; e3e~~<Rl 6Tcp 01 APR 2~2 | C Testing Apparatus and Met hod The present
invention relates generally to apparatuses.and nethods for teSthg‘\P

el ectrical characteristics of IC (Integrated Circuit) devices, ﬁ%?@&
particularly to an 5 inproved |IC testing apparatus and nethod that are
capabl e of analyzing a specific cause of a failure or defect in each IC It

shoul d be obvious that the term"IC" as used herein al so reﬂmmlmlmm,"ﬂmml
(Large-Scale Integrated circuit). To ship nmass-produced IC i

final, finished 10 products of guarant efd performance and qual i tysieéxt i S
absol utely necessary to inspect electrital characteristics of all or sone

of the I C devices at individual stages of manufacturing and I

stations. Various |IC testing apparatuses have been w dely knﬂmm"luﬂﬂllmﬂmm
are designed to test electrical characteristics of I1Cs. For testigg.khe

el ectrical characteristics, the known | C testing apparatuses, in general,
first feed predél SieftHidD tARpapYs ARt Metro@ach I1C to be tested and then
reads out data, output fromthe ICin response to the fed test patten data,
20 to determ ne therefromwhether or not the IC has any trouble with its

basi ¢ behavi or _and function, Mre.s eci;i al | g in érltjl-e "function test"
oerformed byt TS RRGEIRE { SRYSRELORpEr LrEeR s TeBPEaAdiE: HonAPRARALYRRS en
dat first . i i .he. O A R
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det er m ne not t as any trouble w

functign. jhprelka trite telstatLRpparatus andtdRA thathegle ddgusi1d idg ng,
out put anplitudes, etc. of the I'C, by varying input timng and anplitudes,
etc. of vanadyzisigoBakpeendidatanssuéh asralthifs Sor didfectvin eadrae,
signal and chip-select signal, to be fed to the IC. Wiere the IC device to
be t estedIits showArbDbg diweidus lthaesthegteenhddCtypscalsked hesdsnaddrsss
data and test pattern data to the IC so that the test pattern data are
written i refleas| Coatany HrSoudaris Sle dastiegzated bylx¢ritbidr ess dat a.
Then, the same address data are again given to the ICto read out the data
fromthe same F®dr8B4Bs MASTHIAUFRY th Henbted 5 ashef 1@l o il dethedmt ch

h rn revi |y wri " ex val ue" . After
thgt f ?ﬁésg’%})@EFFg?%% pg%ar%li!l%:e)éd ptetre or?nsancee peacntded quaang'L y,datiat AJ.st €

absolutely necessary to inspect electrical characteristics of
all or some of the IC devices at individual stages of
manufacturing and testing statiomns.
Various IC testing apparatuses have been widely known,
15 which are designed to test electrical characteristics of ICs.
For testing the electrical characteristics, the known IC
testing apparatuses, in general, first feed predetermined test
patten data to each IC to be tested and then reads out data,
output from the IC in response to the fed test patten data,
20 to determine therefrom whether or not the IC has any trouble
with its basié behavior and function.
More specifically, in the "function test" performed by
the known IC testing apparatuses, predetermined test patten

data are first fed from a pattern generating section to the



"~ each of which is a one-bit data of |ogical value "0" or "1" representing

a "pass" (i.e., a successful result in the test) or "fail" (i.e.o SNPR
unsuccessful result in the test), are 20 recorded at i ndivi dual aa resggg
of a fail bit nmenory corresponding to an address map of the IC. In this
way, test result data of |ogical values "0" and "1" representing a "pass"”
and "fail" are mapped to the correspondi ng addresses in the fail bit nmenory
corresponding to the 1C s address nmap. 25 The "pass/fail" pattern data thus
stored in the fail bit nenory are utilized for further 1C analysis tests
dependi ng 01 APR 2002 - 3 on an intefded pur pose. Normally, such IC
analysis tests typically include a curability determ ning analysis test and

def ect ANt dedffindlh ¥t YAE 18 GOrEeLtodl auficaded|Afeie delagt!ve

5 bits of the 1C, the curability determning analysis test 1s designed to

map the faHeddiln Fpdtsd Mo lthd Gt FHESS Ehaf @ tikh fadda bida

menory during the course of the actual i test of the IC s electric

char act er ie3tantihed N it i né t Whetheér "8BPhBY, thiee 18t tlaed Mff amdeiead
out fromthe fail bit 10 nenory in order to substitutively allocate

addr esses wiadsact sattedls i t behleidai bad Puhetriba.r eMandant, |theesfunctien| C
Specifically, this curability determ ning analysis test is conducted, on

t he | Chmagegir cdhicinbendéedetor cheokesutput ddmémng . neutimtthamphictudssed | C
is "indefective" or 15 "defective" and whether the IC, if determ ned as
def ecti ve et€ s dfurtdist Gor hibtvaridg Hawucttiaring Andanmel fudesd ¢5€s on
the basis of the determ nation results. Note that the term"cure" as used

herein refod sVEl"éi?‘_é%lrFéﬁBPﬁﬁ e g?cﬁftaes§‘i‘|’¥bu?sl Bepﬁ'eéﬁ't I‘i’é‘tla_G iELt®h a 20
Mot act | venaa 1t diian TR Rl ntra e PRI GRAFS £ Chnaah FooDs: 4B space
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the 10 testing method typically feeds address data and test pattern
data to the IC so that the test pattern data are written in
the IC at various addresses designated by the address data.
Then, the same address data are again given to the IC to read
out the data from the same addresses to check whether or not
15 the read-out data match the test pattern data previously
written as "expected value" data. After that, test results,
each of which is a one-bit data of logical value "0" or "1"
representing a "pass" (i.e., a successful result in the test)
or "fail" (i.e., an unsuccessful result in the test), are
20 recorded at individual addresses of a fail bit memory
corresponding to an address map of the IC. In this way, test
result data of logical values "0" and "1" representing a
"pass" and "fail" are mapped to the corresponding addresses
in the fail bit memory corresponding to the IC's address map.

25 The "pass/fail" pattern data thus stored in the fail bit

memory are utilized for further IC analysis tests depending



25 nunber of usable addresses in the extra (redundant) physical space, then
‘the 1Cin question will be determned as ., 01 APR Cul2 - 4 "Cquﬁﬂﬁ?' but
if the nunber of failed or defective addresses is greater than the B2
.of usabl e addresses in the extra physical space, the ICwll be determ ned
as "incurable" . The above-nentioned curability determ ning anal ysis test
operates 5 to not allocate the usable addresses to the I1C s defective area
while allow ng the usabl e addresses to be allocated only to its indefective
area; thus each 1C with sone defective . area can be cured into an acceptable
| C and an enhanced yield of 1Cs is achieved. Therefore, it is desired that
'such a 10 curability determning analysis test be carried out with top

priority en e 4ridmssd PpaePesEoN Iﬁaﬁna@ﬂ,erghbn, I CakaiPPis i bhsts
determ ning analysis test is perfornmed on the I C nass production |line for

every mangypetalegd ificl@het Becatpilhapdietbeminfingt anhak¥sss tbest and
designed 15 to analyzing a specific cause of a failure or defect in the IC
as wel | adefrappi agadykads| ¢dshi.t area to an address space in the fail bit
menory. For these purposes, the defect analysis test uses the stored
contents of thénfa&n attemphoty morrgcdo omr cuue thesitl gghrometiefectdule as
address data and test 20 pattern data used in the pas/fail test and woul d

