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Table TSTI Summary of Key Test Drivers, Challenges and Opportunities

Key Drivers (not in any particular order)

Device trends

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

3 Dimensional silicon - multi-die and Multi-layer

Multiple I/O types and power supplies on same device

Increasing test process complexity

Device customization during the test process

“Distributed test” to maintain cost scaling

Feedback data for tuning manufacturing

Dynamic test flows via “Adaptive Test”

Higher order dimensionality of test conditions

Continued economic scaling of test

Physical limits of test parallelism

Managing (logic) test data and feedback data volume

Defining an effective limit for performance difference for HVM ATE versus DUT

Managing interface hardware and (test) socket costs

Trade-off between the cost of test and the cost of quality

Multiple insertions due to system test and BIST

Difficult Challenges (in order of priority)

Test for yield learning

Critically essential for fab process and device learning below optical device dimensions

Detecting Systemic Defects

Testing for local non-uniformities, not just hard defects

Detecting symptoms and effects of line width variations, finite dopant distributions, systemic process
defects

Screening for reliability

Implementation challenges and efficacies of burn-in, IDDQ, and Vstress

Erratic, non deterministic, and intermittent device behavior

Potential yield losses

Tester inaccuracies (timing, voltage, current, temperature control, etc)

Over testing (e.g., delay faults on non-functional paths)

Mechanical damage during the testing process

Defects in test-only circuitry or spec failures in a test mode e.g., BIST, power, noise

Some IDDQ-only failures

Faulty repairs of normally repairable circuits

Decisions made on overly aggressive statistical post-processing

Future Opportunities (not in any order)

Test program automation (not ATPG)

Automation of generation of entire test programs for ATE

Simulation and modeling

Seamless Integration of simulation and modeling of test interface hardware and instrumentation into
the device design process

Convergence of test and system reliability
solutions

Re-use and fungibility of solutions between test (DFT), device, and system reliability (error detection,
reporting, correction)

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
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2009 EDITION
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VIEH OF S NN RIAEND, ZOFT T, BN 580ET AN o A0 T FEAH X | 2 (]
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o JAFFMEDHFEHIRIR [FRETE RS TIE parallelism &72>T0b, 2 ilﬁﬁ?ﬁﬂﬁ?ﬂf‘%ﬂiﬁ"
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oz, ZHUE, ET AR T AN EI O EEFINTHY, /0 —T"73y 72 DUT (2B D87 Ak
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—3arC+4372 DUT OSVEERGET D720, DFT LOMETIZB N THRELINAAE —RDIK
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I\?b)iﬁﬂbm”h I, BLET AROFHIBEZE DAL — R IZBND DRI NS5 ERH D, ATE &

HALDT-D DEEHLZ ROALIROBE S, IARE I E Z EB IR DT DIt BV SEH T2
508, BZO DUT ZDOHDDEAL LN KRERAT T W)y LD,

o [ HTr—IN—NDILTE(TFRN) P IXIDERE — TANT B —T AT 2= AD/N—RT
=T BT AN Ty MIFEEDLTARD, TANIANEIRD /23T HOLE A AE L ThD, 24z
1%, LV EH(Gb/s) THEMEZ: DUT /O 7 a by LoaNL 7= DUT W8I (2 B2 LIRS DL 5.,
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LRI BB RAT AL — T NRERT O BGE 7 BN W AR AT A S DGR & LTl oo Wy BRI B A
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ERFEZEL L CHIS 7228 il S BIEL IO L L QW D, 22 Cld, DFT OEgSt, 7 AMIKD AR 22 Dl i
P, M OO E AN ERAETER L7025, SV, BEDO T o AT L OB BGEE 1L,
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SN E 223> CE IR A BLE PTREIC T2 2812k~ T RV E R E 2 0L T 20N B 5, 2,

AEVES ok s MeimEE A B _E O R — AL DIA T DI+ 4372 5T KO 72 BT BT, RFk
3D EH RN T L VAL F T R O R A B RN IA R AT REL T DI EE VR A EDOEE R D
%o Sb7enE Bl m B RE NI T, SR VBGEERE OIR FIZLARF 7 REHbr 2 e1i72 b,
BLO R T A ZBN T, XA AR B CHNERNCZER FTRE 72 i KRV E T8 0) 28T b T
BA), EET AMIK T HZDOIv v a AIREBROBEHEEN G 25, T AN — AL, TAND KEED
HAAR e L CORHEMEA T LD D721 T, 2O BB T 25 M7 Hiad T ANE D JEHE 7 12 E DT,

() S AT~V T I KNG DR

FEEIL, BE T 0B AHATCRIER IR E DL ERFHET VUV IRAUTE R 95, fiEDO RSB
L7=T AREHHRRE 0B O H U EICE B L TWD,

1. BTV RDALHT I ar DEINL, VAT~ T 4772 Rz IS TD, T2z i3 —
B N\ — BB L ORSERR TR R4l E (OPC) 7 VAV X AD T, ED X572 Kk
WX B EDEIEE VAT IR TR IS, FNOITS AT T 4w 7 ThHN., TNl E AL
BHEIRT- 0, T MR ETDHINTHZD,

2. T AEARTOME R IT, BIRRERE IS B KT W KO RE-Z 2 LS E TS, B,
High-K #BRC& R 7 — MRS D LM EHIR A 0 Z 8 IE KO REEM 22 b S E 5,

3. AR DAL LI 27 2B AXL XL, BELBEICEBMEE 7o Koz [T Bum K FalcL
TLEWEITHD, HilZiE, IvE W7 ay 9427V Tld, Eatb i ROBNEZS &2 KA., XD
FIFE RO AR L7220 F W2 BT 5, SHIZ, ERELSI, 20, HOWOITEmELA IS5 G
TIE, HOREFAIT =T TR o ToRARIN D 722D, LT, EAULT X LIRBRAE K G H3 L0
HEA R Z L <7 d e m T, LI, BIZIEI O A= T — T T RN AD K H 70
HRNROHEINL, /ARRHAI T o= B S8 ORISR T 2RI A RS 5,

4, TV OEMESIT, 2 TOT v AL FCRIBENE ENRT 3 —< U ADHEN R E-7T-2 8%~
FET 572D EDA REHORET 1% T, 7o R XL X OEINIAEYZEDRE I DA 1L, 7 ARRFIZ
[B1EE DT AN 7 8T — R O INE 72 5050 FALZ2W ),

5. N7 D AZDOBHMGIZEANAT AREARZ EME (NBTI) O IO 72 BB 2B EMEAD = X LA IS5,

6. BRI E TV 7 T —FIT SRAM ([2hNx, DK Eb R ROF v 7 TRk R_R&T v F
W7V 7 7y S CHEINL TND, 1B D A BRI LD B TR OB B L 3 #5935 SRAM D
R AR EE 770 H CRIEZ 2 AR BN E R £ ORREA L ZE O REN Z<BLAIS LTV D,

RMGET VT TARRE = AR, TAMRHE R DFT R, 7 AL T 7V r—ar LE 2 W
Ete T AN TREEOETOMAIE T, ZNHDOEBIZEALE(T 5, fliE EME LD REEIOREME
Wbl T e b, RIS L TlE, K VDD F213RE D L5 2y 798 2 i A7 AR, #iEF
BTV TE T T AT T AR, Z U CHRENR KGR —ADMWE T T =T 4 7 EREEh
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() IFHFHEDEDDRLY — =22
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W FAUTHNZ T, FEL D Vee SIRED~— U800 1%, IER 722 R MaREE R Z2 g5 01 JﬁJﬂﬂT%é
FPHAHIRT 5, ASIC 735 SoC. LHAEY ETORE 58 CIRL i TV e IDDQ X, Ny 77 I0
RV —Z &R OB BT DD E LR CN U RT, TIER 72 51k E mlﬂ\/v 23U TR 72 R e %
Gde DUT @ SN EEMRFEF D T D0 ) KREZRFEINFREIZE L CTUD, SZEE, 137K 250nm D
DRAM N—7E T nLif s Si, %<®%ﬁfi@ﬁé*w_&m%ﬁb\iz%bto il Z 0% W1 R B Lkt
Lf)dm%f%f)ooﬂﬁfﬁfxﬂwﬂwmx%zx%ﬁf@%ﬂ%a‘t I, BET ANORERLE . AIDDQ R0t
—UT U RRE T AR v T ANCHERE T AN | T v/\/bftijjm HELME 0/1 23| m?“‘éfx%%:ica#k
BB FHIREED Tcc,/1dd EAMEH THEETDHEMNH T oD, 77 /T RTINS SALD
RWEARY =7 B IV E R OME R D HSTZIUHAEVIL, A EDPNANAZ IDDQ #Hff Ik~ Tl
BT 7 —ZH R TEDIEMIZTHZENTETZ, L L, RO TEIZBUE, 1 A FEX 2 o7
7 72OV TE IDDQ S OFIIENEFZITE D TRLDEDO TN RE S TND, AR, IR KA
Z R T 7260 O I FEERL PR A8l % 72 ¥ E AN AR Vee,/ Vdd k/\§7—/@EU7Ju =R %fﬁeb\oo
HY ., B2, Vstress[ fRE1F : AN AT ANEFOEE]E Vnominal [ fRE 1 @ &L ] OE L 21T 4T
LD, BEWH TRUE, WTFNRZZE R T, 7K b LoD DE Y R A5 808l i 2 A 7|12
BWC, ZOBEMEAZ)— =0 7 a2 it DRERE O 7= DB T e A S LB CTH A, FAE T O L0HET L
HE DUV D9, intra-die test ([F]— die 2»HD%EH) & inter-die (Y —— AT, o AT, 757
TAT T AN H/FF’?MH?)@ﬂﬁm%b\%iﬁxwt%@qj CBWC, T =IT U BIOS AT VA
VX LEHBLTI-LDThH D, BEOSRERHEHEDEEZTETHL)— oD 7ML, 3 2kre 3 oEEIC
IreEThHH, LT ENTS BT YR %;E—J RAM LT, Friix=g—a—T 7 EEE
(ECC) E il ko TEMEEN TS, ZOF YL PIFAEVICRE EORNTHAIL ., TelL AN IELHA[F
CLL T, @B EIIZB W TH B CAEE ~DOFRIERORE M7 7 e —F 13 SEFR IS TR T A F Al
W22 B THAD,

(B BBV RDN 722 F/b

RLESREOO AL L, TAMNCRE TRIZBW T, ZOT A A%## 3585 (A7 L) _ETIHIELLE)
VETHMHE LN NT NAAZARBMEL TV 2L TCLEIEXIZ, BAETHLDO THD, AV ADE
KNZIZLL T OIS DN s 5,

T AR DFE (XA, EIE, B WEEERE)
T T 2T 7 (B FEREBE XA LD BIEAR B)
T AN DR A & A—

BIST 72 & D7 AN [AIFE TR R AR AR

IDDQ DA T3 54 B

BH VAT RIHEZR B CTOYAT I
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T AL DAY e AT FLHERERET AMIRDDT AN TEOE ALY, HHEE FTIRES
TW5, DFT FiEIE, AT 82— i i FIECHT LW FE T T /U Lo CTERRESND EE T AT X
W28, BifE RS BR<MH SN TRIEE ) A RO A S L0 EIF 5300208 B LT huidZebien,
L, 20 DFT BIFE A~ KRNI D EIITEE T RETH D, M7t eT /L ~D 2 5H0
AL THD,

FEtET ANRF DT AL FRZE (A7 I, Bit, T U CREE B T ANEITHICE 2% DUT DOFF
MEEENL, SRS DIIE RERH — RN RENBELTDHENHD, L) 7T 7 4% L2
&Y DUT OFHEIZSDEHIML THDO T, VR BIST o T AN FIE, Bl IEFv7 |k
WRFERIE R A TE R T 5708 | MBEIZ/RAHELTND,

[FIREZ R e A Z B D3NS, FEE D B WT T T X 7 T2 FROBIET AN TR mELL
THeTm, B SARNE TIE 15pS ORERRZENBERINTND — ZIUTITFERESNTZNER 7 oy 7 J5
D 10%THY, BIE SARE TO— 0 T ANFIENELEELSNTEL T, RO AE- 137 AN RK
LD AIHEMEARIB L CUND, [AARIC, Al E7R B S AN ESN LG ELHRE Ve AO— R 72D, >V —Ib
[FRE& 1 R — 3842 — VIR, R E7e/ S ADORIE CAHEULHRE Ve A% 8T 5B SR IT uE
ASYA AN

IDDQ A B i3Ak 2 N oM O AR B AR 352 THIHI TV A, L LR E, HL IDDQ DA
THRHETARENEARITIREA TIE e NWELTeh, N—A L TIEADE%NZAL T 50>, 5 ThRIT U
PEDFRERDIENPRRANTHOILTND, ZAUL, &G O S E ZRIZE > T3S aR R TS
AlREMED B D,

FEHLVELH BT ERI R R B & RO B0 1172 — 2> TnD, LnLARS, BlziE, TRREF
FWHENT-B LT v 7 ORI E DI, ZUTh LB EHRE VO AD AN =R L& T D,

JRUVER TR YL 1T REOHEUNAESNI-NERIEZ RIS 5@ LS TWDEN
N2, e B2 REENAES Ve —FRORIFE D H 3 RIZI6Th D, ZOLH7RBREYn 23T K E
BAaRr O R EATY TR LT, RIRRDFIED, & ER L IR E T 5 AT AL
AL TR L TS, A BIHI D728 O FAE R IELES BT, HOVITHIERIF A=Vl 2SR F
TEICH B LIZD AT Bl ORkRERIBIFE AR D BTN,

FUTGALTANEY RT S GA HIEICRI L CTOMFZERRIT., AT A e U To B e 72 1 238
By TNHDER I OFERE 1IC IRV ANAZ LT, ZOIRWE R TOHRE O ZADOEIIZ BN A R REMED B
Do MRARREF. A TAL T A, BEXOEDOBETOI ST EIROBRFRICE T2 E 255 13RO 5T
50

Sk > AT REM:
TR THHBERE (ATPG T/LEEN)

EDA(Electronic Design Automation) S5 723 A% v DFT, il CIIAF v E#fi, BEL O DFT 5 ET
\ZRE DA R BE AR L D — 7 21T RF YR AR TlE, AR N ERR DT AN 1
7T BDOERIZIBNT, AEEO R BB EMBIZE DB I AMGEA L B2 B RH5, 4 8, fEE-
(XT AT V=TV 72T FTLWBE D= DEBI DT AN T 07T AR L ORE 2 B <L
TW5, ATE &3EICELELT ATE RO ZICE o THRtS 2, FIF B R DS BN TR L7, B
RE¥ 2 DT ANT 7T AHBVAERY — VNt D, TANT TS T ADTZD DT — 2o G OFEHE L LLRT
MOATOI, FTRb OB TECND (T AR T —H T —=<yh(tdf) HAOVNINERET AN L H T = — A5 5E
(STIL) ), LINL72 30, TANT 0T T ARz kL, IAKPLHBNICRIACEA Y 7 = 7 BT A AE L7
WDONEET, 5HAMTHLDY T =7 DIEE AL TTEN LT BRI £ - TUWVA,

SIzl—gr e
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HAD I = TIENTF I T AR BT 2= ADN—R T =7 O kot L7=5. ATE ORIER K H
R (NTAN) o7 EERERRIEE D] J7) 2 5 O T fk GBS T ol — 2 a0oe T Vo 7 Ofrikid, i L8
EDT ANDIRREY A7V ERME T 5 ThAD, ZOYEIRIL, o, #LET ANOF IR IZH A& Sz DFT
ZFi> DUT ORERTORAEDEHEMEEZ B DL THAD, BERIORFHEBEIZRB W T, v —AL A ITHREA
fbEnfzi a2l —rarte® TV BREAZ RT3, B OVERE T HIORS E 2 & D DX TH<,
FANTREOFHEDOFIT . DFT T A 2T 2 — A —RoN—R7 = 72 B AR R B G500
WATOREHE EZLE 5 TH A,

