; YZ[ \ e3e] Zpb"6Te,, - - - 00001 I~6 O 7 MAY Z0O Structures for Wafer
Levegl. Test and Burn-In Field of the Invention This invention generally
relates to burn-in. Mre particularly, it relates to test circuits on a

waf er that permt reduced pin-count testing and burni s on the
wafer. It also relates to a structure that provides f mm! @@’ﬂ &m& good
chi ps and disconnecting shorted chips. Background of t Testi ng
a large nunber of egrated circuit chips in parallel at™ %% wafer |evel
provi des S|gn vant age since test tine and cost are substantially
reduced. At p 5m e scale testers including nainfrane conputers are
needed to test eve h| p at atinme, and tpe@qﬂ%{ ' of these

machi nes is |ncrea§éﬁ when the capability of t arrays of chips in
parall el is added. Neverthel ess, because of the time savings parall el
testing provides, high pin-count testers capable of probing and collecting
data from many chips si MghRRARYANWARYS VEFTest Ahl BaaH, and the nunber of
chi ps that can be tested sinultaneously has been gradually increasing.

Wafer level burn-in adds to the difficulty and cost of sinultaneous testing
since the high pin-count probes nust be kept in place on each wafer for
many hours and the probes nust maintain contact as tenperature changes from
room t enpergeld'& thordRatbn 140C. I n addition, a schene to di sconnect or
limt current to shorted chips is needed to maintain voltage unifornmty
across the wafer. CbnnDnIy assigned U.S. Patent 5,600,257, to Leas et al.

t eaches appar at fo aneousl.y .testi ur ni ng
inall the int eglisr}ﬁ %’Hentiopcﬁip?ra iegages tﬂ%étnbino Lt p@\‘iglf;‘él¥rl ﬁ’@llag%p rt?f?

conprises ai@uA$6n & VafdTiiat péridit REuAWWiMBolR Hstif D hREburtdn@ss oE@l‘h@ﬁfbﬁtH&aS a
thermal coefficient of expansion conparable to that of silicon, enabling

probe cont avafendt alsslatastio p stryetuiedhat provédasder copneqiinggoed Fips pedt patterns.
Vol t age reg e test chips to provide a specified voltage to
t he product&%:%més& %31??%'&&1 °t current to shorted chi ps. However, gl ass
ceramic carriers |large enough to accommopdate 8 inch sem conductor wafers
are very expensive. "Known good die," chips that have been individually
tested and burned-in after dicing froma wafer, are becom ng increasingly
avai | abl e i Badila@odd¥WtShe YnveRtipg OVi de for multi-chip nodules and ot her
applications where high reliability is needed. Burning-in individual chips
after dicing avoids the difficulties of contacting and burning-in all chips
on a wafer at onge ver theeisasubs nti.a

al i-gni ng, and ho %i‘ﬂ%araﬁ%‘i i’)i“&*tféi" H‘rﬁ?gﬁ%te‘? 85’6% Smé)f"faglggatégei‘va ht ﬂours as
conpar ed W pravidessighifcain ddimtaat Bicé festimé hed Y&t sre shsgtaiuanﬁw&ﬁkeditmal | ower
cost would result froman inproved wafer burn-in schene that permts

paral | el t eREscahdamse palg tgstess 1'@%@‘&&%@%@%%&@“ Héﬁ’é?‘@ddf’éfishﬁ"% ft“ﬁout a
costly gl asé’mgg{ A€, d Httﬁg écﬁrﬂﬁ?mw thedk FhaSRinkd fscmcrle c®HA%h %dcfa Wil

foll owi ng invention. nmary 0 ' nventi on Accor |ng to a rst aspect
of the i nvetwstingertaygofchips ipperaildid addesleNevathdless, becaise oftha tinecongs si ng: a

waf er conpr|5| rat d.circuit ¢

Wwiring, saibf 9\!1?79 “?fﬁ §’|W If‘f‘rcgtmtg%s%traﬁ?%ggl ét"??%aiai“?/ Coltrg%nlggtd?%g sai d
Wiring to afromadgly chiif sﬁﬁul&@h&ismans bedahttodoell Nndfthid hlabera@@hips Hiahgarsecond
contacts for connecting said wiring to a next |level of assenbly after said

chi ps and abeisstedsivyihianepysiydes bean gsaduslly inchsssiBBane are di ced. According to
a further aspect of the invention there is provided a sem conductor
structure as recited in claim1l, wherein said plurality of chips conprise
chip I/ O pads anWatdtilgvepbuvarin pddio tiseadiffiowitpandioest bésimyltansuue tdsadg siacsai d

chip 1/0 pads .and to said chip power erein |dne ran mai ns on
sai d chi ps ﬂwdilé}bmn@ewg@r%sw@%pblwﬁewﬁcawafe P Wé{tﬁsads

after said Yahel mhst mlif@th conbthsTENPLANR RlaRYdsHdif réork miﬁbéraﬁﬁiee' toRB&Itage.
140°C. In addition, a scheme to disconnect or limit current to shorted chips is needed to

maintain voltage uniformity across the wafer.

Commonly assigned U.S. Patent 5,600,257, to Leas et al. teaches apparatus for



- 2a - ~ 7 MAY ZuU3 According to a further aspect of the invention there is
provi ded a sem conductor structure, conprising: a wafer conprising
integrated circuit chips, wherein said chips conprise a nenory array,; said
waf er further conprising a circuit conprising a first elepent, a second
element, and a third elenent, said first el erreﬂt? cMAé(bQB af presenting
array test patterns to said nenory arr@y, said second el enent capabl e of
receiving a result of said test patterns fromsaid array, said third

el ement; aARA i pd: : I : Ay ir a

def ectglon sa@ﬁ%@%ﬁ?ﬁ%}l%ﬁ@ﬁ??{%%ﬁ% g%?g ?\gﬁﬁg?iﬁ‘? cal Itngfoelﬁiﬁggéti ng

sai d caoppanatts é@mmprises erghab cabmid carger] hagimgriest chips Glass teraminigpsarttietmal ni ng-i n

said arr at fer-level; a a rane connected, to said first contacts,
Sl 0 e b insidh rinaRiie © (RS iony, a0 E Kb S g larnstatii
i nvent i, gfest e esh ehiBs Bﬁ@v}?&%ﬁ p%ﬁéﬂx@.ovgk,'&ée%%lﬁ&tbﬁciré' bf tl&qwrchﬁis'@&pﬁwmfaer

conprising a plurality of integrated circuit chips, said wafer further
conpr i spacifiea vodtege torthe produstaihdpstand tto Emifi querenoorsbortesichips. SBpweysirglagsi t y of

chips; and.a nenbrane electricall ecied to said test engine, said
Tenbr aReEI B SR B b e aregmriodblih eh Samirdeditik malB Ry Crofae.
further aspect of the invention there is provided a sem conductor structure
conprising: a wafer conprising a plurality of integrated circuit chips; and
a cont act or “Bhyen gadd died oipsahaschavebesniiddipiduaby fested ahd bhinsd-in afterdicingaf er

sai d cqgnt act og@ conpr i si.ng.a nenb ane.%vi nt% se] ect abl e ﬁ?;ft acts. t.o form or
break CPBL VAR 27 BRGoREPE Birreesinghy avatlable g dpsEy &0 preyide dormnii-ip 4
physi Cﬁiodﬁ&@ﬁﬁ@bih@ﬂ%rpﬁ@ﬁtﬁﬁﬂimré Bigh réllabilite (s epeL t B@hirlghia ihdividinki dipst her e
is provided a nethod of fabricating a chlg scal eéﬁ)ackage conprising the

|

st eps after dicing pweifigithegliBiculiice pf eantgsting and bumingginadlehins qnca waies pf gnse. b.
" il g e _
bl ect r 08! R RARG RIS FORRE Fiahlyl, A8 WAl RS iy .

and d. irfdteek@ves andhy\Wdhar asicoindaedivdth @tthgdindibaghipgirtatahe waspdavdl.ng portions
of said nenbrane. - Zb - 4 7 MAY 2003 According to a further aspect of
the invention there is provided a nethod of testing a sem conductor wafer

conprising Sﬂﬁstéhfépﬁm%fr coﬁ\),\\'x]o%d)lyeklﬂ't R %ﬁg‘:&%ﬂ%‘f&%ﬂ@ﬁ Schefr@MRAt pebhis
integrated crrcurt chips, erein sald ¢hips conprise a nenory array, said
waf er pamlléieest andrputdnsinrod tise achipsoan 4 wafenpefosd diging Withosat a edstiyesidss cerasgeond
el ement ?nd a tHj rd el enent, . Sﬁ%d vvatfﬁr further, conprising contacts for
el ect r I¥Erfacg, dthisspiutign Lpravided by the trBeWmEHBRYSMIP connect i on: b) runni ng
said first elenent, said first elenent presenting array test patterns to

said nenory array,
Summary of the Invention

According to a first aspect of the invention there is provided a semiconductor structure
comprising:

a wafer comprising integrated circuit chips; and

a membrane comprising wiring, said wiring comprising first contacts electrically
connecting said wiring to at least one of said chips, said wiring further comprising second
contacts for connecting said wiring to a next level of assembly after said chips and a

corresponding portion of said membrane are diced.

According to a further aspect of the invention there is provided a semiconductor structure
as recited in claim 1, wherein said plurality of chips comprise chip I/O pads and chip power
pads, said membrane being connected to said chip /O pads and to said chip power pads, wherein
said membrane remains on said chips and connected to said chip I/O pads and said chip power

pads after said wafer is diced, said membrane providing a chip level package.



c) running said second el enent, said second el enent receiving a result of
said test patterns fromsaid array; d) running said third el enent, said
third elenment using said received result to allocate redundancy to repair a
defect on said nenory array; and e) providing said information for

I npl ementing redundancy on said nmenory array i H{ig3i d def ect.
According to a further aspect of the iZaenti qut MrAg ?ls)ggr ovi ded a net hod

of testing a sem conductor wafer conprising the steps of: a) providing a

waf er conpriazbsiding tBladtAhdria¥pt of 1Ak BgfeatiStltheld i6 Prdvidddl Psemisedidcivafl er
further conprising a test engine, said test engine connected to said
pl ur al Bryctwk, eompsingy) testing said plurality of chips on said wafer with

ARk ne. L mng) P D . Canal s f
sl test oA coRhuRtETERARIRY ofiRkRehSan SAeR B PaFh A fetien Bxfy O
chips is adiagiRgerifarthetle8mphibidg ACHeuif torpMiihg 8 fisf @RGnchY,al dedbldelremt] id di ng

said test engine on-wafer. According to a further aspect of the invention
t her e pshipl Jomericsaad fiest Rlsthent capablaion gresenting armay dest petéansiorseld mempryparray,

or ovi adai e pBERR epobieB aPERThE A by ok 8 B Pl s MR el S EAE, g

si gnal glefeaiapablé of @sihg ealgireralt tvVaRsRtd YeliinéPlo repdinh defesttdrsatd Rpmofy
burning-in said chip is adjusted to take into account said high frequency

si gnal 8tr@Xiai | abl e by providing said test engine proximate to the chip. -

0 7 MAY 200%1rst contacts for electrically connecting said circuit for external electrical connection for

testing and burning-in said array at wafer-level; and

a membrane connected to said first contacts, said membrane comprising wiring.

According to a further aspect of the invention there is provided a semiconductor structure
comprising a wafer comprising a plurality of integrated circuit chips, said wafer further
comprising a test engine, said test engine connected to said plurality of chips; and a membrane
electrically connected to said test engine, said membrane comprising contacts for external

connection,

According to a further aspect of the invention there is provided a semiconductor structure
comprising:

a wafer comprising a plurality of integrated circuit chips; and

a contactor physically connected to said plurality of chips on said wafer, said contactor
comprising a membrane having selectable contacts to form or break electrical connection to

selected chips while maintaining said physical connection.

According to a further aspect of the invention there is provided a method of fabricating a
chip scale package comprising the steps of:

a. providing a wafer comprising integrated circuit chips;

b. providing a membrane comprising membrane wiring and first contacts;

c. electrically connecting a plurality of said chips to said first contacts; and

d. dicing said wafer into chips and dicing said corresponding portions of said membrane.



It is therefore an object of the present invention to provide a wafer

having integrated circuit chips and at | east one test engine. It is another
obj ect of the present invention to provide a test engine on a wafer capable
of providing test signals to a plurality of 1~, 0 7 MAY 1~~~ It is

anot her object of the present invention to pro e Yég(][):-)angi ne on a wafer
capabl e of providing test signals for-2b41 functional testing It is another
obj ect of the present invention to provide a test engine on a wafer capable

of provi di ng\ck&RlingSto@attheralspdtt Bhthk IBRHEBE Yhetdis pt@addIDmemddRFtRtihga It 1S
anot her object of the present invention to provide a test engine on a wafer

capabl semfconductay wafergomprisingshe plaps @i ns generated by the test engine can be

altered aftey fabrication e st _engi ne Eact er. .

i scover od ALPoQE T hamEoRlyslandrE3buBh g Tkl B ShnE SRl g
provi dehik Eempitise £apmbhyeartdy, 6fifl waife Hiuther 2bmpeisihp ATITCaH voepRsiig b €ipai 1

I nformation so integrated circuit chips can be optimally repaired after

t est oflegienke speand-glemens, andpihid ebenwnlg isaiderrader @lﬂg¢rcpomm8111§ RRBCHAPT obj ect

of the_pr ' at 1 0ny £ i | . engi ne functions so that sone
t est eﬁ%ﬁﬁ%gﬁ?\%@}égﬁr}g %?de&gcé%tf?%%tgnglecs?hgg&elgﬁarmng several chips on a wafer

and ot hers &y fundfigQdafd first lemeRcinid Airdh cRAnt Presintitlg arap shpatfein® toBaithe waf er
or in the adjacent kerf. It is another object of the present invention to
provi d81IegIe8fra¥ngi ne architecture that provides conpare and redundancy

al location gfru%ﬂﬁl% Al Re&a élaﬁeﬁ'f?ga?c{ sebnd HlefiBnt receiving a result of said test

patterns from said array;

d) running said third element, said third element using said received result to allocate
redundancy to repair a defect on said memory array; and

e) providing said information for implementing redundancy on said memory array to

repair said defect.

According to a further aspect of the invention there is provided a method of testing a
semiconductor wafer comprising the steps of:

a) providing a wafer comprising a plurality of integrated circuit chips, said wafer further
comprising a test engine, said test engine connected to said plurality of chips;

b) testing said plurality of chips on said wafer with said test engine;

c) burning-in said chips on said wafer using signals from said test engine, wherein time
for running said step of burning-in said chips is adjusted to take into account rewrite speed

available by providing said test engine on-wafer.

