TEST CIRCU T FOR AN UNPROGRAMMVED OTP MEMORY ARRAY
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FIELIDBOPI'I’J‘IECINVEWHIONi lized in all one time programable
l'ications, inc

ding RF-| D tags.
to003FEhq E2sriareatin iAtes dearalvao SerSpELRBET, Here specifcaly
the inVRAHGH fs)tirep@b td 6bé-Bink\prodraderdadi, (OB Widrigtiest r anspor t,
| ogistics, and mlitary applications for exanple. The
sinmplicity and full CMOS conpatibility anti-fuse
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[0002’]'S RntrlT-JPus)é memory can be utilized in all one time programmable applications,
including RF-ID tags. RF-ID tagging applications are gaining more acceptance in the
industry, particularly in sales, security, transport, logistics, and military applications for
example. The simplicity and full CMOS compatibility anti-fuse memory allows for
application of the RF-ID tag concept to integrated circuit manufacturing and testing
processes. Therefore, IC manufacturing productivity can be increased by utilizing anti-
fuse memory in combination with an RF communication interface on every wafer and/or
every die on the wafer allowing for contact-less programming and reading chip specific or
wafer specific information during 1C manufacturing and packaging, as well as during

printed circuit board assembly.

[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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[0005] Figure 1 is a circuit diagramof a known
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w@b@pariiend cross-sectional views respectivel yPOf/CARIB®I/000368

anti-fuse nmenory cell shown in Figure 1. The anti-fuse

menory cell of Figure 1 includes a pass, or access

[ooos1r 2B 6& 96enlfborh FigueedPhhd g tifatlthd layd\@ dBhcdeRs arahghtberm and
ate of anti-fuse device 12. Anti-fuse device

anti-smapvics L0 gt e diiprer Ao BB ToRQIsTAe ARess. Fasistor

10 aﬁ@mw@@ plaf® 1’536fCHdtlff§séMe\h§e wmlc@ast&wédw\mtrgmeesaafe layer of
ccess transi stor turn_it on, cel |

PO'YS\ﬂGPPa\@"éC"!/EﬁeF% aE’BEi)P%tH’etaéeal "R b e %ﬂt'é{? é“’@f“a‘i’ﬁqeﬂfeﬁé'?eea"h

polysilRBh ¢8/el ds foPine® GABIN JATE BWdA2Y, ialdougRwA M Lgatd dieleclric, foAD
2000/ 121165PCT/ CA2009/ 000368 [ 0006] Lt cap

seen .
electficaiihisqlajingdae polysitcon fraguinerarlive awgundsinealc BESTher Side o

gate A RS HIFLISIEN 1YicHRR 241 24, wherglgiigien ﬂa%ndrﬁZMg fc¥upled to a bitline.
ht -forward an

Alihctigh el SHan. 1o 46 SRNiS hE M L Uaer ot ek EngaIdEIaS: co

procée?sw@' SudPAS§iteledIPshavk i farrtonS Rgrély ldayed diglisiped (LSiD)ianan,
ch extend. agross gct ive

difusign Grkieh RSHEBLS Kop oF FePect Be A ey FigBRutengis e
capa@idrece bARyuitionad Welsmwa @&aﬁslgat énlg bﬁiu -agkrdet is fhaner

el ectrical i sol t he pol ysilicon ctlve
dositableiin 1 oAV RN TR A g Uz can b8 Shfaiped 16t high?
denéﬁyfabpnﬁﬂa%hsr SULe B§nQQ{oﬁﬂrﬁiy 3dti-fusbe sRouldl b usliable witigi simpl24o

i s couple ne. Al though not shown, those of
mangflﬁP“FeY"ﬁh?t'FéNﬁﬁtw({) PIRfESP'st and t hat standard CMOS

[o00P] P@@Fegdleﬂgiov&léi&o%sécﬂ@ﬂﬁ\ﬂhéw spawc@mn Ifu@é ﬂ’ahmgtbr thiat gt hey

doped di ffusions nd diff
mangﬁapﬁuqud\glltq apy staada (rgggl%%l PIQsgss: lq Eén F ng Hg%%é‘? r3fd its variants
are cﬁédlkgdea if E:é’fﬁﬁioﬁtnywr@ﬂdJ sapat@mt mpncaidn N rOF HBrETBifiten ors

used, a transistor-o
Ociobg £ hig00aeaid EEBORLERDE) L " AsmliiLen eu ) /252 gpa oo on
Junes%/ :209$ theabnteats dﬁ&/hm;htaae medrpbeitediby refelensa. thy the presently
i cations

shog B8 Sk 1% e AD e tcalb s i3 G brce. o
lnpug@&but@m tﬁfn@@&ﬁ with [0B 8 Gidatirtg cgmsibrﬂtarralhah\ﬂ’ha disclosed anti-fuse

i PN T R T

progTéﬂ"hﬁ'nea@hth fhas Betfusy ik Hetweamitie ipblysilieon gaté anadthe substrate can

ve pigsiCiay Rsaligsdo FHPBIPUER aRLBdPe 51705 008 PR Ry
Figue\ng & thkén alblag BetchAppdlilagith ofthdldevidd /ThéZhabide! fis g@wraﬂy

f whi ch
e elbe echen HASwEeah S Tend BB Sl S A
defirfdtt by ddge of tmrpmlysﬂmn bateaddjareht neelpaemtwe diffusion segonmep| e

o254 5 B R LRI AR e o

subgtfité charmel ﬁegmnsus B @blysnad:amgette B6psidewalidpatersi88nadeld oxide

oo B el A A0 8 lon 8B iR ibion a2. A viine
contaol 463i:B|sh6\m tcgbé & elocridah eorﬁa&:tsmmainfmmreb@nmeiﬂh@t@iﬂbjp
thicl%?egglgg qt O(‘ﬁ)n\% g;\rl\?f HIIE? a{e rbfgr%c}{ﬁw rgg%é%%dgggesuch that a

ur e a 'S
portlbhajﬂmi CHaengItIéng]lh ist dvwecb@iydbe thitkegatd axide bnd Qwegrenr@rrmg gortion

er st od to be r t ' o

o tITEERBITS B BierATy S it B4IE AR BoAllafly Bd Mi\e oxide is
regibmevhprad gpidd Hreakdoyart canazqcarc dhe thldsgmew'de edgé Mmestinmdiffusion

regions. [0008] Anti-fuse cell 30 includes a variable

t hi ckness gate oxide 32 fored on the substrate

channel region 34, a polysilicon gate 36, sidewal

spacers 38, a field oxide region 40 a diffusion region

42, and an LDD region 44 in the diffusion region 42. A

bitline contact 46 is shown to be in electrica

contact with diffusion region 42. The variable

thlckness ‘gate OXIde con3|sts of a thlck gate OXIde 32

o, o o ~ ~ s 1. i o "
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[0011] Figure 5is a plan view | ayout of a single
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according to an enbodi nent of the present invention.
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[0012] An overview of the program and read operations

is now di scussed with reference to the anti-fuse cell
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5. Generally, the anti-fuse transistors are programed

by rupturing the gate oxide, preferably at one of the

incorbbriafddt By refer&det déscrifes BWﬁﬂafsy\gwtﬁaﬁsi@ortéNnﬂuQﬁh@mory cells
oxi de/ source di ffusjon ed This is acconplished by

which 527} D¢ HIPHINE -y iRy ems) %’é%y differential between
[001 1]h g.g@.aé 8 i Plah R uelapan oF a@fnglé“tﬁar%@tdrsanllﬂuéé&ném@@f@mmnory

substantially | ower voltage differenti al
arr aYaﬁﬂ?‘” diig tgan ed‘i?tr?é’#m%’gqu the pl"ﬁ%ﬁﬂéfrky?% iory iy e pr ?%Phﬁff?é’i'ﬂ'e only

four \ﬁ@r’dﬁrh%?st angrolit BiKiné S afehoR, E@crcsmgle fanaser Adfube céingo in
S|I|congatevv|IIrowthr [ink an

mem@ﬁ’ FY 6 Res e RAYSfliGern gatertsy PB %hg‘(ﬂw‘}‘éﬁaﬁ‘&ﬁ“ﬂ@tuéeeﬂ%éﬁ‘ fuse

cell 3DYof FRJUENAA Qn@hb SR RSNy BIraY BEth6 pbigsilidah. hnbﬁ?rlfnhﬁg polysilicon
ce

res nt exa rogr of ant]-fus
gatob 8 DLt A BOIRTIORGE AT E6BEToB o Pl e issgpemppyCels o
the réWl Mémeryearfs/! ews eﬂow@w ihBlufe Pikiegh ARTHIRG mahb@gfend; ewelre four

