TEST CIRCUIT FOR AN UNPROGRAMMED OTP MEMORY ARRAY CROSS REFERENCE TO
RELATED APPLICATIONS [0001] This application claims the benefit of priority of U.S. Provisional
Patent Application No. 61/042,052, filed on April 3, 2008, which is incorporated herein by reference in
its entirety. FIELD OF THE INVENTION [0002] The present invention relates generally to non-volatile
memory. More specifically, the invention is directed to one-time programmable (OTP) memories.
BACKGROUND OF THE INVENTION [0003] Ant| fuse memory IS one type of one-time programmable
(OTP) memory in WHESTtGRE1 i VB RAYith data once. This

data is programmed by an end user for a partlcular appllcatlon There are several types of OTP

memory cells which can be used. OTP memories provide users with a level of flexibility since any data
can be prdéﬁé?ﬁﬁ&ﬁFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of priority of U.S. Provisional Patent Application

No. 61/042,052, filed on April 3, 2008, which is incorporated herein by reference in its
entirety.

FIELD OF THE INVENTION
[0002] The present invention relates generally to non-volatile memory. More specifically,
the invention is directed to one-time programmable (OTP) memories.

BACKGROUND OF THE INVENTION

[0003] Anti-fuse memory is one type of one-time programmable (OTP) memory in which
the device can be permanently programmed (electrically) with data once. This data is
programmed by an end user for a particular application. There are several types of OTP
memory cells which can be used. OTP memories provide users with a level of flexibility
since any data can be programmed.

[0004] Anti-fuse 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 IC 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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[0004] Anti-fuse memory can be utilized in all one time programmable applications, including RE-ID
tags. RE-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 RE-ID tag concept to integrated circuit
manufacturlnﬁ and testing processes. Therefore, IC manufacturln? productivity can be increased by

utilizing arlf90eL! ﬁ?@ﬁ@ﬁﬁ?\%&ﬂﬂirﬂ%@%ﬁtﬁ%%ﬁa&mﬂﬁﬂﬂ%é{ SF5RESHRE IR AN afer and/or
every die antiHeseakeriaddRinydoy soaitaAdttiteas oragdssinmpleg Tdreogeea dih gfciipespacifisistowafer

specifc Mo IS HIC BaRAEH DGR RadkRGiBgAREAR theaghrialeg gireut board

assembly. [0005] Figure'1 is a circuit diagram o nown anti-fuse memory e Figures 2 and 3
show the habiaiierit Wicl LdendRarors\asihea perailén bipadive-aiea h%ﬂﬁ@?yr@@ﬂhs n in Figure 1.

The anti- ftﬁﬂymmmwy@elhgfd?rgu@ealthmc@w@amm DEAREORA H@@S},&t@rou@e‘ahcowahng a bitline BL

to a bottom g? fant fuse Hlewc 1I t -fu e devyice 12 |s c nside { %%e die ectpc breakdown
rc y |so t rom a{ \he are aerne Si
based anti- %use eV|ces |s coupled 10 the ga e of access tranS|stor to turn it on, and

a cell plategetﬂta@ervcidfisswum@m@ meanqo%m@@pﬂﬁumge weiete24 2sfepyRiegr tmanditigenti-fuse
device 12. Aﬂho[%@%t'&ﬁé\ﬁrb%%@@%ﬁ KR RigHE et %m%&k@%%@%ﬁemﬂaﬂsmr 10 and
anti-fuse device 12 is very strai htf rward nd S|mpl H,-QL @at%}élé al‘ acceﬁi%tlh% sistor 10 and the top
plate 16 ofjé?ﬁ??ﬁg@d%{ﬁ@/@iﬁ FUALAR TGS P ASLHN AR AHSINE; ch extend across
active areailﬂfas,lbnthedagﬂmmoeiatl&unairemaeabhledcwpdwmmﬂmsmyelrsuegﬁenmﬂlsmh'mngate oxide 20,
also knowp g ggAte Rl : RIRAllkdsoleandop pahvs UispR.LaLINe ARt area

underneath. On either side oOf gate 14 are diffusion regions 2 4, where diffusion region 24 is
coupled to%gaRIe IMRAB U STHISHRAMSIhBLBYASRIPRY IS HF?Wﬂ%H%IQ@%’F\%PtMt@Qndard CMOS
processingiesisith asptitdgioiad! samhara‘@smaﬂ@nu|gmwepedwfm4uamhwdndﬁfuwn and gate

silicidation %%ﬂfggtlﬂ%%?lq \%WI tgllj R}(@Zﬂsfg% sgle transistor and capacitor cell configuration is

widely userg a transistor-on y an urt er desirable due to the semiconductor array area
savings thHlQQaTr] bigeist4metons Rigiaerepepoaphlieation?) sStitiugatigrsstaiRaheatiniages should be

reliable Whﬂ@rﬁlfﬁ&'@ré@ mﬂﬂufa«?tﬁw&mﬁ@\s Qﬁe@éﬂ@&smﬂq}% EMYSJ'I@QH@I@Q’?}'%W? I\?OS
Cross- -sectiona W of .an anti-fuse tran nu It naar

SRR 1 R Gl T L NVl N ch Yl e
Applicatiofosiobg0?353WES ditdlccom@atbbew g mandtdmnmam HNondt/ 1655 5atied Application
No. 111767552 fesh. 148 HeAO0T R e UL Bb NG 1R BIAEROTAIGR pltelarpnce. In the

presently shown example, the anti-fuse transistor is almost identical to a simple thick gate oxide, or

mput/outpﬁf‘W@f?ﬁ?}%‘%tH?Wﬁ SReARIRR i DAY ANHSR 108 ﬁ@@fsgaﬁlﬁ%t?@%‘jﬁaﬂ%lsmr also
termed a sSppticbapoeMP actsistoramitalbirafisiboy, difinshe teliabiyl pTogrdisuiosddsaictivfiisgt the fuse link

oot M ROUGH SR Saifan R SHERHAIELaR Y Brediciebunlacal et RAARIgH o region ofthe

device. The cross-section view of Figure 4a Is taken alon thec annel length of the device. The
channel isRjeaETARREdRystsibadhe B@QH@'&P@WMH%%& irerONAR R B&tEaRaving a
length defwgrbuuedg@a@u‘ame@awwmmg@tee@djaczﬁmmémlvmelﬁm@edawﬁ%m%] Anti-fuse

cell 30 |nc||1_.ldes a4var| e thi ckneﬁe %ate calde iﬁg f? Fréeéie(\?n thrleh bnstrat channel [eglon 34, a

ponS|I|cong%1e3§l ewall sp cers 38 aTierd O eregion i uglnonr?re e”eﬁ and an LDD

region 44 Wﬂ%%@@dﬁ@h&é@dﬂ@umdbiﬂmf‘c@fmm@rh{mgsmimm% weten keaviowiedpositact with
diffusion regigid2y Higaasehie 6Bi9&ﬂé‘<§$ @a’zt&ea@ﬂ@@srﬁ%@w&oé@.tmgl@@?ég éxide 32 and a thin gate

oxide 33 s tﬁé@?}ﬁw Tortlon Péa nnelvlen %covgred b[ the t g%/ at% xide and the remaining
portion of SR %6\/ ﬂ{@ gtassRigat {Hé e oxide is a
region wheubsixade thaziel oegiccaddoeqalySiheothgzkeydbe sisara b dgacaredthg défdlg)ode

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 electrical contact with diffusion region 42. The variable

thickness gate oxide consists of a thick gate oxide 32 and a thin gate oxide 33 such that a

portion of the channel length is covered by the thick gate oxide and the remaining portion

of the channel length is covered by the thin gate oxide. Generally, the thin gate oxide is a

region where oxide breakdown can occur. The thick gate oxide edge meeting diffusion
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region 42 on the other hand, defines an access edge where gate oxide breakdown is prevented and
current between the gate 36 and diffusion region 42 is to flow for a programmed anti-fuse transistor.
While the distance that the thick oxide portion extends into the channel region depends on the mask
grade, the thick oxide portion is preferably formed to be at least as long as the minimum length of a

high voltage transistor formed on the same chip. [0009] In this example, the diffusion region 42 is

connected 89'8bAR0 R BT BitinESBRERE A6CETLERER M FE/98ER SMECLERAIERAMIdM the
polysiliconpgaterdéd and camnebe hdweednt thagaiendectat elifftagranagiorgd2okagdewfaudarents. This

diffusion regi ' roxi t thi ' rtiQp. O i ' ate oxide.
To further%%%%g%ﬁaeéeﬂ eq %#a%“%%{gzgﬁ%% m;ér? %%%18\% t:zastigqeH %gﬁr?g %ﬁao%%tgrﬁgﬁtg &%ﬁ%ﬁe, a resistor
protection B}8dBY RIENNSAI88IRASRPLAIHCSINE deastrI D el idn it bRt e dARIBIfReP e
fabricationigneass ke fariast spasagaetaloaitivtesienytheredaigoi sidgw athssserrerthethis RPO is
preferably used durirégcme salicidiation process for preventing only a portion of diffusion region 42 and
a portion o?npfc?ﬂ?/sﬁﬁf:non geﬂ'e 36 from being salicided. It is well known that salicided transistors are
known to HAQBAihiid exRatdea e tiérsiore eaiesr 47 éakelieatod ta geitiina dhandmpap e salicided

d!ffusion r%ﬁiﬂﬁc’i@d}’@rr&ﬂ@?ﬁd@?&%s&@ﬁ%ﬁﬂéﬁ@%‘l_ﬂecﬁélﬁ‘ﬁi&ﬂpégtéojdpﬁ\hw_@%%”ansismrS or
high voltage trqfrsstors or %\Sfomblnatlon of the cwo resultlnlg in s%nigr é)iﬁdltferent,dlffﬁgon profiles.

