F72 PFA OEIEREGARNNR B AN =R LI R B0
EE A ENH ORI T, 52O BETTHHVNIREEITDZ )L—77% PFA (T E 97 EiHE
ZEThD, MBELI-AF v T = —r DBREO~DREIL, ol OBFEZEOE R E/R>TND, LOIE/A
EYITIEME R TFIENRRODND, BT, 70y 7oA 7 FHME BB+ 5 R Mal%, 4 HOFIET
I EHEZ WL, > — W, BT VoY B 20N e TS0 — T U S L T OB
TR R BaAAR D7 T U e B0, Fo, A% r L= BIST X—ADT AR, 777 a7 AR, IDDQ
TAN, BEOERET AN & T X TOEE 2T AR GRS Sk 3 2 2 Wi a0 B
H5,

VL BIOTFEIL, FRilRm VK00 DY 7~y =7 _R— A LM OB E D B 2R — R 5 &
Thb:

o NRRELT AR ARD A —/R—=~yREDR —RF T ZEBLINLD, AFEICE > UEH DT —F D
WEE, T ANT —ZEHEE BIST THAIREFETHD, HAKBOTRIT, #fEl Qb7 ay 7 (.27
FI2VL IP) DRFETHD, T2 T ANRFHH DA —/ N =~ R 1%A0 ChHH & THD,

o BRINT=T L V=TV RT=HT 2 —NF Iy NCOIRF T — XN, ORI EIL, IEMER
WS A7 DR —NRZAED | — W IGBR T A A TO DIZ 53 TRRlT U7 breuy, ZAb—7" Mk
T, T2 AEPEREDAFET BB ATEE T 4 — R/ w7 TEABWEL 2T TR 5T, FekfEn
DOHFELAZFEAMEDO M RO )7 [FRE T BUEE & QWA MRS R Z A D it )7 ) & AR — R L 7Ze i
FURZRBT2, = U, SRy MR E T 5721 Tl MR L7l E D R E T 2 & Th D, 2D
TP ML AT IO MEREA L TA LT ANERDOM )7, F2TE O EiEE T E e a5
ENVETHAD, BH OT ANEIIA—2 —ThH D& ThD, FEFEOYIHIEMETIL, AR 722855y
DZDOIDRFEN T I IISNADS LAV,

o H (T V2% K um LU FORGREER Y. 3DV N EE L - E & e 9 DR O F A iR, DD
PRRMTIE . HE RS W oD Sy fiRREIR) 2O BRI FHIRD ATPG R0, 7 = AV T —ZINEL T 0/ OF 32
L—2ar DOl GH LUZE B HE R SEMATIC GEYNIESNATEAD, MATIRFRIZRTO —> D
r—=AE0DR RV LR,

T —HWEEDA L 7T, BT DR EZ W O EEEE AR — U ud7e b2y, K5I, ATE 13 DFT 7 A
ZIZBT 53R TSTT IZ TRISNIEAF Y RTFRET VBN T, Ay T —Z R IEE T RET
&5, BIST 0T A RZ = [EAED LS 72 DFT £l 3, MF 2T —HUEDO VAR — MR E EL CREFRSNI
72T IUE7RB7e, IDDQ FHAIT /SA AL, SPEZ I IV BERSNDIEE DL~V AR — D0 E )5
%o WIEZWOT —ZIEIT, B—H LTI OEFE Ry MERIZFFE T AZEZ FIRRIC T 272012, BT A
MREFENZR L CE LSBT RETIFA0, AT, TERARRE D 152 F-C 7 —2EEHOHRA 1D
REDILBRS N2 T AU D72\, T —Z OEFSEEELORE )X, SEVE AT O FHIIfT & EpE T —
BDT — S~ A= 7\ BIIDIERENM A EA2 R —R A e b, 777 LR 77 R e —R o)
—T7 4 IP & Te, LTz, 3%t Bk BXOT AT D | BRSO T — 2T 0 — DA =R LIS
WrEEND, HENESoT —2HE PR —R45120%, STDF-V4-2007 A%y 7 oA )LT — XD L7 fE T
AT =40, ENHDAREE VR — N DI E NV L SND, S HERED ., 5%, B, BLOT AR
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i, (BIZIETFAL AR, T7RIRTAAYAR) | I BB HOMRTET BT B 7%
FIELY— L OFN MEEIZVEY ST VLB R 55,

3.2 WFEAEMT

BRHIT AMI ST ETETEEIR>TWVDDR, FHIKIZA T NS N TEL T, HilrH
ATLHETOMR, TAMRILRL Y AT L/ iR O L5 72 B SR O P E O 7212 | SRR
[FA(Failure Analysis)]3V VE/ZLELEEID, CMOS BT OBATIHsHEA72 FA TRRIZKES2iEEH 7257,
RB5 e N TR R XN R 232030 F- 8 | EHE A7 AT L U I <725, FRHT D~ — A% R
DI=OIIL, BAFT DY —L  Hili DR BT L — 7 2 —NLBEEE SIS, FA OMEBEX v 712DV TLL
T ANIFELL IR R,

3.2.1 B/ —R-F'v—ber 7

M4 BEAETPNEZ (SEM) 0 - 1 BER Lo T /A r— o7 a—e v 713, 1 J8 BIZh o/ Tk
7P ALK SRAM DFEHTIZFHALD, ZOHAE, £ F 93 CRUAITE AW KRS, flx DTy
AL ING A= B EATE T DI T L2 >TND, EEARFIREL TE, T AAASNDHE A= T a—TRY
7h, BIOT v —T7 I H A AL 57D IS B SUAIRNLHEEIC 15 SEM BOEI2H 5,

3.2.2 RFasyHERSEE

A AARRE T O BRI KMoz [ 9 DEAR DY — /Ui, B L 22  fRRED R FUZIT SV TUND,
Bl Z 1%, KEEDOHEAT (TIVA: Thermally Induced Voltage Alteration, PEM: Photo Emission Microscope) 72&")
FARIMREFIL TS, FRAMMEZEM A EREDIRA DN 1lum THLHO T, BUIR CTlds/ MIT-HEIH 1
LA BB 53 iFREDS R, SEM X° FIB O Tk (=27 AR, EBIC: Electron Beam Induced Current) {355 f#4E
FERD oIS, B LR EIZH L TORA R THY , REHHERIE CREDOI 52 T /SAAIZIBUNT
3R TR0, G AR LI FEDMEEL , HDOWITH LSBT S TOD (Bl 21X, Y6, BRI,
AFM: Atomic Force Microscope) 23, ZOEAT O TR i 7o 3R EEE OB HLIZIROH 7 il
FREIND, IRARRK 725K BEFTE CTE 5a B 27202280 F ) A0 — )V ORHRIZE KRN Z 5
R DTN, A E CIRIZR [FREVE IR A G DTN 7 n—E U TR BB END,
3.2.3 o —RRETOMRHT

I\ —=RRE T O R MG BECEEAIT, AN, Ty 72— lr—  Fo 7 fERE, Ry —e
T2 el = UTRRD LR LW J IR B A 21T 5, AR NS, X #RNEZ T 74X CSAM
(C-mode Scanning Acoustic Microscopy) DEH72HETFEDHEANTIEHETHY | 5| ZheE T AR RN HEN
Shd,

3.2.4 CAD/EDA YV —)v

W BE AT | Ll T 2 B2 L U720 | DRI R E FY — L ER AICHSELTE 3 572D IC AT v F
IEICREEKIFL TS, (EDA Y —/UZid) fikfergRE EE ) b, [ 7R RS> AC KB IERE 1 AR 72 K
el ~DIGFEARE B DA TER KD HILD, CAD FE 7 — a3 22 MR R — 2D 5, 372
Hial—TalliB L I Ui U s,
325 3 F T ZAITFHH

BEIRDIKEE T, Ay b= 7 AT LD FE IR D BB LRI R D Rl A ~D> 7 M b |
ST, MRHPEREAHERF T D721, R /0 %8 EAEHT (TRE: Time Resolved Emission) F7ffr& [E{RL A
(SIL: Solid Immersion Lens) Y:55RDS BB ERIILTCND, L—F R /LT —U 7 1—7 (LVP) DLH7L—
P O LW e — 7 Hiflih A LRSS, BIERA IR RN 22 I RO F B IRE LT,
T T BIEBEEA T T VIREN E R L 72 S 72D LW AL TED BRI B Th D, ZIHD 3B T RS
TREIVIRNRD | AR E 72 D502 BFE T D B 8 B T2 A9,
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3.2.6 U NKEREIET

PN =TT 7‘%6*3%/1 TRRIBIN, ZAIL T IENT RO R a5y B DT80 DE MBI ZFEL L TE TS,
i 20X IRE [ 50 3 8 SE AT (TRE) R0 e 75 B X T A B f# AT (OBIRCHE: Opt1cal Beam Induced Resistance
Change) D72 ff Ty — Va3 DI21%, 7o —3 AT 7B IRRIZB W T, )KO0r 7y 703
(K| &72 D AR ZADENHIHAN L BEE 72D, FEET 7730 —%0 3D T 7 Tl 7 AR FRIEN
RERRENIRDTEAD,

HUFRARHT D720 DT 72 BRI R B A Em WU AT DAL TG, FRIT, ZAL—T Y RAMETL, A
R OBEAMED B L TD, ZC@n‘é?S'E\ HEOEANET ET bl . RIEDOLEETHEL THRE

AIREMESORE /1 2N TETND, RS Z O N RS0 RS — Ty TSI RN D, Teolz 1
F1R0 2 FEOWFFEBRS BGOSR (FTITZERY) 7o 2 & BRI T D BLIRDND | Z<OBNEFETH
FHEOEREVA  Z T 5a3 ) — 7 L RICE Z O DM BN DD LA,

4 T ARIANIIFEB LM YR

BEET AR AR 31 D LR ITAEGE L TOD0, 2L OHEARGFRBEN R TWD, -8R T AN
X, [FRFRIE 7T ARND LT v AL, @B DB R ZARGEL TR, Jeltnyie 7 m—7 I — R Edf, i
72N RYT B DFT B C > CRIBEIC 72~ T, ZOMEMOFEUIEMERE R ATE 3 AT L0 AE YT AR
B Y77 ANIEBIT 0 —RR—ROMERK(BOST)DHE K TGN 2> T D, L DEEINT AR
I AN LS TOBIZH ST, 2011 4EIZ ITRS TR — A [AIEE D 40% (2009 4Tl
P A BB D 30%) D RKORLFED | DEL TT AT AN ZEZ TEY, —AHEED 85%ILT A
N AR EH DR OBLFIZRDETHIL TD, EEREMEIIFRRO B2 7 717 <> RF OJLE
PR TS~ B 22812705, BIfED DFT ST EI- Gk Tlared FrE =) 7 CTOM 72
RRK T D, 7 AR EORKGEEH X, 7ANFES ATE T —% 7 7 F v, BLREDOMOFZ[ESHIR
D THEEDOT AN TR F =D ST 0T AR WS- [ TR ARD R — R A7 % 30 BBiET 52812720,
RN T AR AN 72D,

NRE Device
+ DFT design and validation + Die Area Increase
+ Test Development + Yield Loss
Work Cell
+ Building Capital

+ People . e
Untested -+ Consumables Good Units
Units » DUT interface

Test Equipment
+ Handling Tools
+ Factory Automation

i

Reject Units

Total Test Cost

Figure TST I - Test Cost Components
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HAERODT AN ANIIK TSTI1 (RTINS DERZF G, X TST2 (TR T INT~ /AT X AD SiP 1%

SHITHEMEC 2D,
False
Pass
Units

Smart

= =
| | Manufacturing
| Probably

| Good Units | ;

Test Cell

Pass/Fail

=

Analysis

False Fail Units | Rad Die in a Good Stack |

Figure TST 2 - Multi-die Flow

T AR AR BRI DAk & 7o fflE oM A L0 R<SEAES 572012, ITRS 1% 2009 4RI Z IS e — 1%
FHEL T, 2011 FZZDOP—_AZHR0IR LT, 1ZEA L DSINF TR T AR EDOSEEE 25 (57%) .
T2, BIED 3530 1 LLEN, B 055 (T70bb, JoE g o, F-13, IVEa Ao 12
EOTHETHLEKL TS, TAND E/AMEI, EESELZEE B FERTHIETHDHE, 2
DY —_AIRLTND, BIIED 5% (2009 4Tl 6%) 720303, T ANOEAEROMEZ SR 3, ML
LCW5, BHEE S 720 D3 AR EFEI AN N HD T ARNLR  FhdhT-D DA S T- FERFERE A 2
TR/ ANET VBB T OGS I EEA LN, MRERESC, NI U AXEIIE v BT D
TARAD FH72FEHF T, T ANDIANE AT D7D I IO DAL, FEE DER O EESIE,
TINARZ LIZFEENIEACT B, T AR T ANID BAPERLIC > TII LV EE L2 D, DFT OEfgE=
ANZ, FOFLEA SRR T HIRE 22D E IR IFEL TD, R TEHT AR ANTIESICHIBEA
Ry THY, TANEEZ DIAARDNT U AL S TRESIVRAT U ZRB720,

ITRS Y —_ADSINEFNLSTe OO T HRaANER LT, ATE SR E LA 27 2 — 2B O M4
T TEY, Hi " CTT AN By T LRI TNy T EL TG, Fiz, Atk FE/RIARNER EL T,
BT K e S HEMERE, 73 APEREFERE, KGD 23K, 3D FE8 2L DT ANESR A 261 7=,

