MEMORY TESTING APPARATUS AND METHOD CROSS-REFERENCE TO RELATED
APPLICATIONS [0001] This application claims priority from Japanese Patent Application No.
2003-146319, which was filed on May 23, 2003, in the Japanese Patent Office, the disclosure of
which is incorporated herein in its entirety by reference. BACKGROUND OF THE INVENTION Field of
the Invention [0002] The yvaSSIOIOVeniiST IS GIAPIRARNTUS K M IME PRStus and testing method
in which the test results corresponding to the performance of a memory under test are stored in a
failure memory and subsequently counting the failure bits stored in the failure memory, and more
particularly, to a memory testing apparatus and method, which can reduce the time required for
functional testing of mem@R @SR ERENiHEII0XE BicARERtAP AT (QODB)NEmMory testing
apparatuses perform tests for various operational parameters of a memory, such as a power supply
voltage margin §0fDafcesehitapphoaicocdntdefecsivey itsrofdprnese Praent A gadmagmiional memory
testing appagatu he.one disclgsed in Ja aid- n Patens Publication No. hei
033615, e AT e o R T A
operations bsetisolvthee mfimbahof defegtoretbitbaetecia ienthetyneyofyrdfidche number of defective
bits detected in the memory exceeds a predetermined number, the memory is determined to be
irreparable and is then excluded from subsequent wafer processing operations. If, on the other hand,

during which an attempt to repai NERSANIPINe i Algbhventional memory testing
apparatus will now be described more fully with reference to FIG. 1. [0004] As illustrated in FIG. 1, a
test head 1 iEigld &Il ¥eRfititied to a memory 10 to be tested (hereinafter, referred to as a device
under test (DU'I(;)B for transmitting/receiving signals to/from the DUT 10. The test head 1 includes a

format controlldP Bl a dhEMESSEE SRYBRVRILIEAICHHY A RGNS PAE 1itngt

method in which the test results corresponding to the performance of a memory under
test are stored in a failure memory and subsequently counting the failure bits stored in
the failure memory, and more particularly, to a memory testing apparatus and method,

which can reduce the time required for functional testing of memory devices.
Description of the Related Art

[0003] Memory testing apparatuses perform tests for various operational
parameters of a memory, such as a power supply voltage margin and access time, and
count defective bits of the memory. A conventional memory testing apparatus, such
as the one disclosed in Japanese Laid-Open Patent Publication No. hei 9-33615,
determines whether a memory is eligible to undergo subsequent wafer processing
operations based on the number of defective bits detected in the memory. If the
number of defective bits detected in the memory exceeds a predetermined number, the
memory is determined to be irreparable and is then excluded from subsequent wafer
processing operations. If, on the other hand, the memory is determined to be
repairable, the memory will be subjected to additional processing during which an
attempt to repair the memory will be included. A conventional memory testing

apparatus will now be described more fully with reference to FIG. 1.

[0004]  Asillustrated in FIG. 1, a test head 1 is electrically connected to a
memory 10 to be tested (hereinafter, referred to as a device under test (DUT)) for
transmitting/receiving signals to/from the DUT 10. The test head 1 includes a format

controller FC, a driver D, a comparator C, and a digital comparator DC. The format



1 controller FC reshapes a pattern input thereto and outputs the reshaped pattern to the driver D. The
driver D receives the reshaped pattern from the format controller FC and adjusts or sets the desired
voltage level, and outputs the adjusted pattern to the DUT 10. The comparator C receives the output
from the DUT 10 and checks the voltage level of the output signal. The digital comparator DC

compares oS IEeERIMRAHAYIDE SAPRAMA! Goith AxDesiadNaterdata meRivad frem the pattern

generator to determine whether the DUT 10 fails or passes the memory test. [0005] A pattern

generator 2 SUH5HES pAREHEVE' hshisathattshanadaticradsentder Jotpat FAEPHFES the test head 1
and simultang@ugi) 96 R RIS IRAVERIESo AL AGHE SR PBINfRI B A AR st dahgenerating

addresses. A multiplexer 4 selects between the addresses generated by the pattern generator 2 or

the addressé2UdeltbrAa i ERdra s Bumide SURRATTRE e RS sGigrk @Ylata obtained
from the test/ieaselcRIrespRndingiteithaladdiegsamresaiyemaisemehempHinrioxgids A failure bit

counter 6 counts the failure bits of the failure memory 5. A controller, 7 cagntrols the address pointer 3,

the multiplexXSF4YMIP¥atRFeMBATEISF & Wi fressifdraa iRt daitEres VA LERIIS BHLESing unit (CPU) 8

controls the paiteifganesaliphidandeihe eanolien @ f0006hiheopenatiansf thig conventional testing
apparatus generally according to FIG. 1 will now be described further with reference to the operational

flowchart for su@oe@sgonvenianal (esirgaPpaiaius paavided:in Fitsindufsaitkisteaigdnn FIG. 2, the
CPU 8 sets the leve] of a power supply voltage to be supplied to the DUT 10 to a, predetermined level,
such as 3.3 STRLES ST PREE OIS SIEYoRADE SERHI S RS EAT Dy the
predeterminedh wddage poiiitergowvey poot(s) wethoDidhettiugingdacsiee ct/cutitdnipldEr)dgenerator (not

hown). [0007] The CPU 8 will then instruct the patt tor 2 to injtiat tion test usi
Cignal A S ST R b R O CORTOALH T AHTARY Bt SU0r 2 nas boon

instructed togaidaiethsy fircihdaspolntaielpanteluikercondrglestérasitarirthéatn vbipiaxer 4 to select
the addressef\.rsogletrﬂl%r%t&%ead 1 corresponding to the addresses received from the multiplexer 4.

A failure bit counter 6 counts the failure bits of the failure memory 5. A controller 7

controls the address pointer 3, the multiplexer 4, the failure memory 5, and the failure

bit counter 6. A central processing unit (CPU) 8 controls the pattern generator 2 and

the controller 7.

[0006]  The operation of the conventional testing apparatus generally according
to FIG. 1 will now be described further with reference to the operational flowchart for
such a conventional testing apparatus provided in FIG. 2. As illustrated in FIG. 2, the
CPU 8 sets the level of a power supply voltage to be supplied to the DUT 10 to a
predetermined level, such as 3.3 V, in step S11. In response to this voltage setting,
the test head 1 will apply the predetermined voltage to the power port(s) of the
DUT 10 using a direct current (DC) generator (not shown).

[0007]  The CPU 8 will then instruct the pattern generator 2 to initiate a
function test using a signal A’ in step S12. The CPU 8§ also informs the controller 7
that the pattern generator 2 has been instructed to initiate the function test. In
response, the controller 7 will set the multiplexer 4 to select the addresses generated
by the pattern generator 2 and also command the failure memory 5 to perform a write

operation.

