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6—1 Ra—F

TAN B =Ry 7 NRRETHEPHIL 1999 F£2 B TCIDITIL KL, 4B, TANEEOR O
B 200 9 ~EHESL D TAEIORGZLHDOLOELTINMZA TS, T84 AJE . E
BIOECVEA—BH LT RKBEMICHLIENE TAMIBWTEH LW IR E R 26175 — T, =
AMEE A~ DEL R D3ME £ T D,

1994 FF B LV 1997 FFOr—RF~y 7 Tk, #lAHIA B & 7 Ak (built-in-self-test : BIST) B8 L
TANE 5 AL 3% &t (design—for—testability : DFT) Z %} R &L TRl U, 7 A NS & % B i CHE A AT RE 72
HLOLETAHHEMAEHEONC L, &R, KM OB &7 A% & (automatic test
equipment :ATE)Z {5 DFT/BIST BA<Z T ANLNARE S IZBL T RNIIITbiviehrol, K
AT AZER A LEIE VOB T £ LL T A2, BIST BLW DFT IC #0345 % 9 £
AENLIIT, IEWIBHICT AMEFE IR T ML ERMAENEL, aANBIE T T5TH A,
ISR TERBY, TAMITER N HERRE DR HL08, ZOXRTIE, Z0I1EH, TARMEHELILTW
LREE FIZV AT LA F 7 (SoC) DB NI BEICE REHTTWD, FAIVITRKE, /A
R EOY R IR, SHITIEZANO EF LW MERHHLL b TANFIEOLE T RN
B ThD,

1999 - hit ITRS Tik, 7AMIB T 5 ®ICH 72l —Hi &2 5% 1T, #IZ DFT <° BIST & i 2. 72 IC O T
AMIHL L7 ATE ZB R 32572000 E R M2 — B R L T\ 5, DFT 3K O BIST %1 272 IC
I, B8 1,000 720 2,000 ICHBESZERHDHMN, ATE TR EZR /O HE O ITHLT T
b5 (64 Ri7EEB2OLND), LTEL, ZOH G EVETOY U ORLE N Z Y ebDEe b L%
KRuEew Lo ENSH D, DET/BIST IC O 7 ANHICE G S e ATE 8 AL, 2 EaXMNE
/10 I FFAZENTEXDLEAING, Ao —Rvy 7 TP LL57%, @ E KL e ATE Offi
F& 3 2,000 I RAVELIZRDENI I Z T ET R0,

YUar (SoC) DH—E =BTV DOV AT MEREMEZ @D LOE WIS O IZE) kDT
v TFal RE/~A70l BXOITAN T F VDK T NAALZEZ TR T &N, £TF
TR LRDTHA), ZOBM DD, TAMNEE (T IV -T Iy T+ —2fbL, P Var DB —
E—RA L CTHEIZFELZETTANTELIICRDLFMIZMMNIEEZOND, VAN T F T ANE
BT XNV IL, ~(7uratkyH & ASIC(application specific integrated circuit:
FEEHIEMIT IO DWW TOERITRT I, TVHNL Tyl T20LELFA L THD, TA
NEBIL, EVaT7 @M EE L OT VLN TANT TR T 4 — AL DIMERNZH DN, ZOT AR
T Ty T —LTIE mMERET 7 rY /RE(radio frequency)/~A 72 L BN U GRS
HIENTEDL, 7l 7 AN EORMBEBLOT AN IZB T 26 228 P X, & imE, & v
EHEGBRSTV T — b EWEATFTIvIL Y R AXTa T FUALEBEONT Fa sk s
DY —LVARAL T 7L —varBIXORaANTHD,

AEY DT AMIOWTIL, 1994 FFBLT 1997 £ D SIA m—RF~y 7 TIERI S TV, 4 E
[ZH & DRAM BL =2 NF v R DRAM ORT7 | B NCHAKR T Ty a ARV B L= N T v R
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TV a XV ERRICED T, S %BIE, Ty TN PORGIZT IV BATERNWE AL, SoC A
FVDOT AN E LD THAH), AFVH O BIST BIOHH A LB @BEEKRENLEOLDOEL
TEREINLDTHAD,

&AW VT NVIEE T AARTREICEEILRYODOHD, SONET, 77 A/3+F ¥ /L Firewire
DEHIRT TV —ar T AT 5720120, 100mV £ E OE ERIE T 10GHz £ TOEBIE 5%
RALHE CTEHDEOE L HFOT AN AT LANULE THD, 7 AR B (device—under—test:
DUT) ~D 2B A 115 5 1% 10ps FRE DR WH AL T A% 2 —TRITIX bW, BLRF R Tk, Z
D X7 T AN E AN 72 B B EHEER 72T TITHOZEMNTE L ILA ATE TIAT 272\, 205 B O F)
XIIEFE T, 2014 FFETOR—FR2y7HIMEZBLTEDINIHETI0E T TLH5OFIFZEAL
RA[RE CTH D,

TANTEY =T ORMBOENL, V=L XL TOTANBLONRN =0 A ThDH, Ty 7 HIKIZY)
DT TITOTARENR = AU E, Vo= LUV THE E MR EE2ITODICE R THEICT AR
WD THD, ZIUIEE A O B 54 % A (known good die :KGD) DE&IZD22 %, KGD 121X H L
WT AN R BIOEEME T RO, 25 Nl E BV DD DFH LNAT 4T (Ty 7 L8
I NIRRT T V= ZOM) VR =R TOH LA T TORE NS T, IC A—HZ
FoTHMPICHEESN TV, T=— LD = A FIEDOR S KGD 23R —K5729
DLBEFMFEELTEHETHD,

6—2 RKF¥L ¥

2 15 1% 2005 4EZB LN 2005 4ELUBEDOKF¥L Pk 5 DUANT v LEbDTHD, 7T s
B BEIOEH YT IVEE Ny 7y DR T 56 BEOIKRF ¥ LU PIEDFT 2 L7 IC T A
bt @ LT DA T AL LB T DL ThD, ZOTAZIZONTOE) — D DFRBIE, B O
DUT %[ FFIZTANT D6, 2O FHLOE L 2T AXO TR Z KM AT I TT AN H=—
A To%, DFT ZHifE L LT AX OHiIF, ZNOOMEZE#EL LT 20D THD,

IDDQ 7 ARDRE w7 A%, 1997 4 OFE B R IZBI L7203, ZOFEE R DS ITH M Lz, 1C A3
THbLDNT P RAE Gl TDV—7EMITHEICLL2EREZ~YAZLTLE), ZHE, £ TLY
ZDOFIENRICN TR0 HIDIT TEHBZWS, BRIV ANLBE THLZILEE KI5, 2
DEDEL TR ZRE 2R T, 2Oy 7 AZFH 35,
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Five DNFFICUL T CHALLENGES 2 100 nm ~
THROUGH 2005

SUMMARY OF ISSUES

BIST and DFT

Test equipment costs will rise toward $200M and wafer yields may suffer without
DFT and BIST.

DFET required for at-speed test with a low-speed tester.

Tools required for inserting DFT and BIST and estimating cost.
Analog BIST needed.

Access to 50U cores needed when using DFT and BIST.

DUT to ATE interface

A major roadblock will be the need for high-frequency, high pin-count probes
and test sockets: research and development is urgently required to lower
inductance and cost.

Increasing pincounts lead to larger test heads and longer I'O round-trip delays
(RTD). This problem can be avoided using two transmission lines, but I'0
pins must then drive 23 ohms.

Power and thermal management problems
Nonuniform wafer temperatures and the requirement for active DUT
temperature control

Simulation needed for the path from the device through the package to the ATE
pin electronics

Interface circuits must not degrade ATE accuracy or introduce noise. Especially
for high-frequency differential DUT LI

Faster, multi-socket, automatic package handlers are required.

Mixed-signal instruments

IC manufactures must partner with the ATE suppliers to ensure ATE capability
will match the mixed-signal requirements

These will require more bandwidth, higher sample rates, and lower noise.
Testing chips containing RF and audio circuits will be a major challenge if
they also contain large numbers of noisy digital circuits.

Failure analysis

3D CAD and FA systems for isolation of defects in multi-layer metal processes

MNew fault models, such as for crosstalk. Automatic test generators for fault
diagnosis.

CAD software for fault diagnosis using new fault models to support DFT and
BIST requirements.

Test development.

Automatic test program generators to reduce test development time
Test standards, such as STIL | IEEE P1500
Reuse of core tests for SoC to reduce test development time

Simulation of the ATE, interface, and DUT to avoid test development on
expensive ATE. (virtual testing)

Data management needs to be integrated into test program development

# 15 TANBLIOTAMEBEORKF LY
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FIVE DIFFICULT CHALLENGES <100 nm ~

BEYOND 2005
DUT to ATE interface Optical probing techniques
Full wafer test
FPower and thermal management problems, especially with 300 mm wafers and
increasing parallel test sites
Contactless probing using BIST (see DFT/BIST section)
50C test methods New DFT techniques (SCAN and BIST have been the mainstay for over 20

vears). New test methoeds for control and observation are needed. Tests will
need to be developed utilizing the design hierarchy.

Analog BIST

Logic BIST for new fault models and failure analysis

Deterministic self-test instead of pseudo random test patterns

EDA tools for DET selection considering cost/performance issues

MEMS, sensors, and new IC technologies | Develop new test methods.

New burn-in technigues. Research is required.