VPP% t hat i 3 ¥F cg* reate han t “9_?0
are agi@paeq Ingiash ioh Bt 1y h°'8F oY 6[, raURY. El
wOrcﬂlﬁegi %L' ORBi+1f \{Vﬁl@fﬁrﬂ a8 a@?(b?ﬁﬁ@dlts thdﬂjc&ﬁ;ﬂ&dn glates 62 of

r eakdown jn e presepce. o e el ectrica
rowsiide By GRANSLID 15S00uR: Ve CAsnR Gotipgy 12 ST b arasdn the
mem&By é“réyt'iﬁ wrﬁdbﬂﬁi ik gélteﬁaildél& talbe%rﬁ@gzwalahﬂl@k gneduide | Id%ﬁmtlon
connecti on between cha e an

mask QEedhe TS o RBEe e e cRaTYCRET SRORe A EaY R, cagpair o
merr*éﬁy c8k %W@%G@d&&%@ﬁbbmmdnld%Wn lagbh -T4ume.a dammon

oiting cPaiae P Fon e rateet b coprecii Bl HESaH e ion B pytines

BLn,HLnat, Bmz éﬁcﬁBl&ﬁQt Conn@fedBioreagh df Wk bithhdd is lagprecharge circuit
once its condu Qj?il ve

i §af d., He .
78, TS S oS0 SR b S ol S T B8 EFeur 78
is re§P@IbRNIE Prelcharging aNQKé bigipes th & gredetarninediveitgyeofond eehd

g) th h h hi bi t
opergli. MHIS % GUTEN i estoB o RS TR e oL Bl 80 Hf?'“des
multidiex Mgt vicBs fdvishhrinesnecsymae Ghﬁ;dflér@wmfmm drmnd{E[BJtlln'ElseThe actual

ol A Sy 5 S Bt B B8 rchare v

78 mem@ramne@no f thﬁm‘ttbrga’sammdltei’lotthe tolemntdeaud;&rsmd rsemse amplifier
cwc%?bécg% ngg %cg | %a@&’ﬂ% Q%?o %rlr’n]lagqjo%g e?g% §er}?e amplifier

c.f(;m(gﬂkmme to VDD Any progr arrmsd anti-fuse transistor

ro01gf ¥picHeiehy Yt pinstam (s B St iy SRR I hrence

to the @ndfiedel oetl 30iof IF:gquﬂ éa and B asEmémnbtyi anmy\ﬁﬁl df &ipare &nGenerally,

the ?{gke,fgﬁ%ﬁ’g?ﬁsgg@@ﬁ% grgé{éjrﬁ %gﬁg 3@{1‘?r\}1gatﬁt e e O)i?(ie h%%aﬁl&%‘i one of
the tafnftaick gate oxide tﬁmmderslpxmlddhmgmbgmb iomide/sohice [Wiffus@mnsedglathis is

t. th ch e
acodgipyfep bLoaped e By REE ey o iRE At oy ppg e
charEPofithepelisets b&rmogramgr@immﬂcb fubstamialyridwenatitege differamtial, if
any, S(%'ot Ihogh%' E% ?{t:tt\eu&%re ?}'ﬁ ﬁ)gﬁﬁ%?eg{i/ £o %E\gledlér{%gé yormtea,ez-f Eurrent
applrmlrtu firmecpalysdiicot lgate w:h élowrthmughamearﬁl? ané thor ¢chemnbldo éhebdiffusion
tested to oper
regl%rEJ g\(hbg]ecan r en@é% 8 rR%lﬁ} %{na@ g%rge arH g%%chjpgrlﬁgﬁogﬂﬁaent
exargplel prbgrarﬂn”aingtohentcfuse el 80 @fatheefed)vvgmlrvdm selpgtad; hifines to
properly. Defective cells can be replaced with extra
rows or colums of cells af#er unsuccessful
programm ng by the end user, using well known
redundancy techniques. In particular, this testing
shoul d ensure that fabricated circuits such as the row
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SUMVARY OF THE | NVENTION [0017] It is an object of the

present invention to obviate or mtigate at |east one
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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
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001E it 7 aPen Mo R o R PR T DR s et
dnsa@vahcayetof@ruinc&smm&stuhgan@thddeaaa s%t@mbl tline. The step
I nc cou { one

vati n a
1001855 s} Sipent (e E en o roSet a0 e RRTTAbIS (OTP)
meniogy. I’Im\em)ﬁ@ g@h@ﬁﬂlnttmdés QWﬁkﬁfy‘éﬂJay ?t%odﬂﬁg elrcudtsl & Bt ircuit, and
nor ny, a operati on St e 0 S
SenS STy 1 PP P U PRy QU Bels ShIRe decoding
circuits @fLI0Ee@Abla am eﬁ@ 6f thE nidhBory @hta?lgﬁhel teyedircuifsdodcatedgt a
ctivatl

to enbaqdi nent. _ of the third aspect
secopf o aBBoRIE GERRS Y TP B BIE™ 87 BaRt e e towards a
first SIRGE ATFERHotRStb aiRitivated ®bldiine Hbenddd wnﬁ@ﬁp@raﬁ@ﬁtrhe at least
nes

| lity of bit ot
one Ry PR Sh Rt S 55 s
mrcuﬁtﬁﬁs{én@és tHearoﬁlage/ éf the abieagt @ t?thféﬁlmﬂ}jrd&@db @986 edribddiment of

n 0 e ura
the 574t Aot Thi ish §lagR ok Inelki st e Bing cBiresabalS to.2 rerge
voltaiie Poviddogy & progeammee O Feesll s . Prl or to the step of

ivatin unpr o OTP nmenpr ells e
10018F bt A b oo dBeT B8 TR0 e P B e gl e bizp gonnected o
the dripPahmhizdaDTR bells te Itl’@fdstrmtag@fanﬂhlee aénaddwgacsrpem mcluue
colu% Clgg@l tqﬂ%ﬁggtgél &4 {_l;n ?péllﬂalg fj %@p ﬁﬁ{;@g%b{)ﬁli@%n test cn'cmt
mclu@f@h b\éa\fvldﬂ st a@lsu?emgdméwgang teanwmgiﬂorr?ed by thel elmtivated esmedline,
of t ogr tes nor ells for. coupli t
and Sact SRR RSRUS EnireelerllE 6 bt B8 alept Py Eitnof e test
cells&ﬂ‘b@ﬁhsﬂ@ﬂégré@hhteh&b cbm'lé udﬁfsl stpiottadatos omrdspendieg bitline in
totesec ol t eIeve aft
respgai e Ena AT, ASPBRAL sarL 8L et gpl)f i niai
struc&ﬂr@tdmjrlaym dﬂ d>rﬂ=.eofCtl®eJ php‘fdgrtamrmd)DmErcem @ndfprdagnammable for
S The armed

courloas MEEra1668 ahTE R RIES Hagkns Roa Pl iBms e Ine <.
unpregrapired OTe cells !andithel’tgst aenspcmgbaamgld tahBistoe ati- fuseedellshaving

ogr amne y cells.
erfiesd Sy, FEeAcBETE it FEUTS oefilie FRERED,
[oozom\vreyétlamothm bhbbdmmmeofap@ aressaht asrpetth teadegpding aircditg include
row alé%tﬁlcspﬁeocﬁe ?% %E)It r(‘alﬁﬁ/I 03 ngﬁlg £t| % fd%érgwrﬁe\r)tgeﬁ?q one of the
plurality cfomgrdlirets] emd thietpturblite oawomlmlyelm@cdnr@medso rdBRy tﬁFihe

