TEST CIRCU T FOR AN UNPROGRAMMVED OTP MEMORY ARRAY
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[0005] Figure 1 is a circuit diagram of a known anti-fuse memory cell, while Figures 2 and
3 show the planar and cross-sectional views respectively of the anti-fuse memory cell
shown in Figure 1. The anti-fuse memory cell of Figure 1 includes a pass, or access
transistor 10 for coupling a bitline BL to a bottom plate of anti-fuse device 12. Anti-fuse
device 12 is considered a gate dielectric breakdown based anti-fuse devices. A wordline
WL is coupled to the gate of access transistor 10 to turn it on, and a cell plate voltage Vcp

is coupled to the top plate of anti-fuse device 12 for programming anti-fuse device 12.
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region where oxide breakdown can occur. The thick gate oxide edge meeting diffusion
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portion of the channel length is covered by the thick
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be formed, and OD2 refers to a second oxide definition

mask different than the first. According to an
wepodzrrent of the present invention, the thi nPQEC&2009/000368
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example, programming of anti-fuse cell 30 is achieved by grounding selected bitlines to
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to the anti-fuse cell 30 of Figure 4a and 4b, and
menory array 60 of Figure 5. Cenerally, the anti-fuse
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towards VDD only when a programmed OTP memory cell is activated.
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menori es have been tested to operate properly before
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t,i.on. ne

and 2500 0nd 8<F BollsiS ST esinR Bns Pl s Puraf 8o Aes, Hrich f e est
ceIIsQaﬁé rnﬁsk@ﬂogra'dhmesieﬁ feeume tttelﬂrttrvpltawmascdrl'ﬁspumdlmgigmmefm

cordin e, enb
respliiSs funs Fanin uding AMEingtey. Feth Bfinb ol ST REALEEM
structt&r@setndaﬁlﬁ)wtd drienef to® unEsgantsed OTR celtncind @kdgﬁgﬁmable for

r 0 b

couing Yo frervolads BF PR RN AL PofEln 3 bPaspohepd it 3fE
unpfegtdmrmes OTereils hirdl tHedte stroells g U@slaglmixdan@‘ﬂér asli-fisetoslls having
. he fir t vol t.age, ,and..the dec ncl ude
denfich v0r P ot st Lk 78 REV RS iRhfiea vgus!
[0020] tn Vatemothen el.‘nbb&n@nb@fdhupr&sant dupettetite dacoduug circuits include
row Plé?%ﬁsu?ﬁ:gﬁgeaqr trv?veagrglgi??fyhoé w§5 Ime f}gé 0&; iagal%l \X/orgfme 'réga%qu of the
plurality dtheortirsss, asd the rlwalitp nhwotdd;dest tommmeomfectekieto mvw cfithe y
unpr%fgra%%lecli BT ce"r:rgcln ’[I%)ef prteggnt e‘ra‘rﬁ)odlment the test circuit includes a column
of test cells having their gate terminals formed by the plurality of wordlines, where each of
the test cells is connected to the at least one bitline. Each of the test cells can be mask
programmed to couple the first voltage to the at least one bitline in response to the
activated wordline. Alternately, each of the test cells is identical in structure and layout to
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cells are mask programmed to couple the first voltage
to a corresponding bitline in response to the
waedvmzniesl wordline. Alternately, each of the PEECA2009/000368
cells is identical in structure and | ayout to one of
t he unprogramed OTP cells, and progranmmabl e for

one 6@HPLhHBgidieméd OFP c¢ns ta%ﬂ%r&jrraﬁh"%b%%f YlpRAg MRt vBﬁage of

to a corresponding bitline he unprogranmed OTP c
the aghvptedhwordie ta-a cprgespPendipg bgﬁ"]’ﬁ"‘g FE”'?EFHWEG? §’P%?e'!§ﬁt°|'r9‘f"h%§ a
dedn@eﬁécﬁ ﬁashé’éﬁs@Qan’apmﬁéﬂfbﬁéénslng){ﬁélfu%t v&fagb\bptﬁerai'ﬂaﬁis%r% b|t||ne and

use cell's havin enti cal out s. %‘
the t?ﬁétc" ‘é‘fib'f‘ﬁ'é?eseﬂfﬁ?&P‘h@Hgg geviehor seles 'é%‘/ﬂy “z%‘ﬁ%%‘t”g theat 'eaSt one

bitlin€ &6 a Withire é‘dnrnéétbb% h RElUHBEf UBPtogHdfHEd BTPRNSCted to a
ghralt% wordl i nes, the activated wordline bein
(002410 scoR ésﬁﬂch r”éﬁ Prteﬁe’af'”‘(ﬁBF'%ﬂ peyiles g3 pneitime PERAIT] (OTP)

Ry, Whed TR ﬂ@lu@%ﬁWbﬂa aewobst diruit, acolumn test
un rog ramTedn%QP cells. In the ?esent enbodi ma

c'rcwte%rtd e st NG B mary GRS PO RTERS DI PHEals hgnected

to wérﬁﬁiés FRIASY. The 26 tdsOEiPRE iPYorinketenlte i wérlids for chargmg a
nes, where each of the test Ce”ﬁ@'s C nne

tost Biinpiie Sict MM 1B HSPBNEA IoPvatRBIet Ghe phe Rk gIngs) 1 cotumn

test éiﬁ:mut REupIBS thelbithEE IR filsOvaiRYB lirtrels Pendel tb Sictivatibih ape tés@
he at | east one bjtline to the acti vat

wordg @i teRfing PPRRIAHIR, whese e U acare SLeheEIPALo psocond Fotage
durmgd@ﬁéﬂm‘aﬂeadrbp‘étmﬁt m@sema oir@t‘:iwterisé@ nige ditayB@f the bitlines and

c rammabl e for ¢ | j
the RIS ACCHOINE4E SO RS ek SPEOASPaT (e P 18 orcut s
conrfe@tedes BAinstichdl opie whrBlindsUahd W BFcRits fdp Gnﬁﬂ@ﬂ% wordlines are
circuitry is a dedjcated test sen

e
conmigiedi 11 Serend Shee 106 POLBSSPPRTES 1t AR e e tepfsireu
mclu?@gi atcblﬁlrﬂrf&tro@ltéﬁ ks ha{ngd@ﬁ gatett@?ﬁ’ﬂnzﬂQ tphied %ytﬂli&ywmﬂlmes
or. selectjv connectin east, 0 it
cact SHing [ ESL oA CerSor0e o Dhie P G PR toFaeu s
conrfeRtddto alfRE1ZHH of thessitlings] aag memnn difegitareenhedtey wd eond end

provi des a one t ble (OIP). nemory. The OIP
of Rt Grperiodhe, s P Tha PRy s\t BEMRER oyt S3imn
test Qéllslﬂasﬁné(ﬂéd toCthé Bitliries amadwasem gatésﬁfo'rmdéd/by fﬂeeeﬂwmdlyle The
connect e

o s S L O AT hE 55 BB Sy o s

diffuSieA Neibre Borirecledao Wy fitkt voitagd and & Batgidndiffusidresiobicohnexted to
a fjrst voke%% b] n response to activation of one of

OnGPEQG\MP’EﬁSﬁ@st W€um test circuit couples the
[0022] A & fes és@ebthfhefpréﬁnt méhtt@mrbvidéespmm fblOtestlng an

activation a test d
o REERrS e fE P ARAPI OTES rigtio ) Hufy ol éfiee ipcludes
activB@Rg @dest@irt@%djsﬁnsmg tide adeaslone baﬁhe? Eﬂaﬁ atelpcuﬁ If:lcfi'\l:atialng includes
sens CUI t t d
cougliia & sl G4 e T ARRE valliRg 65! 3batibe e Bl f45% "
precﬁeﬁgéﬂdo assae@id vdltbge fevel dwediy aciarmal fead @pemtmmcﬁhecttémofasensmg
cult

incluleb IHE 19 SR re oS ng i S0 af PEos ks Bad Absenge of the
voltédéeewmﬁdom oppoahbaiimenttdi¢hd third bspetd, acTringovelddestdriving