Test during burn-in using burn-in DFT/BIST capability; low-cost, massive
parallel test during burn-in

[ i S L b -_ " - i S rs - -_ - 23 i i £ - L Y =
Failure analysis Realtime analysis of defects in multi-layer metal processes
New fault models, such as noise

MNew CAD tools for diagnosis

Failure analysis for analog devices

FA—failure analysis
SCAN—A fest method in which test patterns are scanned fn and out of the DUT.
STIL—IEEFE Standard Test Interface Language

#F 15 TANBIOTRAXOFRE (Fix)

6—3 FMTAYER

HE) 7T AMNEB OEREEIT. TXARDORr =V ZANCIR T2 IKREE . FT VP A BLOY
B DHE K, 7““/‘5’/1/-'7*?<l\/\°5“—‘/0>17/:9§\ KERE A=V T7TFur, Y“fﬁﬁ/?V&/V?E%E%
EHEHEEDLERITNIERLR W, WG ICko Tl Bl SN EARME IR OEY TH D,

o BNEINT=T NAADYATNVEALDN ATE ODXAILTFEEIZILE T 580257200 RT
X LHEEDa R

o VUM EEWBLIOWATE TAMERE OB MIZ L AT ANE B O % G0
o LEVER KMaft, NEBMENTEYR—FTH57ANOE R FIA
e IDDQ IZEH LT AN EDOE AL

6—3—1 RNTUI¥NLHEEYIaR

iRk —R<y 7 B B (Overall Roadmap Technology Characteristics ORTC) £ 16 |Z/r 9 &
BO, TEALASBIaABIOaAME MEZ5] SE LWL R0 O EIL, 2hETHEICm
LT BT ANAREEICKH L TATE HEDOIVE WK E EBEERDDS, #l21E, ~(/n7akyd
BLOASIC #HE XX AITE B OMGEICELTHEEOM 2L EET 5, 7 AXK ERFEIZD
X 12%00 W BT b4 AR, B AAROE T IO X 30% Tl L L, TAENTF AL ZHE LD 5
A 572 1980 F AR DM HY 7 headroom (7 ) 1356 &4 T 2 7o, BLIE O 7 23 <Ae B, 7 &
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BDEAI T 27— 13 R e i T SAAD Y AT NZ A LZIE 5L, 1999 FITIE, TAZX RIEfED T
DOHE VA AN B> TV, SEMIFEHERT 7 2928 (R AT VXN XAV TIEE DT D
HAE)? TEZRSNDEBY, £ 16 TR EXZAIVTREICEL T PRS- Z R, £/, n—
KN~y 7 Wzl AT R O T ANARE ] EI2 T ANV E A LEIRT,

YEAR 19949 2001 2003 2005 2008 EL 2014
Yield % ar B4 7 73 64 56 50
Device period ps 830 700 580 500 400 340 260
Overall ATE accuracy (OTA) s 200 160 130 100 100 100 100
Overall device accuracy requirement | ps 42 35 29 25 20 17 13
Salutions Exist [ | Solutions Being Pursued 1 No Known Solutions I

F 16 BT AN E

6—3—2 HEITANEEBOaXE

PR ACONTOE L YD ATE aAMNIAREWIZHE 20 8 1 H~1 5 2 TRy/Er
fFEZ R > T, 1999 FITIE, ZOIAMI8 TRA/E VL FIC T A0ea D72, miEfk, & E A,
AAL Y RDEZHEABLORIIL  AFYDOE I ENIRF R DO FERIL ATE 2 AMNE D D7-DI12E %
BNDETCDFALEMRFETD, LIz -> T, £ 2000MHz ATE IZE>THERE 5 TRA/EVULF
T RNDDILIN LR A REM 35, IC T /NA AR EHIC BIST. DFT BX O E A VT LVdE %
FNLZ<MOANDENI RERBEFRRNRY, ZOMMIL 2 THRAVEOT AN AT LAETHZ
EIMTRIND, 2014 £ ETIZ, PV PRI DEURIZNNDAANVEKDAR NN T VAL DT A
MZBERT AR RS D, ZOM ML, 7€k D m a2 AN at-speed #§GE 7 A D DFT/BIST Fi£I2 &
LHEMAEARRICTDE MR T AN AT ABIOFIEWICATERERERTEZZE R THTHA),

6—3—3 TRAMBLVHEEVEE

AANBIOMRICE T27ANOMBEIZHLB, TANMIFLEREROLDOOEFERLH)— DDH
—ERZREL WD, 4 H . BIET 2R TBIT DR MM H O & Oy — VT ANEE Th D,
BV BICE T, RIS S ICE T A, M BICET M, S E T8
ZETTAMCE-sTEREND, TANT O BRI CH KT HT74—R w7 —T 1L, A HDFak A
IZBITIRMDZLEm T LR E T — D IETHD, 7T AMIL R F N 2T o AGH 1B
LT EETR—bLARTNIERLR 0, RAM TALZDONR DYDY —F —L L TOBE M
~Ar7ua7atyOHBIZINODO BIEEOEB ZLV#HELIL TS,

100nm 74 —F ¥ —HAX~D CMOS M DATIZT /S A ZAD K AT 7' 2 & ATk Lk &
5 2%, 7oANVKRGE, SER T, AL BIOYBENREETAMNIBO TR ERLETHD,
2 OOATAVO=—A NGk S5 TR bR EIITHE N = — X3 LU Y £ 138 ]
==X Thb, ALV 22— a iR o TE LB i SAVD A, i A & ORE B IXFF I L <,
RERTV—I AN —% L BLT 5, L, ROBIT THE KRR EMRT = — %% b7, EBEH T
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BB TEICIVRE CZAEBOF v 7 )T ~O & e E /e 172 LICIT, i A =X 5% B
L C B EFIEEZRMTIZEITERY, R, ZFREIVLEOTZOOY — L5 TX0,

5: SEMI fEHER T TR 2928 (BAKT VXN« AT HREE Db D) I3y B TH D

ZWICET5E M =—X

AR ERICHEVEE Y -V BROFERCK T2 MR B PNLE THD, Hl 21X, EAERE
F- BE % % (scanning electron microscope:SEM) OfEEE O IMBLIOH LW T ()L LDT-OD T
AP LAY TR EADRIE THLH, ZOKRE OV —F 2B FE TR O LT BT 70 20
BIL CREMTE IC b B L7 D,

o HLWIT AN LADTZD DML A YT 'R

o £ A A —A(focused ion beam :FIB)D/uAEIva=vr VLT TRV Vay
o SEM I XUV & I BRI 8% 0 i 14 2

o R BN — V2R B IZHI 95 CAD 7 —var ot &1k

o HHMICKMMEATZRETHTNIVALBLIOY 7 Y27 Tk

o v r—T T aER

o XMITVATTT 1R E

o BE-U— LT RIMGIE I A= Z O,

o JHHIE W A~DHFH Tk

PWICETIEHR=—X

HRTH) = — X3 R FIE OB R B L TEI NSNS BEREICB T A RERY ThEa B L
T2, BlziE, BEMUDMEYc— N "REREAVELIBIOERRBNOOEFERG THL, 20
I TORIFE DL IV TAANTHY, EHR . PR B O ZE=E | RT3 & s FH o F 8k
BN BT D, LN =—XZEA ST LIEVARNTH D,

1. FEARFANFED (212 A% v> . IDDQ. BIST. #EiB#FE AC F AN, ¥ AFIv /3 H
IAHaT) e HB A SV TNy 2T IC S BN B EY — /L, 2SO B |2 &F 5 A+
TRy MIAC IR R ROREHNY -1 ThHD,

2. EFRE#EYIC (B 2 IXTF > 7 O H i 3 KO AR T ik~ BE 77 #% 6E (18 1B B dS: | it 7 =
k. ?r?%&vyt /7]0><747‘1/—°/a‘/)fﬁ@%Lﬁ%ﬁ‘é/\~k“r7:n7c:%/5<ﬁﬂa%m YV —)l,

3. AN—T oM H T LA AR HE 2 R T D o B R X M RE T
4. M & DI EIIENTY VRS DT A—E—E R ST B, LY — 2 S AEFE T BN/
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—R®D DC ~v~A7ur7an—vt e (BEFEOF T RAT =V AT MIARTE Y THD),
5. WELR R BEMRAT D= — XN O T, BRET DT XTI T 15,

6. KMfaZ¥H —F o PREFEFIZarFr2vray FICKETAHAHR WEHATY 7 =TI
P W,

6—3—4 IDDQ TAh

JEHL BTN TS IDDQ TAMREERANAATZU R T NAROT ANTILN #ICE I 35846 0
OO B ETHHE ONYITITTR =7 (RESBLIRELSX) T IMLTWD, IDDQ 1FHAES
NTeTF oI THEROEN Y — A2 4EL 4 B KM HBEIOMEGET AN ’m\T%%@
lr—ATCAR A REBENZTETH, GO T 7 /0l i lBTAIN I 7T R =B HROE T
HLC, AUERERMIETINE V2= a 2B LT IERLR N,

F AT IR OB ICB D THERER M ARG O7-DIC TR S IDDQ fiEZ /R T, ZNHDE%E
EMEICHIRL T2, 2o/ bvic, 77/ oibicd LT B2t T8 K Th
Do T2, INHOMEITIKIE B B N HEM OZDIThHie0 Fidiked, NGO M I3k KT /31 A IOFF
(FavAAo T L —arviE £ 2816), FTU P 2AFH (ORTC £ 1 006) A2 W/LEL , &
VIR E LT=A T v T PV RAZDEI G NLROT=, IDDQ 7 ARE H Al GEIZ T 5 LH12 1C A3 Y iz
RSN TOWDERESND, WHEE N REELZEMIC OV TIEDED 1~2 H/hSWE R
HHEVHIERIXEE CThDH, . KA@M IC TV REWEZ R THARH D,

YEAR AAXTAUIN IO
1999 5-30 mA

2001 30-T0 mA

2003 TO-150 mA
2005 150400 mA
2008 A00 mA-1.6 A
2011 1.G-8 A

2014 8-20 A

#£ 17 MEEHRmE IC oF#Hl IDDQ &

TR L7z IDDQ i i <t CTE I 357217 T/, X, IDDQ (5 2 b7 H il B8 L O i 1z 2
T)DOELDERFEWIERTREIND, Hl2 X, £ 17 128175 IDDQ HITR KEXRDLTITNLES,
A IRV WVIE T Th D, ZORELDEEFHF R TELLIC, IVELZDIEL 2 XD 4y & B fif
LT HLWTANFIEZBBE THZENEE THD,

TFEIE. IDDQ T ANDOM KL HICBA TR T vy VS (T AN EB IO T ANE S LG F
£) DYARNTH D,

o V ZHil M T H7-DDIEMR D AAT A,
e V(BETOTNRARAEIZEREINTZT RARAADELLENZHONW ) Z EITFE0.V, DIEL2&% T
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ForEok7ukvrnEHE,
o [RIE FITMREE TO IDDQ T Ak,
o T/ LUV TOERDE, ~VF T NVEIROMEH,
o NIUTVRENRADHT T =T BIRERIR T ORERIT 2 | T NAZDEH,
o BMWAYI T TR Y — 7B ~OREEE MRV PR IDD £ 3 T A,
o [V =F X R—AFYE|— H—ONR/T A )VEE T/ TIDDQ R EMEH 5,
o MLAIAZ IDDQ By Y —F7z I DAL F o T E LK,