t ake aScobitgepibltheadSuntthst qurabilidyodgtermining capalyalysitesteds, it
is possible to ascertain details of_ a defect, such as_whether the defect is

present ateaignedi £q BAP; the Sediled-bit anaa wf yth&t Enstoeanr 84988 Sshe
surface of _the | [ he shape of a_. horizontal or vertical narrow
e ThoepasfeotieEhe: Pafl biERebEy o anTinS LBRLFOERe BNt EStrgn of a
Cm o SFhohain BRI SRS AR Sulealitey el Y
the mapping, the stored data are read out from the fail bit
10 memory in order to substitutively allocate addresses,
associated with the failed bits, to redundant lines in the IC.
Specifically, this curability determining analysis test is
conducted, on the IC mass production line or process, to
determine whether the tested IC is "indefective" or
15 "defective" and whether the IC, if determined as defective,
is curable or not, and then actually cures the failled bits on
“ the basis of the determination results.
Note that the term "cure" as used herein refers to
rearranging the address input logic of the IC in such a
20 manner that a physical space of given addresses having
determined as "defective" or "failed" is replaced by an extra
(redundant) physical space and thereby placing all the
defective addresses of the IC in a usable condition. If the
number of failed or defective addresses is smaller than the

25 number of usable addresses in the extra (redundant) physical

space, then the IC 1in question will be determined as



In some cases, such defect analysis test is perforned off the nmass
production line extractively for selected ones 5 of the nanufactoneﬁpkgﬁﬂ
rat her than on the mass production |ine for every manufactured 1 C, but such
an extractive defect analysis test is not desirable froma viewpoint of
quality control. Nanely, fromthe viewpoint of quality control, it is
preferred to performthe defect analysis test for every 10 manufactured |IC,
whi ch woul d, however, present the problemthat a longer test tine is

requi red. However, because the curabiLi&y_deternining anal ysis test and
defect analysis test are performed separately, execution of the two tests
woul d result in each test cycle taking a longer tinme, thus leading 15 to

| ow | G maggupaddect,i eutehifi ehensimbéh @Fdidiney dxe iR tike Hd@idddsy
determ ning analysis test and defect analysis test are carried out using
conpl et el ¥ sSgp@iatior tterdd NtheppaibdisSes, ubapleoadantspsal iappheaax bl d
require relatively high costs. 20 In particular, for satisfactory defect
anal ysi s, physiicajlespsserythe W atilde bendeteirménsdnasohbhetoabial er Theom
which the IC chip in question is produced, rather than that 1C chip al one;
to this epdovenmendigaedccugakidty determining aralbyshy ytast apanales e
fail data on every 1C chiptgroduced 25 froma same | C chip. For_exanple, in

a situdti &/ Wl ahircrERstBe Peabdppaddressasetl ohta Ifng defartdoifiuct or
01 APR 2002 - 6. .wafe dat a be accunulated for, this r pose uld
omoant. ¢ oazer, gbidE ALy ing, tRa EsA5TE MRS L0 d e A S
data al on | d, t ake an,enornous .amount. of .t ne,.and subsequeni|y anal yzin
the acqut PR HE: A ASheELIERAtrds A Bashr B At i, B HC oY i he a'

o, OSPRS00 fORy gD el sl had S e

even nore serious probl'em | ore an object o esent

inventionge@ PLEVidihiadd: t esthdiSe APRAS atiys a5d deyach Wiheht CaAcRCQ@i re
10 information for analyzing a defect of an I C while sinultaneously

per f oLOI Ngugaba i tyC dedliriny nde baaTyRiirg tasd v careSled eutavilth s
production line, and thereby can anal yze a specific cause of a defect in

the |1 C copetibrdntyl yon the IC mass production line. Generally, the

curability determining analysis test is performed on the IC

mass production line for every manufactured IC.

On the other hand, the defect analysis test is designed

15 to analyzing a specific cause of a failure or defect in the

IC as well as mapping a failed-bit area to an address space

in the fail bit memory. For these purposes, the defect

analysis test uses the stored contents of the fail bit memory

but also various test parameters such as address data and test

20 pattern data used in the pas/fail test and would take a

considerable amount of time. Through this defect analysis

test, it is possible to ascertain details of a defect, such

as whether the defect is present at a particular tiny spot or

a relatively extensive area on the surface of the IC or in

25 the shape of a horizontal or vertical narrow line. Thus, the

defect analysis test can be useful for identification of a



with the test. 15 According an aspect of the present invention, there is
‘provided an I C testing apparatus which conprises: a main tester unimthﬂmz
tests an I C device for presence of a defect for each of a plurality of
.addresses thereof under predeterm ned test conditions and stores test
results for 20 individual ones of the addresses into a first nenory; a
curing anal ysis processing section that cures each of the addresses of the
| C device determ ned as defective on the basis of the test results for the
i ndi vi dual addresses stored in the fir menory; and a defect anal ysis
section that acquires, fromthe 25 mair’tester unit, the test results for
t he i ndi vi dual p~A~~~ addresses along with test condition data

i ndi cativepetithe pegeasserdr ngd desdctandiflbiiangd Oost AeFdde, t gRlarriasyl ts
and the test condition data into a second nmenory, and anal yzes ‘a specific
cause of aoflerelt and AR afementi oFf artileshamdiudtior rddgsd. results for
t he individual addresses and the test condition data stored in the second
menory. Accor diImg same heapesseatichndefiecan,antdiegy s ntéetst &5 peirtf oparedfdr ns a
determ nation on quality (acceptability of electrical characteristics},
i.e., a weFf- khewmasss grcductispn gsine fertrachivély hEonddeésstedofonas | C
device, to ascertain presence/ absence of a defect for each of the

addr esBesof TREepRaTULactured I@gurashesr thea api theluaasadiredyed iame
stored into the first nenory or fail bit nepnory in a bit-map format. The

curing anhi)si EOBrevesyi AgrILactyredules BRERSYF 13Tk exf ragdrises defsict he 1 C
device determ ned as qgfectivg. To.thbi e%d, t he Curiqg,agalgsis pqgessing
section |‘3’éﬁﬁ’?ﬁ§s §&%ect VRO haAPRLERRIG TERE phsY LYo IRE Bhs 1Y est

| t kn t i.rst i I d t.
(ooul L TBAREHoh ¢ Naddiat onf e N 4odBIBLY BROGLUSHLoBERRIASE Ll

def ect i vefgdg&%sf,%%sre\ei 4 P LKSER Phe! BE¥RIANGAAYESS SPSLCrBRT RGLEDY

pl ace the defective addresses In a usable condition. The IC testing

appar g UsmahGfatharedesd deifel wHaLES hoWRSArON gred{ OtHE dgh@t1en
anal ysis of the I C device concurrently with, i.e., in parallel with the 25

oper ati onghdy bhaomjer tessertimet ianteeuiired .analiyweve P ObegatiBg I8 i on.
Specifically, this defect analysis p ~ AP R 2002 g _section acquires,
fromthe carabigitygrdeberminhngtasalyess|test and Hefiowd wndulals isddreasdses
along with test condition data indicative of the predeterm ned test

condi t i ondreoPeforagd iRRATGE Kbcopearhbe) plovitfedtwd tastanaopdlids
section. 5 Then, .on the basis of the test results and the test condition

data t husT€PBLEdIPNeRAB $EE5NEYALADEGRIPHeRdEPBECTakAMGs| S ieddlifithl yzes

a spefgflgoc g%eI%tm%g% %ﬁ% bef%&rg%éf%iency. In addition, because

the curability determining analysis test and defect analysis
test are carried out using completely separate testing
apparatuses, the conventional approach would require
relatively high costs.