I
a wiite Soypled o VR L PEY e o) eI e Bt nee il gpe
merﬁdire célﬂn/‘cdtmﬁrﬁg 8 pluraitybefi hittinesotortiee fistvdltage feyvet. gb method can
mclucfe a %uptﬁer JQS 0\‘: |?erat|velytc(?\%tngnc‘\b a c%'lx}mﬂ Sddress and sensing a different

bitline of the plurality of bitlines. The programmed test memory cells can include mask
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connected to a first end of the bitlines, and col um
circuits are connected to a second end of the bitlines

woppodttiesto the first end. The col um test ciPCUCA2009/000368
i ncl udes a row of colum test cells connected to the
bitlines and have their gates fornmed by the test

progmlirﬁéd! Rmo @elstWIérQSQhélﬁéb Bf @cﬂﬂaﬁd@e uﬁﬂbgfﬁ’mrh@@DTPerhérﬁory
i ncl ude nms &f annable cells havin a first

cells @¢ Prgraspmpe oqm@é’[“&?dttGStt’ﬂ%r“Pry Svol tage and a

[OOZSFM%tKBrfemumrﬂ egthe mmﬁmsm@tt et étwea&:ﬂ sn@Bntltnbencludes a test
i nes. and n a

| 002
b'"'”ﬁ§8@%‘%ct34 o iﬂ‘%@% H? proam?%wsb%smoa&e"a %{ %‘Matf’@r'”c'“des
dnvuﬁgaéwoﬂgmar@oum@d Qgcsrasrmaﬁe pll’cbgrdmrﬁéd RISOGlehTompEeie férQSBB))hng the

ad inc tivatin
test BTN 13 e VoLaas REpls Mo SIBpERnt RBeLIaLH T oREobe dip tost
bltllnt@fto ﬂrfé]ttde‘é@?di Vtgﬁg@%\}édﬁﬁer(tﬁé@ﬂeb@gs@isﬂgetaﬁ& cmwgurkg é Pd\mgddress
0 irst volta ast one bit
for dB@P%@”ﬁP%&W%’Fb’@%gQ%'GQ tQ@@B&‘&' i ?a‘EE prwmaeﬂ%% Q“eéno"y cells.
The ﬁngFﬁigmé@@éi;t lﬁi@ﬂfoai’ b@ﬁtcaﬁh&:hﬁieeﬁa@{j pragmnnm@ mﬁﬁiob;dmls or prior
roviding a | ogi ate corr ondi n
to adlfdin it iarmkE Tl M se fo e R i o ke dhg frogmmed
test inemafy edgodi ment of the third aspect, activating

incl udes dri vi ne cou ro
o024 Bipeaanesr's dad et of tbe Pressnt Risiieh G0 Endrdiierdnpprent to those
ordlriﬁillWéWIeG% the amuminl r@gew opther falloviisg aésdiption ofespetific t he

volta urther

embe?'gk?“tfr"f t‘?%%&?“%l'?/ ngg?&sm@’r@q'&%?iﬁﬂmpgaéﬁlpgé'gurg

sensing a different bitline of the plurality of

Lt r t menory cells can include

BR'%M?S&*}EQ&%W;%N . Prior to the step of
[0025F Embatinidhts ofithé pesantiaderBibR wibmaw e deddrivedrtsy way of example

programed tq be the pro [ anme d.test nenory cells.
°n'v[U@gzﬂ?efﬁﬂceawgt‘%a?a%%r&‘ﬂ%%tw 5f"%he third aspect, the

at | easFigones Bicirtditntiagracl of deBRAMEtgsd arlti-fulse rell;,connect ed

to a colu ogr.a t IIs a

activat i 1% '%EIPF?@QEE‘M%Q H&ef?f‘ﬁ@?‘&ﬁ’? ﬁ%ﬂ Suﬁpléaﬂﬂgurgn%

of the pipgnaawrdsisestonabviewyf tel DRAMaype antpiusegell bieFigure 2

tes&) bitline to the first voltage level. This

GONBRAMur t her i ncl udes precharging the test
b| t I i ne Fign 4t lica s@sedctionkl vge of evetiaké thicsknesegate epidefanti-
g% Fd changing a row address for driving
an ‘isﬁ’ "R51%01 i ne coupl ed to another one of the
pr ogr amlF&:pI 4be§a papaDBYyowt @ the. vafibble phicgresanget® dx@dst anti-fuse
i ncl ude mask programed nenory cells,

or trﬁpggtror? glérF ating, unprogrammed OTP nenory cells
are progiqaiied plan ev bhe sipgeeransistmt aheémsermmnoyy aredylusing the

[00 her aspects. .and feat the pr esent

i ny@ﬁ%tﬂ%{u%nfe?s g%&%\gegﬂ)%?rg ?f ?PF'ghoSe ordinarily

ski | | ed Fign étika biock dlqgnmloéan OVFohetnbey deyideaocongling to an

descrl tion odi nents of the invention

E’H%?BITP%F Og&' \ﬂo‘f’shenE ge'gtggmrpanyl ng figures. BRI EF
DESCRI P'Fllm i©R plEHEViGRAYY BiGGle-transistor anti-fuse memory array with row
and column test circuits, according to an embodiment of the present invention;

Fig. 8 is a circuit schematic of the single-transistor anti-fuse memory array

of Figure 7,



[ 0025] Enbodi nents of the present invention will now
be descri bed, by way of exanple only, with reference
wao o00vhe11es t ached Figures, wherein: Fig. 1 is aPCI/Caiop/000368
di agram of a DRAMtype anti-fuse cell; Fig. 2 is a
pl anar | ayout of the DRAMtype anti-fuse cell of
Fi gur e Rig. &isa pRAniviewofed aﬁ@esreas.bt@naht:-wsemaﬁory ¢ray with row

DRAM t ype i -fuse ce 2 I A- A

P 8 scfbino R a8 adBidngin o At o@bgdest e présen
t hing&mtpas gate OXI de antifuse transistor; Fig. 4bis a
pl anar e vari abl ? t hi ckness. %at e

t
el B P ks Rl Sthartnrd SnSERERSIsRR bt RISk nsemory
Vi erapdf Rigereregl e-transi stor anti-fuse mam)ry array
£ "9 s PREY T S ol Siiindia S St S RO E g0 amay

deum@rcﬂcamdcblmgnttestarncmbaxw ment of the present

i nventi pl.an VI ew

S ot - FiBaib 1ok pfn iwfor BB-4AsRI =aPusp memRrv eyt row
C OhidTooltiea ttest icirouis| accoedingtoctimagtermatasmeotiawinteithe pfesent

t he grtesent invention; Fig. 8 is a circuit schematic

of "WHE'% ngl e-transi stor anti-fuse menory array of
Figure 7;Fig. 9 is a plan view of a single-transistor

DET%“%%%#??#IE@@% ng 15 an alternate enbodiment of the
[002p] Seaatally, e piasent;intengon pfbvides a rmethodiahd sydtendn testol
unpr@gra,c_r]n(:{’eongTPtrrsleargc‘j’rla<:‘Is’s:}§,re8%lgrtf;'tthafstUI){VS’&%?lﬁgrta\g{iﬁ%'g,fll reggalr}nglétiolﬂsggglgmn
decddess, wogdlias dEiKFeE?sm‘m‘rHcmeas bﬂ@'eamﬁmggserrtswgaemd! roatiplexing epérate
proniy ThEALT Bhie Sitorm i iisB 2B o) BalfE ol lest i anc row
test cieduitn Thesbluninrtestidrsultrylccmm@h ﬂgthemthmasab Bemﬂageelevel similar to
it RSB iy PR TP S5 BB SRl apeponse o
activatio bt esawomellihe d’ mmltlnwmlmgeﬁ oan besemseg thlamb(y@lla\mngcﬂor
et B B oo B B SR H G, AWty coupies
a test Githrectoraegiitagé ledelcsimilargo t@pmw@da}yda pmgltalnpthfﬁﬁ memory cell
durir?gD 5 Feaatdeoperation, in response to activation of a wordline of the OTP memory array.
The voltage of the test bitline can be sensed, thereby allowing for testing of the row
decoding and driver circuits. Hence the continuity of signal lines such as wordlines and
bitlines can be tested, as can the logic relied upon for driving these signal lines.