DESCRI P H t. t

cnp{GETENE O P o o P FOeT bt PRI SRR 4 otumn
of teskeetishaviop lthyeir gate ferméfats forrsed bythelpdurality atWethesg whers each of
the tvé@(e s i 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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Fig. 1 is acircuit diagramof a DRAMtype anti-fuse
cell; Fig. 2 is a planar |ayout of the DRAMtype

w@niovAtuse cell of Figure 1; Fig. 3 is BCT/CA2009/000368
cross-sectional view of the DRAMtype anti-fuse cell
of Figure 2 along line A-A Fig. 4ais a

one 61* tRS BinSreGtanthad OrPawIffang pV@g”rhﬁHa%letht %ﬁ)‘ﬁﬁ@tﬂé&ﬂr& voltage of
ide antj-fuse transistor; I's a planar

the qc’é‘ﬁ%ﬁ watdlipg, o § serresmoadipgitinge § E”’@%[F@r%ih%%erﬁﬁtqrc‘ﬂ'h%ﬁ a

dedléaft@d‘&'sﬁﬁé?fse%fmdﬁflé}*fbﬁsé}@mg the first vétiage o5tHeSet fedat Gk MitiRW and
e-transistor anti-fuse nmenpry array us

the t?sﬁé" %ﬂ 'P%HF%’S ? st RopAieg gayiee @kﬁﬁ'@“%})’tﬁ%”%‘ﬂg tae aﬁg@st one

bltllné% a bitline conhe8ted ®o b Soldndl Fkpigrdnmed ofTPedeI TP msm)r y
devi ce according to an enbodl ment, of the presen
[0021]1\pe§ﬂcp6q]aspect the prp§§nt |r7vqngo%p|iﬂvgﬁs 9|°é\ﬁ/t@$e %{ogrammable (OTP)

mem%‘r)r ghe-drrRpshhPihcRBbd a hsforiaray,Ya R @yt ovclif aréBMrﬁrﬁlfést
columm test circuits, accordi nguto an enbodi_ne

curcutth@dp?eé@@ SHreyitRy; dihei rgelefnory array ha

to wordlines and bitlines. The row test circuit is connected to the wordlines for charging a

of
nprogrammed OTP cells connected

test bitline to a first voltage in response to activation of one of the wordlines. The column
test circuit couples the bitlines to the first voltage in response to activation of a test
wordline during a testing operation, where the bitlines are precharged to a second voltage
during a normal read operation. The sense circuitry senses the voltage of the bitlines and
the test bitline. According to embodiments of the second aspect, the row test circuit is
connected to a first end of the wordlines, and row circuits for driving the wordlines are
connected to a second end of the wordlines opposite to the first end. The row test circuit
includes a column of row test cells having their gate terminals formed by the wordlines,
each of the row test cells being connected to the test bitline. The column test circuit is
connected to a first end of the bitlines, and column circuits are connected to a second end
of the bitlines opposite to the first end. The column test circuit includes a row of column
test cells connected to the bitlines and have their gates formed by the test wordline. The
row test cells and the column test cells include mask programmabile cells having a first
diffusion region connected to the first voltage and a second diffusion region connected to
one of the bitlines and the test bitline.

[0022] In a third aspect, the present invention provides a method for testing an
unprogrammed one time programmable (OTP) memory array. The method includes
activating a test circuit and sensing the at least one bitline. The step of activating includes
coupling at least one bitline to a first voltage level, the at least one bitline being
precharged to a second voltage level during a normal read operation. The step of sensing
includes providing a logic state corresponding to one of a presence and absence of the
voltage level. According to an embodiment of the third aspect, 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. The method can
include a further step of iteratively changing a column address and sensing a different

bitline of the plurality of bitlines. The programmed test memory cells can include mask
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Fig. 8is acircuit schematic of the single-transistor

anti-fuse nenory array of Figure 7; Fig. 9is
w@2@bariigd ew of a single-transistor anti-fuse PENOA009/000368

array with row and columm test circuits, according to

an al ternate enbodi nent of the present invention; Fig.

proginrhéd Mefriorg bélls. BESaBTd Qe@Bf édlﬁaﬁ’lg?%@mgfaﬂﬂﬁé@t)(lv? memory
Fig i's

anti-fuse neno arra ;
cells 2r¢ PeagrHRee t%%%merpg%r %Stffa?m?@m'%g an OTP
[ooza]emturwtw @mboumm of mwwuﬂasfp@bum dt@sdst 6he BMlannchﬁwi a test
bltllnﬁ(gﬁgrgtvt%d goaa/c | rfa{ﬁ o{ler\%\év?gran%q)fe\gohwte{wg&s cl;eiltﬁ,? %rma elafglvatlng mcludes
dnvurag:@ %d:mﬁg cb@plédﬂ tcadrieesfind Progrermdedeist memdnhesiBies®ibling the
test bltllne to ther}lrst volta . ng\l?el Sl'ge:azrlnbodlment further includes 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.
The programmed test memory cells can include mask programmed memory cells, or prior
to activating, unprogrammed OTP memory cells are programmed to be the programmed
test memory cells.
[0024] Other aspects and features of the present invention will become apparent to those
ordinarily skilled in the art upon review of the following description of specific

embodiments of the invention in conjunction with the accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS
[0025] Embodiments of the present invention will now be described, by way of example
only, with reference to the attached Figures, wherein:
Fig. 1 is a circuit diagram of a DRAM-type anti-fuse cell;
Fig. 2 is a planar layout of the DRAM-type anti-fuse cell of Figure 1;
Fig. 3 is a cross-sectional view of the DRAM-type anti-fuse cell of Figure 2
along line A-A;
Fig. 4a is a cross-sectional view of a variable thickness gate oxide anti-
fuse transistor;
Fig. 4b is a planar layout of the variable thickness gate oxide anti-fuse
transistor of Figure 4a;
Fig. 5 is a plan view of a single-transistor anti-fuse memory array using the
variable thickness gate oxide memory cell of Fig. 4a;
Fig. 6 is a block diagram of an OTP memory device according to an
embodiment of the present invention;
Fig. 7 is a plan view of a single-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,



[0026] GCenerally, the present invention provides a

nmet hod and system for testing unprogramed OTP
woretmn2Eaes t o ensure that wordline and bitline PCT/CA2009/000368

connections, columm decoders, wordline drivers,

correctness of decodi ng, sensing and nul tipl exing

Oper at eFigl 9ed pian viseof@l$inglesiahsigtod HAt-RIZE infsrhoig @Fra® Ath row

| t est Itr d 1

o1 pRLFIpGn 168 et ey fhrordad cin it eEBABITES: of the prpsen
bi invémtR®: t o a vol t age IeveI simlar to that provided

by a progr d OIP meno r ead
oerari B, O 4 S ACE TG fhe, Pdbia0r St ERGfussgpemory

| | aeay dirFigdretdt i ne vol tages can be sensed, thereby
allowng for.testin f the col um, decodin sense
ot 111 B O st Skyandnlty £ e f?’ef?ﬁﬁr'eaﬁ%@fﬂ‘& BEmg armay
teeiin%)'rdw 'gmtﬁcd!mnatwlctr@gte deel simlar to t_hat .