20 In particular, for satisfactory defect analysis, it is
necessary to analyze an entire semiconductor wafer from which
the IC chip in question is produced, rather than that IC chip
alone; to this end, in the defect analysis test, it is
necessary to accumulate fail data on every IC chip produced

25 from a same IC chip. For example, in a situation where

hundreds of IC chips are formed on a single semiconductor



device. Thus, a defect analysis test can be perforned by the defect

anal ysis section during the tinme that the ,pass/fail 10 test and curability
determ ning analysis test are carried'out by the nmain tester uni t0 BABR 2002
curing anal ysis processing section on an I C mass production line. At that
time, the results of each pass/fail test by the main tester unit can be
utilized for both the curability determ ning analysis test and the 15
defect analysis test, which achieves greatly enhanced efficiency; that is,
there is no need to performa separate quality test for defect analysis and
hence the total test tine can be shorfehed to a significant degree. In
addition, with the arrangenent that the defect analysis test is perforned
20 concur LapbLY Wiy the t?%”é‘z?ég&&&i’a?&&ef&?cntpﬁ apﬁh:}é%'s% Rtig ¢ 4{& mass
production can ‘progress wthout a need to wal Po progression o e

defect angbyai Aub8Stuadhtitht hont tRyessely Aldettiny ¢he MR Yddiftity

efficiency of the mass production |1 ne. Zé The principle of  the present

i nventi onoganiat$0 alenebeentd amk® "Bh hesthoriewd | eMouhBNey, tike Rifsent
i nvention 01 APR 2D02 _ g _ provides an IC testing nmethod which

conpri sessubskeguentidiyep anh lyating pahei catquisédgedataanwd@ldlevifliee an
production process, testing an I C device for presence of a defect for each
of a pbur addtiyionhadddmessems heneaht uofletipeedet?s na nedstdst FTheombdr ons
and storing test results for individual ones of the addresses into a first
menory; aefédodgnsyepfotheucpnyerbiihnel approadn cscwbd ddresrnt @nieMere
determ ned as defective on the basis of the test results for the individual
anressesm§F6ré@rﬂﬁuﬁhQHQQ%¥“ﬂenDry; athird step of, in response to 10
testing of the IC device by the first step, acquiring the test results for
t he individual addresses along with test condition data indicative of the

det i d t diti t tore th t [t d the.t t
bondi t1on dat a Tntte s ARESHA Re By YPISTE P oiie nORTERNb! IRNERTICRy &P
ecific 5 _of f j I i j {.est
?gsu: tls fg?B?EgLi r? I \}i%d&%&gglgr e@? e?agt:nﬁdt %gﬁgghotggﬁv I ?{o%ag{atala tlolerd in

the segondnFBfmbtion" PE6Al | ghathbhingPerati gageot the fidst apd sapond
steps. The principle of the present invention can also be 20 inplenented as

a recordi ggmiRtan®otisAly NpeafPENIHIM axeecsld Bbl (@unami CoHpUtRIteminitme or
nore CPUs for carrying out such an I C testing nethod. For better
under st andnadysfist teszhova andIOthass fmadduesiah 1ime praskntheretsntcaom, t he
preferred enbodi nents of the

analyze a specific cause of a defect in the IC concurrently

with the test.

15 According an aspect of the present invention, there is
provided an IC testing apparatus which comprises: a main
tester unit that tests an IC device for presence of a defect
for each of a plurality of addresses thereof under
predetermined test conditions and stores test results for

20 individual ones of the addresses into a first memory; a curing
analysis processing section that cures each of the addresses
of the IC device determined as defective on the basis of the
test results for the individual addresses stored in the first

memory;:; and a defect analysis section that acquires, from the

25 main tester unit, the test results for the individual
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According to the present jpvention, the main tester unit
performs a determination on quality (acceptability of
a well-known pass/fail

electrical characteristics), i.e.,
10 test., for each of the addresses of an IC device, to ascertain
presence/absence of a defect for each of the addresses. The
pass/fail test results for the individual addresses are stored
into the first memory or fail bit memoTry in a bit-map format.
The curing analysis processing section cures each of the
15 addresses of the IC device determined as defective. To this
end, the curing analysis processing gection jdentifies
“ defective addresses on the basis of the pass/fail test results
jrst oOr fail bit memory and then rearranges
o replace & physical

mapped in the f

the addresSs logic of the 1c device t
20 space of the defective'addresses with an extra OT redundant
address space and thereby place the defective addresses in a
usable condition. The I1C testing apparatus also includes &
defect analysis section to perform defect analysis of the IC
device concurrently with, 1.e.. in parallel with the
25 operations by the main tester anit and curingd analysis
processing gection. Specifically, this defect analysis



01 AP R 2002 - 11 neasurenent section 52, a timng section 53, a pattern
generating section 54, a pin control section 55, a pin electronics 56APEZMH
fail menory 57 and an input/output sw'tching section 58. The tester unit 50
al so includes various other 5 conponents, although they are neither shown
nor described herein since they are not essential to the present invention.
The control section 51 conprises a mcroprocessor, which controls and
manages overall operations of the IC testing apparatus. Thus, although not
specifically shown, the control 10 section 51 includes a ROMfor storing
system prograns and a RAM f or storing'v%r?ous data. Via a tester bus (a
conbi nati on of data, address and control buses) 6A, the control section 51

s conneckad il i XegPasUheIRA! nagh! LoLt o2 udifll NS Okt Al tern

generating section pin control section 55 and fail nmenory 57. The

control segll Qe ki JYOM HESL 1AGIF s SBASHL6AE WiithS @ekOR oA 1Wildh [XadLst
data, provides the timng section 53 with timng data to initiate a

function tasticatifredl 0 fHOVHESSe t&EmPRéE CtBsgeROhALItAGnSEFOXOs tradd h a
program and 20 data necessary for generating a test pattern. Al so, the
control seattioontldd eeicomids memooys patdverdediat int dheheanatpetsi \seciniponent s
via the tester bus 6A. The timng section 53 stores the timng data,

recei véd fThem,t loa tbet bebiseofi bheStiestnresules ian@rite testorgonditin t he
basis of the received timng data, the timng section 53 provides the
pattern géadeatihitp setered 5n) thien sagand|memory, Aphg defect gnalysitson 55
and fail menory 57 with high-speed clock pul ses CLK and_provides a read
ti,m ng si §SLIPA 13PAHE29F nac FRECHE iCe F3WFE 58T atlter A9ttty Fhe THus,

Lhe operabl g spocn.l thapalicin.genstalog seclion Shomlysoptoel
the defect analysis section during the time that the pass/fail
10 test and curability determining analysis test are carried out
by the main tester unit and curing analysis processing section
on an IC mass production line. At that time, the results of
each pass/fail test by the main tester unit can be utilized
for both the curability determining analysis test and the
15 defect analysis test, which achieves greatly enhanced
efficiency; that is, there is no need to perform a separate
quality test for defect analysis and hence the total test time
can be shortened to a significant degree. In addition, with
the arrangement that the defect analysis test is performed
20 concurrently with the curability determining analysis test,
the IC mass production can progress wilithout a need to wait
for progression of the defect analysis test and without
adversely affecting the operating efficiency of the mass
production line.