[0010] A sifBAfldA FFERVRAIBEREGIRITILY IR R UHEWRIE £ B> BtiRY Udntatt 46 can be
used as a fosued ipfererate fooine tbickiexititheoptian vidhewdtable tickespsemdirgridsskedatibaal view of
Flgure 42. e AGHNaE AR AN (2190 RLA R V0D BRI ChARNRLAPRIgRagE, and diffusion

region 42 is formed, which is defined by mask during the fabrication process. The dashed

outline 50 GEMiRSAIACSHOALIHARNRAQhAPRINGATR BBRBAC PR FGTheydfacal BB e iring the
fabricationdoriges® filofeasipagfimallys iheuarea srrlosestdl\pihtciashed MatligS0fdasigadtes the

regions where thi idey S| ers; . OXi finit| at is used
during therlg E%é%%r?ﬁe‘%??o&ﬁ%&% ga t%% Ll%g?o%@%ﬁ {ﬁée i%%i%%{gﬁ;v&%e%%tﬁ}eéfﬂég% be formed,
and 0D2 réfdysapaitieaceififbieige wrshienibd Fna skogHiercel pRvSiIRenTigste A&cbeamptiadan embodiment
of the presgtidyentidwineHoWORS axidRiIdarmbodiiiedRkregrIhibe meHee akRagtBanad the

rightmost edge . of the 0D2 mask, is mipimized. In the presently shqw bodiment, this area can be
oimisect 03 eSO DR R B (e O NN B0 BRI W 45,
Commonlyesivaedrakag P atéiusiapshoitiof2ven b PeREER ik vitdead ArBsislos7othig tontents of
which are Jpeoiperaied b sierenspiiasr HeRAR et fingle dansitenart-unguasmory cells
which can be used in a non-volatile memory array. [0011] Figure 5 is a plan view layout of a single
transistor 8fifeRe memory cell memory array according to an embodiment of the present invention. In
the pre§ertoexahmmnmﬁfjemplawmmu ra:émg_mmsbid:ﬁaﬂm a8 alshonvin. FEquote slilmﬁltmrmjetac_tanti-fuse
cell 30 In TR BUAAANARLALBRNHILILARIE BreMIIdIANG NS RTARYUGHIGBAG -Tuse cell

30 of Figures 4a anc In memory array 60, the polysilicon line forming polysilicon gates 62 of each
anti-fuse n‘?@?ﬁ%ﬁ?%ﬂn&#é’ igWRiTdaUs 4rtHeRAGIHER ?ﬁéﬁﬁﬁ%i@mﬁét%ﬂ%% "&rray 60 is
shown to inglusasisieegianB4use ARMRWY Lisn WD & eofersrienatiids dednsdaachroOiirshaen 64,

second rO\gu6.6 t |rd{ <,58\/.v 68 and fourth}rﬁgv d70 Wordll"ne%xgé%x\élg'fh%’ WLi+2 arhd tlh'érﬁ]%f(e

connected to”ﬂ'?e p% y3|r|}%%tr']°8§rg§ (o] rowgsé]é?,d é)é”gée an respec |R?e31§/.ml'¥\{e|((3}gshed outlines 72

define the gatsa@Xidati® tmeerfornad #ia irnvidizhraasick bagdhexigericatio p@ferassdNfia thick gate oxide
definition | ffF&'dﬂiﬂQHB%A{@@@;jﬁ%B@@d%Wﬁé%déhH@o@fﬂd_ffﬂf&%&i@i@ﬁﬁ%@@ﬂ@ feislbRe @h@?g?tfl'_ pair Oft t
memory cells 1rom rows n re a common airrusion reglon. an common pitliine contac
oA NS s e Reln e N T S
BLn+3. qummmthM%pmﬁd&esﬁmlﬁrM@g thr@n%mu@e o'rrcttl_dat ﬂ&samtbaﬂmmnedmﬁmtsr_tgnd sense
amplifier eyl HO¢k-30-JHS RIBRNY IS SUSHIL SIS JERRABS RIgsIChRETShAHAgARE bitlines to a

predetermined voltage for a read operation, while the column decoder and sense amplifier circuit block
80 include8GRefnR FERAEUMEPSAGIRR P T YRR EATp iR (R @89G A8 BRIREE The actual
layout of abnedyery ditiayddsivigaiea 48 hite char eghitintgiredbecaint G then psk cleandrénsizeditid8 located

at one eng,pf ﬁ?&s@ﬁl@%ﬁﬁ%’%ﬁﬁ?@rﬁg t?ﬂ%@%%%%eer r%%ﬁ{a‘g%ggﬁ%ﬂbﬁggg @‘gﬁﬂ%# 80, or

adjacent or Iintegrated with the column decoder and sense amplitier Circul
OD2 mask edge towards the parallel edge of active area 48. Commonly owned U.S.

Patent Application No. 11/762,552 filed on June 13, 2007, the contents of which are
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[0012] An overview of the program and read operations is now discussed with reference to the
anti-fuse cell 30 of Figure 4a and 4b, and memory array 60 of Figure 5. Generally, the anti-fuse
transistors are programmed by rupturing the gate oxide, preferably at one of the thin/thick gate oxide
boundary and the thin gate oxide/source diffusion edge. This is accomplished by applying a high
enough voltage differential between the gate and the channel of the cells to be programmed and a

substantialiF AR R IR FRSHRAT 2HR"aRE FIBR BRI FIRr AT UBH T P AdRent
conductiveniidhisdoreaded auarennavplmeel neetherpalysylicon gate will flow through the link and the

h It iff In th
et ol DAL Bl b VORI S B SO MREh Se e AP LR AT ¥ v
and drlvm@réaélé‘éﬁ?é mawtenaem’@@cﬂm.ﬁbtbmwrévmw) mmeﬁﬁﬁﬁﬁwgvaa@epmhn the VDD

voltage Sum@bfvmmnﬁwd@damﬁrummaﬂ&r&mﬁhe&emgngwmstb@rﬂamlga@% e¥ids033 is intended to

breakdown in the prr(regegﬁ%gé the Iar% Ifelectrl Esld f%rﬂé%% etwer(T-:-]g tt[‘r% ctngennel r%gfon 34 and the
wordline, tWereB)ycrea ing an ele ﬁ Eondictive EOnnstton between channé reglonsf4 and

polysiliconcgAR03H. Fmgeélé@tﬁe@llﬁbcbmemm auAn &8 drealybtiqeridine doroning Pelyatticeftive link or

anti-fuse. %@9%@0’5 faERsAmRlse %5#@&&&%@8&%&1‘%—&@@@@&1@93@@%? eeiie ofPP, then the
anti-fuse C(?hl 30 at the mtersect Ln and L| wil] be % rﬁb mmed once Itﬁ %Wct ve link is

formed. HEHEE4h SH‘IP%éérﬂya '§t8 WRARLeYs WL?% ProgPammieasrs nding
bitline is grvardehgenitheaotheffnsimowirfidibstagner oo ninigl of\a6$ ant-fusdhtrawsiétor connected to

