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rel at esmmmwn”wmmmm) sem conduct or - devi ce testing, and m)re particularly to
a net ho ing the burn-in test of the internal circuit of a

sem conduct ossieenory devi ce which perforns the test in a significantly
reduced tinme that by cycling the sem condyctor device at a rate
substantially faster than the rate of theinitiation clock signal and to a

net hod of operating se¢HFERICIEST SPRRCONDLCEARKEIRONNN CRJHE | NVENTI ON
Sem conductor devices are liable to defects in circuitry, and these defects

increase in proportion to theANR MFHOBOHERERATION t he seni conduct or
device. In order to ensure the reliability of sem conductor devices, it is
well known in the art to screen for defective circuits by perforning a
burn-in test prior to shippi NgFIEIDORPTHBINVENEONIr i ves the interna
circuit in an operating condition, but is perforned under conditions of
stress, i.e., maintaining that device at a high tenperature and voltage, in

order to ferret t the defetsint emrc rr)rlor to Shla%ﬁe
Specifically, a HNVENHODTE %;ﬁef‘%fé .} %ﬂ“t‘&‘b‘?é{“%@ dfwcgtssting apfinpqre

mai nt ai ni n i ts the
devi ces arg hﬁﬁnt eﬁ\{? %q?ﬂfsl%deigdt}lc\ggdﬁ%]:ﬂg% estlgI(l: kéengp%{(rél ?!gggr%g%lk&lﬁt(g%ed in an
oven and heatmitohduaosmemotyedevicznpkich perfernysithe mstmalsgmﬁbg{ntb/uhdﬁwdtl aI | y

-hi-gher than the_highe recommended operating tenperature of the E
c zoos 2 de¥ meetbafawﬂcyc\img the sserernduetior devicepta 5 ﬁtfln%wagp'éﬁw rdaem ly

cycled, i.epy B?Yﬁlggl 'ﬁBngfocﬁgl Qflad %tﬂ&l Sf‘o;tgegst ﬁu}pﬁgft st Lxﬁ;&aqgﬁg such

power cycle evice 1s urne res
therein. For exanple, in a nenory device, while powered up, each cell,
therein would be witten and read once and any failures, either read or
wite, would be identified BAGKGRQUND OFTHE INVENTIONGf the art burn-in
tests, are taught, for exanple, in U S. Patents No. 5,294,776, issued to
Tohru Furuyama on March 15, 1994, and No. 5,461,328, issued to Devereaux et
al. on Cctober 24enliS&Riucion dbdtés drbdiablepatiefets nﬁ bieculey, ahdlhese deftdey t est,

are stimul ated and tested onIK once during the power on portion of each
increase in proportion to the integration density of the semiconductor device. In

order to ensure the reliability of semiconductor devices, it is well known in the art to
screen for defective circuits by performing a burn-in test prior to shipping. This
burn-in test drives the internal circuit in an operating condition, but is performed

under conditions of stress, i.e., maintaining that device at a high temperature and
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voltage, in order to ferret out the defects in the circuitry prior to shipment.
Specifically, a burn-in test applies a voltage to the device while maintaining that
device at a high temperature.

In such burn-in tests the devices are mounted in respective suitable sockets on
boards, placed in an oven and heated to a selected temperature which is usually

substantially higher than the highest recommended operating temperature of the
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power cycle. Because an adequate test requires that each lrjr%m bite bﬁg a
m ni mum nunber of tinme, a conplete burn-in test requires 2 r

cycles and thus these tests are quite | engthy. Because of their |ength,
such burn-in tests add significantly to the total manufacturing cost of the
devices. Thus it is very desirable to reduce the Iength of these tests for
by so doing the manufacturing costy of the devices can be subsequently
reduced. Thus sem conduct or devices, such as Random Access Menories (RAMs),
and | ogi dewitsstand, whitbeiag Apgibd,cat repetitpeg iefactridally egeled,dd., Gomersd wp ( ASI Cs) ,
and M croprocessors, utilized in_conputers for the storage and retrieval of
data conpueniihiien pagerddowngreotf. ol fach qualypoypanerele yienthededes 5n, Devi ce

oo | o<t 418 A tor tuPEs AR A b R iy PR i VBl Gevi ces.

One at t eppiered upeeithell thdreldUidull Be 6@ttenvidd rédll dritea@aafy FiRirés ghaf the
burn-in board and t-hus increase the nunber of devices being tested during

each powesadon witetwould bt identifiedendlocgiesh e. 1t was found, however that such
an increase in the size.af t burn-in boar equired t of even

| onger burn-i #yeﬁcakﬁateygﬂ&§$.ﬁwgﬁQest% are %E%ﬁzé% X@“%r?‘h@‘ré{ﬁﬁ&?‘éﬁsed t he
dur ati onngf 5 ©bg 7585 i8sde td To Fﬁrﬁ%rd?né&?WIS}H@?@Ian@fN&WﬁﬁSBZRYC! es. These
l ong, burn-in clock cycles adequate for stressing static CMOS 10gic,
present meuef toildévensyx et albbre Mctaber B glHYelh botiethese patdnts thedevices)g CMOS
circuitry. For exanple, in the case of static CMOS SRAM cjrcyits, the power
“cycle of Uiges t%ﬁt,raays%mamrﬂwﬁeste@wa@w griipgthenqures 9 parioR| I&Rhni ch, for
exanpl e, ,} A i i vi ces that
Form t nePaRe Loy BEGANE R i RE L RRERlcF it ERT ekt URBRE h aRnGRY! P2

Thi s meansmbenofstimé, sacopltiebuGiMdbtesi nequiirds, mamyesush pophecyclatemdabss wi |1 be
active, i.e., Eowere,d on for 3 - na?osecong@, during.t he fiCIiSt hal f of the
syst em ofhesxissisiae quitolerathy c Becayssof thedr lepgihy sugh burm-ingtests add ¢ he 1 eset or
power of §; ol - Sec : ystem

cl ock cy%:ﬁ@@%@ Hﬁ%lgstmpﬁagﬁ%%?\m P ﬁogﬁfﬁg%(?%}l&tg 'hgﬂgﬁa {,sergfg?%lp%(leersy devi ces
are eventyreslucetirdengtil bf thesetesisifor byswdang theagandhaasngEost bethdur at i on of

the systemclock cycle tinme. For exanple, in a burn-in test, if the system
cl ock” hadewcesrandeisuhgeayenthisducttbseconds (as typical ly required for proper

burn-in Operatﬁhﬁegerhp‘aﬂd@&& (Le.t%?cc@,esru'ci?Q?Rﬁn&jcﬁf{%%géss'l\,@erh!?ﬁe ,GRALI nue to
be evenly stressed, tor 1n this case the periphery devices of the nodul e

wi | | renmbogic anits, wect o Appiecation Spedifit IntogratedeCisqsts €ASKI)cdadcycl e ( 100
nanoseconds) and will be inpactive, igre%he reset node, f(%r t he second hal f
of the s%‘f’@ﬂ“&‘?e&q{&&? gd m QPP e SUthE Atpsgee andeisyal afdlatay self resetting
OVOS ¢! r ehiputaliShOhPEES 8 reifiYed BFIEOBOYIAR Blebeod, ER4IL M L1 me that the

peri phery vices are aétive'ils determ ned not byot he system cl ock cycle
(t ime but Bmgirredsg Eputil)lto besubjheted & fuchdwign-in tests CVBSeanemoiies arthus the tine

the self resetting CMOS cjrcuit_array devj are active is independent. of
t he dutyl%%}EPB‘t%Wﬂf pere %??FE?%%‘Q@ t‘?\éﬁsrémq’vé‘fesif we assume the del ay

time of the sebfe £iR3Etkd RAUEMEEs BIMAY cost W0 RRREARERNES: 8Ntle 3UAl-I assune
that the cycle of the systemclock is six nanoseconds, then the self

r eset t i npo@deRdthucinctease thaynudber ofdevicad being tEstal 2@z eachipowebenact i ve or

powered on for only two nanoseconds during the three nanosecond first half
D" ho. sOruth o ek PEYET SeRs ol v douriabo P aeer tat SUCt s hEiaSs GaBE SBE ' power
of f node, L j : ANORES Wist hal f of

t he systéﬁﬁﬁg%ﬁﬁqé$§%?9?|ﬁ§ 22%3¥ﬁ§ﬁgxg?§g@3 nangggggggyggggﬁgé alf of the
systemcl ock cycle tinme. However with a | engthened system clock cycle tine
of 200 nanoseconds, as typically required for a proper burn-in operation,

t he periphery devices of these self resetting CMOS circuits will still only
be on or active for 2 nanoseconds, and will be in the reset or off node,
and thus inactive, for 198 nanoseconds. This remains true even though such
peri phery devices are capable of running up to one-hundred tines faster.
Such an inbal ance between the active and inactive tinmes of the periphery
devices of the self resetting CMOS circuit does not properly stress the
peri phery devices of the self resetting CMOS circuit and thus it is
necessary to increase the total burn-in tine. However to achieve parity of
burn-in stressing between self resetting CMOS circuits and static CMOS
circuits is cost prohibitive because of the long tinmes that would be
required.