4.1 BIFTEOANER (L)

o ATE f#{i#& . BLUOA 7 2—2E H

o ATE FIIHIZhRICKT 2 &N (Frio s R FERL )
o TANT T T LBHFE AR

e KGD(X° 3D TSV) DT AN LT AMa H =R

4.2 FFRDaANER

o HTLWVRIEI L OMEHE MR
o NNl —U DT ANEER
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o (AT —AEH

o TAMERT —H &, W, SHEVER, BEMWE

BAEDT AN ANERNZH72 B2 B 1%, ATE FIRZHEEZHL NI HE R THD (%c:@%&%@é
5 Nz T 3D TSV i@ ST KGD D78 DT AR A LS0T ANMG H RN EAED T ARBER DL DT
ST (ZOHE BTN O ARER I Z#> T 2) . ZOZ &1L, 3D TSV 38, 7 AR AR :%Zi.“
ZMIFLTNDBIEEALNITRL CTD, FEROIANERTIL, TAMER T —X &, 27, HE0E 08
BHIMEAS L BB 2 AR R 272 > TV (2009 4ELEERT), ATE FEE T ANIGHEAIICIL, BT o421
v BT DA N W TRIES VT, ZAUIERIZRRIE TH D05, & FHITECRINE A M v A
LA =V 7 ERICIDNT, 248 O EARERA AL E B L7 AR AT A ANV b LS TL
FHODOT, HifoTLED, BT, ZOHIE, ﬁU%ZKT%EE%TXF%?/Z\/V@%%@EJ?/F \fEHZ LN TE
% ATE 7797 4 —AIZBW T, BIHEOBMEES LA, LU O FRERIL, [T AN O BiE= Ak
R OBLNDT AN TAEOEE AN RHLL TV,

CCELL :CBASE + C]NT ERFACE + CPOWER-S UPPLIES + CT ‘EST-CHANNELS + COT ‘HER

ZOR T, Cpase 1IE Y/ T R NEBODT AN AT LD FERIANTEHD (B2 1L BEARIT7 3 HEAAE
[, I T V= T AREADH R =T (L TV AT B TR 2T PRIEE DI AN ETe) . Cintereace (X7
INARIA R T 2= AT DD B TOAANE I, BlIZIX, A FT7 =— A5, Y7 b,
Ta—T7 =K (PhzETe) Thd, Crower (FMARBIRDIANTH D, Cresrcnanners [FHESR (720, T
JuZ RF, AEVORER) DAANTH D, Commer (378D (Fl 21X, FREAR—R) DAANTHD, FEEEAI72
B2 I L, B2 51T Coase DIEARERUZ L > TaAMDRISGER T DI ENTEHRRA e MHREIEZHIR 7
HHLILT . EAUTRIERDOT AN TREDFHE TEBINHIZTHD, HlAiX, B—ZU ROV AT AFZEH
DIIEARERRTZ N, NATUR DU AT MR THD, TAN T UAIT, E AN PEREFRIE 2 /5T 528l
T CGHiEND, FlziE, EEAAVEREREIIFN S0 O 2=y Nt a AN TEI 721D (UPH,$M) , S0
Bz AR, FFFPY 70 DT S A 2B (R V—T N i i Th A,

TST3 IFRHIZ ER L TWDA L Z T 2 — AR N/ RL TR, BIROT AN TR AN i35 %
WETDT2DITHE 2 TN 22T UL 5720, ITRS DT AR AN Y T B AL /T L OFHZ e LT,
Bz IE ZEAEFETD SoC G O—F Tl ATE IANIALF T =—ARL 7 T— ST ARD 3 [Z12725, W<
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Figure TST 3 - Test Cell Cost / Unit versus Interface Cost Trend
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Table TST 2 — Multi-site Test for Product Segments
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Figure TST 4 - Importance of Multi-Site Efficiency in Massive Parallel Test
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Figure TST 5 — General Adaptive Test Flow Diagram
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Figure TST 6 — Adaptive Test Architecture / Flow
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RN—RTANTBr T LATHOGIL, ~— U T AMNZH A B Z B3 _RENELOHEICE DI
Do

« T4—R N\ BIXOTAMEDE AL, ORI AT DEAFT VT IDITEOR—RL UL RE D/ —
NI T FAITEA S, 7 H LI AR BB RLECT ARD /3T A—2 LFHBAN G D0 % 535
DIl is,

- 20O (in-situ) 7T ANI, AL F v —TEERIREZ G, ~— VU OMRRE T =y /T 570
(2D AR ZAD L\ NVR—R &4 /T REL T2 Db b, 4 F v 7P —i%, 74—/LRT
DHLE=ZIZb DI, T ANBRETIE ST D7D 7 T4 T —FDBEDIRSND,

- [EEE 1149.1-2013 1%, J8MEH AT ECID O 7 782515, BLIOR—R /S AT AL ~YLTOHLWE
DY(in-situ) [ICTARNATMBEHEL TD, HbERITILL TV 72O L,

http://grouper.iece.org/groups/1149/1/ECID_Electronic Chip ID.html

Table TST 3 — Implications of Adaptive Test

Challenge Required Direction

Infrastructure to enable the Adaptive Test flow

End-to-end supply chain data integration — including data from Fabs, Test Houses and other
Subcons.

IT Infrastructure Develop supply chain data integration and processes which automatically detect supply chain
issues and implement corrective actions in near real-time.

Integrate multiple databases, flexible logistics system, and full part tracking at each test step, and
feed-forward/feed-backward data flows.

Enable full traceability of Adaptive Test parameters (limits, content, flows, and rules) for each die.
Traceability (accessible anytime in future)
Electronic chip ID is a key enabler of traceability

Real-Time Develop tester-to/from-data analysis engine communication — without significantly impacting test
Communications time.

Development of methods where the models are not fixed — instead the models are dynamically
Development of

adjusted based on DUT responses.
Develop peripheral coverage metrics and associated quality impact of dropped or modified tests.
More encompassing fault coverage metrics are required — particularly for analog circuits.

Improved Models &
Algorithms

7 T ANEAT~DER

7.1 BAE

W FE254, FITHEREE TV P AF DB BN LD | S8R T AN k9 BRI F 3 F 9 mL<
725 CUND, Bl 7o it EsR (B2 X Ak, BT« EHORG M, VAT ZEBROR G M, IKIHEE
H728) ODHBUC LT, BARRARZ TS & &t A TS, ZIUSEY BEREDE SRR TIET, 1o, &
VL DT T Vr—a G, oD BRI O A DMESILTND, T AN D BR AR ET DD
DA, AN ETT 7V — ar DBERSCAAL THHZ LMD, TANIARENNI R E 72525, L, 2
DEENZBWTRHIPHZR T 7V r—ar b ZAUTRET 57 ANELR O 2R 22813, RA[RETHA
Vo LTZD3o T, a7 HARIZ B 927 A RO LG 7 2 3B D Fk A A A AR5 572012, SoCRSiPE
W T2a T B OEFEICBIR T 27 ANREEAZ 52 8T, a7 LD ERHIR OB B R ) WS
T&E,

Fa T BRI L7257 7V r—a aED | 20 bH L O, BRI mZ S & H
7D EHELELTHWWSILA, K5I ITRS TiL, CPU, ASIC, DRAM, 77w a2 AEITxL EE2H o
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FPEDOBE AL TOD, Zhold, a7 HiOgiF O 5SSO LWEFT TSI, K TST7IE, ZOET
HEEZAT L7 HERE e ZNOIZBET 7 7V r—a OfilE L Td, ZiF 6iifilo%
BT Bz G A TWDTHAIZEND, TV r—al O EATTHEERFN R L T\, =
T HAAMATEIC, TNDEA ORERZARIEIC L > TXBISILTERY,, 2P 2 AT ANER N2, ZOhK
TEHENLW OO T 7ea 7 HifiE, MEMS BEXUSUBEEEINCH5,

System Integration (SoC or SiP) Application Examples of Core
of Core Semiconductor Technologies Semiconductor Technologies

Logic: CPUs, Graphics Processors, ASICs,
FPGAs, Microcontrollers

Logic Memory Memory: DRAM, SRAM, Flash

10: Wired gigabit differential links (SONET,
fiber channel, Ethernet, serial ATA, PCl Express,
Hyper-transport)

Analog /
10 Mixed-

Signal Analog / Mixed-Signal: D/A, AD, Telecom,
Disk Storage

RF: Wireless communications (802.11x, GSM,
RF CDMA, sateliite, radar)

A D—analag fo digital, COMA—cade division padtiple access, CPUs—central processing wnit, Did—digital to analog
GSM—global standard for mobile

Figure TST 7 - Organization of Cores for System Integration and Applications
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RIEIZ, ZNRETUTE RL, FE DI THLINENI B THD, LT D —S>OHEi T, SoC, SiP D%
NENUCBE S 5T ANDFEEZ DERT HEZAIZOW TR LD,

721 VAT heF o F S
SoC ITHEEDOMEBNCER TSI IP 27 0575, IP 27 131 2 1T EFESNT-7 ay 7 ThY | Dk EHEH,

FAN Y 2—2ar BIOMOD IP a7 DAL BT 2— AR T —H_R— RTINS LTV, SEXF/ofE
HoOPar@Pyr AT, 7hul @RI0 A4 7 =—A RF, %) BNV, T ENRipo7-77 /800
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WD TnD, Z0X572 TP a7 4G TS SoC 123 L CiE, 2= 7 ISk 955
EDT T )Tk T ANT DI DL T DR R P ML T2 D, ZOIDIZ, SoC fXEFDOT AMIIZL, f#H A4
DAT DT ANV a—2a R AT 570D, mEIEE LSz DFT OFRALENZ/2%, SoC T ARNT
I AE 2 DT DT ANLAT T AN T IV EADT AN, ZLTCaAT DAL ZT 2— AR —ay7(aT I
EENROGHELRIE) A R RET 2T v S RARDOT AND 2 (ZBE T DRk 4 72 a— 3 al AUl A A
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RO FE LT ANTHIL TR O T AL ATRE L~ UZiE FAL T 20039 5,

fth 7| IS B ORI LS TMES N AR FHAN O ME RIS T 572D D SoCT AL T Ot A Al
KToD, ZNHOEAMBINNE DT ANDFT)aXEHIKR T D EREREI A T X T A FETHRbND D,
ZINODRFA T U N KL T- B SN o n— R~ 7 B L OMEHEAINIHE 1T LV Ea—S b0
NS5, BlZE, ARERRF AR eiL, Ty MREA W ET DI D TEEL T, BIEDRE % 72SoCTH:
FASITOD03, SoC% ., = DRERERIENEIS L OW B AORS EAES BRI DT L T AN T DL i@%“(
720N, EOFER, FHI2SoCHEE D AN T 4 — D AU HERDDFT Tlidb 130+ TldZelZz>ThY, 20
RIREIZ T 272 OHE(L TR LENTD,

v a—< SoC DE &2 L RIBIOERKHEIL MPU T 7 LR Ty ik TST7IC
IRSIVTND, 7235, TANDFT)REF O T AR T AL L INEDA Y — Wk 3 HELRFREIZ DV TIEER TST4
R,

Table TST 4 - DFT Requirements
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ST—EDRIEDZLENTHETH D,
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HELTRIEIN TS,
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WZHEZ DERELT-EL TH, IEWEEBREWT ANT — X [ERERN M 2D, D128, T AT —Z DHIE
ITEM T N EEFREE L CTIRDTEAD, T ANFATRA#E T ANT —Z &2 FIRFZHIJ CE L ATRetE0H 5
Ma—arO—0%, [[IRFIZTANTES IP a7 % — D0t CHRIRLHWAZETHD, ZOHEFR. 7
—RNOTe DT ARG — B — BN D LW BRE D AR IFFEFN TEDE LIRS, £ DORIEEE 5
NIRRT DITNI R g, LT=3> T, BIST &EfHf % —2 T ZARDF A ER0HH197 DFT
FEREDMOT 7 0 —FIZH AT 5D,

TR A O LD T AN R — 2 OIBIIP LB /2 D03 LiZen, LnL, TAM I — U H ot
INTBIRR A HUA T DFEE THATD | BARDT AR RE— U FU I RER BT 52 7200 E 2D
NDe FHNTE-Th. BIN A OHINN LR —=7 DRINET ZARORNREAR FES® L ATRENEG 8D, T 0D 545
WZOWTRERkOE—R <y 7 THREISNATEAD,

FRTEK LT ANEOENHEEOREIL, 7 AN — 2 BEINE B S 5T AR 72— OEINEK &
725, LIz3o T, T AN —HHIBOERITZOREEZ L EEL TD,

Year of Production 2013 | 2014 | 2015 | 2016 [ 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028
Worst Case (Flat) Data Volume (Gb)

MPU-HP - High Performance MPU (Server) 1458 [ 1984 [ 2699 | 3673 | 4998 | 6138 | 7537 [ 9256 [11366|13957(17139(21046]25845|31737|38973 (47858

MPU-CP - Consumer MPU (Laptop/Desktop) 853 | 1160 ] 1579|2149 2924 | 3591 [ 4409 | 5415 | 6649 [ 8165 |10027(12313]15120[18567|22800|27998

SOC-CP - Consumer SOC (Consumer SOC, APU, Mobile Proces| 1122 | 1526 | 2077 | 2826 | 3846 [ 4723 | 5800 | 7122 | 8745 |10739(13188|16194[19886)24420[29988|36825

Best-Case Test Data Volume (Hierarchal & Compression) (Gb)

MPU-HP - High Performance MPU (Server) 4.7 5.1 5.7 6.4 7.2 7.3 7.4 7.5 7.5 7.6 7.9 8.0 8.1 8.1 8.5 8.5

MPU-CP - Consumer MPU (Laptop/Desktop) 37 4.1 4.6 5.1 5.7 5.7 5.8 5.8 5.9 6.0 6.1 6.1 6.2 6.3 6.4 6.4

SOC-CP - Consumer SOC (Consumer SOC, APU, Mobile Proces|{ 6.9 7.9 88 1102 116 [122]12.6 125 | 131 | 135 | 142 | 145 | 145 | 152 | 155 [ 16.3

Best-Case Compression Factor (Hierarchal & Compression)

MPU-HP - High Performance MPU (Server) 312 | 389 | 471 | 572 | 694 | 842 [1022|1242 | 1509 [ 1835 | 2171 | 2628 | 3201 | 3904 | 4594 | 5611

MPU-CP - Consumer MPU (Laptop/Desktop) 231 | 280 | 342 | 425 | 516 | 625 | 758 | 926 [ 1123 | 1363 [ 1655 | 2009 | 2425 | 2948 | 3586 | 4368

SOC-CP - Consumer SOC (Consumer SOC, APU, Mobile Proces| 162 | 192 | 236 | 278 | 330 [ 388 | 461 | 568 | 666 | 795 | 932 | 1114 ] 1376 | 1609 | 1932 | 2259

Figure TST 8 — DF'T Compression Factors (Flat with No Compression = 1)
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FIAL TR, 100 F2HB2DEMEREZERL T D, LL, 3 TSTS-Logic[ iRAE 7 JF LD SoC IFR4FE]IC
AT I 100 FEDEMETH 177 Tldel, £DTeH A5 %IV @ EREAN O LEIT/2 5, KTST8 I PSS
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RETHDH, TNSDFRDTF 7 FOarZA T\ L->TRRH-D  GERMD CMOS 773 A% 545
Hi— SoC |Z RF, MEMS BRUSEFRIT A AZEFE T DI ER T IED BRSNS ATREMED DD, EUIE,
T as Y A7 F)VIRE DFT ORI ESEDEMTED, IP XX | 3%GHE . DFT T V=75
LN ATE =P =TI2d0A 57 2 — AL TERSNAS T ARA Y I Ot S b AR M L A 5 T, (B 21T,
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Table TST 5 — Required Concurrent Testing DFT Features

Features Contents

External test pin sharing Each JTAG enabled IP core must use the 5 JTAG interface (TRST, TMS, TCK, TDI,
TDO). Cores that have non-JTAG interfaces must be able to share external test pins with
other cores.