WLi 5 o fgsi, 1 INeS.SoRS16A R 4A DR TSR lESH i s Insufcient

for the conductive link to be formed. [0013] To read a programmed or unPro grammed anti-fuse
transistor \F\ﬂi’l’%@‘ﬂoﬁﬁeﬁsﬁmaeﬁ%ﬂwvﬁh’tﬂ_@%ﬂﬁﬁB%da?étkﬁéﬁﬁgraﬁfdﬁﬁ) es% 48R dEE by driving a
selected waedhiog Wrdipin whith pragcaane dxiddi useoty ansisio v iaay thlagnaduityadimitionll drive its

correspongig e, 6, YR My 5 XD, il ep atrls GRdg eosdetivedi Jhegnereased

bitline voltage can t e sensed. Any unprogramme se transis aving an a sence of a
conductiveTRRAUNICREY E D ErecbdAis @O paipenemynsnidiéfusRrreaieang anst tGemanTs at the VSS

prechargedges. d@@t&é] ﬁ&@élﬂﬂ?ﬁr@é&ﬁ%@ﬁ@c@ﬁ?@&%@ ﬁkﬂi%ﬁ#f@iéhﬁgﬂfﬁ?%&l&’s%mm@&ies ﬁre y
programm the actu venaor ccqrdin re snou
Do BB e ae A el e S R e 0T oo tocted
to operatel&@féﬂy eelfne dseobl;zrtlaetbweaammélermmelwecm&alWhm@rmaawgamwt gBould qualify
that the CSYiSEn OFEREmARLBFRSAIRRSTY DeRR GRS Gbe Ealassd wih exra rows

or columns of cells after unsuccessfu ggramm % he end user, using well known redundancy

techniqueSPRH Figticyule thfssumydardry and sl as-ATaut |RL ARG Riass 80 drelidSe row decoders
and colummultolediers davictefioas it sig roed, semd d b plitse wite mmemamniizecﬂxﬂhmmgsdﬁlfm@stdahng

f ti I

doersr,r(]:?l tla(()argi ﬂj WF@rr?] (Iagnqﬁr ésjr g.%ﬁéfzﬁ%]tﬁ%‘ygh%%%ﬁs”gg gf@j ﬁ;sg%ég ?ﬁ)&e{é\a/gﬂaf(a&gre%gthat corresponds
to that of a??u?ﬁ?r@&rﬁh‘i’t%ﬂ%ﬂf BePHiRga P RRIRIIMISSES SYEEY PseagenandRans$8BRER as the cells
are unprogianinseciEsn, theadpassited iRh anemany e\derinineibidinesand| Jise dawaidrVDD only

when a prg%%gpgﬂ&q( QJP memory cell is activated.
[0012] An overview of the program and read operations is now discussed with reference
to the anti-fuse cell 30 of Figure 4a and 4b, and memory array 60 of Figure 5. Generally,
the anti-fuse transistors are programmed by rupturing the gate oxide, preferably at one of
the thin/thick gate oxide boundary and the thin gate oxide/source diffusion edge. This is
accomplished by applying a high enough voltage differential between the gate and the
channel of the cells to be programmed and a substantially lower voltage differential, if
any, on all other cells. Therefore, once a permanent conductive link is formed, a current
applied to the polysilicon gate will flow through the link and the channel to the diffusion
region, which can be sensed by conventional sense amplifier circuits. In the present
example, programming of anti-fuse cell 30 is achieved by grounding selected bitlines to
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[0016] It is, therefore, desirable to provide circuits for testing an unprogrammed OTP memory array,
without programming any of the OTP memory cells. SUMMARY OF THE INVENTION [0017] Itis an
object of the present invention to obviate or mitigate at least one disadvantage of previous OTP testing
methods and systems. [0018] In a first aspect, the present invention provides a one time
programmable (OTP) memory. The OTP memory includes a memory array, decoding circuits, a test
circuit, and®¥eAS8 PGS S‘Fﬁétﬁ‘?e%‘ﬁrv ArPEOSrRAIIBEY VlReg! ﬁYﬁh‘e& %ﬂﬁh@ﬂé’p\ﬁﬂ“)é the decoding
circuits argyteattetthai théirgDENbAGees nppin Erp\Adeal/toldtadesiraiituiUisdkdated abadiénand and
opposite epd %Nﬁa 8&3’3%"@‘%{855&}‘{6“&%5\% ﬂ’ﬂﬁebp%%%ﬁ gl ﬂ?e%ftl%é@@%ﬁl cigsponse to

an activated word |ng a testing operation. T e at least one blt ine Is prec ed to a second

voltage duleHgasisimesndae dagicroPRSEansahewardins thee e rataganreletdtaliast one
bitline. Acepittingtite @aar@amobétmteafcﬂ*mpm@@bﬁsae&ﬁdtbelie"mw@l@ww theiat least one bitline
correspondﬁ,ac?r ad valtaﬁ/ provided by a ro Oe% oTP ce 0019 ano r embodlment the

ection-can as a cond tIV
test CII‘CUIt coup es a p urality oFBr{Pnes connec e e unprogramme cePs st?]@?ll’st voltage

and the de’ﬁgdfﬁ@éﬂtam@dﬂud@b@l@r@fpundaﬁ§@@r\1%bdﬁe$ﬁtﬁctﬁé ol ibeatiriven o, thethis

em_bodimqm; H?fﬁ ﬁ‘@%@éﬂ@biﬂﬁmé’@rﬁ&é@dﬁ&f sl cedadaningifhsir ?a?ﬁﬁ?éi@@l%f@ﬁ@ed by the
activated wordline, aﬂb% f,h O%A: test cells is connected.to one o th ty of bitlines. Each of the

test cells &f2" 8886@%8% YRRHARRTY CQSH%%tﬁ ih8%n response to the
activated wmgltammttefrnatm;/reeachohﬁghmiltesus:gl‘mjlsdelér(ﬁnahmo&mrdnar@l,antiltbaytgjt to one of the

unprogrampmet RGeS AnapAIMablS i HRUNING e fishusliaysatiheactygied wordine to

a corresponding bitline. The u\)Jro grammed OTP cells and the test cells’can be single transistor
anti-fuse c%?@“ﬁ&(ﬁﬂé%‘é?méal Boutsedeeiees sirsbis fighktisiaarHiaient Rikriaerdidalivaybtits. (0020]
In yet anotibesecinrbagiment of the present aspect, the decoding circuits include row circuits connected

to a pluraliy aorclings. W ACAISS wordlbs belndonsql s ahually pfordlines. and the

plurality of wordlines being co to ro e unprogramme e present

embodim@ﬂpﬂh@tt&ileﬁ@lltthﬂ:mwe@%ae@mrﬁﬁh@lmfét@y@ssﬁawmwcgmwﬁﬂl@&mormed by the
plurality ofwyedftiaes vmhzerﬁr@%ﬁbg?émméaﬁrﬁﬁl&é&m&%&mg@@H@@@t\@nmmman&@ch of the

Il b k le th I | b
the actvatb 0GR RRNALER) Lotk DUk R STS T 4 0 o0 BRGS0 6.

The increased bitline voltage can then be sensed. Any unprogrammed anti-fuse transistor

having an absence of a conductive link will have no effect on its corresponding bitline,
which means that it remains at the VSS precharge level.

[0014] It should be appreciated by those skilled in the art that OTP memories are
programmed by the end customer, not by the manufacturer or the vendor. Accordingly,
there should be some qualification provided by the manufacturer that the provided OTP
memories have been tested to operate properly before use by the end customer. More
specifically, the manufacturer should qualify that the circuits of the OTP memory function
properly. Defective cells can be replaced with extra rows or columns of cells after
unsuccessful programming by the end user, using well known redundancy techniques. In
particular, this testing should ensure that fabricated circuits such as the row decoders and
column decoders function as designed, and that there are no manufacturing defects
during formation of wordlines and bitlines.

[0015] It is difficult to test the functionality of the previously described OTP memory
device because the bitlines are precharged to a voltage level that corresponds to that of
an unprogrammed cell, and driving wordlines to a read voltage will have no effect as the
cells are unprogrammed. For the described OTP memory device, the bitlines will rise
towards VDD only when a programmed OTP memory cell is activated.
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one of the unprogrammed OTP cells, and programmable for coupling the first voltage of the activated
wordline to a corresponding bitline. Furthermore, the sense circuitry is a dedicated test sense amplifier
for sensing the first voltage of the at least one bitline, and 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 cells. [0021] In second aspect, the present invention provides a one time
programmEILeAaITis) HREFRIKS: FFS B IRPRBHAT CIIRILS AR ARy R8BI RUR, a
column teshemouyt aamagl, seteeioiogitaynhing argnodthiea@aly hasnonpretisammed OTP cells connected to
wordlines and bitlines. The row test circuit is connected to the wordlines for charging a test bitline to a
first voltage in response to activation of one of the wordlines. The column test circuit couples the
bitlines to tenNiKsARY @ETHE'RPPENTEON activation of a test wordline during a testing operation, where

the bitline recharged tq a second voltage during g normal read operation. The sense circuitry
sonses tha 0L S NGPITEN 8 RISRE VOB SR CACRARITG 1 R FERRET the second aspect,
the row tesliszinvaittizsgeorineetdelitoCil it sestng ofethodscradisgsieansl row circuits for driving the wordlines
are connegiqdgp 1A s8randsad, b G NerHinesH ARPBRIRIS NS fEShRE D deFRUARSIGHRY It includes a

column of row test cells having their gate terminals formed by the wordlines, each of the row test cells
being confRTERMothe YIR BIRMEVTREYIAS A MRBPHRURNsEHARR S S, A LS Bt Bitlines,
and columseaiewitsEhg .Comnected i arag dasiodes diob it diihnes @pP asite, WwHitetfiestiesudlinghe column