[0008] The pattern generator 2 outputs a background pattern (sometimes also

referred to as a rear or initialization pattern) that will write a data value of “1” or “0”



by the pattern generator 2 and also command the failure memory 5 to perform a write operation.
[0008] The pattern generator 2 outputs a background pattern (sometimes also referred to as a rear or
initialization pattern) that will write a data value of "1" or "0" 2 into each cell of the memory in order to
initialize the individual memory cells with a predetermined state. The format controller FC receives the

background pasteseHtm o8 PRERIG-PaNsFaPEZimeanapas thaRakiarauR(d Ralteiwaytputs the
reshaped background pattern to the DUT 10 via a driver D,,andég;rforms a write operation in step

S13. [0009] BREESHBIRTEMBES: cEls Fratiramirlifalitctrcalisndisibrr saratnd PRYREYF ¢fBnerator 2 will
generate anghe iRt A geadisite lrRshRgttaR ack SoURSpanEinGL MemMP-addigsses to the format

controller FC. The format controller FC will reshape the addresses and the test pattern and output the
reshaped adtfesEOuNd Ry {RE Fé?stﬁﬁﬁ?eldw&‘t”ﬁétfgﬂﬁ%[?hé“éWW&M&“&I’?\P@F@P%% digital
comparator da6 wilt receive the resulting output pattern from the DUT 10 via the comparator C and
compare the output pattern from the DUT 10 with the expected output pattern received from the

pattern generatgpo(9pasaden thisnganupaisnsnhthe bigiidhitenzpardigidd Gty det@snine whether the
DUT 10 has passed or failed.the function test and will output.failure data as H"ue determination result.
[

The failure YO EARIARE HRSRSIUE AShPABF Bt HEIa L0 ARESE#Rflin the failure memory 5
to the correspanshogdiagiess cigtad@esivetbithertshaanedtipieiar X Thadadtratoemoiyedb typically

maintains a once-failed state whereby a memory cell address that has failed tg respond correctly to
ary test patEim SIS ROt LA LB 1E DL e TP B AT step S15, the
pattern generadah? restifies! e € PAlt@&thattHh®tndloridelst Hasdvaen Tanmietecbbypisutgra signal B'.
[0010] In steﬁé 1(? the CPU 8 commands the c?ntrgller 7 toﬁiﬁfwhe failure bits of the DUT 10. The
controller 7 4245 e 15t G AHS B2 QLR th RS L S R fion BN EORRIVELY Sointer 3 and
commands thedfadinearaemeytmitpaeach from the DUT 10 with the expected output pattern

received from the pattern generator 2. Based on this comparison, the digital
comparator DC will determine whether the DUT 10 has passed or failed the function
test and will output failure data as the determination result. The failure data output
from the digital comparator DC will be associated within the failure memory 5 to the
corresponding address data received from the multiplexer 4. The failure memory 5
typically maintains a once-failed state whereby a memory cell address that has failed
to respond correctly to any test pattern will be recorded as a “failed” cell even if it
passes other test patterns. In step S15, the pattern generator 2 notifies the CPU 8§ that

the function test has been completed by using a signal B’.

[0010] In step S16, the CPU 8 commands the controller 7 to count the failure
bits of the DUT 10. The controller 7 sets the multiplexer 4 to output the address
information from the address pointer 3 and commands the failure memory 5 to read
the failure data. In step S17, the address pointer 3 sequentially outputs the address of
each cell of the failure memory 5 using the multiplexer 4, and the failure bit counter 6
counts the number of failure bits of the failure memory 5. In step S18, the
controller 7 notifies the CPU 8 that the counting of the failure bits of the failure
memory 5 has been completed in response to an ending signal output from the address

pointer 3.

[0011]  Thereafter, the CPU 8 determines if each of the power supply voltage
tests has been completed. If additional supply voltage tests are required, the operation

returns to step S11 where the CPU 8 resets the level of the power supply voltage to



the failure data. In step S17, the address pointer 3 sequentially outputs the address of each cell of the
failure memory 5 using the multiplexer 4, and the failure bit counter 6 counts the number of failure bits
of the failure memory 5. In step S 18, the controller 7 notifies the CPU 8 that the counting of the failure
bits of the failure memory 5 has been completed in response to an ending signal output from the

address poifHehs«{QhkllTaarsriies (ihevl bk & Hipremipes irarch obihr Rawer supply voltage tests

has been completed. If additional supply voltage tests are required, the operation returns to step S 11
where the CEO#ESetehetb ledpbpase PavERY Simish abage’ts ¥ e et stifddtiédVhitage that will

be supplied tgdhenPldiidbw testpsad diddieas eprainineh pahesiledebagemmayderhigher, such as

3.6 V, or lower, such as 3.0 V, than the initial power supply voltage as operational margin tests to aid

in the detectfdn SBR"<S CENErBRSCHIfCROMET SBRRLY ¥OPBRS BREGE HSEheliPteter T8 &S 2-S 18
are performgg-tergRrmpisnanethandieetionaisast exeleor hekRUIUL0 0 hismsesdanse:Qf resetting

the power supplé,voltage and rerunning the functional test steps will continue until the CPU 8

determines At fiRE iR YL RRDE IDLaR S ARIACBLrHRSs Tefiadonl dert FtBy8dlhnd the testing of

the DUT 10 issanelateil [0RICPH® Rxampies usintithesanventianat Birihach apd.appaiatus to conduct
a series of four functional tests, AC 1-AC4 and callect the, corresgonding failure bit counts FBI -FB4

will involve aiftsissaR Aass anRddhsricating o s P Fbis¢aslCices. SFR3- >AC4->FB4. with each
of the operation iring a certain amount of time to.complete. As g result, the cumylative time
required 1 comPIIE e i CRHHE Sl BALIG S BT S ARbHA 03 HEY G FRBEREEA ny:

TACI+TFB1+diAC 3 TduB amtAGR T TdsB 3ATARLT B4 sl [Eotdl T estrdspoad (00 3] vis siescribed above,

in the conventional prior arf, th\? various operational margin tests and the process of counting the
HERERY adF SRR Rl 2

defective bitsBFL LY OGP R AL BAHEIRIEH Yaquentially. However, as the storage
capacity of the

ACl1—-FBl1—-AC2—FB2—-AC3—FB3—AC4—FB4.

with each of the operations requiring a certain amount of time to complete. As a
result, the cumulative time required to complete the full testing and failure bit

counting sequence may be represented by:
TacitTeB1tTacot Trg2t TacstTrp3tTacat Trps = Total Test Time.

[0013]  As described above, in the conventional prior art, the various
operational margin tests and the process of counting the defective bits of a memory
device under test are performed sequentially. However, as the storage capacity of the
memory devices being tested increases, the time and expense required to perform
such operational margin tests on the predetermined memory and count the detected

failures also increases.