According to a further aspect of the invention there is provided a method of burning-in an
integrated circuit chip comprising the steps of:

a) providing a test engine proximate the chip to provide high frequency signals to said
chip;

b) burning-in the chip using signals from said test engine, wherein time for running said
step of burning-in said chip is adjusted to take into account said high frequency signals available

by providing said test engine proximate to the chip.



adj acent kerf while control and data are provided by a shared test engine
or a plurality of shared test engines. It is another object of the present
invention to provide a flex wiring nmenbrane on the wafer to distribute
power, ground, and signals. It is another object of the present invention
that a flex wiring nenbrane on the wafer provhpgamﬁgf to test engines
and chi ps on the wafer. 0 7 MAY 2002 -t isVa ct of the present
invention that a flex wiring nenbrane on the wafer provides a chip |evel
package. |tJtii$theresraah oBRESH thebreséift ifeBfiSNio proVRIe bl vedfel Mavidivtrdiqst and
burn-in time. It is a feature of the present invention that a fllex wiring
menbr agiecudirehiisendiat epstione éest emgiest s a plurality of chips with a test
engine. It is an advantage of the present invention that a | arge nunber of
chips on a wafer can be tested in parallel and burned-in with a | ow cost
tester and Rid Mutic? objeRt RS prebént itvedtib® &f profideta tédhen@he oL Atwdfér\capibionf t hat
a flex wiring nmenbrane on the wafer provides a way to connect good chips
and di previdingctestsignalsdd aghyrplity aft i s an advantage of the present invention
that the high speed signals provided by on-wafer test engines all ow DRAM
chips to be burned-in in a time shorter than is available with conventional
burn-in ovens. These and other objects, features, and advantages of the

i nvention are acconplished by a sem conductor strucutre conprising a wafer
and a nenbrane, the wafer having integrated circuit chips. The nenbrane
conprises wiring. The wiring conprises first contacts that electrically
connect the wiring to at | east one of the chips. The wiring further

conpri ses second contacts for connecting the wiring to a next |evel of
assenbly after the chips and a corresponding portion of the nenbrane are
di ced. Anot her aspect of the invention is a sem conductor structure,
conprising a wafer including integrated circuit chips that have nenory
arrays. The wafer has a circuit conprising a first elenent, a second
element, and a third elenent. The first elenent is capable of presenting
array test patterns to the nmenory array. The second el enent is capabl e of
receiving a result of the test patterns fromthe array. The third el enent
is 0 ? MAY 2003 capable of using the result to allocate redundancy to
repair a defect on the nenory array. The structure includes contacts for
el ectrically connecting the circuit for external electrical connection for
testing or burning-in the array at wafer |evel Another aspect of the
invention is a sem conductor structure conprising a wafer



having a plurality of integrated circuit chips and a test engine, the test
,y engi.ne connected to the plurality of chips. Thus, the chips share a test
engi ne. Anot her aspect of the invention is a sem conductor structure
conprising a wafer having a plurality of integrated circuit chips and a
contactor physically connected to the chips. The contator has sel ectable
contacts to formor break electrical connection to selected chips while
mai nt ai ni ng the physccal connection. Brief Description of the Draw ngs The
foregoi ng and ot her objects, features, and advantages of the invention wl|
be apparent fromthe follow ng detail ed description of the invention, as
illustrated in the acconpanyi ng dramﬁn%s, i n which: la-1b is a fl ow

FI G
di agram of the process of the inventios; FIG(IfaMAY Adgow di agram of an
alternate process; FIG 2 is a top view of a nenbrane of the present
invention showing wiring in the nenbrane and contacts to the nmenbrane; FIG

3a-3e are cross detanothal objék Wbthefprdsb@ if¥edREn &f prodide hGedk EREndof RafgCcal e
package of the present invention including individually connectable

cont act s andFapable of prgvidyngted 3ighald fari full funiclionl $esbpgect abl e contacts; FIG  3f
is a cross sectional view of a chip scal e package of the present Invention
nmounted to a printed circuit board; FIG 3g is a cross sectional view of a

nmenbr ane connect ddistadoet\etijedt of theWndseit ihVtioR idprdNLe hasst s8¢ ah alveval s of
net al ; f
capable of providing test signals at high frequency for testing and burn-in.

1t is another object of the present invention to provide a test engine on a wafer
capable of being programmed so patterns generated by the test engine can be altered after

fabrication of the test engine to characterize newly discovered defects.

It is another object of the present invention to provide circuits capable of
efficiently allocating redundancy repair information so integrated circuit chips can be

optimally repaired after test or after burn-in to provide a high wafer yield.

It is another object of the present invention to distribute test engine functions so
that some test engine functions are central and shared among several chips on a wafer
and others are specific for each chip and located on each chip on the wafer or in the

adjacent kerf.

It is another object of the present invention to provide a test engine architecture
that provides compare and redundancy allocation on each chip of the wafer or in an
adjacent kerf while control and data are provided by a shared test engine or a plurality of

shared test engines.

It is another object of the present invention to provide a flex wiring membrane on

the wafer to distribute power, ground, and signals.

It is another object of the present invention that a flex wiring membrane on the

wafer provides contact to test engines and chips on the wafer.



FIG 4 is atop view of a burn-in card connected to a nenbrane of the
-present invention which is nmounted on and connected to a wafer; FIG 5 is
top view of a portion of a menbrane of the present invention nounted on a
test engi ne showi ng connections thereto; FIG 6 is a cross sectional view
of a chip scal e package of the present invention with a second chip or

el ectroni c conponent nounted thereto; FIG 7a is a top view of a burn-in
card connected to a nenbrane of the present invention which is nmounted on
and connected to a wafer, and the wafer is on a hotplate for burn-in
stress; FIG 7b is a cross sectional view of a burn |n card connected to a
menbr ane of the present invention which is no .z connected to a
wafer, and the wafer is on _ a hotplateafor btﬁ t . FIG 7c is a
top view of a burn-in card connected to a nenbrane of the present inventio
whi ch is nounted on and connected to a wafer, and the card is plugged |nto
anot her card for dt/rsmnbnhcmbjcqt of the-préeft iNVeNtia0 Ot B If1Ex varihg menbiafson the

sectional vi eW%fo lﬁE ? &)a waf er, the nenbrane havi ng wi ndows for
accessi ng f usedoforfes %\%918 SVELRACKARS enent i ng redundancy; FIG 9 is a top
view of a chip show ng contact pads for product connections and for test

engi ne connections; FIGS. 10a-10b are cross sectional views of alternate
structures for i mjp israapthenepject of the present invention to reduce test and burn-in time.

It is a feature of the present invention that a flex wiring membrane on the wafer

interconnects a plurality of chips with a test engine.

It is an advantage of the present invention that a large number of chips on a wafer
can be tested in parallel and burned-in with a low-cost tester and a low cost prober.
It is a feature of the present invention that a flex wiring membrane on the wafer

provides a way to connect good chips and disconnect shorted chips.

It is an advantage of the present invention that the high speed signals provided by
on-wafer test engines allow DRAM chips to be burned-in in a time shorter than is

available with conventional burn-in ovens.

These and other objects, features, and advantages of the invention are
accomplished by a semiconductor structure comprising a wafer and a membrane, the
wafer having integrated circuit chips. The membrane comprises wiring. The wiring
comprises first contacts that electrically connect the wiring to at least one of the chips.
The wiring further comprises second contacts for connecting the wiring to a next level of
assembly after the chips and a corresponding portion of the membrane are diced.

Another aspect of the invention is a semiconductor structure, comprising a wafer
including integrated circuit chips that have memory arrays. The wafer has a circuit
comprising a first element, a second element, and a third element. The first element is
capable of presenting array test patterns to the memory array. The second element is

capable of receiving a result of the test patterns from the array. The third element is

a




_ decoupling capacitors on a nenbrane on a wafer; FIG 11 a-1 |b are top
views showng wiring for sharing a test engi ne anong chi ps on a wafer for
parall el and serial testing; FIG 12a is a top view showing a test engi ne
serving a single chip; FIG 12b is a top view showi ng a colum of chips
each with its own test engine, but the test engines all share a set of
pads; FIG 12c is a top view showing a colum of chips that are sharing a

single test engine; FIG 13 is a top view of a portion of a nenbrane of the
present invention nounted on a test engi ne show ng connections thereto, the

test engine having a circuit and a P/F pin for outputting a signal
indicating a failed test; FIG 14 is a top view of mrane of the
present invention showing wiring in the5nerrbr[}aﬁeMaA\z acts to the
menbrane including the P/F pin of FIG 13; FIG 15 is a block diagram of
connections to a test engine, to a chip, and to external contact for

testing theapblewf using the Mkt RONBcdtt duhbarics t@rephirhanigfedi Ggthe Mk Mafgy how
vol tage across a DRAM capacitor is retained at .a higher |evel when a DRAM
array i s wine @ty dpeluden confactp fu glackigally goprsetingthgcirguit fos extemlabek di agr am

of connect Lansi BRINREH] bELingMbIfiANN fe IRIPIX AL BYLChi Py FIG 18 is a

ti mng di agram show ng est €ngi ne tern timngs, FIG 19 is a bl ock
di agram of showi ng a processor based test engine connected for testing a

menory array; FIG 20 is a bl ock diagram s,holg ng the fixed and scannabl e
ROM used in t he APEtGEMPEFt Atheppegntipg 1S 2 sRANIPPREUCHT STrUCtue cOMPUFIBgASTIEGH ng

shared and ydi;gt b REAIRY oP Bitd drABE cibduifeHiSindaNeHt BRgink thdeb SenBhe 2o Bl
to the plurality of chips. Thus, the chips share a test engine.

Another aspect of the invention is a semiconductor structure comprising a wafer
having a plurality of integrated circuit chips and a contactor physically connected to the
chips. The contactor has selectable contacts to form or break electrical connection to

selected chips while maintaining the physical connection.

Brief Description of the Drawings

The foregoing and other objects, features, and advantages of the invention will be
apparent from the following detailed description of the invention, as illustrated in the
accompanying drawings, in which:

FIG. la-1b is a flow diagram of the process of the invention;

FIG. 1a’ is a flow diagram of an alternate process;

FIG. 2 is a top view of a membrane of the present invention showing wiring in the

membrane and contacts to the membrane;

FIG. 3a-3e are cross sectional views of the steps of fabricating a chip scale

package of the present invention including individually connectable contacts and

!
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Det ai | ed Description of the Invention The present invention provides ful
*waf err test and burn-in by attaching a nenbrane to a wafer having self test
engines. It provides a | owcost schene to provide either known good bare
die or known good die in chip | evel packages suitable for direct attachnent
to printed circuit boards. The nenbrane has connectors that permt avoiding
connection to shorted chips and that also permt disconnecting chips that
short during burn-in that mght interfere with the testing or burning-in of
ot her chips on the wafer. The invention takes advantage of test engines

| ocated on the wafer, such as sinple state machi ne test engi nes or
processor-based test engines. In additien to pnaviiAYg terns and
reporting fails, the test engines provide theﬁggYﬁmeg'ggggllocate
redundancy for array 0 7 MAY 2003 products such as DRAM They al so
provide the ability for high speed testing since they are very closely
coupl ed mﬁtH%PWthVﬂ@ﬁ@?§°@5k6@n@6§ied on the wafer. The test engines can
be |l ocalized on each chip of the wafer or they can be |ocated in spaces
bet ween chi ps. Each chip can have its own test engine or a single test
engi ne can be shRiGdf annngsssestnal vieRiops chipucdle package of tHEPre@éntandeQoRf
chi ps on the wafer. Redundant test engines can be used to decrease the
chance t hat TQUBIER &3 Pueied s8suithigihe prevents testing of a col unm of chi ps.
The present invention provides advantages over presently envisioned nethods
of testing and burning-in. First, it provides testing and burning-in with
built-in self teElG. GBlisST}roby/eetidmadvieendiameanbrmedemminaged toea wefed i Which
expensi ve and conpl ex tester equi pnent. and reducing bumin tinme. Second, it
provi des tegtei’ﬁﬁn‘%f?“%]i‘ﬁﬁe@r@dﬁveigp‘éjé%etélﬁfamf er level, something only

previ ously avail abl e for packaged devices. It al so provides burning-in at
hi gh cl ock speed which substantially increases the effective stress and the
ef ficiency of buFKsidns ateduewnfa bimm-incatderonoéctérbiorasmerardpelof the peagemti Ng- i n
devi ces, such as Dﬁ@NL.Thh%ﬁ it provides, a menbrane contactor that
sinplifies CHFPEETVHED & Poyted opndeoppecied BA¥al® e "nenbr ane cont act or
elimnates the need to step across the wafer and reduces the nunber of
waf er pads that nust be contacted, reducing tester and prober cost and
conpl exity. The HERSriaA&RGRYAE8 pprigneda mamhrane ofithgpresgib Biysntiensmongedf a
| ar ge nunber_  qf i i f . i.ps on the wafer. The menbrane
cont act or apggtﬁgpﬁ$§?%%&Egﬁ%mg%%ngﬁw%%%ough the entire test and burn-in
cycle without risk of |lost contact as tenperature changes. Fourth, the

menbrane pernits rning in all chips on the wafer wi thout a tenperature
Cort et et mat CELH 63F BREse SHaRS MRt B SHAS e st A Bietent fvbrtion f or

array chipswigucRca®i RO @ironRANhh&R mdunfdaRerv@f er test engine incl udes
circuits capable of providing |local calculation to optim ze allocation of
redundant cells, word lines, or bit lines to correct defects identified
during the test, r I S HBLEX. i xth, since
chi ps are bur nedF |féjn %? % h(%’e\qvx%{? g{rqg})%@zifl?gﬁdﬁl?gﬁercgfgﬂﬁgancy&?}rﬁ)%(gr}%gﬁfegﬂton can
be invoked duwehtigh whichfid mourdted on am canapmal/orgwifar, and theywadtds as adepaced to
+he present practice where redundancy is invoked before 0 7 MAY 1U03
burn-in andﬂg' M-t §158% defects generated at burn-in are not correctabl e.
Seventh, the invention also provides testing and all ocating redundancy for
arrays enbedded in logic chips. Eighth, an enbodi nent of the invention uses
a programmabl e t FE& Tbfis a erss sastjpund visivy ofis burpimearg sppiccsd i a infeimbuencoof of

tests after the chip has been fabricated Ni nth I e of .the

i nventi on pé??w?rf?nhﬁl&%}?ﬁe% lr}blﬁ anung o%aé@l Cgﬂ[ileﬁge%\r}ﬁ?ﬁga??rh%n%? SpL5rds gp
burn-in t enpefoBiiate €or Yokhad dtkss;i t permts a further increase in wafer yield
because hi ghspeed testing and burn-in are acconplished at wafer |evel,
before dicing and packagi ng, and therefore the learning fromthese results
is received earli . t r i VAN r_design
probl ens before !{1:2((5)_ %g%?/?%lgvrggygrggrnpﬁgg@s%gg%ﬂt%@ﬁbarlg%lébgégﬁg@‘?ngsg? | east
one wiring ligxatioR@hRitiemdimed omanhdicannadtedto d wyfer, add thescaed B@ludged ity
connected and nechanically bonded to wafer 26 (FIG 3a) after initial wafe
testing, as anptheseardfa@vebwndls 101 and 103 of the process flow di agram of
FIGS. la-Ib, in the top viewof FIG 2, and in the cross sectional views of
FIGS. 3a-3c. Wafer 26 includes integrated circuit chips 28 and test engines
29 associated with each chip 28. Integrated circuit chips 28 wll be diced
fromwafer 26 when wafer processing steps are conplete. Insulation |ayer 24
is formed of a material such as polyimde. The initial test of step 101 on
wafer 26 can be a full chip test or it can just be a screen to identify
shorted chips (since nore detailed testing will be perforned |ater).
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p ~ MAY 2003 silicon. Since nenbrane ribbon connectors 31 are Individually
, formed by thernoconpressi on bonding of wire segnents 36, connection to
shorted chips found in initial wafer test step |00 can be avoi ded sinply by
| eaving intact wire segnents 36' to shorted chip 28 on nenbrane 20, as
shown in FIGS. 3c and 3d. In addition, nmenbrane ribbon connectors 31 to
good chips 28 renmain accessible after their formation, and, therefore,
menbrane ri bbon connectors 31" can be cut and renoved to open contact and

di sconnect chips 28" that short during test or burn-in, as illustrated in
FIG 3e. Cutting is acconplished with a | aser cuttr or with a
mechani cal cutter. Alternatively, fuses gan beﬂ n % t he nmenbrane and

connectors such as sol der bunps or conductive polymer bunps used between
menbrane and waf er. Fuses provide advantage in that disconnection can be
acconplished either by laser cutting or by relying on a high current to
automatical 'y opehl@.bsisa.crés Ismtrodidsrdmnémmemblmm aawwfeldamnérbbﬂnheﬂ'ﬂhg\

bel ow. Menbrane, 20 is forned. of L%I rr'ted or Tefl an a cga eferably has an
area | arger PHRIPY Qfa‘ES’FSS\}\%‘@FeS?@t waich mrprrnr-ernérlo DEYovi de space

al ong periphery 39 of nenbrane 20 for connection to test card 40 through
connectors 42. Power, ground, and signal contacts are provided to test card
40 t hrough edge cdlhettsiadng vié®.oflarchgt thavimgepnsicepads3&, progdurh camec@nsiandf i r st
aligned to w?f er 26 and then bonded to wafer 26 with adhesive | ayer 44, as
shown in FIG OTSIBSteﬁg‘Q?&?‘&B’FS}O“Sadhesr ve layer 44 is a thermally activated
adhesi ve, such as silicone or Ditak, a high tenperature thernoset polyner.
Adhesive 44 is provided as a sheet with vias 30 preformed. Vias 30 are on

t he order of abouﬁICiSlolOml@b(anscreqwactEnalrﬁewadﬁaimmeée sthestrecton itbplemsotinged t o
menbrane 20 fjirst,. and t e 20 with the adhesive is nmounted on

waf er 26. NFS‘FWPP%&TWC“%HH&" a@ﬁﬂe%‘éa% ted on wafer 26 and then
menbrane 20 nounted. After nmenbrane 20 is aligned to wafer 26 it is held in
place with a fixture. Wafer 26 and nenbrane 20 are then heated to a
tenperature in t h&l¥ahlgel 1orara ppciavs shgo@a wiripgher shadeg atesiomsy® agrongechins