test circutfpcldes aputf SO IR5 43lS ARANGS!SAHD NP aYHaKs dhell gates formed by

the test wor e row test ce the colu Is include mask programmable cells having
a first diffuSfSANS Gish ARasEe B8 tHE feMAskajRuiS scsetibadidrasionerbtyiba WYRiEeRd to one of
the bitlinesigndditeytent teitlonstOR24] Hew i asiones doany esestinavassianoprovides ragethod for
testing an yapragrammed gne.me programmable (QTe) memony auay. lhe metiad inludes
activating Qe CirelitERd 'S sing the S TEast 6ive bitling. e 8 ep of a |va%|ng'incFud%s coupling at
least one Igitndrosartaes tesiteeftaus el thecahtcasinnmeithivindaserding tecine gathbeslimeatohd voltage

level duringya pesaa é@ﬁ&@ﬂ%@ﬁ%oT@@éH?l?n‘éfaﬁ%'%ri@@”ﬁjr?édy@é@émé odicesiate
correspondmﬁ%o one of a presence and ab(;e(,%cﬁ%ﬁf the voltage level. According to an embodiment of
0

the third a¥BLAgeRRYARHNBRRLHRANAY ne coupled to a row of programmed test memory
cells, the da8g@inmettest endodiyat)thedesicigcaitplovality afpbitatigsdaicitie dr sonokatpel ievel. The

method capdeliie miBaIRR SRR R ARINGACHIER BlesR AR Rasing @ different

bitline of the plurality of bitlines. The programmed test memory cells can include mask programmed
memory cERBEKeH theReriEINsRlY aiRprbgiRGRdD BiteRRAdBISEeile dret Gt hmmed to be
the prograimihe@destiowasneii cells hEiRBiHeireniherremiledomesd bf tihe Hutidaaspectrdieeat least one

bitine inclygs,2 4es) RIS Conascied 0 8ol TLAl AradiRmMIed 63l JeTBan e, g activaing

includes driving a wordline coupled to one of the program t'memory cells for coupling the test
bitline to tIfefr ¢ OMRRIIOGATTRRIdereRItIg Er fiistheaeadaascpreanansing Bitinede bitline to the

SeCOf_‘d VoHagR ieuebafe hiioRRPWr SRitsi Rde A RGN Bf O WALANRSS S rfidking another
et e B R R B BRI o7 momry
cells are peogréintntieel ficsbeotlag ped trarmctieated stordimoty saltsresponding bitline. The
unprogrammed OTP cells and the test cells can be single transistor anti-fuse cells having
identical layouts, or two-transistor anti-fuse cells having identical layouts.
[0020] In yet another embodiment of the present aspect, the decoding circuits include
row circuits connected to a plurality of wordlines, the activated wordline being one of the
plurality of wordlines, and the plurality of wordlines being connected to rows of the
unprogrammed OTP cells. In the present embodiment, 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
-6-



[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: FE% 1 is a circuit diagram of a DRAM-type anti-fuse cell; Fig. 2 is a
planar layQHES the BRI AR et fiseediasmerp@mablerpy ooupllig hedet MAAGPREW of the
DRAM-typt@atitiusedcebrafifégore @atksphdiegibAline. Flirtgedadse atoeassise ctronigdnhieew of a variable

thickness g%?cgfgg%e%?géfl’@gémﬂﬁ%% sensing the first voltage of the at least one bitline, and
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 cells.
[0021] In second aspect, the present invention provides a one time programmable (OTP)
memory. The OTP memory includes a memory array, a row test circuit, a column test
circuit, and sense circuitry. The memory array has unprogrammed OTP cells connected
to wordlines and bitlines. The row test circuit is connected to the wordlines for charging a
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 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.
[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. 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, accarding to an embodiment of the present invention; Fig.

8 is a circlHf SHRBIMSH B TRNSTGR RIAHIR IBP SIRPRSRCHYBHIG AR GMNGHO TP memely 9 is a plan
view of a sinligeateapraigtamarddd todee trenposyramayed st ove@ndy aallenn test circuits, according to an

alternate %Mim%‘o%%r%ﬁaﬁﬂéﬁ%?m@%m aspect, 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. This embodiment 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;



Fig. 10 is a circuit schematic of the single-transistor anti-fuse memory array of Figure 9; Fig. 11is
a flow chart showing a method for testing an OTP memory array using row and column test circuits;
and, Fig. 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. DETAILED DESCRIPTION
[0026] Generally, the present invention provides a method and system for testing unprogrammed OTP
memories to ensure thaf fordfrfePiHy R BTGNS LBl AR HER SURIPO W BIANE T R4 s,
correctness of deaadisudyrsenssigisnuitsnaditpleliaggoope mter mtepenripodines Q) DPttespiregaystem includes
one or both of C°|H\V%ﬂﬂ8 t circuitry and row test circuitry. The column test circuitry couples all the

bitlines to a voltage level similar to that provided by a programmed OTP memory cell during a read
operation, in response tbi@clifdtiarrbrul fEiemsfiRbiNeHANgIgHaNBHRH 85 EAISHE8BINE, thereby
allowing for testingraf; thieraniesgy decoding and sense amplifier circuits. The row test circuitry couples

a test bitline to a voltage-level similar to that provided b ragrammed O emory cell during a
read operation, in resp(ﬁ:nlgé fcll) gc%\%)ﬁ’o%ﬁgﬁﬁ word aenglP m@dg%ge%%%gpyéigb%e 8[{3& of the
test bitline can be/sieggew, ahdredynalidedhgriaitas ey of the row decoding and driver circuits. Hence

the continuity of signal liggs S ‘azéﬁ%@%@%ﬁ%@ﬂ%&%ﬁ%@%@@%mg\ﬁim%re'iEd upon
for driving these si%n_lgélines. 0027 Figure 65 a block ciia%réam i!ﬂzs)tr tin% aggg odiment of the
present invention? HIEMER) dEuite 268PIMEdR S AR ST MBS BFALCL 6% RSRE-Nng of OTP
memory cells conmestdanto 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. O&TALER RFESGRIPINAN the bitlines is a column circuit block 106 that includes column
related cir¢o@363LEEN2salig] unapeend drscardropistesy it tbaexaysa foorseated to a second

oo AR TEIRER ST e o ISR LB g o

end of  decoders, wordline drivers, correctness of decoding, sensing and multiplexing operate
properly. The OTP testing system includes one or both of column test circuitry and row
test circuitry. The column test circuitry couples all the bitlines to a voltage level similar to
that provided by a programmed OTP memory cell during a read operation, in response to
activation of a test wordline. The bitline voltages can be sensed, thereby allowing for
testing of the column decoding and sense ampilifier circuits. The row test circuitry couples
a test bitline to a voltage level similar to that provided by a programmed OTP memory cell
during a read operation, 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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the bitlines is a column test circuit block 110 that is used for testing the functionality of the column
circuits and the physical condition of each bitline. It is noted that only the memory array and relevant
memory array circuits are shown for OTP memory device 100, as persons skilled in the art will
understand that there are other circuits and logic that are required to enable proper operation. The
physical placement of the row test circuits 108 and the column test circuits 110 enables testing of the
physical inf&yRYN8? SAGALED Srthe" @t alrrs AR bHARA LTSN ME A Brieneibe MR rhead, the
row test civolutarlbidcaitsl dhe el physitesicomdiide bl 6zateditineett asnotedibiat celisthaviiegtirg same
physical layo Qﬂqlsrfiﬁt‘ﬁﬁiﬁmh%%*}fﬁﬁeégarﬁﬂﬁ§%%Eﬂ&ﬂf'fﬂ?%ﬁ\?VM8FMP§Z'JJ%\%EQT6%,@§m°fy array