FRRES R FLEEEHEDTEL

OIS K L TWD DFT FE (RAx v 7o E) 1T EEE, JLRIFINA T RO KRB a E o — 2 @5
AL AEMEDITTIC IR SN, AF v W N—R =71, fET AROER| H D 7=D I
FEHATRE CHHIENG, RHIZFESETUTIAR T2, FERIZIX, BL T O 2 OB, [B] B II72 B 53
HY, FAND FALL VDR E )T bbb, Ziud, 777k 1, FHETHEEINY 7
TT— RNEERFEREOWRIEE, HDHO T, OB RIED TR TERW R~V OIREE N2 EOBEINT
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TARR—ZDB T, (1) KFfak, 2) 7STAN w7 EIEBLDED M IR L THEEEND, Kk
XT U H DR AT~ T 407 RGO ITIZRTL THELEND ([ Rl PE A =X HiaB R, 7
AMEE N —AD K ERAFIEL BHROREREICREDAHK & 2D T3 — Al Ee W B EHE R O
P ESND, BBEZ T WP K falE, OPC 7/LTYX A TR, BIOBHER LS
T BEHEIMER L7220 T, BT ANOSEEZ W I D MNP BN T T EERI N, N ThoCHE
SRR R RR G AR 2 ke L B S L SR 5,

INFGANI TV ZBAFR LT 74— R o213, (1) T SARENE L T A—2%0, (2) ixat 7 2221 A EH
WL TLBLESND, T8 ZE N ERHERE /T A—Z D FHANT . AGHAINT T AMEE [ FRE 1 s test structure.,
FEAM A 37 Z & T TEG(test element group) & & FFEAL D ], FFIZAZ T A7 T4 FET RN EE L
RCEBE=HIEGFL WD, FARNELDE (AT ADIRXLOE) DEEINE, AVTAT T F T
MDA 7'y MU ARFN#<, IA T AMEEIL, I/ 3—FIEE2 W BRRY . BT R DU HIFR D &
5, B RTA—=21TE D IHRTERITEDH D /3T A— 272D T, BT AND FLFER) 728 BN E B
bo ALBIREBILEDO VAL, TV AET=X T ROV AL —21T, F o7 BITHIALTHAL, /]
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7RI N0, 7eAN—=HED L5708 /A RIZBR LI R pOak it 7 e e A A BRI 74— RNy

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS: 2009 EDITION



12 TARETXNERE

ZITHDIZELE L TND, BT AR —AD /T AN 7 B0 B BT LR AR BV fEIk IV < D it

BBV THD,

BRMT AR — 2O FEZ M 15T, AT WBFLAK, AR Yo TF = — AT 2 G TR LT
MEEEIND, AEYOHEMIIERORAL TODED, ZNHRTIIRELITIE AR, v/ 7ar vty nT
7 /aPY—HELT RAM IZEZRSTETNDDON, RAM (X2 AXVEAEEHZ LT KR TRbAL
AT UNERERL TS, Fnlal B O EZ W IO IE B OIE 57277 B Ch D0, FEIE ., o fEheL
KEDOT —ZOFERIZETHMENRHD, VAT UMEROE ST —HIZEHAI N WD, AT
BHRE RO EILOEMILT TSN TVDN, AT T —ZD AT, 1O THRWIEE/NST
FRE R 272 WIBTEM 72X 7 — RMBICELA TWS, Z<OREX A2 ED - K EHEZ K (Volume
Diagnostic) 3, 7> CWDRRBEA VRV T DI ER I Tho, KEMEZWHIHE I QDI %
BUEZ A DI TIER, TV X DREDAN =R LISV AT T A 726 DE R BITHDICHLETHD,
VAT DRMED AT =X LEREET HIEIE, 7T aEAOWE, DFM il Ry hAR Y ORFEE & Te) &7 A
NOEEMEE THZEICEETHD, KBZ LT HEEOMEIZIT, MAESNOIREV AT T 4w ZIx T
570K DR B OYIFHEORR E DD, Infki72 7 VT 4 102U T 58T i % & sk gt o iric 5 S <A E
1, oL L L AR BOEEDIER AL ER 2l S ULUTE G E T 2B AOEHEZ A BAEH O Tl et
WZRITFDRMGTET WAZHESLIRNEWT 72N 2SI ESILTND, B2y — L OFENT, 525 RE
ET. HOVNIA REFTDZ L—7"5% PFA (Physical Failure Analysis) (2 U)2E 928 ZETHD, §F
(2 RAFEPEDO R B AN =X 5 (RAHEMED KRG H LT 3T AN w7 ORE) 2388l TV D 5A1Z, PFA
DN HEETANNAR BAT = ANZLY B2 HB#E T HHFERHLLGEIT, ZHUTEETHD, HELT-A
XX T = — U DOHBREO~OEL, ST OBFEZRT OB R L7 > TODH, JOIEIAEY) CIEfE/e Tk
DRDOND, Ty 7 RMDA LT ZH72AE F BT DR MaX 4 B O FIE T EZE N # L, Y —
UL BT VoY P 2O TR A — T m G T R C OB I W B R a2 o7 i g
B, Flo AFX N —Z BIST X—ADT AR 77 7ar7 AN IDDQ 7 AN, BIUWEIET AR
a2 TOEE T ANFE TR SNSRI S22 Wra ) M B3 B D,

YV BLOTFEIX, FRUIRTWVLDNDY TR 27 N— A EZ W OB I DB AR — 95X
XThs:

1. fREEET ARIAND A —/N— Ny REDN—RF T EEELRNLD, FEFEICES> TlESH DT —#
DN, 7T AT —Z[EfEL BIST FEIIBRAFIH CTHD, IKROER L, #EL WD 7y (i
a7 EZX IP) DR ETH D, TR T ANE DA — /N =~ R 1% A THHRETHD,

2. BIREINI LV =T Y SRR T 2 — F Iy N COJREIIR T — 2N, FORIE T, M
Wl A7 D/ —MZAED | — U@ R T 24T O DI+ 43 TRIT U270, AL—T vk
RERNE. 072 EPE B DAPE T OB A ZHA LY =127 4—R R TEAHLWELRTUIRB T, &
7B D sl LAE FEME D BB DO [ 5 A AR — R Ui iU e By, Y — i, b o bR E
T BT T, MR LB LR E T D RETH D, TDIHRMITIEL, VAT UMEREA L TAT
AMEROM S, 23 E Lo EMEE TR ELR A THIENMETHA), BHE OT ANEMITR
I =2 —ThHHRETHD, FFEDOYIMBEMETIX, FHY4 725N O L57 3t L a7 I I Siudnt
LA,

3. BH—hTUURH 10um LT OBECERERSY . DV Tl bE U7 LR A 45 3 A E B 0 F A fifkt, 2Dk
ITRFRMTIE ., M2 Wr D Sy fiRAE R LA R IR D ATPG R0, 7= ANT —XIELT Fu s O
al—2arOmFb LULE B E O, BT I GEBNIESNDTEAD, fEATIRFIZATO 2
DD —ATONRDE WS LIV,

T —HEEDA L 71X, I B EZ W O =— X% R — L2 id 725720, 512, ATE | DFT
TAZIZEAT 5 TSTO IZ T RISIIZAX ¥ L R FRET )VITEBN T, Ax YT —H &l R UEE T
X ThH D, BIST R°T AN — U [EHEDOLH72 DFT HiiiE, B2 T —HNEDO TR — R E L T
FENZRT LRG0, IDDQ FHAIT SA AT, MR NI LV ERSNDIEE DL~V AR — 9540
FnhD, SEZKIOT —ZINET, B—b LA B OB R MEM IR E T DI 82 FREIC T 5720
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(2, BT AN L TE LB RETEHARW, 2T, LR EORMBEGAE SN2 IER2 5720,
T—H2ORGEEHORENNL, HEVERADT-O OGN ERIET — X DT — 2~ A= TIZBITD
fEHEMEm B2 AR —RL R0 b7en, 777 VAR Ty RUE—R =T 1 IP 25 T, L7z,
At il BLOTANDTZD O BELTBREYT —H 70— DA = A LB EESND, BT
—Z g 2P IR—R 3 5HI21E, STDF-VA-2007 ZX %> 7 = A /LT —ZDEXHREHET AT — 22 Z 6D
RZEZ VR — T DEMEREE N LSS, BB O, 38EE JiE, BLOTANMI, (BI2IXT7 1
INDR T 7 RYRT AT AN AL RERH DD E T HFT 70 b 807 FiEEY — L OFiL
WREIZEV T2 LN HD,

HIEARPT
BRIT AMIESSEH BT ET ETEET RS> TWAD, BRI K aZA T RELASNTE ST, HifFHE

ATHETOMR, TANBILOTV AT A/ GO K72 EE /2 RO BERO -1, MFEMFAT [FA]

IRV ILLEND, CMOS OB TIIEHA7: FA TRAICKREAREAL =59, KIay B, T

Wy BRIV EREAR I X RERD 230000 3-8 | BRI EATE L QT L <72 D, T DR —2E AR D721 21L, BifF

T =) HIROFRERLT L — I 2NV —RUNEEE D, FA OYEREF v 71 DOWTEL F OB LY ARNC

FELLIR D,

1. Circuit node probing — W4 BAR A (SEM) 2 1[N BEMSEIC LD /A — L D7 a—E
YOV B EICH DR HERNT U AZR SRAM OFENTIZ WSS, ZOHIE, £ F 3
THIITEROWKEGS, H 2 DRFL TP AZ NG A=ZDORNE T DD T LI > TD, FE IR
ELTE, TAAANDE A=Y T u—T RYT L, 7 o—7 FERIHTE R 572D I E SN A K
IHEEIZH51F D SEM BOEIZH D,

2. Fault isolation precision — 4 AR HE T DRI HLE L K Baz [F & 3 2BLR D> — /L, R & 22 /)
IIFRBEDS BRI UL DN TS, Bl xR, KEEDH T (TIVA: Thermally Induced Voltage Alteration,
PEM: Photo Emission Microscope) 72 E) IZARIMRZFIHIL TS, ARIMSRILZE 3 B RE OO [RFL 5K
lum THHO T, BUR T F/ M T-HELDS IMTEL BB 43 fiERE S, SEM X° FIB OFik (=
Z AR, EBIC: Electron Beam Induced Current) {350 f#AE 3G LA, @B L7238 (K EizxfLTo
KA THY, i DHFRIE CEDOIZFEMRT A A O TUI R TRV, TG E2R A LT
EDFEL, HDVTHT LRSI TS (B 21X, JEf, BEXH. AFM: Atomic Force Microscope)
23, ZOHAM oM AR mE TR mIE OB LI RO T CHIBRS LD, IRARFRE/ 2D
REENETESZBI 757201025 0F ) 2 r — )LV ORRCE RIS E 52 572012, @& E
TIRELT otV RANPVELIND,

3. Packaging analysis — /Xy —REE CTOXBGBECEMGILIX, AR, Ty 7 A0 — =y r—
Fo TR, = N = UTR O LS 7 B LTI IRV B A T S, R BT
. X #MEST7 45> CSAM (C-mode Scanning Acoustic Microscopy) D L7 fE FIEDHEAN T E
BTHY, gl EfExT ARG ENEAEND,

4. CAD/EDA tools. — BT I3 #2452 R L 720 | ool [m] @ H1Y — v AR AL 78 LT
DT BT DICAF ¥ FIEICREUKIFL TS, (EDA Y —/UIiZid) ke rkE L 1A ., T 7 b RER<0
AC XKMalFRFEVE BIER 7R RG] ~DISF EfEE B o720t & Ensskdbivd, CAD FE 7 —iar
IXZE [ EBFR AR — 2D 7, T2 b2l — i al il BEV 7 LR IT T B0,

5. On-chip timing measurement — &EJROIKEFLIL, By hTL 7 b AL DI LI E OBTK72 A &
B RDORBRAN~DT T 5| ST, MHPEREAHERT 3272012, WA 7 M8 58 SCf# AT (TRE:
Time Resolved Emission) £¢#f7 & [E& L2 & (SIL: Solid Immersion Lens) Y6552 Dt B 2N E R XA TU
B L—YHRNLT =T m—7 (LVP) DIH72L —FE W LT a— 7 HiFb A LHEIN TV A,
Y ERFCEBIR B AME N 22 SIS I DR EGT R EL €, T 7 EE BT -0 IRE E R L7
DLW EITFIEOBRREL LB THD, ZNHD 57 B TOW BRSO BRY | ARARNIZ 72 Bl
Z R T HDMEDRHDHTEAD,
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6. Sample Prep and Fixtures — /Ny — 3 BRIC T DRk & 238 DS | A 7 RMT R0 K Ba sy B 7=
DOEEBEZHLIL TETWD, Bl 21T, REHE 5 fF 38 6 AR HT (TRE) R0 75 B HE 5T 24 &) g A
(OBIRCH: Optical Beam Induced Resistance Change) D72 fi#HTY — V20 35121, v —,
EAF 7M. IR EIZBWT, KOV Ty DB E/RD AN ZADORERHI A LB L 72D, TEET
T — VR0 3D Ty S TIIBIEY T NAERTFEDN RERREITR 57259,

FERRAT D7D DFT- 72 BRI R B L E WA EL TS, BRI, AL—F v ME FERE
FENT OMEFE R LD, ZTORER, FEEOEANETETHEFL, BEOEETLEL CTRED
ATREMESOHE /1 3L CTE QD FRICZ OB T/ N e S OB E B AR I A LIS, TooTe 1 11X
2 FEORFZEBAFE BB OB (FT2IF 5L 0Y) 7225 BRI > CWODBUIRDND | < OS2 TR %
DEHEVAI %0584 5a ) — 7 LT RICE SO DV ENHHE LI,

TANIANIEB LI Y R

BECOT AN ANARIR T D720 [ H AT O R AL QDN Z DRI ET2 S OMFFERRE N T
SN TWD, FEART AN ORI U RIZRITRTNE TH D, T v 1/ b, RIRFHET AN O,
R E 70— I —ROEA., LRI 7 HilF, 2L T DET £ T b, ZOMmIL, T2
EREL QWD REOu Y v T ANEE L AR T ANB LR Yy 7T ANZEBIT A0 —R R —R - 2—
23 (BOST) DK TGN > TS, T ARD I ARDHE/IMTIT L DBETINNDITIES . 30%D[H]
BHIIBEICT AR AR e - LS EE RO 0L D LR L TRV, 85%D[RIEF 1T T AN AN A Z
NPHDORH ERRREEBEL TS, AR BEE, 77 a/ L RF 2 G AR —RTHBIZERTE0
DB E N F 25 > T D, DFT HA 3R ED =V T CHRAL N 2—aThh, — bz
I a—a NI EE 725 TR, IANMTE S ZROFET 581X, 7 ANTE, ATE &, £ OMONE
BB E LTI O —a [fREE . T AZIEEI LT v T H L CT ANT 528, TANARRT AR
INEI2 D IR DAL — 2 a IS TZ BN ANMEIZ 72035, WD T ARE S o2 K& S0
HAAND R —R A7 Z R T HZ LI RIS D Z 812705, LT, MR EL CTh—2/L DT AR ARD
HIE L7225,

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

+ People = S
Untested » Consumables ﬁgﬁd allis
Units + DUT interface

Test Equipment
+ Handling Tools
+ Factory Automation

Reject Units

Total Test Cost

Figure TST1 Test Cost Drivers
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PEAROT ARTANIK TST1 IR T ENTELDEZENLED > TL TN D, 7 ANFAMIZBEE L 7=
kR & 7z L0 B<SEAET 572812, ITRS Tl 2009 FAZ ARG EZIT 572, 1ZEAE OGRS X,
LG 720D AR I ARD LR EL TOIAN | BHT-0DaARE WS- FHAREELL Eo H
FORIHRAANE T VITHEUR L TRV, Fio, B H A O, NIV D AZ I Y R T-0ICR 357 A
" ZARD LS 70 E FEHEL, T ANDIANNRZFT2DIZHO LI TR, ZRHDEFEOHF CHE
7RI lE TANAART EIZEDOEZENEDLHZETHD, FRIZ, D EAPETITT AR T AN IO TEHEL
725 TCW%, DFT OmEFEIANI, DRGNSy RHIRD, HDWEI T HI[RE72 5 E90ITKAFL TVA,
TR TEDHTANAANIEZICHIGAR Y7 THY , £ L CTT AMIEET AR ARDNT U AL TIRES
RT3, AT, dE 228, BREVBLORE YN ECHR—N 5237 AN E
TRANE CHHZENIREINT NFEAEDRRE 1L, WENGFE T HEEZEZTND(57%), SHIZ. 35D 1
PLEDOBRE L. TANSENLDO L OB I EE THALE L TWA (bbb, L0 E S e fl i,
TR 72 B AL 123 T0) , N TH DD 6% D BIRE 1L, 7 ANDIBLER 22 lifEZ B A2V, i
B LR 7