[0027] Figure 6 is a block diagram illustrating an embodiment of the present invention.
OTP memory device 100 includes an OTP memory array 102 consisting of OTP memory
cells connected to wordlines and bitlines, where the wordlines extend horizontally and the
bitlines extend vertically within the OTP memory array 102. Connected to a first end of
the wordlines is a row circuit block 104 that includes row related circuits such as row
decoders and row drivers for example. Connected to a first end of the bitlines is a column
circuit block 106 that includes column related circuits such as column decoders and
sense amplifiers for example. Connected to a second and opposite end of the wordlines
is a row test circuit block 108 that is used for testing the functionality of the row circuits

and the physical condition of each wordline. Connected to a second and opposite end of
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properly. The OIP testing systemincludes one or both

of columm test circuitry and row test circuitry. The
weeloanmis®est circuitry couples all the bitlineRBCT/OA2009/000368

voltage level simlar to that provided by a progranmed

OTP menory cell during a read operation, in response

the bttlﬁheéﬁ“é & ¥aluhmane&fcirduit B6&k U tﬂbi i8 leeJ hwe téﬁtlhb ltﬁéequ@tidnam?%f the
can be sensed, thereby all ow gq estin

colurg S A58 Bt ARySHALFoOUiGR ORMAhis. 16s relathlast oring gpmory

arraytaﬁfﬁtre@i/érﬁlﬂhérﬁdry%%g leRsui atr@§ﬁ0\@d for 0T ﬁ'\@marWle,vto%glfOO as
| evel siml provi pr ogr anme

persqfsRsHigd feihe gyl H@d%{sﬁaé%haé H@l’ %\?%/eo‘ﬁheﬁ WCP'&%'%'%W@ are

reqm?&itlto\éﬂbbl@lbr@tfer@pé@tlsﬁ T@ mi‘yswq)léamermemhy r@W Ee%Y c.rcthe 108
age bitline can

and 55 COMoF GO 155 R Abies ARG G NGB BERIG GBI o GoBnity, o

the W'e‘)'rdliﬁés bid tHdetiRed. Mo rRiRiiizd\eitduit afda SVediftld, tHenew t§$tQirc@ﬁﬁ; 108
dlines and bitli neicgrcan be tested, as can the |

and tPe CoEMIBEFTEYl T 376 iymeasdnamenieels Rl the s physical

layodt_"aﬂéll %@bﬁaﬂltf&ll@tt‘l@' RAete EHndBUGIINIdsIths edidrpgelRbf mimdemewt array
resent inventijon,

102. Phete lgstocls CprsminB IS Serga HOBEBON 014 P deresis amay

memaajwly Fafihep dGRINEIahe Ebv RsvElfclits 168 aad theldotunhrn®st circuits 110
where the wordlines extend hori eont ally and the
[

accopgjing to,pee emgadiipen)&re s P RIgWRi'n the OTP menory array
[oozéaoﬁgu@me%cm@dwbw teanbistos levendyamit sthg@h@xaMﬁ& drabaliment of

ow circuit bl 4 that includes ro
the QIR WO deKide ﬁw%g @eqaét'ca I PSRRI '%V&?%X%“ae'es of the
OTPW%rra% 0R&ehéE e@lu te3t Girduitr198 apadheoltime tdsit tirduiter 0i aBe a
lum circuit ncl.udes col.um r

osteeh S e R SRR A B eRIPReniA ST iy RS as

prec}ﬂéﬁge emgflgl &lurkiv B8esiepslariddsenss anpiifierasTTheoppodicuie bienkl 104 is
t he | ne row te

not soun T Hiuteoh TPHEVEREAA Al PSR e gigft CRePrPaR L pyrtarouts
are waelicknbWA i thesdrt Alll tis s digtons sﬂbw&mhugumrﬁhneneche@oeheansstbrs

The D3P TREmeuat s, D208 o Birece! ot oo B b sPalepangistor
anh-qu@ nfe\drlitﬁ'y b@ll%géhow mﬁifdebenbyal il ﬁ‘:guoasrztzt,lfbandﬁd{rt the present
con n. o in is
e SRR S GRS 884 H B o
the GTP Emln’(cﬁy afrey $%mMe§@WoﬁaT ﬁ’em@b&mdemecrmv@@ﬁerrextsto as normal
r d i e art

wordjfes Stthesita piites ormaGalids o i s TERE SRR abtiffsp Gy cei
havectidl e o @dedeseribed tandrare Hleecfprieyrmi dedcripba agaimiier tbé pteisent

st circuits 108 and the colum test circuits 110

embgﬁg\&n s testing of the physical integrity, or
[oozepmhe poluiny, testfcirtlie 100is dbnmextechtoch sevendiend pfibe .nofroal bitlines

A T e

purpBBETRr Yhis plabembiatus tigtesthtae paysicay nyegritadf thagotire blink length. The
Ll

o B R i GEORHEH 8058 R s

readestilll @emotyW@ROER] t:ellscwherteehml i aonefio-bhe rabRf MR@IM\cells to

ar ceJ I Fyr t
v SRR i R e 285 Aot o
polysilicoorgiterthat corcaspordhiodesteviirdlaned/VE hiesi whereRiagh rof tHe, MROM
cells has a drain terminal 208 connected to a corresponding normal bitline via a bitline

contact, and a source terminal 210 connected to voltage supply VDD. According to the
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[0028] Figure 7 is a plan view transistor |evel |ayout
showi ng an exanpl e enbodi nent of the OTP nenory device
wa®ontiled gure 6. In particular, transistor | erR&l/CA2009/000368
exanpl es of the OIP nmenory array 102, the row test
circuit 108 and the colum test circuit 110 are
presérhtlelnﬂioﬁ&ﬁé?d,i(eamhil\meoml eligobitiar iﬁicbﬁsthlc;]ibh Qﬁﬂheb@ﬁ—fuse transistor
.represents _kno olum circuits, suc s, precharge
devide A0 618 SURIBHANIP BB CHRBEOM A SEBis SaRpRY EY o nopiave 2
variaﬁlé\whmkm&ssigaté)bﬂwfldﬂf éxanipig ofsSHigwe 7i, A tiitiogadte oXide definition
ver.. sons, . i1l in.the art wll u st and
mask A1 eGP RE TSk odle xtgoprfitu o % inun P Rpfopamay
102, tig agesli t6 idefise & krdskgdte okitguver the ahannet algtomseinderneath the
transist . Ih P _menor a ' arr f .
polysg1 378 WL T Sentio o RENE s 20,202 204 e 26 Rinction
similamy fo-ditheecore myio/traraisiers ohoGrramsdtodekemed od thasdr¢ sitessrate as

4a, 4b and In the present exanple, only four
OTP MW BLERDO o Wi +3 and Tour bitlines BLn Lo BLN+3

[0036) B cdeeationf edcht dfehe MIRONE nellsycharges)its oetespdmelsg normal bitline to
inpes and bitlines ar w referred to.as _nornal
anol S 1 VL wiREe Vit it Bis uate R a% rdPnbE 428p SR response
to W&l tegl eeig astivateti @r deiven tofauswsitive voltggecletdl shelves WB&or VREF. If
revi ously, described, .and are therefqgre.not described.
therd A 463 IN R oo R e TV RSB A b higSR im ne
bitlint esywhere betweehltfe icsluomriastciredit 110 andsthe@otimencircaits 108; then
Qr mal... bitlines ite.to th i rst _en [
that B B e B, PBB AR St R BV AdchRndpane #illlo Bhfee tne
VDODf ¥tn vditage ph acemaat biflise tndidaestsotiectypdpShatak relateddo tay bitline
| ength. The colum test circuit

of the enti,re_ bitl.i.r
°rth‘ffﬁrumc?e%fagggéorrtﬁ%bgtﬁn%ol umm test cells, such as mask
[003pT Dhye cowntedt ciecad 108 lis/canpetiey t¢ M&bdndosrid of thenheamal whedlines

i ne-t.0-qne, .ratji o of . ARl
onodsfe RRSF 8L bR Bhalr ALk BRIl sy oo
purpaéelfoattids p@berhentds to tesl this physiaah indegrity ofthe eotirevesgimedsngth.
to pest. r.db i e f
e bR PR Sl 8 P sy RSB e
theraisranerie-foi-drie mtio uf MROMcellsito eomoai maedlines.nss shosanin Eégure 7,

, ) .

w2l 338 FRNFEIA LA oL o8t B onps o o

the rxirmial wordlimesc whetereachiod thet MROMecalisthias falsherdd drai tetminal 222
devi . i.ec .

con A5 BB ECEBUTH S8 gt GRED BB souce

terminei 224 cdnmetted te xaltagessupply MDRIpRVREF AAltHougk theatest kitinel BL_test

s ooffipori i 8 bl B S RIEER BftsnaflelyiFodlthe CoiiRhy RELAEd o
one obthd noonaskenseampliffers o tieckel 06:dudeg tasting tasewitt hashewn later in
riock? RO Ao pRsp eIy SRy A My (e FTRE on

congdiiugiidratol te toti-tist tr@nsistor deviegsi, exaaphtiet ey de not haver variable

. i . r .
o818, HOFERFaMAe RSB ¥ ke e AT 7
is exterided te Hefinges thickgateexids pratdherghanvehigbiobs uhileraeath each
polysilcon gate. In otherwords, MROM cells 214, 216, 218 and 220 function similarly to

either core logic transistors or /O transistors formed on the same substrate as OTP
memory device 100.
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about VDD - Vtn, where Vtn is a threshold vol tage of

an n-channel transistor, in response to W._test being
wa@edovmziex] or driven to a positive voltage | evRCT/€Aa2009/000368

as VDD or VREF. If there is a defect in the colum

decoding logic, or a physical defect such as a break

[0032]nintdperdiibh| eama oanw/MRom b@ts\&ﬁﬁfge%fﬂ% el bifiRe BESiest to about
circuit 1 c1&*rm rcwts 106, then_ that