102. These test cells thus emulate’ ectrical behaviour of the OTP memory array memory cells.
Further deR&figooeidliRshindae arcvitunderalidadieat derarmiesibaciieuis autisrgikigté'sne

embodimenbaniesheemaislidigoser bpslaash Fiakrphydra placevien tringistay levedilayrpsiioBowing an
example embqdiment of the QTP. r vice 100 of Figure 6. In.particular, transistor level
cxamplos BB P e o o S DN e 3 ot il RO A SRR 6 o ave
illustrated,thenmerdines ridihskitinesodk 106ITEER@beHicKABWYECRahihsirQitieniieuts IR&harge
circulits, COAHW%Q%S%%%@E‘@&@T@Q mﬁ%@%r%ﬁﬂﬁ%m%% @QH@W@@&IHQUVG 7,
however persons of skill in the art will understand that such circuits a{aﬁ well lﬁ?own in the art. All the
transistors ol ?i‘fbﬁtt%‘t?aﬁ}(et > SRTIEPREIYGO88S e TIOMhE 88‘? QLMY M Pray of

anti-fuse ctll2. Sm,esadlasaseﬂmtbWn@%e@ti@sbmwmb @Fh'é’\/memmmayibed in Figures
4a, 4b andyp, p theAresentexample ks four Warehioss ide i yhbrSoRghTRI: Bitings fln to BLn+3

are shown for the OTP memory array 102. These wordlines and bitlines are now referred to as normal
wordlines 8FePFERAE BRFREBPAdIR$BLRIFNEMAE GiiE-fansistor anti-fuse memory cell have been
previously[de2s]ibefiraTdsagptaekedor e natistos e thagaishiswitiieapresempeabasboierit[6029] The
column tesf Circki ' t d f it]] ?%ﬂi e first end,
which are %ognﬁn%}gﬁg% %b?’r@ggg\%%%lgéﬁ@%& 1%%%@%?%&%0%? }gllr Itkgvi%% ace ge(%t6 ?st% test the
physical ifedrifpsnene arid ilihe rengest theutol Ofhane sie pelinnteshelrgddd 0ra® of column test

cells, suchjpgtraask Wfﬁ@fﬂ’f@mﬂdnﬁﬂ&,@&ﬁhbmome}&@%W&%N\&M&H@F@Jﬁsﬁﬂeﬁ-&@-one ratio of
MROM cells tg normal bitlines. As shown in Figure 7, MRQM cells 200, 202 4 an 6 have a
b A TATE LS

polysiliconpé%?eaﬁga %6‘%‘%‘ gp%?%@?o faé:&d\?/gr& e w]s_’e_%rg Where e%(r:%wo?'{ﬁ celfs has a drain
terminal 208tchomecte gt dorewpueidiegsnosmbbbitlinéheiard wit i esteact hai ¢ eckcirmtdiserminal
210 connegled,&n KRYRAG-SHRRIM, AR khARSRIBE: hlien RIERATESPO AR SR YHERIAM cell is

similar in construction to the anti-fuse transistor devices and are subjected to the same process steps,

. ( d ]
except thal 856 o RETRA 8"V A020 R kAL OF YutdUSKi G853 th S Uk e SineigiranFisiFhick gate
oxide defiratitruseasic 2ib2yideltishd von thiedthiedcdlade oxitdgudedindictp mask. 12 inetbec€NP memory array

102, is us fi i i regi that ' ate of
WL et e B MV AL logi
transistorst® PORAGESYATEYMAE: dihese WarAbnSSIEtehEI RS CRI® MAWTRIRT BE /R8I @030] In
Sperationﬁmﬁnﬁstafd\/dﬁﬂwl bﬁllﬁﬁéhéﬂfgffeﬂﬁj ga;ytﬂ?gﬁ@@Mgg-n@ﬁﬁ@ldiiHMBftf@h@map&% th,dvyhere
tn is a thres voltage of an n-channel transistor, in response test being activated or driven
(0.8 posit EUSRESE RVLP ST R BT VR Lale oD TR LT ecsting logic, or &
physical defaeediit¢nks a break in the bitline anywhere between the column test circuit 110 and the
column cir@i] 98 thanHhakbitineuwihioat karadbeMe B-ddebMalaaedtanel nberardimabs the failure to
sense the VDD Vtn VOIt?{EFi ona r&c])rmal bitline indszgate some type of f 'Iureé%a d to that bitline or

the columﬁ%%%tﬁiﬁ%t% teﬂﬁl’iﬁv .‘Tﬁﬁ‘iﬁﬂaefd 9 8&‘“&'& §'iely ﬂ(élé t Iglesecond end of
the normapwoimies hippisitertetih & fioseshithevphichcaléntegrite ofabe@mnting bitiet brgtk. TO¢ (not
shown). The,pRrPRIE dPEIRITIIARSIRRLSIR LINmRYSIcRII NG R OMAS hEPprdine length.

The row test circuit 108 includes a column of row test cells, such as MROM cells, where there is a
one-to-onéGatia8Y MREAY MRRYhErSamiEIBIIRES A SRsur Anerglicee? MARMIGedaIIS 214, 216, 218
and 220 eaohimwitimeolpsikoowgatd-igumne3phiRidng dollor2d®f 202, 20nmd/20a6lines avhere each of the

MROM ce [ i itline [ itline contact,
and  shal e A O s T O Ao
the test bitipks BRS fegfainderRBEIRPEraBesisaisa SRIpHFRINIE) ﬁﬁ@?ﬁé@\?@?ﬁ ¥igabBlnselectively
coupled tocaRét, Hiv AR SEmErRMBITicn iR Aisct LORde npasimD ascusidg sbawe later in
Figure 10. According to the present embodiment, each MROM cell is similar in construction to the
anti-fuse transistor devices, except that they do not bhave a variable thickness gate oxide. In the
example of Figure 7, the thick gate oxide definition mask 72 is extended to define a thick gate oxide
over the channel regions underneath each polysilcon gate. In otherwords, MROM cells 214, 216, 218
and 220 function similarly to either core logic transistors or I/O transistors formed on the same
substrate as OTP memory device 100.



[0032] In operation, each of the MROM cells charges the test bitline BL_test to about VDD - Vin,
where Vtn is a threshold voltage of an n-channel transistor, in response to a normal wordline being
activated or driven to a positive voltage level such as VDD. Provided there are no physical defects in
the bitlines, all the normal bitlines and the test bitline BL test are driven to the full VDD level if WL _test
and each of the normal wordlines WLi to WLi+3 are driven to a voltage level above VDD. If there is a
defect in tRESRSN GSRAHBaBy Radt MBRIM c&l ﬁé@@i%d%ﬁ%[?ﬁ%@&%%*ﬂﬁ@ﬂwm VRO anywhere
between thievicastast aresitjf&ant the sawmeipeottsd G sobstepyhatitesy ithe neshawdine will not have
the VDD-Vjn.: I ordingl ' o V 1 Bl _test indicates
some type@%g‘%f%??ﬁé%%%h%%@gﬁm [E?gss %g Lljér_g%iﬁg\%v?tﬁea e@%\%%/egn%%fggﬁhi ematic of the
OTP memBI§sk#d? ifgnticaliadae dekigalesuina eslintinnaxndirtainine CrferaamInsaredls 30 used in
Figure 8 an@2eprasentedibing distiocgur sisdercywmipel dhatns|détpopstuhesibatvele known symbol for
n-channel transjstors. In lcular, the present nti-fu S signates that the
anti-fuse tlpaé11 ?'sf or as{eang/?\;{\r}illét;){ esthi%l?ne%r%lvag(%’ ﬁiﬁo@ﬁ?&%ﬁ’g@i%ﬁﬁ %@E@ fj(;%r@'gﬁown as a
generic boXrakaity FegeiteeT cPigUee s tsrasidjoshonshsantisiars|tamne sirfhechamie sabstraie&supling the
normal bitlges tecmyp)tasadev@igthat can be sensed by column circuit block 106, and how the row
testing circyit 108 can couple the test bitline to a voltage level that can be sensed by test sense
ampiiior SRR BB SR MR L o AR e Sap L TR GH L A Folomn
circuits 106bwauh V9B Destéd, befere hipsretitres bt entiagserh\@haoeilhbeeh tamsisioningrésedd$e& memory
array 102.hquill g figsgribedigbruisiing Asaine arade drreianpaionsigratealy cycle

through the column and row addresses to check if the expected sensed data from the bitlines is read
out propertJS3E ot 6N RREARHHERFRANY K19ty QFSSRAYRICE! Brterd R asirckiedod $ column
test circuittiflifeasayoansicl sepageartial tokiOT Reneimalyldand 0 sohoarifurddiRONBCeknare
fabricated tWé‘h}thPé@mt}%% Ve WWF%&%@&@&E%%%%%W@? (R 'Ahrcatng he, grgi-fuse
memory cells. Accordingly, the circuit area overhéad for implemeritirig these test circuits IS minimal.