IDDQ X 7 g B fR AT B L OMERE T AN T YL Th o 7o, W BE Y 7o i B M7 AT 13K B 8 BT 0 e 78
BIOKRMERLFE ] O7-DIZ IDDQ IZHE S, Z AT, IDDQ &5 (Bl 2 (XiIRE . BIE B L OE
AR RESE) O OBIRICIT, R R IEIEEEICBE T2\ ERIEWMMPFIET D, LAL, IDDQ 23 E A
DIZON B R FIEEZEH L TWDIZ2 RN E T RbbZendHz 5,

IDDQ M EAZITHIRE AL ETIH=—AbH D, TAMNEBE K B F2I1LTAME B OV R - BN MLET
D, SHIZ FFIZHAEDI VT =F ¥ RXR—R | FIEOZDITEE W TO IDDQ HIE 7 fif 5 B8 L Ok
EExm E L7 i s e n,

6—3—5 mAEKEIITNLVER

BRI T IVEE DO DN TNy T 7 EBAEN I TV =TIV r—vay BB IO
FHEEE S, Ao Ea— 20 2> TR A RIiZ72-> T\ 5, SONET, Firewire, ¥4t
Ihe A =P Rob T7ANF RNV EDT AT LM ASIC BLUMEL IC IZBITHEEEF 1/0 X7
7O EHALE L ATE A—=HZES> TWLKONOMBEEIR R L TND, BLA TiE, 2o o IC O

BT ANMIE MR EARDONRNE = VR = —BLOE Y NRVR T T 74— D HIZL> TOH A
BEChb, BMEDTANEMETIANDTZDREEFEIZES TIORMVHAIIARAIRE THD, v /VTF R
—REB R ARI L Y TNy =T LI T AN AT AT E DR R AR AL T A E N ATE A—
HIZESTRAD=—XAThHD,

LFEN, FxLoryD—ETHoH,

JE W # — SONET. ¥HE YR A —H b, 7743 F ¥ /LDLEH7 Si BICMOS VYT LT 34
A D JE I IE 1Gbits/s 223 E B> TV, 1999 4E121F 2.5Gbits/s (UL SV T 5, SiGe F i
DOBAFITED ., IV K, 10Gbits/s U7 /L3 1F CMOS ASIC [ZHEFE I fE L2 D, — 7. 1999 4F
IZ ATE A= X5 D 1Gbits/s BEBEZ i A 72 LW AT AZE A LIBED TWAHIE T TH D,

ATE /XL —4% — ATE ar A\ —&4  LVDS Ny 7722\ T 100mV Firewire (25U T

172mV, KEB 5 @ 2.5Gbits/s /X7 722\ T 400mV (2GS T2 H DL~ o F 342 H F 4t
FRICKE T 23R BEICE H L TWD, L L, KRES Dar L —F— (g /NA— =T T VB &t
150mV TGS THY, 250mVp-p KV F TEFEZIEMICANa—7 T2 7285 71 73 b 22
Thb,

ERAE R T — R <7 199 £ERR



ZEES — ZEESIE —RICEBESEERBIZ. Vo, — Vo KWNHE Vy~Vp, DL
CHEPANOME THD, Bl 21X, 1025mV BLO 1375mV O TO 250mV OIRME, L7238 > T, [H &
BIEEEL XL TN ROav L =2 —% AL TRE 52T ANTHIENRTERN, Vg,
~Vo ODFLPH OB EFLEL NNV EH 222 DDV T2 ROary L —2— 2Nz, 728 DUT
HATDERTEAZONWT, ELWEB T —Fas RN —F —LEMHE—RFa RN —F =N X
N5, BETOEZANFEAED ATE A—HIZZORMBE K S Lo T,

EENEAIL T AR 22— 1TH) — DOHE KRR TH D, Bl 21X SONET, ¥ HE v A —H Rvbh, 7
TANNF XNV FEOTYTIVIEAE R IZBITHEEE S IE HO 50%0D 58 mxD 20-25ps AKiig D7
BAF— A= TRTERERN, ZOXAIL T AF2—Z KE 4 O ATE Ok E =P Bl R B
(edge—placement—accuracy: EPA) XV FEH I/ S, ZL T, ATE DR 1T — % 12+1-80ps ThH 5,
20ps ZAIV T AF a—FH R ~D 1 DOV AL, FLTVarE—R LIZTRAZRIANBLO=a
No—=Z—=OXTEEBL BBy F LT alocB R —7 LT, DUT ICHER T 22LTh D,

6—3—6 EMERE ASIC TAMNLELH

PR ASIC T ARM B (£ 18) 13 H B 7 AR & (automatic test equipment: ATE) A—7
MECBBLIOEE IS W TH 72T iE b WE R Z7R 7, FRFIC2E 20N TINGLD
EROETEWM L T52L% ATE NEREINDHIZEETHVZEIL 72V, Bl 21X xbE WA 7T 7T
—ZJEWE T, BEHL<1.25, 2.5 £721F 10GHz DL —FTEMET AL B D 2 WO U T ILViEE
B TCHRAETDHEA), Ll KEH DO DUT BT BZLURE I CEMET 25, ZHid 2014 45 %
TEFFE % 3000 K OFITHI R 200 L7z, £ 18 IR T BMIZ VT LiEFE L
HOEZFECHTHD, S FEER, IEAXY U TARNRIMNVOHIT /R L TW e oTz, ZOHIT
1999 4R 121X 3200 7 THY, HilFI 2372 T 40X, 2005 FETIZ 10 B~E EFHT57259,

ZhUE ATE OaARERWIZ B, BEW_u2a—RIEE 26572630 T, EVeRF kI, DUT &z
DET & BIST ZHVIADFENBE S DOD=—XAThs,

EREa—vIay 7L, k<. A F 72 phase-locked-loop: (PLL) IR g & I L CA k&
N, LizAoTURE BT ATE I2ko TAERSNDI/ By /(G B ~OFERIT, Iy /A7 F L[
B MBI S TV BH AT, 10ps RMS K0 F T BT EBHYAHIE v 4 — TR 5 O i P12 K 5
Sy MR TS, FEFITHEEIZ, ATE (X DUT IZ nonreturn—to-zero: (NRZ) A J3 7 —XLFE L —h
\Z return—to-zero: (RZ) I ARk CEH R ay 78 235, 2, B Zha=7
AU OF =5 FIA8D 2 (O B CHLILBTEDRMARRTA S ELE LTS, ATE /1
DI RGA IR L o THRR SIS JE B O kS B 461X SONET 125\ TIE420ppm TH Y . fih o 5 8 I
VYT VAR T RA A DN TEEL00ppm T D,
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Year 1999 2000 2001 2002 2003 2004 2005
TECHNOLOCY NODE 150 rmm 130 nm {00 nm
Off-chip data frequency MHz NRZ* (see text) 600 700 800 900 1000 1100 1200
Overall timing accuracy (% period) +/-5 +/-5 +/-5 +-3 +/-5 +/-5 +/-5
ATE RMS clock jitter peak-to-peak ps 20 20
Signal peak-to-peak range V 1.5-3.3 | 1.4-3.3
Power/device DC with heat sink W 80 100
Transient power with heat sink W 135 150
Tester cost per high-frequency signal pin $K 4-8 3-7
Maximum number of I'O signal pads. Power and ground 700 900 1100 1300 1500 1700 1900
could double number for wafer test. (see text)
# 18a @ ERE ASIC 7 AN ZE G — S 4]
YeaR 2008 2011 2014
TECHNOLOCY NOoDE 70 nm S50 nm 25 nm
Off-chip data frequency MHz NREZ* (see text) 1400 1600 1800

Overall timing accuracy (% period)

ATE RMS clock jitter peak-to-peak ps

Signal peak-to-peak range V

Power/device DC with heat sink W

Transient power with heat sink W

Tester cost per high-frequency signal pin §K

Maximum number of /0 signal pads. Power and ground 2300 2700 3000
could double number for wafer test (see text)
NRE—nonreturn-to-zere waveform (NRE data rates are often referred o as Mbitss)

Solutions Fxist [ Selutions Being Pursued 1] No Known Solutions I

7% 18b EMERE ASIC TARMMLES M — B H)

6—3—7 EMgE~AruFutyY - FRAMNAESt

FEWH ., VLSI 7ARESRIL, BV ATV AR NE = VAT L E | BIEBLOEROXL
IIE 2 DML EH LT ZEITEEV N THN TV 2, LT, BV ATE 2R3 20 R % i
BLUTE, NAEEN IGHZ I D&, BIEN 1 RAMTMF 7o X7 2B L. ZL T, 2437
KB 2+ af) CRIE T 28 &1 ATE ERVBT AN BELRMEHLACDLZENRATENEINITD
I A Clevy, ZLTC, EARIART?