Design for concurrent testing | The test structure of an IP core must be operationally independent from that of all other IP
cores

Identification of concurrent The presence of any test restrictions for each IP core must be identified to the scheduler.
test restrictions (e.g. Some IP cores are not testable at the same due to noise, measurement precision, etc.).
Dynamic test configuration Test structures/engines that can change the order of test and the combination of the

simultaneous test to each IP core
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Test Data Volume The test data volume of all IP cores must be able to be stored in the tester memory
Test scheduling Critical information on each IP must be available to the test scheduler

a) Test time of each IP core.

b) Peak current and average power consumption for each IP core

¢) Test Frequency for each IP core

Common core interface The test access interface of IP cores must be common among all IP cores (e.g. ITAG)

Defective IP identification There must be a mechanism to identify defective IP cores prior to and during test

Table TST 6 — Required Concurrent Testing ATE Features

Features Contents

Numerous Tester Channels A large Number of Test channels that cover a wide range of frequencies will enable

with Frequency Flexibility efficient concurrent testing.
Test channels must provide test data such as clocks, resets, data, or control signals to many
corresponding IP blocks.
Testing can be more flexible if channels assignments are dynamically changeable

Mixed Data type support Capability of loading / unloading test data that is a mixed combination of digital, analog,
and high speed I/O data is required.

IP block measurement Measuring accuracy of testing (e.g. high-speed I/O test) should be preserved in concurrent

accuracy testing to match the specifications.

Test Data Handling Test data loadable to each divided test channel should closely match memory usage

Efficiency efficiency as that of non-concurrent test.

Power supply capability A Large number of capable power supplies pins will enable large number of IP blocks to
be simultaneously tested

Multi-Site Testing capability | Capability to perform both multi-site testing and IP-level concurrent testing at a time will
enable efficient testing

Capable Software Automated test scheduling software that can decide test scheduling configurations while
considering many constraints is required.
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Table TST 7 — Logic Assumptions
Table TST 8 — Logic Test Data Volume
Table TST 9 — Logic ATE Requirements
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Figure TST 9 - Scan test view of a core
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Figure TST 10 - SOC containing many scan-testable cores
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Figure TST 11 - SOC with multiple copies of Core 2

BE DR —a 7 IERICZEY, Znb0ae —%2 3 X CTFNCT AN 2 RIREMEN G D720, Kig/eT Ah=
ANHI D ATREME N A D TN A ER T D720 DFIEITHEFAET D, bobb kiR FiEIL. K
TST11 TR IC, ASIDTR_RTOFE—a7 £ TIE 7 a—RF v AR TEGL . a7 boH i
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Figure TST 12 - Core logic vs. random logic between cores
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e [MIPU-HP - High Performance MPU (Server)
= [VIPU-CP - Consumer MPU (Laptop/Desktop)
== SO C-CP - Consumer SOC {Consumer SOC, APU, Mabile Processor)

Figure TST 13 - Test data volume trend over time
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W3R A5 T 5, Gbps/GHz A 27 =—ADT ANK, #lAIAI TP 7y 7 LT, BITEIL SoC F 71X
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1T, —FY72 Gbps/GHz DAFRINTEEL | W<BAMENLSIUTE TS 13Gbps Az 2720 0 | HAfHIIZ
HRARBR A TR T DI TH A, 2009 F5 2011 OB AT, b7 o 2B,
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M 2 FRREEEB{E 4 B L1 E 20 | Gbps/GHz A 27 = —AD—H (R F o 7 [ DA Z7 = —2) 1T, XY
7T (121X CEVOIF, 40G/100G Ethernet (IEEE 802.3ba standard) ) 238 SN RO T RAI IO
IRBET, UNADLIR) R — NI IR CTETz, fFRDT —HlEd T OHEREIL, 2000 FEHOEE
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Figure TST 14 - High Speed Interface Trend
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(2GR DB FERA L A 7 2= AT DN TUNT TR, BUEDKRE TR O EET ARD VY 20—
20, WS T V2NV V—T 397 DFT 7V ANDT VRNV —T 737 AN CRIRRS TV — T 7307 |
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&, AT NVEHEIR D S TR ML Ry 2 2 b 7259, ZORIKIO T THRET —H L — ik 457012, 1%
BT (TN NTF T DTV T 7o RS T 2T 73 A) RS DNAIG A 27 A
(T Il AaFGARETOENT 4 —R Ry I AT R) 12 E OEMBFRARES I TNVD, ZIVHDX A7 DiRE
T T AN DIZOIL, T AMEEZHIH /2 D3 F VT —H DA RCIIA TR L, EDZ L Z4T072 TUERBu,
Bz X, HDMI P~ PHY THY, THHIENT Y — 0N —7 UK G4 B 3.4Gbps T, 7Yz~
7YV AEAATA R B EZAZDENE UKL TH-2 5, HDMI L L —/ 38 SINK (720 6L v —N) D7 A~
ATNCEBT DI —T e 2T | ZRETHZ L% | HERITE R T %, ISI(Intersymbol
interference)D 5727 — 7 /L D 2OV TP BER(BIt Error Rate) 7 ANIBIEL T, TA~ AV RREZ= 7
FTAT VAT ANV N DA 2T A D% EETITh i ud7e bz, Ziud, 1274 X% 0T
INAAWE DT AN T 57200 DFT OAENTEZER T2, Ffgi K WERE OB /3 B Cld, 2o
AT DATTAAREREIL. AWG (Arbitrary Waveform Generator {EE AT EV TV T4 nAa
— T 7R DT I BRI X THEORHILTETZ, LL, 3~6Gbps ZBiz HHEIE T, ZHD A7 A X
BEREDIZE AL E 1T, e tEr72 B 2L T Il BRI A A e & RPA/L— 7" BER 7 AR T/ 8 —S31T0
bo ZAUTA U TF o T AT A X BB OE 2 ORERRER Z B30T D2 LA IR 5, EERIZIX, AEET ARD
R E DT TV r—2a ERICIKRBIC T 2L HEL N, A F T TOL L — DT — 27 A fifMfaAT
IZEIE, ZDXAT DT AN D201, KOIEHERIZ72D-D28% %, 7 AR, DFT, 3L 0 BIST &Rk,
ZNSDOREREZ IEL G E T DT DIZ TN L DI GE N ML S5,

FHIICI, PERRICBIT 2/ )T AN w0 727 ANE LD /8 —TEDH I, BEED DFT #fe% . BLIROREEE
1972 PRBSHELT & 23 AF U —AR)—2)BIST THELL EOLDIIRET 2 MR oD, hTL P AZ K 0D
VA a AN IR, EEOT AN ERREA L H T 2—AN—=RT 2T DIAARNN—EITE EHIRM T T, 2
DZET DFT & BIST (IZHVIERA Y THTLzfed, REAEMIIE T4 7 F 7 DT AN Y a—Tar %
HERF 272012, 25~100Gbps/GHz D7 AR+ /N—R7 =7 OREFHIIXT-KESADEFHF DM THD, Ll
WHELVaL TITIZBITHIANIED IR0 TLAD T, A F o 7 HIE RO A IA SR R
AETENENLL A7 F o T OT ANEE LTS DN TRIND, AT VT AT F T DT ANNRED
By a Z T EF O O DR NEABRI THLNNE, 77V —ar TR DD, R BT, fhET A
"z ML, 2 DR — e FF 0T NARENRIINIT ANT HZETHD,

7.4.1 EE 2 BEOER
o T—HEEHEDRN — KEOHESL R NI —2DT 7V /r—3 a2 Tl Gbps/GHz A H 7 =—A
DNEIZ RS IS/ R — 22 AR > TOABN, K TST14 17T IS E R CIHEE N L T,
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o R—MEDHEM — (KFEE CMOS Hiffi e 1 EE D/ IMENE TR BIURZR ASIC X° SoC 7/ SAA~D
TeKEADEEFIN FTREIZ 72> TUND, 2013 AFBIETIL, 200~300 X7 D 25Gbps /N7 71— Al
SerDes 23O DT FVr—aTROLND, LIRS, KEEDT 7V /r— aL TldR— M
I 32 MENLLFICHIIRSNATEAD, WEEAR — MU T TWE0, T 7 BIROTEEE &
FEEEOH—L —ANIBITAX v kT =X —hO_EFIZ LS THIBRSINDTEAD,

o IANER —EHIC, /LT Gbps hTo o — SO, BFEL ~ILAME A R Hiy b7
WZH b T, mHERCEM TR~ —Y T NAREL TSN T e, IR AN TIRE N O
CMOS <712+ /L D AIZXY, Gbps/GHz A X 7 =— A X KED O 2272 (FIZIXIHYZR) 7734
AR TRIMIE L 22> CE T2, IR—MERZ N2 T BRI TR TOIIU T IVIR— T AT
XHLIANGHLRO B ATE RIS EPEIZII R ] R THDH, HREXHEREL ~ L eV RED R —R A
713, FEHE LT SerDes 773 Z& M EREL ~ L DI T )L« hF L — N EEAETEL ~UL DX T~ LY
Be Vo 7) D~ rm eV Z OO EEL TWD, ZENENDIAT DT AN FIEITTARNE
KITEASWTRIRSND, Sifkre, KEHE, (3 BER L ORG R — A TERDHERRIZED
TANTFESR, SR T KA WAl RelaT A% | FT21X R —K L TOT AMEREILIE | D ~NAT VR
FERZFARL TOD, (B TES DFT HT-oOIRa AN 2 7 AN EZ AR —MEL 7= SerDes 123 L
THRALIIRFRRR TIID D, TAXTH LT, FElE CO RO BEpE L O R D58
FRNNEZ D, FIRSCEEDIIR T HIZ DN T AFEAL DT SALZDTA T A7 /T2~ T
BY., ZORESR DFT [BIFORGEC R oAV 2 UGE T 52 8T E T ETHL Db LV,

7.4.1.1 ¥ v X D4R L RIE

EEWRCTRET LY XL, BERONWEERGET DEERER THD, ZLDOIIVT AV IR TIE, ¥
IR LT AAI= AT 474 (Deterministic Jitter: D)) &7 % 534 (Random Jitter: RI) (257055 2 Ji%
BHL TS, BEARNTLR—ZD peak-to-peak /X DRERDOBEEIL, b—4 /L% (Total Jitter: TJ) OHE
AICEEHZ OGN TETEY, ZUIs U7 A28 5 —EDE v k=7 —3 (Bit Error Rate:BER, —fi%
(21012 HLLIE 105 FTH) IZBRL TVD, T —HL—h3 10Gbps 2> F LA BITHEZ 8T DITHE Y, Do
HANE (VAR (Pulse Width Shrinkage : PWS) 07 =—7 1 12 /L-% (Duty Cycle Distortion: DCD) |Z
FogIEfRIESNDE Wy 20, BlZIE FR4 22 HED S NF v 2 U LIRS AT L ESR)
(XERIZRVOOHY Wil HZENLETHD, HEKD DI, RI, T] ERITMNZ T, 7IVAIE >4 (Pulse
Width Jitter: PWJ) & DCD 7% 10Gbps LA EDT ANIX T o8 LNy ZBEFRIT/R > TD, T PCle 3.0 DL
VR REETEMERE RN DD VO TIED X (T —5 73— AR O FHBIED S DD O
UEDS FHBE DB DT H 3T DA TA X ORIEN R AT T D7 DITHES LSV CND, EOVHIREE T DI &
RJ 1Z, FIHBEDHS DI (T —#A7 w4 DDI)) EFHB D720 DI, RY 125 BfES VA, FEBID &S DI (il
IX DDJ) CAHBAD 72U DI & RI 1E PWI, DCD L4612, FHAEMEL AT A FEIRICED 52 bbHY s e~ —
DU DOIERERGET DL, TANSNDLE )N DD, FIRH2T — 2 oI —RENHEE DS DDI A
Wrd 572DV 7 7L AELUTE S, ViR —Seray Oy Ty I3FRB D720y DI & RI 2T
T DDV T 7L AEL TSNS, £/2. PWI & DCD 1%, T —F Ty UnbT —H TP DAETRES
b, FoENETIRNT, FFEDY AV VBT cycle-to-cycle 240, peak-to-peak %, RMS w4 % HI7E
THNREHY), ZOR U RIFME— | JEFIE VIR DY v 2 % ATREIC T 57 my 7 T EL TRWC
BN DD, T, U H R IIER (WG 72 7T NA T T VT 4 BERDFRNSND, 5T, V) —A
S ADISRAD Gbps/GHz FiFHIZADZET, a7/ SRS T — S A OIEFHEE Y v 272813, ¥
VHRIEIZBIT DL — DDA R HIAA TWD, ZIUTFERIHERDOT YTV PHY (WEYE) v X D EFE
R CD, DI ERIZIEMEZIE T 57280 IESREIIIT AZ DY 2« JA X - 7a7 | d, PIESIIZDI,
RI RN ALZRNED DUT @ DI, R JOH 0RO E DR B D, 2 ZBIE HORIEZROT AZ IR
2L T DI X° RI OENDRDHHH D% FIRE LT IURIRDR, 720 T O B Tt BER 73 1012
(23T, DI 23 0.15U1, RJ 23 0.15UI T~0.3U1 @ TJ ZHEL TD, ZOVoZEOEN YL TITHE, T
HERRT AZD TI FEEZ 10% (FLHSAIRRY RGBS BAR) HRET5&, 0 DI, RI FHEE EIRIE, 7270 -
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TATYIET N (F7206 DI 5ARIET 27 VT 47> 7T RI SAGIEH T A5540) I8 TR B, T,
DJ. RJ K ERRIL, 7 —HXL—hDRE%E LT TSTI5 (ZRE5, 10Gbps {235V T, TJ, DJ, RT DR
K3 3ps. 1.5ps. 0.11ps Thb, ZOVHERE HEL T2\ CODESEHHESS CERILTE QD HLAE
TJ A9 720, DI, RI KD EMESIZHMBIL TS TEDHTEAD, ZORNTAy 70— RDOER I
TeLAEOW B2 JEIC LT TI, DI, RI ¥EEDTARTA L e HREGROT AR L TH 2 LHELT
WHZEAMED 5,