13 0 ~ MAY cone adhesive 44 mechanically
connects nent)glrr{;én‘gﬁﬁ%g{gg%g lga;ﬁﬁﬁérg)lt lu%%ovr des a | ow nodul us conpliant
interface there between. Adhesive and nenbrane together provide a |ow

nodul us conpl i ant rf.ace between chip and.a pri.nted. c uit board or
other substrate tgﬁ&hﬁ@Hsf‘l‘r@‘@ﬁ‘i"ﬁh‘?‘%mgétt"e?e%%‘?% Bearld cﬁ?‘rﬂg stress
between chip and PC board wi thout the need for tenperature coefficient of
expansi on matching. Ri bbon connectors or electrically conductive adhesive
provi de a | ow nodullGsiZmid aémbwah@wmg@@toturmaof Ghipsepataweth itFloua, tedf engine,
nmechani cal cal nnect i forned whi | e avoi ding the need for
thermal |y rrratcﬁﬁ]((ﬁgstt eélneﬁa(ipstharease (r)’m%a ate | arge tenperature change from
roomtenperature to burn-in terrperature FIG 2 shows a top vi ew of

two-|evel interconn W ring nbrane 20. voltage Vps is
provided to all cﬁg 2285?'6(’&)%}?‘%“5 “8ﬁr°8l}{§‘ﬁ‘ Vl;g“ﬂsép‘ft 5h§5<‘f‘eﬁﬂi“%§ &
vertical |y onngggbrane 20 as drawn. Gound (Gud) rail T is provided on all

sides of chip 28.” A1l other connections to test engine 29 are nmade fromthe
same wiring level in menbrane 20 as Vps 6', as shown in FIGS. 2 and 5. Five

W res are needed t a test. en |ne ncI u ree st._enqgine cl ocks
and the two scan gﬁgl ﬁf&na B"le‘gn()(ic gfﬁg gpfﬂlﬁrpreéérgtacﬁentt 4t engi ne
W th correspgheliriel fes tesh@ioale s‘h@vaﬂrro cl@ﬂﬁiﬁ:tr&ns thBrey) tiersdi eagiae RAving h BRGuif or
power supply (Vps 6) and ground (Gnd 7) extend on menbr ane 20 above ker f
region |inki repd@di/Poimir oqipytting agicnal nficating a fagled 544 5 ext end from pads
1-5 | ocated al ong periphery 39 of nmenbrane 20 to test engines 29 provided
at each chip 28. The five test engine wires extend through vias and go

bel ow GND 7 on th@IG}aManleﬁtrbﬁlvxeaSoNpﬁerﬁbranEbﬁheZﬁ&gessditdenaomBl&ﬁﬁngeﬁﬁiﬂlg)irnal

view illustrating how twg or three |levels of wri ited in
menbr ane 20 ftbrnwamﬁ@&%neﬁortéctaga@e&rel M5 "7%1“‘1*\“98‘%@&@?“‘5@4{&“? 2" (et al
1) is used to formthernoconpression ribbon bond 31 to pad 32. Second and
third netal layers (nmetal 2 and netal 3) are connected to top |evel netal
22 through 4 0 7FIGAY5 RGO ock disgrdm df cpnsotiomsctbiadest engipado 8 2hipyambwmns of

ri bbon bond 31 tendin from%op level nmetal 2?'. Metal 2 and netal 3 can
be forned of %‘Eﬁﬁér“ﬂtra%fgbﬁé?“ £QhiRs shown in FIGS. 2 and 6, the power
supply and ground lines on nmenbrane 20 are about as wi de as kerf 51, which
is typically 150 mcroneters Al though shown extending over the kerf for
clarity of illustration, the power and ground |lines can be made much w der
if needed to reduce IR drops. The width of lines is limted by the need to
provi de access to the surface of chr P 28 for ot her connectr ons. Synchr onous
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As shown in FIGS 3b-3e and FIG 5, ribbon connectors 31 to test engine 29
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FIG. 21 is a top view showing shared and distributed portions of a test engine

circuits on a wafer.

Detailed Description of the Invention

The present invention provides full wafer test and burn-in by attaching a
membrane to a wafer having self test engines. It provides a low-cost scheme to provide
either known good bare die or known good die 1n chip level packages suitable for direct
attachment to printed circuit boards. The membrane has connectors that permit avoiding
connection to shorted chips and that also permit disconnecting chips that short during
burn-in that might interfere with the testing or burning-in of other chips on the wafer.
The invention takes advantage of test engines located on the wafer, such as simple state
machine test engines or processor-based test engines. In addition to providing patterns

and reporting fails, the test engines provide the ability to allocate redundancy for array



16 p ? MAY Z003 nenbrane 20 can be renoved to provide a chip stack fornmed
W thsfully tested and burned-in chips. During burn-in step 107 back surface
26a of wafer 26 is heated on hot plate 50 Access to front surface 26b of
wafer 26 is therefore still available for disconnecting shorted chips
during el evated tenperature burn-gin, as shown in top and cross sectional
views in FIGS. 7a, 7b. The ribbon thernbconpressi on connector schene

descri bed above all ows power, ground, and signal |ines for each chip to be
i ndi vidually accessed by a | aser or other cutting tool to open selected
menbrane ri bbon connectors 31 if a high current defect is found on one or
nore chips. Menbrane 20 is contacted for ext ab@ﬁ i on through
menbrane contactor 53. Alternatively, aggreaﬁly iﬂﬂgﬁgf wafers is

achi eved dunng burn-in if test cards 40" to which wafers 26 are nounted are
stacked in oven 52, as shown in FIG 7c. Test cards 40' have edge

connect or spﬁ)ﬂiuéte&uth A4QIRAML. ThéyoalSOBeeide Dfe abilitq Torchignspees testindéindthey i n card
58. In either case, paranetric tests and functional test patterns are

appl i ed at 2B'6Paslesely erwpladavith e GErwls to Re iastedronthe walsh ilsdest ongines G8novi de
yield map TS SanzetindBh St B b e R Bk i Ml Bk Sl ot & 2
Redundancy Hash clipleanmeavieed oxinttest ebgind ol Nsibyle ogeenghee cfau&‘oeshzﬁﬁd emohg chi p.

W ndows 60 inézgerrbrane 20 aligned over windows 63 in_chip insulator 6=1 are
used for actEEd chipssyelbps ee?lem@omé@@ OE@HPFOOYP'@6éﬁa|ferb]&?4ﬁmﬂ‘i‘flté%§%n@ef ects
Fecover ng B gicte K MY handR bt Gedife KEPELEHRERBI AL RE A%, - apped.
As an al t ecnbininvef chips) aser - bI own fuses ot her menory el enents can be used,
i ncl udi ng such non-volatile nmenory el enents as ROM EPROM EEPROM and
flash nenory. Also electrically programmable fuses or fuses in which 01
MAY 2008 i npedangg k et Jefnﬁgn oﬁsam HeedRler blRESH @ﬁVl'Sl%ﬁecpfﬁemoHQQ%’ in
menbrane 20 i s nee e erefore these eV| ces perm%’ redundanc e

i mpl enent edeséihg end blhmmghn [Fifsgst ireeidepasgtkeged buiningudiith byilttio sqdf—twt di ng
connecti on 26,. Wi rin menbra e 20 a has. sol der
bunps. 70 ( RIS §5eter <heineh gt FingeE s noare A cRage 15 S TRE bt

| evel of aundmugingbufilindfind) Seednditprdvidss testiagachididtclobl Speedh) watet R eMaf er
26 and nenbrane 20 are diced. Chlfﬁscal e package 72, includes chip 28 and
di ced menbrs9msthyg onjnpigionsly availgh fpt:ﬁﬂckag,eﬁgiewcamér akioRrAViderRanaTs ak nce
ber or 6. i ci 156k B hAen SRnff HrciltRne AR sRHERR S RS oF e
For provi dlbmlg; -8, cdfdupmgeheaiuxm&ﬁkﬁlgm:rs medéakfcatbhmmg?mﬁwwae s@¢h dsd3RAM.

coeffici entr of ther nsi on that s c t.he next |evel
of assenbl y,h ¢y Bprod eiaﬂP‘?Iﬁ}? TARF cantaeinrtt aﬁéﬁ?ﬁlsﬁ%ﬁgfﬁa%{%@ﬂ th‘?.u?lflps hip
substrate. WABDTAS thedfbrdne BRBEBGF ARhihakey tHel feb@ S dtp AdhbLkhanfephiBRlgceand
menbrane connectors 31 have sufficient stress relief |ooping to provide

connect i on W Bemprief wafer padscthptraust be contected esngingdesies agd HEbEnEeshrnd her mal

m snmat ch st vvafer 26
—and nmenbr an('re) E:‘(fl%-r m ch Eﬁﬁg@ﬁk&té@é@%&&%{%@%ﬁ%?%égs I%jo i{ﬁ “reliabili ty
di rect nountumbgr bbchips, iftnedalt thechips ohoke waféd, Thasnsitoame wmtdétcﬁials@f Printed

circuit board 74 can_ have ubstanti al | fferent .the X si on
coeffici ent™EARINSERAY thaQ%PBEHLE RS tefg %%‘&‘ﬁﬁé%‘%%ftﬁ?ﬁ ”ﬁg PEﬁ'c‘[)vi des
sufficient gt &sat@ﬁﬁerra&r@&ﬁlﬁ ORI, iHeGhERbrané SRAS BurnMRihrandikQut hus has

dual purpose. It is used on the wafer to provide connecti ons an
di sconnect i thp¥afeswithesta tampetaturecoafficient matchadamobes substantiplheredneir@pebe or

each chip i h the wafer . I Ci ages are
ready for d&) ispgm‘a? rADA%ENPS, SBC%?%W%WW %’%rggon$§%§%£§shﬁo “need for
convent i onainclh@&kirads @a%ﬁ@l%fﬁrondlﬂag“ﬁlecdléﬂlan@Ht@@ptﬁﬂfz@’tl&lﬂaﬁbtﬂ af es or |ead
frames before nounting on a printe 8 0 7 MAY "tuu~ circuit board.

Fur t her nor &€ Wﬂé‘ﬂecei“&Wm‘dhl@eﬁuofblrt1lﬂPSriaI00ﬁ%@le@°E5é§‘t““£‘Fﬁiék‘“'@B gedept: Al these
steps have mﬁmepu#.xgstgg”Of{‘&gﬁ%p\p@zﬁ ik Shoafol e duiel PR tn@wgeetred

after dicing, Sav e And cos or testin

packagi ng. wvélhmm’eduddhmtm@lmnmmtcemb@mvpk¢dummam afte tiurmamdprmmo
menbr ane/ chi p packe}%; 72 can also be shipped as a fully tested nodul e

bef ore mounRYrAdn yieldascemparsdito @@W%F@W%@D)Whﬁfeefeéwaf“é’d's Ioked Befere20 can
be renoved fromwafer 26 after test and burn-in are conplete and good chi ps
have been designated, as shown in step 125 of FIG 1 b. Menbrane 20 can be
peel ed or dissolved off of wafer 26. Conductive adhesive is used to form
el ectrical connectors between nmenbrane 20 and wafer 26 (instead of ribbon
connect ors 31 of t he preV| ous enbodl rrent) These bonds can be d| ssol ved of f
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~uauxqo~~~ atl Z sped a~~otl| dnp ~a ~utsn ~o sped .taptw ag~ uo coeds ~utsn
~C qucasse 3peedderting ardiburadin amlacp@rpul@d}edialtwatfer laqelubefordtdmn&mmd pAsaging,

“paptno.td znut U= n

vl qut asst = %ﬂd ﬂ’aeg%fﬁl%%ge armqgnfroxp ﬂEW Eesblgs lgé%feﬁle?%%i{ fﬂﬂ.ﬁ}% bgﬁlgeré)gql%rﬁs 51
(FIG 6) betgoRRly fehpesesd 3r déﬁ% Mirgglemk Befole 10b @9 Wafes aephdéceded. t 0 t he
chips. To prevent a shorted ip fromdetracting fromthe capability of
testing other chips on wafer 26, each power pad has a d| sconnect capability
as descri bed her I t

significantly si %%}n@ggéé%ong{el'grf% 4l %érl%mvgﬁ \’Efr%é ?}ﬁ dfln"r edlhgl?%té&gllgg&eﬁ% pad
connecti ons.is allaemnaaltybnroane:tctdﬁrﬂrrﬁaxhem‘éalrytﬂmdeq)wrmafensZ& (6 3hnftepadsalt 0 be
much | arger or. ot herw SﬁBrmre ea5|l acccra@%atgl e than pads,. on wa

Fur t her nor e, VH§rtegingnay ! %%‘F@df‘?@ﬂ% thEPrAESH O‘tvéiéat%?ingi-gﬁgﬁr ough a
few |ines toalAstin @RISHEeR D FIG, 5RAWM hR cFsCsechioAdl Vidws@f FIGSTBAS e, WhRke i S
no .probi ng of the actual chip signal pads and the number of connections to
the wafer arZ lsdbéqsameglateldwm@ddeZ&@d tn%tleaaméﬁﬂ%@@%ateﬁwﬂbﬁamcmg 28an be
used for ini fer n,Lhis ower
and ground oble altéléa mu‘sf g %?"Z‘?B%% (il Ofnn\iv%l ‘3%“0‘%%%%:?‘%3%{ %gﬁ{ae%%gﬁeﬁe 20
as shown in (S)anﬂ)eté,QBsulatﬁthi)Ieem BTopse 8 a mitetiiSuctengolEmi®d connected to
shorted chips 28 are then disconnected from nenbrane 20 based on a test
before burn-in as shown in step 106c of FIG la" and in FIG 3e and FIG 5.
|f test engines 28qAngialRl F9RAG61 6 vAlrabRafbS s RINGD Rt e ipEATRNIEaNe 20,
the tester and stress c rrber e programmabl e to accept a‘variable
nunber of twteeem@ideeisfymtbmﬂdmt@smance wotealetaileditestingawall hgperfarget latag)i ne 29a,

hari ng ohi o CHEouL & SRR Bt 5 ‘R ster B! ShgiIRG e Tt i

Wi ring on negtoamet dt@ileﬁ@nm@x&@oé&ckﬁfﬁmmﬂemmhe 2N@ showndn stap
tested in parallel (FIG 1la) or they can_ a be tested in serles FIG