UTFo~vArn7atyd n—Rvy7 (£19aBEUb) & AL, b DM 1 0k &8 & 15,
IC EmLANNAAT T —2arDlDIZX0EHEICR>TWD, NV FEH I m il 723 A 3@ T
DY, TS B RT VL IC NICEIL, FKEARYEH DAL TOS, WEERET AN BED
TRy T BERMENZNOOM R Z8) 3 T8 S GHz B L afb ks B CTHE e 7 AN & E i L7
NOREAERITHIZEICHERERNELKZE DL ATE ¥ FUTE > TUIW T2, 25 gEE
DWW &, DET/BIST 2 Z 058 EBLPEIN L DT ANGIERTH 1 DOZLx BT — 16k
D AAN-T VMG RET A ~O MK E R OEAT LW T L Th 5,

HBERERBIOT AT BAREE BB OB EMHRT ARV TE LG T DM, L
L. =TV DI ERT AN AT LADOII K BEAFEICHLBELINAEM S 2T 28 0

ERAE R T — R <7 199 £ERR



ZAD—EThD, DET/ BIST T E L7 IC 7AMNH ATE R ESLEICE T RO IZZns0
YOEM 2T AN AT LA EFEMIZE R 35,

~Arr7utyPICBWT, K 2/3 OECRE N BIOEMOTZOICHLE THLH, ik a7
S OV =YD R (I AV RY-EWAE 3 TR SRR O 32K 3 TA NP SIDRE N 78 S SHR O i 7 - A 53 I
TUVETIVTRBICBWC, AEO=— X2 X e T AN B 2D 0 3R E B L OVE [ i
i Cc~vAruratyiE—RKICFFESIToND, Bl 2, KIBEBLIVE Vi BIZES T, T34 AR
BRIV R B Cr B CEET L9107 d, £, TAXEERICB W T, BIROAL &% DUT
DHIXZMTE D, 2T, SIREEBIROGFE F b Fab —var 2 4t 32572912 DUT V7
SOOI LIZHDLA MR =R TORENAANRZRA T o —%2 MBS, HED6000uF O EEE T,
MERAB ITE A EEAN CTRELRZWVIERICHRIN 2T IE RS0,

~Afruratyiit, o, TANB—Rvy 7 HHEOR 16 IR THEFEVRERET LD
IZIEfR7R T AR AT A () T0ps DA X AIL T HEE) TTAMSNRIT IR B, tﬁl‘ﬂ@um‘:
BT DD E BNV TR, ERICE NN—VE2 R 7258 #7732 VIZ binning 95729
bUETHD, MmENATIEMERNEZITIDIEmIAITHEEBLETHD, Eﬂ%rgm&m
ASIC TAMNHY AT LEHB LT, MAAIV I ELERMFIE L LBVOTRY - axbam<BLY
5 B [ B 2 ) BE [ (mean time between failures: MTBF) Z K <R DX 2 y fH 1] 03 dH D,

ERAE R T — R <7 199 £ERR



YEAR 19549 2000 2001 2002 2003 2004 2005
TECHNOLOGY NODE 180 rim 130 nm 100 rim
Fincount
Pincount /0 signal channels (maximum pins) (2f 768 1024 1024 1024 1024 1024 1024
Pincount power and ground (maximum pins) 1536 1536 2018 2018 2018 2018 2018
Busses
Clock input frequency (MHz) /3] 800 933 1066 1200 1333 1466 1600
Clock accuracy (ps) [4/ 62 53 47 42 37 34 kil
Off-chip bus data rate (Mhits/s) 600 700 800 900 1000 1100 1200
Accuracy OTA (ps) 73 70 67 62 60 57 50
MNumber of independent clock domains 2 2 4 4 4 4 4
Number of independent busses 4 4 8 8 8 8 8
Embedded memory (Mbits) 32 32 64 64 128 128 256
APG frequency (MHz) 200 200 400 400 800 800 800
Algorithmic pattern generator (#X, Y addresses) 16 16 16 16 32 32 32
Algorithmic pattern generator (#Z addresses) 4 4 4 4 8 8 8
FPower Supplies
Power supply voltage range (volts) /i/ 1.3-33 | 1.3-3.3 | 1.3-3.3 | 1.3-33 | 0.9-3.3 | 0.9-33 | 0.9-33
Power supply accuracy (% of proprammed value AC+DC) 5 5
Maximum current (A) 200 200
Dwnamic current slew rate response time (us) 1.00 1.00
Dwnamic current slew rate settling time (us) a0 ]
Parterns
Vector memory (Meg-vectors per pin) 64 64 128 128 256 256 512
Vector memory load time (minutes) 15 15 15 15 15 15 15
Independent pattern management (# of patterns) 1000 1200 1200 1400 1400 1600 1600
Cast
Tester cost per pin ($) 8000 7500 7000 6500 6000 5500 5000
Reliability
MTEF (hours) 1000 1000 1150 1150 1323 1323 1521
MTTR (hours) 2 2 1 1 1 1 1
Availability (%) 98 98 98 98 99 99 99
Setup time (hours) 0.5 0.5 0.4 0.4 0.3 0.3 0.2
Solutions Exist [ | Solutions Being Pursued 1 Na Known Salutions I

# 19a mMiE~Aranraowyd - T AN ES - H
F 19aBLOb BMRE~A/aT vy LEICEH A1
[1] FEIRIE 6000uF BEL O KREI D 25 DEIMAA YT 7 BB TEXRTIE 5780, Bl I
CPUZuay7d 1~20 VA NVETOM CU=—IT v 7T N TS,
(2] I REVEIZT NN T T AXE DDl HD, T8N0 T T AZ T EmnWeE %
FIH 5,
[3] 7AX|X. RAMBUS #A 7 DOF —XL —hBIOTabha)L 2B TERITIERBR0, HERET A

NTFAZZTINT =2 — LB R ZT R TOLENRDD, EETAZ -T2 oMl E
FEIZERTHD,

(4] TAZIET AT AT AAADIZDITANAIRA =R /a2 T2 ERNL D, 4
A—K PLL X =727 AN CTHD,

ERAE R T — R <7 199 £ERR



YEAR 2008 204 2014
TECHNOLOCY NODE 70 rim 50 nm 35 mm

Fincount

Pincount ['0) signal channels (maximum pins) /2 1280

Pincount power and ground {maximum pins}

Busses

Clock input frequency (MHz) [3/

Clock accuracy (ps) 4/

Off-chip bus data rate (Mbits/s)

Accuracy OTA (ps)

MNumber of independent clock domains

Mumber of independent husses

Embedded memory (Mbits)
APG frequency (MHz)

Algorithmic pattern generator (#X, Y addresses)

Algorithmic pattern generator (#2 addresses)

FPower Supplies

Power supply voltage range (volts) [/

Power supply accuracy (% of programmed value
AC+ DC)

Maximum current (A)

Dynamic current slew rate response time (us)

Dynamic current slew rate settling time {us)

Fatterns

Vector memory (meg-vectors per pin)

Vector memory load time (minutes)

Independent pattern management (# of patterns)

Cosr

Tester cost per pin ($)

Reliability

MTEF {hours) 1500 1700 2000

MTTR (hours) 1 1 1

Availability (%) a9 29 99

Setup time (hours) 0.2 0.2 0.2
Solutions Exist [ Selutions Being Pursued [ | No Known Solutions I

£ 19b BEMfE~ArurayY T AN E S M-

6—3—8 m—x RDvAZuarro—5-FRAMNAES

n—T RO~ A70a b a—F I T NARIRNT DT 7 /0P RIAXNTIEHRW, Ll BE K74t
FEEBIOWRIEEE (1998 FOHEE 40 [E2=vFBIWN 100 BERLV) DO~ Zaarta—J0
FANH IR EIL L7 ATE VAT LAOB R EED| L=,

~vAr/uarta—7(%,4,8,16,32 Bvh-Tukyth AEV /O, A/D BEILW D/A a1 —X
(PLL) . B ¥ =B LU0 A~ —REDEAVEB B R EZZ LF v 7 Thd, ~(/rarba—70
U, A= I —FOH THEHENLLVT /0 FTARALRITHONTD 3 B D PDA BLUOT
v earha—I0LIRT IV = a il OoOWVWTOM B ETHET D, v(/rarbe—70
NAJE P IEE— RO 5MHz Dk i 50MHz D& N TH D,

iEAL T A BRI L CWb~Araarbo—F (XA ) (KA k& THY 1 FLE2E S 4 BLO S

GBI — R~y 7 199 F)



tyohevAfruarta—I4H5, ZOHFERRELEEDOEITACNME 4-8 O~ rvartn—7%
WENZT AN TEDIRE T XN ATE VAT LAOBRFEEIH N Lz, — O F IKaA N~ fraar
a2 —Z 2oV Tk, 7 A AN E Rl 2 EE S, 2O A D~ A ruarta—707 AT
TAZAARNE 2000 RV /B O & P I S H 7,

~vAruaria—7 -7 ANMIE TR BEIX —KICTAND B K IANE T IF 52820 b5, TAX
g AT A& DR IE~ L TF AT ARNBLOEE OFH O MERARIZZOFT YL YD RERE
NERT, vAraarta—S AT L —ar b UL R INT HICon ., KA T AZICBWT
IVEL DIV IR T F IV TAMERR DD D=—XNH ML TWD, £ 20 #BRDOZL,

YEAR 1899 2000 2004 2002 2003 g 2005
TECHNOLOGY Nome T80 im 130 nm 100 rim

Device Characteristics

Pincount: minimum/maximum total pins 3Me0 3180 3200 3210 3220 31230 3/250

Bus frequency {(MHz) 60 70 80 85 90 95 100

Clock frequency (MHz) 60 T0 80 85 90 95 100

Internal frequency (MHz) 60 100 150 175 200 225 250

Low V., (V) 1.8 1.4 1.2 1.0 0.8 0.8 0.8
# of DPS (device power supply) per device 3 3 3 3 3 3 3
Device power (mW) 300 300 300 300 300 300 300
Maximum driver level (V) [A/ 8 10 12 12 15

Maximum comparator level (V)[4 8 10 12 12 15
Embedded memory (Mbits) 8 12 16 20

Mixed-signal circuitry AID, D/A | Audio Video RIhELIS
Tester Characteristics
Owerall timing accuracy 5 5 5 5 5 5 5
(% period)
RMS clock jitter (ps) 100 100 100 75 75 50 50
External test vectors (M) [8/ 8 8 8 12 12 12 12
Tester cost range ($K/per pin) 24 24 2-4 1.5-3 1.5-3 1.3-3 1.3-3
Reliability—MTBF (hrs) 2000 2200 2500 2800
DPS maximum voltage (V) 8 8 8 8
Maximum DFS in tester 16 32 32 48
Maximum devices for parallel testing /CJ 8 16 16 16
Maximum tester pins 1024 1024 1024 1024 1536
Mixed-signal instrumentation AID, DIA Audio —_ Video —
Fre- Fre-
quency quency
Solutions Exist [_____| Sodutions Being Pursued 1] No Known Solutions _

% 20a B—xT U RO Aruar e —F T AN E L -5 1]
# 20a BEU b vAruavbn—J BB MRS 5 1R

[A] FIANBLIORa RN —F— L LI NIy 7 A7 F 0 38 O O K Bl 70 7 A S 6 85 55
AU R—FTHEDOICHEMN TS, 2 TOY Y RIOEBEEZLELELTHENIDIT TRV,