ITRS FAEDRIRE 1T, ATE RHHE LA 2T = — A% 2 D EFRa AN T A LR L THY
(22% %} 21%) \ IROAARRTA NI T AN BT T LR E VA T3y 7 LTS, IHIZ, FEATL T
L7 N—T7TliE, EERIANRTANREL T, HLWKIELEEIEDORE, 7/ A AMEREORIEFEE . KGD
DFER, BLO 3D BB LD T ARNEREZ T T,

BIEDIR R (A7)
ATE &4
ATE A %7 = — A%
TANT BT T LBR%E
4, TANERBIOT AMRH R
JEIED T R FREE
1. FLWKRMBLIOMEiEMEORE
2. TAAAMEREOWEFEIE
3. Known Good Die DK
4, N —VFEETOT ARER

W=

ATE & aANE, IS 1 TN UOOE ARG 57 70 —F TIEMINTE B TET,
ZAUTERRIREE CHD, DI a7 RERIE A M TR DA =) 7 LRIRRIC, $EE A7 T Ak
T F ¥ LR IEEE ICBEHL COD AT AT A AN IR T 50T, BWIARNORE N TE otz £
DHZ ATE 7T 7 3 —LDEAEDR U R TIIZEDOEEF 22, 22 TlE, FIURN—ZAA T TANT 7
F ¥ DBIEFNZZERI2 T AT v UL TS, BL T O G REEULF R DT AT O B = A M 2L
FNCBIL T AN TR E I AR RBIL TV\D,

CCELL CBASE + CINTERFACE + CPOWER—SUPPLIES + CTEST—CHANNELS + COTHER

ZOHRATIL, Cpusp 1ZE Y/ F RPN DT AN AT LD ANTH D (F 2 1L, FHuZ
)72 A L T TARNT I T NI T TAEDF RN —T A TV AT AT 2T B4
EEOEMEE /A TND) o Civrerrace 137 SAAZEEE T DDIZMER A TOIANFIZIFA L HF T2 —A
TL/ha=rA Vryh BIOT 0 —T I —R (PEE L) 25 A TWD, Cromer [kl ik EIHOE
HTHDe Cresr-crannvers IXaHIgs (T o2V, 7 al  RF, AEVTANEERE) DB THD Comer 1
OO A (Bl 21X, IREFE) &8 A TS, EBERFINTE Z UL FFED Cpusp 1 7 T ANT 7T+ TE %)
BICERTETH, BT AN LREGFE TEE T XSREZRMERROIRO SR H 505 LitZen, filx
X, B =T ROV AT MILEBA L T TANTIFRIEN . NA T RO AT ALK G H 2 4572
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Ao TANFTUA T, EARTANMEREFRAE 2 3B 52 LI > TRl S D, Bl 20X, B2 A,
[FANHTZ0DD | BB 70 2=y ML (UPH/SM) | . 37206 i AIZkHT 5. mREO T A A5 &
(AN—T"9R) DR THD,

TST2 N2 IZ EF L TWAA AT 2— AT AN~ T, ZiUE, 2R T AN LEEHZ X T50%
BT AT 2 T IS 72 AU 72 b7, IROET CELIZFEMICZ O E FHEBNIZ SOV TRLA 35,

—e— ATE Cost

——Interface Cost (Trend)
Interface Cost (Expected) /./.
| ———
e " | |

A

Cost
1»

[ Al
7

A

A

1984 1990 1995 2000 2005 2010 2015 2020 2025

Figure TST2 Test Cell Cost / Unit versus Interface Cost Trend

Bt b RMEDINTODT AR ZMEIEAT . B L ONFREN A OW T = 7 A Z TR LTz, £ D #E
R LI TIORT,

FHE DX NI HT

[E] B E 7 AR B T
WEELT ARB IRy T AR
B —[E#E /BIST,/DFT

5. arHL U AR

FPHHFFI ISR NIRRT

1. Uz— L~V OFEHET AR

2. TEE7RHHIA LR E R R

3. THETTATTAR

4, FLL AT

5. MLUAFZDT 4 —/ VLT M
R—ZRaAXA DIV R

AR—ZATIL, BN T2 o Th T 758 THEEND, 7TV 74— LI T — A1 7

FANT I F ¥ DFMEIEILTT25D, EDIZ . AANIN—AAL L TTANT I F Bl ER g ~EI<HH L
N7, [RFIE T AMIANL —F o ha i ESEHEEHIT, N—RAaRXNEE DX AT S5, 2D
FEER P ARNHT-D DR —ZAZNARIISE S (FT- R — AT ANA~DEEE 72 SH D), [FIRFRIE T A6

Ll S
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L CaAMINEE RS E5720121%, ATE A7 TANT 7T vid, DV —RTA N —T v il RS
DB LINRND T, HEHOUY —AZE Y CTHZENEE THDH, AEVTBITHRKERHT ANOH A
372 AD, ZDIZ, FLWT a—T I —REREANCRIZHEAE, OB X 5 TO (To— i
— VT ARD FIZENT) REZR W H 7 AN A GBI 57259,
F¥RXNVIAARDRLY R

T v RV ANO R RIZREIRI L, [FRRRE 7 AN U7 ARSI Z iR 3272 DI ICEHE T
b5 YARDTZVDOF ¥ XNV AANR LI ThHE, DY AMIR—RATANFETEDLENHFI 3D
727 %, — . i T ¥ RN BBV AN CTIE T LA =T VIEHIRT D, TAX DL Zha=Y
AR DRI R A2, £, ATE B ~OERMEREZ BN 5 L9572 DFT O H OBz L~ T, 7
¥R AANIHENEA RIAEND, N2 T, DT ANR =M 2R A U2 3 EIB 0 7 AR 1%, Ak
HIZVDOF ¥ RV ANHIBTED,

eI i liAg D7 e R RF OFT ANAEIEE OTAR, ZL T, ZNUHDREOT ANIEHE LK
WTF AR, FEAREEL TEOEETHESTWS, 7T alRIv I AR 7LD DFT FikE
NEREIND,

B /O DT ARAANIEEIT/R>TETN D, #1508 Tk, SONET OF —ZL—R~Z 2.5Gbps 75
10Gbps~40Gbps DL > IHERTHT2AH, ar B a—XEHHE 38 CTlix, » U7/ ATA 7 2008 4FiZ
1.5Gbps 75 6Gbps [ZHE KL, PCI Express 25 2008 4E-ZAIZ 2.5Gbps 725 5Gbps (IR T D, £DHZ ., [H]
BT 0GB DX B N E IRV ZF9 T, T AN AN N 25, ZH0biE, &l 1/0 @ DFT #iif
EHTLWT ANTIEN, T AN AN T 5720 OfFRREL CTET F T EHEIZRDH7259,
BFEaARDIL R

RIRF L E L OIS T, BIROTANT EH-3%, K2, S LE S EHIE 258 S a6, 1
crT-DDEBIEAANE, A RHTZODF ¥ LA AND K HD B LR, BIRO= AN X, EIR
e LIRS OA /S —2a TRVIED BRI H LAV, WL<222D DFT Bl TiL, 7 AN
A R BT IS IR O BRI X TN DLV Z LB R L ETh S,
fv B Tx—AaAFDKRLYFK

AL BT 2 — AT ANOMENL, [RRFHE T AR L7z AN Z R S 570 I EFICEE TH
B A RDEN AL THEEHN NN T DAL 2T 2 — AT AR KRR ThHE . A MNILEE MO B 1% 5|2
LTCLED, A ¥ 72— AT AN E# 1 (2Gbit/s) . T LT, ZEOFEEHAIE (128 DY AF) TRERFREL
o TG, i TOT a—7 h— Rl LGP N —5 97 — B LI ANET VA B 505
NoD, TNWT T —T N —RDV—RZ A LiE, BRI ERICBWT, SR AMIELR I &EEd, 7'
—T H—=RDYV—REZA LT, ZOr—R~o7 O RIOHAREE TIN5, HOFEORLGIZES
TIE, V== T ANEEME T D0, FIIX B CRARIIR T ARD B a I THZEDRERINTIR D03 LAV,
ZIPDITEE 1/O O DFT HAG 3 A 27 = — 28 Ml T 25720 OfRREL CTET T E L THTH
A9,

FIFFHIED P L2 K

AIEI CimCONT-d01Z, T AN AN F i Db EE /R AT A M AT 28 TH D, VA M
KT ZETHLNAZEIL, (1) WA FT2—AT AR, (2) EWTF ¥RV AR BRI AR, (3) KO [FF
HIEZhZE M, I2L-> THIBRS A,

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS: 2009 EDITION



18 FARET X NEE

ZZT N IZWHNTHESND T SAADETH D (N>1), Ty 1LT A AHT=D DT ANER T D, 2 LT
TNENE D T S A 2&ASNZHE LT REDO T ARNEFRITH D, Bl ZIE. 1 T /A ABHTZVDT, 7 10 BT,
N=32 fEHDEFDTy =16 HORED[EIFHAE RN IT 98.06%I2725, TV, [FIRHAIE T 2 54—/ —~y
RiZ (1-M)=1.94%\Z72%,

Table TST2 Multi-site Test for Product Segments

T RVAANEHIE TS ATE OIE VY — R IRIFFHIE 2% T DJRENZ /2550 e (B 2
X, IYTARRLZF LR RF OT ARNTHE THD) . D2 ARFEIIREHI E 2023 T 1 E DA HE <0
LT HE, TARIANMIREIREELE T, Hl20E, FERIEZE 98%1% 2 A F° 4 VA hDT ANZ
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Figure TST3 Importance of Multi-site Efficiency in Massive Parallel Test
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Best Optical Inspection
Other inline data RT AJO - Real-Time

Analysis and Optimization
| PTAD

‘ PTAD - Post-Test Analysis
| Wafer Probe Test | & Disposition

RT A/O |
Card/System Test /

Database & Automated

Data Analysis
Fab Data
Design Data (Inciuding Adaptive Test
Business Data canabifities like post-test
Customer Specs stafiztical analysis, dynamic Field Operation

roufings and feed-fonvard data)

I PTAD

Figure TST4 High-level diagram of Adaptive Test Flow
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Table TST3 “Stages” of Adaptive Test
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Stages of Adaptive Test Implementation

. Static Adaptation only -- test limits and test content and test flows are statically set and occasionally updated

No Adaptive Test based on off-line analysis. (perhaps every few months)

EMERGING METHODS (The following three stages may not necessarily be implemented in the order shown.)

e A procedure or algorithm is defined which sets test limits. (algorithm is statically defined)

e During test execution, real-time (and possibly historical) DUT response data is used as input to the limit

Adaptive Test Limit Setting setting algorithms

e Many types of on-tester and off-tester outlier screening techniques can be applied at this stage.

e Data from any test step is available to be used at any other test step.

Data Feed-forward and i
Feed-backward e Data analysis of historical data at one test step is used to set limits, test content and flows at any other test
step.
e A procedure or algorithm is defined which sets test content. (algorithm is statically defined)
Adaptive Test Content & e During test execution, real-time (and possibly historical) DUT response data is used as input to the test
Test Flows content/flow setting algorithms.

e Multiple Test flows can be dynamically chosen based on automated statistical data analysis.

FUTURE METHODS

o A “DUT response model” (which has many different limit setting schemes) is used instead of a static

algorithm.
. Over time, Adaptive Test will expand its input source from DUT responses to other types of process and
[Adaptive Test based on DUT business data.
Response Models o [Ineffect, there is a decision-tree structure that in the extreme could result in each DUT being uniquely tested

by a flow dictated by the observed response which may include data from multiple insertions.

. The more likely outcome is DUTS are identified as members of a common sub-group and the test flow is
dynamically adjusted using the group of DUTs and their common response.

L
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RN FITATLOoH %,

1. Real-time monitoring of test results that can dynamically change test flows——7ArD;ENISCHIBR,
BEO, bo BBV RE LT 72D ORI 2 Wr 7 — Z OISR Z R IRBICFEITT D, 2D
IXE UTNZALRFE T aeAar b — Vv E R T 5,

2. Post-test statistical analysis of test results ——DPM (Defect per Million) <°{Z #EIE AR B A& 270 #i
TR BRI R F LA EFHR T D7D OT AME DT ANE ROFERIRYT (Fl 21X, v =— 2
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4. Feed-back test results to drive changes for future devices——fil 213, A7 7 A iEMTIZ, TANT—,
TANANE, HDOWTRIE N —F U &G T DD, oA 7T AT, i EDOIET
—X& TANMEPERE ), BRSO RTIGKEH, DPM 223K | WIRFSNTe BV LT — 2 Lol Z<D
T HRIENODT —HEf i ET D,

5. Production test monitoring and alerts——i& &2 EITL7=bD721F Tl TOEMEZ e & pET ARA
L—ar B ABRICT 272D DR TOHF T —ZDVT NAA LIt & e (Bl X, v=—
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Table TST4 Implications of Adaptive Test

Challenge Required Direction

Infrastructure to enable the Adaptive Test flow shown in .

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

T 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, full part tracking at each test step, and feed-
Sforward/feed-backward data flows.

Traceability Enable full traceability of Adaptive Test parameters (limits, content, flows, rules) for each die.

(accessible anytime in future)

[Real-Time Communications

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

IDevelopment of Improved Models &
[ lgorithms

Development of methods where the models are not fixed — instead the models are dynamically 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.
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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 TST5 Organization of Cores for System Integration and Applications
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[fl—27 OFRIKEFT AND N RZAR T L0008 Lt ZOE~DAL NINIASH DO —R <y 7 THR
waEns,

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

Required compression 80| 200| 300| 500f 750| 1300/ 2000| 3300| 4800| 7300| 12000 20000/ 35000{ 67000| 83000 104000

1-dim: Test-cube compression
(100X)

2-dim: Spatial
compression(500X)

7
3-dim: Time correlations 7

compression(1000X)

Multi-dim: compression(5000X)

hich research, development, and qualification/pre-production should be taking place for the solution.