Figure 9 isVaPalérrn@itaemedainfsmabbtime inicatas sl nof tedv ranelateshinitiplddttneuit area
overhead of theww tReh GEcdtingtor eatmimeest circuit, according to an embodiment of the present

Fiqure 9, OTP ory device 300 includes the sgme OTP memory array 102 and
S e 8 S e e et e phe R ot 502

invention. @ﬁ)
column circui
includes acrmwsifa:mmln_ﬁrfitetsemlwhmaswmtgtétqmisitr@mt ibllenlq'qmmhamme)céhg 30in OTP

memory aandQ2sof ik oMcehRALD test arllsmyll e imEgarrBImHRAtiniA IstiRst ©igden The row test

circuit 304_is identical to the row test circuit 108 except that it does not include a test sense amplifier.
Alternatively et RFLEL HA0R Blors,RiRiiaR & CoV AR GPIBuP e AL QLRSS ditPtise
transistorstlﬁem 'slmme-idmtfec.aitt@ gtrMR(DM «:musta(hdm@TandﬁmMarsayvmﬁ)m Fibisedlumn of_ row
test cells WHRRR, PO AT 346 Ad ald 9orucdle B Rl RifIIAY B AHdeasidhg s fyctionality

as the corresponding test circuits shown in Figure 7. The column test circuit 302 inCludes anti-fuse
transistorsiBoBo308, warglneg: eresachaling MR rsiimeass tharpeigairisimaahgdidline WL_test.
Each of theonhtdiesrdransssisitma®l. 366,34 a Biithd t3rhas aaftrdnsHifugiondeginnedsbwvid a bitline

contact connecte a corre ding normal bitline.. A thi oxide definitign mask 316 .delineates
e ek o B A 8 e R e s
such that tRECPAIESEthi® 4c9st sarse FOIR bR RAP bylteTaatively dataroRfiectrshiMiin GanRISK 816
underneathibemalyatiern YWshing Milielert BeRVRIEdUNhg IEiDRAte Qxidse AssRrdimahinthe structure
of the anti-fuse tr sl&stors 306, 308, 310 and 'T?ﬁlz .shoul%@@@%me @s the %lpti-fuse cells 30 formed
in the OTE RO ARRICI0 e RFRPRILS DRSNS S0 YD YL b SIRHB not consume as
much subsivastractends MRONHosksr208isRI2 Rt 5 rek @6 il tedy de dotimy the \cralitearea
overhead gfigaluauyiRst iR Ii30R BlaMRBraY M ARb G NIb Ao R AdRShEUCYE 304, a test

coupling device shown as an n-channel transistor 318 selectively connects the test bitline BL_test to
the adjacefitSHFRaRIABE ALAGK 9alpHBNse RYS ths el Ggipas pdarneath each
polysilcon gate. In otherwords, MROM cells 214, 216, 218 and 220 function similarly to

either core logic transistors or I/O transistors formed on the same substrate as OTP
memory device 100.
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[0036] Figure 10 shows the equivalent circuit schematic of the OTP memory array 102, row test circuit
304 and column test circuit 302. In order to illustrate the programmed status of anti-fuse transistors
306, 308, 310 and 312, a resistor symbol is connected between the gate terminal and the source
terminal of each anti-fuse transistor 306, 308, 310 and 312. The absence of this resistor indicates the
unprogrammed status of the anti-fuse transistor. Accordingly, once successfully pro rammed, the
column teépeﬁ%h,f‘3?5’?r@éﬁ’b@%ﬁéﬂﬁ@%%%ﬁ@'ﬁo?%%ﬁ#ﬁ%?ﬁﬂ RIS RdodeA ihapheral operation
of column Y&3D cirgtnt @62ris Viovis debeeidterdd Poitige dseahngdthmtfwtmm@hw of teepaoiskrto aircuits 106,

the antsuse HRTSIIRIRE08, AR AR R1E ARURETSLENA.S dagedipigeing the nomal

bitlines to VSS Whl e driving the test wordline WL _test ogramming is successful,
conductive AKIESLHRI BE AR RIVE iRledRIRSS ﬁh@t@@’i?&ﬂﬁktﬁ?sngﬂ"ea%@'”Si@%wgi@stHence any

program vpfiiiid ®lic teandpe dastetampant of Dite gregr ammiag ane eitprnofanéheantirfuse transistors of

column test Cclig ﬁlt?‘% tn\ﬂlfﬁ gate dev ceai \t/l‘cl) re caevg d{)edun tﬁﬁt thésaaé“t tetst Hlumns so
that if one 1s defective or any reason, t e her ca e usSed Instea ssumlngt at programmlng is

successfuroméieending lowinuies aoemabietestéaqtya@rwtrtgatvm téan@rmaéwerdbne@eymresuch as
VDD for exaiulen ﬁeq%uﬁeaaétttmf Wéuaqmewﬁ.é%ﬁ%t §R&/@ﬂdtﬁé2thé$e%mﬂﬂ50tive link

formed ther |n L te 0 the nor al bitli est 038] The general on of row test
circuit 304 A &W' XE& é’ﬁ%?m&qﬁ@te&/ R %%ET@% J(ﬁ’rf\‘}’e %e%%%n test
coupling desdlieg8t8 BhdesinmdicaBk StHBetty;Bd_of#aLIthe&taﬂemnn ttttatwtmg Ioglc within column circuit
block 106 fhsaiotiis decrpliRan obabART Gra SURUARAEHAHATRIReNFB PR @ ovides a logic

state corresponding to the voltage of BL_test. Hence an existing sense amplifier Is reused, thereby
obviating tFRYVABEILHG W Q8 A lanEsiciiey skl d awtf.aw%mgﬁeﬁemt V) fbo39] It is
noted thata)‘éf&rﬁmseﬁtebIbyihmstlattltt@mewtcbesymbwthand titeeohttharieisé eietiihemiodiments shown

i Figures 7, gd 3san-heing d100RIDRr WA TP ARSI ATAY. FOF RIARRIE, {15 MROM cells o

the row tes? circuit can be rep ace wit gly, prior to executing any testing

of the rowsSYe@dasigates thaldheamisusatjapsisiooharognanabiaghinieepaaale pEdoNef the row

test CifCUitc@ﬂﬂdh%uﬁﬂJlﬂ'ﬂBcﬂ@Sbsir@éiﬁ&m é@aﬁéﬁbw&tbm@'ﬁﬁ@lﬂ@*ﬁwgﬁws Wé&'@y@l@o@l@ta can be
read out o the r%r(]je

e for as ment by exte nal testl paratus elf t stI c.can be
included onCeb EHGP LELBRIE RIS 2 P IR oo B AT Al YR boao
Figure 11 kaa flewetisad ishoolimyneciveihblddiol @6stang trav@eProncieriigdasirayiut8ocere previously
described é@%%’l‘ﬁ&fé@ﬂ%‘tlﬁ?@t&ﬁ%ﬁ%ﬁ%%@tﬂ&%ﬁ%@@@%@@@“ﬂe@f tadyeagiitikesgion. The

method steps can be automated and designed as a built-inself-test ST) algorithm executable by an

on-chip coRfieise Jressdiliiae Airans fRaIRAATST S AV Y A dBe K Bolumn test
circuit 302cimiitsdied aar-gures B dashesed, thipmins tasbarmed ubeart whdivelldvdi gfuggareftingf tbelumn test

Ce 020 hansY A0 BAAha A Rean RSP A AT e o oo

method begins at step 400, where a first row is activated, or driven to a voltage level ef ctive for

turning ontﬂté%ﬁ%?%llydéﬂﬁ@ég’i@‘r@%%@%ﬁ’t@”ﬁﬁ%@@t@%%tﬁﬁEﬁ%éfQ”t%@?‘mét?é’st wordline
WL _test oé&meapﬂamr@ﬁttﬁgmnaejghg a3l frdueningraibthe MROM cells or the anti-fuse cells

therein, or hﬁnor aI Woern Ién0 thrr'etOzWLHg f%r tuornl on th OM ce Is oftthe row test
circuits 10 iS resu'tg in coup He hormal BWnes ) to o) o'tnﬂt Stest bitline

BL_test toovgm.ﬂ@lmm@ﬂatdﬂ@s pert %@m@@%maewraﬁ@mmae%rmetm M&@tﬂw@lemrs and the

result of th‘étﬁﬁé‘i@&dﬁlﬂ%%@&ﬂm)Ihﬁé@&ﬁﬁé’amh%@%fﬁfo%&%fUﬁé‘@'f@rﬁéﬁr%&ﬁf@s‘[F?é fail result.
[0041] It should be noted tha@ column de dlng circuits t\}/g)[%a?g couFﬁ a predetﬁ}mmed number of
(e P

the bitline 2k RSO S %Ce%g@%&hrg Laiee A Wﬁ'ﬂ% Gi7& 8lecision is
made at s@pdiGlisoridteamfrigufei9creaaraltirthter arohodingetd sEQSE, methergitdeatten!@® dratthere are

further colypRs thFENREsBR-GRILER ARMHESS & ANBNoRdi AiifP-A0% Aidathesinms are sensed at

step 402. The iteration of steps 402, 404 and 406 are executed when the column test circuit is used to
test columACHREHEHG ﬂﬂ%i“'?ﬁg'%ﬁtrﬁﬁtaﬁtﬂ’@é@@%'nl‘iﬁPttBUV testing, step 402 is executed once for the
test bitline[0038)dh Riga%e9 LA Mettiodrprdodes 300 siepoé88he 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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[0042] A determination 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 B5°2FRAEAL A Aslch 8 G URidvh SR e A% e RRIQHBSTAY FB% HtfEss has
been latcht@B therdhinanhéthoss nedt md Udestep 1 B8 nsb arre @ififewAlenditive lgothespandsigitouine new