25 The principle of the present invention can also be

embodied as a method invention. Namely, the present invention



timng section 53, and the timng to wite and read data to and fromthe IC
71 to be tested is determined by the timing signals PH Qutput ti@fAPR2002
test signal P2 to be passed froma formatter 60 to the pin electronics 56
and a switching 10 signal P6 to be passed froman I/O formatter 61 to the
i nput/output switching section 58 is controlled on the basis of the timng
signal PH fromthe timng section 53. In response to a timng sw tching
control signal CH received fromthe pattern generating section 54, the
timng section 53 15 operates to vary_t@e_operational cycl e and phase of
the tester unit 50 as necessary. ' The pattern generating section 54
Teceives fromthe control section 51 data necessary for generating a test
pattern (pireveaesd s e @ntkpatne me tadd®)wianeh t Semppiousdea Fiz@tdattRp
selector 59 of the pin control section 55 with pattern data PD based on the
recei ved dfit aatSpepatttatllayr stegpadf e I mevdiden produictdiond propesat,es
either in a programred node where it outputs regular test pattern data

t hr ough véestdsgarint Hfetdeyigperfair qedeseel of a héefiect ofpogearsh, odr a n a
25 nmenory stored node where it previously stores, into a predeterm ned

i nternal BRpEA}it¥hi e waddregsses nathereef | |unfler Qrreferieapgned 13est
"pattern nen0[¥ﬂ), data to be witten into the IC and then reads out the
st or edSdafarditigrsapBdatbireiR@stent Oesdd 1 fPReindiyHdvaL¥BSS Rf fle

i rregul ar qr random.pattern ﬂata!éeﬁfec;ed val ue da%aé. g The,gin control
section 589AREFFEEs 1Y AditiHn BFVRE aBoVeSHRNt F bRRdCGalrrdli%e 59

and fornag%e%hgoad eE%%sf%%”Eh%e&c6$e%E%ead%%%E§@%%%rahp%k%égﬂfvé‘bnﬁz-
The data S&l ector of tThe pincontrol "section conpri SeES a nenory

having st ped Rl d Vb O¥Bstetastin@lale d0 £hgALhaT ka1 (addheandat a

and to-be-witten data) switching sign creating data P5 and expected

val ue dat g¢BtedThe 4de? S8 ACIUMAS e&etﬂfﬁdtgﬁeﬁaéf?rﬁndéhﬁ bhed the
pattern generating section 54 as an address, so that it provides the test

si gnahocr eakithggdaim e 30 viREG SHEPnehelTidstatdtp dabhaqhdrang emeect ed
val ue data P4, corresponding to the address, to the formatter 60, 1/0O
formatter téstanesodnipar fdor thegi Individunal 68ddrespest ialedng whthynewtoni sm
with the timng signal PHfromthe timng section 53, the fornmatter 60
processescphditdon dafaaln@iratiss iofgthat br¢detemminedtesth¢onglitfdand tt en

data) Pl supplied fromthe data_sel ector 59 to thereby create a
pr edet er ntRe§tRECetbEMtESE FesYd tehans dheedoRdy EPaAMde™ Wata into a

second memory; and a fourth step of analyzing a specific cause
15 of a defect in the IC device on the basis of the test results
for the individual addresses and the test condition data
stored in the second memory, in parallel with operations of

the first and second steps.
The principle of the present invention can also be
20 1mplemented as a recording medium storing a program executable
by a computer or by one or more CPUs for carrying out such an

IC testing method.

For better understanding of the above and other features
of the present invention, the preferred embodiments of the

25 invention will be described in greater detail below with



pin electronics 56 as the test signal P2. The I/O formatter 61, in
synchronismw th the timng 25 signal PH fromthe timng section 53,
processes the switching signal creating data P5 fromthe data sel eBfoAPR N2
to thereby 0O ~ pPR 2002 - 14 create a predeterm ned waveform and feeds
the created waveformto the input/output swtching section 58 as the
switching signal P6. The conparator logic circuit 62 conpares an output P3
5 from an anal og conparator 65 of the pin electronics 56 and the expected
value data P4 fromthe data selector 59 and then provides the fail nmenory
57 with pass/fail pattern data Fail thadf ©'s indicative of the conmpari son
result. The fail nenory 57, which corresponds to the fail bit nmenory as

descri bed beh o Rpelati ; entd 0 Bchpi ques, is

provi ded F%?egggkkngodgpgi%%ﬁéﬁ%%ﬁﬁﬁgﬁetﬁerggﬁ% g%%ﬁgrato? logic circuit
62 has deterni mag.the |fsas "taldRd” aihgrhwnciipistesting ot detaildd - .
whet her the ICis defective or indefective); such data are stored on an
addr ess- byvaddnessetuphas sari M@ béétimgy appaBatubuihhaecoid@npien with

el ectronics 56 conprises a plurality of drivers 64 and anal og conparators
65. The aaalpog feamest admived HGbemt eofr dhied gd-a gerdor teseoniong whliehi @ar o t he
i nput/output termnals of the I/C connector 70, one for each input/output
20 t er b nalimukitaheousiy pgerferm 84cwralhki tyaletenuipnatarasl Bl aartest
connected to given ones of the input/output termnals of the I/C connector
70 vi a t hanfingefesi ArakwsiThtegt seét aon 158 orsrei € cAREY, Predusddaise to
the switching signal P6 fromthe |I/O formatter 61, the input/output

swi t chi ng1dBBti on 58 25 switches connection between one of the drivers 64

igd Ragflzo? ggm&%;gﬁo%%pgr}% tahree itnl%lét /c%lgIQ:%t sth%ern%alt%voOfeéarr]neplle/sC of 4 -
behavior of the IC testing apparatus of Fig. 1l; Fig. 2A shows
10 a case where the apparatus performs the curability determining
analysis test and defect analysis test at different timing and
Fig. 2B shows a case where the apparatus simultaneously
performs the curability determining analysis test and defect
analysis test; and

15 Fig. 3 is a flow chart showing an exemplary sequence of

operations performed in the defect analysis test.

Fig. 1 is a block diagram illustrating a detailed

overall setup of an IC testing apparatus in accordance with

a preferred embodiment of the present invention, which is

20 capable of simultaneously performing a curability determining

analysis test and defect analysis test of each IC device
manufactured on an IC mass production line.