This legend indicates the time during w
Research Required

Development Underway

Qualification / Pre-Production

Continuous Improvement %//%

Figure TST6 Potential Solution for the Problem of the Test Data Increase

TST6 1 X7 ANT —HZ DO NN -E~DAE I R Al (Potential Solutions) Z7~xL TV 5, BAED EAEH A
I3, EICKT AN HNEL O X E (MR H =R B 5- LW R M7 e Y ME) 2 FF-> T szl
FAL TV, 100 (5 LA EDEMER DRIV TS, LodL, £ TSTS SoC (IRIILTWDEINT, [EHEHE
mOPTézﬁ‘“Ci@w PR, KOPE SN HI DA B ML EEIND, AF v TF=—ZHINS U
LT ARG ZAE ORI i@%b\E%ﬁ%%EE@%ﬁﬁﬁ%éo EHNT, TAMY ZED K J7 1 OFE
Iz, ct‘OF%?b\E%%%EEAOD%iM%ZM%Lﬂ&b\o ZDINTEE DR TT TOIERINEE K452
EMONEDDFRP R & s,

7.0 1000
6.0 |-|—e— unique cores=100% »
5.0 H—=—unique cores=50% /
i —oE0 100
4.0 1 unique cores=25%
3.0 10 —e— unique cores=100% ||
2.0 ‘/p(/'/\ —m— unique cores=50%
1.0 |- e unique cores=25%
OO | | | | | | | | | | | | | | | ! ! ! ! ! ! ! I I I I I I I I
'07'08'09'10'11'12'13'14'15'16'17'18'19'20'21'22 '07'08'09'10'11'12'13'14'15  '17'18'19'20'21'22
(a) Test Time per Gate (Relative) (b) Required Test Data Volume Compression

Figure TST7 Impact of Repeated Use of Same Cores
Fo, T =TV DT ANEATIR A — IR DTN T LU L E LT ANETIANE BRI 500
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TIXRVEICEE T ALEDN DD, LTZN-> T, hIV P AR HT-0 DT AT AN A r—F 7 )V ZHIE 57
DI, FE OIS Ka AR ATE OfF A HHWNET ANE DR E2E D ATE aARHIE 57
DOFIELMETHD,

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

Required Test time
reduction

1x 2x 2x 2x | 2.5x | 25x | 25x | 3.2x | 3.2x|3.2x | 4.2x | 4.2x 4.2x | 5.6x | 5.6x 5.6x

Multi-site Test

Core-Pararell Test

Test Vector Reduction
(include comprssion)

restee ok _

Thislegend indicates the time during which research, development, and qualification/pre-production should be taking place for the solution.
Research Required
Development Underway
Qualification / Pre-Production
Continuous Improvement

Figure TST8 Potential Solutions for Test Time Reduction

TST8 X7 ANRERI DN R RE~ DRI R 2R LD, [RIIT AN OMENNE T 7 DT AN
BRI D720 ORI ) 2= a ThD, 27 FEJE TORIREIEF T AT T ANEERHII O "] GE 14
2385, ATPG,/DFT L~ L CO7T ANRERIHIE AT 2345 7 BR SR T 1uid 72 B720, [Test per clock i3,
AX X T ANNI B B DT AN R E BT 5 (T72bb, AT YT AN, EOTANIE a3
WATITOR, A% o7 MMEELEL LR, ZOTRICBT 5000 InH B, EHRTOE
FEDOT=DIZIZ IV O R DL EELEND,

X EHh R L OO EALERF S REME SN CRY, DFT bEALak it 7 = — A TOmANREEL,
DFT it/ — T o271, T CTIZHHREE IR A RIRE TH DM, T ANE G MO fEHT |, Hebsfs =R O HE
TE M OFEAR Y 3R G T FEE GO T2 EN R FHI BT D DFT AR ROEEEL TR ETHD, — 5., ¥
DaAL LI THD, TAMIE =2 DUT FOT X CORIFE/ AR LT 554, B IREE DB
TECIZRAELRWVIBRIIR AL v T TEEE A LD TH A, ZIUIKEBEENEE R 2 EICT DI 7072 E
DB BRI — =X N ERATAZ T 2 — VAl 22 L1205, BT, IR Rey 7 Rora Ak
— LD T FINAT VT A OREICLOEEEBMERN R L EH DL~ —V T o) REZAELD
AREMEL D, LIz C, DFT i FHIBITHEHE L/ AXO TR L OHIEBALE THD,

Table TST5 System on Chip Test Requirements
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AEV2 T2 7B ERFE

Tav A OEREEBITATYORRE Y MEITHE KL . ZHUTE-> T BIST, ROEF K ONFEZ KO-
DEFEANKRT DT « AL _RARA IS INT 5, £, AV T OE B ELEEERE 0 Fickh, 2
EY DFT H7E UCTELL F O X288 B X OMERE_ EOEFT N L7025,

o FIA—ETuVRZEBWTHITAHLWZAT DR IMETI/3—F 572, TANT LIV XA
— R [E T T Y R DS —FRI7R T LAY R LET ANREDBEIR 7 A A HDHVT
H 20N AEY T A ERMBEE IR T VTV X MTEE LR T TR 5700, E6IT
FKHRI2T ARNT VTV RAOIERZ FIREIC T D 7 v/ T~ 7L BIST DHFEINRIT TG
720N,

o FIAZTTEEY (BIRA) RHHIA A H LR (BISR) O X972 3 172 Nk R £ il 23 B R S 7z
U250, 22T, BIRA 1350 ST D701 BIST fERAMNTL CUEELRZDOE DY
THEPRETAHEMTHA, F7-. BISRIZTTF v FCEEOFHER (ON—RRH) 21T Th 5,

o REHEHROALTAL TOWEITSEVE RIS TAREMIZIRDDDBHD, Evbh, B— BT LD
REHDOWNIZNOEDOR BOMBEDOREREDREBLIAL TN, KEOTAMERES 7452 &te
<§“/7L’Q€k%”?§héb%7§>%é HHLIA 2 B 272 W (BISD) #6803 AuiE . A€V H ) OfRMTIZ
DARRZAT OFBIDIFIHEICRD ZDORE % ATE ([ZJETZENTES,

o LI EDTRTOMMEIL, oL "IN A X THRESNRT IR b7 L Fov AT LJE B HT
BIELZRT 725780,

7 TSTS (2H-5< L, 2007 4F GRE T IELLIE 2009 ) IZB W THNIBATIIZH T DA AT AR, Kok
L ORZWr D72 DEIFE O A XX IM By bb7e ik 35k 7 —MMI725, ZHUZiE BIST, BIRA, BISR &
Y BISD DRI AE G Tes, FMba—XHHWNTERN b2 —AD IS8Rk 5 70l T LT 520D TN
ARTE ER2, ARYDRE Y MEIZHTTHTY T « A _RAMAC D ERIL, A% 10 ERNITEML T d
72N, ZOBRFHIIA G I EB TELLD TR, 1T ARVDITET —F 77 F v DN IVEHEIT 2D
&L R AT 2D B ORI CHETLOIIR /257259, ZD7-8, BIST, Rk, W7 — %77%%
BTV —I 20 —3UEEL2 5, AV T O BIST, Rk . 2 Wrlal B2 @il SR T 52 8k
NZYT e A RANAURNEFAI LT < a0 — T DT O JSERFENEIHITH TE D H LI, 77?‘/5!9:-7*‘—
4 L [P B CAE AR S D m B I AE Y a7 ICNE T D2 ED AIHETH Y, ULV T AN E—RIZKITHY
AT ZHETOENEDT=D DOHIRPEFISNDTZAD, ATV a— N T RT AN —2 DT as I T 7
E D728 D[R] THE R S IV D AR I HSH TEMET 2 IG5 k%“(’ééb HHNIEEDAEY
a7y CHETHIELTES, 2Ly, =7 /f//\xbl/hé‘)ﬁﬂﬁf’a“ FAmBLER A L O BERR RO
VEEE BRI TEDIEA), TDOIIREF AR E BT 5720120F, TR TOXLBERAETIZAT L
RERIZ R L TRl AT 7T ARNEWMED T2 0D DA L HT7 2— A3 — fjmﬁﬁftéhmimi‘f@%m\o 4AH
? SoC IZUIFUIEE ZL D/ AT a7 2> TCVD, L, ZOXH7REAITIE, #E Y MR T
—PDAENATEFRFOLE LI LIVELD DFT BIENSMLELRD, LTzB->T, INLOEEDAE)aT
BB O AR T a2 ICEKTHIEITED, %:E) DFT D75 D T T « AL _RARAL N BB 52
ENTED, TAMNKE G WA E B LUI-ENMNARIL, ATV EALOEY TFat RAZB W TZOMEEL B
HELHIT, VAT LBIEIZBITDATY « T 7B AW HIEEZ B L2 T T2 B0,

SoC DEREICE T AEREE

P27 OFF TG R OB b — LR 5 Th D, IPaT 2 —R/8\—TF DT A Z )5 A
FI D5 EINITEDT AN a—arw A LT 7B, < DEDAY —/Linayy7a 7 |2kt
T HREUET p—~< v~ (B 2 IFIEEE1500") ICBEIC KRS L TRY, ZOEURET p—< v bW &7 s a 77

! 1500-2005 IEEE Standard Testability Method for Embedded Core-based Integrated Circuits
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EDILENMETIH D, DFTEATED A L X7 = — A (L X228 578 (il 2 ITIEEE14507) . F 0D
HZIET AN X120 TIRRT AN v I R BRL E D LIRIT IR D7\0, a7 OT ANWE X, BE
VA B i R0 B A A AIE WA P > 2\ M N SR AIE I B 2 & O FE & DR AR HE R O RIS AL T B3,
K7 OBEMRHEEEED TRIEEL TOT ANEVEEG L — 2T IERHBE ST TR 6720,

ek, HEXET ARD B Z MO T2 D ITHERET AR WO TED, a7 R a7 A BT = — R Tk
5 HEN T AR UV RICER R SN RT LR D720, SoCL LD EFEZBNCIL, B EHHOIWIT T rE A
WZBITHHBREVIRER T (FIZIET AT~ T 47 KMG) OFE BRIV AT~ T v V1B @2 W77 k
T —ABNETHD, FIUIREOBHHAT  FOaT7 RO RMEDEHHE G FOE MmO RaDHHX-
YA A T A HR A L 72 T R 5700, I AT REZR KX A 7 D A= 2 — 1, FT O 7 v AFIICE
AR R Ba D RHE OBz & b TRb S T UL 7e by, ety — /L EATESH DU IFALE#E &
D DAL —RIEREALSINT-A L H T 2= ABNETHD, [fl— a7 & e H ORI E>TEED
BT —HHIEL, T —F =R G CT —F~ A =2 7 PRIV 57201203, KEZK

DLETHD, RIEOERAOT-DIIET — X H B DA=a—PIEF ICEE /R —THLHN, Bk
BT IIUT /U LIRS TND,

VAT I A e

SoC LI FEIIT, SiP CIIER T AN L O T ANATHIZEH TE D, —ODEREES LAY SiP N
DD BDEREL 2 2 727528050, £-20U2kD SiP OBV EZELHIR T 52 810h 7257280,
ZORITEBETHD, SOIZ, BENT B T UORyr —VRHIATO A ZE D, FEFERTOE 7 AN
WH Y 2= T =T T ANDBRIATONRT U2 B2, D FEY FEHEAFRE L, BRI R T A 2%
BT HENHTEIZ72%, TKnown Good Die (KGD) Jid, H—F v 7L T\ — TSN 6 LRI%E DM
B LEHEMEE RO LR CEDLRT X ADIFFREL T, 1990 4R HEIZAIS N7 HFETH D,

2L DA B—F T o=V O TT NAADT ANB I ORI == T 21752812k 4 H
fisiLs 1C B IT%E 32 e R D S B LA FEIE O BUB I ZFEEL 72 L CnD, — RIS, V= — T e —
7T ANIVEREIRR, FHEMEA ) — =07 HDHWNIZ KA RIRFRE 2 2 7 MWD TR, 20
720, —RIIZIZ. ZNHDT ANI N =D L YL TT AR N Ay b N—= A F v R D
WEE—RR—=RZHWTITHYONIORN R THD, ZD7-H, KGD 70 AT, FR TEAMEBIO
FHEMEO HEICAET DI, 7a—T LR EDEHEDT AL )L DT AN RAZY—=2 7 TlE @y
FTATEBNSNDZEDRRFITRO LIV TS, EEARBHARGRELL X, Bd~—r v M CERE
HiEBIOMEFEMEBEORE, V=— N, HOINFIZ AL~V Tl CEHIANIERDOLNT ARB L)
BRI —= 7 FIEOBRR, 2L T, BoNAME B L OMEHEEOL ~LIZBEL TEVWE L~ LA
G205 EBIOMEHMETIEORB RS D, IVEMAGREEL T, = F2—FIZH I H rTiEg7e
TT— B OMEE#EELZFF OB 2 H O 7 ANEIE~DOBITNZE T BN D,

SIPDOFRPBLOLEE IZR T 5788

SiP I EE DY T TA VY ISEDZ A% 5 A TWAHZENZND T, SiP L 1T EIE D% TRIZH L %<
DOIMEFRFRENTEAET D, ZOZEITLL T EEZ AU S8 5,

o ARE DPM O HAEZ BN SV D7D D3 r— 05 AN & O BRI 5 E

o EXFHLE S FubAEMOEEMEAI)—= S D HE(OR— A BEARN A ) DML
S ZERS 3 A HE T —

o MERMBELY AT =T 7 IRV RVEE FRI T D728 Ol R & AR E A AT O R ARAT O 14

2 P1450.6, Draft Standard for Standard Test Interface Language (STIL) for Digital Test Vector Data—Core Test Language (CTL)
(FRF7E : 1450.6-2005, IEEE Standard Test Interface Language (STIL) for Digital Test Vector Data-Core Test Language (CTL))
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=L LT, SiP DT ANIEEZ e SoC GO T ARDEE BELITWD, TR BRERRT A
NEMEDBHLEESE R IP 22— 2D — B LT AN m—ZENLRT U520, SoC DIE, £ THRTF
v 7 BIZBHY, [FIRFICERHENDD T, a7 0y 7 OT AN Y IEEE1500 FEHE(LRE I CESESN X
VRS T, T AN /X —0 T AN 7 vy 272 E a2 B L TR — S5, SiP O34 XA DORLEE
Bsik7e 7 ANE—R (LAATVRE OS5 E  FHCUIZUIRBE L SN G 80835 D) IZT 7B AT 5D 43
IREMOIRPEZNRH 572D, SoC Tl HWDALDT ANKRIE DT DIZHEET D MBI T AN TZ
e AE 2 DX APFFZI o720 T 5,

KGD O A %) SiP Tz, fN TR IEMEIZ TN SN T= 2 L2 RFET 272012, If&HNL CORIZH LR
EDOBEOT AN THD, BN THNE A DAL LFEE R (KGD #Z A 2R ba i oL
185) G A TWDEX GBIMOT AR YENZ /257058 LIV, Mk & PR @B 527 — ATk, BFE
DEA | BITEDH A D/NEIE CTHEE T AR 72O AT, B OEFE THETRITH, TDX AT
K HREMI T AN O FEM 7 FRME S M B2 D,

BHEMEDOAI) == T OBE . HDF A= A B 5— 7T B EFEARN AD I Bk
THNELIR, HDF A DA AL, [F— S =MD A THFIETDH(HETIZH
5) D H IR, SiP B OF D RIp ST AT 2L B o7 T e ANRUIRUIEH DD T, iR T L0
LW, — DORRREBE DI AEHANLIE DA — = 7 DIFFEMEZ R 7210 T, 2R3 AN KL
2N (FIZIE, Tz L L D= A AT N — DL XL DR — A J 0 El THD) .