row addresp s ARy, SIPRS AR 492494 A0 412 A0 41 RIS LRSI ALR A further
e 2/ % %I?%e reé eg

wordlines to be dfiven. The number of iterations ca uced by having the system terminate the
test if a faildRuEipRlsrapkisg saks 3hniteratiore e astare! Qe IStSFO BRI MgLrel's18hn be used
for columroeifsraiiaaing af EonvseisiityeRlimpUSiag thene wave ankbaeyieieis filheidpadiynents
respectively, |t beth {16 soluesteliguitand thecraw estcliou are aduded e memary device,
then testing for both the Colurnh CircUIts and the Tow eireuits can be executed m any order. ﬁ)o43] The

previouslyafdisiisedehesifiodidth 308 H) @miPIhdmaey Havite a oatafeimes OX Pemaisiticervice 300
of Figures £ AR RieWingia{rangisanRe ritisesealsnsiayrs Jod;i9use 8 frmacs4b nkbe amkpdiments

of the presept invention not limited to single transistor anti-fuse transjstors, and alternate
embodimeT LRSS A BHAPESHEGE GrRIEE P4 P SRR By CEM L ot For
example, tiheckvgattrangistdefimtiofusesieB 6 Baljoeade? theddakaambehisgdtmaaxim©gdrtioeadry array 102,
a column test clrehii-antia By dar! slickibranedngdo tﬂ%ﬁé@é&ﬁ@,@@ﬁﬁﬁ%@[{h@%%@t- [0044]

Figure 12 is a plan view of a two-transistor anti-fuse memaory array with row and column test circuits,

according 851¥F aiRAAACRYSHIIRM AR BithopreQdApiAGRMBR s s BRI &S00 includes an
OTP mempoyysiticyn M2 dHodvID eetustsdRed isolimin traé oxilet AoCosdtgy rove teaictineudfS08. The

rout e e | I
Creuits TobeEiib e QU R ONER Tt IS I Sl L R e B e o
to include 8Rdaenes! 5t tapQrdh giemparrRIsd02 I ezhfvseriEns6aEn8:0108 8 ¥ e 812 has the

structure si®Wst HdUHESLANch IUHEIRIR ARAGRERMOMSST9RD6 026X 0p0Eshi 28| ¢ﬁe\f‘éﬂy an
anti-fuse devjce 512. The first row in%u

: d$s %/vorldlinetWLO ar&dfblgPpt.w ile the se?orﬁd.rowtincludes
wordline WEA'SAd VESTA f{iE 0gva e oxid2 Gt ioﬁs%%rsﬁy yetines tife"3rERs Withfi Which thick
oxide is to 1 ftmined ongeHieiverinIogLadesR canplingodeainsistomeeds an thetfagnebieaniditiie second

row of the SNe EBIHRIY SERHECR CRENEBiliHA PN ESOIe e LRiARKMIG G Mkl BRIFRNERAL GQRNEcted fo a
corresponding bitline. [0045] In the alternate_embodiment of Figure 12, the column test circuit 506

includes tRRRAIRG IR il FAREASIFhI&Pare identical in layout dimensions to those in the OTP
memory a[mspElg‘ﬁkm1gmpdwmtiheaéqﬁi#.aemmttsaheismic5>2ms (ﬂi’rmexérbwg pmly_eilﬂﬁn line
WL _test, 3gd {e, 9aie iespanabeidimAmtsfine dexee ﬁ*ﬁgréiérf%ﬁﬂﬁﬁme%%@aﬁ% VCP_test. A

diffusion region 524 of the access transistor 520 is cou to a corresponding hormal bitline. These

anti-fuse cEféUifERTbivstHBaBsIstaTE PP ANREA 2 SEesiPRr BYERAREIS SRRIeaEhition mask 518
covers bothethe @t aasgdtansisinabattand sberaatefuseliovieehdatimeaniagdibal tBesastguse device
is formed with a thick gate oxide. Second, the anti-fuse deyice 522 has an additiongl diffusjon region
that e cou A0 Ee Ao R AR A RS e AR R S RS 1
VDD, bothftise kiaasistotrdiesiataingy0anee suseassifliyomarrRieaee, thencelimndesiianié IFmal bitline

to VDD, thesglpy cREBIBEBI8 R RHENGHP SRRV Hecordingly, the two-transistor anti-fuse cells of
i s MROM cells. Alternately, the, thi§ oxide definition mask

the colum %ﬁrcuit 506 a're fabricated

518 can ba?d3 ek {BSSRNTHR ARS QUAMOL SULMRSL IS PRt S Aat AP IRRTs o HerdGiti T lipled to
VDD can BleedmittkehaligreftipeooligurioigethsstOantnéLagidetis tahestdenB08] 8081830 anthe OTP
memory gy 3%, Bysihthad i RaRROBISUaHgInALrMEREEHS P63 IR mmdiefore any

testing operations are to be executed. ‘&004 The row test circuit 508 includes two-transistor anti-fuse
cells whictesteVRigHae Y In- 18500 HiRe A A%Eam HBgdSinURe eFitd AOBRISHV eSS O Gate
terminal oféheeatitesscharhsistioiuse fris $atore 30§, 308 pBivsiieb31@oHdie ahiheregrespsaiiging row (ie.

WL1), and a inal I ' i the.. i ' fthe same
M AL L S T AL UK,
bitline BL_¢ebtwiateshalifetciRaler afakrieaies idavics thasecandamrabiadan eeldaivamibtest sense
amplifier SgaluRinkaD Shavrbie 1o Bleios fof BEHYOEABE A ShBbiHeSt inBdgsERLiiRfiida normal bitline for
sensing by an existing sense amplifier. The two-transistor anti-fuse cells of row test circuit 508 are the
same as those in column test circuit 506, in that the&anti-fuse device 528 has an additional diffusion
region coupled 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 least VDD. As for anti-fuse devices in the row test circuit 508, they
can be configured as true anti-fuse cells which are programmed before any testing operations are
executed.



[0047] According to a further alternate embodiment, either the 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 circuitri/hassociated with these conductor lines. As shown in

the previotS SHISH R RIOHIRT BHYE AL GHTT o I EYYRD FECWiiNQ8 caryRRdestf¥honding logic
circuitry isdheirep Wi rtecke to dirgptbgittadédt dsnealtedyc s pHYBI tal ecmipiet@dimsarathefvwnilines and

the correspandig.Iagio.cshisydsdis (W Sleepainadonin RSP RS AT elalpd (o the

physical conductor lines can’be tésted for proper functionality using the previously described
embodimefRYRanH HI¢ BYre3al QifiRgsriaMAd/or program operations. [0049] In the preceding
descriptiorfob3spirngescohlaxidanritost, rounsiotif die B0k ig i aaidecHbay ondeintptpsqeide a thorough

understanding of the ? iments oI t%iB\{ention. Htovx{ever it will be aQP rent to one skilled in the
mode sg]pa T is driven 1o qurn on tes co%?hneq evice ?an cormect.
art that these speciric details are not required in order 10 practice thé invention. In otheér instances,

well-knowBeléestitaBPtirudtUnes calidmtirdaneding biaismmtininototktiaiicuih bnek 196iben nattes obscure

the inventigya. \Fdﬁ%@ém%téﬁ%iﬁﬁ Q)%B%#@ %'Eﬁwé@hﬁfﬂ}figﬁ‘dv%m%h?mﬁﬁ&@@@l&@@@iﬁt@”ts of the
software routine, hardware_circuit, firmware, or a

invention described herein are implemented as

combinati G IRERECP SB0 EHRIGBR b S G0 S B BF BRI Ao78 SBHare product
stored in amesthyimbyiatidalie nmesdidonin(clsteraferréd tedisaiacbsepatcampiifiedfie nadiesh, a
processordeadasha medium, or a computer usable medium having a computer-readable program code
embodied therein%. The machine-readable medium can be any suitable tangible medium, including

magnetic, B934t BRig {03t iR AeseiiAtioRIRify AcTdratEr Ldiapddhaisk YBMH STy memory
(CD-ROMEimematpativiest\shialileio Fitpngo [Atie], Dt sirpdarssid tage meealitariard.TPh@emory
machine-r b ium.c ' io e instructi .configuration
ormato o e o 3B o B o
according téesaseinbirhfidnott frooaresHlinharsk testainbiesian s thesaaniifapsalisiate that other

instructiongrainsl Bjeetadi e progaeneany tAlterRleae itsherdesianbedvingentivsuran@lse beusiared on the
machine-r?a abrle ime%i m. Software ruqning from therma Ir e-rea ble medium can.in _rface yvith
Circutry 10 BRrOA e LB CIRE QUL MAD 2Ei0e ELE A LR RMAARES SPIA T ention are
intended tobaneyadiepies fonBssakemiviy, extsuifiddesiing apparatistiont tesh bgieffacterl to the
particular GRRadHTANLRBYJNaS3RLHY B Uerall WiRAWG AR HRG Epstenfogictiikdiyention,
which is defined solely by the claims appended hereto. ,

[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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CLAIMS: 1. A one time programmable (OTP) memory comprising: 5a memory array having
unprogrammed OTP cells; decoding circuits located at a first end of the memory array; a test
circuit including test cells located at a second and opposite end of the memory array, the test cells
being mask programmed for coupling at least one bitline to a first voltage in response to an activated

wordline dur| a testing operation, the at least 10one bitline being precharged to a second voltage
during a nEM4 ﬂrEéa%&%.BﬂteQﬁ at the column decoding circuits typically coUple a
predetermined number of the bitlines to a limited number of sense amplifier circuits. In

such a memory architecture, a decision is made at step 404 to determine if there are
further columns to sense. In the situation where there are further columns to sense, the
column address is changed at step 406, and other bitlines are sensed at step 402. The
iteration of steps 402, 404 and 406 are executed when the column test circuit is used to
test column decoding for all the column addresses. For row testing, step 402 is executed
once for the test bitline. In such a case, the method proceeds to step 408.