High-Speed I/O Jitter Test Accuracy

|—TJ —DJ —RJ (rms)|

100

Jitter Accuracy (ps)

0.1

0.01

Data Rate (Gbps)

Figure TST 15 - High Speed 1/0 Jitter Test Accuracy Requirements Scaling with Frequency

7412 Uy ZFHEET A b

DO SFFRT AL, By b T —3 (BER) O iU THlIR dE MK T T DRI, LY — SRR TEDAT)
155D ZDL~IVERIETHIETHD, ZIUIL Y — X (Rx) DY v &R0 /A XMt B4 A BB e 4%
Thd, VyFHET AN FERT DT, —RICI T — 3 Fr b V7 7L A7may 7RIS % et
lr—=ADV B UG TR E T D IS AT, bE LT —F AN — ALYy 2% A UiT
IX7eb72n, RSN TWA Iy TROT —% 7 7 F ¥IZLoTL, L — NIZAR RZDNT D71, Bl
DEAT DU B INBE T2 D, DT 7V r—a AT IE5LE 4 (Sinusoidal Jitter: SI) 2B L, %%
OPFART VSR, & LRk RS 72 DI, RI, DD, A v & (P H LI ST DA,
A 5 IEFEEIT % (Bounded Uncorrelated Jitter: BUJ, 7R AN =7 ZGEFR S Y v #actbidil) 2 WEBET 5, &
7o M CIIFFEY A7 /VIND peak-to-peak v Z E7-1E RMS Vo X DS TOV AR NELEET D, HiT-
REERIE 7TV —_"DAATA P DT ANTHY | FrlHEREEIFH R (Decision-Feedback Equation::
DFE) D L9727 4— R\ I = ZDJREIEIIA 2T AP T %, ZZTORYEIL, BER 28ME— 7> >— R8I
HTELHRETHLHEN), Rx (6357 ARD AIBHANESAE AN CE T2 F FITHRL TVD, Z AT A
AFENT-AT—T DIH7AEI T HEHAIR NS A EFTT 7 BiZenE RATRETIIRNIIL Th A —7
NOAEIZ K32 DFE 4 71l OREREDSFEH I ZEEL W Y, DFE ORICT /30 77 AN FEATT 1203, A L
DOHE RN FELT A RE/ iR L b D, TNOLOFEED Y v X% A1 TE LA bS i lERE, @ Eo
ATE OHFUTITZR 0> T203 BAERTIZOAVO N TRIL T2 D12 WFFEEERE O TR FTREIZ 72 iGs)
TWD, GORERTIE, BETANMIBITAL Y —N"BLO/ Feidrmy 707 — XY B SIZAN 2% B2
BV HFRANRES 1 DD D ATE VY 2 — 3 a AL TRY, 2 FFRINDOKRE RS TH S,
7413 7 X MERED/ Rig

T A AEFHPERDH DT ATE Z ST AN LTV NaBEEARSC, 7 —T v axr8 /RIE 7
ENEEND, BN — NI 5L | RERBIRBEADRWEERERIE S A LB IR HFik
(3, TAN LBV TEREEORUIR D, /S RIEOERIT—ARANS, 325 BV FOREICISC T, 7
ANMBEINDD ISI 2w 27t/ NS 212012 WAlTET 7S A ZADAE 50D 3~5 fEO RN 2%, —HINT,

The International Technology Roadmap for Semiconductors: 2013



52 T Ak

10Gbps 15 5 Z%F LTl 15-25GHz, 25Gbps (2% L Tl 37.5-62.5Ghz OHABMEN TR SIS, ZLDBE . 1
RT3 — DRIETIZZR Y, AN Iy BRI R E B L KT T, falr, Y7y btk
B L C KRB R UE D RS AL TETNDD, ZDIRERZLHEM A AR D=1, FrLWEEHENE Y 7> b ) 2
—ar N E TS TOD, BBMEDIR AL — B IO N3 27N, WETH T AMERDILHD
EEFERITROLILKAONTWLRETSHS, ZNHTANEEOHIRIZEY, R T = XF ok
(de-embedding : RIARK 3 & RS ZE) DEETIHWERET ANZIITD GHz A2 X7 = —ADFERE /2> CND, £
WPz, Vryh, PCB, r—7 )b, aRxI 2 G55/ S ADT 2l —a 07 T _XT yRE[THY — /LD
IO, TER BRI T QOB SEIR I RIS E 52 T D, LnLZens, SO RF OF X5y
REITELLD | RO T = X7y RO AT, FEARKTZT T IR EREIAS T 8T LTE 2
MBY S — L BAPELLEZ LD, WD SerDes AR CIIHERELSN T ANGRETT = XT Y RORY
FLAZE T D EHAATUND, 20Gbps LU LD/ N—RERFHL, ITERR KR EAEPEICKTL TEENL S Edo
721300 TH D,

74.1.4 DFT & TFD

RPN T 23 AFU—AR)— L (Pseudo Random Binary Stream:PRBS) %&4:#5& BER M HnE
HOER R ABEEL 2o TS, IR 2T IR 5120, 4 B TIEEN £ Gbps/GHz D
SO T — 2 T AFENTHERE AR Ff> QD <D 7 T B3 Gbps/GHz /0 FEHTEW ATLHILHIZ
DI, 717 DFT ICBITHEL O FREER NN EELESILTND,

GHz /O FFHIXI T B8 EHFEE R D, [BIFEOT Fa s IR T — A2 7 LT AU 72 B0 Eny)
EFRRESIDOTIZHD, 7RI OE TR EL T, ¥V T —ar RNV MIRSE S
NWTCEz, TAUTH LT UHNAIT VARSI T T a GO EIEI D730 JuF> 7 BICA B vy
T —al EREH DVNINI L T N —ADT ANPKELIN DL BT D, UL, FrV T —Tar T
7= LU =T DEENE (W SAME) 27 AT HE0) | HTLNT AMERZAED LT, P ZEEb £, 7
ARz R Bk BT LR SEOMERERFREFE~MLE ST 7, SV UL, Z4UT, "7 ANDT=D OF%EF
(DFT) 7213 C7e<, "R EHERED 7= D7 A1 (Test for Design: TFD) "Céh b,

75 AEY

UTAED ATV CIFE LW LM Z > TE 72, 2003 4EETlE. DRAM OB v hEEN, Hfifshot vk
KEDK) 90%% 5Tz, 2009 HEFETIZ, NAND S AEV DO TEALE/RD. tt'lﬁéhét“/%%) 85%
Z B 5INNT o7, RILZA, NOR 7w =i, PCB Dififs, AR OBMES OB 12 BT 572012, %
DRKEITINISTU I e A BT 2R T ISA RINHE DRI B R DN E DD TNSN I T LA /5'7:n~7< T
INAANTRATS T, 2007 FEDF/RA Vs A — 7 40 BI OV 2010 DX T Ly bW K 2 b 7e-TC, PC H
DRAM DOUERNLDOEANE, TV —2 L0 EFRFHLI 57D B {KE#E ) LPDRAM (2L
72

PRAM, RRAM, STT RAM K> CBRAM D LH7eH HARAEY I, 3D NAND &&412, LA 10 412075
TARVBRBEA HIZEZDI2AD, 7\ T V—ROBRER T ~ O/ TIX, ABVFERAEICBIT22 (L%
FIERENTAT 35, BUFT HAENTE X DNEINTRND, FTLW ATV TR ICE S
51249,

1969 fFIZH D DRAM M EGES U TR, ARVEE[GRE T : AEVAENT. 2—7 OIEHIZHERL T
T, D77 4O ML ERER— R~ 7Y 20nm L OYY 7 774’0377/:1 V) —=RDI=DITL—T D
ERINBANDZ LTS, DFEY, m—R~y 7 Tk, REY7R 2 DT 7 /- L—Z[GRETE 2 F
ZLITI TV REE MR T2 D ZE N BN 3RO, 2SSO L RISV TS, £ 3D
NAND #Ffii%, V777 4128\ T 2, 3 RATOHEAMZAE>TNDO T, 2 DT 7 /s« =R 14550
Wi 7259,

Table TST 10— Memory Test Requirements
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7.5.1 DRAM

WEDRRIZ, DRAM A3, 2022 4E12 DDR6 (28 T, VO BV 3720 8.4Gb/s DT —HZ L —MMIR|ET 5
ZEEREL TS, DDR6 1, BIE, =Ry 7 O7 L —ARNA —Tho T, EHRIIL TR, Ll
TRz BWNTHILW T ahab A U H T = —ADB IO A EEMERSHY . i, T —H L —h~DFER
PREE T — DR —RF72L T, Z2OT —ZL— 3T 526 Li7Ze\ ), DRAM (X, 20nm LR/
—RIZBWTETETABVRBEDIERDEHELL720, FF VA DBACN T — DR 037259, 4
T T BT IERAN E ATV E A, 2020 A L0 AN EESRL 7202972, B/l ., ST, RogiL,
TR TDTo > CTLELL T2 D T AMEFEM AR 2720 | FLWT ANMEIT —X 7 7 F v BNERES LD,
I F T FRROETIERAN L. DRAM T ARDSTE A DAZ SR D058 LR,

ENANVAEYET, DRAM ORE3Z D DL, AR VO DIH72K5ER DRAM DAL AR — Lk
RDIEAD, Z LT, RO DRAM T AT AN — U B LA 72537249, IT4E, FER IS EdR A4
72— A% PR —MERFVE: 7T AR TEDD LIRS o123, G2 ke EHIT PCR (PSS
D)L B INIES T, ZOREITFIONT NS, TARIANE T 572010, HE)7 AMEEICESD
RO T ANEFULA, B— R~y 7 ZlU TUEESND, LL, TAMYRHTED 16 T/3ARAZHBZ 5T
02— J—RIC L AMEREEER L, BLRESNAA L Z T = — ADFRHRMEDT- 12, GT/s #HB2 AHEW ClIFRE
ERDIEDD, ZNHDRIEIL, FfANTIE, F AT DN T T ANDVEEM A KELTHTHA),

7.5.2 FLASH

A ADE NAND 13 1 A2 LI VERE[RE T ABURE]N 2512720, Z0%, Bl C 242
LI 25T D72 A0, BIVEEFED 2 AEZ LT 2 {51272 DR IE, WO DBNZATITERBNT, B—DAE
U NARAESNAE Y MEOBEIN (1 £721%. 20°54) D72 | FHEISH )Y 7T 4 DT 7 /vy )—R DA T
JVRLRD7EAD, FROFTIEEIROEIL, KO REREERT =T —REFFREL, | ARV RAHIZDOE Y MY
% ATREIZ T 5, NAND /SRR, 16 B MO BT OJANZEY | 8B MME(L THYFE T TE7Z, Solid State
Drives (SSD) CRAZED NAND 23HE SHHIZ-240C, SSD Fi&D7=DIZ L0 i bS8 Ly ) NAND A
VHET 2 AR T B LIV,

SNRBHATEIRD 3 {50 5 8 (5B IR D NI B EA~DOLENE X T AN BE A2 T, Ay b=l ok
72X Fowler-Nordheim D EFEEEN AT = X LI 5[ EHiZIBUVNL THILD THA), IKETALDOR U RIZK
ST, FERIIBHEBIE DS E O _ RSN EIZ/25725), LnL, SHRELEICBHR T DHIEOEI &I —
ELRDTHA), NHDBEDIL FICED, HEHET 22 OAMRIBIZEWERFUEL WD, T7bb, 5k
LT LW TEDS VB2 D,

V=T ANTI, A\ — U T AMEOMERRIZ — AN LB LS, LIPL, =T — e, =5 —
T BB B IS D,

NOR ATVEEIL, n—R~y 7 OEHEZEL ThoLKOERINL , BAEHNIFEMN I E5 SN T
WD = A XL )/ NS T HT2DIT, 2007 ELLRE, NOR 1T/ 3 TL ST A BT 2—A
WZRATURET TV, NOR OMERENTEIZ ES-37 52 L3 FARSIL TR,