The inefficiency inherent in burn-in stressing of devices, Sltfg BEQGZQD%
resetting circuits, wth such a short active tinme and a | ong S i as
remai ned a severely limting factor in achieving adequate burn-in testing
of self resetting CMOS circuits and rermains a significant cost of
production of such self resetting CMOS circuits. One nethod that has been

proposed to overcone this burn-in efficiency problemis to disable the
circuit's self, resetti t h.during,burn-in and. provide a se te cl ock
‘nput and addisoRaFased dhedigtan pLAF pHE- B foaleintthe g heBrto Hetonave as
a static CMJpelesr ‘Fh’és%-loﬂ?%ﬁﬁfn,cléél{ Sycle8Adeduate f_%ﬂﬁiké_shi‘ﬂ@%iati'cQQM@SQbéféy' ts in
each circuit to be tested thereby iricreasing circuit conplexity aRd circuit

cost whil e meepent amegffiaieape problent fardiighnpdrformiance self-rdsditikg CMOD 2irtwitiys t hus
desirabl e that a new net hod be devel ope reby such, test tinmes can be
shortened by a fdf §XaIBPIes ¥ eS?Seréﬁ@%Fmggm&ch% t]&q)nggfcyg@a} tests,
whi | e nmai nt gj, nj ) I LGl I : resent

i nvention o&gggﬁ%ewgogé‘é&%efggé‘%g%%gsrto IC%%%%%&C%%WPE&? Flg burn-in

testing of @anedebondss By peripheiidRvives Giihéand tbsedévicasahati fofn eesaeayel i ci ency
in such burn-in testing, without requiring additional |ogic at each circuit
stage, by caUBPOiCiERls, sehfas thessense ampldigrs agd eteuikhis means, in sushbarstatia t i pl e

times duringwyt tive paortion of. the.burnsdn .clac | e in. €., While the
system bur n GHOR bty BBk gk Wibh Ry HoberEO T ot "daca 1o
cycl e t hr ougfanbde@osddBuring theifirstHalft dfth@sylstefesr dxferhAtodkéyicRARMBEnd he nunber

1

‘of times the circuits are stressed in the active region during the burn-in
cl ock cycl e.in®tive] ia. ARYheRsatgr ponreERTinmdepior 3-nanosegends, te.athei sgeord kdht

portion of t t ot al uf agt uri ng-.cost of sem.condugt ices., and | ong
Bur - i 1t estorTis SRt SOR et el drierih st v AR i RATH Pilelles
burn-in testdeyRes dreRvenlyQtessed NBVS réiffRs édnSiaherégarditiss 6f RRIuYAti oF the gher
vol tage i ncreases speed of operation, the correspondingly increased

t enper at ur e Systamrdoakdcyisle titnat For epasple;on a hym-ig tesisif thesysisor eloclohassmd | ower s
efficiency. Typical burn-in.cycle.tines ar urrent.l reat er. than 200
nanoseconds %ﬁ’g)t}m%e W@?ﬁoﬁﬂ‘iéf%@%&&sg%l}@%ﬁf PR l?fé“'a’b opge A hundr ed
tines fasterthed MR REPhedytRvicRE i theintiile donBBESIB b dvehlSstreSdeal fof @ this| ow
speed of current bumin tésts is a severel { limting factor in the speedy
product i on ofasq¥leIpehiphery devisepofibe module ek reonircastive forr the ifstdwlftol iblye
ducing burp-in tine. |\t | | f .efficient st ' whi ch

\rM-el FC: Rgr ovg}f‘tlﬁ‘g‘ @'g(%e tgﬁ)ﬁ qlpbsngf’&ﬁﬁﬁ({)ﬁv@) and mqplgeemgctl\!e?inetﬂe réset fio 'e,ri%r e ©

second half of the system clock cycle (100 nanoseconds).

However, for a self-resetting CMOS circuit, using present day technologies,
( the length of time that the periphery devices are active is determined not by the

system clock cycle time but by a delay built in the self-tesetting CMOS circuit. Thus

the time the self-resetting CMOS circuit array devices are active is independent of the

duty cycle of the system clock. For example, if we assume the delay time of the self-

resetting CMOS array is two nanoseconds and again assume that the cycle of the

system clock is six nanoseconds, then the self-resetting CMOS circuit array devices



04 DEC2fIfl2 6 products. The invention achieves these regujt g
the internal RAM clock to cycle the device nmultiple tines duﬂuﬁgegg %@)%lxler

burn-in cycle, and sinmultaneously synchronizes that internal clock with an
external clock set to the burn-in cycle time. This synchronization provides
coherent data for every internal cycle. As a result, the invention

accel erates burn-in test tinme, which significantly increases test

ef ficiency ang.reduces final , preduct cost. Broadly, .t .nvention i§ a

bur -1 't v CRUPPaRITe Srep e Bt G iRrninn a0e shyianhe L Binacties

devi ces, SUGHstaRIfBHTRE Yysfém L1868k Byt tiknR anB AR tivEdieV iAW reSlg bk BEReOOffT ~_
nodul es, which provides a neans Tor increasing the nunber of test

sti mul at i onsnade, fadbumpommesecopdd, ee.wbhdhmanbséoood e derfgst hadf ofithbeystem cloekgt h of

t he power cycl.es, and thus avaqiding the difficulties encoyntered by prior
art  pr oposalicle Fie PILBE FRTe RO e5ng FREOBR BAL oL e yBigm P9 96 tthg;

reduci ng burf:, oy |Gy | i ch
w1 o ovetsaet b et sfys fiod e Rl B 200 DleoBhd S8 bptal
acconpl i sheseddited foya pripsr bgndaobemation,tke periphegsdavivbs lof thesé sdlbresettingst ed
mul tiple tinesgé from2 to 32+ tinmes ) durina each power cycle. By such

nul ti pl e cy&NIRQg crcuithwillistill onlyderonas aetivesior £ iigneseeonsdsvand wilkthein the has

found thar 12t obOR eldelend BB inebf¥e, FBASR SaBOREDRAT i fond AleSGey o ar o
-nore ef fici ehdugh sath pérftry ddviowdard cdpdbleErudmnngp idee-kididdasmeamsieny t he

‘test, of the present invention, have a reliability %r eater than devices
passi ng t he Such en imbalancehetweenthe actbvecanddnadiive iimaset the,pettphery, devives p€nor y

| ogi ¢ devyy pr.ovi ded with i | ock h
v 11 oper at SERIRHGERE CRAQS RrBu RISt ol e ORI &R oD o
32+ times ) sefirdsetRRCMEOBLRRSTAHIRRSt HiHctegargas dpeuse theael BurnMaafise.f or

provi ding data coherency for each read operation and neans o
However to achieve parity of burn-in stressing between self-resetting CMOS circuits

b~

and static CMOS circuits is cost prohibitive because of the long times that would be
required.

The inefficiency inherent in burn-in stressing of devices, such as self-resetting
circuits, with such a short active time and a long reset time has remained a severely
limiting factor in achieving adequate burn-in testing of self-resetting CMOS circuits
and remains a significant cost of production of such self-resetting CMOS circuits.

One method that has been proposed to overcome this burn-in efficiency
problem is to disable the circuit's self-resetting path during burn-in and provide a
separate clock input and additional logic to allow the self-resetting circuit to behave
as a static CMOS circuit. However, this requires additional logic circuits in each
circuit to be tested thereby increasing circuit complexity and circuit cost while

requiring a special clock network.