VDD 5; Yip; wherg; Yip 'Srﬂ)ih ‘FF*E\? B9R/BIRNRRNYIEl Kgesistes, & response to a

normACwordtine gémg atthatddedrl dﬂlK/én tha pedIvR oage/lehke/\§uah e I\,me

Qn normal bitli sone pe of failur
Providgs el ofq Ragice] §47PHIS "o DRNeGoRLiTH TREBBK s & the test
bitliné Bat tebi dreidiieen {08 1Il VDB 1¢veWf 1\&S test bh@ Badh deﬁe h§rma|

ormal _word

a_secon
worcfiEBIREL G % B T BB o B1GSa8HPLR aBPie LBRNG iR K 2078l n the
row dchdlblg togid, o€ & phP<icd ﬂ@tecsmma)s a Hraek Wh@@&ﬁnél%or@lfﬂ]lesanywhere

oo BRIt P BT S, Pt st

will nbticdvedas V@D;Wnumﬂa@é IeW@IWAtc&Sdmgl?,l ths failtiectd saasd/REAWDD-Vin
volta€ on B e hear sewe e SIS rePtee SRt i cer | 5

[003341ngrémshoﬂls8haBqlu&a’]@nt&ﬂ?mlhlt Sheenatic pDihﬁS(])TFP aemagpheay 102,

f
ow BB i 0 Bk g B MR Sl st
are remras@Etécbly & distinttesinsisior Isymbol&hattledffenelnathan brhd welhkenown
sourc

sy Beenf=DaP R, I effily Vi Bre-UhthSS ab EhhaaneRE"

symtobdésidmates that tBe ahtdibse teansaioreat @ad/atiabla tﬂnelstess gatemmde The

conriBHMTs Ris ShoHBTh gk ks SO ERE T b Efdryspons
how thé&obtlumn tegtingedtcuitd 10 asn wolidling ¢hesiomeal biines ta a véitagenevel that

can b e?qns&? 8& gblﬂﬁ\grc?rcwpglgﬁé 06 rét dg‘ngbqgé ﬁw e’gltjlr?qa&yf’clchan

tr UC
couptertaemsetbnimede\amoﬁsge lexeldpat cah & sehssd Im&oteabsterisa\ampaﬁer 226.

Becap_gé hae%iltﬁr{lah\?olﬁ?ﬁgs atg se%'egg ME.‘?@S’%GE‘%S th e7<§>lumn

gat € OxXi ion nask
cwcuﬂas(il et cadbe testbdfbefme ahipmemktogae end xselevioyeill belpeograsmirg the

ore 13I8 B, S8 o e oo
to autimatically gyctesthaiuighdine caturen lod raw hrdnessesttorchedy if he@xpected

senshA BB RTOES GALIEE O LB A0E oPYfiotr 2t e as OTP merory

eacth of the MROM cells
[0034]hlartiye smbbdimestst of Hﬁlguresné aBIiBethe row testh oucuit\VIO® and\dohymn test

cwcu‘f"fi% gre %Jﬁs|d%re% ;HH &%Hé’ bG"f rﬂ!ertn&g/ear%fy 102 %P&DQQWOM cells are

espons ne b
fabrlrzated waln eabstantidhy thersatn@ dimpogons are protessgset éoréabrmatrmg the

ani-GSe fidory Bl ABHANEY B e arBIbo filaq fef Wfigbhepih Hese test
circuiB iBewiningl.e igure\Bgs an @Itemvetefe;mbodetl cé\(cE!P memalddsiceatdd that
furth&‘arﬁi'ﬂirﬂg gaﬁzuﬂgf veWa%ldf%%%w\ﬁHt cFr i%d*’é%&ﬂ@n ééthF&lit,

to a tage evel above . there 1s a defect In
according @mmhﬁ@qfﬁgﬂ present inveplignsi cal def ect such as a

[0035) RHgdrB of BFPHREMBY da0IE 300 FrARIMELNRE Same OTP memory array 102

and column circuit block 106 shown in Figure 7. In the present embodiment, the column
test circuit 302 includes a row of column test cells, such as anti-fuse transistors identical

to anti-fuse cells 30 in OTP memory array 102. This row of column test cells will be
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between the row test circuit 108 and the row circuits
104 (not shown), then the test bitline will not have
W b@NDDed/t n vol tage | evel . Accordingly, the fRCT/OAZ00D/000368
sense the VDD Vtn voltage on BL_test indicates sone
type of failure related to that row. [0033] Figure 8
progtaowsed ina frgitestadyelet Tiod rowiekt diehiz 304 istiderticahte ted Rw test circuit

10852808 2t es ek ngh 4 G8LeBes Anleet AlsiholvSf pehgset o
304mey rremﬂemtﬂnh biyroav tdststelis) Glich aaasm-ﬁisertrasyns‘mé (rbheitown)

ideri?tfcgﬂtgl aéf (ﬂ,l%e ceillg %@drlj I@hﬁ'gdpgmor@?q?\ga@p%n‘tlﬁ? Icolur noé %]v‘a ?es? celis will
be prograniras®int a4 fvssiest n:ytcles Bntbulestdﬁsu@’hdvesat idaat thelsame functionality
istaor has a t hi ckn

as @\thageggﬂ%g%[ggp%lﬁ;{c%l s 5@8 wh IIE) kea?c)@ csol%rb%,??%i %2%02 includes
antgfese transistors 306, 808, A1Quand 312, éachuraeing acdata fdrined thgwse palysilicon

o R B e SR 910 g 2 B

diffaidbnuregion 3 kIUVith dbitizle cbﬁfa,ct corthebted/ té b eorespandsiginogmal bitline. A

o b R AR 65 R 3 s o
theBafiabls ¢hitknese ghietdxideef ‘md drdgfese tramsmerss sudettiat thé part ofithe

104 th
s LA B o R R LR
polpsikeghavordimg Whete&Ili& coesred y anmlagamd%cmrﬂinglyethe structure of

B

30 aﬁd\Bdﬁwstﬁe CD'EP oleewky afray 1e2. §hp entidasesteansistbrel 306, J080810 and 312

WU
reduting thd ciddg aaeajoueoﬂ\eadmf tcelsimnctestaairicyit 3QDredative to pelimiates] circuit
11(22?@ o%yvlttggt cgaw rt¥ acro(.uﬁi{ng]%%wet%ﬁg\?/ﬁ ak3f gle(Hrélstor

st a sanme I Mensi o
31 meeieawelyexosnem:izmeftest uitamn Bt aestig tneh@djamatnﬁ nérad bWE\¢(ﬁ'|-)ﬂ+3 in
ci rcuit area overhead for

cells
reslp%sf tﬁeaﬁne rﬁes%na{' CI rcuits is mnimal. Figure 9
[00351 Sigued 1@sawsthe re'qoudalﬁemlrccﬁ sChiatisrab the Q&R imamarp@rray 102,

roy Eegf m‘Fc%'Et%ﬁ ng]cgfumnztggt c‘?ﬂcﬂfﬂb% IRbRRr RV ifidtRadn fpr@gréﬁ’iW\ed

circult clrcult, accor
staars cﬁrabt»dmsestrﬁnscstors 306,308s 3 anthdthtai F@ﬁStO[ @mlqu | Wnnected

rthe ie}t?gﬁl@%gé )/ ed ‘Uréiaeteﬁmqnﬂal'd?% @k“%g ér%ﬂﬁ?topiﬁ’s 308,

umm clircuit
31 dFlagdl 3@2 Trhelabsehee gfrtblseeﬁtlstemdidatﬁe the unm@remmmlnstatéspf the anti-

fusg tr[a%g ors,&)gcoh{]%aﬂ%%ﬁ duldds {l%/ g éc?sﬂﬁe Mwﬁ ’tes‘f'flﬁ%hlt 302

ors | antl use cel
cai3 Be uredPReaupledhy namnal pitlir@e. to VRDs row of col um t est

[0 iﬁe@ehérzf@%ﬁﬂ{n@f%@rﬂﬂe?ﬁ Jlr'cﬁﬁﬁ 3 RHowlddBbed! BRiof @V’t’estmg

t Crircui entic tOt e rowtest circult
thelDBctimnatityof theatolunmn cioais 488, theantistuse drapaistorss24f; 808, 310 and