[B] BIST°DFT 3L —ZF A A HE BIST °DFT Va—ar RNl INALITFOR EIT/NE
<75,

[C] ZohT3AVIE, ~A7aarha—JDWHTAD TS THY  ARVDWH| T ARERF LW Z
ko

ERAE R T — R <7 199 £ERR



YEAR 2008 2011 2014
TECHNOLOGY NODE 70 nm 50 nm 35 nm
Device Characteristics

FPincount: minimum/maximum pins 3270 3/300 3/350
Bus frequency (MHz) 120 150 200
Clock frequency (MHz) 120 150 200
Internal frequency (MHz) 300 350 450
]_0\"' ‘I‘.'.:Id [V] D.B ﬂ.? ﬂ.ﬁ
# of DPS (device power supply) per device 2 2 1
Device power (mW)
Max driver level (V) (Note A)
Max comparator level (V) (Nate A)
Embedded memory (Mbits)
Mixed-signal circuitry

Tesrer Characteristics

Overall timing accuracy (% period)
RMS clock jitter (ps)
External test vectors(M) [Nore B)

Tester cost ($K/per pin)
Reliability —MTBF (hrs)
DFS maximum voltage (V)

Maximum DPS in tester

Maximum devices for parallel testing (Note CJ
Maximum tester pins 1536 2048 2048

Mixed-signal instrumentation

Sofutions Exist [_____]

Solfutions Being Pursued 1 No Known Solutions |

# 20b m—x U RDO~Araarba—T 7 AL M-

6—3—9 IVIARVTF )T A}

VA OH— R FICEVE DU AT AR A 2 DB LY, kDT OEL, TFus
RE/~A /0 BEORIv I AL T F AL NS F AL AR S R ETETERT LD LARD, ZOB
ICED T AMER T, SV DR~ R TRESHABRE R TET AN TEDY VIV T Ty Ik
— RO T, Sy VRS FATAMEROF AV SR D ORDLOI, T IS F
FET DL THY, vA7/nTF uty R ASIC ORITRENDLBY THD, 7 AN & O
1%, BEIE L TR T S s /RE/ <A/l B & BN T&5, Va7 CHESEL O
TATENT ANT Ty MR — LD ~ENNTWD, 7T a s 7 AN T D H T 8 il 5 a8 1. &
B S AV TN TV I AT Iy IV Y MBI ARTRT  FOSBEOT S
BN — AL ARAL T — 2 ar BEORaANCHS,

VIRV T FNTANEBOMLBERMELLT,IC TAARIDL LA IR ICE AN Y THRT
W5, £ 21 \RTERY, BIEOT T us /RE/~A7 0l 7 ANF BT O B G 38 % 0 B
LT %, LMo TRt IR ~DERIT, 7ok R/ Ny —v 7 Hiffin—F<y 7 TPRISNL T
INAAVERE DI LA B L7=b DL, MR OMERE M L& RO DM Ik s, TAMNEE 2K D=
APEML EFHZENTREND, IAMI, T, B ELETDHT7 Tl G OB BL O~V F P AT
TAMCRLBEESNOHBEIZES>TENRD, S (Fy T ho R OBBREEM L, 7/ ki T2

ERAE R T — R <7 199 £ERR



IR DAEBOLIRBFEDFAELLY, ZOMHEIBICOWTEINVEZLDIE RNV ETHS, 7
27 BIST(built-in-self-test) 1%, B AOLNDER FEDO—DOTHY, ZNPLOM T —~EL T
RENTW5D,

6—3—10 EERELEOHERK

T ul /RE/ A7 OTFT ARNRE I —RR —FXFBLOTANFEEEE LTS, /AKX,
IJRAN—7 G OTFTHEBLIOe—RR—RFROMEIZT AN 7o ABIORAT Y a2 — V(T2
5 x5,

M NTNAL BT 2= ADY v H—BLOERE T AMIATEIZ LS TERRTF YLV ThD, =
NHDT NARZE T 27 VX2V RN OB ML LB OH KIi%, BLfEDTRACK AND STACK |7 %
NFIEOHEZE X THEMT 5, FHTE YA —F Kb, SONET | 77 A3« F v F )LD L5772 5l
SUTNALET 2 —RXEO KRBT X VEIEE N T TR E STV 5,

BTCOTFT T BERRONRTLVT AN T AR TR N T 572D B THD, 2k, DSP 72X
R 7 NATYZXL (Bl 21E FET) O @ A B L0 5 EHREZ LB LT 5, NTL AT AMNIAEY
BIOKEAEFEDOT XL - FAALRIZEFEOBEH SN TOAR, IV T AT F L« F A RATE
HEVIT N TRV, F1-. VA Fo 7 EO<wLF -7 Fual e (Fl 213 2 [, 4 [0 5.
8 [l ¥ D LAN AN —F) XA RF 27 ARLR T RE R b,

BEOATERV X — (124l CTHEA CEDIVI WY TR 2T Y — A B EThD, V—IbiE, TV
ANVEBIOIVI AT T _XIMNVAER, B —R R —RBIOTAXEREE BB L7 Fas B KO
Bl Sal —Yay ., @Bl RIv I AL T F I F AN Ol S ER DT DI ECTHhD, BLE. A 8l
TANT BT TEY 2R —H I T AV HNVT AN AR T 57D I AE LI THVDIDIZR LT, Iy
JAY T F e T ANT 0T T MEF TERIN TN D,
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Year 1999 20067 2001 20002 2003 2004 2005

TECHNOLOGY NODE 180 nm 1530 nm 100 rum
Low Frequency Source and Digitizer
BW * (MHz) 15 15 100 100 100 100 100
Fg** MS/s*** 5 5 5 5 5 5 10
Bits 20-23 20-23 20-23 20-23 20-23 20-23 20-23
Noise floor (dB/RT Hz) -155 -155 =160 -160 -160 =160 -160
High Freguency Waveform Source
Level V (peak-to-peak) accuracy (+/) 4 05% |4 05% |4 05% |4 05% |4 05% |4 05% |4 05%
BW (MHz) 800 1200 1600 2400 2400 2400 3000
Fs (MS/5) 2000 3000 4000 6000 6000 6000 7500
Bits AWG/Sinef 1014 10/14 10114 10114 10/14 10/14 10/14
Noise floor (dB/RT Hz) -140 -140 -145 -145 -150 -150 -155
High Frequency Waveform Digitizer
Level V (peak-to-peak) accuracy (+/-) 4 05% |4 05% |4 05% |4 05% |4 05% |4 05% |4 0.5%
BW (MHz) (undersampled) 1000 1500 2000 2500 2500 2500 3000
Fs (MS/s) 1/100 17100 17200 1/300 1/300 17300 1/400
Bits 16/12 16/12 16/12 16/12 16/12 16/12 1814
Noise floor (dB/RT Hz) -140 -140 -145 -145 -150 -150 -155
High Speed Sampler
BW (GHz) 2 3.6 3.6 5 5 5 5
Resolution (hits) 16 16 16 16 16 16 16
Time Measuremenit
Jitter measurement (ps RMS) 5 3 3 2 2 1 1
Frequency measurement (MHz) 660 660 660 1320 1320 1320 2640
Single shot time capability (ps) 100 100 100 75 75 75 50
REMicrowave Instrumeniation
Source BW (GHz) 6 6 10 14 14 18 18
Source phase noise low frequency -126 -126 -130 -136 -136 -136 -136
close-in 1IKHz (dBc/Hz)
Source phase noise high frequency -160 -160 -160 -166 -166 -166 -166
wideband 10MHz (dBc/Hz)
Receive BW (GHz) 6 6 10 14 14 14 18
Receive noise floor (dBm/Hz) -160 =160 -160 -160 -160 -160 -160
Receive dynamic range SFDR (dBc) $ 95 95 105 105 105 105 105
Special DMgital Capabilities
VA and A/D data rate (Mbits/s) § 150 150 300 300 400 400 400
Sample clock jitter (< ps RMS) 3 3 1.5 1.5 1 1 1
Serial data rate (Mbits/s) 2500 2500 4000 10000 10000 10000 10000

BW-—bandwiclth F AWG A Sin—arbitrary waveform generationssine wave

** Py sampde rate F SFOR—spurioas free dynarmic s
** M5 s—mega samples per seconed SMbirs s —mega bits per second
Solutions Exist [____] Soiutions Being Pursued 1 No Known Solutions I

# 2la VTRV F )L T AN EE S -5 )
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YEAR 2108 211 2004
TECHNOLOGY NODE 70 mm A0 nm 35 nm

Low-Frequency Source and Digitizer

BW * (MHz) 100 100 100
Fs*® MS/s*** 10 10 10
Bits 20-23 20-23 20-23
Noise floor (dB/RT Hz) -160 =160 =160
High Frequency Waveform Source
Level V {peak-to-peak) Accuracy 4 05% |4 05% |4 05%
BW (MHz) 4000 5000 5000
Fs (M5/s) 10000 12500 12500
Bits AWG/Sinet 10/14 1014 1014
MNoise floor (dB/RT Hz) -155 -155 -155
High Frequency Waveform Digitizer
Level V {peak-to-peak) accuracy 4 05% |4 05% |4 05%
BW (MHz) (undersampled) 4000 5000 5000
Fs (MS/s) 1/600 1/800 1/1200
Bits 18/14 1814 18/14
Noise floor (dB/RT Hz) -155 -155 =155
High Speed Sampler
BW (GHz) 5 5 5
Resolution (hits) 16 16 16
Time Measuremeni
Jitter measurement (ps RMS) 1 1 1
Frequency measurement (MHz) 3000 3000 3000
Single shot time capability (ps) 30 30 30
RFE Microwave Instrumentation
Source BW (GHz) 36 36 36
Source phase noise low frequency -136 -136 -136
close-in 1KHz (dBc/Hz)
Source phase noise high frequency -166 -166 =166
wideband 10MHz (dBc/Hz)
Receive BW (GHz) 36 36 36
Recelve noise floor (dBm/Hz) =160 =160 =160
Receive dynamic range SFDR (dBc) 3 105 105 105
Special Digital Capabilities
VA and AD data rate (Mbits/s) § 600 600 600
Sample clock jitter (= ps RMS) 0.5 0.5 0.5
Serial data rate (Mhits/s) 10000 10000 10000
Solutions Exist [ Salutions Being Pursued [ No Known Solutions ]