11b). For pal® while lewdrg ﬁ@rteé@hip?@scqnnmj@% Inghe nexd steparsmbrpns 2008 peabsd tyr j t e
enabl e, and p@ﬁlglgsiﬁ\%r B SRR IOULARGinkL 260 .@rlg@m%rbelo%f?@h}oaoﬁtés% Com

shari ng chi ong°=c nes erns go ou

test engine é}%@l&@emlﬁmispes?ﬁ a’a\ki(bngledﬁﬁias/srdmmlmdapaomIlﬁelﬂ)r&ﬂ chipatage
subsequently read fromeach chip goes back to a conparator for, that ghi pin

test engine found ¢step RYthesg chipsie diserigestad 6xien Hdy ancitesh orPHEKIN 5 FSYME9.  and
this data i spfififl BALK dofedEPInE R i€0GnHIERBtep 113). From the fail data

redundancy is calculated (step 115) and chips are repaired by laser cutting fuses to

invoke redundancy (step 117). Finally, test engines 29 are used once again to provide a



all chips at the sane tinme. For serial testing individual control lines 84
"from'test engine 29b are provided for each chip 28. Chips 28 are tested
sequentially by tristating data I/Olines 86 to all chips except the one
fromwhich data is being read to test engine 29b. If a chip failure during
test or burn-in results in a short and causes high | evels of power

di ssi pation, the disconnect structure between chip 28 and nenbrane 20
descri bed above can be used to di sconnect power and ot her nenbrane
connections to that chip. Disconnection can be acconplished during burn-in
at elevated tenperature or the wafer can be renmpved fr gur n-in for the
di sconnection step. Each test engine 29)1such [}Q MAYD?& ssor-based test
engi ne 200 shown in FIGS. 12a-12c, can also be a tester for each single
chip 28 on wafer 26, as shown in FIG 2 and FIG 12a. Test engine 29, 200
can be located within each chip (FIG 2) or it can be located in space

bet ween chi fmal fektGo eddmg thaVMiechipoaranhed gond,claisiowi inestépeBito. Bithe Eidps sredo Bl ST
engi ne. Connection between a test engine | ocated outside a chip and_that
Chip 15 - pRETEFbBI AT HIe MEKRRGHRRRA) orb TEOVEIST BRFPE mEntisHIeGHs dhiedea b
along wirin ' Iy ' hrough test
engi ne padsg%%')%ﬁo 8? gagg?&ﬁgg%ﬁﬂtﬂgggiag%ﬁeg% érbgR %g&goh%%ﬁ?cggélgaglza or to
common set chotvesd stetdnE padsedRane 20inented Hefora ditimy)ps sfovindatsteprigbnes
200, such as those arranged al ong columm 87a of FIG 12b In this case cl ock
and scan in/scan out lines are in common for test engines and all these
test engines run 4 I i : ; n be a
tester for a grou‘%l&(l)—?ﬁ{:vﬁl:y bésg,agﬁcﬁ%s%%ﬁmqfﬁ%zoclglaﬁ%ﬁkg%wgﬁ‘%g%ﬂlg%%ggtggl‘?%e on
waf er 26, asngimes®9 amd pdvier and gouaddf albchipcdre ekcimediy tanneomtrionmsmbrant 2pads

32b' . Shared test engi nes. 20 coru~ected to test other arrangenents
of chi ps on Haheyn SR DL 1&92\@@(54@81,&5@% ‘SP%’tﬂ’%‘ée%&Pdiﬁ’a}VFr andp~ ~~
SUOt ; aauuU00 REY JoltaddbrE\RBe 4Rl sRORMN HPQep B0 eOrengRle @b PRI bﬁiFs\ ﬁr‘?f@‘niowl

' pauruua~ap aq u~ea U~up ~Cou~punpai puu u.la~~ud ouyt, ~ aq .
ut unnot ~s destedfor shertszapshawn imstep YOG Aop shdrtgddest angind 39apd shortedlingdgrated

M | i pp~ iondl 3 ~ L - ~Sa~ ~
papt ho. 20 stceokeRgaf (8ap 1hat) aie it i e renS 2, B R IRE ©

autl ! u~ at ~-A séhbyeaBrsetetivell cbhmdiing ortfiscdANRUNS te3Y Orgied and tRPAW showh imndut
snot.t~n at~~ o~ 6Z autaua ~sa~ nutaoauuoo u~ud uuos at~~ upno.tt.-~~ u~-wngq

.to ~uysa~ aFIGS.38-3su@neaall shgrtg Bavg)bepn discowmeatsd.: testiag aesymep aiostsy FW ofpam-~uoa
st; ~6Z aul %22 ~9Z .ta3uMuoS put, ~S "~'~ "~gv'd ~uutw ~uole s~~u~IS
oul'prnoad ~ ‘a~>;0s 0~ you s! Q!nn~.1p) ¢gZ dtga uo 06 uot~oun~ ot no~ ~o

~l Ovauz s~sa~ pue o~ pa~oauuoa st 6Z autDua asaZ 's ono pints pu> "s m

b pua' Punor -Gk B g 34 e e R o PGB U 2%
6Z aunua ~sahemBRAL 26 are prefetbW Madky Wwith & tHétmacnhprédstonshaih 1681 @fht clils oie ~Sa~

0o~ pasn aq uuo ~-q; ~C~tjtg~dno nuysa~ a saptno~d d!qo ua~a uo au!oua ;sad
~ aauts za3tsife efmirgd? @stqedxm‘{eaommxmm%ﬁ ingmembrane 30 and mgkesoi d o~
anu~uunp~ punQ- = L:Q~ t = j > ] 71 ; : ~~ put ~sa~
203 pannba ¢ METEBatlBa B be R AR B8P ororPat all Gt Be S OBk P 8
sapi no. td " pBIGS:3band®c] Meryb i iilevel 23 wnandvhbrad2 Gistformeed fa-higlsnuZ
~pa~aauuoo st autnpua ~sa~ ~ut~~ uatt-~nn o~ gZ dtt~o t~a~a, ~ut~sa~ ion ppZ
au! ~ua ~sa~ gfidugtivity mesalspehiay qopreroor sgid- 1idWPEAlYA REIANSE 1 AOSUGHIYFeNSIfog-
f1uo " puooas,ipd3gfficibns (hlcR) MBfe (iEHchabhy kitdl BRRResS 1s INATOARBOBE AJutHPto00Z
aut ~ua ~sa~ aj~uts ~ ~SII13 ys.t~ S~t~M OAl~ ut .la~~M a 30 sdrt~o

about 20 microns. For chips drawing high current, the thickness can be 100um or greater.

Wafer pads 32 are preferably aluminum wire bond pads to receive the
thermocompression bonds. Other connectors, such as gold bumps, C4 solder bumps, or
conductive polymer bumps, can also be used. Stress relief loop 34 is provided in bonding
the Cw/Au wire segment 36 of ribbon connector 31 to provide reliable operation over a
wide temperature range. Mechanical reliability is further improved by providing silicone

layer 38 to further accommodate a substantial TCE mismatch between membrane and



au~ ago~d o~ pasn aq paau ~uu~ surd ~o ~aqu~nu auk saonpaz p0Z aunua ~sa-~

goug. saut ~ua ~sa~ pa~t;qs t~~tM al qunatt~au st ~ut-~sa~ latl~l"'sd30 aa.r~ap
t~ntl~t; "iZ"'~13 pug eii '"~I3 ut uMJ~s si; "~gDbnoy~ "sdtuo~o ~ut~sa~
jaj~t;.r~d ssaj ut;aw u~a saut~ua ~saa ianna3 pu~l~ .lal~~0 aq~ up g Z
ia~t; M ~ou~uoa o~ aq u>;a saqoid ~aldutts at~~ "gZ .ta~~nn uo p0Z "6Z
sautaua ~sa~ .taMa3 agZ ~gZ .ta~t?M uo gZ sdtua |je ~uout~ pa.z~us aq uno
aut ~ua ~sa~ ajauts ~ ~auzaz~xa o~ stqg~ ~ut~uZ ~sdya ~o uwnjoo a FC-QZ ~tb'W

10 z3 0 7 MAY 20~~ test engine 29 and nenory or logic function 90, five
additional 1/0O pins are needed to mtial~ze and run the tester, and wire 8
and one additional 1/O pin is needed for2 eac VeMA‘erEﬂ[]]je to up-load test
results to the tester. In cases where it is desirable to know the specific
failing pattern to allocate and inplenent redundancy, it is necessary to
provide a pass/fail indicator signal P/F at the time ofthe fail. FIG 13
shows t he teslicoangine of FIG 2 with P/F output extending to pads 8 (Vps
and Ghd are omtted fromFIG 14 for clarity). P/F is generated by
conparing the expect ed response with the actual response fromthe logic or
menory function, §'n] er\rll\@ Eb 13. tOmg P/ F gut ub in r chip is

requi red. \Wien a H %’Csornﬁ%‘i s iltareg'S RO y Y line. Fromthe
cycle nunbertherfmdcbaltprefsabﬂ] b61hc91|ig%ﬁ wit 16 gafdis 88 Scdhedtita tb thﬂdﬂg:hﬁistfoduﬁi in
determ ned by the tester or test engine. The function being tested by the
tester at tHatishyafessest $tep é@%@nlhqemdammbbbxlea‘ang infapp Wirgrsegments Béinet i on
can be gener Theot use ehdvest rat.e..a yi

al l ocate redﬁl toggcrllghlp 284 g br@%ﬁ 20 “WAP c%mﬁs#eigsﬁ%‘g g‘é‘%ﬁgelﬁlag&ﬁlgg’cfn%@gﬁf’%m to
repl ace def embboneoﬁ@dckcss 3 v\wgbohlcﬂ@g 20terdih abdeBEble Wikl the @ dorathaioh, and,
counterparts. Thus, chips are repaired after burn-in. The tester can
accumul at et Werefore merabrane Eblpntcgnagetpre 3 L endefciihand remeved 1o oper epnteeteniing | s

conplete to ) RN

cral | ar rays ol @find 2, ARnadRbiRles btk AMMGRI NI CRARRE. "
chip, the teatcomplshed withcd laste suttiap koo delwith a mepasita cult@OA(tEinatively)fusddi ch
accunul ates failing addresses during testing for |ater uploading to the

tester for reRRFdAFEgedan themembiapc and ¢aRneRIe™ SUChas RIS PURPLI SRdyrtivRe
tester duringolher Buess dsédsﬁ'ét'tveedD rﬁ%@(aﬁp Lyg @Qfép F%E'ésrbr&llge AdvafitabE ANhgAch test
engine is brought OLI't independently to sinplify data coll ectron.

Pref erabl y adig¢rsnectignrcanye h@peiphdrcdrmhbrta'riesezountlsc' oskexdrefsong ohe bighwiurrest,

FIG 14 sho ew o wirin extending from
the out put _op THe Sk Ethelps HRR:ctabted Sorkied off st L BB e
(FIG 13) and extending to pads 8 |ocated al ong peri phery 39 of rrenbr ane
20. 0 7 MAY 200 S, .is usedt0|n|t|allzetheI0|c IIQetest en ine (via
A clock and C cl ofembemg 20 ds fogmed plopp! wiide- o1 A ORI PrEETE maweﬁ@ gdvel
sensitive sc S ONBe £ | ock

di agr am of F?%n%%ébg&%@_%%Sﬁﬂaﬂgﬁnbgaetoﬁput FPA ﬁé ?l gn%g%ésﬂggnﬁo igr ovi de a
dat a st ream membrgme20tfestonnentivo tetestacarde4d thadkhtchendctss 42 Rywee gragidcandrhe

data is serially scanned in 0 shi,ft ister |latches. The
Foncti onal crBtsBEAM FeerainetsS iibert 4D Bl sk SRR Thet eoy
vectors through the chip logic. The test vectors are captured by shit
register latches tied to the So pad which is used to scan_ out vector data

(via A clock and I atiaghirg stemd03, anzr&@nq@ &ﬁrﬁtﬁhgveéto walet #t andtsen boded t he
test engine maeri&&ph M@ 1384 £108 Bho Il SFICR b Op kR8s y,%pﬁ%%wyeran??

duri ng manufacturin §8°U8ed to scan out
addr esses fon thmmlﬂyadtihauas allliesive asueh besliahe W Dmak,hehgle smn;gmmreeherifmsét

vectors, in addition to those generated by !{oest i ne al so
be provi ded PPYMeaA dbssivg 4this previdedpas apshget h\fl@\ﬁ/l gfes%arﬁegt e

vectors can Beedg oﬂf%%&%ngﬁguage/ The %aﬁésﬂie%ﬂeevcarhbé &%uﬁ&ea Y@%@ﬁbhﬁébo

engine at relative oW spee nd then applied to the chi speed

fromthere. first,and then membrane 20 with the adhesive is mounted on wafer 76 Alternatlvely,
adhesive can be mounted on wafer 26 and then membrane 20 mounted. After membrane
20 is aligned to wafer 26 it is held in place with a fixture, Wafer 26 and membrane 20 are

then heated to a temperature in the range of 100C to 180C to bond insulation 46 on wafer



As shown in FIG 15, test engine 29 has n lines for a 2" array for

addressi ng. For exanple, 22 address lines Addr are needed for a 64 negabit
chip having 16 1/O Ten additional lines are needed for control comands
Cmd, including RAS, CAS, wite enable, clocks, and strobes. Al so, one data
in (Din) line is needed for each 1/Oin array 90' to bring the data in to
and out of that 1/O Thus, for a 64 negabit chip having 16 I/O 48 |ines
are needed to connect test engine 29 with array 90'. For shared test

engi nes these 48 lines go to 48 pads on each DRAM chi p. For a test engine
for testing a single chip, it is nore practical to distribute the 48
connections internally within the chip being tested. These I/O i nes
connect test engine 29 to all portions 1?f ar r@w g,pAYfmU;ﬂull functi onal
testing of the array. Data com ng out of array 90" at Do~, is conpared with
Expect data in conparator 64. 25 p ? MAY 203 The nenory arrays are

pref erabl y Httoesdisbians?(.nul ated, and tested at 140C. Wth test engines

| ocated on wafer, nenory arrays can be reliably contacted for testing at

| 40C and the test engines can detect those nenory arrays that fail at 140C
I'n addi tion, stigHécHela@RestU4l B8dHaRRaEAbIRECt R embeNe20Ga Waker 2Blaghher speed
w th on-wafer test engines than is avdilable with traditional burn-in since
| oadi ng t o paekdes zbw madilngcimplgingmitdrfaca titekg/batweknc ddhesigrandensmbrape a
retesting step,after. . burn-in . can be elimnated since the . full test .

br ogr am can *BE BrRCY geh T POGERS epBeiRn HHFTE PeRE SR RATY aBrInIS MY

Bur ni ng-i n $RAMPRE&SuBstR fol wibiRthe @R ik RRGQHEEHRA M ihRER: S bERSEN Zﬂii&hi n a
DRAM nmenory cel | declines as charge stored in _the cell capacitor |eaks
away. Each ¥wrR hedrdmwithputaneadoptempgmture coaffeientrfiespansioh mgeking.i nes t hat
must be wri ' Nzt NusStress..patter. [ del t ween
wite cycl efé}bﬁgg k&wggtéﬂogr%ﬁ?c%c 1e1 g%n, c%f) %(%/hmgér’%ge %%P@etailgng nfoéiru ﬁ%éﬁggcel | to

| eak, reductdigplidntelséttiesl SntdfideS Thid) BotxhétBaniddliasid BRStricsn@hhesid i foembd me

t he chi ps needed to be burned-in. This rﬁr obl em coul d not be fixed by

i ncreasi ng Whil¢ evoidingthemegd faribermaHy matched aratepiglsiio perosypedsirlaree st andar d
DRAM bur ni n I i f i . ugh burn-in boards
to an arraytegkgék?‘%ﬁﬂaﬁ%gglrﬁg)?? mgrﬁld t hat H{rggjd]%hr%%g{ﬁg{sptega@n%r?al ly slows the rate
signals can be provided to each chip. The present inventors recognized that

burn-in stress | |, depends on the frequency the cells can be restored to
the state havi pgﬁ t/(ﬁé &Pg’ﬁ@é’?p WSWtogégoﬁ%vggg’éer%/%‘éegdﬁgeg P‘E)P‘emr?f?.ﬁ).’rhey f ound
that by prOPb»demp%ﬁmt@gaw&%pMi&a%alpaﬁM ghinpatAlel oVRherpsRhPsi mate to
the DRAM chi ps) a higher frequency of wite pulses can be provided, higher
than is avafxteidieg virtepllyoaraembrang2hay dgraveprosndgyndiiraih7 4s presided ppelli ded
fi:oma test; . -] F e .