WD S A~ N T F o7 78— ORI THRAEE N THIEY 2a— A ERICT AN
DDV, Belpol=T T T 4 —BIBIT DN OO T ANDIBINN N B DGE 13D, BE DT ARD
BN 22 A=V LD T ANE R — T OB OO T 2L 0T 2eb b s, MEISN Sy —
DRI BTN B0, FRT ANEBE NS5, To— BRI, L BOWITTERF
WNMIETHY HFEVEIRIDH—F b FEHTH720I0, KR E 2 BT | ZEN NI D,
EEFICHBE L 7= A R E L SUR R ER A LB CEXDHIRE T VAT LG LELE T 5283, SiP
DIFFEME~DO L E/FRETH D,

Tz — DT ANEEBIZBETOFEE LA

A BHEAPIIZHWGI TS T a—T I — RN & T AN OBRBELL TH IR TIZ R0, A
B —R2UT 4 Hv, RE, BIELB LT Tl 7 AR WS T2 RER—ADT ARDIZEAE 1T\ —T L
JLTCEESITNDDT, KGD D7 aAD i KOFEIX, KaDH5 ., HHIIE AN AU SRS
ENHDT INAADBIR DN TRRIZESNARNC, TAMNNF R, BEEMIENHY | i 3£ CIEMIZHRR] 3
HFELERIETHIETHD,

FAATVARTANRES e DRAM 728 OHAFEOT 7 /o TOT AMMERIZE OO TR THD, 7
=T E—7 TEROHKICED . 2D TARND AL —TF NI S — DS L0 KB AR T35,
IANHRD BN ET, DRAM # A% 72— \L~YL T JUIT AT A0 OFEICIT., il m—7L
A ALTEELIZY, Vo= A LTI, BRI LT OB EL WA A 2T 357
ANREI LR ) DIRB ZRET 25, Vo — N EOBEBOX A% 70— T TELEMN N E b,

RF 5 /S 2D 2 —/"F Rk
KGD Ot 2% RF XA\ T A0 FEME L. SEie ol y T 727 a—7 B —R OB %
Tdb. RE XA/ THED T, 7Sy R FITIER I, Fle LT, HARAOT O Sy REYFIE 75
pmZ FESTHEY, 4, BIEOTn—7HilfORATHD,
RF 70— 7ROV T T NALT ITVT 4% RAFIZT 572012, GND— 1575 —GND EWOH#K7Y RF
=2 3Bk ED, RF T34 2% KGD 7 uv A 0@ A8 L33 L. MY n—7 h—R%
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& RF 70—t U 7 Hific kD, RF 7RADOA L E—F L 20 S5 LS. GND—1E 5 —GND k3 3%
HENTNWAZEDEIFTHD,

T — G LIIFL AL~ TOETE AT —=

— B O BE LI LI, SV IACHEEL TOD TR B A S~ N4 5720 D AR AL LTS
NTNWD, ZNBIET 2= ARF AL LI — DL L TOMMANE S Thd, X A%/ r—F
BHENCZMBD AN 2% T 5D1%, KGD IZe->TEE B THS,

BLENDERSIND TREROREINIK LT, B AR RITENTZD = — RO 2T N O BRI,
COFEED TELMETHD, A AN T RO NI Z TN OMRES T Tl FOREL D=9
DIN—2 A AN ZDERTHH D,

F AT —Z DFEEH IR LR

O PN TEIEL QOB RIMEERE T DD T — 2 o & 35 TiEE, ZOER, FricL i
A, BIORGFEMPENTZOII = AP AL -T720, e R X5 X2 IEER
DT ALHHIDO T TIL B E AL RMZ A %53 LT-09 52 LM AR AL 72D L) 72 LS A BF 2 BT, X
FFa2 175391272 > TETCWD, N—=2 A DIRDOVIZT ANBINZITHEREMEAZ ) — =0 7 ORI fFIE, 7
ARRERE], 7 ANERE, B, EE M OEWRZHIH T2 ThD, KGD OEMIL, DT m—T LT R
AT 2= N ~YL TDAIN == TR ETENDHEVDZETHY BTDT /S, ANEAEBI IR 30—
WZREDL T, I ORBRIZE N T, T —H L —hDAR IR0, 207 0 A E1T 25 H far i <5 f M E D
=N B RICEBENTNWDHESIZLETHD, TAZDLEN TRHBOFIEZHEAL T, Zh2hos
A DT ANAEME (5] 21X, Idd, Vddmin, Fmax) [R5 73 : Vddmin (35AKENMERE L, Fmax (35 & B1EE
BNIFETHENLD TIERL, &4 DX A TSNS, ZTNODOREMIZI/R DT ARG, ARV AT A
DB/ DI E SR T, FLERDN AIRE TH D, B A B OHIWi X, T AX ZBE =% T T
DT NAVZLZAE T HZ L TRl SN HEME O G 3 HT I FE DSV TIRIE T D, #LaTHI A0 O E
I3, VAT LA EED IR T SAATHLZ LD, ZIODF IR FGA BT IE DD TERA T END,
ZLTC AV IE NN 2=y T RZIUHES TEHEIND, S TEEZ AW TT AN D200
I, BTER 7B R DR EARE RV RORIO | 8 TEHN —RF 75252 Th D,

T FREDZ A Df B~ D

TR TVRHP O TIEN, DT 7 /0 A—VE 52520385, Uo— 1 OERLINOESDF]T
H5: DRAM UV — OiERLIZED, V7 Ly a RO Z LN BIHIS I TG, Tz — L~ T T
TANSNTZT == NINHDZ AN, RIS SiP ° MCP IZ7 27 vEni-# . <RI T AN ClkfEs
RBHZENRDD, T TV TP OEBILIEAT 7R Al x OB YMIXL T, Y7Ly 2 f Db A
TZELHD, ZOBIGIT AT a k] (VRT: variable retention time) &L CEIGLILTERY, 7T
U TRANCAZ) == F T A2 LT TEAR,

TFEREIT. X AMEE N ERTHMEL )V BN T2 THDH, ZHUTBMO T 27
BT AR, T T o —UNIZHHE &% DR A F TOINEBEZORENSC, 2T v 7 DOT7 7V /r—
Tar IR BN R SN T8 i 2 WA Z Sl k| R TE D,
aYy s

ZOFITIE, v~ A7 aty Y OIARIER I T X o TS, A ST CMOS T
AN TERDT AR, o LA, BAR, B0 T, O X0 T SAREERENARY v 3
T DT ANIOWTHEREZYTH, I EERIEIL, EER 7T AND R U R EAR s —R <y
DR REPEMITHENIZETH D, KIRORN VR T =250 T, | KREAFE~A/a7 oty
ETRA SoCINFERVT7 7L AELUTHRINEN TS, WEAEY (v a2 ATIDLH72) . 1/0, Iv7AR

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS: 2009 EDITION



TAMETAMNEE 33

LTF I BDHWIE RE BT DRI T ANE R DK 2 OFEIO Tl RS TEY, 202 5 #
SNT-HEHEI O I T R RZDOWTE DG AITITERL TR R B0,

REAE~A0S ey IO REES $T5H0

T =T VD EAIDOEHTZHHN U RiE ITRS 03{1410)45 BT O T, RV T AR
FURZ T 5720 O FERME OIS T LT, Z2IZHEB#HL TWD, 7—7 /0 TST6 DEHID 247
X, Ty 7T BIZ0DORHE (FT U AZE) DR U RREPEBETCOT v 7 P A XD U RERLTND, T
THARNL, DRV ENOESDT Iﬂszﬁi{Jc@EP“CﬂiEi%j(L“Cb\é@k IR, R — T TH D,
ZFOWRDITOHERIL, Fr~Arnr a2y —I0 ZHFINEEEICRDEND, v L FaT &
AR R —H o KL TA, ITRS TIEENZE O 7 a2 R EIZa 7 HIIE 270> T s
RELTCWD, Byl T—T VDD 2 1T1E ABHERR T A ZAOEIREBERPIDO R R EF 7 I
T ARSI E DR R AR LTS,

VAT A MR EES|TALD

VAT LR REEG T DL, RIS T ANER A2 T HERICE CHOEELERD, FlIE, KOLE
R AT AHIKIO 1 DITEE B THD, ERXAMNVHBOEE  BENEFOKR, VAT L2DOENERE
HBRE, 2L TV X —a b, T3 AD M E B EERREIEDEZNTHDICEERL TV
Do INT F— U ADIINEEBIZHIFR 2 T RARE ) NE Z BRI D720, Zids T L7
F— U A [FARRICHE LD DT OISV B TR b LA—T OERID R 5720 . ZHUT Tk
T AREEFERFIFREOOEDTHD, N7 VAZ T av AHAT, 3 FHER L O, VAT LTI
NI TEERYELF 25,

TAMIE L 5. 2 D50 AT AN EF DR HHELT-0, ZHUIT v 7T NES/ N — U NS D BB R TE
DA TEE;%OO Fo T EIIOEEIMETTELDOEEINMN, D7edlt, 2 DOBHMNG, Z0E 2 20N LL
?“45 1 OFLHIL, ééi)?/ﬁ‘-‘i/b“ﬁ/@iﬁktvw_@@aﬁk?&m _ﬁ%lJr'r’JrﬁS‘zl@é LIZEAT, o —Y

ﬁ‘ﬂﬂﬁ CIHBEENERIRTHERITETHD, FEFITEWEILETT Y IZENEIELI LD AEERD

T, Jm%@ﬁ%ﬂf’a 13T T NERO T TR EFBFITED, & 2 @fiEEI 3. MEE R KT 57
DIZ, N T a7 DT —%T 7T 3l &« O 7 IR 72E 5] ODfS%%JZ\%ik?“é&%ﬁ_}:f%éo fER. 2
u i%/7 WES CALELSNDZEMMTETE A, BRI E Z2I1E, ZORL U RIEL DUT ~O#5 5 ] 2 £ B

(2T, — FTIEH LWT ANMHEE < AR HL TV, EHDIE, IEMER ST & B Tl E 28 K

BT ISAADT AND BN DOH IR DN BTE,

HBIOEDDEERV AT LR U RIE, BVEAICE> T EEEINTETF 7 OT —2 - R R
DREFERIZ2IENINTH D, ZHUE, T 7D 10 7 —XH5iEHE & VO FROHIMEfRIRTED, 1 X TERE/FD
(GT/s) LB EMNIZHF WAL —ROfF FE! r% A1, EERERCT RT YR I7ay DX EEH T
IEBFIENMELSNTND, BlZIE, ZHUXBEIZ PCI Express X° Serial ATA A2 7 = —AZHHEH
TWAL, £7- ITRS @H#F‘%’”i’ti“(?%?ﬁ? oty YO TO I/O A—h (F 213 front 51de bus) \ZIRDY
VERAEDHTHA), ZNOLDALHT 2 —ADT ARNER ST ANRBIZE T 20 o LFE LW i im Lm0 1/0 A
47 x—ZA (High Speed Input/Output Interface) D Hi Tik <2,

DFT DRV REFEF|THHD

F o TP ARXEINTT AN AR LI L THEIN T 520572012, DET O H & <o 0Ok 1
PR EEN R B0 D, BRI FTRERa 7 NS BB TE =282k~ T, DFT FELHEEET AR 38 R O Al §E
WERBHD, BE DT ZFERFICT ANT D2 EFH 2V D 2 aT [ LT ARLEHI Z LT k2w 2 74
FCIRB R o2a 7 R EHIBRCTI AR IS o72a7 % | S XUIEROTNERa 7 CEXMMz 5241
SR 2 I, AR T AMEREZ FF>a 7 — Ao F 7 ATE O — 2 F 7 BIZEBT5Z

EIFHIRZRND 2 DFT NEDORRICIHE L, DFT N8E TREO T AN RIZEDRRICA L /I N -2 D03
EREICEDDZEIIREHE L, LL, HOHMERN - VR H 5, UL
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o TANMFDT AR VO A F 7 2—=A%MIKITDOLFERRIC, HEI 2T AT —F BAIA D22
HIET AMNCH BT AT —ZEMHIAI Db HETH A,

o DFT £flid, HREVUCEZHELED D7D DR BALEREIC, A A RN THORET D725,

e DFT #1frl2iZ, AEVE 1O 72EDIDNTHHAIAFENTZ I T DT ANDEHES E e/ MRIZT 5
ZENRROEND, FlZIE AEY BIST TP UANET A AD FU— RSN TWD, 2
XD T VTV RI T« X — B R R D LB i%ﬂéhﬂ\é F/-FEEIZ, VO D DFT
HAFIZ LD, REEPEOT AN TR TIPS VO 7 ARD LB S LTS,

e DFT HifIZiZ, T /AARADOPREGGRIIRENELRFELTZD . T /A ADIER E G 72BN EIC RS LT
DT DHIENERHRIE X RDOONDTEAD, FEREFmIREIEDHIE L C, EIRHEE T, /O Di#
F7 b, TARAH B RE O A7 ENZET HND,

Table TST6 Logic Test Requirements

REEE~A70 7y DT ARNER

Logic Test Requirements 7—=>7 /LD (21X, ITRS DREHEIZL DT ARNERDFIFLSALTCND, /O DT
—HL—NIBL T, AN F ¥ 7T AN DFT #ilix W7 ANCTIHMEE T 78 A THS 120, ZDA %
72— ARKDEE DT ANTILE R T 7 EARMLEE /0D, D7 THIERKDBLATIE, 1 DDOT /AR
\ZHEE D 1/0 ZAT DB HEINDZ LI DIEAD, Z0on—R~y 7T Ofctk Tld, MEENTZT7A47 M
D~Ara7atyh Tl K 300W | —SHO~A a7 aty Tk 400W IZFE ER>TE TN,
[FAERIZ, TANMEEB DRI ZATVERG D72 DT H A TOKEESIL TS,

Giga-Pin-Vectors (GPV) 1%, fgiRlfEd Azt G U CR B — MBS AR > 72 O Th 5, il
WS AT 2 G O TZRF D /37— B3 MR H R 7 — B D EE L LT TST6 L RLTE,
HER LA

1. HEEIEEERE — o—R~vy 7 RBETIE, T AADEEET) iiktﬁ%ﬂ#’wgé_&b:*ﬁm
INTWD, ZD728D VAT LR DO I L L0 BRI T HT2DIZ, T ARFDE LG PR
FEHIREI O LT RSB T2 5705 FnZa U,

2. B /O Ao F T —A — EHEOT ANEB MR E LT SAZAOEHER THLELINADS ., 22l
72 DFT FHOT ANE BRI R BAFE TROT AN TCRELSND,

3. ~ATFaT oM — TAMDEALE G| XTI T BETHE LM b LR, v LT
TRFHIADRD 2 SOREEIRE B LS E DI TANMEICT D, Ll T T,
T AN RUWDIZENT D TCERE D LH7, BHE)7: DFT 2MER SO 225 [ REMEL 5D,

Table TST7 Vector Multipliers

Vector Multiplier
Fault Type Min Max
BF (Bridging Fault) 1.3 1.3
TF (Transition Fault) 3 5
SD (Small Delay) 2 40
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BEINOAVE T z—R

EJE VO HiT, FObEbEDEE THAV T IVIBIELRB X | sHECBED N EIZB W T, WiEH
JE LR — M D S CRGEHIZER E LEET CWD, 2bids HvAruray b REIA 27 = — AT v
7 HDHWTEID T S AN IS BSOS IP 7 av 7 Téhd, PCle 9/ A73—hF 2 Z7R—k, DDR,
FB DIMM. USB. £ 7 4=/3F, SATA. SAS. 77 A \—F ¥ /)L FHE vk A —H vk, XAUI,
SONET. OTU, OIF 72E DX H A~V AL X T - — ADORERET | 5 AL LT CEX WA, & A%E O %
FEEME, Z D FERAYZME R A B CHERL T2 01%, FEFITHEL W, SRR AR 2L EiF 55957
THNAZRRET HDIE, IC FEEDIZAD/NSIRE T ERN, —FH T LB A —RRFZML T
XLV NA T ROV BAFET NAALITIEF IR LA MEEL TN 2 DIEF IR DT Ao
AN EOFHFRL NNV EFRFOT-DICK RSN TS, KEEFEDT NAALIFET D, iZh, B—T /1A
FIZ2HOR— e B, ZOHEMNO@BE OIS VT Vi BEEPLIIA, 22D 82D T AR E
DEBZERT D, BIOT A AL TIIGB5, LROBLRNG, RO HMTAER X, X TST9 (A
X CREITUND,

1998 5 2001 FATHIT COIBRIE FEED BRI | FEHERZ2 VT LB g AL 13Gbps 12, &Y
ke 7 aE AW TIE 40Gbps ICETEIFEL, XU~V AL HT 2 — RO L, 557 B2 ZHIH
DOIEFHMOBRBRIC T AN LR R, G BTy &Nz K TSTI IRENTWAHLEHID) FHE L
IS OB CHEMINIHEEIML TD, LIPLEND, @ilA L Z 72— A THWOLNADIAMEESLT 1R A,
PR — VU HAG T AN IR E NN DT0 . O, BE THLEITS VRN, T2z
X, T~V A BT 2 —AD%L L, FFRD CMOS 7t A% = SoC fLIABTI T SAZTHD, K
B B TERICBW TR, FEFIC /A XD RE SoC BREEZ R R L, BiEEMEOEMREA L ¥ 7 = —
A TP OFEFHN, RERFREL2D130 TiE7el, ZOIRHEEO GEREA L X7 = —ADT AN, | £125k
JEET2 D, BERE AL L LB DRI OFREIL, Gbps/mW EOAK FHEIE THY . ZAUTZ O FEEE TD
FERBFSIRELR>TETND, 2O —HRERIT, it~ — AT T2 EE 2> T D, i
VL TRRFHERAE | ETEFET AN AN — 2 | OEHEIR R T A2 XD T ANDOMEI B A 5 2 5, fliAA 1P
Ty LT FHANNVNIALEZT 2 —ADT AMNE, BUEIL SoC Ty 7L ~YL 2K TOT ANMIFE OHTH
NTW5, O EF O T, ZAUTEE B ESHERET AR, 28D CMOS OF U4 /L G105
LD DL EE T W T D, TANAARNDFFRER, =B EH# ORI H FTREME, 7 ANMEBE R I
DG FEEATEDHIRIZRE N A BRI LT O 7 B L7205,