# 21b IVIARIV T F I F AL E L - E
# 21a BEX O b IvI AT F VB LMEICE T 51ER

Low-Frequency Source and Digitizer — ZAUXEDIHIRIv I AT T F LT AXTHE AR H &K IK
[ROWPE SR THD, ERIBE. LEOFEBIOER X =AU ROT NNARTINL O E %
5l TN ESITEZB AN NS ELEINS,

High Frequency Waveform Source — 7 4 A7 K7 A7 —KF % %/l (Partial Response Maximum
Likelihood: PRML) ®7 ANIY T L L —hBIOHIIEZ &5 35, a— V-2 7 - xRy kT —
7 (Local area network:LAN) T XA ADT ANMIYV 7V E 5, S ERE B X OMEME R E 2% 5] 4
b, ZENH I NMELINA,

ERAE R T — R <7 199 £ERR



High Frequency Waveform Digitizer — 7 ¥ —H 7 vxiuiz (] 213 track—and-hold I2X5
CJE B 28 ) H IR AR S b, 7L —hBIXONS MR E T — T =k
BEWT VAAPFICEMRLIZER M TH D, PRML BEU LAN FAAMRADTAMNIT V¥ A Pk E %
5135, ZEBANBMLEEIND,

High Speed Sampler — Z#UI% High Frequency Waveform Digitizer 23+ 43 72 #7 g 2 5 S 85
4 . High Frequency Waveform Digitizer IZBE & 2 52BN TES,

Time Measurement — HLWTFT A_AARARHFHOP TETETHEHIN->OHL i fHE L —T
(Phase Lock Loops PLL) D7 ANI Y v ¥ —FB L OVE BB E NS BELEIND, 2O O M| E % %h 3
B HIEMEIZATO 720, EHBE s 2 PR L idz sy,

RF/Microwave Instrumentation — RE/F X)L/ R—ANRNU R/ EEBLEH LTS T
VT TNAADTAMIITIE R ZD O E W Y —AB IR T OL v —NFFF v ras N
— AP IS BER O RF JI E 4N ML EEEIN S,

Digital Signal Data Rate — /STLINRADTF I Z)NAZE 5T —H L —hEL A/D BLIWD/A Z#iE
FEIBRE TS, YUTAE Y - F—&L —R3 LAN, SONET BLOTZ 7 A \@EF vy lckoTH L
s,

6—3—11 YEEAEIDO-DDTAMLES:

AEYOEBE TR R E R TRELR T2 TRIND, FEEATVIT 0RO
DG B THIHET D, DRAMITT me A &Gt T AN E R TLIEATT NAZTHRET D,
F220~20 B MDTL,

6—3—12 LA DRAM 7Xh

41X, DRAMEY RO N 3FEZLITAMF I T2 6 TR T5, 2O AXHEINITLY
TANPIE R Ry 7 L0l TAMEEW ZM L3570, FILWT AMER M T —F%7 7 F ¥
MVETHD, v/LFE T AN, BIST. BISR(built-in—self-repair) 3£ AL —7 v B I OS
VEHMEFFTHDICEE THS,

ATE TOTAMIIWTELEHE R RE R E B LE THD, T 3AAD [ R E L T E@HEAL —
RCREFFICTANSND S =DM EN T2 T NARDH T D, 2GHz Bl EOFEIKIZB N T, 731
IR E T EHT XN, Vb Ta— 7 EOA T 2= ZEL TR T BARE
N5, ROBNDIAIVITHEE R, TANCT NAARA L Z =T 2 A ADAANDEE % & &
THL, TAZORIPENT 1T ARy R Y 12D 64 T RARZ 2720,

ERAE R T — R <7 199 £ERR



DRAM Hl O — &5 1%, B AMR, ~VFRAR S, Ta—F =70 BIOTF —2E1F
M BE 34 bRk T AHD, 100nm LLF ORERE A X2 >\ T, LB R O 7=01cA T A2 K o
HRBETHDL, A TAREERICEY, ARV =— ORI TN, Vz— Y —FBID
R = LY e T ARND T2 OFT ARG B T HEFF S D,

YEAR 1959 2000 2001 2002 2003 2004 2005
TECHNOLOGY NODE 180 nm 130 nm 100 nm
DRAM capacity (Ghits): R & D 1 4 16
Mass Production 0.256 1 4
DRAM data rate (GHz): R &D 1.0 1.3 1.6 2.0
Mass Production 0.250 1.0 1.3 2.0
DEAM access time (ns): R &D 2.5
Mass Production 8
DEAM bit width/device (Mass Production) 8
Tester data rate (GHz): R&D 1.0
Mass Production 0.25
Owverall timing accuracy (ps): R & D 100
Mass Production 300
Simultaneous testing (devices/test head) 32
Test channels {Mass Production) 1500*

* Assuming SDRAM with 32 devices/station, Driver 800, 170 640
** Assuming RAMEBUS with: (1) 32 devices/station, Driver 450, 170 640; (2} 64 devices/station, Driver 860, 170 1280

Solutions Exist [ Solutions Being Pursued [ | No Known Solutions I

# 22a PE b DRAM 7 AN B 45 -4 )

Year 2008 204 1 2014

TecHNOLOGY NODE 70 nm 500 nm 35 nm

DRAM capacity {Ghits): R&D 64 256 1024
Mass Production 16 64 256
DRAM data rate (GHz): R&D 2.4 3.0 3.6
Mass Production 2.2 26 3.0

DRAM access time {ns): R&D 0.3 0.2 0.15
1 1 0.8

Mass Production

DRAM bit width/device (Mass Production) 32
Tester data rate (GHz): R&D 2.4
Mass Production 2.2
COwverall timing accuracy (ps): R&D 30
Mass Production 40
Simultaneous testing (Devices/test head) 64
Test channels (Mass Production) 35007
* Assuming RAMBUS with 64 devices/station, Driver 860, 170 2560
Sofutions Exist 1 Solfutions Being Pursued | No Known Selutions [N

# 22b PH 4L DRAM T AN E S - )

6—3—13 WHZ7I7y¥2AEYTXb

TIVr—a il SE  WH T Ty aARIOT —F T 7 F X3k 2 1B T VT [EHE
Tuyy T —rTay s N=AN), M RT =X T 7 F v DL RIE R T HI SN, EYMEED 2
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AT 2 fEHINE Ak LB E B DA 126 DE TR <ZENHI TSN D, NARIZ VA 7r=a

YRR =T DNRAMEICHEID T, 32 BV ~DBITHIKRD 5 FEDOBICTHREND, 7Ty aT —FN
— AR L —NIBE Iy (uarian—F-a—Rwy P ICEKFEL TS,

Ny TUERENVR 7 7V —a B W TE HSNDT7 7y 2 ATVDHEE B IV T ATV 728T
A=RTHY, LTENo T, TAXI T Ty aav iR —3 U MIE->THE SNDIERL XLV DERE-
FEHERE T FEZRELATNIZRSRN, Ve — AT AMEI— RISy —2 T ARTD
AC FsMEZRAT DRV L2L, TAZIE® WHIEME B L O F R 2L E T2, MR T7 Ty
AEVIZESTARAIRTHY, Ve— " BILOREETANOB CEMIND, RET —XORGBLO
fRAT O EmITE VR ET AN 2V =T ICEREND,

DT TV a A R—R BT BT T L/ EREOTOICHIA Tty EE TedD T, Xk
e T AMEREIINLE TH D,

AT By Y DAL, P T Ty e T AL A~ OREBEE N & T 5, 0 FIC LD Ko
CyrELIRT SRS OF AMRG BT 5,

Yeaw 1989 2000 2001 200z 2003 24 i
TECHNOLOGY NODE 180 nm 130 nm 100
Device Characteristics
Density (Megabits): volume production 32 64 64 128 128 256 256
Density (Megahits): lead density 256 256 512 512 1024 1024 2048
Data width (hits) 16 16 3z 32 32 32 32
Simultaneously tested devices (wafer test) 16 3z 64 64 64 64 64
Simultaneously tested devices (package test) 32 64 64 64 64 64 64
Power Supplies
Power supply voltage range (Valts) 1.3-5.5 1.3-5.5 0.6-5.5 | 0.6-5.5 | 0.6-5.5 | 0.6-3.3 | 0.6-3.3
Fower Supply accuracy (% of programmed 5 5 5 5 5 5 5
value)
Maximum current (mA) 200 200 200 200 200 200 200
Programming power supply voltage range 1.3-13.0 | 1.3-13.0 | 0.6-10.0 | 0.6-10.00 | 0.6-10.0 | 0.6-10.0 | 0.6-10.0
(WVolts)
Fatitern Generator
Tester channels 48 56 64 64 64 64 64
Vector depth (k) 128 128 1000 1000 1000 1000 1000
APG XY, Z addresses 16 16 16 16 16 16 16
Timing
Maximum data rate (MHz) 50 66 80 100 125 133 166
Accuracy OTA (ns) 1 1 .75 .6 .6 5 5
Cost
Tester cost per pin ($) /{/f | 1300 | 1150 1000 | 850 | 725 | 610 | 525
Reliability
MTEF (hours) 2000 2500 3000 3500 4000 4500 5000
MTTR (hours) 1 1 1 1 1 1 1
Availability (%) 98 98 99 99 99.5 99.5 99.5
Setup time (hours) 5 g 4 4 3 3 2
Notes for Table 23a and b Commuodity Flash Memory Test Requirements:
f1f Ohverall tester cost is: (per pin cost) x (number of channels) x (number of simultaneously tested).
Solutions Exist [ | Sofutions Being Pursued ] No Known Solutions I

# 23a PSS T Ty e AR T AN B S - 1
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YEAR 2008 2041 2044

TECHNOLOGY NoDE 70 nm S nnr 35
Device Characteristics
Density (GGhits): volume production 0.512 2.048 8.192
Density (Ghits): lead density 4.096 16.384 65.536
Data width (bits) 32 iz 3z
Simultaneously tested devices (wafer test) 64 128 128
Simultaneously tested devices (packaged test) 64 128 128
FPower Supplies
Power supply voltage range (Volts) 0.6-3.3 0.6-3.3 0.6-3.3
Power supply accuracy (% of programmed value) 5 5 5
Maximum current {mA) 200 200 200
Programming power supply voltage range (Volts) 0.6-8.0 0.6-8.0 0.6-8.0
Fattern Generator
Tester channels 72 T2 T2
Vector depth (k) 2000 2000 2000
APG XY, Z addresses 16 16 16
Timing
Maximum data rate (MHz) 200 250 300
Accuracy OTA (ns)
Fower Supplies
Tester cost per pin (§) /1
Reliahility
MTEF (hours)
MTTR (hours)
Availahility (%)
Setup time (hours)

MNotes for Table 23a and b Commodity Flash Memory Test Requirements:

M Cherall tester cast is: (per pin cost) x {number of channels) « (number of simultaneoos]y tested).