Because a dopedil s, A QUi ibh BUAEh e PR M0 TaRORIAR: o1
recogni zed tevaltinmednttesde 2 ariépsi 6, aschovauinfFICiSe AtandrSeFive shresard ekeded tot ai n t he

cell in the swtched state _and therefore wog)lﬁi not hgrovi de {lhe stress
needed to cERRY HISFRFARIAARCIeUPS three testiepaing figeks 4 the BYhSHR chyn pares, and
successful, (st S8kh&AYIiNEE SadhG8Y Raih DR th WhirbspbRAREb&P¥raMate phire desi red
patterns into the 26 0 7 MAY 2003 DRAM array. The present inventors
recogni zed phatemimanstZOpLingmfonmbeer spplyr{Vpadiiaed gwsnd &g, Apextenhen ng at  hi gh

speed maintain,the M cel | capgacitors. a . } i vol t age
than is avaﬂegg’lraé‘e t O‘éeolgv}éﬁtglOglﬁg’llk'%oc\%'pgtgggggsgEﬁ%ﬁg%r@rli?yaf%@%‘ﬁ?@ed t hat
this provi dgenspdas i aMbiatd o palphentByrsfnermtirhnc2 Broayst edgiged 2vgrovided at
further recognized that the higher voltage and greater efficiency permts
burn-in ti maghrhi2t dbe five testeneigoNiresexigndrihoy gl vis ?%{}%ﬂ bmﬁ‘?ﬂ%%ﬁﬁithe with
| ow frequengy, Ouen) & gFs. This tine savings and the reduced requirenent
for oven tester equiprrent substantially lowers the cost of burn-in. This
advantage is avail abl e whether the DRAM chi ps are burned-in at wafer |evel
or after packaging.in a nodule. FIG 16 il|ustrates {he advantage .provi ded
by on-vaf or test Fifgiegeves %O%é?qtloealpvawﬂh}stfﬁ%‘}ng avop?fa{ﬁ@edﬁvteﬁoa( fixed
plate vol t ags¥Pa@t&pReenil n?ﬁ.' bt 2BEY CONL SR8 B8 dTIchRUS. YO TeveCUr Ve
(a) illustrates the gxtent 0 éecay of a high voltage | evel across the cell
capaci t or befaal@2y(meealn) tseused grfatm tlemmbeorppressicheibbioo banddt th pad. Geiomg
conventional | qw frequency, signals provjded fro burn-in te L _out side
Che. bur n-1 n 2ehHsRettayer (e atBedd areeperd i PRI sbmeaLa fudith
across the cell capacitor using conventional burn-in. The average stress

| evel s are shown by V(a) and V(b). Curves (c) and (d) are the correspondi ng
curves with the higher wite frequency, showi ng that the cell is maintained
at a substantially higher voltage. Wth faster wite rate available with
on-waf er test engines, curves (c) and (d) show that the stress on capacitor

.. .



"Ri ppl e" Address Counter 152 and the Data Pattern Generator 154 present

“i nputt i nformation to DRAM | 40, but under strict control of State Machine
29. Data Conpression 158 receives output data from DRAM 140 and conpares it
to expect data conputed and provided by Data Pattern CGenerator 154. Data
conpression 158 reduces the full DRAM data output width to one pass/fail
bit via an exclusive-or tree. If a failure occurs, the address of the fail
is stored in Failed Address Register 160. Test engine operation is

controll ed by dual non-overl apping clocks (CCLK and BCLK) in an L1/L2 SRL

| ogi ¢ environnment where DRAM 140 is treated as an L1 entity. During any
functional clock cycle, test engine 29 is exe ?i hree maj or tasks;
conputing addresses and DRAM i nput dat a 'for ta “&Y aﬂﬁaati on cycl e,
performng read/ wite operations on the DRAM and logging fail results from
a previous read operation. Test engine 29 internal timngs from hardware

are shown i nvid 43 foi BonrldBAdM tb4fad 3Mbly GlieahSodeisiogbeAd 8 P ekhdifg st topead] dat a
until a newre 77i,s executed, is synchronized by an external clock in phase
wi th BCLK. THY'8! perMictad 23pd metal drran bs kewied 9f pernkeeicapeetgokhgi ne 29 and DRAM
140. Wth STWAO (word address) low the first read/ wite operation is
performed successfully, i.e. EXDATA coincides with array macro out put
DOUT16 and DOUT17Asthommrik FIGS, 2 whd 6the powersupply @dd Byouad Hhghorf membiafe 20at a
Compression circuit output RESULTN. However, DOUT17 fails the next READ °

1' oper at i orfTRAPQH 35 Wide agrkertisd dwhighiesprcatly b3 migromsiert Alkguehrshown The
fail ed addr 145 of 0k 1 |.e | ster. ul t.s of
a1 failed aoangtRRIRKEHRs A drifshtorb iRt P BT SRR call B2

out. Havi ng mheh Walet ifdaeded to esuoel B dsops. afhebedihntllieeeintedicddyrtephadao f ai | i ng
cells, word lines or bit |ines. 29 For pattern sensjtive testing of.
nenory and tpdob‘ﬁ?ﬁ?cﬁés orbesHriace pf JHp dA ferrotihes cerpiestionsndynsBromens b £libfri ne
opt i mum r edudigwae I Walsl r SOr : NN&: : sed. A
processor based tbe{%t?(*e)ﬁ%?(?le 6’9?‘?5@?%3‘%%&’?4@’3??2@??&@%3@‘@@%@ chi ps
has been des®ORbAA.iDurogrwominycumesi grbeitU. RimBshielsr. Appir iof 400 microBBE3, 053,

oot o e R SERER RO o Bk BESER ek "
burn-in to pradv60®alpagperdiherf 3 bf MemBAhe2@bsh Hroviak i AGREAg EReNERBDR AN
repair fail |§)gpch| ps. In brief, processor based engine 200 i ncl udes seven
conponent s, SHNGR Felupp @ith1oltagediennesing Gomeaheubd MV fer hadirsshrty shown
in FIG 20, aRdfassy e : ,230,

cl ock generator 240, gﬁ{}ﬁ% a%“‘ﬁﬂa'?“c‘ﬁ‘gguz’%'e’& S?g{sg&%ﬁ%gml%uégﬂpteté?gng}r&%éb), and
t wo- di nensi dian-in. dthus,dabstyntial oatkaga Gfiforfiiey dxa e pyovidedwerdssiwafeS26 hilencl udes

| ate progra ble fixe 10 and scannahl 320. . Lat e praqgranmmbl e

fi xed ROM 31 Saaﬁe%gnggqsggga gmegip %‘%E”lgﬁpgf%v:}?ﬁr glﬁTB CW%‘EE%% PRIRRITY or

fabricating teitanow{ Ridef@nd MskeNedper WAod? Broviiel 3h aikntaRDOMBENGM that can

be programmed. at any tinme. Conbined sequences of instructions stored in

t hese nenori %‘Q%’Eﬁ@ﬁ@&mdﬂ thy vising end eariatiop i the ysltagespalied toyhe elips.t est

patterns for 3 : ful rAans r ri ze
AT aspect o araBSy el b BBt G an e B o PGPS ARG

patterns to ®epsatspvavgirmintsalongoddes'af't er the DRAM array has been fabricated

so that newy discovered defect nodes can be characterized. These new

patterns can later be included in fixed ROM 310 when new masks are

generated. |n addAkéraitivepy. RAGYbSH PPoduellebit@FinD BarPBd SiEf S0 mRABidNg new

patterns, scannable ROM 320 can bé used in tesf engi ne 200 to repeatedly

| oop on a pafPurted en thsaneabmse vssd dorburmrircarat tagit Conngatiorobetweendbe dee s. The

| ooping is ! by putting.an _appr.opri.a branch address j,n _scannabl e
Rl 320, HREbRRR YO biasa SR BBAORHA BhEo DEEE 0B S Bl o AR
appl i cati on, liquié phess Gofiding Othel prodiicO)evElBdirik ih1thd stavdd dhaissieaiahits edundancy
al l ocation arrangenent represented by bl ocks 255, 260, and 270 of FIG 19.
The redundantiPn&ing thearrltectre efthe abintframnfpt g pla, p by Headdesssing wripkyr 16 0n
failures ancg&ﬁ%%ﬁhgines an efficient use of redundant word |ines and data
bit elenments wthott requiring a conposite bit failure map. Read conpare
bl ock 255 conpares expected val ues provided by data generator 220 with
observed val ues a out put 290 of the DRAM array. These val ues are stored
in output registefs H1GS. derde and il 3y ribhon cpingcipgs § bto et SPYAEAY t he
observed test data is provided by clock generator 240. Register block 270
stores the results of the redundancy allocation |logic and all ows scanni ng
the results out to the die pads or to the nodule pins. A full description
of redundancy | ogic block 260 is provided in the 08/ 803, 053 patent
application, and the reader is referred there for details as to how

. S NS -



32 0 7 MAY 2003 Information regarding failing array elenments is stored
Tocally in registers in redundancy all ocation register 260" (FIG 19)on
each chip 28, and that information is used to allocate redundancy on al
chi ps 28 sinmultaneously. Generally, storage registers are provided in
redundancy all ocation register 260' to store an anount of data
correspondi ng to the nunber of redundant el enents avail able. Registers for
an entire word line fail or bit line fail conpress the anobunt of storage
needed. To optim ze the redundancy allocation a two-pass systemis used, as
described in the 081803,053 patent application. In a preferred enbodi nent
conpare and redundancy are provided for each pne-pe z:i repair region on
the chip. The redundancy all ocation |nﬂénnﬂ|0) hﬁﬂ% 3ff t he waf er by
means of scan chain 170 connected to each chip 28 on wafer 26. Fromthe two
pins 171, 172 of scan chain 170 the redundancy all ocation is read for
transni ssigmite 1ol tBSEM arRe{B0R Ayt Qs &J?fn@ém%ﬁhé lock TR4sSHENT 1 Ng
redundancy (the information can a SO to set electronic fuses or

anti f uses ¥c8n Ch%FWhthhglg\mﬂtdeamesy)mgm'ém2§ cantbe deqvefigurell atthaat es t he need

to send the data rea nenory array to test engi 165 for
conpar i sonthi raém ?’Iegqs Frfoé("“ 1In {. 5Tﬁ%f‘§‘ teﬁﬁ%‘ Sgﬁé‘yd’iOWetE?t’Pglﬁg oAt B2 ne

167 is neege Jdal $n @eR e cont rol
line 166 in l(S:ly(?r&rlrrnn bet vveggg aedéﬁ)‘ﬁﬁ%elﬁg’icgepqggahhﬁ lfjtﬁg I psﬁa@%el ng
tested by @I‘rﬁabadtté@tenelng,lqoenecﬁbusof d‘lec/lelﬁnetsesl Bemgllsnmsclmnn bmdsyt, Gne thtaest
engi ne i s need g testin chips .28 on entir er.26. The small
nunber of 8t %enﬁgzl ﬁé%oq;gg@ghgsewﬁpw 8 CPRNGEE$ g‘a? 'i)d]%fraéeﬁ‘?@y woul d be
repl i cat edreb6rinegiedb %ﬁb@ﬂdlﬁéarﬂbﬂ% 6 ﬂ&ﬂxampm 9@@%@%& a%nﬁff@dmls@an on

~one chip site on wa , along a center l1ne of warer 26, or along the
peri met er AT dhe reg of maferr2p. ﬁhmsaylbbdpmmnnctamstié peositednnestioytashi s approach

i ncl ude DR@M BAM ternative tes 29,. 200 can
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continues to be avail abl E for testl ng after the chip has been packaged and
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"ol a. tt M d4QHEkEJuch as solder bumps 49 or wire bonds. A failing stacked chip 47 can be
removed by heating to reflow the solder, removing solder adhering to the good chip, then
replacing with another chip, and retesting and burning-in. In the case of a chip level
package, dicing the wafer/membrane combination results in a stacked multi-chip

packaged product with chips that have been fully tested and burned in. Alternatively,
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In either case, parametric tests and functional test pattems are applied at elevated
temperature using on-wafer test engines 29 to provide in-situ burn-in. Further testing can
be done after burn-in is complete, a yield map is generated, and redundancy allocations

are performed.

Redundancy is implemented after burn-in by opening fuses on each chip.
Windows 60 in membrane 20 aligned over windows 62 in chip insulator 64 are used for
access to laser delete fuses 66 to repair burn-in caused defects as shown in FIG. 8. Thus,
burn-in fails are repaired before dicing, recovering a significant number of chips that
would otherwise be scrapped. As an alternative to laser-blown fuses, other memory
elements can be used, including such non-volatile memory elements as ROM, EPROM,

EEPROM, and flash memory. Also electrically programmable fuses or fuses in which



ooz ~I dW 10 35 0 7 MAY 2003 burn-in. Wile several enbodinents of the

“i nvemtion, together with nodifications thereof, have been described in
detail herein and illustrated in the acconpanying drawings, it will be
evident that various further nodifications are possible w thout departing
fromthe scope of the invention. Nothing in the above specification is
intended to limt the invention nore narrowy than the appended clains. The
exanpl es given are intended only to be illustrative rather than excl usive.
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level of assembly, such as printed circuit board 74 (FIG. 3f) after wafer 26 and
membrane 20 are diced. Chip scale package 72, includes chip 28 and diced membrane
20" which have identical length and width dimensions since they were both cut in the
same dicing step. Solder bumps 70 can be added before dicing, as shown in FIG. 3d, or

they can be added to diced chips.

For providing a chip level package, preferably, membrane 20 has a coefficient of
thermal expansion that is closely matched to the next level of assembly, such as a printed
circuit board 74 or other multi-chip substrate. Membrane 20 is preferably sufficiently
thick and pliable and membrane connectors 31 have sufficient stress relief looping to
provide connection with pads 32 on chips 28 that accommodates substantial thermal
mismatch stress. Thus, the chip-membrane combination diced from wafer 26 and
membrane 20 form chip scale package (CSP) 72 ready for high reliability direct
mounting to printed circuit board 74, as shown in FIG. 3f. Printed circuit board 74 can
have a substantially different thermal expansion coefficient than that of silicon chips 28
because membrane 20' provides sufficient compliance to accommodate thermal

mismatch.

Membrane 20 thus has dual purpose. It is used on the wafer to provide
connections and disconnections for test and burn-in. It is then used as the package for
each chip into which the wafer is diced. After dicir’1g these packages are ready for direct
attachment to printed circuit boards. There is no need for conventional bond and

assembly of individual chips onto substrates or lead frames before mounting on a printed



0 7 MAY 2003 7. A sem conductor structure as recited mclaim6, wherein
»sai dvat | east one test engine is located within said chip 8. A

sem conductor structure as recited in claim3, wherein said at |east one
test engine is connected to a plurality of chips 9. A sem conductor
structure as recited in claim8, wherein a conparator circuit is |located on
each of said chips. 10. A sem conductor structure as recited in claim3,
wherein said chips conprise nenory and said at | east one test engine
conprises a circuit capable of allocating redundancy to correct defects in

said menory. 1 |I. A sem conductor structure r 'Ye i claiml, wherein
sai d nenbrane further conprises neans fi@r acﬁ?m’&ﬁé iﬂ'éu‘?hermal expansi on
m smat ch bet ween each said chip and said next |evel of assenbly. 12. A
sem conductor structure as recited in claim1, wherein said nenbrane is
sufficiently thick and resilient to accommobdate said thermal expansion

m smat ch 13circAitbeatidcBurtheehore, gierelic ho heedfor firdlinh@hlld tastcifiat dicing. whekeken said
menbrane conprises a surface adhesi velé connected to said chips. 14. A
v

seni conduct ¥¢Psdpys beenfulaperfasmed aipvater leveliand peedwsberepeatsr aftpt diciagi ty of
chi ps conprj L : i r Sal r i ng
connect ed t%%glgﬁgﬁsgﬁlt%@ ? %qglgg@ggﬁ f?‘&%‘ﬁ%“@ﬂ?%“ﬁ@%}e&‘@gg ,‘lﬂ\%ﬁg*r%gi n said
menbr ane r emainted omps@ed cediipsoash i, eeenitesietuhip packaga7Tdunaldo/HO shipped ang sai d
chip power ds after said wafer is diced, said nmenbrane providing a chip

| evel packaé@ytes"efl meglule beforeppountipgs 15, A seni conductor structure as
recited in claiml, wherein said chip contacts conprise neans to avoid
connection to a shorted chip or neans to di sconnect connection to a shorted
chi p. If bare known good die (KGD) are desired, membrane 20 can be removed from

wafer 26 after test and burn-in are complete and good chips have been designated, as
shown in step 125 of FIG. 1b. Membrane 20 can be peeled or dissolved off of wafer 26.
Conductive adhesive is used to form electrical connectors between membrane 20 and
wafer 26 (instead of ribbon connectors 31 of the previous embodiment). These bonds can
be dissolved off leaving no damage to the chips. Thus, for KGD the membrane
attachment is temporary. The ability to disconnect shorted chips is provided by laser
cutting or mechanically cutting lines on membrane 20 leading to the conductive adhesive
connector. These lines can extend over vias to make the laser or mechanical cutting task

easier.