SUMMARY OF THE INVENTION

[0014]  The present invention provides an exemplary memory testing apparatus
and method for operating such an apparatus, that can reduce the time required to test a
memory from that required using the conventional memory testing apparatus and

methods.

[0015]  According to an exemplary embodiment of the present invention, there
is provided a memory testing apparatus arranged and configured to store the test

results for a memory under test in a failure memory and count the failure bits of the



memory devices being tested increases, the time and expense required to perform such operational
margin tests on the predetermined memory and count the detected failures also increases.
SUMMARY OF THE INVENTION [0014] The present invention provides an exemplary memory testing
apparatus and method for operating such an apparatus, that can reduce the time required to test a

memory fronpathat rearise USHRG LR/ FRBY SNIARA! MeMORHasiNg RPRARHARGn Methods. [0015]
According to an exemplary embodiment of the present invention, there is provided a memory testing

m
apparatus a#SHJePLRA ORIt Pk R pateras st rptieie Ahy digssetedtd il ailure

memory andyegintithadaibiechitsolitoetiailyrenmsmanantbes BXemplaiys mrmesystasting apparatus
includes a pattern generator that can generate background patterns, test patterns, and addresses and

will output tReSROSEH AR FLHS TALMRHTBA) ARG YHsaBARTIdRAGeHL RIS ATESSSSir? response to a

count endinggigha; ataadeiesd peitienthpicandeneraienddRssas, @nsrleet ok aganged and
configured to select either the addresses generated by the pattern generator or the addresses

generated by tHErASAREELPARIBF Afdreiies AchsaicdB¥ Y Addhes RS ARGMPE S mory: and a

controller thatkemdaladhesep esatiofhiffiithasalagtanandtitrenenting Rhths fale tp &issf the failure
memory, outputs the count ending signal to the pattern generator after counting the fajlure bits, and

simultaneouSfioittertofrnd dhssornbnertdhtBilya N et the fulute raien% LS thenerator when

the pattern gengaedige R RIMER UM packaround pattetor (Q0Athd e paligebaenaiator may include a
background pattern commandin ﬁ}r%it, which initiates the qutput of the background pattern to the

memory, and' YRR R RGUAREASRIEH MtiALILSIRDHSERE L TELRHRALSHY to the

memory whesmirigseivesthe patainenaingsignaliran theweriralield [Reda. The controller may
include a count commanding unit, which commands the failure bits of the failure memory to be

counted when theopajterryenataior generator may include a background pattern commanding
unit, which initiates the output of the background pattern to the memory, and a test
pattern commanding unit, which initiates outputting the test patterns to the memory

when it receives the count ending signal from the controller.

[0017]  The controller may include a count commanding unit, which commands
the failure bits of the failure memory to be counted when the pattern generator
generates the background pattern, and outputs the count ending signal to the pattern
generator when the counting of the failure bits of the failure memory has been

completed.

[0018] The present invention also provides an exemplary memory testing
method that stores the test results corresponding to a memory under test in a failure
memory and counts the failure bits that have been accumulated in the failure memory.
The exemplary memory testing method includes the steps of enabling a pattern
generator to generate a background pattern and output the background pattern to the
memory; enabling a selector to select addresses generated by an address pointer and
counting failure bits of the failure memory when the pattern generator generates the
background pattern; and enabling the selector to select addresses generated by the
pattern generator and allowing the pattern generator to generate test patterns and

output to the memory so that the memory can be tested.



generates the background pattern, and outputs the count ending signal to the pattern generator when
the counting of the failure bits of the failure memory has been completed. [0018] The present
invention also provides an exemplary memory testing method that stores the test results
corresponding to a memory under test in a failure memory and counts the failure bits that have been
accumulated in the failure meman:F ThesexaPpian Oy tgsingmethod includes the steps of
enabling a pattern generator to generate a background pattern and output the background pattern to
the memory; enabligp a Seleatytosaleaicrdeiasseagenbraieddyodmagdess poisigiband counting
failure bits of the failure memory when the pattern generator generates the background, pattern; and
enabling the SIQ&SYRS g@@ci‘%?@%%@ GEhierateld f)iﬁtﬁ’]]ee’i?%?ﬁygféﬂl%?glg}egﬁg 16Wing the pattern
generator togehesaiehestpaitesnschnd deakpuigdontheniiemory so that the memory can be tested. 5
BRIEF DESCRIPTION OF THE DRAWINGS [0019] The above and other features and advantages of
the present invejoan] wilHd6canmearborsk aippatent by cesanibing maeiatyaxetinglappemtbgdiments
thereof with reference to the attached drawings in which: [0020] FIG. 1 is a block diagram of a
conventional meat3d)] testig. 2pparfiwscho02EhEtdly2 isasipowndingrtogeraratiytcmak sponding to a
conventionalmpncla(gno% claﬁs,tipr%trggoe hod; [0022] FIG. 3 is a block diagram of a memory testing apparatus
according to an embodintent of thie present invention; [0023] FIG. 4 is a flowchart of the operation of
the memory tesfiigy 3pPakys; GeRRigL GRURSRAPARR IR Gsth @R flGdis @ block diagram
of a memory testing apparatus according to another embodiment e present invention. DETAILED
DESCRIPTI@NOPOBXEMPLAR PIEMBODHMENTS [0025] The present invention will now be described

more fully with reference
[0023]  FIG. 4 is a flowchart of the operation of the memory testing apparatus

generally corresponding to FIG. 3; and

[0024]  FIG. 5 is a block diagram of a memory testing apparatus according to

another embodiment of the present invention.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

[0025]  The present invention will now be described more fully with reference
to the accompanying drawings, in which exemplary embodiments of the invention are
shown. FIG. 3 is a block diagram of a memory testing apparatus according to an
exemplary embodiment of the present invention. In FIGS. 1, 3 and 5, corresponding
reference numerals indicate corresponding, if not identical, elements whose

descriptions will not be repeated for the sake of brevity.