0 ~ ~~Cc a~w for inverting the data if any fail is recorded “{]i E@Zi@d
operation are also provided. Accordingly, the present invent [3 '

burn-in test that nore efficiently stresses sem conductor devices such as
menory or logic units. Further the present invention can reduce burn-in
cost by reducing the tine necessary to run a burn-in test of such

sem conduct or devices. Still further thg present invention utilizes the

i nternal clock of a sem conductor device by cycling the output of the
internal clock gt Rlthisalesfribl@thak bhRe Iﬁéthbdﬂge 8@ elope@ Witterdby sﬁm{@t tigs

si mul t aneously synchroni ze these internal clock cycles with the power on
cycle to prcenrgdehamhled bye factowofifonr manhrelthmsaﬁdmlngﬂ)clcest Glﬂsasletmtsd ot her

Che- 1 of | ow M eaBSBIAIEE BIPKBRD S ICRD A RONEN IRt e dr avi ngo. BRI EF
DESCRI PTI ON it SRAM
circuit as it m%ﬁ?%!aar \/\E nl%ve&cgﬁegsqqéu%@ggfl g§ ﬁgé@ l???\en?sna{dgg{iﬁeﬁéﬁ Fig. 2

schemat i calthgburhlinsdsting efa velf-re3eRingUIMOS dircuit had aashmres dndredsbabffafiertdyg. 1
during one _external clock cycle while being subjected to burn-in testing.
Fig. 3 is anpychurgintesing, orithoybregrinmeadditiongl lggicakeach dreutstaga®nt i on

counl ed. t0 TG air ARARAHDS Sfaltio Ui sk R e Mg e acive

SChGI’TB.tICGJ strates vari ous pu S€ES urrng one

ext er nal C|p©€ti’orf¢mh@bml-1hezl&&l dyolesil®] @hil€thelspstoubrn-ih ¢HRgiben glocPESCRI PTI ON
rGE THE PREFERRED EMBODIMENT p 4 D E C 2002

high, thereby permitting the input data to cycle through the CMOS circuit multiple

times thereby increasing the number of times the circuits are stressed in the active

region during the burn-in clock cycle.
SUMMARY OF THE INVENTION

Burn-in cost is a significant portion of thé total manufacturing cost of
semiconductor devices, and long burn-in test times are a significant factor in burn-in
cost. Increases in burn-in test speed previously have been limited. While applying a
higher voltage increases speed of operation, the correspondingly increased
i temperature generated by that higher voltage slows the operation and lowers
NS efficiency. Typical RAM burn-in cycle times are currently greater than 200

nanoseconds (ns), even though RAMs are capable of running up to one-hundred times
faster. Therefore, the inefficiency inherent in the relatively slow speed of current
bumn-in tests is a severely limiting factor in the speedy production of RAM chips.

The present invention cuts burn-in cost by reducing burn-in time. It also

allows for more efficient stressing, which will improve the reliability of RAM



8 Fig. 1 shows, in block diagramform a prior art Random Ac e@sDE@o%]ggz
(RAM circuit coupled to a testing apparatus for burn-in tes ing-of” the

circuit. In Fig. 1, the RAMcircuit 10 to be subjected to burn-in will, for
pur poses of exanple only, be assumed to be a standard, prior art, Static
Random Access Menory (SRAM array containing a nenory cell array 12 having
the usual, word and bit decoders, drivex circuits and sense anplifiers

etc. therewit Th 12 furth has | ur.al t ) Iudlng,
an internal P5 B‘HFtésth |l[hvg}{fl%ﬁ?hli%5%esaé?sgﬁ?ﬁy}lﬂ%t "‘y‘%%”é*’%w Cgf okt ﬂput 17
and al so hagyde Bl devRk n%lh?_ ttfmes duthigGhe d16wELSIEN-3n dpdla dnki%ﬁnﬁl‘tﬁriél#ﬁslﬂ-g and a
dumy bit I|ne out put he internal line address |ine input 14 is

coupl ed, t hsyghtonaaes sluid igsmabelnek withran2@ternad chogkisett tertheburnehcyelesise. ci r cui t
21 and then t hr h a.clock receiver 23 to an external, cloc

Typrcal |y GNP ir e idES er s e (oo A YRl e 4 B R  vel y
slow and it 1 i 0. urn on
and turn ofﬁ?e#LQF%ﬁﬁk*%%§%%hlﬁﬁgtgﬁgbﬁﬁkpatc oncgwg@ggy téﬂﬁgﬁg?éconds
The i nt er nahndrtdnesinal produopedst. 14 is further coupled, through the address
generator 20, the self reset circuit 21 and a first control receiver 25 to
control | er i nput Srowily, theinvertigniga bagrrsiest qiscait and mathodifer byrmaindestingupl ed,
through the  addf &8eaAeR e 91%?5 fé& astrﬁex?lgﬁyatg%ﬁ(? ﬁnftﬂﬁ’)ﬂ h d@aﬁn&&l{aﬁ)ﬂgﬂc& econd

recei ver 27. e array in 'S CO a recerver 0 to
Ahe array i nwdhlsauwmh wkaxl@esmdear&&”or 1nB‘basmgthel mmlier bf test stirhglationsay 12 is
‘coupl ed throu sense anplifier/set circuirt 29 to the dummy bitline

out put 18 opaqhmwmayemthovh@cse@mgs thgwimbar of length ofjthe ppwepdyclgsesdhas an

out put 34 ( Lrs ata latch 31. The

out put 18 ﬁﬁg%oﬁ@&g%ﬁggﬁlg%uﬁoéﬂl @&ﬁg@r Crgarr]tfoﬂroﬁésaﬂ of this first data

| atch 31. 0 ~ Dbk pﬁésaﬁﬁav&tidﬁtthereﬁrea&mbemnmwOstq)yﬁ'ea@cmngmanLmea Ipurn-in

test of a prior art SRAMw || be di scussed bel ow. Broadggl&the chip 10, is
3

subj ected t elsa algwa forrmergsiticipyt streasing gvhickewd himprpye theg: kyof IRde¥li ng
appar at us or_ oy e heating the chip to a selected tenperature and operating
the chip thPB éﬁ a selected series of operations. Such burn-in testing is
wel | known and wgelpresehfialémRm dcBothplshas this BEfising@achbPtheeiRoiReduidie

sel ected burn-in tenperature, then at the start _ of the next external clock
signal Ko f fesiiq bestested snultple timas(dram 2¢e A2t simsa ) during eack nayer cpilet By sel f

t 3.
This pul so. chfhufielf eictipf 3P ey Blah By BthiE ik pher FRE TR el T
gener at or Cithiattthd to20 tésonﬁfeaﬁi}ebéﬁioiteﬁ@ﬁeu hasylsclbkndsend thaethe depicksrent pairs

(ADDT/ C) (not shown in Fig. 2) which are then prOV|ded to the SRAM arrayl 2,
at via the |t¢f>@fé# ﬁaqwca&tap@%wbﬂhrepqemﬂnvyatl%argew% @%@rﬁb&%@seéatlhwaw this

t th lg o
(6000 S Selmb S Tl hifollcrs IR AP LG e AR hGeltl, SREL Rl "ol
not be reactguaitadhamdedxceapmghe@hosa@mts. . is received. In some SRAM

enbodi ments special timng chains are used to synchronlze the SRAM s sense
anplifiers with tIA@cemrdanegwitythginvention, the Wé“’@”%oglcrﬁ%”fﬁeéuil%tt%ﬁﬁé@ t he

array 12 gengsgige Wﬁhg 1ioRoti A ST AR AR b B Bhvicd e

bitline), erna are use enerat
signal s SET tesudHSEglfﬁnuIEfpee strondd 1032k ﬂlIﬂeS'S)?Wfltet@ld:f'ead byeradnsiduping edoh t o
activate the sense a ifiers, in the array and thereby allow data to

propagate, tPAWGEE¥FleuMsans foo prayidiag dae cab%ranqy fregachmesd aprratiomandymesns| y t he
out put



| at ches 31 and 32 and thence to the chip output (DQ at node . L,
this test sequence of the prior art SRAM 10 during burn-in |ﬁ§30@m

The external clock 24 is running continuously and is sending 200 nanosecond
O ~DEC 2002 n clock cycles Kto the clock receiver circuit 23. Each
clock cycle Kis for the first half of its cycle ( |00 nanoseconds