As shown, the IC testing apparatus generally comprises

a tester unit 50 and an IC connector unit 70. The tester

25 unit 50 includes a control section 51, a DC (Direct Current)



Via the input/output swi tching section 58, the drivers 64 feed signal 6

| evel s corresponding to the test signal P2 fromthe formatter 60 ob1 t@ﬂf?ﬁ
control signal 55, to the 5 input/output termnals of the |I/C connector
unit 70 and hence signal input term nals, such as address, data,

chi p-select, wite-enable termnals, of the IC 71, to thereby wite a
desired test pattern into the I1C 71. Each of the anal og conparators 65
receives a signal 10 output fromthe data output termnal of the IC 71 via
t he input/output switching section 58 3nd conpares the received signal with
reference voltages VOH and VOL, so tha Lt Re conparat or 65 outputs the
conparison result to the conparator logic circuit 62 as read-out data P3.

Wher eas ?Qbﬁr@fnernt&e dec®08h0% £OMAr &A% gE5s8EE18AT MBS | ¥ aorg\ét%%ﬁ or
the two reference voltages VOH and VOL in rélation to each of the | data

out put tegeheaehhab t88ctfordl 501 ¥ openOofcdharsinalsegta@mpas gt ors gﬁﬂ S
showmn in Fig. 1. In synchronlsnlmﬁth t he hi gh-speed cl ock pul ses 2

gener at edefleemrohéclsi BEN0a i1 Menfoy Bheaha@idn mepurty duk Rito o8 tohdsld ai |

pattern data Fail fromthe conparator logic circuit 62 at its address

| ocati on secitéspoidi.ng The ttees Edrnesst sb@nal sADihcdmdeke vpartibaisn ofdyear at i ng

section 54. \Wen the tested IC 71 has been determ ned as "failed" or 25

" def ecbi vetmpphenttsi.| akhryals7theyusme f neitkedi ISMVﬁhaIIWEi segicriped

possi bl e defective point or region of the I1C 71. The 1 Ap R 2002 - 16

pass/ f ai | hgaeder ingeathay| arauRokesRNTint He ftiq Rﬁﬁﬁﬁﬂ$ gnvandiQdad out

by the control section 51 to under redet er m ned curablllgé ternlnlng
stV

anal ysi s test. "R EPRED RECEAPRLPLi ¢ Rt i oh R
5 th 1 | t 51
Bre{)gggg?nﬁ S 33t LFEYG( n%%néﬁgﬁ;%vels;e Lg‘g%%ﬁ?%%o%%/ gfde o Egngﬁefsﬁ%lq est
{ rBE"SHG:
Postirg! LBBRaALLS! Bl SiAteh i nbi® s EERYPILE0TY ?‘E‘?‘g‘q Ao ppridor &

uni t §pat sbét&eﬂp%%eqrﬁﬁmsar@'ly@u SeSiat &t HBIRG Ys§8€LOPrB8ramsCRAHOG and a
hard disk drive (HDD) 67. The IC

RAM for storing various data. Via a tester bus (a
combination of data, address and control buses) 6A, the
control section 51 is connected with the DC measurement
section 52, timing section 53, pattern generating section 54,
15 pin control section 55 and fail memory 57.
The control section 51 provides the DC measurement
section 52 with DC test data, provides the timing section 53
with timing data to initiate a function test, and also
provides the pattern generating section 54 with a program and
20 data necessary for generating a test pattern. Also, the
control section 51 outputs various other data to the
respective components via the tester bus 6A.
The timing section 53 stores the timing data, received
from the control section 51, into 1ts internal memory. Oon
25 the basis of the received timing data, the timing section 53

provides the pattern generating section 54, pin control



testing apparatus further includes an analyzing work station 69 that

anal yzes any deficiency or failure of the IC 71 on the basis of tHp1 APR 2002
anal ysis data acquired via the analysis data 15 acquiring unit. Into the
anal ysis data nenory section 68 provided in i parallel with the fail nenory
57 of the main tester unit 50, the analysis data acquiring unit stores the
pass/fail pattern data Fail having been obtained for the curability

determ ning 20 analysis test, as well as various other data to be used for
the defect analysis test. Specifically, under predeterm ned test conditions
such as a predeterm ned test speed artd 12est pattern, the analysis data
menory section 68 acquires not only the pass/fail pattern data Fail given

fromthe t | 204 j | =62 byt o) 0 n
%%EEEBE 95 %?%mt £ nfenfc?d) 57691 PHIR ﬁ'%@%@{* &i@éj& t@(;‘inﬂiflt'%ee?fé&-lfo be

address PGAD passe e pattérn generating tron

~ ~ pp R 3882 prdv/iadestedre £X PGB gV at Hign &Rt PrEXPHALR ot NEin Widdn & 10Ut put

fromthe IC 71, etc. The analysis data nenory section 68 has a storage
capacity sau@liohos6ragaepael mémoryhsd . ofrrdie, ftiaid JPIFIVANY spEeds dfo
provi de for acquisition of a great nunmber 5 of sinultaneously neasured data
in testingha paktephi gehgratingsseptodnced, |fn ddritarol e cnody B85 adat a are
acquired in the analysis data nenory section 68 during the tests of

mass- pbodfiedd memoriyhé7CRUe6Govesnednbyt $hiehelweko pylsest iCBK 68 dmr dihe he 10
conparator logic circuit 62. Then, the CPU 66 stores the anal ysis data,
accumnul at §4mipgt Keckdedr Y se@ndbriles, timing the waibedasR &adn dpitiee tfaor m
and al so transfers the analysis data to the anal yzi ng work station 69.

Speci fi caPP§, TERE EPS @§f]qe$9tbﬁe%ﬁ%ﬁ?@i%sdg?ﬁgrﬁéﬁﬁﬂrgﬂ ithet Fd My ysi s
data 15 j 6 i t.hi hor t th,of ti d.t f th
Gote 15Ty Segty on G U8 STENL | SI0L RS 1T G50, Siter the
conpl et eéggﬁ?adfgﬁng{LEPgG&ngot%l'?%v.séPi{ SRELAL NS B oLy Aralus s, 'q@tsfa on
a next | C device are acquired. 2 h' SUCH an ar rangenent & the anal ysi s

data ggn ?Egﬁﬁﬂ“ié@dt 't@QUtpa;sfs%ldCiPﬁcéxﬁnf“agggﬁPét ft#rﬁa*%fﬁ‘e%litiﬁ)g 9hhd he

tests of e mass-produced Cs. Furt ecause the f¢ nmenory 57 can be
used eXC'ﬂﬁbﬁgyﬁuﬁﬁhttB%iQ%hﬁhg|bbﬁtd%heB@'&bn%oﬁﬁébuib% 0®Stthd bdsSis

possible to elimnate a need 25 for reserving a great storage capacity nore
than necesgartheédndiming signal PH from the timing section 53. In
response to a timing switching control signal CH received from
the pattern generating section 54, the timing section 53
15 operates to vary the operational cycle and phase of the tester
unit 50 as necessary.