Solutions Exist [ Solutions Being Pursued [ Mo Known Solutions I

F23b PEMT TV 2 ARV T AL E LMK

6—3—14 #iAZA DRAM BXOHEIAAT Ty Va2 XAEIDT A

LA Z» DRAM OBy MU 2 - H 12 2 51 M5, 2¥ 7 -DRAM OIR# 7 /A AW T
TUVAME BEI OB A-T U IR R ERBEERFEH THD, 100nm UL FOTmv2% v TH &
b2 6 AVTAREHR I FIEOBEANRA R T A TA RBE=XV7IZED, Kifaw
T DB ERE T HZENTE, Vo — Y= BN =T L L - T XD T AN R BL
Wr v icHeRr & s,

A BT Ty a AT Oy MEITEEBE IS ML, F/2— B £ <DICIZ DRAM 7Ty =
AEYBHIAMEENDE IS D, ZOLH RPN T, 2001 4F LU B L E 0GR E,
Z-T v PR FMG . ONOJK (oxide—nitride—oxide) DA —U L 73 7Ty 2 AEVIZ BT 5 E R
BEIEHED, (£ 256 3 W)

TANLREOAFEMR 2 ET541213. TAMEH OB LWERH T —F7 7 F v RN BELiesd, oF
O, FLAGA B H T AN P A IA B B CAEE S8, #IA A DRAM SRCHLGA R T Ty 2 AEY
BT ANT DA DDA fTE7esn, Zhd, APELBEE BB VE — B K E TR T o0 B
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MHEL R A RIpF L7 o TLB,BEL, 7T a2 XF VDO DT AT VIY XL, 5% b, read-
disturb, program—disturb, erase—disturb ZIARKELLTEY, #HIA ZH DRAM OTFTART /LT Y R AT,
5B RTANT —ZOMAEbEEEE L march TAMER THAHZLIZE DO N E N,

ZHE R R T ANMIA b R AR ERD, 2001 FFLURE , TARARE 2 32 K TTANT 55 13,
ayy 77y )b IAZRAE) T ay a7 e T AXTTANTH 1A T ROINE, JORFH TH
HEZEZHBNTWDS, 2 NAF KT, ATV - TAZEZHNWTHLIABZT T3 2 AFYS° DRAM O 7 Ak
EATHEFICV AT BB ITWV, vy Y - T ay [ Iny vy« TAX TTANT 5D ThHD,

Usage of on-chip test

50% BIST
50% BISR

100% BIST
100% BISR

YEAR 18489 2k 2 2002 2003 2004 2005
TECHNOLOCY NODE 180 nm 130 nm 100 nm
Embedded DRAM size (Mbits): R & D 64 128 256 512
Mass Production iz 64 128 256
Failure concerns Particle Particle Particle Particle
defects; defects; defects; defects;
data array array array
retention noise; noise; noise;
data sense-amp sense-amp
retention imbalance imbalance
Wafer level test Single Double Double Double
insertion insertion insertion insertion

100% BIST
100% BISR

100% BIST
100% BISR

% 24a A Zr DRAM 7 AP B8 45 {1 — 4 3

YEAR 2008 2 2014
TECHNOLOCY NopE 70 nm A0 nm A5 nm
Embedded DEAM size (Gbits): R & D 1 2 4
Mass Production 0.512 1 2
Failure concerns Particle defects; | Particle defects; | Particle defects;
array noise; array noise; array noise;
sense-amp sSense-amp sense-amp
imbalance imbalance imbalance
Wafer level test Inline defect Inline defect Inline defect
detection; double | detection; double | detection; double
insertion insertion insertion
Usage of on-chip test 100% BIST 100% BIST 100% BIST
100% BISR 100% BISR 100% BISR
Number of bits in mass production is approximately 50% of number of bits in R&D
Solutions Being Pursued 1 No Known Salutions _

Solutions Exist [__|

# 24b HLIA Zx DRAM T AN B 45 1 - E H]
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#F 25a WAL TToy o AT AN B S -4 1

YEaRr 1999 2000 2001 2002 2003 2004 2005
TECHNOLOGY NODE F80 N 130 N 100 MM
Embedded Flash size (Mbits): R & D 4 16 3z 64
Mass Production 2 4 16 a2
Embedded mixed memory size (Mbits): Flash 0.256 1 4 16
DRAM 1 4 16 a2
Failure concerns Oxide Oxide Oxide Oxide
defects; defects; defects; defects;
# of erase ONO ONO ONO
cycles scaling scaling; scaling;
over erase ower erase
Wafer level test Single Single Double Double
insertion insertion insertion insertion
Usage of on-chip test 50% BIST 100% BIST 100% BIST 100% BIST
50% BISR 100% BISR 100% BISR 100% BISR

YeEar 2008 2041 2014
TECHNOLOCY NODE 70 i 50 nm 35 nm
Embedded Flash size (Mhbits): R&D 128 256 512
Mass Production 64 64 128
Embedded mixed memory size (Mbits): Flash 32 64 128
DRAM 32 64 128
Failure concerns Oxide defects; Oxide defects; Oxide defects;
ONO scaling; ONO scaling; ONO scaling;
Sense-amp sense-amp Sense-amp
imbalance imbalance imbalance
Wafer level test Inline defect Inline defect Inline defect
detection; double | detection; double | detection; double
insertion insertion insertion
Usage of on-chip test 100% BIST 100% BIST 100% BIST
100% BISR 100% BISR 100% BISR
Solutions Exist ] Salutions Being Pursued [ No Known Selutions I

F 25b HLIARTT9L 2« ARV T AL B L E-K #

6—3—15 DFT TREIHINTTAMNEE DD DEE

ZOE L, DFT CTEEH SN ICEZTANT A DOEANK ATE 232k 45, 2ickv. 3E DET &~
FUHIZES>TTFRIENDATE DIE R L CWDIANE#E TS, DET-BIST 7 /3 A A 2B 4 2 5 il 40 B
Sl F 2o/ THIE, K 26 5B BT5H, TAEINT L at-speed DFERET Ab L — & fi 1

Ap51E . 3 ARME 2014 Eif‘\ IZT AZIZDE 2000 T RVvE EEB, RILEHIZ
ROTECHELRDZNRE =DM DT80

FONA AR A BT 2 — AT
DT AN I IEXEER] /5 S A A2
TIEAD 200 FL/E |
FAN w7« T ANMIHE DHE T, £E

I oL Tor ZiTico

WTTRT ANy 7B BE

i n+7LfTFJI:

. [ E 5 g T A/
2, ZIHDIER I
3L, WLKOMD T IRA A A= 1T HAEF) AT RE 72 B2 45
ZIT STV D ATE 2ARNT DFT FiEima % Lz, 2o FH

VAR TANT HIEEERIND ATE 7V HE
TeOWAF Y /N F VAT FEZFI N T 5, 7VEERE L 64 72T THLISL G
25l & FiFbind ATE
NG, NIV ATANDIZD DLBEFRMEZ 520, BT AN ALO H 72 D48 5 2 #] 58

& Affi 72 A
Zown
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EE O ERST
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AHHOERICEIAZOX OE LA MM T IAZ DRAM, SV A T F LT F U r—3g
FPCA BIORHER ML EE OB INES T,

F N B

ERNTEEANTRE | XA —2 T TV r—var R a— At 3&, vyy7 BIST ONME O IEF
DO AFXF L T o= BLUOAF Y - RXTMVIEHE DFEICRS> TELIZRD, AFX YLD 5
WEREEOLD Ay T o= XA L XTIV OB X~ A ruT ey £ 19 RT(E

5 IAAE F Y RNVEA L XTI NS, AF Y« T AN YR =T 5% <D ATPG Y — LV 3F| ]
T&ED,

o AFyLELY — —KIZ DUT RICBFLINY XIS BEOHIE, TOFNVHOAF v BLOY
nyX 7 ZLTCHEAF YU TANE FOHI B BIOT AMIx I 95, Ziuid, DUT OFFEAF v
T AN OEHEME N 725 N, HHFEE T TAF v 7 AR O MEME B I I2)s CC, Ry dh k-
TEINTHZE% R T,

o WMTIIEREY Y — HMIAYZR ATE 7220 B S RERYICF i 22, 213 DUT O E &7
ANT DI BEIRN—Z L -y N TH D,

o MIHIJERE ] — ZAUIDUT DR Z YRR Y - F = — IV ZT ANTHDICERIND
B Dy THD, EEITHILA /2 ATE DC RIAN I HE TH D, ZNHOE T DUT 7L
BEREL LS D D ETATAN v VR RECHE il 7 AN AT 972012 HDHL DT AR THE K
IND, BHEDOLZE ML EMLLaANE, INODOBBE DT ANEA L F T TITI DD
DFT OFEBICEA TR EMELHLIED D,

o NILNH AN — RIVILTANI ENTT AN aAMRW FIETHD, 7Y V72T icar
ZINTHMENDHLYG A (Bl 2 X7 = — T AR, & 5% (8-32) 1L/ BLIZEBL Al 2 ThH
% (45 H®O DRAM LA FANARZHOZFIH TEHR 7 A RE BB IO, RTL 2T AR
92 DUT OB OB ThL—RA T %247 25, HIBRREL LV RN R & L WA DI/~ I L~
I ETHY O, T3 A THIH AT B 72 i KA B DB LY, /RTLLIZT AT
DT NAADE DR ThL —RAT7%4T 2.5,