[0026]  Referring to FIG. 3, a pattern generator 20, which generally
corresponds to the pattern generator 2 of FIG. 1, generates a background pattern to be
applied to a memory (hereinafter referred to as a device under test (DUT)) 10 and
outputs a count starting signal C’. In addition, the pattern generator 20 generates test
patterns, i.e., read/write test patterns, and addresses and outputs the test patterns to the
DUT 10 when it receives a count ending signal D’. The pattern generator 20 includes
a background pattern commanding unit 21 and a test pattern commanding unit 22.
The background pattern commanding unit 21 initiates the output of the background

pattern and simultaneously outputs the count starting signal C’. The test pattern



to the accompanying drawings, in which exemplary embodiments of the invention are shown. FIG. 3 is
a block diagram of a memory testing apparatus according to an exemplary embodiment of the present
invention. In FIGS. 1, 3 and 5, corresponding reference numerals indicate corresponding, if not
identical, elements whose descriptions will not be repeated for the sake of brevity. [0026] Referring to

FIG. 3, a paigrngaiieiateon202 Whith-genetallyu coriashangaderiRaraiant generaiespadd1G. 1,
generates a background pattern to be applied to a memory (hereinafter referred to as a device under

test (DUT)) 10 BRGoBRE508NE s Rarting signal C'. In addition, the pattern generator 20 generates
test patterns, i.e,, read/write test patterns, and addresses and outputs the test patterns to the DUT 10
ek B 96 ¢

when it received P28lnt éhtiing 8 SRE BUNEMT G nelded H'Yalkground pattern
commandingr¢nidad s2asha eshpatielcaePRNTIgArit 82 cohhadskorontislleattesceammanding
unit 21 initiates h,? output (gj t(l;le, background _p tterrk‘and Cjﬁimulta eously.outg?uts thge co(#mt starting
signal C'. ThEGdAH B & AdAESHIREOMA P2 SRl L2cke S RA RREPtRLS &R PAKEEYo the DUT 10
in response dopne ceslodendingsigia D DIQ02iHE fatdrh) B crubicn @anenally cotiasnosds to the CPU
8 of FIG. 1, includes a count cgm ing, unit 81. The CPU 80 commands a controller 7 to count the
fiture bits of i FHISTETRAOR, SR th BAERIH AL BB S Butpute the count
ending signaldiigizttie patierspgeitemtor whewhiencthacasmtingdihdhaideteeites bitthoicthmDUT 10 (as
recorded in the failure memory) has been complete ore specifically, when the count commanding
Uit B1 receitat Be B SR BB E SO b St BRI ST A ke contoller
7 to count theedriective bits ffttirelIDII T 00. WHbe nhtheoaamiiot ¢ mothdéigs dreueount commanding unit
81 that the counting af the defective bits of the DUT 10 is complete,. th t commanding unit 81
outputs the DU BN Qb e e BB e BELTED Ho BRSO o ERTOR i mmemory
testing appatiduswitfdémBantdinpwn &1 outputs the count ending signal D’ to the pattern

generator 20.

[0028]  The operation of the memory testing apparatus of FIG. 3 will now be
described in greater detail with reference to FIG. 4. FIG. 4 is a flowchart of an
exemplary mode of operation of a memory testing apparatus generally corresponding
to FIG. 3. Here, it is assumed that the DUT 10 is a dynamic random access memory

(DRAM).

[0029] In a first round of a memory testing method, the CPU 80 sets the level
of a power supply voltage to be supplied to the DUT 10 to an initial voltage, such as
3.3V, in step S21 so that the test head 1 will apply the predetermined voltage to the
power port(s) of the DUT 10 using a DC voltage generator (not shown).

[0030] In step S22, the CPU 80 commands the pattern generator 20 to initiate a
function test through the output of signal A’.

[0031] In step S31, the background pattern commanding unit 21 initiates the
output of the background pattern and outputs the count starting signal C’ to the CPU
80. A format controller FC receives the background pattern from the pattern
generator 20, reshapes the received background pattern, and outputs the reshaped

background pattern to the DUT 10 via a driver D.

[0032] At this time, the count commanding unit 81 of the CPU 80 receives the
count starting signal C’ and commands the controller 7 to count the defective bits of

the DUT 10 in step S23. Then, the controller 7 controls a multiplexer 4 to select the



described in greater detail with reference to FIG. 4. FIG. 4 is a flowchart of an exemplary mode of
operation of a memory testing apparatus generally corresponding to FIG. 3. Here, it is assumed that
the DUT 10 is a dynamic random access memory (DRAM). [0029] In a first round of a memory testing
method, the CPU 80 sets the level of a power supply voltage to be supplied to the DUT 10 to an initial

voltage, such@@®esd Bornttt StEPR2IoBR G HiealRRENRE Iyl ERPY thefRnasetsEmiresd voltage to the
power port(s) of the DUT 10 using a DC voltage generator (not shown). [0030(%{1 step S22, the CPU

80 command8HespeifeFRrgSRErARIDE 185 Rkt Mo BRI R HE SUtPHDBT & hal A'. [0031]
In step S3 1othpubagiardsRAAEA commrandiptuwd thehontisidsdhe Mtpillghibehagkground

pattern and outputs the count starting signal C' to the CPU 80. A format controller FC receives the

background fh5cfaredH SRR AU EIa a1 v, bEe REpseatinethe failka BaRIgYound Mattern, and
outputs the reshianrg 7ThaekarauicnatiersidadheJalilclRiviasa shives: B a0 fsthis tme, the count

commandingéunit 81 of the CPU 80 receives the count starting signal C' and commands the controller

7 to count theldBAEhc s Brsing Rhihe (giure hitsedihe JalwRapchatico Ardhesosmteieda multiplexer 4

to select the ThaddressipoNigncasttbR arukedafiterard eerestansmiiad @ iltfalbie memory 5
and issues a read command to the failure memary. The address pointer 3 sequentially outputs the

address of eREPRLATBEFIS NG ) AeoRy W eh RIUBR A eRtat piRstp ey TeftiiNife bit counter 6

counts the faflereobjts praseifdhatheaitaibsiarimeme yhe. filecGaptieler 7 receives an ending signal from
the address pointer 3 and notifies the CPU 80 that the counting of the failure bits of the failure

memory 5 has Jees3gomplatddheldoaraaniiahendinpemnicantodlththeroudipiexsve thesaldaighe

dd ted th ttern. tor 20 as th f t itted to th
fiure, mom Oy ATk R Wit BSIMAA 5 REIATOTE M0, 00 DRI Wit

commandingfithié &dilofd e th8thikceivesdig emaingeen completed, the count commanding
unit 81 outputs the count ending signal D’ to the pattern generator 20 in step S25.

[0034] In steps S32 and S33, the test pattern commanding unit 22 of the pattern
generator 20 generates a refresh pattern and outputs the refresh pattern to the DUT 10
until it receives the count ending signal D’ from the CPU 80. Here, the refresh pattern
is a pattern for refreshing the DUT 10, i.e., a DRAM. The format controller FC
receives the refresh pattern from the pattern generator 20, reshapes the refresh pattern,
and outputs the reshaped refresh pattern to the DUT 10 via the driver D to refresh the
DUT 10.

[0035] When the test pattern commanding unit 22 receives the count ending
signal D’, it outputs the read/write test pattern and addresses in step S34. The format
controller FC reshapes the addresses and the test pattern received from the pattern
generator 20, which is one of the read/write test patterns, and outputs the reshaped

addresses and the reshaped input pattern to the DUT 10 via the driver D.