In addition to the ribbon connectors and the conductive adhesive described herein
above, other contacts, such as solder or gold metal bumps can be used for contact
between the membrane and the chip. In this case alternate schemes to disconnect shorted

chips are used, such as fuses, electronic fuses and antifuses, and gating transistors.

In another embodiment, where bare known good die are desired, two different
pads are provided for contacts on the wafer. For example, aluminum pads may be
provided for test engine connection pads and some of the chip power and ground pads
while un-reflowed solder is provided for final chip functional pads and other power and
ground pads. For test and burn-in the membrane is attached to the test engine and some
of the power and ground pads with ribbon bonds. After burn-in the ribbon bonds are cut

and the membrane is removed. The taller reflowed solder bumps are then used for the
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16. A sem conductor structure as recited in claim11l, wherein said neans to

. di sconnect connection to a shorted chip conprises a cuttable connector. 17.

A sem conductor structure as recited in claiml1l, wherein said cuttable
connector conprises a ribbon bond. 18. A sem conductor structure as recited
in claiml, wherein said neans to di sconnect connection to a shorted chip
conprises a fusable link. 19. A sem conductor structure as recited in claim
1, wherein said nenbrane conprises a window. 20. A sem conductor structure
as recited in claim19, wherein said w ndow extends over a fuse for

i npl enenting repair on a chip. 21. A sem conductor structure as recited in

claim19, wherein said wi ndow extends oviex thhr , a second device
nounted to said third contacts. 22. A sem congtﬁtmgq’tszﬁﬂature as recited in
claim 21, wherein said second device is a second chip, a capacitor, a
resistor or a light transducer. 23. A sem conductor structure, conprising:
a waf er conprexsievgl ofrusegitdy. edteenatsalyt wider psduplioste @lumisaincpadhiqnsbeqaoatede a
menory array; said wafer further conprising a circuit conprising a first

el enent, ddhechpéne £ Witgrhgnded it fan@qtﬂeﬁemﬁasgegi HiR&tPags et Vidahabl e

of presenti nghdabt a¥int Btg to said nenory array, said second el enent
capabl e of p%cei Vi nlaéa rélgg%éttggélﬁsai d test patterns fromsaid array, said

third el ement capable of using said result to allocate redundancy to repair
a defect on said nory array; first cont g&%ﬁgf or .electrical]y. connecting

said circuit for EX¥fachImeR)dangmbrane EbiRMe X GR sriiodimayt isfychRbyelylp fishg- i n
said array dngiits@0an@Rip podfland arodfl padd. Flor VibYoifD O pd bR S ARAER SHE
to said first contacts, Id ne ane I():orrpr|5| ng ring.
attachment between chip and membrane is permanent and all chip contacts are brought
out through membrane 20. Thus, for the chip scale package, membrane 20 is electrically
connected both to pads 32' of test engines 29 and to all chip functional pads 32" at wafer
level (see FIG. 9). Connections to functional pads 32" are not used during test and burn-
in since chips can be fully tested and burned-in exclusively through connections to pads

32' of test engines 29. Chip functional pad 32" connections are used when membrane 20

1s connected to the next level of assembly.

Metal and conductive adhesive bumps on membrane 20 permit probing
membrane 20 with a high level of force using a probe such as a wafer-sized cobra probe
or a dendrite probe. After test and burn-in, the same bumps can then be used for

permanently mounting the chip scale package.

Each test engine 29, running within or very close to each chip, provides signals
for burn-in and for high speed testing. To provide for the high speed test, decoupling
capacitance is provided on each chip 28 as mentioned under the description of FIG. 6.
Alternatively discrete decoupling capacitors 78 can be temporarily connected to
membrane 20, as shown in FIG. 10a, or permanently connected to membrane 20 for a
chip scale package, as shown in FIG. 10b, permitting chips 28 to run in parallel at

functional speed at wafer level.

For DRAM testing, where current is relatively low, power and ground

connections can be made through narrow lines extending through membrane 20 above



24. A sem conductor structure as recited in claim23, wherein said first
+contacts are also for delivering said redundancy allocating data externally
for repairing said array. 25. A sem conductor structure as recited in claim
23, wherein said nenbrane conprises a window for |aser cutting fuses to
repair failing chips. 26. A sem conductor structure as recited in claim 23,
further conprising nmeans to avoid connection to a shorted chip or neans to
di sconnect connection to a shorted chip. 27. A sem conductor structure as
recited in claim23, wherein said neans to di sconnect connection to a
shorted chip conprises a nenory el enent selected fromthe group consisting
of a fuse and a non-volatile nenory elenent. 28. A sem conductor structure
as recited in claim23, wherein said first el (0] ses fixed nenory
and programmabl e menory and wherein saff test@qem@Agsgpgpned as mcrocode
in said nenories and wherein said programmable nmenory i s capabl e of being
programed, s att at ed firs eIe nt can be al tered.
29. A waf ef® rgg £8%5 {%@I&ngbéfﬁWFﬁﬁgx%ﬁefeé‘lvwgé’M %é\'io ?O‘B‘Hﬂﬁ todhe¢ s for
testing or I ed in
clai m 33, GREY QoA ERTR BURR R ARk capllyi X B fhe Rl Bl Poct
patterns ton wafsr 36adach yower pauehas hidissommect ¢tapabitityens.deSctibed hemireaboss angci t ed
in clain12$ wherein each said test engine is capable of presenting said
test patte [ystratg H‘EH%%Er to a colum of menory chips on the wafer. 32. A
wafer as recited in claim23, wherein said test engines are capabl e of
providing full functional testing of chips on the wafer. 33. A wafer as
recited in cI ai The®st engares signdmwhntiyt simplfit @mheation femwafesburapabl eeduting

al l ocating a 03 | east e . di nensi gnal _red ncy repair
"t or mat | oHENE pad EOTERRS G He PSR B e dRe RS f@ﬁhﬁfrnegpw%asev@ i) s ng a

plurality gfuch [htr%‘é}ro@bﬁfér&isé Fridkd eésny Réoessile %a‘ﬁﬁ;aﬁs off %Pep@'ur@l@fmdrb siing a test
engi ne, said test engine connected to said plurality of chips; and a

menbr ane ebigoal mpmetlynsctorth@dngﬁbeung teatied areghrough gifeve linsseto destrengina®® as

s Toct t eas AR di 34°dRAFPn i Gotiar b DB A ERRSHR ek b ana ©

wher ei n sai@ miibenbf donndtichl tPthe aerdr @8 BHs@AniAlY reducedl utm. 36. A
sem conductor structure as recited in claim34, wherein said nenbrane is

physically connected to said plurality of chips on said wafer, said

menbrane conpr ' As Bl éagécf;ﬁ)to@pllﬁﬂﬁ?ﬁhg% Sark % (<26 fr 2t de{) ﬁ%f fgeg]?l%it' 53hi

connection to se & Tral Rt al ni ng connecti on.
37. A sem cmduatsnenghémﬂmowwmd goufidof alrnmpsamnwﬁ‘ér; 26Merigitinllg conpar at or

circuit is |located on each _of s |d Chl S m conductor structure as

recited in @P’&Ftﬁgéﬁme zﬁ E%?n%?‘f’%“edsﬁ\é%%oi{)ma%‘ C08INgS wAf er

conpri ses gorfebetitd siprRakhpsof' aaé h@ﬁ@tslc&glea@dtﬂm@m@mmeQorbﬁﬁ;qtomc@tct s in
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- - stress chamber must be programmable to accept a variable number of test engines within

a particular chain.

A single test engine 29a, 29b can be shared among several chips 28 as shown in
FIGS. 11a-11b. These sharing chips 28 are connected to shared test engine 29a, 29b
through wiring on membrane 20. Chips connected to a common test engine can be tested
in parallel (FIG. 11a) or they can all be tested in series (FIG. 11b). For parallel testing,
control inputs, such as RAS, CAS, clocks, write enable, and addresses, are each provided
from test engine 29a to all sharing chips 28 along common control lines 80 Test patterns
go out from test engine 29a to each chip 28 along individual data lines 82. Data

subsequently read from each chip goes back to a comparator for that chip in test engine



a wafer conprising a plurality of integrated circuit chips; and a contactor
‘physiscally connected to said plurality of chips on said wafer, said
contactor conprising a nenbrane having sel ectable contacts to form or break
el ectrical connection to selected chips while maintaining said physical
connection. 41. A sem conductor structure as recited in claim40 said wafer
further conprising a test engine, said contactor making electrical
connection to said test engine. - 41- 0 ? MAY Z003 42. A nethod of
fabricating a chip scale package conprising the steps of: a. providing a

waf er conprising integrated circuit chizps; p /0l a nmenbrane
conprising nenbrane wiring and first contacﬂl? bﬁKXIéQg9ically connecting a
plurality of said chips to said first contacts; and d. dicing said wafer
into chips and dicing said correspondi ng portions of said nenbrane. 43. A
met hod as recited in claimd42, wherein said nenbrane conprises second

contacts, id nmethod furfh c ri.sing the st of connectjng _said second
contact s tggaaﬁﬁ%&{hewelv@wu{s'ff%&@%?a aniighis dafact figkPask (0 62t e 232 Bom m 42,
wher ei n sahfl AR RS OfREI ses neans for acconmodating thermal expansion

m smat ch bet&ggn eac%‘saﬁ@ chip and said next |evel of assenbly. 45. A

nmet hod of testing a sem conductor wafer conprising the steps of: a)

provi ding a senj,conduct or waf.er, conprising,integrated circuit chips
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el enent presenting array test patterns to said nenory array;

If a chip failure during test or burn-in results in a short and causes high levels of
power dissipation, the disconnect structure between chip 28 and membrane 20 described
above can be used to disconnect power and other membrane connections to that chip.
Disconnection can be accomplished during burn-in at elevated temperature or the wafer

can be removed from burn-in for the disconnection step.

Each test engine 29, such as the processor-based test engine 200 shown in FIGS.
12a-12c¢, can also be a tester for each single chip 28 on wafer 26, as shown in FIG. 2 and
FIG. 12a. Test engine 29, 200 can be located within each chip (FIG. 2) or it can be
located in space between chips (FIG. 12a). When located on chip, the test engine is a
BIST engine. Connection between a test engine located outside a chip and that chip is
- preferably made through membrane 20 to avoid a corrosion path along wiring extending

to the edge of a chip.

Contact is made through test engine pads 32' located at each test engine 200, as
shown in FIG. 12a or to common set of test engine pads 32a’ connected to a group of
test engines 200, such as those arranged along column 87a of FIG. 12b In this case
clock and scan in/scan out lines are in common for test engines and all these test engines
run in parallel. Alternatively, each test engine 200 can be a tester for a group of chips,
such as entire column 87b of chips 28a-28e on wafer 26, as shown in FIG. 12¢ and
contact is made to common set of pads 32b’. Shared test engines 200 can be connected to

test other arrangements of chips on wafer 26, such as a rectangular array of chips or half



c) running said second el enent, said second el enent receiving a result of
rsal & test patterns fromsaid array; d) running said third el enent, said
third elenment using said received result to allocate redundancy to repair a
defect on said nenory array; and e) providing said information for

i npl enenting redundancy on said nenory array to repair said defect. 46. A
nmethod as recited in claim45, wherein in said providing step (e) said
information is sent off wafer for repairing said array. 47. A nethod as
recited in claim45, further conprising a nenbrane connected to said
contacts, said nenbrane conprising W ring. - - 0 2 MAY 2003 48. A
met hod as recited in cIainFBS, mhgrein sg?d deﬂﬁidﬂﬁé’&ﬂﬂénory el ement. 49.
A nethod as recited in claim48, wherein said nenory el ement conprises
registers. SO. A nethod as recited in claim48, wherein said device is a

| aser cutting a fuse. 51. A nethod as recited in claim48, wherein said
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on said wafer, wherein said repairing step i's performed after sai

bur ni ng-i n dE¥Psanerhirapbieevignihdrediteitnggistsep. 55. A nethod as recited in

claim45, further conprising the step of burning-in a chip on said

Each test engine 200 reduces the number of pins that need be used to probe the

chips of a wafer in two ways first. First, a single test engine 200 can be connected to
several chips 28 (FIG. 12¢). And second, only about 6 probes are needed to contact
signal pads 32' of each test engine 200 for testing each chip 28 to which that test engine
is connected. Thus, test engine 200, whether individual or shared, provides for a

substantial reduction of the input and output probes required for testing the chips on a
wafer.

The present inventors have found advantage to provide a test engine located on
each chip of the wafer since a test engine on each chip provides a testing capability that

can be used to test that chip during its life in a system.

FIG. 5 shows test engine 29 on chip 28 contacted from membrane 20 with power
Vps, ground Gnd, and 5 signal paths, including A clock Acl, B clock Bel, C clock Ccl,
Signal in S;, and Signal out S, Test engine 29 is connected to and tests memory or logic
function 90 on chip 28 (drawing is not to scale) by providing signals along wiring A B,
Ca S; and S,on wafer 26. Test engine 29, as configured, will only give a pass or fail (P/F)
at the end of the testing or burn-in through the scan path connecting test engine 29 to the
various inputs of memory or logic function 90, and will not identify the failing pattern.
However, if one additional pass/fail data pin P/F, is provided to each test engine 29, as
shown in FIG. 13, and one additional wire (wire 8) is provided for external connection in
membrane 20, as shown in FIGS. 13, 14, the failing pattern and redundancy data can be

determined. Thus, in addition to power connection Vdd and ground connections GND to



wafer using signals fromsaid circuit, wherein tinme for running said step

» of burning-in said chip is adjusted to take into account rewite speed
avai l abl e by providing said circuit on-wafer. 56. A nethod of testing a
sem conduct or wafer conprising the steps of: a) providing a wafer
conprising a plurality of integrated circuit chips, said wafer further
conprising a test engine, said test engine connected to said plurality of
chips; b) testing said plurality of chips on said wafer with said test
engine; c) burning-in said chips on said wafer using signals fromsaid test
engi ne, wherein time for running said step of burning-in said chips is

adj usted to take into account rewite spged a‘ergﬁgf \ Jroviding said
test engine on-wafer. 57. A nethod as recited m 56, wherein in said
testing step (b) said chips are tested sequentially. -43- 07 MAY 2003 58.
A nmethod as recited in claimb56, wherein in said testing step (b) said

chips are test ad d ame tinme. 29. A gethod.as recjted in claimb56,
wherein said tes 1 e%{;imﬁdel%ﬁ?(%m O&é%"“_f ?linlcu?r_? gaeatlfR’F 89?‘%8355‘)&? RS F&rne§§fcgt]°t esting
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conpri si ng HEPS{%pPP-bRditespraspinipithrytestetlundancy i nf or mati on on sai d chips
and dicing said wafer, wherein said inplenenting redundancy step is
performed after said burn-in step and before said dicing step: a) providing
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-al | ocati on. pads 8 (Vps and Gnd are omitted from FIG. 14 for clarity). P/F is generated by

comparing the expected response with the actual response from the logic or memory
function, as shown in FIG. 13. One P/F output pin per chip is required. When a fail is
found a single bit goes out on that line. From the cycle number of that fail signal, the
address of the failing bit is determined by the tester or test engine. The function being
tested by the tester at that address is also known and a bit fail map for each function can

be generated. The tester uses the test data to generate a yield map, allocate redundancy,

and indicate which fuses on each chip need be blown to replace defective cells, word

lines or bit lines with redundant counterparts. Thus, chips are repaired after burn-in.