) _positive or high and for the second half of its cycle ( |00 nanoseconds )
negative or fooivefigthd dita tfesl €4il isndécraéduringad read bpsrhtidrsare@ldggovided.he
rising, |leading edge of the positive, first half of the cycle of the next
cl ock signal Ko, Agcerdieglpche preseniiinyentien prqvidesigbuen-iittestthalanoiger circuit 23,
a positive' |.se, KCLKI which i.s sent.to the self res?t.cir.uit 21. Wen
the ri sing, TRSERGESSS SEMIORLioIBTive sisth Asdmsmany Ot 198y S ved by ¢ he
sel f reset circuiyrthdy the peesel ihvéRAlcaf rédueé burlinicdsta elldifN@d tinfe Pass a
singl e, 3 nanosecond positive pulse CLKI, initiated by the controller 26,
to t he addr emsesgEmes atroa bif-in Asst bf swoblsemicoaductondaviesart , when t he SRAM 10

is turned on, a f i nternal clock (not sho . havi cycle tine,
typically of aboﬁﬁgfuffge%thﬁgfﬁg%tdeﬁ lon;ull ‘é‘&st\,\tﬁ%éﬂt%‘aaf‘ﬁ%‘ﬁ‘e? and this
internal cl . S IS : : j j fhat the
self reset %:é}?nga%ntﬁ {@&r %%l eﬁﬂ’e&?glﬁ% h%l@llgﬁllts%?#%sl éﬁ(%ﬁ?af(l) cgi\%/ré?;ﬂ I%raﬁlivg?gﬁ{l%r nal

cl ock si gnaldurihpiesclppdwee osldgtles sridsitnnttameiasly sgnaheordzathese infernal chowkdi tion to
pass, for 3 nanoseconds, a selected address si %nal ADDTI C, fromthe address
input 28, t&velesvwaththgpawer an gyclede nrowide pehierent datader eqchdntermglieycler t o
‘activate selecte I i he. ! . t he
dummy wordline 13%@??1&?%%&{;?@%@1@5 Ef?dslfée?]d Ses\égfgg%f){%?%@?%\%ﬁégggﬂ?\%ﬁﬁ% o the
dummy bi t | i @pdréfit fbinGhe RANWIRDdScapiGUakey R donjietibhMih thb d@aughgsan out put
18 to the sense anplifier/set circurt 29. The pul se DLTMBL causes the
circuit 29 to send a signal SET (not shown in Fig. 2) to the array 12, via
i nput 17. Signal SET perm ﬁé}g@ #ﬁrgﬁj ggg@ array 12 to send
data, via the data line Mﬁ ﬁf ; aneously, the set
circuit 29 also send a positive signal SETG (not shown in Fig.2) to the
first data latch 31 ]g.erm'ttin_g the data latch 31 to_pass the received data

( pulse DL) to tHigskisgrilock diagranrof pricraetSRAMgirawitas itweeldiappsy wiklech
goes high a . t.h 08 & | pul se DA. Because the SRAM 10 is self
resetting aﬁotfi‘g%%e%ec tg%Pﬁleir%et%éntYnl S initiated by | eading edge of the

external clock cymipe? chematiedlli illusthats Riioas poleeiia niepricieetSRAM of Fighe
entire 200 nanosecond external clock cycle Ko ends and a new cl ock cycl e,

K, begins arfipringongssteanal slockickelg whilstbeingpubiestedite bpmpadesti®g. Thi s new cl ock
cycle K~ is also gi t | e Rtﬂﬁ? . it. Wen
the latch 32 unl aﬁ%%%,aaqlﬁ‘gy%ggrgﬁ}?tgégt 0 Tclrgﬁl?gft\’gﬁ%g}%ﬁgﬂ}l%%{&flout put node
(33. I n this donplednio a JTAGEtepiapphiaties forbwa-ibD@stingi cates that the tested

address was good._Conversely, if the data sent off_  chj oes. not: tch the
expect ed dat g t hefigi 4 schcmatiXally illustrates various pulses in the QRRN? of F ig. g dug}?g

one external clock cycle while being subjected to burn-in testing.

DESCRIPTION OF THE PREFERRED EMBODIMENT



means that a failure has occurred in the SRAM As di scussed abov h
tested devices, in the array, are active for only about 3 nad}ieiﬂﬁés%ﬂoz
i.e., during the entire 200 nanosecond cycle of the system clock and
inactive, i.e., in the reset node, for 197 nanoseconds of the system cl ock
cycle tinme. Thus, the prior art array devices now avail abl e cannot and are
not evenly stressed during a burn-in te$t. The present invention is

designed to relieye|sHGRs YRBURR didrBaThig fridrhg R&ldond K&kt MhdlgVi ces
during bumin and acconplices this adding, to the SRAMcircuit as"w || be

di scussed _béR.th )icirccigbnj)u%lﬁttg aate;m'lg aqilpﬁ'ragtllzs for bgmeimitedt#mgeﬁehe c_aimixitdglta Eorrpare
circuits with selecgtiye, feedbhac s, Fig. sets forth,.in a blo
diagram an i nprb\/@@- \é&haw@%g@?%w nge%%%ua%ﬁ UHEJOT PUIRESPdance
vviththeprg%;rgﬁi ' r o-&@% Cﬁ%{nﬁ t ki il
agai n be assu c}eto gﬁ’ggé gggg{naetﬁ ?ébgegr?%g?n% téréss Irtraglrcy gBA}Ig}f%S Me s%rgnul d be
further not ¢SRARDWEME Conthitingdd RRefbry célVady N heving e wael] word indbit t ype of

Random Access Menory, static or dynamc, a logllzcc unit or a M croprocessor,
in either neeradersodrivasiciropistsnd sense amplifiers; epgderewitithe | nproved SRAM of t he

. . L this Eiq : ol o eu

bl enent's that ar 4% BERT FRLF] e Bl of gl faflpling Apnlemel agirdsF .

di fferent friggidpneld,shaatid phi b, ahbl_aisﬂpi%x_ﬁﬁi l%rﬁ&lﬁiiiﬁsfaipaﬂadfduﬁﬁ%@e | ogi ¢
(0]

circuit and a_ conpare latching circuit. se elenments, in Fig. that are
ddentical twhidhdneluderadata lore qutppt 19 and@ dugamy bit lisg owipuh18.he same nuneral s

‘that were used ip,Fi.qg. 1,..Thu this.imraoved S 10a.contai ns a nmenory
cell array 12 ha\%'ﬁ F’ﬁ’élh%%%\(ﬁreﬁﬁglr“&’%ﬁg lgilstc m}‘g‘,‘g*h“_}'} _eséi rcuits and
sense anpl i geRirstor 26,%0 ah RAEEM §dMf reddiirdcik 21 AR LIRASK BRSugh M@obOPUt 14 is
agai n coupl ed, through the address generator 20, to the self reset circuit

21 and t hentesetviar dditthamextemakcloclp4., Typinglye underburn-irptest qontitiopk,gker circuit

22, which f tion of. t dded..rest.ore | ogic circuit 36, t
The olock r exrpLeRS s lhdey Iy SRl plGoLe Rl povhs hadntpoukr °> O
condi t1 ons, dbhe, ie! RGN aiid K olrS e alratinol it thoupataichonBlbags 200!

cyclically power up and power d urn on and turn off, the SRAM 10
and t he out patostennds., once every 200 nanoseconds. The internal address |ine

input 14 is al so.agal n cqupl.ed,,.through, t ddr ess ner at or t he self
reset circuit 21 @ﬂed'n%{'éﬁfal_ﬁfi%ef% BB%WB?P‘} ’é?ﬁﬁt@e rcoﬂéleg’gtg{%ggé@%?‘%g?ssi nput s
26. The int géxﬁb?étoﬂﬂﬁl,rtﬁé&lf te3& difthitt2 1 kthdiaSirsd coRtroPHBEREr 29 Y VAGBIIEhe address
generator 20, to the address input 28 through the second receiver 29. The

array i nput inmits 26. gbd internalmiddeess linesligputtidds alao soupledithrougthet asldrese arr ay
'nggf égu: Elrjtgﬁgeﬁetlt?ﬁg&gg ﬁggi'ddliessjr Hl%u? ’?é thirgtljgll{ta s:clézorP re%g\eferaif af(helazrra{ysinsgtaf-éﬂ'
( _ i is coupled through a data receiver 30 to the array input/output data node 33. _
The set input 17 of the array 12 is coupled through a sense amplifier/set
circuit 29 to the dummy bitline output 18 of the array 12. The sense amplifier/set
circuit 29 also has an output 34 (SETG) coupled to a first input of a first data
latch 31. The output 18 of the array 12 is coupled to a second input of this first data

latch 31.