The pattern generating section 54 receives from the
control section 51 data necessary for generating a test
pattern (microprograms and pattern data) and then provldes a

20 data selector 59 of the pin control section 55 with pattern
data PD based on the received data. Specifically, the pattern
generating section 54 operates either in a programmed mode
where it outputs regular test pattern data through wvarious
arithmetic operations based on the microprograms, or in a

25 memory stored mode where it previously stores, into a

predetermined internal memory (which will hereinafter called



also to mnimze various tine-related requirenents. p ~ AP R 2al12 - 18
Furt hernore, because data of the entire sem conductor wafer can be stored
in the analysis data nmenory section 68, a detail ed defect analyﬂﬂsA%%ﬂmBe
performed on a wafer-by-wafer basis. In addition, storing data in the
anal ysis data nenory 5 section 68 on a |lot-by-lot basis will permt a
detail ed defect analysis of each of the lots and will also be useful for
enhanced yi el d. Whereas the conventional |C testing apparatuses are
intended mainly for testing I1Cs, the I1C testing apparatus can be used
effectively to devel op new I Cs 10 and &Pso can shorten the necessary tine
for the devel opnent. Now, behavior of the IC testing apparatus of the

enbodi meng g@%gcggﬁpd@a@pig&eg MahiRal BhEEENGS ke ek Thid ¢RA" R ghdTlgR, 27

and 2B; spe y ows exenplary behavior 0 conventi ona

| C testingeagRaiAitUS IS €otdle éét&uﬁgg:hH Danfde A B JUk aé'ﬂifﬁbéet g3t and

defect analysis test are perforned at different timng, whi Fig. 2B shows
i exenpl atMebaltavi®r thbrebe IdutiRid | NerePPBaRt BE QHardddn PH&6ESEN| Ae@Rt | on
where the curability determining analysis test and defect analysis test are
per f or mred( expettadeoadg. dakal)n the case of Fig. 2A where the curability
determ ning anal ysis test and defect analysis test are perforned by the
sane | & testinFhappdnacostabldiskdeient 56i dnedudasnedas addy ttiome tioortheach
chip test equals a sumof tinmes required for the two tests, which will thus
never | eadboveamengiphedastatzs seliectoonSion amdk formpthereddar yanedt/Qti ne.
However, in this case, the |IC testing apparatus need not be exchanged w th
a, ~ ~ pprrpgber €3 apg By COMRIFAFAThJ CHSarcditimdtidad? i ne the defect
analysis is to_be p rforneq#ﬁgnd apsence of such an exchanging tine can

& Yo

contribute to réfuct?bh & taf toc,fsttP?nﬁ’.l_Ib'ncPHErSthe?e e %7 the
anal yei s vOupETsES R PbREEY BYVERY ehtudR EhEkRAGvERTalE: FoE ralPircoust y
in pajgl | ghedtifgeadhe 2t Nelaaddls NaGESS AN gt B E O wtAllef Nidhta) 1,
switching signal creating data P5 and expected value data P4.
The data selector 59 receives the pattern data from the
pattern generating section 54 as an address, so that it
provides the test signal creating data Pl, switching signal
15 creating data P5 and expected value data P4, corresponding to
the address, to the formatter 60, I/O formatter 61 and
' comparator logic circuit 62, respectively.
In synchronism with the timing signal PH from the timing
section 53, the formatter 60 processes the test signal
20 creating data (address data and to-be-writtemn data) Pl
supplied from the data selector 59 to thereby create a
predetermined waveform and feeds the created waveform to the
pin electronics 56 as the test signal P2.
The I/O formatter 61, 1n synchronism with the timing
25 signal PH from the timing section 53, processes the switching

signal creating data P5 from the data selector 59 to thereby



test can be hal ved, which therefore nakes it possible to performthe chip
test virtually twce as fast as in the case 10 of Fig. 2A. Al though the
total tinme froma start of the analysis data acquiring test to afpdifiiR When
transfer of the analysis data to the analyzing work station 69 is
conpleted, i.e., the analysis data processing tine, is the sane for the
case of Fig. 2A and the case of 2B, the latter case can 15 substantially
advance or bring forward a start point of a next analysis data acquiring
test and consequently enhance the J overall test throughput to a
significant degree. Fig. 3 is a fIOM/tH%ﬁf'shomﬁng an exenpl ary sequence of
operations perforned in the defect analysis test according to 20 the

enbodi ”entcfgc?ﬁé"pa ?g??@ferﬂnﬂﬁgﬁt&%fﬂ‘tﬁ $nd %te]gﬁtsegag’é?/r?%§§& Wveform

pr edet er mi ned pass test operations is perforne e tester unit 50.

At next stp e RapWtiAutpRd! taFitdlidg r 8sutiant sfg st hBepassif@ing est
operations are acquired fromthe tester unit 50 and stored into the

anal ysi s datghald penory section 68. At step S3, algorithns are selected for
detecting one or nore specific failure nodes. Note that the 01 APR 2p02 -
20 term "fail urkee nodepanatasedolgdceiaincefidr 62 occampares e ahaidwghit P&t t ern
or distribution that woul d appear when an | C devi ce havi ng sone defect or
defi ci éncyfram tast analndecogparatogstt Scorfdi thenpsinBedagtaonticiss Séncwd
enpirically that each 5 defective IC exhibits a different or unique

fai | ed- bi tthe spastheabyadasedaditigP4nfaoparhecdrhe saleetor thareidren the

cause can be identified enpirically by_ascertaupiqgkmhich of the failure
nmodes t he FEQVIges theyifai NABYY of esfbRfs/d 2B A terhrddta ¥atd ure

de i ncl "single-hit 1 il " de_wh h i h fail ed
b ts | ediAeR BARBNE o shea RPeFEapRr LRRRIEa. oiRe | FAHh AR o
"pair bit failugres, mde ‘é@@%@g&h%c? éﬂg EWq 1 f adi'tedm%éfy' %SS%&seéJ.sitS)gd and
a "line fallure” node er ere aré ' three"or nore talfed bits i'n

Farveahondtinds A skbitich Sudatpuf Sepyerfubige, ot diaf om st
correspon@igritde@NFo®Net&f ih§edata indicating whether the comparator
logic circuit 62 has determined the IC as "failed" the
function test or not (i.e., whether the IC is defective or
indefective); such data are stored on an address-by-address

15 basis in a bit-map format.

Further, the pin electronics 56 comprises a plurality of
' drivers 64 and analog comparators 65. The analog comparators
65 are provided in corresponding relation to the input/output
terminals of the I/C connector 70, one for each input/output
20 terminal. Either the drivers 64 or the analog comparators 65
are connected to given ones of the input/output terminals of
the I/C connector 70 wvia the input/output switching section
58. Specifically, in response to the switching signal P6 from
the I/0 formatter 61, the input/output switching section 58

25 switches connection between one of the drivers 64 and analog

comparators 65 and the input/output terminals of the I/C



specific failure nodes are extracted fromthe analysis data nmenory section
68. At next step S5, other bit pattern data 20 (pass/fail pattern data
FAIL) than those corresponding to any one of the specific fail ureqRoges 2002e
extracted fromthe analysis data nenory section 68. After that, at step S6,
various test conditions are set for the bit pattern data (pass/fail pattern
data FAIL) corresponding to the specific 25 failure node, such as a range
of the analysis test, test pattern data, input |evel and data and out put
determ ni ng p 1 pP R 2002 - 21 condition. At next step S7, the defect
analysis test is carried out in accorddmcé with the test conditions set at
the preceding step. Then, fromresults of the perforned defect analysis
test, ste iqies whether or not there has 5 been an increase or
decrease,%ﬁﬁﬁﬁ¥¥t Z?qkst range, in the nunber of the failed bits fromthe

| ast - det ect ed W@é€¥h@iiﬁp@ﬂﬂo@hﬁﬁ@eéwﬂfcﬂQﬁgtQ@c%@%ﬂl%%,m¥ﬂé1dff%éﬂ§0ifiC
failure node. If desired results have been obtained as determ ned at step