7Ty 2D AT Y I T NA R D — U NIRRT A HAI HEER 272 > CETRY,
SEbFEEDID, B\ —UNICHLEEDZ A1, 7\ — VT ANDELR AL LS
NOE BRI 2 D, 7Ty 2T —HERali 07 ay 7R BT R D759 03, &l il 22
SERITITMRIAN SR RO DIV TNV,

753 NEAEY

NIEAEV T, Z<D MPU X° SoC 7 /A AT 80%EHAZDNTL P AS % 5D ZOT SA Al
NWTCNWDRT DAL DA =) 7L IR 5, Wik 7 7> 2% DRAM OB MR &L, —#xAY7e
DRAM X°> NAND OFE[FREN: By MEE]E T —H LN THA), m—K~ 7%l T, RRAM, STT
RAM D 1572, JOFHLNAEYDBES VDI /200 LAV,

TANDEPENZED DT LT AMBROT —X% 7 7 F ¥ INEREND, flARIAI H B 7 AMET
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[FRE 1 BIST ]S A H O RF B [ERETE : BISR]IL. P DRAM X°7 T3 2ha AR kT AR
T HIZDODFEAFAMNTTHD, ~—F 27T ANBHE DRAM IZE S TRIEIRN— 5T, 7T 2 AEY DM
KR T AT VIAVAAT, ST A AT —T | TaTTLT A AE—T BIOHET A AY—T THOFT
Do

?%bis FH0 70 DNFULH, AEVE O CHEE T 57 ANANL—F Y NS5 ETEBVICHERF 5

DIZHELIND, WLODDIGE, Yyl ENBATVZRILT A TT AN A0, OO TRETT A

M‘éjﬁ)x AN R A AT, OO TRRICT DE, BV ZEIERY v I T AX TT ARSI, N 7
22X DRAM (F ATV T AX TT ANRGANEZINDL THAD,

76 7T 7BINRI v I AV T TNV

EIVIA T T —ak (SoC) VAT LAY 30— (SiP) DFRFENE (ZARAY > M) 1Z+7780 5
WD, ZOAT TV —aAd, 7 UHVER, Ta s iR, EIRENE, <y 7 A7V, Z LT RE /&
JEE IR — 2D/ — X Fo T EITHAIAA TWD, ZOA T 7L —arOEmiL (47 =
—AHAT DFEFEE NS TRY, TANEE X NSDA L H T 2— AFIEI KRG T DI 810705, A 2D
Ml 3 RSCORREARROHEE 1 L7052 U BB (TSV) 73y 7 — P EAR OB > THIZERL T
W5,

VI AT FNRT Tl OT ANIEE R 52 TD HH—dOEE/2HEMEL T, b CREICRES
NDT NAADIERHAE T AN (V3T LT AR) DR (AR TR A RIZ2 > CODIRD DD, 73T
VT ANMIRHR T DITIE, & & DAL BT 2= AZA TR U2, JDELDOFHIT ¥ VBT AN TRED AL
— 7N @D DT DITELRSILTUND,

T INARAYTD DAL BT == A OB EFRFHE T 5T SAZEL DALY VT /VEZ A AALEET 5
T =R EDOMENPVILL /2> TETCND, Iy T ALY FVEReT FaJ [BEEEROBIE T — X I XFIEREim T
HY, OT NSAADIE I E T DHT2DICT — XN NIETH D, ZOT — 2TV T LA A ITRALER,
H LT O T AR T TR A2 L TTF AR TRRO AL — 7 M@ LT U7 b7, 25
DEZA, [RIRFHTE 7 SA AEEDIEINL 7= Z 1T, BAFRFIREE 7 ANMDRBHERFS AL T UE 2k
DAN—T"y "MK T T2 IREMED 8D,

ZD I, ATE FHUFRORR & 72 AL 2T 2= ASNDXG, 3T —~ A NMERE, L CT — X LBREE ) D
CCEDRE T (2 AN) CEREE L5 TLD, icb B L TD RF (A7) 3801, EBIOECTRSLT
WDy IVTAVTFINT INAADT VANV EEE T IVESRIY, 0w I T SAAEZDHIThH/I—Z31T
WD,

ZOHNZ, TIur IR T T O TANERIZE R T 5, IvIAV T F T ANDERT —T VI,
YeEDT 7T 7V r—arO7 ARNHEHAINZE B L TWA, 7T ANHAIERX, — 2L LT AR 5%
A R—=UI2F T2 6T, —DOT AR CTHA R TEAINNTe o TWD, LT, HEDT A AKX Sy
MHDOERIT, 2,3 OT ANHER I 7TIVNZEEDHHID, T Hal WO AL v 7 F v T3t AR
ZolIZENFELDOEND, IvT AT FIVIANT ATE (i3, ARJEEAE B OSBRI R KRN ETHY
NS B L JERAE B ORI AN T RANTEHER RO BID, MEIZSU T, Iy AL 7S r
FIEEA~DOERIL, 0—R~y 7 OMOERT — 7 L EBEN S5,

STeODOBEELMEM DD D, 51T E ORI TH D, KEy DT T s R0y I AL T F)VDT A

NX, BERERZRREEA T, T A ADTU R~ = b T TV — 2 AR Dl S fERE T (8 B a ks
eI AE UM 9 DAEERE ) DL BEE 72D, :mﬁ;ﬂﬁ®/\°?%~mi\ TV DOIERENT A AT
INAAFTIER CIBESNDIZOIUIEZ DN S5, 5 2 DL/ AH AT, T AN HARR O/ T L
TANDNFNME T AN — /N — oy R EIZKL 2 ANE CORIEEMENE D253 Thhs, #& TST2 it
7 ANZHT D RIRHAET AR Tﬁéhiﬁﬁ?wﬁxmw\w L. TANEEOHEIENIZ R T,

ATE FHARR DT ¢ R/ VEROHEINROBHES | PEREM] EOBEMITAEBHEK DY, LIALFEIRFIC, 7 AR AN X
DR L QU2 T U2 5780 (R RED B L\%Iﬁéﬁﬁﬁ)o T nas Sy A7 F )V DFT & BIST OF il
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B IV HEN TS, PEREICHE DW= T 07 7 AR FEFES NI E IR I AR T, oM co R
IRDMTRMNMETHD, 77 vs BIST 1L, AIREMESHLARIR THY . IOIFIESN D5 BE L CRESILT
%o TANEHAIBE DO MES AR 720, E5HI72 BIST ZFEATLIZY ., 52N R R B L7035
iz RV DI TE B L 72> TUND,

Table TST 11 - Mixed-signal Test Requirements

7.6.1 Biladp 5 EE R

o TGIEEZAIL T (ZA L — = —rrwh) ENESTEEZ A7 ORI, 77— AN Varz AFL
e EENTA DT ANNER CECNWDLIELERET D, 7wl /Iy I AL T FNOT ANEEIL, 7
ANT 4D AF % (TANER) RT ANFENRE THEMEL TWD, [E 5D /A X G EREIE D/ AN—
7 BINEEE . PIER—REEH OB, T30 7 Z LT, ATE ON—RT =7 /Y7 =7 O
75%%&71%@%]%%0)7 OB RRAT Y 2— N B h H.2 CND, TARNRRO T v A%, JosEL, £
TERFHICEY BEM L SN A IR B T T e b7en, DIz, TFHal Ry I AT F VDT Ak

IP %:ﬁ%l 3281 ETHD,

o TRTCOT I/ IvIAT T INT INARAD I ANTOIWFDD>aL TV NeT ANDEI B3
DRPEE . T AN O HECRE TR O AL —T v R b, 2L TTF AN AN HIE T 572D 13
Thb, TXTD ATE sHAlERO XA~ (DC AZEET) 1Tar DL b 3T VEMEDS IR CEHEEK
DF ¥ RVISLEETHY  Z L TRELIIGT . FATHRERIZKTL T DSP 7 /LT VAL (FFT fENTE) 2
(ZAFNHE T DTN DHD, T DI, RFT ANDISR2 UL YR —R 572012, Fv RV E
[N T 7= F T TANHUZBROF v 2V S 7= O ANE FiFfe 7t iudZabreun,

o 7l /Iy A7)V DFT & BIST OUEL, LRt T AT MK T D720 B THD,

7.7 RADIO FREQUENCY

RF JEPREHARIII I 2 DIZRBISD, BV T4 il A L 77/ 8L —& XS I T b, EE VT o
DT —T ME, FAT IV 7R L CODIE Y7 ThD, mEHEETIE. WiMax [ZR D 4 DT
S NAREHEYERIR IR DEEZ I, TR TDOAL Y a—< T A AN TR C&5 UBW X, 77 UA
FREFIFIZ L TH TULRENT=H LWL U R Tho7-, LU, LTE X° LTE 7RV A(X, 7_TD
FEVT AT SAADE 4 HAROHFHEERE L CTF EL, 2L T, UBW IEFEEMICE RSN )T, T
Bix, Jo@diin T — k% alREIC 3572512, WCDMA M5 LTE 7R/ A &7z, 802.11a/b/g/n 7>5
802.11ac WiFi DJ97¢, KO K EA IR ~BEAAAOIEERS A L S22 LoD T&Te, av v a—<-F
EVT 4« T HNAADEERHERE 1T, A — T R0 T Lo N THY, TNHIE, A 17 BRI L LT
LTE/LTE 7 R/3 AR WiFi 2 L T 5,

EEVT AT OT—T T, ENODOE LA KT D7 DICHGETSI TS, BiDT—7 /LT, 12GHz
OF Y UTJEWEL U1 UWB IZE-TES IS, A1, 6-8GHz Lo P& KL TV 5, E _if_
SSB D EiEIX 80MHz T—EDNEFETH D, ZERIT, JVEERT —HIEEEHLED 572012, LHEW
PEAH ) A RSRHERRIE O T R LD AT NI e T — AN TP 72 & _iofﬂ%mémé/?vbﬂzf“ D3,
T E W S TSRS OB A TR R IZL QOB LN U R THH LR TS, JEHHEID 2 THMI R
HCIFEHETHY | Fio, ZLDOEFEDT V2 VB EAEERIAG R T 0 AHWED =— XA mic T LB R H 5
7o T /AR YETZDD RE A —MU T, FER ORI E EHIT 64 R —NMIHE 2 TUWD,

E2ER IEL—& DR AT LD K LT ANUX, 2 D B DO OT—7 )AL 7T/ H#L — X )
ZFEH LTS, ZAUE, R S TOTd O I AFHERFIIS LS B IR R A L R —edRA |k
PG DHELLHUVEST, 100GHZ ~DF L PENIHRL TS,
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Table TST 12 - RF Test Requirements

7.7.1 B3 D HE R E

o EMEREIL/ BRI EILT DT AR T HERIAND T ANER O BRI D, Fi7-72 DFT 7 ANFER
FOMHG T ANFIEORE PR ERFE B ZEH D,

e SoC < SiP #4712 L0 . RF BRI AIAFNDZEMEL 72577, RE T AR T VXL (AU R) R0
VIR T FINT AN A DR TATIZEN—RANTIR D THA), V= — L TD RF 7 AR%E
JMFEEAIL T, TARN AT ATk X, 0— KRR —K /Y ryh/ 7 a—7 B —REDY— VL,
DUT A DO T FNAL T I VT A% bR T DI EE L /2D,

o (AR /ARG BIRERE D720 D5 FIR B KON E RS I I B STl 0802503, 10 i
KNI FICEREE D RO DIND, VT JER £ 5 100KHZz A7 2 N CONFE /A XRNETIE, 222,
3EDIBHITD IR LY -140dBe/Hz LU F ~DEENEREND,

o 6GHz X D ERAHRD (77 /r—ay) NV RRRZ TETNWD,

e 6GHz ZHiz Z2HHIR COT 00— 7 T ANIKIREL TREFETHY , ELH LD 6GHz B TH
0—"7 7T ANIEZ VT Lo TR,

o 70— TORBWEREDA L —F L AL IO v 7 L —a FEOMNITZAE CThb,

o T ANBRFEREL L FEEROBPEHI Tl EMI BRI KIEIZ B 720> TRY ., 2R BIEW 5L
K& B 5.2 5 ThAH),

o b Z<?D SoC T AMIRITHERKIL, WEZIZ RF-t0-BB £/ DD |73 %, RF-to-Dig <
Line-to-Line DERIFRHILTWBN, RIS ImSIL TV D,

o NHEAZEERLESH (OEM) 1% RE BIST, /L —7 /307 « T ANFEZE 2 TODHD, HERET AR/ 8T
AR 7T ANSHIG CIIMERIRE L TEEACTH D,

7.8 EHEMEBART DE R

BRI 2ERIE, LT O 3 I H O kT D,

1) 1ZHEMEKFAEEERDD @ Reliability Defect Density)

2) FEMEAI)—=2 T B IO ANFE(RS&TM : Reliability Screens and Test Methods)ii FE 0D 2 24

3) [FEEMEDT- D DF%FHDFR : Design For Reliability)

fEHErEm Eofai b B L, EUTREITL T BEEOTD O RMEE 2t 352 Th D,
ZZCOfENL, BE OB ARG E DR EL TERIND,

EFMED 7 BFIC BT, AT R 1, 5 R B3 (the field failure rate) E7-1XFEM A RE(FITS :
failures in time)lZ&> TGS, [FHAMEOTANT, BEEDTZDDARRE  HED D Z SO E TN B>
TWD, LI T EEMEa AR R —HENAZ M50 ~HOEFEL, TR COEFEMEOIRAEE 2 B R
LIRS R 705, — 07, Bl AN, S — U A U S EEE O E LD oD IR I LT

WREIND, EHRTIL, PERDEIEAN AL EARN AIZ LD 5L T CEIRWEBTER 72 R %5 H
T BT DIFEEABLRDTND, Z Dk, L OMESRLTREFIEDMELIZN, REIEIZBWTL, &
JEAR AR EAR A% T DR TIEDOEE TH D,