The tester can accumulate the fail address data and use the final results after
testing is complete to calculate the most optimal way to invoke redundancy sparing. In
small arrays, such as a small DRAM macro that is included on an ASIC logic chip, the
test engine includes fail address register 160 (FIG. 17) which accumulates failing
addresses during testing for later uploading to the tester for redundancy calculation,

eliminating communication with the tester during the test itself.

Preferably each chip P/F line from each test engine is brought out independently
to simplify data collection. Preferably a whole wiring level on membrane 20 is used for
these wires. FIG. 14 shows a top view of membrane wiring with P/F lines extending
from the output of the XOR compare circuit associated with each test engine (FIG. 13)

and extending to pads 8 located along periphery 39 of membrane 20.



62. A nethod of burning-in an integrated circuit chip conprising the steps
-of: &) providing a test engine proximte the chip to provide high frequency
signals to said chip; b) burning-in the chip using signals fromsaid test
engi ne, wherein time for running said step of burning-in said chipis
adjusted to take into account said high frequency signals avail able by
providing said test engine proximte to the chip. 63. A nethod as recited
in claim62, wherein in said chipis located in a nodule. 64. A nethod as
recited in claim63, wherein in said test engine is | ocated on said chip.
65. A nethod as recited in claim®64, wherein said chip conprises a DRAM
array and wherein said test engi ne pro¢ftdes %ﬁbﬁmﬂ to sai d DRAM
array. 66. A nethod as recited in claim®65, wherein burn-intinme is
adjusted to take into account the - 44 - 0 r MAY U03 proportion of tine
a voltage close to the applied voltage is provided across cells of said
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vector data (via A clock and C clock).

S, is used to output test vectors verifying the test engine logic function on the
chip. This logic test is accomplished during manufacturing test. S, is also used to scan

out failed array addresses for memory chips that are tested with the test engine.

Test vectors, in addition to those generated by on-wafer test engines, can also be
provided from an external tester. For high-speed test, these test vectors can be
downloaded to memory associated with the on-wafer test engine at relatively low speed

and then applied to the chip at high speed from there.

As shown in FIG. 15, test engine 29 has n lines for a 2" array for addressing. For
example, 22 address lines Addr are needed for a 64 megabit chip having 16 I/O. Ten
additional lines are needed for control commands Cind, including RAS, CAS, write
enable, clocks, and strobes. Also, one data in (Din) line is needed for each I/O in array
90' to bring the data in to and out of that I/O. Thus, for a 64 megabit chip having 16 I/O,
48 lines are needed to connect test engine 29 with array 90'. For shared test engines these
48 lines go to 48 pads on each DRAM chip. For a test engine for testing a single chip, it
is more practical to distribute the 48 connections internally within the chip being tested.
These I/O lines connect test engine 29 to all portions of array 90’ for full functional
testing of the array. Data coming out of array 90" at D, is compared with Expect data in

comparator 64.



73. A nmethod as recited in claim72, wherein burn-in tinme is adjusted to

take into account the proportion of tine a voltage close to the applied

voltage is provided across said circuit as a result of providing said chip

with a high frequency wite signal fromsaid proxinmate test engine. 74. A

method as recited in claim73, wherein in said circuit is a DRAM array and

said test engine rewites data to said DRAM array.
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higher than is available with standard burn-in technology with signals provided from a
tester connected through the burn-in oven and burn-in boards. Because a defective cell or
a weak cell may switch states, the inventors recognized that refresh alone is not
sufficient; refresh would maintain the cell in the switched state and therefore would not
provide the stress needed to cause a weakened cell to fail. Thus, for burn-in to be

successful, a test engine is needed that will repeatedly write the desired patterns into the
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t & #(en)gfrtllésv rlfmnmlg'%/t high speed maintain the DRAM cell capacitors at a substantially
higher voltage than is available with conventional low speed burn-in. They recognized
that this provides substantially greater burn-1n efficiency. The inventors further
recognized that the higher voltage and greater efficiency permits burn-in time to be
reduced as compared with conventional DRAM burn-in with low frequency oven testers.
This time savings and the reduced requirement for oven tester equipment substantially
lowers the cost of burn-in. This advantage is available whether the DRAM chips are

burned-in at wafer level or after packaging in a module.

FIG. 16 illustrates the advantage provided by on-wafer test engines on a cell
capacitor having a plate with a fixed plate voltage V.. set at half the maximum storage
voltage V... Curve (a) illustrates the extent of decay of a high voltage level across the
cell capacitor before a rewrite signal can be provided to a word line using conventional
low frequency signals provided from a burn-in tester outside the burn-in chamber. (b)
illustrates the decay of a low voltage level across the cell capacitor using conventional
burn-in. The average stress levels are shown by V(a) and V(b). Curves (¢) and (d) are the
corresponding curves with the higher write frequency, showing that the cell is maintained
at a substantially higher voltage. With faster write rate available with on-wafer test
engines, curves (c) and (d) show that the stress on capacitor oxides remains substantially
greater than is available with conventional burn-in. Because the frequency is higher the
average voltage across the storage capacitor oxide is higher, as shown in V(c) and V(d),
and the amount of time spent at the maximum voltage is greater. The present inventors
recognized that the increase in the fraction of time in burn-in that the cell experiences a

higher average voltage permits overall burn-in time to be correspondingly reduced.

In one embodiment burn-in is accomplished using a very simple state machine
test engine 29 to generate patterns and detect fails. The state machine for testing may

perform simple stuck fault testing or also present functional patterns to each chip for
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unique sensitivities. State machine test engines are well known in the art, having long
been in use for logic chip testing. They are described in commonly assigned US Patent

5,173,906, incorporated herein by reference.

In brief, state machine based test engine 29 and its connection to random access
memory (RAM) 140 is illustrated in FIG. 17. RAM 140 receives three signal sets via
MUX 142 from test engine 29 (Data in, Address, and Command). MUX control is
provided by external signal input 144 called “Test/No test.” Typical pattern sets for
burn-in test may include Unique Address Ripple Word and Ripple Bit, Checkerboard,
Word line Stripe, Data Stripe and Blanket patterns. All patterns are programmed into the

state machine during chip design and can only be changed by hardware redesign.

State machine operation mimics a nested FORTRAN “do-loop”; the outer loop
being Pattern Control unit 146 and the innermost loop being the Phase Control unit 148,
Each “do-loop” leg or block is responsible for maintaining particular information about
the pattern being executed. Pattern Control 146 points to the specific pattern being
exercised, and pushes the test engine into a continuous pattern set loop for burn-in.
Mode Control 150 sets address counter increment/decrement flag 152 and sets Data
Pattern Generator true/compliment data flag 154. Subcycle Control 156 maintains the

per address read/write sequence for the current test pattern

All test patterns can be broken down into three basic sequences, which are
blanket write (WBD), blanket read (RC1) and read/write/read (RC2). Phase Control 148
generates and controls the input signal wave forms to the RAM macro on a per cycle
basis. It is also responsible to controlling fail result computations during read cycles.
During a typical operational scenario, Phase Control block 148 issues per address
read/write commands to RAM 140. Once the per address read/write sequence is
satisfied, address counter 152 is updated to the next address. This continues for the full

RAM address space. Once the maximum address is reached, the HOLDN signal is issued
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to Subcycle Control 156 for a new per address read/write sequence, and address counter
152 is reset. Asin a “do-loop” fashion, when Subcycle Control 156 has completed all
pattern sequences for a particular Mode Control 150 order, a MUP signal is 1ssued to
Mode Control 150 for a new addressing and data permutation. This procedure is

continued until all patterns have been executed and fails logged

“Ripple” Address Counter 152 and the Data Pattern Generator 154 present input
information to DRAM 140, but under strict control of State Machine 29. Data
Compression 158 receives output data from DRAM 140 and compares it to expect data
computed and provided by Data Pattern Generator 154. Data compression 158 reduces
the full DRAM data output width to one pass/fail bit via an exclusive-or tree. If a failure

occurs, the address of the fail is stored in Failed Address Register 160.

Test engine operation is controlled by dual non-overlapping clocks (CCLK and
BCLK) in an L1/L.2 SRL logic environment where DRAM 140 1s treated as an L1 entity.
During any functional clock cycle, test engine 29 is executing three major tasks;
computing addresses and DRAM input data for the next operation cycle, performing
read/write operations on the DRAM, and logging fail results from a previous read
operation. Test engine 29 internal timings from hardware are shown in FIG. 18. DRAM
140, which is designed to latch last read data until a new read is executed, is
synchronized by an external clock in phase with BCLK. This permits operational
skewing between test engine 29 and DRAM 140. With STWAO (word address) low the
first read/write operation is performed successfully, i.e. EXDATA coincides with array
macro output DOUT16 and DOUT17 at mark “x”, which is signified by a high from the
Data Compression circuit output RESULTN. However, DOUT17 fails the next READ
‘1’ operation which is signified by RESULTN going low at mark “y”. The failed address
is then stored into the Failed Address Register. Results of all failed addresses would be
scanned out during a burn-in chamber read out. Having the fail data, redundancy can be

implemented to replace failing cells, word lines or bit lines.
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For pattern sensitive testing of memory and to provide on-chip or on-wafer
calculations needed to determine optimum redundancy allocation, a processor based test
engine may be used. A processor based test engine for testing DRAM arrays embedded in
logic chips has been described in commonly assigned U S. Patent Application
08/803,053, incorporated herein by reference. The present invention provides for using
these processor based test engines at wafer test and during wafer-level burn-in to provide

pass and failing data and to allocate redundancy to repair failing chips.

In brief, processor based engine 200 includes seven components, as shown in
FIG. 19: sequencer 205 containing the memory shown in FIG. 20, address generator
210, data generator 220, control block 230, clock generator 240, boundary latch pipe

state (shown as register 250), and two-dimensional redundancy block 260.

The memory shown in FIG. 20 includes late programmable fixed ROM 310 and
scannable ROM 320. Late programmable fixed ROM 310 can be altered at a late mask
step in the process line for fabricating the wafer 26. Scannable ROM 320 is latch based
memory that can be programmed at any time. Combined sequences of instructions
stored in these memories constructed by sequencer logic 205 produce typical test patterns
for testing a DRAM array. Thus, full test programs to characterize all aspects of DRAM

array are generated.

Scannable ROM 320 permits adding patterns to test program microcode after the
DRAM array has been fabricated so that newly discovered defect modes can be
characterized. These new patterns can later be included in fixed ROM 310 when new
masks are generated. In addition to providing for altering patterns or adding new
patterns, scannable ROM 320 can be used in test engine 200 to repeatedly loop on a
pattern or patterns to aid in characterization of defects. The looping is provided by

putting an appropriate branch address in scannable ROM 320.
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As described in the 08/803,053 patent application, test engine 200 is provided
with a two-dimensional redundancy allocation arrangement represented by blocks 255,
260, and 270 of FIG 19. The redundancy allocation arrangement monitors all the data
comparison failures and determines an efficient use of redundant word lines and data bit
elements without requiring a composite bit failure map. Read compare block 255
compares expected values provided by data generator 220 with observed values at DO
output 290 of the DRAM array. These values are stored in output register 295 during test.
Appropriate timing for capturing the observed test data is provided by clock generator
240. Register block 270 stores the results of the redundancy allocation logic and allows
scanning the results out to the die pads or to the module pins. A full description of
redundancy logic block 260 is provided in the 08/803,053 patent application, and the

reader is referred there for details as to how redundancy is calculated.

In essence redundancy logic block 260 utilizes two test passes of a pattern
through the memory to allocate how to implement redundancy. The first pass identifies
the must fix failures which are failures that can only be fixed by elements in one of the
two redundant dimensions. For example, if there are 6 fails along a bit line and there are
only 4 redundant word lines, the fail must be fixed by replacing the failing bit line. Once
these are identified and stored within the logic their corresponding fails can be masked
during a second pass of the pattern, where the remaining fails are fixed by other

redundant elements best suited for the fails identified.

Because processor based test engines can be programmed to provide any desired
pattern to the array, processor based test engines can be used for final test as well as for
in situ burn-in. Thus, all fails can be identified at wafer level before redundancy is
invoked and all repairs made at wafer level, capturing yield loss that would otherwise be

sacrificed as bumn-in fallout.

Test engines 29, 200 are connected to chip I/O pads 32", In the case where a
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single test engine drives multiple chips 28a, 28b, 28¢c, 28d, 28e (FIG. 12¢), lines 160a,
160b, to corresponding I/O pads 32a”, 32b”, of each chip are tied together in common.
An additional chip enable line 164a, 164b, is provided for each chip connected to test
engine 200 and used to enable chips 28a, 28b, 28c, 28d, 28e sequentially for serial testing
(however, tests such as retention time tests could overlap). Test engine 200 works in
conjunction with LSSD and uses scan to intitialize test engine 200 and to unload test
results. Twenty to thirty separate lines 160a, 160b, plus lines 164a, 164b, are needed for
connection between test engine 200 and chips 28a, 28b, 28c, 28d, 28¢ to which it is

connected.

In another embodiment shared test engine 165 has its compare and redundancy
allocating components distributed to each chip 28, as shown in FIG. 21. Shared test
engine 165 continues to contain the sequencer 205 and the memory 310, 320 (FIGS. 19,
20) that contains microcode to provide test data and control signals used to test chip 28.
With this arrangement the signals for test and expected value signals are sent out to all
chips 28 connected to shared test engine 165 simultaneously. The compare step and the
redundancy allocation step, both performed during testing, are run simultaneously on all
chips 28. Thus, time for testing and calculating redundancy for all the chips on a wafer is

reduced to the time required to test a single chip.

As shown in FIG. 21 control signals are distributed from test engine 165 on
control lines 166 and data signals are distributed on data lines 167 to all chips 28
simultaneously. The same data is later sent again as expect data for a read cycle on the
same data lines 167 to the compare circuit on each chip for local and simultaneous
comparison with data read from each memory array. Typically data is written
sequentially to many addresses to provide a pattern that is likely to disturb data in various
cells. Then data is read from the array to see if the data that was written is still there. Test
engine 165 marches through the addresses writing data to cause fails and then sends the

data again for compare and fail detection.
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Information regarding failing array elements is stored locally in registers in
redundancy allocation register 260’ (FIG. 19)on each chip 28, and that information is
used to allocate redundancy on all chips 28 simultaneously. Generally, storage registers
are provided in redundancy allocation register 260 to store an amount of data
corresponding to the number of redundant elements available. Registers for an entire
word line fail or bit line fail compress the amount of storage needed. To optimize the
redundancy allocation a two-pass system is used, as described in the 08/803,053 patent
application. In a preferred embodiment compare and redundancy are provided for each

one-megabit repair region on the chip.