anplifier/set circuit 29 to the dummy bitline output 18 of the
However, the sense anplifier/set Crcuit 29 now has its out ﬁéaehﬁﬂ

coupled not only to a first input of the first data latch 31 but also to

i nput 22b of the multiplexor circuit 22 in the restore logic circuit 36 via
|l i ne 34a. Q~ D E C 200Z 13 The restore logic circuit 36, as sho~n in
Fig. 3, conprises, in addition to the n%ltiplexor circuit 22, discussed
above, a single i oW refSreR@ OVOLY Figs. 1CAMIT, ﬁrbuﬁﬁmtesttdﬂaprﬂapu&,smghmout put
conparator 39 and a two input, two output reset logic circuit 40. The

count er 38 i be diseussed belpwes&rbaﬂy,ethe akipHdr issybigrted o & burneinrtest, byhpladiegi ce i s

to be recycl uring the first half of the rn l. ock Durlng
the typronr BhstibinCutahls hehfhs Alerait wioven: Reatipp e i SRS, o1 tal Ty
range bet Weefén?pe?ﬁtgre?a%d ra@t% t}@@cﬂlﬁ Sk §sé?éct§t?sen€96f gﬁéﬂmcﬁ{s 88ch S

coupl ed between the output 22 tiplexor 22 an first input 39a

of the seconUumanpeﬂtm'gms well kaowh agé md’éiye peicupedinithe aiti i@ncd%he chipaetichgd f r om

the JTAG test CC|rcu|t 35, is connected to the other utpt 39b of the
conpar at or 3§wsv teg husrrin tegpesituieh bep ghiba SEAT thonexd exmm ¥ clock sizaat Ky ¢

i nput 40a of 0 [ i ne 35b

| eadi ng fromfrg)ﬁlﬁhé%%%ktzlgsgiefo&géﬁéé’:a{regé? he@?qlgﬂgghﬁﬁglcf?%ggt{; H{?ﬁ%l zléecond

i nput 40b of sélﬁﬁbsémgfstgnagpmssiCLKwa% sHOwr itdFigeret 3 eThin pulke CBKI efrobidsahe
mul ti pl exor 43. The outFut 40c of the reset logic circuit is coupled to the
i nput 22c of addressinpyts pf theqddress tryp/eomplipant geoeratos ciguit 20 émcreatebei ng

goupl ed 10 dalincloahl atdrest fy@baofBUR Blls | RODTCF (RYIRRE L e o

37. This conpare nprlses a ree 1 nput e out put

conpar e/ i nvehie thén ﬁtd’vfdékittoﬁile SRAMreS/ 12/ 4tWia thieiefhabbddieds 1in@thtasucts | atch
circuit 42 arid a three input, single output, nultiplexor 43. Specifically

t he data out peressithe agmydata. array 12, i's now coupled to the input of the

first data | atch d f bot h
| at ches 31 and 42%?@5 ggt&ptlhéaeeif%e%gﬁ% ﬁellﬁéﬁg?n ﬂger&i F(#tle(%n

conpar e/ i nveglkow)restts ugblfmhﬁbama@uhm t@tﬂmt)s&@u@d &1, bacdredcd, WitEndtaek
aside latch 42. The latching circuit 37 conprises a Si ngl e i nput singl e

out Eutfdat}a regctgtegliungih @ ngw doakesignad iy is rreiyed broperS bodiments at chh42
E
Cout - si noi SPesTH ARe QRS hd3iokd R GRUARGE YR SicalPs Jcle BBt withly? 1 11 o

i nput, singl arriat ﬁﬂﬂatah‘éﬁf ﬂk/ahaycthﬁﬂsmﬁhﬂcé tHeSdrray dgeaemué sighait s, 43a and
43b, of the nultiplexor 43, as well as. being coupled to the respective

outputs of t UMYk (dusemy wosdling) and BABMBRd duamy bithngh inferngHy thag atqtested

respectively e k {fer
circuit 41. ggga%}a{;tgsl%ghi%ggﬁé‘t‘hﬁé%ﬁ%&lﬁané)ﬁ?ﬁg S?‘ gs %%égn on 3is
tested as wi lthe eeimpast? ibsdivael thevsane amphﬁem inhe aaay und thefdbg allow daritod.

( or purposes of this description, it he assuned that the chip is being

subj ect ed t o PERRHtEtheRhghraunydP, trﬁathqql?éa hnoscloend sehsequently she QuigYt has
been | oaded Y"Qﬂ aline 35a, to
signal a sto#t%%sﬁﬁgﬁg%tg%dt{ﬂén# ttlé})@ tﬁ );agrﬁ\t/)\nd? iﬁ ‘be further

di scussed bel ow. ThdetllAhid estiselagice oﬁtHeqjtlio'rr aﬁSRAM 10 during burn-in is as

follows.

The external clock 24 is running continuously and is sending 200 nanosecond



can al so be loaded with special instructions designed for oth@r

VWhile in the burn-in node, the SRAMreceives, fromthe exterggl 9%9((@992 a
200 nanosecond cl ock pul se Ko that passes through the multiplexor 22 to
generate at the output of the self reset circuit 21 a signal pul se CLKI
that is used to strobe, at input 26, the address inputs (ADDI) ( not shown
in Fig. 4) being emtted by the addresél i nput 26 through the

true/ conpl i ”%Rkk%?ﬂé@f{% Qﬁé‘@lbéﬁ Perccfv'ef Eivd it 20 mhfel&%tc?cmi fs fb?ﬁﬁtﬁx’sf‘ﬂalf
address true/conpfinment pairs (ADDI/C) ( not shown in"Fig. 4) which are

t hen provi dedf itocydie( BRAMrmsemnd&Zpoatwc ot leighand foldneesesond haf dhipucycle, to
access the s Iect ed rrermr cells |H%t he arrgy 12. If necgatsary speci.al

timng chain e%ﬁawew@a pesativearlow; Yehanhe tsrigpindicatssd éﬁsft.lwéemth

(oowt) and S of L EQUB e Hosit h, E Sl AP BN Fre IR SOMTIOck D L 16

and are sent sigﬁaltlhﬁ fiRad clotk Qmumua&stlﬁ tg@aeélateeew& dlfthszetapbglﬁwt t he
signal s SET (not own in Fig. 4) and SETG (not_shown in Fig. 4). The

si gnal SET i pulse KGIKIawhigh is saatito the self desgbeitruite 1acVhemthe rtsmg, bnadmg edgase

amplifiers and,t her ato onto.th DL at
et 567 B8l ISR I RGRH b BEOBARE G Dbt A1 R shldt Lo o
out put | at Ch'cﬂgu& 91 i Gnditidhed rﬂ@gﬁdswiﬂg;& FiinBsdRBAE pSsitivehullsd CBRE hated he

S|gnal SETG is fed back, via line 34a, to the rrultlpl exor 22 which is

_ppsi tioned bwmmecﬂﬁdkthmessmmrwr@& gnal is here multiplexed,
‘wWith the primary c|ock n tosbs Iockln t from
external clock 24duf eﬂg’é F‘hﬂ‘le W‘éi‘&@e&%ﬁ% t;e,né ent
i nvention, i gidcRnbUbWAPhin %Q%ﬁélb%&?é Eﬁg%ﬁ'%odt@%%%ﬁésebbﬂ&s flata has

been read out of the array an at anot RAM cycl e can start. It is
this signal $g&iv@tedthendin asd thssam,temml aiordqalgmll&ihdhmmtottheseié@scirwcbng’ilc

circuit 36, to use t nor nal s tt t .on of the.SRAMto injtiate
ol Eol ot nt 6 A T T st creu 81 gnd fis M RORY IR sl soemait T gl | s
does this Dby cLRRI] 'msg'ﬂﬁe'@IKI' sﬁsﬁﬁ@ﬁd&&s%ﬁ&a@oﬁ‘@b it BshdHMovphdss, fhecycl e

t he predeterm ned nunber tinmes set in the rtestore logic circuit, counter
38. Fig. 4, i3 namgsercan@asclnctgdeddmss sigeal ADDTHS fmnetlmaddmssampuh% itodlent i on,

shown in Fig. 3. . The JTAG test .0 circ 5,18 nd the, burn-in
rode becones 3 lgevia i s ddgss finf enb1 4 aevda sRFRA Ao Bihe AT e
si gnal KCONTRQL fromthe output 40c of the reset logic circuit 40 is
initially low, allowing the prinmary systemclock 24, signal Ko, as shown in

Fig. 4, in conjundVitbithe seledted mrcsssﬂlerdsmmgwcrd@nc d24,tin 88, array l@esqmisaed

through the 2-1 nult nd, su lve si t he
sel f reset C|pr°§'|5’| FpﬁifgiﬁW?ﬁé %‘M{ﬁgb}/% #\’ h pgw;s gpcgsa}% V%P}%éﬁl t
restore | ogi ©UMBIVhtouh: anuutﬁutﬂ%stbtthé/&n% splifidtsbtdircuitaot SrHef‘;ﬁlls“eOUm er 38
and sinultaneously causes the self reset circuit 21 to initiate the first

of a series d?Ub@_chraUp@ﬂ the sirghit 2 tasendsasignal SETKeowdwasnggeaétcatthgr 20. At

this samet|met D are acti ate reset
l ogi ¢ circui tarrj}és awa ?%lgggcw aﬁg‘;&a&?{‘“{% eﬁgnmn?ql NS h%#a)f Ef f‘he | ook
aside |atch 4én@astalvig tiOdmalifie boipaf 19 & the Wtéh 31 Siifitaneously, the set

circuit 29 also send a positive signal SETG (not shown in Fig.2) to the first data latch

A

31 permitting the data latch 31 to pass the received data ( pulse DL) to the second