rovi ded. a ing are
bperat 1 o 17 FRBT RN o R S AL Snl-Gyeea BTy G fow
t hendddtumm nest gireuitspyccollding o algenaté etibeditresit ofthé lpresent
can be sensed, thereby allowing for testing of the row
del¥AMPG- and driver circuits. Hence the continuity of
signal lines such as wordlines and bitlines can be

he logic relied upon for driving these

DETg\ﬁg{gﬁElsmgfﬁ%OZ?] Figure 6 is a block diagram
[0026]) Geaérraaji,ith\@pm&emnbmnﬁitumptovm%stahﬂetpoeaedlsysitmémtt'esirmg

OrP ne ce ncl, u QIR .r nor v aLEa
norEgTRgat RaP SFeresies g op e Lt or S b el onBblhén e
decaaeek, biokdling elsiversheoreectriess wbdetod mgssens_tnghreiwdhnlnltiMemngibbgrate

L.nes extend vertica thin .the. O

pronRgging QT Igstn svsTee ikl e §F ot of'sh UGty and row

test vitguithy. Mas colama testwircuitrg codpldd atthe bineshat violiagjalded sirolar to

that {rmg')lrvudgg g)lgf%l é'ggrléhﬁp]eedééiPaS rcgr\glv £ ff 8?&1@? re qvtpﬁpavi\fggr }\Y&é)%nse to
activiaiormotatestiwociine Uihe Hiliwe koltkgés térabe smﬂeddt@erezbglaﬂnwmg for

et Lol s5%e AR AL AR S3 coues
a tesibjilrsd toea \mﬂdgefevelmmﬂmrtd Ithah emw@dabyra)pvoges‘tmeﬂ Ot Rinnemory cell

bl ock 108 t.h
oo} SR SRR BolRGE BRI A LRty
The woltatjei of¢he Estivittioé edn be sanseelctheobba{raﬂowmgden testingmd thof row

cocqdif BT Spae RN phARbIE R i Bl yelfes anc

bitlingsrcanibedesied] asloan plhryts:gtcabhadomﬂntforodnvafg thasshsipndl lingse.

[OOZhi3 m)cfu&en g %bfoggblagpa{ Slllgggats é@ﬂdﬁ%{ﬁ%ﬁﬂn nﬁ!esee\ﬁ?n{/entlon

OTP]J@@moasdqymes'tﬂﬂsn@kddsl adOTh nnetmoranatram 02 cqmmlstmstOéﬁH P memory
cellst go%be%;tgg %Vg@ﬁ ra'l%lt Qr% ?Iglhégr: l‘l%“SZ? ﬁ'{%ﬂ/\é&nrf?ﬂ{[e% g&%ﬁysrﬁ@g?ntally and the
bntlmlsaxmmdwertwhlly Within (dw (DeEtmemcvry array 1028Cemmecterdo ediraiiend of
the \}vgr’% mes I% %%&%.&’:&19@8&??(%&%{ iﬁélHj]&groW rgfatf'@d a%ﬁé § h as row
or contrnuity, o e wordl1nes and t

decdmar$ amamw drivens for rkareplel Conrectedrtea fisstendshthe hiﬁheeSr I8\ column
circg?'tet’?iz)ckci dé:tHéltlﬁcla&Bs 9(11?115 E@? atsd ch tssBeh aSt IGMhto%caﬁ]é?s ah&

as nenor aving t e same physical Tayout
sensmamglifiest fanexaam;blg Eonnesteddo esasendiand epposite endohtbenoydiines
is a ?&J/ }e% 8FCU&T€B %rtl}(atzs{ r%\é fapt%stln-eqtﬁg?urﬁﬁérﬁahgﬁeflﬁe FdWSircuits

ectric havi our” o

and éh'er @wsmh@r@ltl@equ sactryeidies. Grenasted top seepndrand qp@§$'te end of
circuits 108 and the columm test circuits 110
according to one enbodi ment %re shown in Figure 7.
[0028] Figure 7 is a plan view transistor |evel |ayout
showi ng an exanpl e enbodi rent of the OTP nenory device
100 of Figure 6. In particular, transistor |evel
exanpl es of the OIP nmenory array 102, the row test
circuit 108 and the colum test circuit 110 are
|Ilustrated mhlle the colunn CIrCUIt block 106

e -,



[0030] In operation, each of the MROM cells charges

its corresponding nornmal bitline to about VDD - Vtn,
wob@ea2Neh i s a threshold voltage of an n- chanP@t/CA2009/000368

transistor, in response to W._test being activated or

driven to a positive voltage |level such as VDD or

the b‘tﬂﬁ%E is & Eolhﬁﬁrtéstlcﬁc@t ﬂ@él@ﬁ‘to fhat it hh@e&? fir lﬂéﬁﬁn@ ﬂ'@l@h&ﬁ)nallty of the
logi c, or a physjcal defect such

colungyy F'fquﬁfe aﬁﬁmyé'cﬁléio\ﬂg@ﬁ” Pf-.%a(‘@oqlﬁjﬂ% 't 'é@Pteé’I tp%tLgr@y tf.‘ieL fnemory
arrayid rbld@ar@@h Ca'rr"a? lélrétﬁtsja(?@ shdvitefdr OT# mBinbly dtRice 1|0|0 as

not have the vol tage | evel . Accordingl
persqng; skilipg in 'Be%ﬁ@léut“i’%“@wﬁ)"\ﬁ% Hhej® Pf%}aeroqﬁrca't%wqﬂéglc that are

reqml?éottblelhabnbw;s‘eafogéraﬁ@rﬁmrﬁeyms.@él mawemerneortab aévadast Birduitat08
ne or

and (o geIiRg ArBds, LISTEbIES Jr g G5 Ne P HAR BRIV G cgntinuy, of

the woRHiABS afd theditlihdxe TORIAMIizA\BIFdlitiaReB o\, trR ro® téiircuits 108
first end, which are g&nnected torowcircujt blo

and tﬁ!@&"'{‘ﬁ@tte%tl'?ﬁﬁh‘f)s 11Pfee [RIFFISs PO fels B?%Wﬁﬁ?mesomyﬁ)'cal
layth ﬁﬁ@ s&lﬁlﬂarﬂl&l{)‘itt‘féadarﬂe’ﬁd?@frljétwn@s thd) ety E€llswdOXIP Memory array

st circuidt i.nc colunn of
102. T054 854 cRlS 18 Srifist 158 SIRbeA! Eanruoih gl dreoT R SameTy af ey
mem@ﬂﬁcéll@ Ruref aéttams &fthé/R@Ae@ew@né o0 andrie osunth iesedircus110

in Figure I\/F?% s 214, 216, 218 and 220
accomtomee"ab%@%ar? YRFOYS r espondi ng to one of
[oozs]hﬁﬁm@rw(;ala e ﬁbwlln%ﬁsmtldﬁ Qarvgl legasth saesw“gb anxENMpleadrhisodirasnt of

a shared drain termna connect e
the CJFR TBE oSt 0ATE TS B 1 A e Lo el S mplgsiolgpe
OTpcﬂreéih&r@taﬂdyaoz [tBe rdve test BieduitAD8 a0 mtﬁbécdlﬁdn test ¢ioduitI® are

BRI s A T RN RN L
preciidrg€ E:iﬁ@lﬁtbv&lh)’mm He@c&i@r&@cﬁ@érﬁétam{ﬁhefscwomblmon bioek 004 is
t he normal nse ag;pllflers

not shawp |"h6'9“r§s VeV, egwf fslg glrt Fﬁ?tryyllé %er%nd gnat such circuits
are VASHG@LWh g tHeCart. A ths Bsetorsrshodh IreFiurechate riviX@vinekttdnsistors.