31 ?%&% h@é%%éﬁ.tﬁfﬁéﬁbﬁg blatsfHS él‘éf’?%r’ir%’? bitiples %‘V*SS?\%\Q‘ﬁie "¥R¥ing the

olum O tes such as anti-fuse
test manding V¥l degt o VPEh B roramennd ie sucasssiuh cpgugtee links|320 will be

forﬁ%ld: irg egv?-rr ?f%‘&%éfe fMdsPtors @86, 308, 516 ahy B2 Herlc8Wny BRdgram verify

logic can be tested as part of the programming operation for the anti-fuse transistors of
column test circuit 302. In a fabricated device, there can be redundant test rows and test

columns so that if one is defective for any reason, the other can be used instead.
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be progranmmed in a first test cycle. Both test

circuits have at |east the sane functionality as the
w@oreespendi ng test circuits shown in Figure 7pCTaa2009/000368

colum test circuit 302 includes anti-fuse transistors

306, 308, 310 and 312, each having a gate forned by

Assuh’ﬂ@g at @gran@rﬁmgtlemcc@mfdl trR&olinkesitcuitEass caﬁ bé haeted by
rw fuse tra83| stors 30 %3‘10 and 31%

driving Wit ntegt ora /€8 yokads: IsYe ?P&h\ﬁst Byropexample %“rﬂ“é%tea‘;h of anti-

fuse GANEIS6FCIVG, 808 T10MANAFI2MAE RGONBLETRE likk IdrinBe thefeih NVEKtest
ate oxid otlefi Q'&@ n mask 316 delineates the thick

couplgsdhe HPW‘E’EQt neg e ortions of the variable thickness

[0038PTIge Qéneﬂa d?.)ferdtlbﬁ offiw tebUSR Ut BOM S r&iv@ﬂéscnsew h)arhgtthé ieet
Ct ve_ area not covere

mod§ e’ GERT 13 S5R (oyDID BB ARG RoRPNG gt e daneet

BL t%élrtﬂ |BJ(|j_H€3 ?thtc{balmm t&e@ﬁ:ﬁ@ﬂ@@o ]Ewtma dohiinih @Etij& bmck des then routes
ccoral he structure o
the vofiag oSt s oS Seine amaiiel ovao ien Bvdere ginstate

corredpohdifg fthe Vf)ltlé?gé &L tesBMHenee rm@xisting bens@Hrphiamis yeused,

ereb gt recing SRl 3 BBEh B el camiey s Y

c.rcuqaohs 200, 202, 204 and 206, thereby reduci ng the
ver head .of, co circuit, 302
0035155 woef it e nc e e HRgestirtdhatd i <l test
C|rcu¢t|ern€hbdjdtme|§?rﬁé’rshcﬁ/\/r’_( (251 gu:rgslpland@ dde\beaBed Iwgumei&‘wnamls OTP memory
n-channel tran or 318 sel ecti vel nnects the te
armany 01 ERATRlE S8 MRS ShinE F fosh Sl SORBR B dobfred it ant-
fuse [cCBR) AREEdING Iy pli@3d egenltinglans tegtiag ofth&Tows, (ﬂlﬁh’b@]anﬁfg&ﬂ’ (EB"S are

frst Sihigrig & ragraraond ey, iittobe el Pedav e Yrai{ifd FE gptumn

test @rduﬁld;bh bdQided With @nAETP nenidry aisy. &Vidletthe datacagndemead out of the

e e M

included Bhitalp fancbrhbedingahis sensied rdatmlagncchévemlra;mexpe‘ct@eoglc levels.

oodb k1P e i P e PR R o

using g ﬁr@ﬁleuily desdrisbo row Aad ooldinndést circuitspacooding Bfar ¢émbodiment

o T g s D 68 e AR e i

self- mee(mswpmgmfthmcdxunmtablesiy ani dmcnhl;t c@Dllers onexecdtesicautdraatically
to tes

t.h t
v 4y DB BRI e P ST e Bl ot GBS ryy o
usedinicbrdil 2 asampd et altrtlmcbntﬂfhsescells ofl oolembytedicirsiiingP2, kach as cells
VS ,

306 \r}@ratngiq %Bw%ave uéﬂé#{@ r}lj{rbgﬂag%:%cg %h% “?esstt rﬁ@%o%l 5(%?115 at

stepot@Odwhereveefirst rolss aﬁt@/a‘md br #rivehdo aacltage lewelleffeétive for turning on
the %g%&x%ﬁeg gtﬁ%f S {:()fptnl(eétseg gg GrgéSSf?rgts Eoglép%nmuo%léthfe%qgst%ydhne
WL _pesigf &mnongnroteet atqumsﬂ 1®or 30fonturiing o 4;het MBREM selisras thsf anti-

fusegc%:l{éJ B‘ger% ﬁ:‘%} o%g HJ[ (}%9.%1 w&%hﬁe&fﬁwsliow%ilgg rfrtﬁ'gl\,(@@%i%tatﬁg {Nﬁ?OM
cellsoofethé sovdissedtduite 100r 304y Thisaseuits in beupingef theanerhe! hilgess BLn
to B%rgﬁj gra(% tl%tsegp% ﬂlge[?g. esp{oc\%l?"igtllggir@;‘at§i‘é‘bcm§EérHsingt QQhe

- ci 1 cul
normal bitlines or the test bitline occurs and the result of the sensing is provided to the

test system or tester for determination of a pass or fail result.
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driving W.Jest to a read voltage | evel, such as VDD

for exanple. Because each of antifuse transistors 306,
w@2®9/136s and 312 has a conductive |ink fornmedP@TI€AZI0)00368

W.Jest couples the normal bitlines to VDD. [0038] The

general operation of row test circuit 304 is now

[0041J]e|$§|ﬁdLh>c£§|e nbled ithg tﬁdﬂ@omraﬁtjemﬁag cifou@ 8hpichliBdoupte 4lr i ven

prediTRIGES P BET AL SHBSE b 8 L CUTPHT SR ALY FrEOtS.
such %Qhélrﬂﬁry%réiﬁt@ctur@@d‘ei@lsl&ﬁlstrm dt@uipeﬂmttb Gete(hinmgﬂhéffe are
test to an exjsti ngtlsense

furth SIS Se gy A e SR o e ARG PrR et ST Pegase tne
colurfh ali@Sks iskipasgeat sted 406, Agd HHRS emm laré s@tsed @it step0Q, The

) t hereb dt
ey e SR SS A 4R55S bBED HESeAB I By vsco o
test &oﬁﬁﬁ? Hedddirgsfonatt ©e cghla‘:]n @Hcfrfﬁ‘e@fﬂor&@ﬂbesmag i svexs 40 istdxecuted
r ow irc nd the. co t est
oncedRtiba e kiiines s e ge Sl it LR S8 498
[0042]0/8 beé@rhmﬁtlbhsaﬁadéﬁﬁ S0 8yif mereaarre fmermcmmmlee to tve or not. If
W test CI

the iR ‘grns REC R MILSREBFathghh e g o BhecifiES o
dnveaAMcdr@lﬁgllyntge Qéstfehes aosisp 41 eethanttierfhase, |f:mblcsrremtetest is for
s 8o g e B R RSB e EL bR Sl by e
methodpréeds edstap U2 ?mefhaTﬂ?e rmnmngas usyharw |andtthe radasddress is
can be r t
onarhl af Sigh S A g e TR AR e P S AR B oo
a sethnald;fadtenﬂfoc bxam;ﬁlerocmmemewgowmmashasl belert wtdhed) then the
eGPy oo Ot P ord A0 e FR 5 gbdrese
is drwemstypsaaamwozmoag 4081@41|2rami|4dl43tleyatej asti thdye dre nafusther
o Gty SRS B PR SRGEE  bt
termmiateothe ttexd lfaﬂfdll dmﬂtgenmdelasd aftdzrwriytlteramsal Therefost, tHeBitemS
outllréggglgftlt hm C ; ?nggﬁ? %oﬁjn onrcﬁme%}l nggPF Fow clu%Prt te%'ilng using the

colugl@\éndeow Itéstblnwtoemhtnnmmerasiresplecwiyt If30th ma‘@omrmdtestmlrcwt and

o 882l BB R B AR g ok ot
circuite lahg tr&Oﬁ)w Sf@8its GdrObeaexkcdied, in lhay erdeeen successf ul | y