0 4 DE C 2002 16 signal KCONTROL now sets the nultiplexor 22 such that its
out put signal KCLKI will be now be controlled by the signal QEF(BE@QWQCK
via line 34a fromthe set circuit 29, instead of being contralled by e
primary system clock 24. Since the signal SETGis |ow when the signal
KCONTROL goes active or high, the signal KCLKI goes |ow, nmaking the SRAM s
clock input appear to have a faster cycle tine. Meanwhile, the first CLKI

pul se strobdgichiip ARdISISwiIERgb&iiEh 20sHeen Byt the pesitiepasdDASs Faahideaht t he
address input 26 to be sent to the SRAM array i nternal address |ine input

14. These aditAbEtisgeHaesstting dnd qank cyale thereim is igiiiatad bydeatlingedgeniving) and
d bitli L), signal t sh d ul timtel. ia t t
ciroui 20, oHemE g S Sog et BB sfibutty naraBilingalre 2 % e

SRAM array lgnasofd Rl GR)@]E 'b?(‘hléflko@ﬂ&@axﬁim E'l%él?_cy’f’cﬁe,tli}g)e@hﬁf&nﬁ gnal DL

Once data has been sent out o e array the array is ready to accept new
addr ess i nputtevetescnibed test scaphdncess répeatedi Thistnetclodkheysle Khis aBidAM can now be

D, 0 oo S T e R S e 2
| ock I ti o] l.ock Si b
oK P PP oG A, R St >

| ogi ¢ ci r cui DQdadivatehtimat khe taeted addredrovasqoatier 38 send a signal through the
conparator 39 to the reset logic circuit. 40 which in turns sends the clock

1 ockout signal toCemeersaly.if thedatsrsenboft phiprdopsaotipateh heesxpectod dyp s itg ¢ he
rexternal clo i . i . fgnal SETG fed back to the
ok A% ol BB S

array, via the e se reéset circuit 21 which emts a

new hi gh pul se CLKk diseuisbé absi@; fiietegedddvides)indhk Ak, akryactios fexivndgatiouwgecond
address signal ADDT/C to initiate another full addressing cycle in the

array. The SEwmeseemdssl.eshsmgitheentire 2A@ nanpspeandzyeleof the fystepl deek ad ar e

cl ook o1 gnal el P e et e Bof IS ifobisghd SR RAATtREROCHRET ¢

2002 m per CYRisS thel fHor aédtfagdevites A6W availdBld @nbyidnd aeé nét evengsaeseds per
cycle. This cycling of the arrayl 0 continues until the nunber of signals at

the out put 2deringa bya-imi¢sti pl exor circuit 22 equals the nunber preset in

now ext ernal ol ocbiePaay KRR B RH R I ey SRR p e shir "
circuit 21. ftegettindeviays dutingiundy Shdradcbmelitdsi thisaddiagCtyaheSRAM thiehitasi . €.,
basically oscillating, until the nunber of pulses matches the nunber preset
in the count Wil bgdisopssed belewrin speiungionintikFigo 8y speciakieseiand dataromaie er
stored in th . . gyg%! 38 sends a signal (not shown) to the
conparator 3 r&%%ﬁ{ﬁz&%‘gﬁ%%g?or gsr'recei ves this signal which matches
the preset val ue (FHQ)setd foethy mseblotlo diagrani, aa impro¥e@d Randem ¢idcesstiMemand t he
Qj"gnal to ingut 22c of nultiplexor 22 is set lowto return control of the
mul ti pl exor ©RAMAQKesignadia ascqrdaneg with the dresentgaxention. For pyrpaserisxampled,

the array's r i it nal system
cl ock. Thus %91 @%@%ﬁﬁ%@e&s%&? go%ﬁ%%@ﬂ?ﬁ%ﬁ%%ﬁbg#ﬂ%&%ﬂh@f si gnal
SETG each o{ SRAdM jeltfshosid deduheraiotdde however, the peisertiin@nyioh ean bé heedsane
address. In the exanple _shown in Fig. 4, during the first, SRAMcycle a "1"
i s read out Withary typerofiRandomohccsss ol stadif10b dymamigaa logiG WHEC( L) and t o
the | atches R4 . . ove, the LOAD signal to the

| ook asi de Iglglgwﬁgtgeggﬁ& lﬁﬁgﬁﬁﬁggﬁgop%gg?ﬂgi rcuit 41 is active or high,
this data, on the data lines, will be latched into both - the data latch 31
and the | ook aside latch 42 causing their outputs, coupled to inputs 43a
and 43b respectively of the multiplexor 43, to go high. After the first bit
of data has been stored into the | ook aside latch the signal LOAD is reset
and isolates the data stored in the | ook aside latch 42 so that it can be
conpared to data resulting to subsequent clocking cycles CLKI. The

mul ti pl exor 43 is thus set such that data, in the latches 31 and 42 w ||

not




0 4 DEC 2002 ,_$%$ be passed to the node 33 and off the chip 10 il the
next rising edge of the external systemclock (K). If all thdﬂdﬁtﬁéc Zb
resulting fromeach CLKI signal are all identical, i.e., the data is either
all positive or all negative, then, at the next rising of the external
clock K signal, when the data is clocked off chip at node 33 it wll
indicate the tested region is good. Hd®ever, if, during the second cycle,

i.e., after the sTuB@hprotel SRAMGS Hielfreiat hlV@@tld'ﬂ ghshoxd @hBWFig B, hhga 4,
the data read fromthe same address is a "0", this i ndicates a burn-in

fail, the daphlraim'pﬁclrwlhéemsntsﬁhﬁmrwdeatycabm ﬁ@tcuﬁgltgl@g@ntsmﬁlhg libmhist i ve.

Because a "1" revi.ous st h tch 42

e aUS e (TSP R SR Ef b Mipk 2R Ko R s e €rafulal he
| ook asi de | %61?%)41% l%ﬁlr@rblﬂcﬁi{e"[%?e @lhﬂ@ﬁt‘s 1h'F(\]/g fﬂtﬁﬁ'ﬂdré‘ﬁieﬁﬁéﬁl% fhel Nvert
circuit 41 goes high to invert the data stored in the | ook aside |atch. The

dat a i nver si elemeatssdFig hard wehtified With dlst saotcenhimdrals thdmwetc)odcdasﬁge ldata is
driven of f t chjp.durin xt external cloc The 1NV si gnal
can only go Hﬁﬂfh th8 smbraspd sk TR cobink naerni Gell a3 iving e tRialas

shown 0 71 Swof afi¥ Gt dbdodel\ahe: Githidati¥ehee LBIifEs Mo &ﬁﬁgﬁg hhe data as a

1" the Iook aS| atc el ng alrea e se I 'gnal prevents

the third cycles dmharxtﬁmnadthessgnreaﬁphtands agduycmp“led through the/addgsal will be
passed to the node 33 at the start of the next external clock cycle K Thus

‘a fail will BencgelopdQ.dg thmqlafwtucsrca&tﬂxl/énd thepcathrough athegerinpyt, singlenext
Cext | cl | b
XL ) BlipBY 2 Emhupior o5 A AN hRGRLE AR 03 RRGH REgeo 0

can be conpl tsgielcideuit 36 t6 tiR dlodksiectiatl 230dnd the extsiral clatk 24.08kaidy ahder kesoher e
normal Iy there would be only one. The total nunber of cycles possible, in
this first h&em ltwn%H@eetmrealrﬁéqwkclrs(selatWtfsl@w@n iits pulsgs wﬂbcghsalimegwszg

d db h
Clock cycl e EP PO EREA e, MK S HESRANERE b Ao oo ng

cycle can eashte/evdirp280 afpseoondatel y thirty-three (33) times within the
typical 200ns (100ns positive phase) burn-in cycle. Power restrictions of

the burn-in equi pribkf ingaradiadress ling mpuh ithisealsaggainyequpled; hreushehe addresy ess
than the maxioum.. Byo! e sQPFdsBildf N1UHAGhe Rlst i SeceRIE B3 1l ofifib] Veness

has been i nclgeas.e8
inputs 26. The internal address line input 14 is also coupled, through the address

generator 20, to the address input 28 through the second receiver 29, The array
input 16 is again coupled through the data receiver 30 to the array input/output data
node 33.

The set input 17 of the array 12 is again coupled through the sense
amplifier/set circuit 29 to the dummy bitline output 18 of the array 12. However, the
sense amplifier/set circuit 29 now has its output 34 (SETG) coupled not only to a first
input of the first data latch 31 but also to input 22b of the multiplexor circuit 22 in

the restore logic circuit 36 via line 34a.