The BBt B0 B TR ISh bR PN Bl o SRR B ransistor
ann-iube m@ﬁm cEIRt shoaxizhe.dektritieen Exargsl 4n, @b ahid Gu reth@ presieet

ol PSB! LSBT ek AR A9 fsroun o

the ORI ATehRRy hrremmz Mhkeys ibatlinegatdbitinas atehaowweferssd tNR@VIormal
ells 214 " 2 nd 220 f.uncti

wordifes, dnd desinef PigeE ettty LHDFhg Bef et Blt-Hisk Tremory cen
havef tssengieditusifi¢estebed, anb sire tieesfare rOT Besteived pgaieordee pEBent

L 1032] | n operation, each of the MROM cells charges
embpdileibst pitline BL _test to about VDD - Vtn, where
[0029] Mhé Solamhhéﬁ$hahld1 mbtcagr&aomsfd tara secohcdrne bf meannsmaltbathr)es

e t.0 nar na

L
ovasile {ERETE e ioufel o Gt ¢ B PTUlaRal bl e e
purpBﬁ@fdr taslplabenentds EJ test tpéplays:edl intedripcofthe Bn’(lr‘eebltlme length. The

cofp b BEEon F DS A B R o i e
readasily @acbroMROK) neitsnwhen&dhetells aese-one cativldf MRQMeells to
vl Al Be Sy G524 01 PR 0201 a2l
polysilicoim gate thabcaradspondd tmﬁestcwmddlneth dlesmwham&mbroéthe MROM

et ween. t.h e | reuLta:
cellstllrtﬁ rgin teﬁ% Ez?lvﬁot&t%érﬁ ét%(g%tée chrpe%ipgm %H nﬁl"ytlme \ffé;étgﬁllne
contatteaMDmstofurne wmuraag 210 egrwiecteddo ypithgegiupplyt\iD fAgicpiding todhe
sense the VDD-Vtn voltage on BL _test indicates sone
type of failure related to that row. [0033] Figure 8
shows the equivalent circuit schematic of the OIP
menory array 102, row test circuit 108 and col umm test
circuit 110. The anti-fuse cells 30 used in Figure 8
are represented by a distinct transistor synbol that
is different than the well known synbol for n-channel
tranS| stors. In partl cuI ar, the presently used

. oy s o, .y " o, "



[0035] In Figure 9, OIP nenory device 300 includes the
sane OIP nenory array 102 and column circuit bl ock 106
W@ h@an2iies Figure 7. In the present enbodi nent, PCTIEA2009/000368
colum test circuit 302 includes a row of colum test

cells, such as anti-fuse transistors identical to
presaﬂtdmtfddﬁﬁerﬁ eddch l\&@OMbéDTPsnh’&!ﬁDnh)boﬂﬁtﬂ&:}iodQ)'ZtheEhtﬁusfeqmnastor

deviggs et pubSHhe i e SellePresees SRS SO S P DAY e aphaye a
varlabieethrcmeﬁs@te meié: U theléf)@nﬁﬂ@@fﬂgﬁrbat altﬁilcld@as oRidk definition

mask 3% R34 e giShage BHBp Satrlion Brth e B he Siuh mepion Say
102, ¢elides], to Slefife ashickgdte buee otigrahe cisdraves re@ume Lmldem)ath the

i.dentical . to. anti-fuse cel i P r I .
polysjigsh 631 2t Vit St s SaraE Rl pp B 430y 20828 hod ZbRhngtion
similamy @ eﬁﬂhesd&ore aRjic eyrclistors Bot/O ttamsistors formiet on ltleey saraé substrate as
OTP| east t 3&5 functionality as the correspondi ng test

dPFRRYt V'§ﬁ “in Figure 7. The colum test circuit
[0036PR dpeedtivtlesachidfithd MROM bell?ssa'mtgyssts%ﬁes;ﬂﬁﬂmgﬁb@mammne to

each havi .a te forned t he ilic N tes
avo 3P £ RE" WU 8 23RS € biErbe af o AT BOne Tirlb Y, Fédbonse
to WBOtest 30&y adilbtedrnd dBdeh ﬂoazspca;ut@ea/bmagia lBYel Sucnas ¥QDoor \AREF . If

terdysgfedtint NoRE VR S RPHIREIRIE S5 mbSed et P Tt B i e

bitlind @nywkereeetwden thaicolkmartdsttdircuit ¢t andothie delupor d:mcumsmﬁ then

nat 5 L GOBRET BRI S Ao e
VvDDc W’emktdgbymiahmrmlai twking atde:atesl sbenectgpe of feilwn reia&ld t@ fréat bitline

under neat h .t h Ilcon wordline W. Jest is covered
or thB)‘fO@ %?08'8920’@%%"3“ Accordingly, the structure of
[003t1h§hartiw tebtisicutt 188 58 cinpeste8 @G a s8G31d Stilof dimtin@ 2] whisllihes

oon R Br B M o e Fb SR LRk B8 1 il oo
purpaﬁ)@for RiOplanema&itds thotestahe cbymmamtegxltymfdhe satretwadimedersgh.
The {onw Wcﬁ% 1|0§ w?c?!.%es %0 ’Iun?{? éf %&qegt%@l? S? X/IF{C?@ lé%fbéq Where

Uit arsa GV ér c rcul
there elaadmea«te dre ratid ohMROAS tellsito oumnal]oﬂa@dlmbsx Ashghavwawvin tFégire 7,

R EEH 116 %o, Al Lz AR bR 856055018 B dBng g pre o
the rimirnii werdBies) eberet eachivt thedjiBObheelin daral shbred draip tBloring 222

oonrlgcﬁe qg% §Q’tebnt |9e Q% tgscttwacg Bﬁlrn%l %o%{a%p %lnd-g%ﬁgheo[ &Qi%g]ca%ed source
termirfaé 22 ormentedyto aolt@y: slloaly Mot WSEF cAlthough trg0gstdittine BL_test

s coB PRI 5L ARG G e, Budhifn ek by g e o
one 8fltheamoindk2nsaameplifiess orblesktd6l during testing asewdll beshewm later in

oo 97 b ool S Ry e
consdiistiorcte thé anthfuse trapsistopdevieasi, exaaps thehthey Wpmog havende wariable
thic@%%‘% ga;‘tg?%\dkgﬁ\ tﬁ@%karﬁﬁegf Efl ?HESJY Stfu@fhlckpﬁ:a%’ 5)%@ %f)/nltlogﬂ'ggsk 72

um test ciIrcui
is extendelddo defing a tbwcd(cggm exidé evardherghaniet legioas underveimh each
T fr4@0 ' ji s
polyéggﬁ%tengfvot g@?&@%g@%@ﬁeggﬁgg 2t1gsﬁ+§| n'ghot?fuﬁbtfo%%%llarly to
eithdripnt logicdlansigtoss ort I trensistars feimeson taheﬁ@ewe Yupstrate as OTP
ransi stors 306, 308, 310 and 312 are
mengdr?%g?\gbn?rg?jd This is done by biasing the nornal
bitlines to VSS while driving the test wordline W
Jest to VPP. If programming is successful, conductive
links 320 will be formed in'tach of anti-fuse
transi stors 306, 308, 310 and 312. Hence any program
verify logic can be tested as part of the progranm ng
operation for the anti-fuse transistors of colum test
circuit 302. In a fabricated device, there can be
redundant test rows and test columms so that if one is
def ective for any reason, the ot her can be used
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[0039] It is noted that different conbinations of the

row test circuit and the colum test circuit
wepdod2rrent s shown in Figures 7 and 9 can be uR€HCA2009/000368

together with an OIP nenory array. For exanple, the

MROM cells of the rowtest circuit 304 can be repl aced
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testing the colum circuits, then there are no _

to anfiduss ¢elle S0t OdPi W%'“Ow(c%@rYdloﬁgT’yS rqvhef ¢aynn tastiseligiwikbep
410. On the other hand, if the current test is for
testing the row circuits, "t'lBen ot her wordlines remain
to be driven. In this situation, the nethod proceeds
to step 412 where the test bitline is discharged, and
the row address is changed at step 414. The row
address can be changed according to any pattern, such
as a sequential pattern for exanple. Once the new row
addr ess has been Iatched then the nethod returns to
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described in the previous enbodi nents. The OTP nenory
array 502 is shown to include two rows of
wo motizEnsi stor anti-fuse cells. Each of the PCT/CA2009/000368
two-transistor anti-fuse cells has the structure shown
in Figures 2 and 3, where an access transistor 510 is
profanmeet inra firet teelscy\ﬂlet mheirbvamtst cifcuis 804 @&vidertticalltd.thd Ry test circuit
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thereb e normal bitline to VDD.
reSRSE%ei'ta Fg/é’onfﬁfjﬁéddqgﬁsgn& stor anti-fuse cells of the
[0036) Bigard €& shavy thaiequisgienteirsuit abhantaticed thesOTROM e agay 102,