EOHEMa— R~y 7 AT HD I, ZOFRENIRE OB R A EHE TEDNEIDIE, HE RO
AL FERE AN D BHF KA L TVD, 2007 FRIZ FRISZLD1C, IHIEEEERE 7 —# @5, BLOAL
L —URERIE, —WRERIRF T~V DL EHNTEL , SHITHENLLTZ 13Gbps D& A D728 D HARFH)
RERNRRELZ BR T 2L THAD, 2009 FHUE, o7 7w AH AT, 14Gbps @ FC X°
16Gpbs @ PCle 72, 13Gbps Z X 127 — 415 Bl FE DR 2 SCFFLARE T D, OIF IZHB W TR AR D
1 H &5 common electrical interface (CEI) MWD/, 25Gbps £ TiET HE TSNS, EHBEEE
DEEITERIRY  XTA~NIA BT 2 —ADHLHE T FRICT v T AL 27 = —2) 1%, Z0 @72 Hf (5
z1E CEV/OIF, 40G/100G Ethernet (IEEE 802.3ba standard) ) Ml = AMIZ LY RADET/RBET,
(IRADEH72) R— NI DN A TZIR L TX T2, WO DO RSB, SEEESH TOL R EY 2 PERE D[]
FERDHITTEa—REREZBIRL-OT, PHISN TS 3ET 251270080 ) ERIT, 2 EESHS
T2 (121X PCle & FC) , FfkD T —HHnk il FEOHERIX, S DIELIZB W TALNIZILDE
IRDHTHAIN, FNTh, BT LI 2 TR DZ LR LTV,
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‘0 SONET mDDR  USB3 A Ethernet @ FC ¢ SATA @ PCle B OIF/CEIl ¢ SAS  25/40/100Gbps standards
1000
)
5 ad
- - _ & 7l
E/ 100 P // _
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Figure TSTY9 High Speed Interface Trend

ZOD 2 FEDOMNCT ANB L OGRS SR FEZE 1T, w7 NG DT AN FIEICBWTH R LW EE R
FCE, WLODNDTANERE A— 11X, 6Gbps ZH2HE L 1 —RL UL ThE G SV fifR FIEE R
THY, MO A—TIEEIZ 12Gbps D FIEEZTREL TD, WLOND ATE TOMERIKD AL —T N,
ATO AR RSB SNz, JOF#RZ2ray 7 HAUT, A AR DD %L DA — /N —~y
REEOERN =, Do XD TI7AT o ARBRD, F72 %< OG5 8 TT AR A EOfFIC > TR
WZENTH, DvHREEY X DOAMRERIZ OV T, HITNDLOEEROHF CTHE T I L3720, ATE
WXFE= REDOTTAL A RE = Z A7 BIST D720 2 d S b #iA )72 PRBS (ZFE O —
R —RUIU O TS, EHEET AN R OB DIL, 6Gbps @ ATE 7 ANFIENHESLSILTNDE
SOZEITRER W, b HA A, ATE OHEEHIRAHE X 720 (AR PHY [[T728) . AN —M& E[RE#E %
720 (R N — 7 W70 L) 3583 BPE, WO THAFET D THAI,

BEDORF L CREMEREOBRLE T ANTIEIL, WEH T VXNV —T 3y 70 DFT IS =7 U v
— IR IERTAYN—T R ST I T4 T N—T R EERe T ANEB O I — Rk, T
ANER S, TARR —R EORAET A 205 BN ATRERAN IS ZR £ T IKWIEEZFFS, Zhbn 7 7!
—FIEENTFN, FRENBRE LTIV E OSLEZE S, RL—R4 7LD 3L HB A0,
DFT (2 &N DT Vasfale, FEOaxs BIOTANEBE LA T 2 —ADARNTH D, BipasHl
SR B ROFFRFIHL £, b7 ANFEO EERFUEHETH D,

TAMESHIZET 5L O DOEIL, AL TF v T DAaTA T RIVIELEHEIN TLAZEThHS, &K
B723 AT La ARDHIEAE HEEF 9572012, FR4 O IO 72K AtA% 7Y o bl B FE i (PCBI ER 3 1 : PRINT
CIRCUIT BOARD]) iEM BN, L DIBIEH N7 7L — SRR B D45 8T, IREL TRIRENDTH
%9 LN, FR4 IZDOWTIE, AT MU ANURIED TRV Ry 7281257, ZOHHIO T TRk T —4
LU —bREPEiRT 272018, RMEMAZTAF (I N N TF BT DTV T R ) T T T 7 A) R
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ZAEMDONES 72 AT A (7’%127‘4’:?41‘&%“ DHINT =R I AT A R) 72 E DM SN
TND, ZNDDXAT OEER T ANT D702, TAMESHI R D NA T VT — X DRIV IAALL F
DI EEATORTUIRBR, tl:$§ﬁ’a1£&wr$ ODE%&MJ\ETT L INSDAAT DATTA ZEREIX. AWG
é:*fV7°UV7‘zLynx:—7°7‘£E®7ﬂ‘1:'&1%% otofﬂiwﬁﬁbmf%to LU, 3~6Gbps &z M
BRI ClE, 2NOD AT A XEREDIZE AL, Bk ny7e it 2 72 B sl BRIE A Z V=, 2 RBA L
~7 BER 7 AR THA/NN—ETUD, T iyr/%/7 4274’} (B O 2 OER L% Sy BEL . Feik 9588
NIRRT 25, RS, EFET AND TR &M ERICIRBEIZ T 201%, IEF IZE L, A F 7 ThL
VRO T AT AR EATOZENL, ZOXAT DT AN R ZH T H2D12, LVEHER)IZ/RD > 25D,
T AR, DFT, 8L BIST IZBWTINOLOREAZEH UNIHE T 572012, VO N MLELEIND,

BRI E A— 11X, GHz DT ANDT= D T a4 @ AL L CND, Fifik7er a7 A il b7 73 A AR H I BE
T RFOFEAY — RO /T2 813 BB/ S obh D, Vo RIELTHTET AMEREIX, KVES
W AIBEIC /2o TG, — 5, GHZ A Z 7 =2 — A J/O IZEASN TWAAaT7A4 X X EEI S
TN IMERREZE RO 2 OVEREERRFETHIEN, TTETHLIR>TWD , FEV Tx 427
ARXE Rx PNEISHA 2T A RN L T ABEBARE T NV EZEMA2TA Y O G2 DI LU, 51k
DT AEE T HEEEALTHIEIT, Lo TWD, ZIBIE, FTETEERIZ/RS Tx & Rx OMEREAR
DOEERE VAT LL~ULD BER IZIEH LIZREZZ T TOMNCHS W) | T AREE LG ~OFRE A 12
R D, bHAA, FEATARER MR, B R DGR EN B D, BITE, ZO RIS 3 DRk
I, BRSO 72X Y T I X TAREATITZO D | I BBE COH EMENT ARG, (HA 724
ik Bl £ ColEZR > Tva,

EHRZIE, HRBICRE 92/ 8T AN v 770 T AR KO D R—TEDL IO, BEfFD DFT HERE% . BLIR D%
RER 7oLl L E /F/~/7/X(PRBS) BIST FELUL EOLDITILET LU E RS, zL/v/“/WEU““””
SOALIA B GR EHRFETFIENEL L A7 F v OT ANEE LILFTHZENTFHEIND, AT v eAdT7F
T RIERENEINE DR a2 T RO O RRFINCEIEN TH AL, KREL TIBRRFHIHTHY , |
BT LI E Do TLDHEZATH S, SRR BT, fET A aA i/ MEL, 28T A 2%%)
BINZTANTHZETHD,

HEL O E
1. F—HEBEEEOHEM—KEAEEDOIL ' 2—F X NI —IDT TV r—ay TIEF T~
A BT 2 —AD R ENEIZ I I R — RS> TODM, X TSTI ITRSNDIDNTHRIELFR R~
TIHEZ WA LT D,

2. R—MEOHEIM—XEE CMOS Hff& H J1EEO/MERAL TREHEL ASIC & SoC T /31 ADE
ERENATREIZZ2 > CND, 2009 FEHAETIL, 250 =T 120D 7Gbps/v77v~/ﬂ‘” SerDes 73 %%
o75>0>77°ﬂ7~/a/fﬁ%7h5 LINLZRI D, REBOEAERLELCIIA — MU 32 7l
TIZHIREE5, WEER— BﬁiWMLMTT%foﬂKEW@ﬁ% mAOLH—L— BT 5
FHE VR T —HL —FDOEBEDO EHIZI > THIBREEILA,

3. aRARBR—GHEIZ, v /LTFXHE v hTo— T, BV LML B RE B EhER g 7
WZH DL T, EERETEM TR~ — 7T A AEL TR STV, R ARNTIRE D
CMOS ~ 71 -t)LDEANIZKY FHA~NVYA BT 2 — AT K EAEPETE, Z2Mi7e CEIIZILA
72) T HAAARLL TSN D LD o TE Tz, R—MIMR LW 2T T RIRHZ A TOL YT LR
—FeT ANTELAANN RO BN ATE PR N EEIZII R AR Thd, PEREXTERL ~Lin
IREDOR—RA 7%, #EHRLL T SerDes v’7‘*“/<4’7\%‘%"r$ﬁél/&w@w7w-b?‘/ywi‘(k.%}%
FEL NNV DOX T~V (V7)) D~rm- b)) 2 SOOI Bl TVD, %M%“m@&
AT DT ANFIEFIANERIZE SO TCRINESND, EPERE. KEEEE., (815 B R O
—IRHNIER DR E ZEAT DT ANFIER, LN Eim S AT U R . 7%5@{@%%&&
LCW5, TNEL, [FHETES DFT #F-C R AN AN TIE 2 AR —ME 35 SerDes (ZxfL
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THEW LRI T DM, S L CORFMEFHIGC EEER T AZ % TN EWD RV ER S
KIZIZHD, BNSERETIZON T, FAREDT INAADTA TP AT I KEEHLL 2> TEY, £
DOfER DFT Z BRI AN RREEL 720 b L7z 52 LBV ET AT Ll is # BEL 250
FALIRN,

4. VRS REBIE—FERTRAETIVVHIT, BEBROME AT I EELRER THD, %<
DIVT NI TG T, VB e T AXI=AT 47 V9% (D)) ET X L2 (R DRE&
MV ANSIVTND, peak-to-peaky v X IZIDSEARNT T LDOGEROEEERIX, h—2 /14 (T))
ORESICESHZ 5N TETEY, 2RI T AN 2B —EDE v T —3 (BER, — %I
10" ENLAT) ICBMRL TV, F—ZL—FA 10Gbpst>ZF VLA EICHE 2 51T DICREVy, Do &
DIER CFLWBLRTHY, ZNHOW, 7SIV AEORD 0T 2—T7 A A7V 3E (DCD) 128V 5| %
FZENDEEM V20, (BIZIEFRE 2 W) BEDOZNTF vy Uz dh ., JERL>o5H5) 1%
HRIZRDDOHY, Ml T HZENMETH D, 1ERODI, RI, TIEFRIZIZ T, Pulse width jitter
(PWJ) LDCD7? 10Gbps73>%ﬂuj:®’?7<}\<‘ﬂ/f¥ﬁbb\‘/“/5'%#: 7o TS, SHIZPCle 3.0 D
JORKREBETEMRER O DO TITID XN (T — X /32— A% L) AHEAMED B A0 55T
FTZERTHZ kﬁ) B v Z DAaZAXITB T DHRZENROFE BT, /E?%L@/\é
ZDEHDIERIT, EHITHBEDHDHDI (T — 27V v 4, DDJ) EAHBID 72 DI, RIC A BfES L
%, FBEDOHADI (]2 1ZDDI) AR D72 \DIERIIZPWI, DCDEEHIZEEBIT, T DO EEH L,
AATAVEPEIZIV G2 bNHY v F—~— D AR REGET 550, TANSNAVLENDD, F
T nEITRNT, — B DY A2 )V Teycle-to-cycle’ v # X2, peak-to-peak>’ &2, RMS P4 % |
ETHN U REHD, ZOR R, EFICHE O T OT — 2% WET 7y 7 FREL
TRWICERD DD, £, VX BT IEF 72 7T NA T T VT A BRDBVEN 2D,
fth 5 Tl JED RIS 2R T A~ VY FFAIZ ADZET, 7y 7 /R AEE T — 4 /S A O FEFES
UoBREX, VA IEIZE T ALY O DORBEDIEFEV LD, ZIUIHERIZHER DT YT VPHY
(WEL)E) Vo 2 DIEFEEBZ TND,

DIERIZ IEMEICHIE 35720 M ERR E/IXT AZ DOV X -7 a7 [FRIES7ZDI, RICFRZEN AL
WEHDUTDODI, RIEDH AR WK E R HD, o HRIEDOHRIEZeT AXIEZEOPEREIZ R L TDIX
RIOFENNHDHEDZERELRTIUZRDAR, 720 TO O SR TIZBER 28 102 T~ 03 UL TJ
Z . DIIE 0.15UI% ., RJIZ 0.15UIZHEL TWND, ZOV v H SR EEDEN YT BT ITHEV, F-HIE SRR
T ALK TDTIFEE A2 10% (FHHAIICRR VS EE 0 B ) LE 5L, ZODI, RIKE FIRIZ, 727
Ve T AT T ET IV TR CE (DOFED ., DINARIET a7 /b« T4 TF79 7 THY  RIVATIIH T Z0540 ThHD) |
TJ. DI, RJ #& ERRIL, 7 — 2L —bhOEIEE L TIRITSTI0 (ZR-S415, 10GbpsiZdsu T, TI, DJ, RIIZ
K9 DRE EEER T TSTI0 (2K AUEZZE 4 3ps, 1.5ps, 0.11ps TdhDd, ZDOTwXkEE BEEIXIZ TV
DORIIHHIERR TR TE TS, bLREARTIRRZEZTF 725, DI, R E O IEMSIZ AL TR
5o ZORIIMARR N —RFER IV L LA AW B2 FEIC LTI, DI, RIGFEDOTARTA L &Py

ZE ZSOT ALK L CEN TN D Z BB D5,
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High-Speed I/O Jitter Test Accuracy

[—TJ —DJ —RJ (ms)]

100

=
o

Jitter Accuracy (ps)
-

°
=

0.01

Data Rate (Gbps)

Figure TST10 High Speed /0 Jitter Test Accuracy Requirements Scaling with Frequency

DoBHRT A= o R T AREIL, B b =T —3 (BER) &b & O NVLIEE MK T 355
W L= AR TEDANGEFOVYEDOERWERETHZETHD, = &ivw—ﬂ(m)
DI Z MM /A ARV BT D BB AR TH D, VAT AN £ HI12i%, — xRy
/MD BEELEEK, Ty, 2RIy OMAEGDOENLAERSNZE S ﬂﬁlﬁ%:izm‘:ctﬁ
BHINT AT, VodeT —H AN — AZEEICA S LT UER620, RS TS
71};7?35&@7—#*777’%&:{3%16;’(\ Ly — NIZAN R HNT DT, BIDOZ AT DV Z )
W Z72 %, IRy Z R A EIR N S0, AT MV RS VT b U E I Bty ek il PR
7z DI/RI/DDI, JE#IT % (PN H LI ST DA EE2ET 2L VUL, B RIEMHEY
w4 (Bounded Uncorrelated Jitter: BUJ, ZHAN—Z IR INT VX ELTZH D), —EED YA
7T peak-to-peak v Z7hy RMS Py A Z BT DICHbHL, HicRB AR TEERMN v 7%
ZAEHEA T AR, FrIH)E IR E G S (decision-feedback equation, DFE) D X957, 74— ]\/\/7
R—2ADM A TTA DT ANTHD, ZZTOREEIL, BER 2ME— 2> > —fRAIZEIIT&5
RETHDLEN) Rx (T T 57 ARO Al BLAME SAE IC B 5572 FFHZICH KL TD, A LD
Aa—T DI A E B LLIETF 7 EORIE RO A3 72, BAEEIZK3% DFE X7 O
JSERRRE CE7RNWEIEF IZEEL VY, DFE ORK°T Ny 7 7 AN FZATT D121, XA EORIE+S
DFEAT A RE/R IR T D, ZNHLOFEIHD Y v 2% AN J) TELFA LS 5HAIZH L, LD ATE 3
ﬁ?‘% IZHED ST, 2 FFRIZOIDNN TFRILTZIOZ, MFZE I EEOZERIZB T, KR AT
REZRRBEL 7RV IR TND, A DOIFAITIE, %20 0 ATE iR EIE TRRT AMIBITH, L
H/\J:\ HLLIFZ Oy IR T —Z YN ~NAR AL L T A E N2 5 A REVEA AL L TRY, 2 4F
HINHD KERMEHRTHD,