Thus there has been described a cl ocked test apparatus that[pthEﬂ@r@ﬂDZ
rapidly test sem conductor devices by utilizing an internal clock In the
device to cycle the device nultiple tines during each test clock cycle.
Thus the present invention causes the device, under test, to be cycled
internally at a rate that is a nultiple of the test clock cycle tinme. This
results in a significant reduction in b¥n-in time and test cost. The

i nvention al so proi wewrerngic eifquilciteas shoryndadiin g, epmpresdaidddiondadie t est

descri pti on BeplRop Fpd e lishuediains 551k R, 6Bt bt PRTE B oo may
be made in tRe iﬁpﬁw@ing&rbi&ﬁ&tféb}er@armgm!aq%%mwo @lﬁplﬁrréée@%%ﬁé Siredihe

scope of the invention described herein, it is intended that all the matter
cont ai ned i MG Ahezbounter 3@ et fat a preselectshuoumbérequildo sactompathgideyicdistoi ngs

will be interpreted,in.an il]ustrative sense and not in.a limti ense.
Thus ot her gt?‘:fr@ﬂ‘fg?‘? Judngthg Hﬁﬁa}aﬁﬁa‘g&?‘? g¥iermgj glpc % Wﬁ%@ﬁ&ﬂ“é‘ﬁgo o those
skilled int ' I G 41 e
nvent i on as gftepnieklefdh oER I bAGH clf SRk AR bRGRHE 9hd 3

CLAI M5: The wWitzanbe deéxoesngf 32 eThewmintar 38 iscaiphesl Heoléamthe oltputf2d off the
random access nenory devi ce_ conpri Si tr(l)%gra random access, nenory _array having
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tarray througbutpix %d)’f&ﬁtScﬂﬁ?mwrGB; TaB oapueIIadf the oekpdrator 89 iscouplddabt and
an input coupled to said self reset circuit, said external clock emtting

an external @i knpwtAQeof thevresey legie cirait 40a1 Fhedwan-in swlibmedpding 358 set
iret and selbuB B te THRIES 1l GGy Yorhicheetihf Sedb it pBAFUCRDE 10

l'ine; addr esghegedeelorid SifcuiRaNand ©rthé pipdt 4 of theflultiplelor 480 Thaiodtpuaadom
access nmenory array; a data latch having first and second |n§uts and an

out put, the ¢ftheresehlogic eircuitds goepledita the épubd2nef the upilitelexer Zai d menory

array output dat aThé Qﬁt%u?w, ih gﬁdl‘?i%ﬁ?ggeihg B&Iplé)c{ to data latch 31, is also coupled to
the compare latching circuit 37. This compare latching circuit 37 com;Jrises a three
input, single output compare/inverting circuit 41, a three input single output look
aside latch circuit 42 and a three input, single output, multiplexor 43. Specifically
the data output 19, of the array 12, is now coupled to the input of the first data latch
31 and to the look aside latch 42. The outputs of both latches 31 and 42 are coupled

- to the multiplexor 43 and to the compare/invert circuit 41 which has its outpﬁt
coupled back to the look aside latch 42.

The latching circuit 37 comprises a single input, single output data latch 31

and a three input, single output, look aside latch 42. Each of these latches have their

outputs coupled to the node 33 via a three input, single output, multiplexor 43, and to
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| ook aside latch having first, second and third inputs and a(ﬁﬂ gupﬁzq%
first input of said | ook aside |atch being coupled to the first input of

said data | atch; a device output coupled to the output of the data | atch;
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self reset circuit to cause said self rEset circuit to reset a

predet ermi ned .nunher of. times dyri i ternal clock, pul se . emtted by
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address input line of said array through an a,ddr.eii generator; an external
cl ock havi nginBHtsettaand k. el be comparmterarier chedt 4t rcuit, said external

a0 4 DE CORY BBy WESRAN T0n, W thehe oot W EhGR be GO0 B SRETCC
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sai d random accesdormpumposesadithiy descrigbion, it wilt he assumed that itha chapé besrgond
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— with a counter value (VSC) which is sent, via line 35a, to signal a stop to the cycle
\ multiplying signal as will be further discussed below. The JTAG test logic circuit 35
can also be loaded with special instructions designed for other purposes.
While in the burn-in mode, the SRAM receives, from the external clock 24,
a 200 nanosecond clock pulse K, that passes through the multiplexor 22 to generate
at the output of the self reset circuit 21 a signal pulse CLKI that is used to strobe, at
input 26, the address inputs (ADDI) ( not shown in Fig. 4) being emitted by the
address input 26 through the true/compliment address generator circuit 20 to create
self-resetting address true/compliment pairs (ADDT/C) ( not shown in Fig. 4) which
are then provided to the SRAM array 12, at internal address line input 14, to access
the selected memory cells in the array 12. If necessary, special timing chains can be
( ' used to synchronize the SRAM's sense amplifiers with the arrival of data from the
array. In this instance, the dummy wordline (DUMWL) and dummy bitline
(DUMBL) signals appear at the array output 19 and are sent to the set circuit 29 to
generate in the set circuit the signals SET (not shown in Fig. 4) and SETG (not shown
in Fig. 4). The signal SET is fed to array input 17 and used to activate the array sense
amplifiers and thereby allow data to propagate onto the data lines (DL), at output 19,



said data | atch being coupled to the second output of said s Ci | &¢
nodul e out put coupled to the output of the data | atch; and fmébgﬁengng

conprising a restore logic circuit coupled to the second output of said set
circuit and between said self reset circuit and said external clock output;
and a conpare |atching circuit coupl edjgaet ween the restore logic circuit
and the output of said data |atch and said nodul e output. 3. The nodul e of
cl ai m 2 wheand sutsagqubntlg shrongh thegwo stages of dutpotrniptchimgdo ¢hef dhijs inpat/ogtpet out put
mul tiplexor circuit _having a first, second and third input, coupled between
the externaM2@M9dR3dnd said self reset circuit; a si ngl e input, single

out put counter cQu e . ' ' r .Gl rcyj I ngl e
output count et o QiR FHABLARTSERD ST ERIAPLE TR S8 uBifbiRg T
circuit havipaviacK ispokitiafed BetheeR itk AuéiPmbul MheBETG Signatrisiheresecond i nput
with said first input coupled to the output of said conmparator and the

first out pumiaplaged; sath the primaryelock signali Kaptex substitytgifar theckackrinputifpirexor
circuit. 4. The nodu f.claim3 wherein said output counter is set to a
presel ect edeﬁ{‘}m?éf:ﬁ\ﬁ/kﬁéﬁmil%g@ﬁ?éfn?‘bmfﬁ% times the test cycle is to be
recycl ed through ’Itﬂé‘icey‘i‘d?.ﬁé,foﬁi}{eeﬁge&% in@&ltgd?xi?isfthﬁ ﬁhlltihg ok tlﬁ&s/{i}éﬁil dERG et

emtted by said external clock. e nodule of clarm4 erein: said
pr esel ect ed imdicaes thetdata hasjeechatakeut df theairayZand ghat BhethepSRAM cfcletai m 3
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12002 -22 circuit 36, to use the normal self setting action of the SRAM to initiate multiple
internal test cycles in a single external cycle. The signal SETG does this by
controlling the multiplexor 22 such that the SRAM will recycle the predetermined
number of times set in the restore logic circuit, counter 38.
Fig. 4, illustrates, in greater, detail the operation of the invention, shown in
Fig. 3. The JTAG test logic circuit 35 is loaded and the burn-in mode bec‘omes active
and remains so for the selected burn-in duration. The signal KCONTROL from the
output 40c of the reset logic circuit 40 is initially low, allowing the primary system
clock 24, signal K, as shown in Fig. 4, in conjunction, with the restore logic circuit
36, to be passed through the 2-1 multiplexor 22 and supply a positive signal KCLKI
( : to the self reset circuit 21 and to the counter 38 in the restore logic circuit res—tore
logic circuit 36. This positive signal KCLKI starts the counter 38 and simultaneously
causes the self reset circuit 21 to initiate the first of a series of KCLKI pulses which
are sent to the address generator 20. At this same time the signals KCONTROL and
LOAD are activated, by the reset logic circuit 40, and respectfully sent to the

multiplexor 22, to the look aside latch 42 and the compare invert circuit 41. The



there is further provided a stop count line froma tester to t S
I nput of the conparator. 7. The nodul e of claim4 wherein: theﬁl*i @EE?ZQQZ

provi ded neans for coupling a burn-in nulti-node line froma tester to said
second input of the reset logic circuit, and neans for coupling the first
output of the reset logic circuit to said first nultiplexor circuit and for
coupling the second output of the resd6 logic circuit to the conpare

| at chi ng ci Kipaht KCONTROL Hoddets b npllaploxer 29wtk that itk betpapdpai & dlarhi ng
circuit conprises a three input, single output conpare/inverting circuit, a
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out puts of both the data latch and the | aside latch circuit are coupled
to the secorighsitheglignad KIGLKI gdebimwe, malping theSR Al 'sectock inputappeardo davea
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testing, forlinterméhddtedinanpad0fTHeserddredsedyernerateih eieratayd2odkmney r andom
access nmenory npdule having a plurality of circuits therein, said circuits

i ncl udi ng, averdiaRPUEVENLanddwngy bitliag (REMBL) signals(ngt § fndenor y
(storage uni tg;hlRielh AOU.ALAHD0CHS SAMRISEYEN By te e hRithatl SE1% B
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circuit coumigh] theoSRAR anlslf €5 had dlfdatly kémteatod da@isHowi heee ak litieohigh signalpddr ess
generator; the external clock havi % an outﬁut coupled to said self reset

circuit; a J8 ©needate havbgsmagnt entiofshanrrantheprray isseadyie pegephnew Bddieay
fir S_t and igplﬁs Qt i%te%ﬁ%ﬁ&re_ss ?i’ﬂge input 14. Thus, the SRAM can now be cycled again.
The restore logic circuit, does this by sending a clock lockout signal