t
ATt A S T i s
statudbchf taintifiade toirisfstrss 80613981 310 snlipi L@ resistgDEYrakal lsb@onnected
e
316 anth 342 TEhetabsaatecofdbinfrésisipminticates maeurmmramuw sdaips §f the anti-
fusg )g%ng spog r%@; _PE\EE sgévl\%étsgefgw br@?raﬂﬂﬁé@%@@%%ﬁﬁ graé'st; eir&ft 302
cam heu‘setatmowpterthanmm'cﬂ biknesdd MOBahi ch are identical in
[0%’58’% %%th%[@é%}%r{& Hﬂlﬂﬁﬁe‘r‘] i€ 362 B HEW@&?SY:H%J Wlor to testlng

erm na e access transi stor
thef fonctisahatity of the qobinys tirduie AOGihel Pnthiusgtrappitors 306, 308 310 and

31?%&&r &%9 &8 THiYs Ggﬁ%gg\%fa)gm]ggiﬁ@n& [ Bﬁﬂn%s ttc?VQ‘S'WHHe Qfiving the

use devic ysilicon
test moedliog Wihdes dorvPEolf peagsemeninggs ﬁbweessfé' cwsgm)'ve finks 320 will be
formedleﬁéQPofr é‘%ﬁi'-fa& 2 ﬁi’ rs 308, G396 ahd Q'i‘ﬁ'l-‘ﬁén‘?:& ang Brdgfam verify
to atest bitline BL_test via a bitline
logmmram testpdeastpast of k§h€t progeanBning @geratign fas ireantclyse yagsistors of
coﬁl)ﬁm St Syt 862, lﬁgri‘&?rlcgf&l defvlcgrthéézoanmg re@8ndMOWRt fdvs and test
previ ous enbodi nents, test can be routed to a
COWUVWO thattif oneds defectiveer agy @98% s pIBE] ¢y Repagd instead.
anplifier. The two-transistor anti-fuse cells of row
test circuit 508 are the sam®3as those in colum test
circuit 506, in that the anti-fuse device 528 has an
addi tional diffusion region coupled to VDD, and has a
thick gate oxide as defined by the area covered by the
thick gate oxide definition nask 514. Therefore,
BL test is coupled to VDD when a wordline and its
correspondlng VCP are drlven to at Ieast VDD. As for
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[ 0050] Enbodi ments of the invention can be represented

as a software product stored in a nachine-readabl e
wore@onmifal so referred to as a conput er - r eadabP@I/CA2009/000368

medi um a processor-readable nmedium or a conputer

usabl e nedi um havi ng a conput er-readabl e program code

AssuiTR tha€ frogRniming Jis st&@séTﬁleHeﬂﬁMnﬁﬂQaﬁ\t§10®Gémﬂé eRtedIs
F\X’ sui tabl e tangi bl e i:_: é)[ﬂ%tﬂdln netic,

rnvur}gp iLe tglst to g reaf ¥e qgeclgye g@ r§xmMplel gqqyée gach of anti-

fuse &aﬁésabts?oep 809310 mhusatq 2imea@ conbiyctive MK Jorhe®tHabh, WL_test
nmenpr evi cg_mgvo ile or nonvolatile), or simlar
Couplﬁsgﬁ%\é%"??ééﬁ' e machi ne-readabl e nedi um can
[0038P11I]§@géhé|‘§4rdp@kéiloﬁ of fovdlesi EIRUR 304 isOMsv dEREiBed ENIIRY AGStest
onfi ration [] or, ot her
modg, ARA SE T (40 YPReduin o St sdrp i Sice 8 dpdhponned
BL tHﬁttB Sinag. Cﬂgecﬁollgnri @i@lenr@ﬂb@d hW’tBﬁtcoﬂfmrt tircuit m»mnﬂne Ithen routes
rainary .SKi nt
the vOfigge Witie oSt Hoet VERING RETSA AT At ondb g 4 ogls stte
corrésﬁ@h@ﬁ@m the IvenabsscﬁdrBLg l&!it iHenea ah @xistiag saisemnhmﬂsn iorased,
hi ne-rea e m. Software ru
therb o UBARG 2. K68 4G e o i P ot ST Sec Ao, o e e
circuitizogui try to per f ormthe descr i bed tasks. | 0051] The
ove [
0038057 5t RSB AEGHE 7 o  AfU5AL 8Rs St tos
cwcdf%ﬁ‘ddﬁ?ént@@ﬁovaﬂld Rigure€V iafo 9 daarbeh&eEftcﬁgmadvimoantd)EP memory
ticu n?ﬁ:g {) t ho k‘w

atrafFoh AR ARt e S8 b SER 394 PR per P ggRe wih ant-
fuse \WBIIE kﬂ/\gb@'d[ﬂ@fw past t6 ekedutingyny hastucgi; af the raveg emesbedcantidust aells are
_ AIMS: . 1. A one t} rogrammable (OIP) neno
st SRR oo BT RR e B FRVE R P g7 I column
test €ifduit®an be used with an OTP memory array. While the data can be read out of the
memory device for assessment by external testing apparatus, self test logic can be
included on-chip for comparing the sensed data logic levels against expected logic levels.
[0040] Figure 11 is a flow chart showing a method for testing the OTP memory array
using the previously described row and column test circuits, according to an embodiment
of the present invention. The method steps can be automated and designed as a built-in-
self-test (BIST) algorithm executable by an on-chip controller, or executed automatically
via an external computing device. If the column test circuit 302 embodied in Figure 9 is
used, then it is assumed that all the anti-fuse cells of column test circuit 302, such as cells
306, 308, 310 and 312, have been successfully programmed. The test method begins at
step 400, where a first row is activated, or driven to a voltage level effective for turning on
the transistor devices it is connected to. This first row can include either the test wordline
WL_test of the column test circuits 110 or 302 for turning on the MROM cells or the anti-
fuse cells therein, or one of the normal wordlines WLi to WLi+3 for turning on the MROM
cells of the row test circuits 108 or 304. This results in coupling of the normal bitlines BLn
to BLn+3 or of the test bitline BL_test to VDD. Following at step 402, sensing of the
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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decoding circuits |located at a first end of the nenory
array, a test circuit located at a second and
woppostties end of the nenory array for coupli ngPEL/CAZEMI1D00368
one bitline towards a first voltage in response to an
activated wordline during a testing operation, the at

[0041]e|a§ﬁowmse Abteli Itm tHSEd:d’l@nﬁ ﬁe@dtmg;afbutt@ty@.cswmle/@l t age
a nor.na rea sense Cl.Ir cul t¥ In

preddigiMIGe SrBe H e ol PRg I B R HLAL b GA e BBl P

such% madneryQmee/ ddecdidt iBmadevdietepi 404ith elefdrrlhm‘e umab:teaage
el R et o B! i Lepg, e
couunQT Bddresdisychahged z_étlsﬁ@pl406/\/faﬂd eitier bitiet @8d serised i step 402. The
ot R sEa B A e B BT SIS % G spses
test aﬁﬁﬁdua@dmgf@uén Beicoumitsdtedse8TF @irow tésting Cxiem 402 Bxeouted
orce BB B P e ot et TERIO, o
[0042]9,&Ueté®r|n|n@tion is made at step 408 if there are further wordlines to drive or not. If
the current test is for testing the column circuits, then there are no further wordlines to
drive. Accordingly, the test ends at step 410. On the other hand, if the current test is for
testing the row circuits, then other wordlines remain to be driven. In this situation, the
method proceeds to step 412 where the test bitline is discharged, and the row address is
changed at step 414. The row address can be changed according to any pattern, such as
a sequential pattern for example. Once the new row address has been latched, then the
method returns to step 400 where a new wordline corresponding to the new row address
is driven. Steps 400, 402, 404, 408, 412 and 414 iterate until there are no further
wordlines to be driven. The number of iterations can be reduced by having the system
terminate the test if a fail result is received after any iteration. Therefore, the steps
outlined in Figure 11 can be used for column circuit testing or row circuit testing using the
column and row test circuit embodiments respectively. If both the column test circuit and
the row test circuit are included in the memory device, then testing for both the column
circuits and the row circuits can be executed in any order.