DAY 7% 2 TRIESREZNTHZEIZLY, K& —MHU—7 BB AEL, ZHUSxsd 5
728D DEE IS LB R T ED b BEREN D, [BREMET AU W THRREIC D LB IL, T —
DOENT FIBIRERNE AL A — N —F L (BRALBRE) OFEBRICHRGE IR S TRBLICH D, Ll , i
HIEDEZERL, TV DIREZBEL TANAFEZFTHHOTHY, Ffkoaidihs EOAN R T.
NS =755 JHEUONDIRARR ZFE R T 5, EAUTIRDIH72ZENLTHS: RY-D i H
BT, REROIBYINCENLT 0% bR &5, MEEERZ T HIT ABTER 72 RBaODIZEAE T,
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LB OYINAR R E72D, HDOHITTAN AE G2 DITIE, AR RAE0NT TSR, HEFHIT52E
2L T, N—r Ay R —7 (ki) 2B 2 ENRTED, HREDEFEL T, AR RZENT RN
T1ZRE T HZE%“In situ stress”EFRL . AR ZZ7TTODD, IHRIEZA THO720 % D% “Dynamic stress”
ERL TUVD, BASGIC, I R—% 2 M3n situ”Z VDI S E0ImdER 8D L, 3 TSI B RE
TFBND, ZOR BRI L, IANENT 2T U7 25720 ERTISILD, “In situ stress”(ZIF AR A%
INZT=7 727 a TANPREET, ZAUSLOMERED A1 3ME/ N5, [RRETE : — I B AT, AiE %
F=H—RBL BHEEZ AT IV BL BiE + 7707 ar T ANATHL DT ARBLEFRL TWVD ], #4211
RLUT, 8E7 B ZADIEHHEIZIY | ARCAEIINFICH D ZRE T 52803, 5 D& 77 TIXEESR
IBE DA ADGETHERE T D+ 7e~— U L B F 720, L LRGN T 7V —ar OEWESHT
%, IELENET 2, ZIHD T SA R R E EILTHRWIZED D 05T, In Situw” AR L, 2O R
A REEHBTT 5 THAY (ThebbA— " —F V), ZNHDOEXNEN D~ — U B FFOT SARIL, Szl
NI O S % ORG T D, [BHEMAMT- 720120, N —RA 7 RRETH D, ZL<DOEFA . M
EHRIIFZENT HNTIREEIZH B,

1SR R B FE OB BEI G, THBOEEEERET -3 7200, IbIAMNIE IR TE ThH D, A,
Zhut~vA/nxl 7 a= AT E RS T HE X OBEBEE S ORIFEEM CThb, KIEOEHIL, K
faE 7 L L BRI R B D ET TR R BAL TN D, £ LT ABTENERE A O R KGE RV 72 N EOREE | imED
T = IEBIFNCEZ T TN, B OHEMHEART, EDORMEZALS L0, Ly, KKaoE 3o
HilX, [SHEMEK MEE EE (RDD) B U ICEEIIISHTESTHA), Ll KitaESE 5@ EEE &
TRIE. Fox 3T A AR L VER R OREIR A B A CEHR T2 IR £ 72D, AR A TIH TR HED Fy
AR CIRESNDD TR, AT LG L TR ED, ZY4 BB T TR E R AT~
FTLEDOTERWEGEDHEAL, AT 2O G (BIELIRE) 2V o2 A7 LFREHE IRV L 2L
THOD A DTN, ANCASIEOISHOREREL T, Vmin BifEL PO 7 b0, HRESRI I ET D
NBTI <, 7" — Mg LD 522 (R KA O#faAliE : TDDB) (Z2V VT, WEE K53 OR300
FFTHDH[FR#E 1 : NBTI=Negative Bias Temperature Instability; PMOS 0% — g - ICADBEEAFIINT 52
ETHRATDHI], LTcdo> T, IO HEE S EMES R RO ZE B A6~ 5, C4<°BEOL AL
FRICBITHEBEOTL 7 a~ A7 L —2 a3 NIONWTO—EIN7e B 2 TS 2 ANV AFHEIC > Th &
ZENDIBERBERSLCEIINIRNESNDG AT, ASRTHEN LI CTH D[ FRE 1 : C4=Controlled
Collapse Chip Connection; 7V F TR T 47 D— T3k, To— T T O/ RIFHT T 7 %4
LOSTINIL TA U F =R —FERDO R NIRRT HAVA VYL AR T 7 O—FE] [RF 1
BEOL=Back End of Line; “J-E{ARLET 1 Ofdi TREOE], ERoPEreixt b2 Bl 2REILER
b,

DFR & ¥70, = DO FERERRERE > T\VD, ZHUE,

IO/ FA = &

2) T 7 wE GRE, WERY)

3) VAT LikEF

ThD, ZD =20 % T T, DFR #EREIL, REGFTFAMEZB R LT UT bV, 77 /ayikit o8
AIZBNWT, V=7 ERICRR T 2B ER L, KGR EOEEORELZHERF 5, T 77 A
> & DFRIZBIL T, B MERBESIRDOFARINL, i F It OESENANL ClR% CThd, TUR BRI &8 1 1HE OfiF
BrCiZ, MY 2R BT R o bl D, T AT AL ~ULTORMEFAMEL, BB HOEE, B
TLREZENGRS TN,

(EHEMEAS ) — = 7 LT ANTHED BB\ T, BARR T — & fliBh T —4 . 5&iflegT —4. -7
T =P HIESC T ER O STRD B E 2D D, i, T 7 RIEOXAT | EFEAZ AN PHERE
1 SHEMELK, #5217, T aY ORI E > T DD, WEREE LR E N KO FRiEL T
e BRY ABFMAZ Y — =2 7 LT ANFIEDS, BIHHE PRI RIZ W T B OBWE 2 712785
T 59, FAUIKMENRSED— 7T, T/ ZADOMEZ A CTEX AL DO TRITIRBR, DF0 B
FENENL DAL TH D, BB TIL, BERESE D IREL /2D AR AGAECA N ZBIEITRET DTz, 1
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FOKE L. " RIBENINESEDH0, BERIEZERE CE R USR0S H D Th o7, LA, 10nm LA
T ORREE, NBTIL, Vmin OJXH72i#fl7e~— 0 JET T OERSLEE Y v OB, i~ A/1H0
FRABCAROB B DN 2 & DL AT Wi SRS BT < Ap o> TE T \50

RS&TM I, %h%?ﬁ:‘?:—/\ﬂﬂé&/v&— N(EAFTETY 2— ) FRITHT, 2L T B RBa
ERMEIE AT DT LT <KD, ZOBMEE, iSO 3T AN REKL.>, (S
PRl ZDHIF M EOIHEZ O s a FIDIT 2 FINT &72 5 Th A,

TR EDAT (V== NFI2 13 S =N RMIET 7 = 21X BRI 50N THE
ZHIRPERCHEIT (ZHIZY — 21k U TR L 32) 2B E L DB HEE a7 Tide
B, [AERZE1E, AT S T ESRW, ZLOYE | M EIET) — 27457 VLVEBIKET)
R VLT(#EIKR) &2, V—r2 B LS E2EASUENLERS A TH, OO MR pEINES
FHERIEETITT—RANTEL R,

781 N—U A DER

IN=U AT B RAD D OEAMIRFREIL, 7 SAADE U EHE K, 73— F ORI 773 A
OEWEE RSO b, B — 7B O A, BIOELE/AENIEOHEKIZE>TImftTsns, %<
DOFFEMERETE — X, A= AT TIFEAZ == T TEROVO T, 5 ZED 572012 IDDQ,
HVST, V= "<y 7728 DUV OO FHENFFETHOGLIL T,

PN A VAT DA, FRCRE ST T A AIZBNT, IR D ke T D D305, 7/\41
OAT BEOER/IMEIT TAVEET D, AXvo T ANFIEN, FEFITIRNANRTZEFITTHODKRE
VEFEES D5, KEITANREL, Hx DT A ZROEEE ) OfiliEzE nEE T 5, /<~‘/4‘/I$%
(VAT IIRTAINN—= A o IR—= RV 7y BTk, WEVAERK Y 1y 7 5 & R 70 e diif 7 S A A0 E
FECRIGT DZ DRI/ 2D, DFT72L DT A AL, VO DB KAV EET 2, KGD =— X DHENE
=N\ YL e = R0 KGD V70, 7' r— 7 B CO AR AHINNI %9555 1% KDl %

TNARBRCE FOERIT, =2 A R —RIZBITD, LR, BRI, B AN—A MR FIRSC
EEF . T ANIARDEE R R —NEHEMRE OREEZ KRELST D, ABOT N AROE Y FARIL, HiLv=
ARNRRETHY , /N—2 A W= TR =R BB H A L BT 2= AN BRI D TH A,

IN—=U A N, AT NEOMR, Bee T b, KET L, @B b A~D RSN K EZRFEFH R
BETERESNTWD,  [FIRHZ, Yy MIKE jjww;w)% CELCOMAEA B 13 A IS U7 2L
KPR O FEZR RS THD, ¥y MA—J1 DO FEZR5 T, 2D DFTLWERITH IS T 2 E i A 1= L 7223
SNV iT=SSANON FIAVE F‘&%A%%E%é”é:kf%éo 0.5mm By F RKiDOR—/L7 VR T LA(BGAN
W HASIN TODACEENWED 2 27 MR FHE, R T DB AR ABLRITK 9 HBEA -/ 7 MERF O BE
B0, BB Lo T, mEBEDTL 27 NIB XM AT A9, EiiaIEREDm Flctel T, Bl
WERETEFTLWEM DL EL I TND, Y7y hORREHE, 7\ — VS HERKVIZEAL T, Ry r—2osr
— RANSY NI FHIS T DD D, — 7| /\//7—/0)jtﬁ'wlﬁ° =T O, P T/
T NRAEE Y TN T 208 b 85, 227 MNEEHIIE, ERRIBEBAINEREZAR7/20 2 872K | KD K& 705k
FEDRDHILTUND,

IN—= U A SO R I T AR R = NEL DN — A VAT BTO/R— A T 2= T O/
—U A ZLTC striplarray TO/N—2 AL % G [FREVE BT ORI TR T I BE T 2RiTOIRREY
—R 7L — LR FERODIREE) T/ — A 95 J51E ] (Figure TST16), m{EHEMEDFHIRIZEB T, VAT AL
IVTONR—=2 AT AR T SAATONR—= A ZAfiD D, FTITEE WD, To— LYl e /R—
AHAE, BIEFEEFARISILTODD, WEEER T RO/ N —2 e N = A AR CEE DA LN
TE TR, 22Tl Yy M W= A U BB EIZT L VL A v Py v BIST, A€
BIST(MBIST)%L’FHI/\K\ [FIRHAIE DD = — N Lo = A %A TH S5~ %, Strip/array OFT, LD
L D= TRED/ STV VT AR TEDRG, strip /array 73— A TS HEIT/2 5 TLD,

Table TST 13 - Burn-In Test Requirements
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782 Jx—NL )L e )N— [V

U=\ YL e N — U A AWLBD)DORERS BRI T D7), /23720, HHF X, DRAM
DWW/ —RICHHZ: DC AN ADWET % 52 5L TIoN—0 AU | EFRL TS, HDUNE, WLBL L, 7
INAADEFENEIRIEIZIB W T, TS RITETEAN ZAZEDTHEEHIZ, To— 2O X IR IR
ICEDRMEDIEEE ST DI DR miRE R 2 52528 LHLEDN TS, HENUF T, AF PR
BIST 72& @ DFT #8E% FiV C, B—T U R D~ A 712 ha—FX2 SoC |2 WLBI 2 952 L& AlREE L
TW%,

EEARREEL T BRI O A R E B L, WLBI OEEDOIERE(L, 72— L ~UL TOBRRICEDH
MEDRERAE T HT-DITE T 5 5 1kE R~ 2872, $RZ, WLBI ([Z#L7=T /S A TS DRAM (Zx[7°5
AT, TN T D= AV BREEA /X r—3 e N = L[R2 /B % 7 r—
VN =2 A DAANVEIMIETED, 2O BT NIREITBIT D= AV BREEICHWAZET, /13—
VAVRENCE IR AL THS,

WLBI (2T 2B TILR L 208D, PR RRIINT D AZDAr—Y 7R EFH LT aE A
T AR ENZ IV E T FT Lo TND, TNAAD BWEBEE~—T ORI, BIEE,
BIEARN AT AN W TR EPERFEO A IMEAZ AR TS T b, & D CSP(Chip Scale Packaging) &
MCP(Multi Chip Module)?DZRD7-H1Z, KGD OB KL TUND, FHEARLE TAEO FU ORI
—UAEATHIZEILEY S AT NEA LDOFHERT = — N TREA~DOARY | K ERORE LT = — T2
DT =R NN D, LN, o r =D TRIO T ot AT, RET SAADRHERREZITH
LT ARBET RAAD R = AT T B DAY T T A AN AR CT& D,

’JJJ)).UI;

Conventional Assembly

L ==/

Burn-in & Test | T v A bly |
¥ \
Wafer
< \ 7
, High Density Assembly such as CSP
D I N 3

& &5

Known Good Die (KGD)
Wafer

Figure TST 16 - The Production Process with WLBI Compared with Package Burn-in

783 V=LY R—U AL DI=d DT a—8 L T

TPS[FR#& 14 : Three Parts Structure] 7’ m—7 e~ A/ iRIE L AL X7 XL, Ux— "NEHEAL XTI DT
DOALB TG END, TPS 7' B—7 1%, ZIEEHRREAR, /2 7 &L PCR(F G MEET L) —hD
MR CTETHY, PCR ¥ —MNIZBEREA LS 7 R EHEEDOHICHY | T DAL —mSE I,
DY —VEE B E L T-a I NEATHIZEINTED, ZOV AT DO EBEIRFHRIE, K/ 0 7 DIemlZh=R
FLJETENTHZENTE, N7 OMERLRIREEHICID, TAI=U L3R T 2 HEVLEGRE
T BUEDHATCIL, 300mm 72— T, 8~15 HTELVIRETREL SN TS aar 47 BREN DS,