The redundancy allocation information is read off the wafer by means of scan
chain 170 connected to each chip 28 on wafer 26. From the two pins 171, 172 of scan
chain 170 the redundancy allocation is read for transmission to a laser system to cut fuses

‘ on chips 28 for implementing redundancy (the information can also be used to set
electronic fuses or antifuses for implementing redundancy). This embodiment eliminates
the need to send the data read from the memory array back to test engine 165 for
comparison there (FIG. 11a, 11b). Thus, only a one-directional data line 167 is needed.
This embodiment also has each data line 167 and each control line 166 in common
between shared test engine 165 and all chips 28 being tested by that test engine. Thus,
fewer test engines or only one test engine is needed for testing all chips 28 on entire
wafer 26. The small number of test engines need not be located in kerf 51 (where they
would be replicated for every chip). Instead they can be located, for example, on one chip
site on wafer 26, along a center line of wafer 26, or along the perimeter of wafer 26.
Memory arrays that can be tested using this approach include DRAM, SRAM, NVRAM,
and ROM.

Alternatively, test engine 29, 200 can be located within each chip or it can be
located in kerf 51 between chips as shown in FIGS. 12a-12c¢. If located on each chip, test

engine 29, 200 continues to be available for testing after the chip has been packaged and
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provided in a system. If located in kerf 51 or located in a single chip site or along the
periphery of the wafer, test engine 29, 200, 165 is only available for testing while

connected to the chip I/O's before the wafer is diced

As an alternative disconnect scheme, gating transistors 176 are provided for each
chip 28a-28e to disconnect power to a chip that is shorted or that shorts during test or
burn-in, as shown in FIG. 12c. (For clarity transistors 176 and wiring to these transistors
are only shown for two of the chips). Power is provided to each transistor 176 along
common wire 178. Gate control line 179 from each transistor 176 extends on membrane
20 to test engine 29, 200 for control over connection to each chip individually.
Alternatively gate control line 179 from each transistor 176 is connected to pads for
external control. Power can be provided to all chips through their transistors 176 for
sequential test. If a shorting problem is detected, power is provided to one of the chips
connected to shared test engine 29, 200 at a time. Because DRAM chips draw low
current (less than 500mA), IR drop across gating transistor 176 is low and negligibly
effects test voltage. Variation in current is much lower on DRAM chips than on logic
chips and hence the voltage variation form chip to chip will be small. Because currents
for a DRAM are small gating transistor 176 can be small and it can, for example, be
located in kerf 51. Alternatively, since the current draw of a DRAM is relatively low it
may also be possible simply to resistor isolate the power supplies to isolate shorted chips;

in this case gating transistor 176 is replaced with a resistor.

Gating transistor 176 or an isolating resistor is provided in the power supply line
to each chip only during wafer test and burn-in, During normal operation other pads to
the chip are used for power connection. Thus, gating transistor 176 is used only during

test and burn-in.

Gating transistor 176 is located in the kerf adjacent each chip and is connected to

its corresponding chip through membrane 20. Thus, power lines extending across
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membrane 20 connect first through gating transistor 176 in kerf 51, then back to
membrane 20 for distribution to chip 28. Alternatively gating transistor 176 can be

located within chip 28, and in this case on-chip wiring can be used to connect it to power
lines on chip 28.

In addition to power connection, all other lines 160a, 160b extending from shared
test engine 29, 200 to pads 32a”, 32b™ on chip 28 can be provided through gating
transistors 184 that are similar to gating transistors 176. All of the gating transistors 176,
184 for a particular chip are located in kerf 51 and all can be controlled by a single line
186 that extends from the common gates of gating transistors 176, 184 to test engine 29/,
200, 165 or to a pad on membrane 20 that controls the connect/disconnect state of that
chip. Thus, all connection to a chip can be disconnected by a single gate control signal on
a single line 186 that extends to that chip. Altematively the gating transistors 176, 184
can be located within chip 28, and in this case on-chip wiring can be used to connect
each gating transistor to the corresponding lines on chip 28. Gating transistor 176, 184 is
only used during testing. For functional operation of chip 28 gating transistor 176, 184 is
not in the circuit to avoid series resistance or capacitive load. Separate functional chip
pads 32a”, 32b” and other functional chip pads are directly connected externally,
bypassing gating transistor 176, 184. In addition to these gating transistors 176, 184 and
the cuttable membrane connectors 31 previously described, fuses, and other devices,

such as electrically-controlled fuses and memory devices, can be used to disconnect
defective or shorted chips.

Test engine 29, 29', 200, 165 is made out of the same technology as other chip
components but it can be desi gned with additional guard band and relaxed ground rules
(if necessary) to insure that it operates with high reliability at burn-in temperature to
provide assurance that al] chips will receive stimulus during burn-in. Typically circuits in
a design library are designed to operate at burn-in temperature. Test engines are

preferably designed with more relaxed ground rules to further ensure their operation in
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bumn-in.

While several embodiments of the invention, together with modifications thereof,
have been described in detail herein and illustrated in the accompanying drawings, it will
be evident that various further modifications are possible without departing from the
scope of the invention. Nothing in the above specification is intended to limit the
invention more narrowly than the appended claims. The examples given are intended

only to be illustrative rather than exclusive.
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Claims

1. A semiconductor structure comprising.
a wafer comprising integrated circuit chips; and

a membrane comprising wiring, said wiring comprising first contacts electrically
connecting said wiring to at least one of said chips, said wiring further
comprising second contacts for connecting said wiring to a next level of

assembly after said chips and a corresponding portion of said membrane are

diced.
2. A semiconductor structure as recited in claim 1, said wafer further comprising at
least one test engine
3. A semiconductor structure as recited in claim 2, wherein said membrane is
electrically connected to said at least one test engine.
4.

A semiconductor structure as recited in claim 3, wherein said at least one test engine

comprises a processor.

5. A semiconductor structure as recited in claim 4, wherein said at least one test engine

comprises fixed memory and programmable memory.

6. A semiconductor structure as recited in claim 3, wherein said at least one test engine

is connected to only one chip.
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7. A semiconductor structure as recited in claim 6, wherein said at least one test engine

1s located within said chip

8. A semiconductor structure as recited in claim 3, wherein said at least one test engine

1s connected to a plurality of chips

9. A semiconductor structure as recited in claim 8, wherein a comparator circuit 1s

located on each of said chips.

10. A semiconductor structure as recited in claim 3, wherein said chips comprise
memory and said at least one test engine comprises a circuit capable of allocating

redundancy to correct defects in said memory.

11. A semiconductor structure as recited in claim 1, wherein said membrane further
comprises means for accommodating thermal expansion mismatch between each

said chip and said next level of assembly.

12. A semiconductor structure as recited in claim 1, wherein said membrane is

sufficiently thick and resilient to accommodate said thermal expansion mismatch

13. A semiconductor structure as recited in claim 1, wherein said membrane comprises

a surface adhesively connected to said chips.

14. A semiconductor structure as recited in claim 1, wherein said plurality of chips
comprise chip VO pads and chip power pads, said membrane being connected to
said chip /O pads and to said chip power pads, wherein said membrane remains on
said chips and connected to said chip I/O pads and said chip power pads after said

wafer is diced, said membrane providing a chip level package.



10% & ()- 10 h 10 h 10 h,"t!10%h& ()-3!,"t!10% & ()-3'& 10%h h& ()- 10%
h& ()- zXJ<=4 10BB 10BB! @1 109BB& ()- ,$:!109B& ()- !, $:!109%& () -
1 1098B& ()-!' M 1098B& ()- efgl MB74 10G 10G ; mLO%' ()- !'11
10%GG8 () -G # 1 10%GG& ()-! M 109%GG& ()-, Z 109%G& ()- 10BBghx?(rdVH4 10G 10
10GG 10GG 10GG F. : ! 109%3G& () - ! L! 109%3G& () - 04GR ( 10968 () -
el 1Ok (2003
15. A semiconductor structure as recited in claim 1, wherein said chip contacts comprise

means to avoid connection to a shorted chip or means to disconnect connection to a shorted chip.

16. A semiconductor structure as recited in claim 1, wherein said means to disconnect

connection to a shorted chip comprises a cuttable connector.

17. A semiconductor structure as recited in claim 1, wherein said cuttable connector

comprises a ribbon bond.

18. A semiconductor structure as recited in claim 1, wherein said means to disconnect

connection to a shorted chip comprises a fusable link.

19. A semiconductor structure as recited in claim 1, wherein said membrane comprises a

window.

20. A semiconductor structure as recited in claim 19, wherein said window extends over a

fuse for implementing repair on a chip.

21. A semiconductor structure as recited in claim 19, wherein said window extends over third

contacts, a second device mounted to said third contacts.

22. A semiconductor structure as recited in claim 21, wherein said second device is a second

chip, a capacitor, a resistor or a light transducer.

23. A semiconductor structure, comprising:

a wafer comprising integrated circuit chips, wherein said chips comprise a memory array;

said wafer further comprising a circuit comprising a first element, a second element, and
a third element, said first element capable of presenting array test patterns to said memory array,
said second element capable of receiving a result of said test patterns from said array, said third
element capable of using said result to allocate redundancy to repair a defect on said memory
array;

first contacts for electrically connecting said circuit for external electrical connection for

testing and burning-in said array at wafer-level; and
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delivering said redundancy allocating data externally for repairing said array.

25. A semiconductor structure as recited in claim 23, wherein said membrane comprises a

window for laser cutting fuses to repair failing chips.

26. A semiconductor structure as recited in claim 23, further comprising means to avoid

connection to a shorted chip or means to disconnect connection to a shorted chip.

27. A semiconductor structure as recited in claim 23, wherein said means to disconnect
connection to a shorted chip comprises a memory element selected from the group consisting of

a fuse and a non-volatile memory element.

28. A semiconductor structure as recited in claim 23, wherein said first element comprises
fixed memory and programmable memory and wherein said tests are contained as microcode in
said memories and wherein said programmable memory is capable of being programmed so

patterns generated by said first test element can be altered.

29. A wafer as recited in claim 23, wherein each said test engine is for testing or burning in a

single chip on the wafer.

30. A wafer as recited in claim 23, wherein each said test engine is capable of presenting said

test patterns to a plurality of the chips on the wafer.

31. A wafer as recited in claim 23, wherein each said test engine is capable of presenting said

test patterns to a row or to a column of memory chips on the wafer.

32. A wafer as recited in claim 23, wherein said test engines are capable of providing full

functional testing of chips on the wafer.

33. A wafer as recited in claim 23, wherein said third test element is capable of allocating at
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least one dimensional redundancy repair information.

34. A semiconductor structure comprising a wafer comprising a plurality of integrated circuit
chips, said wafer further comprising a test engine, said test engine connected to said plurality of
chips; and a membrane electrically connected to said test engine, said membrane comprising

contacts for external connection.

35. A semiconductor structure as recited in claim 34 wherein said wafer comprises columns

of chips and wherein said plurality of chips are along a row or column.

36. A semiconductor structure as recited in claim 34, wherein said membrane is physically
connected to said plurality of chips on said wafer, said membrane comprising selectable contacts
to form or break electrical connection to selected chips while maintaining said physical

connection.

37. A semiconductor structure as recited in claim 34, wherein a comparator circuit is located

on each of said chips.

38. A semiconductor structure as recited in claim 34, wherein said chips comprise memory
and said wafer comprises a circuit capable of allocating redundancy to correct defects in said

memory.

39. A semiconductor structure as recited in claim 34, wherein said circuit capable of

allocating redundancy to correct defects in said memory is located in each of said chips.

40. A semiconductor structure comprising:

a wafer comprising a plurality of integrated circuit chips; and

a contactor physically connected to said plurality of chips on said wafer, said contactor
comprising a membrane having selectable contacts to form or break electrical connection to

selected chips while maintaining said physical connection.

41. A semiconductor structure as recited in claim 40 said wafer further comprising a test

engine, said contactor making electrical connection to said test engine.
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d. dicing said wafer into chips and dicing said corresponding portions of said membrane.

43, A method as recited in claim 42, wherein said membrane comprises second contacts, said
method further comprising the step of connecting said second contacts to a next level of

assembly.

44, A method as recited in claim 42, wherein said membrane comprises means for
accommodating thermal expansion mismatch between each said chip and said next level of

assembly.

45. A method of testing a semiconductor wafer comprising the steps of:

a) providing a semiconductor wafer comprising integrated circuit chips, wherein said
chips comprise a memory array, said wafer further comprising a circuit comprising a first
element, a second element, and a third element, said wafer further comprising contacts for
electrically connecting said circuit for external connection,;

b) running said first element, said first element presenting array test patterns to said
memory array;

c) running said second element, said second element receiving a result of said test
patterns from said array;

d) running said third element, said third element using said received result to allocate
redundancy to repair a defect on said memory array; and

e) providing said information for implementing redundancy on said memory array to

repair said defect.

46. A method as recited in claim 45, wherein in said providing step (e) said information is

sent off-wafer for repairing said array.

47. A method as recited in claim 45, further comprising a membrane connected to said

contacts, said membrane comprising wiring.
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51. A method as recited in claim 48, wherein said memory element is an electrically

programmable memory element.

52. A method as recited in claim 48, wherein said memory element is a non-volatile memory

device.

53. A method as recited in claim 45, further comprising the step of dicing said wafer,

wherein said providing information step (e) is performed before said dicing step.

54. A method as recited in claim 53, further comprising the step of repairing said defect and
burning-in chips on said wafer, wherein said repairing step is performed after said burning-in

step and before said dicing step.

55. A method as recited in claim 45, further comprising the step of burning-in a chip on said
wafer using signals from said circuit, wherein time for running said step of burning-in said chip

is adjusted to take into account rewrite speed available by providing said circuit on-wafer.

56. A method of testing a semiconductor wafer comprising the steps of:

a) providing a wafer comprising a plurality of integrated circuit chips, said wafer further
comprising a test engine, said test engine connected to said plurality of chips;

b) testing said plurality of chips on said wafer with said test engine;

¢) burning-in said chips on said wafer using signals from said test engine, wherein time
for running said step of burning-in said chips is adjusted to take into account rewrite speed

available by providing said test engine on-wafer.

57. A method as recited in claim 56, wherein in said testing step (b) said chips are tested

sequentially.
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61. A method as recited in claim 56, further comprising the step of implementing redundancy
information on said chips and dicing said wafer, wherein said implementing redundancy step is
performed after said burn-in step and before said dicing step:

a) providing a wafer comprising a plurality of integrated circuit chips, said wafer further
comprising a test engine, said test engine connected to said plurality of chips:

b) testing said plurality of chips on said wafer with said test engine;

¢) burning-in said chips on said wafer;

d) storing redundancy information after said burning-in step to optimize redundancy

allocation.

62. A method of burning-in an integrated circuit chip comprising the steps of:

a) providing a test engine proximate the chip to provide high frequency signals to said
chip;

b) burning-in the chip using signals from said test engine, wherein time for running said
step of burning-in said chip is adjusted to take into account said high frequency signals available

by providing said test engine proximate to the chip.
63. A method as recited in claim 62, wherein in said chip is located in a module.
64. A method as recited in claim 63, wherein in said test engine is located on said chip.

65. A method as recited in claim 64, wherein said chip comprises a DRAM array and

wherein said test engine provides a write signal to said DRAM array.

66. A method as recited in claim 65, wherein bum-in time is adjusted to take into account the
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proportion of time a voltage close to the applied voltage is provided across cells of said array as
a result of providing said chip with a high frequency write signal from said proximate test

engine.
67. A method as recited in claim 62, wherein said chip is located on a wafer.
68. A method as recited in claim 67, further comprising a plurality of chips on said wafer.

69. A method as recited in claim 68, wherein in said test engine is shared by said plurality of

chips.
70. A method as recited in claim 68, wherein in said test engine is located on said wafer.
71. A method as recited in claim 68, wherein in said test engine is located on said chip.

72. A method as recited in claim 62, wherein said chip has a circuit that has a voltage that
decays with time, wherein said test engine provides a signal to restore a higher voltage to said

circuit.

73. A method as recited in claim 72, wherein burn-in time is adjusted to take into account the
proportion of time a voltage close to the applied voltage is provided across said circuit as a result

of providing said chip with a high frequency write signal from said proximate test engine.

74. A method as recited in claim 73, wherein in said circuit is a DRAM array and said test engine

rewrites data to said DRAM array.