[0036]  The output of the DUT 10 in response to the input received from
driver D is input to a digital controller DC via a comparator C. The digital
comparator DC generates and outputs failure data by comparing the detected output of
the DUT 10 with an expected output pattern corresponding to the read/write test
pattern received from the pattern generator 20. The failure data reflecting the
performance of the DUT 10 is written on the failure memory 5 at the addresses

selected by the multiplexer 4 with the failure memory 5 maintaining a once-failed



signal via the controller 7, it stays in a standby mode in step S24. When the counting of the failure bits
of the failure memory 5 has been completed, the count commanding unit 81 outputs the count ending
signal D' to the pattern generator 20 in step S25. [0034] In steps S32 and S33, the test pattern
commanding unit 22 of the pattern generator 20 generates a refresh pattern and outputs the refresh

pattern to therhd4 Tid Grelryildl fRCRiRE TG RAMAE C0NDERIONR B I the GPRLAQiddsresthe refresh
pattern is a pattern for refreshlng the DUT 10, i.e., a DRAM. The format controller FC receives the

refresh patteiti RSB pisderifyeisarhidr spd @%@@%‘é’?’éﬂ@tﬁ% PsEnstiahteButputs the reshaped

refresh pattern tg the DUT 1061\%% the driver D to refresh t thﬁx DUT 10. [0035] When the test pattern
commanding uri? %> beceNEESSHEEINRHBH ARG S BGHSTRRIFHE PRI I pattern and

addresses im&igip & b @Pef&ambtgamneuer(ﬁ%@s&xaae@ﬂpeyadﬂf@@eﬁtwd&w test pattern
received from the atter neratoy 20, which js Qne o I{P:]e read/wrjte test patterns, and outputs the
reshaped adifr€s é@lgﬁ Yﬂ Fesh SdsﬁfrBLﬁs@aﬁerr?]E & DOTHRXAA IR WWFB“C[B%G] The output

of the DUT l@uﬁdesme)tmttatmgldﬂﬁem f@omtiiiven bY ihénpyttemigitaiooatroller DC via a
comparator C. T e |ta p r enerates and outputs. failure data by comparing the
I A RhinG

detected outBthPoY ¥ SRR HRL RS UBESUNERHAMG BS e read/write test
pattern recet\(ﬁdﬁraaaltf(etpattqmagﬁﬁenmgﬁ ta'éﬂmgaﬁupalﬁiatﬂlere&e@u@gsthﬁ; fbeefmmae;:e of the DUT

10 is written a|I e me address ed by the multlple er 4 with the failure

st thit v SRR B R e g if?f‘ggﬁté’}%? RSSO the CPU 80

that the functlorﬁl0 t ca}gs%% com 3ed with SI ug; and the C Ocorplplet%e H:e function test.
ter, In

[0037] Thereaf ubseque roun tneegxemp ar “Fﬁléﬁ?éle testing Methbd, the CPU 80 resets

the level of thethodierlsilptily patkagetodinton 2Kt gpnechets thrhadkhgnitagd paded, fouch as 3.6 V or 3.0 V,

In step S21 ag? 'i"“at ANRIOSE RS IEHRNAL RS HRG QLD G DA GaeL1d0e
predetermme
the fallure memory 5 during the previous round of functional testing, are counted,

thereby considerably reducing the time taken to test a given DUT 10.

[0039] For example, in contrast to the conventional testing sequence described
above, utilizing an apparatus and a method according to an exemplary embodiment of
the present invention to conduct the same series of four functional tests, AC1-AC4
and collect the corresponding failure bit counts FB1-FB4 will involve an operation

sequence of:
AC1—(AC2+FB1)—(AC3+FB2)—(AC4+FB3)—FB4.

wherein the failure bit counting operation for the preceding functional test is
conducted during the “write” portion of the next functional test. Indeed, each of the
parenthetical expressions could be expanded to reflect this sequence along the lines

of:
((AC,w+FB. 1 )+ACR)

in which the W and R subscripts indicate the “write” and “read” operations
respectively. As suggested by this expression, the addresses applied to the DUT and
the Failure Memory are identical during the “read” operation but may be different
during the “write” operation, thereby allowing the Failure Memory to be accessed for

the purpose of counting the failure bits as the next test pattern is written into the DUT.



supply voltage levels and/or other operational margin testing inputs have been completed. Other
operational margin testing may include variations in, for example, the GND or low voltage levels, the
input voltage levels and the output voltage levels. [0038] As described above, in each subsequent
round of the memory testing method, while the pattern generator 20 generates the background

pattern for initiglgg) thepyamanmganics; m@,t;ﬁélﬂfﬁ bitshaidye faRiRtietand assgmulated in the

failure memory 5 during the previous round of functional testing, are counted, thereby considerably

reducing thel AHESARSP SRS Lo den B prBlab s be SPesErA R Bl s bkt Eventional

testing sequgngeadlascoheduatinyce4itizipenay BPRYREERAGA Method according to an exemplary
embodiment of the present invention to conduct the same series of four functional tests, AC 1-AC4

and collect the correspondingTajlurg Qis-epuntstzBH-FRBA-wilbiavob¢e Bimeperation sequence of: AC1-
>(AC2+FB1)- >(AC3+FB2)->(AC4+FB3)->FB4. wherein the failure bit counting operation for the

preceding fuAstioral ke stdtngaipdrtiensdiordgethe dvasieinpowiidie ekthephexiciubotionaitest. Indeed,

each of the arenth%]gcal ex ressmrg\a}g:ouégﬁk%g eglpézsalptded %o reflect this sequence along the lines of:

((AC"W+FBi_ PRER ])ni\ﬁe{/l\; AR RERGht i Scrip Sindicate the "write" and "read" operations

respectively. As suggested by thisrexpr SSi_pfl, the d(iimfesseﬁc?#pl{gd to the DUT and the Failure
Iffe

Memory are identical during the "ré&8" ofératibh but may be different during the "write" operation,

thereby allowinghe.f; i%ﬁM@ﬁéB%ﬁ&_ﬁrﬁgy[g%‘z%%Jﬂfjﬁg% %fx%?&?%ﬁflg&%}qui gggﬁaﬁ'we hits as the

next test pattern is written'into the L ( By utilizing the at least partia lltaneous functional
testing and festine ditdomnfingdditiooelstehienguiminetpasctitiethetpiahaass edrifislétaahentll testing and

failure bit coynfing {ERGPAR IRBIHERGSEUGAPLUmEAGTHE IAGRBEATT hlifiSHd { FRtrg Total Test

Time.
protocol according to the present invention will tend to be even greater as the size and

complexity of the DUTs continue to increase.