[0043] The previously described embodiments of the OTP memory device 100 and the
OTP memory device 300 of Figures 7 and 9 use single transistor anti-fuse cells shown in
Figures 4a and 4b. The embodiments of the present invention are not limited to single
transistor anti-fuse transistors, and alternate embodiments where the memory array
consists of two-transistor anti-fuse cells can be used. For example, the two-transistor anti-
fuse cell of Figures 2 and 3 can be used in an OTP memory array 102, a column test
circuit and a row test circuit, according to the present alternate embodiment.

[0044] Figure 12 is a plan view of a two-transistor anti-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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having their gate term nals fornmed by the activated

wor dl i ne, each of the test cells being connected to
woee@ntitthe plurality of bitlines. 5. TheCTITR2009/000368

menory of claim4, wherein each of the test cells is

mask programmed to 25couple the first voltage to a

descﬁ@éd msna@ @Eévﬁﬂnskyntﬂddnﬁent@ THespT™ fr%lrﬁdiy biz@y w is\shb®H to include
(0] Clalm
two i o BV saRS e S-S FHIBERSLST N VTR a8 S8 s the
struc%hﬂe%ﬁ@wﬁ’lfn_ F@Grtelsﬂmflr@g{ &!I‘Yé&dl ?ﬂ&&fehr’eﬁsmtaﬂﬂjtpfsd@ﬁ&mlﬁbb@es
. or cou n | VO (0] t \
with BB REITIRE deyits 518, T B aTas wordme;gtbiand i appile the
secoﬁam@nmcofdee hadirdling , WM?P g?cﬁvopea/smﬂt gadtbexide raibmglﬁ@;mmedk 514
eac 0 e test
defingp AR FiERs PR Lk aeet b e o shown I Efyig 22 the
two-Bansldier L inREHrY red acd ﬁiel’ﬁeéond\l‘wsﬂ} the eanb colurint wmare a
0] t he test cel

comizoR fisRwesien ot B ey p BRURSCCRAS SOMASINHg® PeERRNg
b.umk;ayouts 9 The OTP mermry of claim1, wherein the
oo 8 B U A PR o 0% BRI St byes o
tran$iter zﬁt‘ftl-ﬁJB@ céxlstwmd:h hrg |@éntl¢@lr|dllaybe’sd|mndomd1tb thoser ialthd QTP
meng%\é\%é)? E%ﬁe nl%rn%u?ugpoeﬁlt\ee gcctegs {rgxgst&t 55&1 & formed by a
polysilicon line WL_test, and the gate terminal of the anti-fuse device 522 is formed by a
polysilicon line VCP_test. A diffusion region 524 of the access transistor 520 is coupled to
a corresponding normal bitline. These anti-fuse cells differ from those in the OTP memory
array 502. First, the thick oxide definition mask 518 covers both the access transistor 520
and the anti-fuse device 522, meaning that the anti-fuse device is formed with a thick gate
oxide. Second, the anti-fuse device 522 has an additional diffusion region that is coupled
to the VDD supply. Therefore, when both VCP_test and WL _test are driven to at least
VDD, both the access transistor 520 and the anti-fuse device 522 turn on to couple the
normal bitline to VDD, thereby coupling the normal bitline to VDD. Accordingly, the two-
transistor anti-fuse cells of the column test circuit 506 are fabricated as MROM cells.
Alternately, the thick oxide definition mask 518 can be sized to exclude the anti-fuse
device 522, and the additional diffusion region coupled to VDD can be omitted, thereby
configuring these anti-fuse cells to be identical to those in the OTP memory array 502. In
such an alternate configuration, the anti-fuse cells are programmed before any testing
operations are to be executed.

[0046] The row test circuit 508 includes two-transistor anti-fuse cells which are identical
in layout dimensions to those in the OTP memory array 502. The gate terminal of the
access transistor 526 is formed by the polysilicon wordline of the corresponding row (ie.
WL1), and the gate terminal of the anti-fuse device 528 is formed by the polysilicon line of
the same corresponding row (ie. VCP1). A diffusion region 530 of the access transistor
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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50TP cells. 10. The OIP nenory of claim9, wherein

the test circuit includes a colum of test cells
whawongiisheir gate termnals formed by the pl uPGl/CA000000368

wor dl i nes, each of the test cells being connected to

the at |least one bitline. 10 11. The OTP nenory of

amplﬁ“lsr'irlﬂb Ho- tﬁéﬁﬁgtﬁf AntERRE cBiis dMBw et kir&fl 408 4r8 tHBSdme as those in
to couple the first voltage to the at | east

CO'U%@SBF'quitﬁgsi i ﬂi‘%&‘.‘i‘ﬁ)?@bfuﬁ% deyiee a¢8 h%@@admw fiffsion region
coupﬂaa to m GhE he® EQlﬁlb.‘k Qéte@x@b@sjd%f ndMBY BlelbrE€RAEHVePdd by e thick

ells is identical in structure 15and Ia ut" to
gate Bﬁée Sf’f"t"’l‘%‘ naYY Bt AREEPETE- destiscoupiag ta MRt gwordline

and lfsQforr@QMdlrwa@P ard Hivih 19 at leagievob. Ader aﬁt‘i—méétd%dlces in the row
ine to a corresponding bitline. 13, The OIP

test %%598 Shevcha 4 ORT O s e @i ussrisds whics A piparammed
befor@%?@é’étlﬂg obél%iloﬁﬁé\%%xéaiﬁbbfl er for sensing the first

[0047] AccordlngoIo ; ft?ﬁthgiF aIle?r?ané e%%gdlg‘lletnlt Ielther t%g anti-fuse device or access
transistor can be omitted from one or both of the column test circuit 506 and the row test
circuit 508 to further minimize circuit area overhead.

[0048] The previously described embodiments permit testing of an unprogrammed OTP
memory array, and in particular the physical conductor lines that extend across the
memory array and corresponding logic circuitry associated with these conductor lines. As
shown in the previous embodiments, the physical conductor lines are the bitlines and the
corresponding logic circuitry is the column decoding logic. Alternately, the physical
conductor lines are the wordlines and the corresponding logic circuitry is the row
decoding logic. Of course, other circuits related to the physical conductor lines can be
tested for proper functionality using the previously described embodiments simply 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 understanding of the embodiments 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, well-known electrical
structures and circuits are shown in block diagram form in order not to obscure the
invention. For example, specific details are not provided as to whether the embodiments
of the invention described herein are implemented as a software routine, hardware circuit,
firmware, or a combination thereof.