S8 (YES deuerpédmtignals heotlei eeeé18nabysespbaalings tb0 they ridad adigndi | e if
desired results have not been obtained (NO determ nation), execution of the
def ect an®2yfiront ¢de iformattiemruéd aft thespihi oontreeld asbdysl s55 esto the
conditions. In sunmary, the present invention having been described so far
achi evés timpuigimaftipus theaminalsaefathei L4Ci adoneatponuilbt n2¢ sashheriacs
analyzing a defect in an IC during a test (curability determ ning analysis
test) on SHENAssLIWdUEeFBindlse andht ASr aB(ress e i AP -Eflgsle a

specific cause of a detected defect.
\ write-enable terminals, of the IC 71, to thereby write a

desired test pattern into the IC 71.
Each of the analog comparators 65 receives a signal
10 output from the data output terminal of the IC 71 via the
input/output switching section 58 and compares the received
signal with reference voltages VOH and VOL, so that the
comparator 65 outputs the comparison result to the comparator
logic circuit 62 as read-out data P3. Whereas a pair of the
15 analog comparators 65 are normally provided for the two
reference voltages VOH and VOL in relation to each of the
/ data output terminals of the IC 71, only one of the analog

comparators 65 is shown in Fig. 1.

In synchronism with the high-speed <c¢lock pulses
20 generated from the timing section 53, the fail memory 57
stores pass/fail pattern data Fail from the comparator logic
circuit 62 at 1its address location corresponding to the
address signal AD from the pattern generating section 54.
When the tested IC 71 has been determined as "failed" or
25 "defective”, the fail memory 57 is used for detailed analysis

of any possible defective point or region of the IC 71. The



~1 AP R200z - 22 CLAI MS1 An ICtesting apparatus conprising: a
main tester unit that tests an I C device for presence of a defeCtAfPKPRWMM
of a plurality of addresses thereof 5 under predeterm ned test conditions
and stores test results for individual ones of the addresses into a first
menory; a curing anal ysis processing section that cures each of the
addresses of the |IC device determ ned as defective on the basis of the test
results for the individual addresses stored 10 in said first nenory; and a
defect anal ysis section that acquires, fromsaid main tester unit, the test
results for the individual addresses'hﬂﬁ%@ with test condition data

i ndi cative of said predeterm ned test conditions to store the test results

and 15 t hgl@str AN HaltitQrridat d Phq1atAREOFEoPBADVIY ) t1HE ke AR IR 57
specific cause of adefect in the IC device on the basis of the teéest

resul ts fard heeaadi bh@uabPrﬁd@hGSS@§nﬁf‘Qlt h€e&€sdn CORNMi ti®N Wi gd OrLd i n
said second nenory. 2. An | C testing apparatus as recited in claiml

wher ei n 2priclde te@mimad eulrabian texdie te adihi £5§ B0 iardswhered te ik
curing anal ysis processing section rearranges an address logic of the IC
devi ce tothepl curablphyyi daltegpdod ngf awlywis t hestiddragssbe getrefionmat as
defective with the extra address space and thereby places each of the

def ect Bve edddreassky¥ ithey geagrel spectiypnR3ADOOr- B3 acopeParahe Hatm |1 C
testing apparatus as recited in claiml or 2 wherein the test condition
data and PROGESSINGEARRArafus, (not shown).

For execution of a defect analysis test as described
earlier in relation to the conventional techniques, the IC
testing apparatus of Fig. 1 further includes an analysis data

10 acquiring unit that is composed of an analysis data memory
section 68, a CPU 66 and a hard disk drive (HDD) 67. The IC
testing apparatus further includes an analyzing work station
69 that analyzes any deficiency or failure of the IC 71 on
the basis of the analysis data acquired via the analysis data

15 acquiring unit,.

Into the analysis data memory section 68 provided in
parallel with the fail memory 57 of the main tester unit 50,
the analysis data acquiring unit stores the pass/fail pattern
data Fail having been obtained for the curability determining

20 analysis test, as well as various other data to be used for
the defect analysis test. Specifically, under predetermined
test conditions such as a predetermined test speed and test
pattern, the analysis data memory section 68 acquires not only
the pass/fail pattern data Fail given from the comparator

25 logic circuit 62 but also a program count PC, an address PGAD

passed from the pattern generating section 54 to the IC to be



plurality of the I C devices are accunulated into said second 5 nenory, and
wherein said defect analysis section analyzes a defect in a particular one
of the 1C devices on the basis of the test results, stored in said sec
.menory, of the |IC devices produced froma sane sem conduct or maﬂprApﬂ.

|C testing apparatus as recited in one of clains 1 to 10 3 wherein said
main tester unit perforns a test sequence including: a step of designating
wite addresses on the I1C device and witing test pattern data at the
designated wite addresses; 15 a step qf, designating read addresses on the
| C device and readi ng out data fron1fh§7désignated read addresses; and a
step of conparing the data read out fromthe read addresses and

pr edet er mrRad cRX PRSIRG Y a1l WS eixpriad tHRY wieSt e WHp St F&sim i NLO
said second 20 nenory results of said test sequence perforned thereby. 5.

An | C testheg T®tTDd €08Pr i Theg analysist ddteP mémoBy 8epalibhcélBamasy age of
an | C device production process, testing an |IC device for presence of a o]
~ Apa 2002torafie defpxiitfyregash ©b arplgmemtidry tHamdthatses tther effilinder
predeterm ned test conditions and storing test results for individual ones
of the adoeaogysSi’nt §oaaki kot previbde; for sacgints 5t bpn of £ cargrep e auimigr t he
addresses of the 1C 5 device determ ned as defective on the basis of the
t est r&suPfs sigulitpacoydly; MeAsuRed dadas g desting S ipskiqidiibrgf a
third step of , in respgonse to testing of the IC device by said first step,
acquiring ﬁé'@%@é _Iﬁgf'for the 10 individual addresses along with test
C?ndltlon dataﬁfggga{ﬁgeanalysis data are acquired in the analysis
data memory section 68 during the tests of mass-produced ICs,
the CPU 66 disconnects the memory section 68 from the

10 comparator logic circuit 62. Then, the CPU 66 stores the
analysis data, accumulated in the memory section 68, into the
hard disk 67 in file form and also transfers the analysis
data to the analyzing work station 69. Specifically, the CPU
66 files the analysis data, acquired in the analysis data

15 memory section 68, within a short length of time and transfers
the thus-filed data to the analyzing work station 69; the CPU
66 operates to complete these data filing and transfer
operations before analysis data on a next IC device are
acquired.