[0041] FIG. 5 is a block diagram of a memory testing apparatus according to
another exemplary embodiment of the present invention. As illustrated in FIG. 5, a
background pattern commanding unit 23, which generally corresponds to the
background pattern commanding unit 21 of FIG. 3, is installed in a pattern generator
20 and initiates outputting a background pattern to a DUT 10. A count commanding
unit 82, which generally corresponds to the count commanding unit 81 of FIG. 3, is
installed in a CPU 80 and commands a controller 7 to count the failure bits
maintained in the failure memory 5, while commanding the pattern generator 20 to
perform a functional memory test. In addition, the CPU 80 outputs a count ending
signal D’ to the pattern generator 20 when the controller 7 notifies the CPU 80 that

the counting of the failure bits in the failure memory 5 has been completed.

[0042]  The operation of the memory testing apparatus of FIG. 5 is very similar
to that of the memory testing apparatus of FIG. 3. However, the background pattern
commanding unit 23, unlike the background pattern commanding unit 21, does not
output the count starting signal C’. In addition, the count commanding unit 82, unlike
the count commanding unit 81, does not receive the count starting signal C’ from the
pattern generator 20 and controls the controller 7 to count the failure bits of the failure

memory 5.

[0043] The count commanding unit 82 commands the controller 7 to count the

failure bits of the failure memory 5 without the help of the count starting signal C’

10



As a result, testing operations conducted according to the exemplary embodiments of the present
invention can reduce the total test time by: TFB1+TFB2+TFB3 = Test Time Reduction and thereby
improve productivity without reducing the thoroughness of the applied testing or allow for additional
testing to increase the thoroughness of the functional testing without increasing the required test time.

The advantagap @i iizing R ieatiBen et 20l Seersdmatadheop egRNhiNERLIREMBI tend to be even
greater as the size and complexity of the DUTs continue to increase. !0041 FIG. 5 is a block diagram

of a memon RSy SeErsR0Rdive S dilig 1 MaYoRREPixEAry Hif HeeFEABIS &Nt invention.
As illustrated, i FHSD B 21 PaskaEQUNELRAE R seNMANGNS MBHES: (dtgh ganesally corresponds to the

background pattern commanding_ unit 21 of FIG. 3, is installed in a pattern generator 20 and initiates
outputting a Bi€ "t0 a DUT 10. A count commanding unit 82, which generally

t
corresponds to the count commanding unit 8] of FIG. 3, is installed in a CPU 80 and commands a
controller 7 10 cUlMAhe AR DR FRETHEHHSEE 38 s R RECBMP SRk the pattern

generator 2Ghigy pedaroddd nctianahsnensierndnaddiban Hoe GRIIBE: dbiRuis@aednt ending
signal D' to the. pattern generator 20 whep the controller 7 notjfies.the CPU 80 that the counting of the
e Bits B AT B BHSF oo G e TS Sr PSS T B ory tacting
apparatus ohktHoughisnweyesinildaricthied difibg e thenyrtesting appiaraiths obhticlia. Hawever, the
background pat mmanding unit 23, unlike the background pattern commangding unit 21, does
o ot e A e S R et SN o LRSS LHE e coum
commandingidglt 8dntoRsNoh erickiie [he tho ertsigldingsippdhientsam thieppadiringamiergtor 20 and
controls the controlle unt ilure bits of the failure.memory 5. [0 The count
commandindh A 85 B e REAR T sarets Eoumete e Ry T Tl memory 5
without the hefeaitdhe @opntsiadirgrespnaltEinlOHowever, the pattern generator 20 could just

as easily refresh the DUT 10 by repeatedly outputting a background pattern.

[0045]  According to the present invention, it is possible to reduce the time
taken to test a memory by counting failure bits of the memory while a pattern

generator generates a background pattern.

11



output from the pattern generator 20 of FIG. 3. Therefore, the memory testing apparatus
corresponding to FIG. 5 may be able to reduce the testing time required for a given DUT 10 to a level
below that required for a memory testing apparatus corresponding to FIG. 3. [0044] As will be
appreciated by those skilled in the art, the present invention may be embodied in various
configurationggiqdssheamdrt, therefore, be considered or interpreted as limited to the detailed
embodiments described herein. For example, although in the exemplary embodiments of the present
invention, the controller 7 andether-cfii8Otasanlupisatetssosgrasiate elements, they could also be
integrated into a single controller. In addition, in the exemplary embodiments of the present invention,
when the DUT 10 ia pdd&ANGihatpatiesn generdtonZgueldshes ¢heviely Bet@iayinpepeatedly outputting

a refresh pa terE. How ver, the Qat ern gener tor. Z%C?u,l»g%‘?] t as easily refresh the DUT 10 by
repeatedly o ?ﬁu%ﬁ%n %aacgff(l&rguﬁ B%\'ﬁ 4 (?4%11'S Eeord §ch§st?15e present invention, it is possible to
reduce the time taken tqg test a memory by counting-failure bits of the memory while a pattern
generator generatel A SRS e AL R R e
apparatus cadipesieg: a pattern generator arranged and configured for selectively generating a
background pattern, a test pattern and a first set of addresses; an address pointer arranged and
configured to generafel irsavomdsetroingeltirodsen e faidte asewaratrfagrediatad configured to

accumulate [/%lllpg daia, Rﬂﬁggﬁé}ﬂg} H%‘m%;memory device; a selector arranged and configured to

receive the first set of addresses and the second set of addresses and output a selected set of

addresses to the fajlure.mgmAnra Al e il ERNAIRS ATaNERaNs: confissigri-caHatfaiing bits
stored in the failure data; and
second set of addresses and output a selected set of addresses to the failure memory;

a failure bit counter arranged and configured to count failing bits stored in the

failure data; and

a control module arranged and configured to coordinate operation of the
selector, address pointer, pattern generator, failure memory and failure bit counter,
wherein the background pattern can be applied to the memory device while the

failure bit counter counts the fail bits in the failure memory.

2. A memory device testing apparatus according to claim 1, wherein:

the control module is arranged and configured to apply both an initiate

function test signal A’ and a count ending signal D’ to the pattern generator; and

the pattern generator is arranged and configured to apply both an end function

test signal B” and a count starting signal C’ to the control module.

3. A memory device testing apparatus according to claim 1, wherein:

the control module is arranged and configured to apply both an initiate

function test signal A’ and a count ending signal D’ to the pattern generator; and

the pattern generator is arranged and configured to apply an end function test

signal B’ to the control module.