[004§5 Qﬁ? g{ev yTJéggrét%e%t é’l{;[g Wgntp thgsoﬁi m%h?o?y ﬁ%g A the

rlven to a vo
OTPahémotyi devided@00tai Figungs Dand Bese siglsi teansistal @nti-fuse Qe!ls ISE.OWH in

rodF SR G e PSR-SR0S E N IGfb e o
transistoBéni-fuse transistorsy aod altéTeateRRONIccEhérds wherentbe aranidry aeray
cont{j‘%l? |g§ ; gtl?eqr%t)s?%r anql-ft%lae e%lé c%/&%%/lr&gée{'.—ﬁisor g?érﬂhlg nl?ﬁ% Vt\\/)%'trahgstor anti-
fusecdel‘l ofl Flgsre]sOBarw 3 mbe Tu'mdsm reeITR memery aupy 19”) agfolurpretest
CII'CLétL 'IIJB%Q "beg'\*_eggl%gerﬂ gntﬁ%tet Emboditnkhi ne

sensing of the
[0044] Flgure 12 is a plan view of a two-transnstor antl-fuse memory array with row and

column test circuits, according to an alternate embodiment of the present invention. OTP
memory device 500 includes an OTP memory array 502, column circuits 504, a column
test circuit 506 and a row test circuit 508. The row circuits are not shown in Figure 12,

and the column circuits 504 can be the same as column circuits 106 shown and
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normal bitlines or the test bitline occurs and the

result of the sensing is provided to the test system
w@eoovasties for determ nation of a pass or failPCT/CA2009/000368

result.[0041] It should be noted that the colum

decoding circuits typically couple a predeterm ned

desoﬁbwﬁ\rth@brévl’tﬁls@rﬁﬂddﬁﬁ@wtﬁ orh@ OTPHietbry HIFRE 50Dis shEWA ¢ include
lifier circuits architecture

(w0 IoL MRS AN s PelR: e olhG DY a0t enitHgs bel hes the
struo‘cwétsfhéw? ﬁﬂhgﬂi@s 2L EndSE MGRre &M a&d@ﬁs sahsiétot 910 wHemeedineeges
. are er.c S 0 Sens t he I
with B Sl e dievies g 2abee Mt avonsliresy o g 250D, While the
secoht €w f%?de@%mﬂlh@%ﬂ and VEP3t R fsckdgite 04idé defisltictOmask 514
e en

eSO o e o Sl G e
two- ﬁﬁﬁété&el@trﬁtﬁeﬁ&@ réve aBX Bfétﬁeedn@ﬁz\e%ff thé shhe gbﬁﬁtn share a

n su ase e 0 t
comiop ciiGionsPaiat 548 SR abiine s dr A Br g crrgsRnang
bitlinkhere are further wordlines to drive or not. If the
004}l 6 aterals TheRben i o0 SHHTDLSSURTHYF S pPles to-

trandigter dr@sfus€ BelR vdiicts drefiddhitidal imybbedisiehsiond@rttosd if the©TP
current

e D Theid G 88 LBHHEH B Tom'eh o
poly§illddmahb QL. téé’tearhﬁaﬂwb@ﬁtmﬁﬁﬁedﬁ tﬂieoahtstt feige déggewbﬂ & foimeed by a
r
oy P S RS BR L  PLHbAScs AHSABR B B poveiea o
a coRre§EUNdingthdrPakuiin@ditHese Anti-fuselteds diffeseern ¢mdsedh thea®TR nemory
ol B2 B e R SRS G 58l it 20
and gﬁ;/wpmgié dé\ﬂcé:%ﬂo asazgrr@l that A}h@ Zgﬂi}mseeiz&'vubevs fzd"dedawsh aghick gate
, ven t

oxidi R oqoNg B @V s AP B AEIREE s el L by
to theW DB kusgly.i Theredbdrepwhert Asth b&;n ¢eki@ad VWl téstarergrivendo at least

systemte t st
VoL FE R el T Bk 5 el 0B koW P iR
nornral @itlirge thlv @ rthéreby seublihg thecodronahbitine do VDD‘. dscordigglyr the two-

t

tran@ﬁ}é%%nti ugﬁﬁ:gﬁﬁes h? golprgg c,rgwf @&%FE f%m%ﬁ{et%\r’]ges Cﬁf)M cells.
Altetrﬁ&tly ¢he thitktoxidecdefingion mﬂsk 648 can be gized & exdluttE thleledtl-ﬂnse

1 noyr t
oo ST U BN g5 LGP Bl 0 R e
conﬁg;]udieg .thés@%ﬁ]fusb;@llp tebe mestical thethose indble @rﬂﬁodemﬂema;'rayfsoz In

t he neno eV
suofy 6 g, O Pl PR Yo Ry pfiftcsiing
operstibhsaeitowe exaclegur es 4a and 4b The enbodi ments of

[00465 errlirglrrgxfsv $stt g'ﬁ?ﬁ}{t #Hd iRd) &(sem)g%anslsmrtaﬁg s tellgg}{ﬂ%h are identical

use ranS|s ors
in lagotntatimersiors tohievse it e @ERwrgmery margy S62.sThst gate ferminal of the

R R 0 5y i I e Egrg oy o
WL gnandtheaatdtermipetiofitne anti-UFP devine 528 mfpayedlmthe@obléihgfpmhne of
the %grﬁé c8.‘rés§1%b8m§?§l~ e n)Z&M )eitc{lﬁds'i(ﬁ'yebron 330 Hebcbs frdlRistor

ent
526 is coupled to a test bitline BL_test via a bitline contact. The test bitline BL_test is

connected to a dedicated test sense amplifier 532, but as shown in the previous

embodiments, BL_test can be routed to a normal bitline for sensing by an existing sense
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[0044] Figure 12 is a plan view of a two-transistor

anti-fuse nenory array with row and col unm test
w@reoen2tiey according to an alternate enbodi mentCDEALRINQ/000368

present invention. OIP nenory device 500 includes an

OTP nmenory array 502, colum circuits 504, a colum

ampliig8 tThe itk&-tahsigBPamflisd cEMbitrEW et iclr&ui 3085418 thel §ind S¥hose in
circuits _are not shown in Figure 12, and the col umm

colurh jegl§iFcit 396, i8 et iae aHLfusAEViGe 526 haman ew'tmad diffygjgn region

coupﬁeBQWD@n A8 & bhaek g&eb&%egs%ﬁé@bﬁﬂ%%émed By'he thick
is shown to include two rows of

gate (e OFUIATSTBTH S (THPiScess ol ies! ReSAUpIagIoMRD when & wordiine

and |i$%ﬂ‘é§§6ﬁiil@ ‘@CP %Pé Hrivene at RbbISVIDSAS 1€ afii-fuseldélite S MAWE row
in Figures where an access transistor 510 is

test girgpigp ”r‘meys‘?rnl %C%f'gweaﬁséfﬁﬁa"f'lﬁ%% Ry whichcare programmed
beforfe'dn?ttegtlﬁ@/ob&%'tlélﬁ‘ﬁ&e\/&é&tb@e W.O and VCPO while the
econd row i ncludes wordline W.1 and VCP1 . A thjck

[°°4Ba‘t\@069t“9jt9 e qliegnategapodiment Gthefdhe ARETusedayice or access

transWtdrh:bH b%nﬁffed b6 lon@Xor 86thi ¢F tiedcdhem#h tHsHEnf’ount%G%lﬁ@Wﬂe tdW test
two-transistor cells in the first row

C'm”%ﬁas f%fé'”g%rc’BWH”'F%W%Ft reROWIRRAL ol unn share a conmon
[0048}i THeSreOBusIP BEsdiibad @rrlbammtsapémtltemg@@ ah @ﬁbrogrammed oTP
connected to a r espondi t|IP 0045] In the
memgit it e B RAETRE IRe BveRPLchrugter MHasdhglidand aterss he
mem@ryramytarﬂ%&nesﬁdmd@slp@mtré@mas‘do@ratmlth thase coluctor lines. As
are | den

lons to S,
showii TiSrmeraiis Spbadimeplsn s PryREal Han g IRER & (e Biss and the
corre@é@r&ﬁﬁg Ibgi@ﬁ:&bﬁtr@ fs thé GolutnnfduicoBielg Mgica ARSingsly, ittedphylsicae
, ﬂ)@ ﬁ‘r};te teém nal of thﬁe anti -fuse devi ce
°°”d8%‘2f 'i"?sfaé? VYPInes ANAIas CoERRONding W'i"&%&y Is the row
decofingfiotfic. @F doaGleotthb24rclts tdlﬁie@&ﬁtﬁé%hwl@dl%bﬁduuorfha& tén be

estef o Fat e R A S CTHe] HEDeSHPeRB APy b

execalfrfgaryéaBQBd/onlfogtam bperatibiisck OXI de definition nmask 518
s both

(00a§Thg pgoding AEat 50T T mpusS oh IR TRLOR i gug detais are set
forth de&m_d@ftol ;ﬁog@é _Hﬂﬁbrgdégzﬂ‘lumie?é‘larﬁd(%ggaﬁt_ae Gmbdgm}el:ﬁmnﬁb intyéition.
anti - e devic an,.a i 0 i ffus
Howdgh TR APPREL i 1o en 1 e oksheClifRs SPoctisielits ee not
requivdtein d@@drgo V?Btlteésk IMHﬂItIW 1 efﬁer &fssggd% il - mowa:e_ldoﬁ'afaf t
VDD t.h the ess sl st or n anti-fuse
strucliies apt 6517 SRt B sk Bles o Reer e o dmstirs e
inverdibB), Fdrlexasiple, speyifid duailsheee not pravidéd &$ tdwhétber\t@embodlments
tvvotranlst ar ant.i se cel.ls, of