The International Technology Roadmap for Semiconductors: 2013



60 T A b
ZIERCHREEI L, IR FENZEARE(CTE coefficient of thermal expansion)DARFEEA IR SN IIZ, U=
(BIZATH T AR TIv 7 2 EHEIU TR EE NIRRT Ml FH S TD,

AT RA L DI EIZ L, FEED CTE AHRiol=7 a—7 7L i Al ORI THERK
STCND, RIEUALTEBEIINL S, BB EZRD | BRELI-a 27 MET ORI IRl ST
BV TIREEL , 2 X TN TED, T o—T TN T2,

=N\ rYL e X = DI IRTEIR DT =N EDO Ny RIZa 278 HI2E, ATV T TRO=
YEINDOHNTESND, a2 740 —R<2y TN T, DRAM 1L ILAEY =2 A DEL% 5D
TWA20, BAELL CGRIZN D, DFT TiE AT A LSI SRRt SiuTing,

7.8.4 FOMMDT ==L L e N— U AT DE LR

U — NOVHE BT, N U AE DT 2RO 2D sub-threshold U—2 &, BANZHAE Y4720 D
N7 P AL OEEINZ IR T D, RO/ S— A REIZH ET2 sub-threshold V—2713HE KT 5, L7=H3»>
T N—=U A EEIT 1T 2 — 24720 1000A LA EOEREHSG TEHRESI N2 T by, £7-, )
7R BIHIREATHT=OIZ, 7= — DI EDOFHFI LI L) — R EN 70D, FERANZ, N— A EEE I,
B2 DRFED AT =— NI L Tl CEZRT UL D720,

BIST 13, 7 /A AY =0 DOHT AR DI & AIREET5, Ll & A D/ NSy ROFkE TRz db,
T —NORE AE Sy REDHEEIIL . ZOFEZFEL TLED, TARSNAE O INTE T =—
\Za AT A ITB NS D, A% v, BISTRRITAG D157 DFT #6E% VT, WLBL OFI HZ AJHEIC
FTBEDOI . FALRL T OO T AR L h—2 )L a ZAROHIRE LT uE7eb7eu, 2L C. WLBI Hifff
DOHREZTBCGEL 2T AUT D720,

WLBI % f[fELT 57 m—E U I HOW T EIRLIZ, UL, 7 e—t o 7 B, fERO T R
A R SH 57280 WO RBEIZE L TWD, LOC -7 = 7/L T A A5 TPS 7'i—7 Hili
DOIRFTCIL, 7Sy RE YT % 70 pm FTEAH TELEEDIND, 70 pm ELFOE Y FIZXL T, 74 YT F7
% 2 MEMS EABIRT&E S, Lol ZOHIE, 300mm ¥ = — N2 H CEAMRR R A>T
720N, FRE Y TAITKRET 57 B —E U T HART D RO BV TNDEL T, 2N ROL AT RATORFC DFT %9
FEND, =D BENYRERIT IR, BHEE YT TEIIC 2 50O/ Xy RE Y TFIZTHIENTE
%o Low-k M D721, 2 AT a—T EOBEHALROONLTHA), ZHUIH LT m—E 7 HikD
TN D TH A,

79 5 A "NV RTOER

Wafer probe (7'm1—/3) & component test(/ N RT7) TOIEE T EZ A MIIBWTHODNTHAR R
DD, T =3 NURTIT SHRAZHEAEDFBLL | SEE A H oA F T = — ADIAANMNE R E
UWNTIIZ DN LR EH T D,

Za— N HIEE A B0 12 300mm Y = — N A N—TE AT O — L T B AL
725, KR m—T a0 ZETOE B IV EIL OB AR 2 HINDSGRE Th D, 7 r— 3%
T—T7 I —RIIZEAUCBNTA L F T 2 — A LN T —F T I F v SN EEL 725,

TN\ LR Ny =D T AT, HINHZR T v L D B R ) RIS AN AE TR T 528
WEREOE THD, A—7vhom k& JEEFER (B2 7 AMEFRAFELSTH) | BLONCRIOHE
W] bR a e ZRSRENEEE (1 : FERIH T ARCiE e 2 MGG 22 E) I RIRFI SR E LRl AR e 7
W, DK A% R\ — VIR T 5 3D B LA ERORT TR (T hoR) | % TR (N
7R ORIGEMSNDF R TR QURZUR) TiE, To— DU L@ XA D~ A 7m0 7
LI, A X =R =PI L T2L D C4 T ~ar 27 T 5720 OFHEAN B MLEN /2D, /N R T,
AR T DD DA TR, Z A RS EIRNAN RIS ey Faas Z b 5720 OALEDD
FEENFETH D,

=R N E D HE R, 7 AR — N3G 22> TOEH A ASEL e Z e DA E DN RY 7 ]
B2 YT 72720 T EB Z HIVA IR MR, V=R R | AR — /L OEITHE 2 TS EB ZEE
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D—DTHD), PR, NURTIIEREEE Y 7 &7 L —AREREOM [N WAl S r— U ~DRIG, 7 3 —
(ZHE A=V Gz I E i3 2 MRE e E BB TH D,

A B A C OIS 72 el T St Aol L 77 A NREERRPH DO YLAR DB T2 D, FRIZT ANBRARIRFOD | FEEL
HL AR ARINZDHIE, T AN OX AL Z— BRI, Uro 7 a AR E ORI T dES
NTCUKRETHD, TANMIBITDHHEEENTRE THEIMERIZSHL0, ~ /LT a7 HEifxZnaiEzfm42
Az b,

INHTRTCOERE 1| BTHRZDIEDTEHNRITHNZEINTI, RIS, RS A
=T WaERE R/ RIRHRIES, Fen oM RE D HATHE & L AN R D & D 4418 D EHL 4 D EH R
L7225, 2007 HEITRS R—R~ 7 TlET A RFEEDBUS TR T% = DD7 N—F1Z 53T THfELT,
TISAART EDFEENIN,

10W LL b2~ A/"T—
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Table TST 14 - Test Handler and Prober Difficult Challenges

Pick and Place Handlers | Temperature control and temperature rise control due to high power densities
(High Performance) Continuous lot processing (lot cascading), auto-retest, asynchronous device socketing with
low-conversion times

Better ESD controls as products are more sensitive to ESD.  On-die protection circuitry
increases cost.

Lower stress socketing, low-cost change kits, higher I/O count for new package technologies
Package heat lids change thermal characteristics of device and hander

Multi-site handling capability for short test time devices (1-7 seconds)

Force balancing control for System in Package and Multi-Chip Module

Pick and Place Handlers | Support for stacked die packaging and thin die packaging

(Consumer Wide range tri-temperature soak requirements (-55°C to 175°C) increases system complexity
SoC/Automotive) for automotive devices

Device junction temperature control and temperature accuracy +/-1.0 deg C

Fine Pitch top and bottom side one shot contact for Package on Package

Continuous lot processing (lot cascading), auto-retest, low conversion times, asynchronous
operation

Pick and Place Handlers | Thin die capable kitless handlers for a wide variety of package sizes, thicknesses, and ball
(Memory) pitches <0.3mm

Package ball-to-package edge gap decreases from 0.6 mm to 0 mm require new handling and
socketing methods

Parallelism at greater than x128 drives thermal control +/-1.0 deg C accuracy and alignment
challenges <0.30mm pin pitch

Prober Consistent and low thermal resistance across chuck is required to improve temperature control
of device under test

Heat dissipation of >100 Watts at > 85°C

3DI and MEMS application require very thin wafer and special shape wafer testing (handling)
technology, but no industry standard exists

Advances in probe card technology require a new optical alignment methodology.
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A high-temp dicing frame sheet is needed for probing
New wafer/substrate materials require heavier wafer handling

Power Device applications require very thin wafer which drive need for 'Taiko Wafer' and
'Ring attached wafer' handling technology

No standard cassette / FOUP  exists for thin wafer / warp wafer

Enhanced Probe Z control is needed to prevent damage to pads

Probers for wafer sizes greater than 300mm may drive changes for probe floor layout,
operation, and  building design

Gravity Feed Handlers Thinner packages and wafer will require a reduction in the impact load to prevent device
damage

Test head size increase due to higher test parallelism may alter handler roadmap

Reduction of static electricity friction and surface tension moisture friction on very small
packages (<I x 1 mm)

Turret Handlers Test contactor support for > 100A current forcing on power devices
Kelvin contact support (2 probes) to very small area (0.2 x 0.2mm) contacts on small signal
devices

Strip L/F Handlers Testing process infrastructure configuration

Accuracy of the contact position for high temperature testing environment

Table TST 15 — Prober Requirements
Table TST 16 — Handler Requirements
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Table TST 17 — Probing Difficult Challenges

Geometry Probe technologies to support peripheral fine pitch probe of 23 pm peripheral staggered pad probes
at effective pitches of 20/40, and fine pitch (45 um) for dual row, non-staggered probing on all four
die sides.

Fine pitch vertical probe technologies to support 130 um pitch area array solder bump and 50 pm
pitch staggered pad devices.

Multi-site pad probing technologies with corner pitch capability below 125 um.
Reduction of pad damage at probe commensurate with pad size reductions (or better).

Alternative probe technology for 75 um on 150 um pitch dense array (vertical probe; bumped
device).

Increasing probe array planarity requirements in combination with increasing array size.

Parallel test Need a probe technology to handle the complexity of SoC devices while probing more than one
device.

Current probe technologies have I/O limitations for bumped device probes.

Probing at temperature Reduce effects on probes for non-ambient testing -50°C to 150°C; especially for fine-pitch devices.
For effects on Handlers and Probers, see that section.

Product Probe technologies to direct probe on copper bond pads including various oxidation considerations.
Probe technologies for probing over active circuitry (including flip-chip).

Probe force Reduce per pin force required for good contact resistance to lower total load for high pin count and
multi DUT probe applications. Evaluation and reduction of probe force requirements to eliminate
die damage, including interlayer dielectric damage
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A chuck motion model is required to minimize probe damage

Probe cleaning Development of high temperature (85°C—150°C) in situ cleaning mediums/methods, particularly for
fine pitch, multi-DUT, and non-traditional probes.

Reduction of cleaning requirements while maintaining electrical performance to increase lifetime.
A self- cleaning probe card is required for fine pitch bumped pad devices

Cost and delivery Fine pitch or high pin count probe cards are too expensive and take too long to build.
Time and cost to repair fine pitch or high pin count probe cards is very high.
The time between chip design completion (“tape-out”) and the availability of wafers to be probed is

less than the time required to design and build a probe card in almost every probe technology except
traditional cantilever.

Space transformer lead times are too long, thus causing some vertical probe technologies to have
lengthy lead-times.

Probe metrology Tools are required that support fine pitch probe characterization and pad damage measurements.
Metrology correlation is needed for post repair test versus on-floor usage.

High power devices Probe technologies will need to incorporate thermal management features capable of handling
device power dissipations approaching 1000 Watts and the higher currents (> 1.5 amp) flowing
through individual probe points.

Contact resistance Probe technologies that achieve contact resistance <.5 Ohms initially and throughout use are
needed.

A method to measure contact resistance is needed. The traditional continuity test is insufficient to
monitor contact resistance.

High frequency probing Traditional probe technologies do not have the necessary electrical bandwidth for higher frequency
devices. At the top end are RF devices, requiring up to 40 GHz.
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~ Scribe Line - Scribe Line

Figure TST 17 - Probing and Wirebond Contacting a Bond Pad

TUTTLADN-HANCFIIRESTOT 7V r—3 a0 Thh, TE 7 0—7 HAliC A - 7-Bak/aE 54
FEIETND, BTN T OSHEN N2 bl BITEOTEE 7 10— 7 HIF Cldks 26T LA bR
BB UICIRADNEL , Fi- e B BRSNS B2 57259,

7.10.2.3 Z5{E RIRFRIE

AFEMEDOR BIZ— 2L EOT AR 2 RIHAIE (7 a—7 [E) T HZETEILAEETHDH, AEUD
TANRZ DB 225 L CEY | A T 500 fE O RIRFHAIEIZS 2 8-> T D, & TST2 12T K91
FE LT XTOAEYTANCEHED[FRFHE DM T TS, DT /A A TEH ZE A [FIRHAIE ~D
ITENRITEATH TH D, DFT RN eI 7e 7 AN ) O HEEb IS, 16 E, 32 ff, ZL T 64 fiH
RIFFAIESZH SoC 7T AMIBWTEIIIN TS, £z, NATUR -~ A7 a2 aid 4 fER R
HIEETRELShTQD,

ZHAE R 0 — 7 EDERIZSS25 7 a—T7 HOFTETHIML>oH5, 4 B Tk, W<O0
a2k Fa—7 OEMIZEYD 300mm Ve— NIRRT RN TELEE LTS, ko
5271,/ DUT BT EEIZH 725,

7.10.2.4 EXHIMERE

Vx— T a—T7Hif, Tebb 7 =T B — NIV = — EORGE T A RET AN AT AOFE (A
K EBXIINCHEE T D, 70— I —RIL, YlIET A AET ANEE ORI CF LB A LRI B, it
FRLTZ0E IR b7,

A ITRS OWEEDOHIZ, T AAAOBEBESCA R BT 2F# R~ T, Iz T, 20
TARET ANEEDTEO TN, Vx— T a—E 7 OEREZFET DD TINS5, INFHRER
HRFEIZ B9~ 7 A PEREDIF AN FLE S LT D,

il %2 D7 a—T OERA BT T DI ZITHND, [FRHZ, DUT H7-0OAEHERIXRIEEE
EUEOREEBITIEZ DL D, 1EH T REIX, 1.5A DL EICET HRERBRAELLELT DL
ONDBIRT TV r—2ar BpHE VD ZEThD, E-FERICHRE R KEIMEHE RKL THDHZEIThiE
BAHOVIERDD,