12



a control module arranged and configured to coordinate operation of the selector, address pointer,
pattern generator, failure memory and failure bit counter, wherein the background pattern can be
applied to the memory device while the failure bit counter counts the fail bits in the failure memory. 2.
A memory device testing apparatus according to claim 1, wherein: the control module is arranged and

configured to applyfooth ag iﬂ@iﬁ&ﬁyfmﬂe&gﬁﬁgﬁgpﬁbﬁ{@w&cﬁﬁg% enaing sigratik to the pattern
generator; and the pattern generator is arranged and configured to apply both an end function test

signal B' and a coutHesparibng sdapakés dontheteoniohpptdsiae dabkpremaryemice tsting apparatus
according to claim 1, wherein: the contro| module i&grranged and conﬂgurﬁled to apply both an initiate
function test'SRIANINAIAGF ANESRP M SRS THITHE SRS YR AL rARE: and the pattern generator

is arranged and configured to apply,an end func?on test. signal B' to the cor&trol module. 12 4. A
memory device tesﬁﬁ%%%%%?ﬁ%ﬁ@gg%F%Fn%isttopé 5 © MRV E DA IR GRTEIAIE: Yeherates and
applies the kapkgrahndipatieroftadiressnemadiy destos: in respoansedohdheownitiatel funsigoaltest signal A';
and generates and applies the test pattern to the memory device and generates and applies the first
set of addresseés to the selector in response to the count ending signal D'. 5. A memory device testing

apparatus according to claim 4, wherein: the pattern generator generates and applies the count
starting signal C' to the control module while generating and applying the background pattern to the

memory device; ang gen?:g %%1?2&9?4?& ﬁg‘?afg%i%ﬁg%&%% R [Daipeconfiplimodule after the

test pattern has been applied to the memory device. 6. A memory device testing apparatus according

to claim 5, whereini,the, Geptral IRQei g iR FRSPARS SRRSO RIGHRASIGRMI € to the

control module while generating and applying the background pattern to the memory

device; and

generates and applies the end function signal B’ to the control module after the

test pattern has been applied to the memory device.

6. A memory device testing apparatus according to claim 5, wherein:
the control module, in response to the count starting signal C’,

configures the selector to apply the second set of addresses to the failure

memory,

configures the failure memory to write failure bit data to the failure bit

counter, and

configures the failure bit counter to count failing bits in the failure bit data.

7. A memory device testing apparatus according to claim 6, wherein:

the control module generates and applies the count ending signal D’ when the
address pointer signals that the second set of addresses has been generated and

applied to the selector.

8. A memory device testing apparatus according to claim 5, wherein:

13



configures the selector to apply the second set of addresses to the failure memory, configures the
failure memory to write failure bit data to the failure bit counter, and configures the failure bit counter
to count failing bits in the failure bit data. 7. A memory device testing apparatus according to claim 6,
wherein: the control module generates and applies the count ending signal D' when the address

pointer signals thatithe-sgeenths@tief addgesseadips eetnarnpiated apslyanplirdtathe selector. 8. A

memory device testing apparatus according to claim 5, wherein: 13 the control module, in conjunction
with generati§88¢&Pping the count ending signal D', configures the selector to apply the first set

of addresses to the failure memory, and configures the failure memory to recejve and store failure bit
data correspondinﬁ%ﬁlﬁ‘ér?ﬁé%g@eﬁgmé%?@?%( %ﬁ‘?ﬁ?ﬁ%@&i@@f&ﬁﬁ‘?&%ﬁﬁaﬁﬁfﬁ?&E%‘BP%g to claim

1, wherein th@dpattern generator further comprises: a background pattern commanding unit, which
controls output of the background pattern to the memory device; and a test pattern commanding unit,
which controls outpedndfginedelst fatteemientioey roeasoivedeMcarthfril@st pattata being output to the
memory device after the co rﬁt endin '9Vnal D' is received by the control module. 10. A memory
device testin%ogﬁf})aor% U a{gco?(%eént%&%lrﬁcf; wherein: the control module includes a count
commanding unit, the count commanding unit causing failure bits in the failure memory to be counted
while the pattern generator generates the background pattern, and generating and applying the count

ending signal D' to §e patiefn genealol-WRSAIR G SRIHIE LR HAYSE S EAU G erein the

pattern generator further comprises:

a background pattern commanding unit, which controls output of the

background pattern to the memory device; and

a test pattern commanding unit, which controls output of the test pattern to the
memory device, the test pattern being output to the memory device after the count

ending signal D’ is received by the control module.

10. A memory device testing apparatus according to claim 1, wherein:

the control module includes a count commanding unit, the count commanding
unit causing failure bits in the failure memory to be counted while the pattern
generator generates the background pattern, and generating and applying the count

ending signal D’ to the pattern generator when the failure bits have been counted.

11. A method of testing a memory device comprising:
applying a test pattern to the memory device;

identifying failing bits in the memory device;
accumulating failure data corresponding to the failing bits;
counting the failing bits; and

applying a background pattern to the memory device, wherein the steps of
counting the failing bits and applying the background pattern are performed

substantially simultaneously.

14



11. A method of testing a memory device comprising: applying a test pattern to the memory device;
identifying failing bits in the memory device; accumulating failure data corresponding to the failing bits;
counting the failing bits; and applying a background pattern to the memory device, wherein the steps
of counting the failing bits and applying the background pattern are performed substantially
simultaneously. 14 12. A method of testing a memory device according to claim 11, wherein:
identifying the failing bits includes sensing an output of the memory device resulting from application of
the test pattern; comparing the fuipst ta @ipanticipaied edtRuick idpidtify ¢henhailing/hiieid3. A method
of testing a memory device according to claim 12, wherein: accumulating the failure data includes
storing data reflectinigrtiéyidgnhiéiési liaiiby bibs lindasfailure memory; and counting the failing bits
includes transferring the failure data from the failure memory to a failure bit counter. 14. A method of
testing a memory device acosnting touglaim{lBe wiverein dstarngsiarfgiftvendatdimtioe &dilure memory
includes reaﬂ{gg (s)tUtQHE: r(%lata from a digital comparator and storing the output data according to
address informaﬁoﬁ)prowded by a pattern generator. 15. A method of testing a memory device

according to claim 13, Whigo' :at Egﬁg%@rﬁjmg gﬁi%{&%@ Jr%mqof%éﬁgf@%@%m%cludes

outputting the failure data fr ure memory according
bits.
13. A method of testing a memory device according to claim 12, wherein:
accumulating the failure data includes
storing data reflecting the identified failing bits in a failure memory;
and
counting the failing bits includes
transferring the failure data from the failure memory to a failure bit
counter.

14. A method of testing a memory device according to claim 13, wherein:
storing the failure data in the failure memory includes

reading output data from a digital comparator and storing the

output data according to address information provided by a pattern generator.

15. A method of testing a memory device according to claim 13, wherein:
transferring the failure data from the failure memory includes

outputting the failure data from the failure memory according

to address information provided by an address pointer.