A d
of nd oo g Y Rt B B0 e AP selfBR Sk BlgmebE cireut,
firmwalre, eor Radosibnatibhéherbofck oxi de definition mask 518 can
roos{EAbAdeh i S EnoREaN 3R B SR UT I S SaB dr Pilct BBrea n
a maohmétreatjabimeeibm (atsnfrefgcred fgag A esmpatet-readable noedilig, 4 0
lent

procgighfeaebB tusdifly e fornGutratebR m (AR oo P ool rrgfavie
progmine cqrteogyn otietithbesfigr Ehampachissteatigbepeeditinanrs baramytsoitdide

tangigféerﬁé'éiﬁrg; including magnetic, optical, or electrical storage medium including a
diskette, compact disk read only memory (CD-ROM), memory device (volatile or non-
volatile), or similar storage mechanism. The machine-readable medium can contain

various sets of instructions, code sequences, configuration information, or other data,
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[0046] The row test circuit 508 includes
two-transistor anti-fuse cells which are identical in

wO 2000021168 mensi ons to those in the OIP nenory BECT/@X2009/000368
502. The gate termnal of the access transistor 526 is
formed by the polysilicon wordline of the

whlchCWF\él‘?§f(3¢=9:rﬂxfi=!cn‘1 GalisdV¥ prioBessBEfo perfinf sftélf% if alrfeth6d H@:dﬂﬁﬂln@fo an
he anti-fuse device 528 is formed by the polysilicon

embopqrq?é\t gk the fvestion: THe59 gg%gwa\’yrgéqllr\@\;\tpe( @réwﬂl\y)@p_rgmatgthat other

instrutidnk %u ApefaliBhdRededfarfto tnlnﬂeraemetﬁé déscrinsd ﬁ{v@ﬁuoﬁz&nl #iso be
ed to a test bitline test via a bitlin

stored g ednachierepassle BIRdi T SARITES o inom B Beeios-tpadable

meduﬂﬁ@ér‘iﬁﬂt&ﬁac&@ﬁﬂw o‘ﬁ'@mﬁ?tcﬁﬁ@*driﬁ"ﬂtﬁé dés?ibe®tdskas shown in
revi ous enbodi nent BL test can be rout

[0051;13 Pﬁﬁ‘lbob‘? desorbed smbgglﬁgqnﬁgofglgp inventiongre H‘&ended tg be examples

only. %@%@l@ﬁi"médvﬂfatloﬂ@@wd\V&Pratlérﬁﬁ&nsdeoéﬁe%@dl toﬁh@?arﬁ@llérs of
row test circ he sa

embopgRnts by GRe SEEil inthe BT SHINDSSRRTING FOELIG SoPe-SIdns Migaion,

whicha dafitlidt donhaby thef diaisis @ppe@idaiereeupl ed to VDD, and has
a thick gate oxide as defined by the area covered by

the thick gate oxide definition mask 514. Therefore,
BL_test is coupled to VDD when a wordline and its
corresponding VCP are driven to at |east VDD. As for
anti-fuse devices in the rowtest circuit 508, they
can be configured as true anti-fuse cells which are
programed before any testing operations are executed.
[0047] According to a further alternate enbodi nent,
either the anti-fuse device or access transistor can
be omtted fromone or both of the colum test circuit
506 and the rowtest circuit 508 to further mnimze
circuit area overhead. [0048] The previously described
enbodi ments permt testing of an unprogramed OTP
menory array, and in particular the physical conductor
lines that extend across the nenory array and
corresponding logic circuitry associated with these
conductor lines. As shown in the previous enbodi nments,
t he physical conductor lines are the bitlines and the
corresponding logic circuitry is the colum decodi ng
logic. Alternately, the physical conductor lines are
the wordlines and the corresponding logic circuitry is
the row decoding logic. O course, other circuits
related to the physical conductor lines can be tested
for proper functionality using the previously

descri bed enbodi nents sinply by executing read and/ or
program operations. [0049] In the preceding
description, for purposes of explanation, numerous
details are set forth in order to provide a thorough
under st andi ng of the enbodi nents of the invention.
However, it will be apparent to one skilled in the art
that these specific details are not required in order
to practice the invention. In other instances,

wel | -known el ectrical structures and circuits are
shown in block diagramformin order not to obscure

t he
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i nvention. For exanple, specific details are not
provi ded as to whether the enbodi nents of the
w0 pweneileh descri bed herein are inplenmented asP@I/CA2009/000368

software routine, hardware circuit, firmvare, or a
conmbi nation thereof. [0050] Enbodi nents of the
i nvention can be represented as a software product

CLA%gred in a machi ne-readabl e nedium (al so referred to

a conputer-readabl e nmedium a processor-readabl e

medi um or a conputer usable nmedi um having a

; corgrter-reada gle Lagram code enbodi ed therein). The

- B4 IRE Prat RIS LTI Mgty 6RMBIRIS ui t abl e tangibl e

nedimémOryraa‘ayaamgg oRpogidantmed®PTPaRlis; or el ectri cal

on PR TBeRER = A aPg OLee e VBRI | ¢ or non

vobaést |cﬁ‘&u1t IOCatédi fi 4 e¢conti @hd @ppostehsnai of the Mbmory array for
n contain various s

e-rea medi um. f ,
couqqagfa Ff@ftl Qﬂ? H)g/ag%sqghﬁgg@tagg qusaar}sgttp &R ac?vasfec? wordline
during @simg bmatlcﬂf tiee ?teéasﬂ ahabmedmngﬁﬁreﬁhaagatmtaeﬂbcooausle%

ocessor, to performsteps in a nethod according to
du”%g ngaai"?%jn?peéﬁoph% ({nnvenltoi on. Those of ordi nar yg
skséhsel girclivg farrdenging theaygdiage obithe &t leabt aridstiine.
i nstructions and operations necessary to inplenent the
descri bed invention can al so be stored on the

2. Traacdairh engnearg abtlainme divhuerein Sod tmavcetage ohihegt feastioniestiine
rea ab e nedi

corr iRt Bd R e e R B ar@rhBa o k.o rout (T

above-descri bed enbodlnents of the i nvention are

o BT TP e ety e

conngtdd to thaunmogradinmesh©$P loylid todbefist vatage] andthe ldecarting circuits

ol R R Rl o8 pRinet o ppended

hereto. CLAIMS: 1. A one tinme programmble (OTP) nenory

+. TR PLC Wl FBT P e Mind REL AR WA R AR b i s,

having theirygahe teayinats forsed by theuictivdtet wostinateash séthertestaatis being
osjite array for coupling at |east
CO”’?J%gedrsﬁo e qu} ogv\%rltagtg O%E}?’r%t vol tage in response to an

actlvated vvordl ine during a testing operation, the at
east-,one e r eE=Telo)
E)EP menH F@ﬁ‘nQ W@&g?’nﬁ%‘&nﬁf &%qgétgégﬁsséqﬁ%} r @Ja to
cou;Ble nheﬁmswqﬁggd; tvea vorespgediod bitine iarespenss todhe abhmanedmordhne
2. The OIP nmenory of claiml1, wherein the first
vol tage of the at |east one bitline corresponds to a
6. TEaOTPoh¢emgy of claim dedhérgineash of thertasiccelT® ideritical ig strggtere and
: ’ . .
Iayocgt-gtisp 'BQWe @{P g%rg{w@egc)ifot?tﬁ%lrs'hgga @%ﬁhﬁ@g%!btf&%ohgllng the first
voltagepmfcblge acnvetdzd@ﬂ'd?dlimltbsl qoorespending iting.ol t age, and the
decoding circuits

7. The OTP memory of claim 4, wherein each of the unprogrammed OTP cells and each

of the test cells are single transistor anti-fuse cells having identical layouts.