PEAEHU I e — T BN O EE T A—ZTH D, ZHUT Sy RN T DiR4 T, 7Sy RS
N T NEDIEGE ZEAERERFRED[REE A7 =— N E~D)EA ML) 227 NE, A7 57 (Hl
D), 7V —=2 T E DI L ORI A SID, AEiDFER TSTI8 OIFUEERIT, 7 m—T DIER
7P AR Z LB Ul s | L7258 O 2 7 MEFIA KL TD, IR IO —= 7 % OfHih

The International Technology Roadmap for Semiconductors: 2013



66 T A b
BTN RVIRL . — %12 200 mQ BZFNINRNZENELREND, 7V —= 7 £ TOHIR BfikEi) %
E{T 57012, a2 METUEZARLS T ER N3 FE £ TD,

T — L@ EIRBEIT, A L O I TLIELTeA B —H L AREEDAERL DT | D)
FEoTWD, B—R<u 7, TV VO OFPEIL 20GHZ PLEIZ/AR2 5285 RL TS, 7l e DR
(X7 R AL — 4 0 B Bl etk s OV ] B BT HL A7 A7 82 XY 100GHZ (26705 ATREMEDS
HD, = ERRIE T OZEMEREITFREEL TR, 2, V=— "L UL®D KGD(Known Good Die)7 AR
WREL T AT DITIX S KRR 2 L E LT 5,

7.10.2.5 THEVRHE:

2—R=yw 7 LU COMEMFEERIIREIIE L LRV, L UHESEITH =S 22T iuid7ebreuy, BRI
F o ZIREIEEEE LT 5 RO S SRR AL EAEIRIAV, O I, BFERA A SE, &S
TEESR A 72 U C, Mz 2 DM MR S b E70 s, BT, FEFICREZ/2IBTE RN LD RGO K
WIT NARZEDEEANL, Ve — T vy 7 OB BRI Cre | 7 a— SN A~OREBh) 72 20
DO MEMEZ T B LAVR,

7.10.2.6 7 —R=2Ap& COO(COST OF OWNERSHIP)

Aa—R<y 7 TIIBUR, 7a—7 1 —REROIARNEZDOFT A2 AR (CoO:cost of ownership)lZififiiL
T, IR AR CoO IZBIL T, DV H OB A LT — LA RF> TODDE LAV, R
BIRIEZ . THICHL T 0—7 I —RETE SN —TCTELILEDET VOIER BN ETHD,
7.10.2.7 $tDI)—=2F

n—R<y 7 OREEHMELEB LT, D TFLNR—FAT T =T TIII)—=0 T DDA T TA TR
LHECOT =T DLy T Z T EHROEINIZ ORELFETRONDD, Ao IO 7Y —= 7B
DLFOHL TS, LINLELKORERHZIB WL, 7714 TOI)—= 7 215y —=27
Moz 27 NakZ oL CD, & BIEEIL CELIET T AN AT AT 0—T7 I — R A iER 528
ThHD,

TEF AT —RTIIA L TAL I —=2 T Das 27 Nalhs 2L Cnd, DEVA L TAr I —=
ST BAREIN TS0 BT L N—OEFE IZPCER LIL RIS 7272 B 0 T D, 1o FL3—LEERIC, 4
TIA 7)== 7 DA AT NEEI T T R CORREZ BV THIZ TD,

B _REFIELC, An—R~y 7 OREZHMN T, ARVERLIZHL THoIA 0 7)== T o007
WEIE NS D, Ux— D FEa 2T NIAT COH— Rk LS O MES 2 S 7= B & Th D,

Table TST 18 - Wafer Probe Technology Requirements

7103 7 A KV 7o k

T ANy N&, DUT OBESIFFEE R ERT D72012, #sn7e= 27 MEREA L3 CDUT & PCB &
DNEIT AZ LD D ENNFEEDAF H%fﬁﬂéﬁ—ékb\QEE'PE/J#OH%WE/J@(/57:L~X® FaH, T
| JHEROFRFHRCHELEDRENTEARL CWDAD T, T AN LR TIXT AN 7 h~DERH « B SR
UK T TG, Zdudz, A7y MR, 3 L <HE 2 72 B AU72 R SOB R ) 72 BR C A 7a it g 2
HIEHIITETCND, FDOERIIEREBEROEBHG , KEIb- mEE L - KERIL., /\//f~
P AXD/NUE, Bee Tk, b, /N TE, 2SI FESI TNV, T7ebbEAIIRHEIL, BT
FURTZT T2 B ZERICE > THIRESNADLEE 25D, ZOEAMBRIBEICE > T, Yoy Mg ahEEL
WELRZ AR TR L > CE T, i DY ry NET VT, $ii k&= BGA T, 20GHz LI ED
VO HH Tl IR 72 > TD,

F TSTI19 (27 MR O BESRIE H IS F SV CUVD, Y7y hOS3EESIE, TSOP, BGA 1) PKG (2,
NAND - TSOP, DRAM - BGA. SoC - BGA &) =D 7 FUr—3 9% T3, NAND — TSOP (2/3=
VHEINT L —ROfAAE DT DRAM - BGA ([JIZAT V7 7 a—T7 OflAEiH, SoC - BGA 1213 50Q A

The International Technology Roadmap for Semiconductors: 2013



TA N 67

TV T a—T OGO TY ry N GHEEE T TCND, Y7y MEREIE, A —/v, FiZ—RE O
FIZRELIERENDT=D, Ty TRy —D 0 7 Du—R <y F DR RS, By F OIREL
1T>CA,

BN T L —RIX, EIZNAND - TSOP (ZfE S, 7L —F BRSSP ZF o TSIz | Yy MT
DUT ZHLYTHIET, AT MTENTBAEL TNVD, 2 X7 7 L—RiE, ECHEMEETHY, BFE
IZHEL CWNDHDOD, I Mif, Abm—7  Fna iR 5720121, 227 NEE RSILE 554570
W, FL BREET A U LD A Y ROBERNVBETH DT80 |, Y F IR TERNEV)~ AT AR A
YD, AV DBET, BT OV AU DIFE LD BLENE THEEL /2D 72 Th D, [RIFFIZ,
ey F RS TR T U —R BIROREL #ES T 2MLERHY , ZHIUZLDa 27 M &S, @ EAN—7 | FF
MEHERF T2 L </2 D,

ATV T a—T 1%, FIZDRAM - BGA OF7 ANIE S L, /IMBEDTE (T a—T7 Ly ) EEME S RIS
TSIV TS, SRDMELe Z &I LY a2 M B A AT HALA TH D, HOFEE DA HERF
T DO, WY RSP A AAERF T 272 T DO REZVWVETHLVLENHY | EEb A — %431
EBRLIZLOTHLMLENDD, v AT ARAL LT, ATV T a—T7 TSy RRU—RIZRL T 1 A
HLLIL 2 ST O A INTHDHT-80 a2 722 e~ E @ MERNIZ S 5, ZHUTHD) 5
I ATV T =T OREGEIIN e T TV T AT ALK, BIZDUT RS ERFHL 090 e
VIR RB D,

DRAM - BGA Du—R~<yF2kbE, ATV 7T a—T ORE, e T 5D 720/ NS HMEENRT
TETCWD, BT, FEERNGEDT0 | A X THABRNGE DD RO LD ATV 77 a—T DES
LT HMENRTTETCND,

SoC - BGA D& A AHIE T 5720121, 50Q A7V 7 7 a—7 O Lo/ FlliltE S 2 F > 72 O BMSET
HY, UKW ESORBEIIER T DN TED, LNLRND, =Ry DA% DR —/LE YT b, [6
it DOEHINHIFIANEE 2 5 RIAAZTHD (2016 4D 0.5mm B F ), 2016 4121, T —HZL—b2s 20GT/s
FTHIZ D FIAILTHDMN, 50Q ATV 77 a—71%, EimBni <, #Eikiisthoa #2742 J0Eni-
D ERIEHEIZB W TEH DL DO LR DD, 2016 F- T EESHLD S0mQ OB TS50 121,
M ox EEDOBRBNLIETHD,

BGA - SoC (& &) 07— I H TEE72 7 73— (Rubber)i X, Va3 ADER A EERL 1
REBRIRNCES IS D280 8> T R N OEEE BEOMGAMER T2 T D, A F 758 ADIE I
VARAT T DI D FEYER 7RI F COARNA U H T 5 AR R CEDZ LMD, A OREZZ DEENIMEEFE
T DHIENTEDLN, [BERE BRI EFA L H I H L A BRI T Z e DR EE/ 25, /N
=V OR— B F OHMEIZH L T, BRROr— R~y F ORI F—7y MO s T 52 &1 XA
RWERDLNDM, ZEAICEL W AN — 7 BE MR LT E RS T ST AR L TS EER
L AS e

QFP /" QFN - SoC (F &%) O3y /r—HIECEIHEbNDSIL HZ IR T L —R+ FX—2 AT D /roh
VL OB kT D702, Bl B AR I3 S M A R R OB A R A S, Bl
BLiE L 72T /N — BN % 52 HZ LIS IV B2 R AESH D, T/N—DIELZIEZ DL T/ —U7%y
A U7 Bl B TEDEV) AT MR3®H 523, Contact blade A7 0D 7~ bl LR 72
FEMITENEVHT A hyBH D,

[FR&ETE: QFP,/QFN - SoC (5/&K%) du—R~<y712k5E]2013 412 T/O data 15GT/s DERNHY | £
fih DB AL T DL TR AR EA~ O I AT BE TH DM, BREM COEFNGREN A TIHLE
2.5, 2019 FZ /O data 40GT/s DERDHLHDN, #Efih 7 OEREE 0.InH b LXK, ZNLL F DA A 74
AT HMBENHHT=D /N T HZENREELN, F72 7 FOREECHEL - OME . AYFED B LD
L0 D,

o hDOFEMIZELTL, Z0Oa—R<y 7 Tl _REIL TRV, A FTOHT AR, $h7V
— T NARZUTH S EFEOT I M RSB E 725728 | U1V R, U—R/AR— /L ~DH A— RO 723D
AT LD RO BT A EMND, FHavb EE/ L2~ TLD,

The International Technology Roadmap for Semiconductors: 2013



68 T A b

Figure TST 18 - Contactor Types

7.10.3.1 EXHIER

BERIERIZIX, Yy e U B2 OiREE A & (CCC) | #EitfKHt, (VX I F A A —H AN
D, T, A —rarmA[REE FREABER], VY — m R [GREE: )KEHER], 7uAh—T o7y
TFNATIVT A FRETE AZ B OME )2 B LS BEENDH D, KEIMEREm R LIE->T, 23y
r—UlE CCC DR, AREAMEH U0, A2 U REEE O IE LD Y 7y N VRGO 7y Nk R
MELF 5, n—R~y 7 ETIL, 20GHz 2257 —ZHsdl O ER LI L T RIS LTS, ZORER
Tl AV —F L REEA LITER o5 BRI RE eI 70 D, — 07, S T A 2 D L[RIBRIZ, /3y
=V DOSHEM O Yy I NS0 D, /N AR, 2 H T MEITROV T AA LTI T 4 DNEY
B LS DL W72 IR SR A~ ORSE LB 95, BRI 2 E S R IhT A e 32
SHEDH—OOBEEREHRIT, AR50 20~30g FLE DI X MG E TS, BT H3E/ N9
B&, IR BARHTA FIEEIC T A M\ O a2 7 Maf EEDSHERF CEZ2 b LIRS, BN TRV o R
VEREDE %5700, ERIREES T A ER OB B B Lo T, BRI 27 MR ok
BT MO HGIIIMMEEES LD, DFED . BRAVFHEE S 7T NAL T 7 VT 13K T DRI ER &5
BEZRIMRL T D, BWEE OGS 2RO BRZIE, GG, T8 ro M B e T AN AT
LD B A ERRRTT AL E DD,
7.10.3.2 ARV ELR

MR BRI B AONL [E D0, BSOS HEMEDN G =D, BT T A A M.
FRZT R 7V R T LA (LGA) IZEBW T, S b/ M A2 Lo CTREZRFREIT /2> TE TV D, BIFE,
T ANy O I B2 A L ER D BN e o CND, ZO R TIE, Y7y e 2T 3, i - DR D
B N FE L IR A 72 T A R DR RAZEDORE A B AUTKATL TLED, Lo TZEN @R F 2
FEIZBRIUSE T H7E59, 728 7eh, BUERFO AR um BRE ISR ESNTWDNHTHD, e
H7RALIE DR TR TR DRV 7B OB RIL, o — 0O/ ME., ey Tk, L

The International Technology Roadmap for Semiconductors: 2013



TA K 69

TFAL DRGNS TEDEIL D —2>TH D,

SOOPEIE, FEETIR) (Z J510) ORI 27 M Tind, D ED . EIIRa 27 A —2713, &K
BRAEL 2 o NE DIERERITINA T, Y7y b OmSDIEH >E [FREVE  LEEE] L DUT B DI
HEOW GbBE T DMEN DD, — N, 227 O—42/L A —21%, 0.3mm 75 0.5mm Tho, L
MU YTy e SHEDSBR L/ NIEELRID | FRROAMN — 2 2R T A2 SIIARFTRE TH A9, ZD LD
7RIERERTREIE, EEARRT L Z 7 MERBD AR ML Ry 717207036 LIV,

a2 R OIEFENE, B SemODMAMED £/ 2> TOD, 708726 | BRLW AT ERHIHAIIZ XD
Vo N DFREEIZAARIRN NG T D, Mt KERL, B deimas 27 oMbz 212Xk, 7 Ak
BRESIIHIZHEL <72 CUVD,

Table TST 19 - Test Socket Technology Requirements
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