16. A method of testing a memory device according to claim 11, further

comprising:

15



to address information provided by an address pointer. 16. A method of testing a memory device
according to claim 11, further comprising: 15 enabling a pattern generator to generate the background
pattern and output the background pattern to the memory device; enabling an address pointer to
generate address information; and setting a selector to output the address information generated by

the address pointegwhRR.COpRNEE B dailitadiisherainthe brekarpsidPatiesuisoanerated while

the failing bits are counted. 17. A method of testing a memory device according to claim 16, further
comprising: BARESTAY"Y patieih tgdherassiHw dekiskate the test pattern and address information,
outputting the test pattern to the memory device and to a digital comparator; outputting the address

information to the sS1BRIBKS ARALHESS §IHUSIRBEBF T DB R LA &t ormation generated by
the pattern generator when gccumulating the faiJure data. 18. A method of testing a memory device
acoording to ciaim 19 RAR T e Qe g L ETAS B eI b ce 3 o
performed wbiletdheliaiingunitis g rkdifaing coitntediedn tateitiogoidéptingra gmeorntaevice
comprising: generating.a background pattern within a pattern generator in response to an initiate
function test%?&ﬁa%&nﬂl d %aBB y‘cilﬁ?ft 1é%gﬁ%iﬂec;kground pattern to the memory device; generating a first

address sequence within an address pointer in response to a start count signal C' and applying the
first address sequence to a failure memory; outputting failure data from the failure memory to a failure

bit counter accordipg to t%ﬁ%%@@gﬁé&ﬁﬁ%%&%%ry device according to claim 16, further

comprising:

enabling a pattern generator to generate the test pattern and address

information,
outputting the test pattern to the memory device and to a digital comparator;
outputting the address information to the selector; and

setting the selector to output the addresses information generated by the

pattern generator when accumulating the failure data.

18. A method of testing a memory device according to claim 17, wherein:

the step of outputting the test pattern to the memory device is not performed

while the failing bits are being counted.

19. A method of testing a memory device comprising:

generating a background pattern within a pattern generator in response to an
initiate function test signal A’ and applying the background pattern to the memory

device;

generating a first address sequence within an address pointer in response to a

start count signal C’ and applying the first address sequence to a failure memory;

outputting failure data from the failure memory to a failure bit counter

according to the first address sequence;
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16 generating a count end signal D' when the failure data has been transferred to the failure bit
counter; generating a test pattern and a second address sequence within a pattern generator in
response to the count end signal D'; applying the test pattern to the memory device to identify failing
bits; accumulating failure data corresponding to the failing bits in the failure memory according to the
second address segueiegnaacaanrtingrfmaeignatieshend aignakBbudamiiedest Rattern has
been completed. 20. A method of sequentially performing N functional tests on a memory device
comprising: Hid@HBratie A& background pattern within a pattern generator in response to an
initiate function test signal A" and applying the first bacla round pattern tQ the memory device to
prepare an initializ&f‘?ﬁ%ﬁ&%i%ﬁtﬂﬂf@ﬂé’ré‘fﬁfﬁlg? %fe@ssteﬁﬁﬁ%‘?ﬁ WHAR 4iRatSHiress sequence
within the patiesmEenerRipbactvhingdhedikstiastigatiern to the initialized memory device using the
first address sequence to form a first memory device pattern within the memory device; c) reading the
first memory deviceapgittary tiomstheatremorhdewaetsityidhedfikkinadg fadmgddtsence and comparing
the first memory device pattern with the first test pattern to identify first failing bits; d) storing data
corresponding to thecidentlfiedgf&lilgeoitsanvithiasadadune tateerforlyngsing thehfirEtiudress sequence to
accumulate {g@urg bg c(i:%%ineg t%etﬁeersgtcig a pext sb‘é"eCk Q?c%n% ttern within the pattern generator and
applying the next l%cﬁgroun attern to %e memory device to prepare a reinitialized memory device;

f) generating a nexkg%%u%ﬂ}%gm@ggg%%n@gggﬁgggugvrﬂ%ﬁ wgq%tgﬁt&ﬁtﬁggbg&perator and writing

the next test patteri to the reinitializ
completed.
20. A method of sequentially performing N functional tests on a memory

device comprising:

a) generating a first background pattern within a pattern generator in
response to an initiate function test signal A’ and applying the first background

pattern to the memory device to prepare an initialized memory device;

b) generating a first test pattern and a first address sequence within the
pattern generator and writing the first test pattern to the initialized memory device
using the first address sequence to form a first memory device pattern within the

memory device;

C) reading the first memory device pattern from the memory device using
the first address sequence and comparing the first memory device pattern with the

first test pattern to identify first failing bits;

d) storing data corresponding to the identified failing bits within a failure

memory using the first address sequence to accumulate failure bit data;

e) generating a next background pattern within the pattern generator and
applying the next background pattern to the memory device to prepare a reinitialized

memory device;

f) generating a next test pattern and a next address sequence within the

pattern generator and writing the next test pattern to the reinitialized memory device
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17 using the next address sequence to form a next memory device pattern within the memory device;
g) generating a second address sequence within an address pointer in response to a start count
signal C' and outputting the failure bit data from the failure memory to a failure bit counter according to
the second address sequence, wherein the failure bit data is output while the next test pattern is being
written to the ek cdeNikRed) Yqnaalingferael nbene Sitigl devivbgatthe failuig i data has been
transferred to the failure bit counter; i) reading the next memory device pattern from the memory
device using"fR%ELEE S ress sequence and comparing the next memory device pattern with the

next test pattern to identify next failing bits; j) storing data corresponding to the identified failing bits
within the failure m&hory GENGRHHE ASKES CSRATBIEESSY %ﬁ}&bm LSRRI tata; k) repeating
steps e) throwgholdN13 HiRies towamigieieN fuaciopatiastsc dhiliecrpR QLY ERNIgR; thilgRnerating an

Nth address sequence wjthin an. address pointer in response {o a start count signal C' and outputting
i e finide e cotnierd

failing bit dafRSPEHY e’ eTRBNFLS ERE" COPdiRY ) the N AddtEss
sequence; afdlnng praatatinguipitnchide tdeskendisignainBs whiag thetfadlinaidtmainhas been
counted. 18

device;

h) generating a count end signal D’ when the failure bit data has been

transferred to the failure bit counter;

1) reading the next memory device pattern from the memory device using
the next address sequence and comparing the next memory device pattern with the

next test pattern to identify next failing bits;

1) storing data corresponding to the identified failing bits within the

failure memory using the next address sequence to accumulate failure bit data;

k) repeating steps €) through j) N-2 times to complete N functional tests

of the memory device;

1) generating an N™ address sequence within an address pointer in
response to a start count signal C” and outputting failing bit data from the failure

memory to the failure bit counter according to the N™ address sequence; and

m) generating a functional test end signal B’ when the failing bit data has

been counted.
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