20 With such an arrangement, the analysis data can be
acquired without reducing throughput during execution of the
tests of the mass-produced ICs. Further, because the fail
memory 57 can be used exclusively for the curability
determining analysis test, it is possible to eliminate a need

25 for reserving a great storage capacity more than necessary and

also to minimize various time-related requirements.



of the predeterm ned test conditions to store the test results and the test
condition data into a second nenory; and a fourth step of analyzing a
specific cause of a defect in the IC device on the basis of the t $IAPR 2002
results for the 15 individual addresses and the test condition data stored
in said second nenory, in parallel with operations of said first and second
steps. 6. An ICtesting nethod as recited in claimb5 wherein the test
condition data and the test results of a plurality of 20 the I C devices are
accunul ated into said second nenory, ng wherein said fourth step anal yzes
a defect in a particular one of the I evices on the basis of the test
Tesults, stored in said second nenory, of the I C devices produced from a

same seni pepEherAbreaf Because dahl R200% -erbird . sémiBehdnetbeagaltee
recordi ng nmedi um containing a group of instructions of a program executabl e

by a conpeéaer besastopedgriam theprarsalygisa 8atat nsdnepryf stestibng 68, | &
device for presence of a 5 defect for each of a plurality of addresses

t her eof udebaipeédddeeot nramhlysis coandibde @es fanthest oni agwa€sr-bgswhtferf or

i ndi vi dual ones of the addresses into a first nmenory; a second step of
curing eadeasds.t hbn aftiikcben, ofitaming datayiide thet anpilisd sadagaf BEMP¥F on
the basis of the test 10 results for the indjvidual addresses stored in
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that a spe IC cause O ect int evice i s 20 analyze onthe
basis of gLoreHgCaphaPhEusf canl HeSGERAUefFfectively to develop new ICs

10 and also can shorten the necessary time for the development.
Now, behavior of the IC testing apparatus of the
embodiment will be described with reference to timing charts
of Figs. 2A and 2B; specifically, Fig. 2A shows exemplary
behavior of the conventional IC testing apparatus where the

15 curability determining analysis test and defect analysls test
are performed at different timing, while Fig. 2B shows

| exemplary behavior of the IC testing apparatus of the present
invention where the curability determining analysis test and
defect analysis test are performed simultaneously.

20 In the case of Fig. 2A where the curability determining
analysis test and defect analysis test are performed by the
same IC testing apparatus at different timing, a necessary
time for each chip test equals a sum of times required for
the two tests, which will thus never lead to a significant

25 reduction in the total necessary test time. However, in this

case, the IC testing apparatus need not be exchanged with a
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analysis data acquiring test and consequently enhance the
) overall test throughput to a significant degree.

Fig. 3 1s a flow chart showing an exemplary sequence of

operations performed in the defect analysis test according to

20 the embodiment of the present invention. First, at step S1,

a set of predetermined pass/fail test operations is performed

by the tester unit 50. At next step S2, pass/fail pattern

data resultant from the pass/fail test operations are acquired

from the tester unit 50 and stored into the analysis data

25 memory section 68. At step S3, algorithms are selected for

detecting one or more specific failure modes. Note that the
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test conditions. Because it is known empirically that each
5 defective IC exhibits a different or unique failed-bit
distribution depending on a particular cause of the defect,
the cause can be identified empirically by ascertaining which
of the failure modes the failled-bit distribution corresponds
to. Examples of the failure mode includes a "single-bit
10 failure” mode where there is no other failed bits immediately
before and after a particular failed bit in question, a "pair-
bit failure"” mode where there are two failed bits in
succession, and a "line failure" mode where there are three
or more failed bits in succession due to a failure of a data

15 or word line.
Then, at step S4 following step S2, bit pattern data
) (pass/fail pattern data FAIL) corresponding to any one of the
specific failure modes are extracted from the analysis data
memory section 68. At next step S5, other bit pattern data
20 (pass/fail pattern data FAIL) than those corresponding to any
one of the specific failure modes are extracted from the
analysis data memory section 68. After that, at step 56,
various test conditions are set for the bit pattern data
(pass/fail pattern data FAIL) corresponding to the specific

25 failure mode, such as a range of the analysis test, test

pattern data, input level and data and output determining
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been an increase or decrease, within the test range, in the
number of the failed bits from the last-detected failed bits
and whether or not the results match the specific failure
mode. If desired results have been obtained as determined at
step S8 (YES determination), the defect analysis test is
10 terminated, while if desired results have not been obtained
(NO determination), execution of the defect analysis test is
continued after setting new analysis test conditions.
In summary, the present invention having been described
so far achieves the benefits that it can acquire information
15 necessary for analyzing a defect in an IC during a test
(curability determining analysis test) on the mass production

) line and thereby can effectively analyze a specific cause of

a detected defect.
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a curing analysis processing section that cures each of
the addresses of the IC device determined as defective on the
basis of the test results for the individual addresses stored

10 in said first memory; and

a defect analysis section that acquires, from said main
tester unit, the test results for the individual addresses
along with test condition data indicative of said
predetermined test conditions to store the test results and

15 the test condition data into a second memory, and analyzes a
specific cause of a defect in the IC device on the basis of
the test results for the individual addresses and the test

condition data stored in said second memory.

2. An IC testing apparatus as recited in claim 1 wherein
20 the IC device has an extra address space, and wherein said
curing analysis processing section rearranges an address logic
of the IC device to replace a physical space of each of the
addresses determined as defective with the extra address space

and thereby places each of the defective addresses in a usable
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defect in a particular one of the IC devices on the basis of
the test results, stored in said second memory, of the IC

devices produced from a same semiconductor wafer.

4, An IC testing apparatus as recited in one of claims 1 to
10 3 wherein said main tester unit performs a test sequence
including:

a step of designating write addresses on the IC
device and writing test pattern data at the designated write
addresses;

) 15 a step of designating read addresses on the IC device
and reading out data from the designated read addresses; and

a step of comparing the data read out from the read
addresses and predetermined expected data, and

wherein said main tester unit stores into said second

20 memory results of said test sequence performed thereby.

5. An IC testing method comprising:
a first step of, at a particular stage of an IC device

production process, testing an IC device for presence of a
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a third step of, in response to testing of the IC device

by said first step, acquiring the test results for the

10 individual addresses along with test condition data indicative

of the predetermined test conditions to store the test results
and the test condition data into a second memory; and

a fourth step of analyzing a specific cause of a defect

in the IC device on the basis of the test results for the

15 individual addresses and the test condition data stored in

saild second memory, in parallel with operations of said first

| and second steps.

6. An IC testing method as recited in claim 5 wherein the
test condition data and the test results of a plurality of
20 the IC devices are accumulated into said second memory, and
wherein said fourth step analyzes a defect in a particular one
of the IC devices on the basis of the test results, stored in
said second memory, of the IC devices produced from a same

semiconductor wafer.
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of instructions of a program executable by a computer, said
program comprising:

a first step of testing an IC device for presence of a

5 defect for each of a plurality of addresses thereof under
predetermined test conditions and storing test results for
individual ones of the addresses into a first memory;

a second step of curing each of the addresses of the IC
device determined as defective on the basis of the test

10 results for the individual addresses stored in said first
memory;

a third step of, in response to testing of the IC device
by said first step, acquiring the test results for the
individual addresses along with test condition data indicative

15 of the predetermined test conditions to store the test results
and the test condition data into a second memory, said second

] memory being capable of storing therein the test condition
data and the test results of a plurality of the IC devices so

that a specific cause of a defect in the IC device is

20 analyzed on the basis of stored contents of said second

memory.

8. A machine-readable recording medium as recited in claim
7 wherein said program further comprises:
a fourth step of analyzing a specific cause of a defect

25 1in the IC device on the basis of the test results for the
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individual addresses and the test condition data stored in
said second memory, in parallel with operations of said first

and second steps.