. TAMNBEDNURIB—T NAREFZRH DL ATE RS T ANEEAIZITT Y o MaElBE AR,

37\?5’/1“:111/72}:75)&&%5 JABEDIER L, R—MEDH R DL, RERBIRLELDE
FEEREBGEFEZEEILZDE L, TAN LFIZEBWTEHOHIZRD, WolzAE 5N
10Gbps i x 5L, TAMBEMNLD ISI Vo FEH/MIT 57207 AMER O N URIEERIX

20GHz 7 ENLL EIZE#ET D, Z<D%E . NSURIETE T NME—DORIBETIX, AN E NI

oI R E A A M F T, T Y7y O RIRIC BB A ERR SN TEXCODE, 5
LWNE SRR 2y SO FER SR 3 PR TE BB B A~ 212 [0 CHAH EALCND,  ANfED et
Ni&@aﬁ@iﬁu\:/&%i TAMERDIXLHEEF R TRIZICH L ILBEORETH D,
INHT ANE EORIBRIZEY . PERERBRIC I W THEHEZRHLD A BB EEILD (de-embedding) HH
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2N GHz A7 2— AW Z/>TWD, Tz, V7w, PCB, r—7 /v axrX&E&telE
BoRAD T I 2l — a0 B (de-embed) Y — /L D LHITIEF /2B R MM TH L T A O fEIR -
A 52 T, ITES, ik RFE 47Hf (de-embed) &1E 720 | R85 B (de-embed) D
BGHIE, FABLTT T IBWEBE AR NI MZEZBDV L — o a AR LTS, %o
DD SerDes fEAR CIIE ML SN T T AMB R THBEOBHLZFE M4 528 b AR TN D,

[FR# % ISI(Inter-Symbol Interference) : 3o 7R /L T-¥5]

7. DFT /XFAN)wZ DFT xtavvyZ DFT— AN EET 4 Ly BARN) — A (PRBS) FAE 43 L
BER A MEREIT NV ERE W IR L 72 5 TE TS, IS A T AP T H720  WERH
HNZT —H e T A e B —RATHERES GHz UL EOREHZIZ &G b, <D 7FHn/3EEN GHz
/O FREHCTEY ANSNBIC O, 77 1Y DFT D58 TEL DI FELHF N MLELSN TV,

8. FXUTL—var Ty —AUxT— GHz /O ZEHIX T 2E I EmEZE RO DEIEEOT a7k,
AT —=NHE T LIRT UL D72 NV —TEDE D FliZhbd, EiUudboeT PV IHiBhS
N7 I al et ZEEIE N, JF o7 BICH CRIEENR ML BELINDLZEEERT D, D
B AZTAFOHHATIET 77—V =T Z o> TS, UL RIET7 7 — A0 =7 OELENE
(RASAME) 27 AT 580 ) LT ANERZED LT,

MEMORY

AEVBNVEE[REEATVEERNT, 52— T OEANZE> Tr—R <y 7 OHEVIZ R EZ T 57259,
ITRS ORTC T —7/LZ 3 4EHD DRAM 77 /00~ — A ZHOWTHLE FORIEAZRLTWS, ZD L9578
BAEY T SARDRVEFEEAIX 2005 a0 — R~y 7 LB TRRPIZR o TnD, ABYRT—T
T ORI IR BERSLEOMOMEIO XY —E DI EZERT D, A€V /0 7 —FL—NMI i
DRAM (2B WTC, IO ABI X AT LG L Tr— R~y 7 IS THEMT 57255, DRAM (L, =—FK
<~y 7 HBLT VO RT7H—< L ADY)—X —THVKiTHT2A9, — T, NAND 770 aBFEIZEB N T
BN HD DA, FEDATYT AMBRIK X, T /3 AX A7 (DRAM, NAND, NOR) %% G2 LT\
72 LN, BT DR 2 IR ATV ZAT I CORG IR BE T DOERN, FFlZT =— T AMERED T AR
BBV, I0IRDORIR R EZ RN T CND, SEXFRATIZATHD 1/0 T —X 1L — D E KA
B, T F—< AT ARNDT=OIT, DEDDIERTAMEDRE D BF A #5759,

Table TSTS Memory Test Requirements

DRAM

DRAM ZF&X, 3T LI 2 512D AL O, 10 /N7 4 —< 2 AL E230iET 57259, DDR6 TO
T —HL— e THIT 572 DRAM 7 /UI2EE-S<E, 2022 4£121% 10 f# 8.4Gb/S DT —HL —hZ
BT S, L DFT A7y he~ LT Ao —T a7 AANaR N e i/ MELRW R BIE, ATV R EDOHY
X, TART ARG ERLE L DAL —T Y NAR T DN DTEAD, wehsfs i, fET, R
LA DRAM (ZHWETH D, TAMEFEMNEYLET D720 HILWT ANMER T —F% 77 F ¥y EREIns,
JLFE w7 AR, BIST, BISR (built-in self-repair) 23, AEPEA/L— 7" hESBEO DRELRIZA R] RIZ72 57259,

TANAANE BT D702, HENT ANEE 2L D072 OT AMEFHED, B—R~v 7 &l CHERS
NCW%, LA DRAM 35554 iR Jeil DRAM XV 10 B kL — b S THRE 22T BN 5 TH A, 2Gbps
PLETOMEE T, T AN 7o b7 a—7 H—RIZ DUT AL F 7 2—ADY T F AT VT 4D RIEM
HD, TAMYRHTD 128 ELL EDRIFRAIEIT, BRSNAA 2T 2 — ADELHRMEDO 7= O IR/
51259, PEREEML DRAM @ 1/0 By h—hNE, KEEFEFOE YR —MIHR D7l 2 (51072572
A9, W O By b —NE, FEROT AZNEE 2 IELEFR T D HIEICOWTORREERD, 4, 8, 16 E'wh
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DGR 1/O 7XABE L, BT ASAAIZLWEREIS 3L TS 32 By M AE TR se S vz, KEAEFE
DILH DRAM O AL, IHE T HZEFNANAOERIZHREI S, o—R~y 7 OOV A2 32 Bk /O
BB LAV,

Flash

BHIMIZRDE NAND 79y ald 1HEZ LBV E[FREE: ARVER RN 2 (512720, TD%, 20D
fHIETROEL T 1.5 T LI 2 fFIT70 57259, 1.5 FHEOMEHEIX, W<ODD'AZ AT ITONTIL, H—
DAEVBINMRAFSINDE Y FOEDOHENN (1 F721X, 2 D 4) DT FHESNIZIY T I7 4DT 7 /0y )
—ROBATIVEOIZRL 257259, EOT 7 7a AT NAND O /VE FEIE—H9IZ NOR @ 4 5T
HoTo, TLTAEL, TORURITFKERIATN TS, RRVET IEHTOM I, I K& B IERT =T
—RETRLT, 1 AEVBAHTVOE Y MEIZ FTHEIZT 5, NAND NAREIEELL T 8 E YN THIEHT T
7=, HHRELTIT 16 B M5,

NOR AEBVRF&EIL, e—R~y7OWM%zZEL T, 3 E%cd%t%?“&%ﬁéhéo 2005 FLZORHTOE—
%7/7 L. —HELT321/0 NOR 5L A7~ L7273, 321/0 NOR L 5H1% 2007 FEEn— R~ v 7 bAaA STz,
NOR H 51X 8 7> 16bit [ZEEFEEILADY, 1/0 DEK ;t/)%w\x&vw%/\xm;; EDTDIT IR HTEAD,
)\tljjﬂm B IL ALAR R THASND LD ASIC T A RE RN a T AHZ DD, B—R<y
7 OWIRIZ, 533Mbps THIMNT HEE 2 Hib,

NAND & NOR (&, 7—F77F ¥, B B, RE7 oy ORWR R0 | FILTANFEEZ—
FREIIZESR, LNL7Z2A35, NAND & NOR @/a‘xmaii FRFEARED LML 72> TETEY, Serial
Peripheral Interface (SPI) /XA D VT /LS A TE FITHHIA A &% H E’JELXCI/ b, HIBICEDOETZTZ
IV A AN DA< A XL T, NX@%@E&&E r“ﬁ%}: b, 4Mb ZHE 2 5BV FEClE /N A
MEIL 8 E Y ML 16 BV R EJRTHD, 32 B IAED NAND (X, 2007 FFIZhaELR— R~y 770 bIE
[EANCY gha

SNERALFREEIRD 3 5000 8 (53 EIZ/R AN BRE) = DM EM: X, Ay =L Z7ha R Fowler-
Nordheim DF Tﬂ%@ﬂﬁkaﬁkiDLﬁ\Lfgﬂimfé&m*ﬁmé/ﬁiTWK@FV/FKiOT.*EK
HEARTEE D E D) LSV IEIZR D125, LN LR EE ISR TR E0E ST —EThirIL
MWEREND, AHEEOIKTIZELY, *F‘fﬁTX?@i%1T@E5‘ IEENMEIRRUCIEL TWA, 726 5k
[T LW TFERMEN /2D,

T2 — T ANCI, 7S — T AMEEDMEREIZ — RGBS 72, L, =7 — /e, =7
— AT RO TR TIIMBELIND, 7TV a ATYEMMORAEYR, o v I T N R — D/ —
WICFE A B 2D FEEE I HERIZ > TETRY, % b B b, 120/ r—UNIZH LB DT
YN = DT ANDER AL, BEESNOE VI EBRMUTEA D, 7Ty 2 AEIDT —4
ARSI R/ Vi FE I TR T 5725903, BB i I H D <SERITITNE AW AR ME D RO BHILTNS,
Embedded Memory

g DRAM Ot X, LA DRAM X° NAND E IR EREREN—EHLRWTHAY, TaT /b7 —h
7ratR%E a7 - DRAM OIREERFHFCOEERELEIX, TLA /AR AT VI AREHTH
%9, 100nm LLFD DRAM /N—TEwF Tk, AT TORMBKREZITY DFT 23, 8RR D701
R RIZI2D,

W7 7y 2 AEYOE Yy ME &L, FHIRIZIEFE BRIl e — R~y 7 OR%RAEITT 2 FEIC
2 fEITR B2 A9, K0EL DT /A28 DRAM & Flash A VD 25 T077 59, B LIEO(E M, A
T T DR OB b ) —Z A —IE b4 (ONO) DA/ — Vo ZRNE . k7 T 2 AR TR
B.LFIT/2 D72 A9,

TANDEFEMNZEODT20 FTLWT ANMER O T —X% 7 7 F ¥ DNERIND, MIAHH &7 AR
[FRAE7E:BISTSoHLIA 2 H 3 BT [FRFE 1::BISR]I%. W DRAM P 7 7 2 A &7 AR,
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HEPEZL — T RV R T AT ICEHE LD, Nk DRAM TlX & THOT —Z 077597 R
HW e~ —F T ANRNEETHDL I, 770 a ARVDO R T AT VIV A LE, Gt T A AX—T
T TET AAR—T A ET AAX—T THYFIT D,

T ANMZBIT DN IRDDWEFUL D, ATVEE[FREEATVERE]OWINTHEE 57T ANAL—T v
A FETHICHEFEF TA7-0OICLELINS, WONDOEE . vy I ENBATVZ R U T AX TT AT AL
DYy, 2 DDT A REAENT DTN, aANIR G BAm LT, 2 T AAARAFEICBWTUL, ey ZEiinyy
JT AR TT ANEIND—J7 . N7 73 22 DRAM [ZAEV T AX TT ARSINZ0RFE SN0 T5THA
9o PJEE SRAM DT ARELRIZHOW L, RKEOEMRE~ A /a7 ny O T4 %,

TIua Iy I AR TFIFAT R

FV I T T —3ar (SoC) o — AT T L —3 g (SiP) ORI (2 ANAY Y ) 1T 44
B EN TNV, 2O T —ald, TOFAE . 7has 8 &IREE ., Sy 7 AR 7 Vi #
LT RF/EJEEREIEE —2DO/r— P Fv 7 FIHAIAATWD, ZOA T 7 L —a O]
X A HT 2= AAAT OFEELZ B INSETEY, TAMEEIZIZNODA L X T = — AFEE Ik T 528
2725,

SVITARY T FINRLT Tl OFT ANMIEREE 5.2 TD ) —>OEE/MEN LT, [FIFEHET AR
(RTVL T AR) BRRFEH) (2 AR ) TRAIRIZ > TWDIRI DD D, /3T L VT AN ST HITiE,
Br DAET 2= AAA TG LT, KV EL DT ANERE )Y — AN T ANA—T  hoe 6D DT80 (Z B
RInTns,

TINARY =0 DAL BT 2 — 2B OHENERIRERNE 557 SA A DN LD VT V2 A NTHLEE S
DT =R EDE B LIELI > TETCWD, IV T ARV T VESeT a7 mlEEORIE T — X%, 7 /31
AD B EHE T DI2DITT — BB NECThD, ZOT —ZABLIV T NZ A KRB L0, o>
TAMLELWATL TS 52 TT AN LRERDO AL —T o e @< LT uE e 70,

ZDOEHNT. ATE (FARNERE) OKE & 72 AL BT 22— A~D X /T p—< L A PERE. Z L CF — X MLH
BE D OUCEN R H (T AMNE) TEHEL/2->TLD, HOLELL TS RF(A70i%) 778X, @RI T
KL TS, SVTART T F VT INAADT DX VGRS )T VERIL, oo v 7T A ALZFDOHITh
N—ZFTW5,

ZOFNE, Tl Iy I ARV T T IO T ANERIZE H T 5, IvIART T FIVTANDERT —7
NI FFEDTF 7T 7V r—ar J0 LAT ANEBERANCE BLTWD, 7TAMEEIX, — DL EOT N
AAR 3% TN — L7 T 723, — 0O T AZERTHAFIHTEDI 12> Tn5, 2L T, HHD
TNARRGDHLOERIT, 2, 3 OFT ANEBEATIAV—ZEEDOLND, T a7 B AEREIEEZ~D
ZRIL, 2 DIZENFEEDBND, IV T ARY T FIVIENT ATE (i, KA 5 D% S B A2 f KR
MEETHY, @G B ORI ANA TR EEE RO DD, MEITGC T, Iy AR 7 )L 3k
BEIZIL, EEn— RN~y 7T OMOFRCT — 7 )V LD BE M Z FR S D,

2 DOEBERMEM D DD, HHNT ANTEO)72ENZET HiD, RGO T T ar oIy 7 AR 7 )
DT ANE, BEBEMNCREE1TY, T A AD TR T SV r—ar kb, 7 ANEEO(E 538 AT R
W EHA, S FRBEDIEERE I NN BL L7025, ZNHNIT DT A—21T | JOVELDIFRENT A AET
INARZFLEM TIHBIESNDICONE R DEHANCH D, 5 2 DL/ AL, 7T AMEB RS/ STV LT 2
RDOZhERM:, T ANA — /N =~ R L I ANE CORIREVENRE D 725085, & TST2 MG &7 A
MZBIT BRI ET AN TREND/STL LT ARDL LT, T ANEE OB AT,

ATE @D — 2E OISR R T L AT v 7 OEANL. A5 50, L. R,
T AR AR LR L TODRIT IR RS W (FRloB & FEESWR), 7y /Iy I ARV 7 F v
DFT & BIST O T, B L0 HEN TS, T+ —< L RIS\ =T a7 AROEIR L3
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WD T, ZOSET IVEZL DO ENLETHS, 71/ BIST (X, AIREMEH AR FE THY . Iifzes
NAHGEEL TIRERIN TWD, TANEEDEMESZI L0, AN EBEEE O LM 2 B U203 585
D= FEERFTE N BEL T2 > TUND,