KCONTROL to input 22¢ of the multiplexor 22 enabling the 2:1 clock multiplexor

22 to lock out the external clock signal K and thereby pass control of the self reset
circuit to the SETG signal. The restore logic circuit does this by having the counter
38 send a signal through the comparator 39 to the reset logic circuit 40 which in turns
sends the clock lockout signal to the multiplexor 22. With the multiplexor 22
( . blocking the external clock signal, the internal clock signal SETG fed back to the
array, via the multiplexor 22 to the self reset circuit 21 which emits a new hiéh pulse
CLKI to the address generator 20 thereby launching a second address signal ADDT/C
to initiate another full addressing cycle in the array. The SETG signals appearing at
the output 22d of multiplexor 22 are also sent to the counter 38. The presence of this

internally generated, clock signal SETG, which is typically running at 3 nanoseconds
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menory array; and feedback nmeans conprising a restore logic circuit coupled
to the second output of said set circuit and between said self reset
circuit and said external clock output; and a conpare |latching circuit
coupl ed between the restore |ogic C|réJ|t and an output of a data latch and
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The multiplexor 43 is thus set such that data, in the latches 31 and 42 will not
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However, if, during the second cycle, i.e., after the signals KCLKI and SETG
both go high, as shown in Fig. 4, the data read from the same address is a “0", this
indicates a burn-in fail, the data output line DL, from array output 19 goes low or
inactive. Because a “1" was previously stored in the look aside latch 42, a mismatch
occurs when this new data is compared to the data previously stored in the look aside
latch 42 and an inverted signal INV from the compare invert circuit 41 goes high to
invert the data stored in the look aside latch. The data inversion causes the fail to be
detected when the look aside data is driven off the chip during the next external clock
cycle K. The INV signal can only go high once for a given system or external clock
cycle K.

As shown in Fig. 4, even if, in the third cycle the array reads the data as a “1"
the look aside latch 42 being already be set by the INV signal prevents the third
cycles data from being read and only a fail or low signal will be passed to the node 33

at the start of the next external clock cycle K. Thus a fail will be detected when DQ

Tt

is driven low at the start of the next external clock cycle K.

By using the present invention as described above and shown in Figs. 3 and 4,
it can be seen that multiple addressing cycles can be completed during the first half
of the external clock cycle K where normally there would be only one. The total

number of cycles possible, in this first half of the external clock cycle K, is
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to some value less than the maximum. By increasing the number of cycles, burn-in

effectiveness has been increased.

Thus there has been described a clocked test apparatus that will more rapidly
test semiconductor devices by utilizing an internal clock in the device to cycle the
device multiple times during each test clock cycle. Thus the present invention causes
the device, under test, to be cycled internally at a rate that is a multiple of the test
clock cycle time. This results in a significant reduction in burn-in time and test cost.
The invention also provides more efficient stressing of the device under test thus
improving the reliability of the tested devices.

This completes the description of the preferred embodiment of the invention.
Since changes may be made in the above construction and method without depa,rting
from the scope of the invention described herein, it is intended that all the matter
contained in the above description or shown in the accompanying drawings will be
interpreted in an illustrative sense and not in a limiting sense. Thus other alternatives
and modifications will now become apparent to those skilled in the art without
departing from the spirit and scope of the invention as set forth in the following

claims.
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dummy bit line output;

a self reset circuit coupled to the address input line of said array through an
address generator;

an external clock having an output and an input coupled to said self reset circuit,
said external clock emitting an external clock pulse, having a first half and a second half;

a set circuit having an input coupled to the dummy bit line output and having
first and second outputs, the first output being coupled to the set input line;

address generation means for sending a test cycle to said random access memory
array,

a data latch having first and second inputs and an output, the first input of said
data latch being coupled to said memory array output data lines and the second input of
said data latch being coupled to the second output of said set circuit;

a look aside latch having first, second and third inputs and an output, the first
input of said look aside latch being coupled to the first input of said data latch;

a device output coupled to the output of the data latch; and

feedback means coupling the second output of said set circuit to said self reset
circuit to cause said self reset circuit to reset a predetermined number of times during said

external clock pulse emitted by said external clock.

2. A static random access memory module comprising:

a random access memory array having a plurality of memory storage units
therein and an address input line, a set input line, a plurality of output data lines and a
dummy bit line output;

a self reset circuit coupled to the address input line of said array through an
address generator;

an external clock having an output coupled to said self reset circuit, said external

clock emitting an external clock pulse, having a first half and a second half;
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a data latch having first and second inputs and an output, the first input of said
data latch being coupled to said memory array output data lines and the second input of
said data latch being coupled to the second output of said set circuit;

a module output coupled to the output of the data latch; and

feedback means comprising

a restore logic circuit coupled to the second output of said set circuit and between
said self reset circuit and said external clock output; and

a compare latching circuit coupled between the restore logic circuit and the

output of said data latch and said module output.

3. The module of claim 2 wherein said restore logic circuit comprises

a first single output multiplexor circuit having a first, second and third input,
coupled between the external clock and said self reset circuit;

a single input, single output counter coupled between the first multiplexor circuit
and a single output comparator having a first and a second input, and

a reset logic circuit having a first and a second output and a first and a second
input with said first input coupled to the output of said comparator and the first output

being coupled to the first input of said first multiplexor circuit.

4. The module of claim 3 wherein said output counter is set to a preselected number
which is equal to the times the test cycle is to be recycled through the memory array

during the first half of said pulse emitted by said external clock.

5. The module of claim 4 wherein:

said preselected number can range between 2 and 32.

6. The module of claim 3 wherein:
said counter is coupled between the output of the first multiplexor circuit and the

first input of the comparator, and
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comparator.

7. The module of claim 4 wherein:

there is further provided means for coupling a burn-in multi-mode line from a
tester to said second input of the reset logic circuit, and

means for coupling the first output of the reset logic circuit to said first
multiplexor circuit and for coupling the second output of the reset logic circuit to the

compare latching circuit.

8. The module of claim 3 wherein:

the compare latching circuit comprises a three input, single output
compare/inverting circuit, a single output look aside latch circuit having a first, a second
and a third input and a second single output, multiplexor circuit having a first, a second

and a third input.

9. The module of claim 8 wherein:

the output data lines are coupled to the first input of the look aside latch circuit;

the outputs of both the data latch and the look aside latch circuit are coupled to
the second single output, three input multiplexor circuit and to selected, respective inputs
of the compare/inverting circuit;

the output of the compare/inverting circuit is coupled to the second input of the
look aside latch circuit; and

the output of the second multiplexor circuit is coupled to a single input, single

output buffer/latch.

10. A method of testing, for a selected period of time set by an external clock, a
random access memory module having a plurality of circuits therein, said circuits
including, a random access memory array having a plurality of memory storage units
therein and an address input line, a set input line, a plurality of output data lines and a
dummy bit line output; a self reset circuit coupled to the address input line of said array
through an address generator; the external clock having an output coupled to said self

reset circuit; a set circuit coupled to the dummy bit line output and having first and
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sending a clock cycle having a first half and a second half, from said external
clock to said module;

sending data to the module to initiate a test of said module; and

feeding a signal from said set circuit through said restore logic circuit to said self
reset circuit, to reset said self reset circuit multiple times, during the first half of the clock
cycle, to repetitively send the data, through the module multiple times during the first half
of the clock cycle to increase the number of times the circuits are stressed during the

clock cycle.