8. The OTP memory of claim 4, wherein each of the unprogrammed OTP cells and each

of the test cells are two-transistor anti-fuse cells having identical layouts.
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i nclude colum circuits connected to the plurality of
bitlines. 4. The OTP nenory of claim 3, wherein the
wao e®v/1zitsTuit i ncludes a row of test cells havP@mCAR®PO00368
gate termnals fornmed by the activated wordline, each
of the test cells being connected to one of the
plurality of bitlines. 5. The OIP nenory of cIain14
wh in each_of the test cel ogr anmed
5. TROGBP ey of pei dovisige (e oecadiia SR RS BN FrowsS
conndcféiﬂ@ %S;ﬂurfaﬂtytdﬁ @ofdlihey, alﬁﬁdct}mafeﬁwa’iehnea)elﬁlai@wé?ﬂ?%ﬁﬁmnyy of
rein each of the te
wordiRgs A E PIAIGE T KU BS DRI IR 1 GRS obiheprogrammed
OTP ¢ulpr ogramred OTP cells, and progranmabl e for coupling
the first voltage of the activated wordline to a
corresponding bitline. 7. The OTP nenory of claim 4,
10. dewgrreimerﬁmrmf elaint bewwrprnage wmaﬁbu@mumslasecﬂmdn ebtelt ails

e t cel | etr st o antl-fu
naving JE 7 IR Teg e Pse T R eslinGE st Sfe ik pels
being&oniétseiotheackRasfonehtatiime pr ogr anmed OTP cel | s and each
of the test cells are two-transistor anti-fuse cells
having identical |ayouts.9. The OTP nenory of claim1,
11. TN&eﬂ'Eirﬁ\emm ofl el 0gwitdreiawiatss of t(;nelteﬁi&eh@ian@skmnd)grammed to
Wor nes

t I it [ .
couplG IR HEBRT KOPBALBF! Tk BrEPUrPeySaio Wr st el voilge
the plurality of wordlines being connected to rows of
12 ThO GBS G AT BB TGS e 8 e L B0t sty
and ldyest tocsiel of tmawrimqgrbhmwd QEP eeltseand padgsarhimabiedortopuplire the
R e
menory of claim 10, wherein each of the test cells is
he f t L.t
1 TR PO STE R ToE bk Bhd Sl Gt et U Bose
amplifierfdi semsingltBe firbheolagP ofrtheratyeast o bitlime 10, wherei n each
of the test cells is identical in structure and | ayout

to one of the unprogramred OTP cells, and programmabl e
14. TheOTeauehorygf ichaém f1Br whereinl thadpst oif cuithrchadssi a/tesleabupling device

for sem%:rqg?ll gg@%&g@fla ﬁfr ?ese%ﬁ%r?é gﬂm? ﬁg !a 'Wfirie éo%he&gg toog-column of

sense’circurtry
unpraﬂ;wlhmati@im edlis. sense anplifier for sensing the f| rst
vol tage of the at |least one bitline. 14. The OIP
menory of claim 13, wherein the test circuit includes
15. A@nkdigte progrmlrﬁm\aj)lel@ﬂé)emémnrysx@lnmisingel y connecting the

2& Lgﬁsb?é’rﬁ l%) 'vtlnlrggm%e%g%ﬁg ét@gelf%%%ﬂig&oﬁéejto:@orehnes and

bitlings, ogr anmabl e (OTP) menory conprising: a menory array

h a%r'owgtegtn&rrcgg cmgd%?hec\%#dﬁné‘s%pa%&qg HQe it tﬁué {0%first

voltage in response to activation of one of the wordlines;

a column test circuit for coupling the bitlines to the first voltage in response to
activation of a test wordline during a testing operation, the bitlines being precharged to a
second voltage during a normal read operation; and

sense circuitry for sensing the voltage of the bitlines and the test bitline.

16. The OTP memory of claim 15, wherein the row test circuit is connected to a first end
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bitlines; a rowtest circuit connected to the

wordlines for charging a test bitline to a first
waeiohagEaei n response to activation of one of tPEI/CA2009/000368

wordl i nes; a columm test circuit for coupling the

bitlines to the first voltage in response to

of thed@drtiiitls] MY Rfw @rcuRStor WAVIAY tHeBwsHlidd3tra chisdctdtto a second end
operation, the bitlines being precharged to a second

°fm9W$WPH§§‘E@P?Kﬁ”éh%@@hﬁF -read operation; and sense

C|rCU|try for senS|ng the vol tage of the bitlines and
est bitline. OTP nmenor of.elain1%?,
17. T%@Fé’u MemeRy of Slﬁ"’i‘ é@tW'&?’ F'@JP? C?'WE&?%&E%HS £gnnpagd o first
end oeméqfntnh&e ane telunasircuitd e lcONh&UtE £ 1ol 4 SedoRd efld bV ihaitlifs
dlines are connected to a second end of the

OPPOWrtalthenfé@ Bhosite to the first end. 17. The OTP

menory of claim 16, wherein the colum test circuit i's

connected to t end t he

18. ThS PUB pemane! Simad: Wb eE the KL skt e BRE G fuow

test c@ﬂholf’?éillﬁgethb@ ghfeaeimihglt f@m@d bihe WBRIIIRST, caeof tie 0w tdsttetls

erein the rowtest circuit includes a colum of
belngrmn?ggfé iebeitesttdinég their gate terninals formed by

the wor dl i nes, each of the row test ceIIs bei ng
n

cted to.t st, bit
19. TE BT mEMONR SR ' Enehas A SPLER RS ATER M ER AR &
coluniroisDéells @bhiattd e tthe bitings and hadbeg theirgatdsefobmed bynibe testd
having their gates forned by the test wordline. 20.

wordbfie OTP nenory of claim 19, wherein the row test cells

and the colum test cells include mask progranmabl e
having .a first diff |on etedt h
20. The (TP ampBe S 5 whesndtarny HEP bR G BR Sl iney s
includedmasiepRraninatile bbmmn@wﬂmhmﬁnm rdgldnl doneectad fo the f|rst
thod for testing an un e s
voltags 65 &SRB P e RBRS P Sy S5 hrar HE 2a odestpiine
atest circuit for coupling at |east one b|t||ne to a
fir e |leve t he | east
21. AgpeBig 6 4ertH o S Btorm s pag SR Bl QS Gy aray
comprigég: oper ati on; and, sensing the at |east one bitline
to provide a logic state corresponding to one of a

presence and absence of the voltage level. 22. The
rreédmoahr@fa esadiroui for,coupleweit reast vmesbitlinade a ficdt vdiage level, the at

O 8L CLATECERYBET, A MRl B ARk

Cchmiratlw an@l urality of bitlines to the first voltage
| evel .

sensing the at least one bitline to provide a logic state corresponding to one of a

presence and absence of the voltage level.

22. The method of claim 21, wherein activating includes driving a wordline coupled to a
row of programmed test memory cells, the programmed test memory cells coupling a

plurality of bitlines to the first voltage level.

23. The method of claim 22, further including iteratively changing a column address and

sensing a different bitline of the plurality of bitlines.
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23. The nethod of claim 22, further including

iteratively changing a colunmm address and sensing a
walpdobazass bitline of the plurality of bitli neBCREA20Dk@00368

met hod of claim 23, wherein the programmed test nenory

cells include mask progranmmed nenory cells. 25. The

nethod of claim 23, wherein prior to activating

ogr.a rrem)r cells ar r anme th
T L g A
programhedwdi@ﬁ@rly%ewe at |l east one bitline includes a test
bitline connected to a colum of progranmmed test

menory cells, and activating includes driving a

25. Th®metHoasf et DS,dNﬁé?eml’tﬁloOfo édtneatpfgognmyrammasmnemm
' the tes tllnet theflrst

s for couplin

cells G751 e sap De3he PToRERTIBRAH BETErUFlE26.  f ur t her

|nclud|ng precharging the test bitline to t he second

ge l.evel fter 1 ep_,of 1Si . d
26. THE s Roa i s 2 overpi e 3t R e Ehos BLAEY S ieh PUel o
connédiéd foed calan f@f pﬁob&anﬁrgg@ fﬁhﬂmmotﬁ&ﬂlsnamqﬁvemd lﬁclud’& drlvmg
of ¢ erein the t est

a worhit PP p 0N L o RS AR R aeAE ArnisT GoRanp 37 et
bitlineTtaahatishosltagt @ledi m 26, wherein prior to activating,

unpr ogrammed OTP nenory cells are programed to be the

programed test nenory cells.
27. The method of claim 26, further including precharging the test bitline to the second

voltage level after the step of sensing, and changing a row address for driving another

wordline coupled to another one of the programmed test memory cells.

28. The method of claim 26, wherein the programmed test memory cells include mask

programmed memory cells.

29. The method of claim 26, wherein prior to activating, unprogrammed OTP memory

cells are programmed to be the programmed test memory cells.
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