Table TSTY Mixed-signal Test Requirements

B o BB 7E

1. THEMEEZAI T (BA LY — o~ —lry ) BN XA 7 ORI, 77— AR Varz AFL
TR T AR CE WD THD, Tl Iv AR T NDT ANREIL, TAN ¢
IAFx (TANMER) T AN FENRETHEMEILL CTND, [E 75D /A XL/ aAN—7 O BNl
BoE, MER—ROBEME, ZL T, ATE O/ N—RY =7 V7 7= 7 ORENBALET AR I D
TRBEARCAT V a— W% 5.2 TD, TAMNARO 7 ae X3, I 2L CGREHIICEY E
B ESINDINT DR T TR, D%, THal Ry AR 7O 7 AN 1P ZHAIHT 5
eI, LB THD,

2. FTRTCOTIar Iy IART T F T ISAADEEN AN TOWF| DRI 727 AN B2 D% i X
T AN O FHECAEFEMED ANV —TF A b, Z L TCT AN AN T 72D I ETHD, T
TO ATE(TAMNERE) DX A7 (DC AZETe) iZar Lo s/ RFL VBIED GG TEXHEE DT+
VPR ETHD, T L THIEITINT, DSP 7/V3Y XA (FFT fENTEE) Z s I AR USRS 4
T, TDIZ, TANEBOT v VG720 OaxME, Fiffeid 20 nidzaszen,

3. Turs /Iy JARY 7 F L DFT & BIST OUGEIL, EROT AT A1 & 2%5%ETHOITHETH
Do

RF (RADIO FREQUENCY : JE&RJE %)
RF JE I, 77V —a BN RO KBS S,

1. 3GHz 2R E R EEIIT, IR BEO#SES BT ELCHREMHIN TS, ZEL, VAP
VAITAT U NBE 7 BhaL THD WIMAX O—RALIZHED, R ERGRITT 7Vr—a O JE ik
BB 3 0 & B P 7 fEdk 2 7 R LT,

2. 3-6GHz D&, BEHEE TV LT 802.11a /B a2 LAY AL A LAN TffE FHEXN T4,

3. 6-45GHz #iiX. v EREE D BEEGEAE AT 1 E H &5 (Bluetooth 1 UWB (Ultra Wide Band) ~f17
LTu),

4. FbEJEWERD 45-94GHz L, EICEBEEEOL —F —T 7V —Tar  FRCHEIEHAELTH
WoHivb, 777U, 60GHz 1345 % . HIEEEDO U AL A LAN L EMEE THWLLTHA),
CMOS #2345 1% 60GHz 2 D JE 3 Ha VAR — h T 2 E RIS T,

ZOFTHRLE B T AREEEM R ARE RS To . 802.11 KON 802.16 EB{EHAKIZIA -7, XD
BRI R~ TN Th D, 7277 L. 12GHz LA O R BB T ASA AT AMIBE L TUL, FELHE
BE Wk DT ANRE TG ATRETHHE T HIESND,

FANIKIL Tt FREDEIE T8N S AC _—2ALRBIEESE RE HIESRE D247 RN, &
FE/EREL L CER XIS, EVM (Error Vector Magnitude) | 13426 CTHhD, RF 73, SoC X SiP DOk
HEL L CHUIA N D FITXT T DR DR EH /2> Tz, RF O/NTA—ZRETZT TIH/RL
ATURTVENRIY I AR Y T T IR BB DS IRMESNIZT A AT AMIX DR R T,
SiP T AMIIAWTIL, AT LR TOT ARNEEL2D,  F/o. RF T AN, HEIH2a AN TRET AMTH
PN EBERIBPNIIMETHY, RF OFi LR TORISITA %ML TS, e—RR—K V7ryh,/ 7a
— T H—=REEDY— VL DUT A IO T FNANAT T VT 4 5 ilh T D8I EE THDH, ZIHDOFE
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D, RE TANMI%T % DET FEOIRZE . L NIV RE 7727 ar T AN D AR AT AN FEOHE:
ZRITKRETHERD, Ik E AL ES D,

Table TSTI0 RF Test Requirements

BB S

1. &R b/ & BT 5T A Rk AR AT ARNER O BARS, H7=72 DFT T ANFEEK
DG ALT AN FRIEDORED RERTERZED TS,

2. SoC X° SiP Hiffflckv ., RF NS IMAENDHE N EL/oT=, RF TARET VX)L (NNATUR)
RIV I AR F LT AN IS DR TUTOEN — IR TETCWS, B LR TO RF T ARk
JMFHEEINL TV, TAMNA AT AICREE, n—RAR—R "V roh /T a—7 —REDY— VEEL |
DUT A SIDL T FNAL T T VT AT Mt D4 EIELR D,

3. ANLAH A RRAT B RE W TE D 2 DAF 5 IF K O E 23K FE X BLRE S ClEH 0 WV R D08, TV viRERIC
I ICERENRRD OIS, 100KHz TOMAE /A RBIE Tl BUR OB ESEA Ly 27-120dBe/Hz 1T
U, 22 1, 25D H 272K 2 1-130dBe/Hz ~DUEN BRSNS,

4. 6GHz UL L& B # D (T 7V r—ay) R R R TETNWD,

5. 6GHz Z#iz 2k CORTLIRT AMIKIREL TRERTF v Lo ThHY  FEEMKICELD 6GHz BT
DRI LT ARNDAHEMEIX, T2V T Epo TR,

6. FLFE RF 7 ANFDOA L E—F L 2B K X v ) T L —ar FIEOMENIT2E TH D,

7. TANBAFREERELEEEROBPEILYTIT EMI BRELAKIEIC 22> TRY, TSRO BE I (2%
LREREEEHZH5THAD,

{FHEMEEAfT D Bk
FREEMEICRHT2ZRIX, LT 3 TH B Ok Th o,
1) {3 9EME % Fa % B (RDD : Reliability Defect Density)
D EHENEARI ) — =0 7 e O AR FE
(RS&TM : Reliability Screens and Test Methods) 3 14 D 3%

3) fFHEME D= DX E (DFR : Design For Reliability)
1EHEME ) B Ol AT, S LR S L CL B MO0 D B EA R4+ 52 TH D,
2 CMENE, % OE FH kH 2 DR EL TERIND,

{EFEMED A BRI BT, AR EE X, FOSBFICBIT AR B 3 (the field failure rate) 7~ 1R N AR
R (FITs : failures in time) (Z&> CTHIBAD, (EEMEOT AN, BEDT-H DA HRFVD 2 DORE
JREFR D25 TS, HE- T FFMEIAR[E—HINDZNH0 2 DOEFRIL, T X TOFFEMEIRILHE
NEE T2 T2 S H H &70 D, — 07, Bl A ME, N = A R S LS D E LD 25D SR 70 B
FRIZL-THEBIND, ERTIL, IERDBBEAN ALIEE AR AL D 57 3 THEMR H TEARWIBTER
TR R a2 IEEE LR TND, TDKk ., ZLOERLT G IESMEDZA, KEEIEIZB W
TIE, BIEAN AR EAN R H T 50WER FIEOEETH S,

TN —al s ARy 7 A CRIEEREAEH 5281, IRIRE /IO AEITK L TOE O
CIEBTTEN RS BRSNS, [BHEMEDOHLE O AMEIRIL. HAEICBRL TR, A0ITE HRE
WZIRAEFNTBFR LT T — R = L O HE (B AR ) 2 ZHERR L 72 O Th D, L, #HIE (B
SRR O FERIT AT LA ERL T, A A7 a0 2 TR 2 RN A R K A BB 7o . AL
HIEA~RAZ LTV, ZOBHIZZDOLI THD : KOS HBIL, 2R —R OB HMICH - L
&5, 1 FEAE DEE R MG, T7ebb, MERAIVUIR G2 HT D, HDOE DA A& B2 512
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I3, AR ZZDNTTOARL M ZEHIT A28k > T IR NAC e kx5, FHEEDOEFREL
T AR RZENNT NS 1 2RIE T A2 8% [n situ stress | EFRL . AR ZEDNTTWAN, H ITHIEEAT
72 b D% [Dynamic stress ] EFRL CTWOAERFE T —XAIIZ H AT, AIFEZE=F—F BL, %8 & &5 A
Fv7 BLEFLTWB ], BASMZ, v R —3 M n situ) WA Z I IERADNEAD L, 2T
WIS E A T HD, ZORBERIEIL, IANET IS RN e T RIEID, [situ stress | 1,
T OB LA NIRRT, ANV RAEIN A T2, 77273 a TANAMETH D, iz el R T, AR
AN ZRE T 52801, BEVIK TOEZEZLT-0T, MiET ot I, HHT /31
A AR LTI CEEZATO DR D03, JER DB DRI T, EIEEITIRED
ARV ABRZ BT, R TEDL DR B AR > TR, ZHBD T SA AR ST R s & %
NWTHZRWNZHED )5 T, Tin Situ) AN AX, ZO R SERB LA T5THAD (T7bbA— 3 —F%
V), RS ) R DT AT, SEICl R AT O 5 % ORI R TH D, [FEMEET-T 5
X, L =R T BRI THD, Z<OHE | MRS VITFECHNT O RIEIZH D,

TS HEME R B2 B OB EIAL, TSR OE M ER AW 37200, IxbIAMNIE R FETHD, K
Sk, FuI~A7nxL /= AT A RSB L L&D VB AEADORIFEEY T D, KD
L KMGET NV EWERR RO Tl _HTW5, 2L T, EHEMEEA O KMER T DOz
T BEOTFT — 2 TEEBNEA T TODED, BoE ORI, ZDORMA LS T L THAD, KD
FE O, A EME K MR (RDD) 78 ICF ICEBEIIICH TELTHAD, L, Ktz hHsw5
ML IR, Fox BT A 2B MR FOEI A 8 2 TR T DRI &0 D, ARV ASRITD
IZREHED HAF AR CIRESND D TIE7eL, VAT Ll RMEIC I > Tk ED, 4B NICRBITLTS
PEREBLR 20 72 2 & D H SRR W I O FE T IR, S AT LD Sk (BIELIRE) 284225 AT L%
FFITRNSZETHD A T, ARVASEAEOICHOREREL T, Vmin BIfEL PO 780, R
RPEIZET S NBTI R, 7 — MR LD 5E 2V (REMK A7 O}k : TDDB) IZ2W VT, K72 K7
DOFADMIDIRNEETH S [FRFE 1 : NBTI=Negative Bias Temperature Instability;PMOS D47 — i 1-1Z
BAOBETEEHMTHIETRAETIHIL], (o T, NI BRI/ ZF B CE M E MR RICEREEZ T,
C4=° BEOL FfRICBIT A& B DL /ha~ A7 L —a Al onTO— k7 E 2 )7 T8z, AR A5
PRZE> CHIE R ZENSIEE R BEIRCE I DFRINESNDS G ITIE, NS ENLETHL[FRETE:
C4=Controlled Collapse Chip Connection; 7V 7" F TR T 47 D— T35, Vo— T T D3y RICf}
TN T L OS5 T I TA L —R—F RO Sy NIt VA YLV AR T 7 D—Fil ]
[ER#% 1 : BEOL=Back End of Line; & (KHET AL ORFE TIRROE] . ERNEREH b A BEHR T2
REEITES Fo7b B,

DFR %72, 3 DO ER R E R 2 Fi>TD, THuL, 1) HAiTaket. 2) Fv 7 5% 5 GRER ., W) |
3) VAT LK THD, 2D 3 DD 2 12T, DFREREIT . RIGFFAMZIB K LA bu, Hil
HETOGEIZBWC, V—2ERIL, RGTFRR AL B IEEFHICB W CEROIK TE5ET, Fv
7T AL DFRICBL T, BIFREME M EOFRIL, X FFOEIEN. TR Th D, TUR ERMATLE
TIEE OFATIZIEL, FRA RGN 12 BT 2810720, VAT AL~V TORMERFAR ML, <
BEIE, BLOILRERNLRSTND,

BHEMEAI) —=0 7T ANFIEICB W, BT —2 /BT —4%, &M T —%, Woiz7 —
A DN HIER HERO LN BB ZH D, #imiE,. Ty 7B O X AT REFAZ AV PhRg B,
1SN ELR, #iEma A7, 77 /0y OWMRIC LTI DD, WEREELREN KM HO EiEEL T
FE IR B HEMEAZ ) — =2 7T ARNFIED, G- SORM IR R IR W T, I BOBEWE X 7127
HTHAHY, FIUIRMpZ MRS ED— 7T, T A ADIREEZ AR TE5E O THETIZARSRW—2FD
BERNENLDAEFE TH D, 82, BEIECE D IRE LD AR AL AR ABIEABET 5 L ME O T2,
HOVNIRF RS2 BT, BEOK ST, "KMz IESEL— 5T, HOOBEBRIZIEHETEHL O TV
7RNEVIIE D TH -T2, LA L, 10nm LA FOER{EE, NBTI, Vmin O XH72idflp~—0 a7 ~7
DB E T Y DET] AT~ ANE OFIEARCE A B O N2 E DOV AT A SRR SHITHEL
LTpoTETND,
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RS&TM I, %ﬂ%%?z~/\ﬁﬁﬁ%&/<y/f~v‘(if:ai%91~/V)ﬁﬁﬁttzﬁﬁ ZLC, BIZI Kk
) ETRBaANE | HATIZ 0T AZE T, BHELLT <KD, ZOESEIEIL, DO BT AN KLY,
1S HEME K I ;oté%ﬂﬁ;ﬁﬁ NNEVOMEZ OB GRERE TSI 2 FENT LD TH A,

TR EDAT T (72— /NEZF 0 =) 12003058 RMGINET 7 = 713 E RS2 13500
2 HIRESCEE (TNHIR)— 71 U TR L3 5) 2B e L, kDA E 112 H 7T
X257, AR Z &1, B EIEIIT S TEESR WV, ZL0%E ., AT —27 2559 VLV (8
KRBT )%DVLT(K{EE«E)*&F%@OO) 7% BALS DR RM DL E/RGATH, ZNDDRMIT KM
ENNESE DM ETITIE—RAIIZEL 2,

IN— A DER

N2 A e IO AD TS DR IL, T AARE DK, R — VT ORI TN
2BV A o mEAb . BIRY7RY — 2 IO R K OVEE S BUINE DO RIZL > THRfTT b5,
ZLDIEFEMNESEE =R = A 2T TIEAI ) — =0 7 TERWO T AZ M D 572912, IDDQ,
HVST., Vx— <ot 77 E DN OO FIENFEE THOWL R TWS,

IN—= A DU AT AT, FFICRBN T A RZBWCIAN T E kG T 50 ERNH D, T3
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Table TST11 Burn-In Test Requirements
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Figure TST11 The Production Process with WLBI Compared with Package Burn-in
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* an IEEE standard 1149 boundary scan
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Table TST12 Test Handler and Prober Difficult Challenges

Med-High and High Power Temperature control and temperature rise control due to high power densities during test

Handler
Continuous lot processing (lot cascading), auto-retest, asynchronous device socketing with low-conversion times

Better ESD control as products are more sensitive to ESD and on-die protection circuitry increases cost.

Lower stress socketing, low-cost change kits, higher 1/0 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)

Medium Power Handler Support for stacked die packaging and thin die packaging

Wide range tri-temperature soak requirements (-45°C to 150°C) increases system complexity

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

Shielding issues associated with high frequency testing (>10 GHz)

Low Power Handler A wide variety of package sizes, thicknesses, and ball pitches requires kitless handlers with thin-die handling
capability

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

Handling package smaller then 1x2 mm for specialist device MEMS or photo sensor with low damage concern

Parallelism at greater than x128 drives thermal control and alignment challenges

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 is a configuration gap in the prober industry

MEMS wafer stick on prober chuck without damage for chip probing (CP) test requirement

Advances in probe card technology require a new optical alignment methodology

Table TSTI3 Prober Requirements
Table TST14 Handler Requirements
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Table TST15 Probing Difficult Challenges

Geometry

Probe technologies to support peripheral fine pitch probe of 23 um 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 um
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 with lo

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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Figure TSTI12 Probing and Wirebond Contacting a Bond Pad
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Table TST16 Wafer Probe Technology Requirements
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Figure TST13 Contactor Types
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Pholodiode

Image sensor structure cross section
Figure TST14 Image Sensor Cell
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