[0050] Embodiments of the invention can be represented as a software product stored in
a machine-readable medium (also referred to as a computer-readable medium, a
processor-readable medium, or a computer usable medium having a computer-readable
program code embaodied therein). The machine-readable medium can be any suitable
tangible medium, 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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14. The OTP nmenory of claim 13, wherein the test
circuit includes a test coupling device for
wa@edoearitgel y connecting the at | east one bitl i PET/Ca209/000368
bitline connected to a colum of unprogramed OIP
cells. 2515. A one tinme progranmabl e (OTP) nenory

whlchcﬂﬁ@rﬁ ERddUEEd, cause a prAcERIIP{Y/ peHorMYstdiRVih | Egnétﬂ&l QéHo?dm@QJ an
P cells connected to wordl i nes and bit

i
emboam%\m s inventienyiThose AtEinaty T4 ip the %W&'I qpﬁé%c'a\‘t% fhat other

instrubtitik 3inB Gparatiess néuetsbérpeo InShlémbntrthé d¥dribad tveRtidrEsERISEDe
to activation of one of the wordlines; 30a columm test

stored,pp Hgi maghie-readable mediyie $afware Boning fiam the; 'Pé‘fh'%ﬁaa@@e

medmmlcérem’fa%@ with orelitry & p&rfor@fth@dessbedistbi ne duri ng a
operation, the bitlines belngﬁgrecha

r
10051} 355 ﬁég\’ﬁdﬂ?%&!j@e%l BMPRGMENtRR{RE Nvenfien infengAo gﬁ gramples
only. S@t@ﬁ#loﬁé rrﬁédvﬁda)iorﬁ@éncﬁﬁﬂféh@rﬁs ééﬂﬁ)é@fécwﬂo%e bdr€cular
bitlines and est bit|line, 3516. OTP ne of .
embogiAniy REhoniel hikindheaR e SEPaRG oM e SEORmE TG pion.
whichas defiridd 9ly by the claims appended hereto.
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WO 2009/ 121165PCT/ CA2009/ 000368 of the wordlines, and
row circuits for driving the wordlines are connected

wo 2008/13d6Hnd end of the wordlines opposite to PEECARISD00368
end. 17. The OTP nenory of claim 16, wherein the
colum test circuit is connected to a first 5end of
the bitlines, and colum circuits are connected to a

CLAil@g-ond end of the bitlines opposite to the first end.
" The OTP nenory of claim 17, wherein the row test
circuit includes a columm of row test cells having

. 4 e ol Pt Pdb PIOTR) el SYmRR o the fest
bi t1lmereory array having unprogrammed OTP cells;

decoding circuits located at a first end of the memory array;

a test circuit located at a second and opposite end of the memory array for
coupling at least one bitline towards a first voltage in response to an activated wordline
during a testing operation, the at least one bitline being precharged to a second voltage
during a normal read operation; and

sense circuitry for sensing the voltage of the at least one bitline.

2. The OTP memory of claim 1, wherein the first voltage of the at least one bitline
corresponds to a read voltage provided by a programmed OTP cell.

3. The OTP memory of claim 1, wherein the test circuit couples a plurality of bitlines

connected to the unprogrammed OTP cells to the first voltage, and the decoding circuits

include column circuits connected to the plurality of bitlines.

4. The OTP memory of claim 3, wherein the test circuit includes a row of test cells
having their gate terminais formed by the activated wordiine, each of the test cells being

connected to one of the plurality of bitlines.

5. The OTP memory of claim 4, wherein each of the test cells is mask programmed to

couple the first voltage to a corresponding bitline in response to the activated wordline.

6. The OTP memory of claim 4, wherein each of the test cells is identical in structure and
layout to one of the unprogrammed OTP cells, and programmable for coupling the first

voltage of the activated wordline to a corresponding bitline.

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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19. The OTP nmenory of claim 18, wherein the col um
test circuit includes a row of colum test cells
w@oempaztiesl to the bitlines and having their gar@BECA2009/000368
fornmed by the test wordline. 15 20. The OIP nenory of

claim19, wherein the rowtest cells and the col um
test cells include nmask programmable cells having a

fi dlffu3|onr on co cted tqQ the first volt
9. The QTR riesme @' AKT Gy oo AR GEc LRI IneloS fy Breif
conndetdd toresiuant of h/@rd’hﬁéé the htivard wiidihk. betngBiderdhé plurality of

wordllﬁgﬁ;a{l\;QQ anquggfg(w |g] dé)%lr;\eg ctonrqgctg%?qgr\rgglmgwe urﬁaé%g(rgmmed

OTP &llcuit for coupling at |east one bitline to a first
voltage level, the at |east one bitline being
precharged to a second vol tage | evel during a nornal

10. TmeeamPZﬁe)ﬁ@rwf tlaim 9annkremans tasgcitduét irdludesasdolume of test cells

naving ey e ke RESTuRl REnGElidg Bortyafe 16898

being DaAng@édthett kst snediltinevher ei n acti vati ng i ncl udes
driving a wordline coupled to a row of programred test
menory cells, the programmed test nenory cells

11. TEOOPPIinmemeryf iatmh it 0ywigdreibidakch bethettestichits isinask pradramged to

couple ?ﬁ/eeélrst voltage to the at least one bitline in response to the activated wordline.

12. The OTP memory of claim 10, wherein each of the test cells is identical in structure
and layout to one of the unprogrammed OTP cells, and programmabile for coupling the

first voltage of the activated wordline to a corresponding bitline.

13. The OTP memory of claim 10, wherein the sense circuitry is a dedicated test sense

amplifier for sensing the first voltage of the at least one bitline.

14. The OTP memory of claim 13, wherein the test circuit includes a test coupling device
for selectively connecting the at least one bitline to a bitline connected to a column of
unprogrammed OTP celis.

15. A one time programmable (OTP) memory comprising:

a memory array having unprogrammed OTP cells connected to wordlines and
bitlines;

a row test circuit connected to the wordlines for charging a test bitline to a 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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23. The nethod of claim 22, further including

iteratively changing a columm address and 35sensing a
walpdobarzass bitline of the plurality of bitlineBCT/CA%109/000368

The nmethod of claim 23, wherein the programed test

menory cells include mask programed nenory cells.

of the2wSrdlinE3ameioosirclts for Gh\ﬁh@ﬁ\e WéralirRisiare tbectdd to a second end
activating, unprogramred OTP nenory cells are

of thepysgingmApAOtIEs 18N Ht Pibgr anmed test nenory cel | 's.
26. The nmethod of claim 21, wherein the at | east one
bitline includes a_test bit econnetedtoa

17. T OFP el CoRS 16 Py the PSTNAR CREel s comigied 0 frst

end of tHel BilRss, gh? \ébutngmm@umﬁlcion@?&éml aﬁﬁi—*fdoﬂd @Re opfhettitines
amred test menory cells for coupling the test
OPpOs§ ettg ielBet%he first voltage |evel .

18. The OTP memory of claim 17, wherein the row test circuit includes a column of row
test cells having their gate terminals formed by the wordlines, each of the row test cells
being connected to the test bitline.

19. The OTP memory of claim 18, wherein the column test circuit includes a row of
column test cells connected to the bitlines and having their gates formed by the test
wordline.

20. The OTP memory of claim 19, wherein the row test cells and the column test cells
include mask programmable cells having a first diffusion region connected to the first

voltage and a second diffusion region connected to one of the bitlines and the test bitline.

21. A method for testing an unprogrammed one time programmable (OTP) memory array

comprising:

activating a test circuit for coupling at least one bitline to a first voltage level, the at
least one bitline being precharged to a second voltage level during a normal read

operation; and,

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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27. The nethod of claim 26, further including
precharging the test bitline to the second voltage
wo eaeli2abs er the step of sensing, and changi ngP@EI/CA09/000368
address for driving another 15wordline coupled to
anot her one of the progranmed test nenory cells. 28.
The nethod of claim 26, wherein the programmed test
include mask pro ranne? menor

24, THRPSIOHGE IR RAVESEIES oS AR IS! RSB bhe!aneide mask
progra@fricdaheérichy cemgr ogr anmed OTP nmenory cells are

progranmmed to be the programmed test nenory cells.
25. The method of claim 23, wherein prior to activating, unprogrammed OTP memory

cells are programmed to be the programmed test memory cells.

26. The method of claim 21, wherein the at least one bitline includes a test bitline
connected to a column of programmed test memory cells, and activating includes driving
a wordline coupled to one of the programmed test memory cells for coupling the test
bitline to the first voltage level.

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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