o XN—2AF —HL —h — ZHIFAF YU HE Lo TAREIZHBISN S, @mWArF v 7 E 1L
By I RERC BN AC TANS A TF T ray s AR AL CEREND,

o B /Yy — ZiUE.DUT N O TN MRE /22w~ BIST (logic BIST: LBIST) 73#
YEFATTLHMNT, vV EYOE 7 JOIEFFICEmWEE A TTHER 2,3 DL THDH, Znb
L. DUT WD AC NABIEREZ T D7D, @A R TI—ARTE O&EIny s
AT AT 2 — &0 bb R BRSNS, 5 AF 2 —/ S — A8 T, 2hb0 &k
ERPT D20 BKRTF YT B EOBERICHD, CNOOEIEL, ZRbO K& T 57
OIZ, B—RF=wy 7 rnyd 7 HEEEVE VL ERDHD, ATE/ DUT A F7=—A0D 5 B H/
FEEMRFIC LY, TNHOMBE X% O ICRE N ITR), A F v 7 O DFT XEELE LT D,

o SUTALTFNAMERE — TNRAANIVIAL T F A REZTG T HLCDE . ZOMEE N B
ERDGANGD, B BIII I AT TNV FEEZBE L TCTANINDIHAE ORI IL, Iy T Ay
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TFNRERERB L OWERER — B & O Mo AN &8 T 572012, DC TAMIE > THEFE T ARE
ND, A F o7 OTF a5 o B3 2512 2F, Rl & A PE ASIC 1 %5 DR 3 M D72 I1Z1X
ATE axh EE T Il OE I TANOIANBI Y, Iy A7 F LT ARDO E VB %
B 25T D00, FEMENIv I A7V DT 2# LD 5,

®3 DFT MBS

o Vv BIST — FFRT VXN BRBIZKELARDITOH, BERINTdmE (A ATE 24
LIS A Tho TH) I ERTE M ER N RBEAHEFF T 2121% ATE 2205 X005 A J1 34
—  (RAF¥yrElz ﬂ&)@:xbﬁwﬂﬁ#?ﬁ@éﬁ (TANAL= §$) MOmLRVTED, TAHZE
DUT M O IR AR SV R 7 2 R+ 572012130y v 7 BIST OB 3 8N ETHY, 17 BIST
&:ié&ﬁa*ﬁﬁ@%ibm<ﬁ‘é_<‘:7b>%%ﬁf‘%éo T AN ORI EIL DUT OIEF P45y D
kv — BB E 72,

e SRAM B LT DRAM BIST — SRAM FH L DRAM BIST X ATE I ARDH#E 4y BL N 105 DO #
BEAA L F T TCEHRTIaXNDIE S EDOB DR —RA TR 5, BETREEIT. KN RT
TV —a Al B AE A, Bl ETEAMEE, TAZE DUT W o g il R T 5,

o /Al HIRNTANI v — EUEN ERTHIZoN., NU KX YAF v DA E] B2 8T AR
Uy Z e T A 2 A T5aAMIBEMNT 5, BEEOHEICBW T a7k RFG AN 7 D=
WD DET 7 ATE 2AREB LI KGD @ B # Ol FrbE HEns,

o /uyX/ DFT — RT3 —< L AR—FBIOE a7 oflE%& 258, 10-30[ps]DY
v A — T 700 - 900[MHz]D 7y 7 & 4t4G T 52 L iX @ M TR AN Z W, R T4 —< 2 AR —
R Gt (DUT OMREZ A A THEBERER THLINL AN EOKE HBHHDTATEM Tru
A=V BIORTFURRT v TRV v H — 2B B TERW, B EEG I Ty 7
a2y 7L ATE EDALZ T 2 —ZANF 7R EHI R T 202 T 57D B LR D56 5
Z W, ATE MOEDIR Y v X < 7ay 7 N FTIRR LB TH D,

ERAE R T — R <7 199 £ERR



Year 1999 2000 2001 2002 2003 2004 2005 | DRIVER
TECHNOLOGY NODE 180 nm 130 nm 100 nm
DET/BIST ATE Characteristics
Scan chains (chains) 16-64 16-64 24-64 24-64 32-92 32-92 32-128 |Lagic Density
(See text for comment on number)
Scan vectors (M-Vectors) (3 bits/ vector 4-16 4-16 8-32 8-32 8-32 8-64 8-64 |Logic Density
minimum) at maximum width
DFT Required to Cap test application time Logic Logic Logic Logic Logic FSaEn
“Logic BIST” BISTto | BISTto | BISTto [R=IIRGENEN =18 G
0% 93% 95% 98% 99%
DFT Required to prevent addition of APG Yes Yes Yes Yes Yes Yes Yes Cost
into ATE
“SRAM + DRAM BIST”
Vector rate (MHz) 50-100 | 100-200 | 100-200 | 100-200 | 100=200 200 200 Test Time
Nonscan pin vectors (M-Vectors) 4-8 4-16 4-16 4-16 4-16 8-24 8-24 |Lagic Density
Taotal “full function” pincount 64-128 | 64-128 | 64-256 | 64-256 | 64-256 | 64-256 | 64-256 |Tesr Time
[Scan+nonscan per socket (pins)]
System base data rate (MHz) 100=200 | 100-200 200 200 200 200 200 Test Time
Number of parallel sites (sites) 2-4 4-16 4-16 4-16 4-16 4-16 8-32 Caost
Specialized Functions
Total “reduced function” pincount * 512-1000 | 512-1200 | 512-1350 | 512-1500 | 512-1700
DFT for noncontact parametrics No No Maybe Maybe
High speed clock pins (differential pairs) 1 2 2
ATE high speed clock frequency (MHz) 800 1000 1600
ATE high speed clock [Accuracy +skew (ps)] 100 75 50
ATE high speed clock jitter 50 30 25
(ps peal-to-peak)
High speed clock burst number of pulses 4 5 5 Sequential Depth
High speed clock burst maximum frequency 800 1000 1600 2000 On-chip Clock Rate
(MHz)
DFT Required for clocks No Maybe | Maybe | Maybe
Signature compression per pin Yes Yes Yes Yes Yes Yes Yes Test Methods
Mixed-signal audio pin pairs 1 2 2 2 2 Sol
Mixed-signal video pin pairs 1 1 1 2 2 Sal
Mixed-signal RF pin pairs —_ 1 1 2 2 Sal
DFT to aid ATE in meeting mixed-signal —_ Maybe
requirements and/or decrease cost

* Without high-frequency serial communications

Solutions Being Pursued [

Solutions Fxist [____]

No Known Solutions

# 26a DFT-BIST T /3A A« T AN B 56 -4 1]
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YeAR 208 2011 2014 PRIVER

TECHNOLOCY NODE 70 nm 50 nm 35 nm

DFT required to cap test application time Yes Yes Yes Test

“Logic BIST” Time/Cost

Total “reduced function” pincount * 512-2400 512-3000 5124000 170

DFT for noncontact parametrics Yes Yes Yes Caost

ATE high speed clock frequency (MHz) 7000 12000 18000 On-chip
Clock Rate

ATE high speed clock [Accuracy + skew (ps)] 12 8 4 On-chip
Clock Rate

ATE high speed clock jitter (ps peak-to-peak) 4 2 On-chip

Clack Rate

Seqguential
Depth

On-chip
Clock Rate

Cast
sSoC
S0
Cast

High speed clock burst {number of pulses)

High speed clock burst maximum frequency (MHz)

DFT Required for Clocks

Mixed-signal video pin pairs

Mixed-signal RF pin pairs

DFT Required to aid ATE in meeting mixed-signal
and/or decrease cost

* Without high-frequency serial communications

Solutions Exist [ Solutions Being Pursued [ | No Known Splutions I

# 26b DFT-BIST T A AT AMLBE - W)

6—4 fRRRBEM

v B aY v A= B XY SOC TAALAANDT FuZ BIOAETYOE A NEFEIZ
WX TWHOT, EERTAMIEIXE TOTAMEBKICE LTS, ATE A—=TEINObDOF vl v
V%ﬁﬁﬁ%?‘ét WCHEBEZRMET20ICEH LTS, TANED IR DIZIR N7l ATE AR
2000 5 R/VIZHE SWTEY, 2L T, EHE N 1GHz 28 2 DI >NT AXKE ERT ANE D 5% T
HEFF CERVDO T, V== B ITHE BIED T D,

K DT ANDRIZBITDILE DT —< 1%, IC DML IZ ATE i Mo TnZERTEARWN
ELTURESNTWAIMBEZBET D720 D, DFT £ BIST ~D=—XDH K Thbd, 1970 FE1T1E, /A
N—F BCL il TRIMES 72 ATE 1% 5 mCMOS Hif TH AN TONTRAE N R T A4 AL 1
Him WE 2 CT AR T&E T2, 1999 4E TlE, 180nm @ IC O A7 F v 7 F—HL —rRboblE
JA W A~ B ETOR, ATE 1% 1Gbit/s TEE LT AL RETANTHDZH 55 L TN5D,

L7z oCL ERRER T, 7 VXL AFVB LT Fa s B OFH LWV DFT BLOBIST 77 =y
J&EBAFETHILEMOM TR IE D BITAFIE T L, BIIED THRIZZNAOLDY Y2 —aH ATE 2
RPDINVLLAZERDLKDLENIZETHD, HiD SIA T AN v —R~y 73R 7 VS EE at-
speed 7 ANEE DN KA BIST ICE B DOHEF S 2 THI CEXAhoT-, LB -> T, L TFTDX 12
(1Z1&. DFT 8LV BIST MR IChOTe> TSNS RELWR RO REZR A TND,

GBI — R~y 7 199 F)



First Year of IC Production 1999 2002 2005 2008 2011 2014

BIST/DFT METHODOLOGY

Current BIST/IDFT/IDDQ

Mew IDDQ methods

Mew BIST/DFT methods

Design owns test
COST OF TEST

100% DFT/BIST design

| | |
Standard test language and library |
| | | |
Design-to-test suppliers tool I
development link | | | |
Test reuse |
HIGH PERFORMANCE DUT
INTERFACE
= GHz tester interface |
| I I 1
High freguency, low I
inductance pins | | | |
+/-1*C DUT temperature control |

I ook Required [——] Development Underway = Qualification/Pre-Production

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

12 7 AN R R o
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