[0042] A determination 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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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. 15 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 pluralirt% of bitlines. 204. The OTP. memory of claim 3, wherein

the test cirdesCliRgddR g RSV ISHA SR aIPm 88 Bifs MEIRY ALY RA2 RPRANAILOBIHRIE by the
activated wesdine, adal-thtaistoaaktpiogy asiindthckits theimgocbansisteddaticdnseaddiehalsithbity of

bitines. _ ot1e A RGN SR WBRICH £26R.0F s HOPEY ATRRAHT Befiels and 25each
of the test cells are single transistor cells having identical layouts.
with an anti-fuse device 512. The first row includes wordline WL0O and VCPO, while the

second row includes wordline WL1 and VCP1. A thick gate oxide definition mask 514
defines the areas within which thick oxide is to be formed. As shown in Figure 12, the
two-transistor cells in the first row and the second row of the same column share a
common diffusion region 516 having a bitline contact connected to a corresponding
bitline.

[0045] In the alternate embodiment of Figure 12, the column test circuit 506 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 520 is 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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6. The OTP memory of claim 4, wherein each of the unprogrammed OTP cells and each of the test
cells are two-transistor cells having identical layouts. 307. The OTP memory of claim 1, wherein the
decoding circuits include row circuits connected to a plurality of wordlines, the activated wordline being
one of the plurality of wordlines, and the plurality of wordlines being connected to rows of the
unprogrammed OTP cells. 35 8. The OTP memory of claim 7, wherein the test circuit includes a

column of ﬂ%ﬁ'ﬂroﬂ?ﬁﬁ%é@%@ﬁ%"hﬁ(ﬂh&‘?ﬁé‘l?'&a‘?& RNHRSLRYFYHR08 B dhe sRIRGIRS 81398/ 8lines,
each of theshask tesd gianins®s delthdiehegaatirfnse el kcethi28tt dsast adutitioitlahdiffoliohhred®hP memory

of claim 8’0‘9(@;95%’@&%8?%8 ﬁggléittrléﬁciﬁ Sag@g;g&éeéjst&éﬁr%dﬂ@?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 least VDD. As for anti-fuse devices in the row
test circuit 508, they can be configured as true anti-fuse cells which are programmed
before any testing operations are executed.
[0047] According to a further alternate embodiment, either the 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 embodied 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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amplifier for sensing the first voltage of the at least one bitline. 10. The OTP memory of claim 9,
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 10unprogrammed OTP cells. 11. A one time programmable
(OTP) memory comprising: a memory array having unprogrammed OTP cells connected to
wordlines and bitlines; 15a row test circuit including mask programmed cells connected to the

wordlines VRl S EELHBIFREE 2 RIAESRSIRAGR RATRYPSHRS 1 ACHEHIRShaSFBI 8 thd wordlines;

embodiment of the invention. Those of ordinary skill in the art will appreciate that other
instructions and operations necessary to implement the described invention can also be
stored on the machine-readable medium. Software running from the machine-readable
medium can interface with circuitry to perform the described tasks.

[0051] The above-described embodiments of the invention are intended to be examples
only. Alterations, modifications and variations can be effected to the particular
embodiments by those of skill in the art without departing from the scope of the invention,
which is defined solely by the claims appended hereto.
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a column test circuit including mask programmed cells 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 20sense circuitry for sensing the voltage of the
bitlines and the test bitline. 12. The OTP memory of claim 11, wherein 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. 25 13. The OTP memory of claim 12, wherein the column
test circuitGLadMSected to a first end of the bitlines, and column circuits are connected to a second
end of the bitlines opposite to the first end. 3014. The OTP memory of claim 13, wherein the row test

circuit includes a column ofmask programmed cells having their gate terminals formed by the
wordlines, each SPHENS RERIFRBUPARINEYT £ ITBRIBARY CBRPIIRSH to the test bitline.

5 a memory array having unprogrammed OTP cells;
decoding circuits located at a first end of the memory array;
a test circuit including test cells located at a second and opposite end of the
memory array, the test cells being mask programmed for coupling at least one bitline to a
first voltage in response to an activated wordline during a testing operation, the at least
10  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.

15
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.

20 4. The OTP memory of claim 3, wherein the test circuit includes a row of mask
programmed cells having their gate terminals formed by the activated wordline, each of
the mask programmed cells being connected to one of the plurality of bitlines.

5. The OTP memory of claim 4, wherein each of the unprogrammed OTP cells and
25 each of the test cells are single transistor cells having identical layouts.

6. The OTP memory of claim 4, wherein each of the unprogrammed OTP cells and
each of the test cells are two-transistor cells having identical layouts.

30 7. The OTP memory of claim 1, wherein the decoding circuits include row circuits
connected to a plurality of wordlines, the activated wordline being one of the plurality of
wordlines, and the plurality of wordlines being connected to rows of the unprogrammed
OTP cells.

35
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15. The OTP memory of claim 14, wherein the column test circuit includes a row of mask programmed
cells connected to the bitlines and having their gates formed by the test wordline. 5 16. A method for
testing an unprogrammed one time programmable (OTP) memory array comprising: activating a test
circuit including mask programmed memory cells 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

10sensing&he H19<35F SREMNH ERBRo(idd S fiyio&iaR YBHEdRTHERSFECU R s ence and

absence obttgraraliegkdeischaving their gate terminals formed by the plurality of wordlines, each of
the mask programmed cells being connected to the at least one bitline.

5 9. The OTP memory of claim 8, wherein the sense circuitry is a dedicated test sense
amplifier for sensing the first voltage of the at least one bitline.

10. The OTP memory of claim 9, 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
10  unprogrammed OTP cells.

11. A one time programmable (OTP) memory comprising:
a memory array having unprogrammed OTP cells connected to wordlines and
bitlines;
15 a row test circuit including mask programmed cells 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 including mask programmed cells 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
20 sense circuitry for sensing the voltage of the bitlines and the test bitline.

12. The OTP memory of claim 11, wherein 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.

25
13. The OTP memory of claim 12, wherein 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.

30 14. The OTP memory of claim 13, wherein the row test circuit includes a column ofmask

programmed cells having their gate terminals formed by the wordlines, each of the mask
programmed cells being connected to the test bitline.
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17. The method of claim 16, wherein activating includes driving a wordline coupled to a row of mask
programmed memory cells, the mask programmed memory cells coupling a 15plurality of bitlines to
the first voltage level. 18. The method of claim 17, further including iteratively changing a column
address and sensing a different bitline of the plurality of bitlines. 2019. The method of claim 16,
wherein the at_least one bitline includes a test bitline connected to a column of mask programmed

memory cdfs, BMRIQLEVAGAY MALHBE NG o Bf RO BUbIE &Y SHE M eSOV TR imed
memory cellsganuaaploeddiverinstipiiiodtio tittristuoltaymietrelir 22k fohrmaueththe tdstlaim 19,
further incwgliaﬁhgrecharging 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 mask programmed
memory cells.

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

comprising:
activating a test circuit including mask programmed memory cells 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
10 sensing the at least one bitline to provide a logic state corresponding to one of a

presence and absence of the voltage level.

17. The method of claim 16, wherein activating includes driving a wordline coupled to a
row of mask programmed memory cells, the mask programmed memory cells coupling a

15 plurality of bitlines to the first voltage level.

18. The method of claim 17, further including iteratively changing a column address and

sensing a different bitline of the plurality of bitlines.

20 19. The method of claim 16, wherein the at least one bitline includes a test bitline
connected to a column of mask programmed memory cells, and activating includes
driving a wordline coupled to one of the mask programmed memory cells for coupling the

test bitline to the first voltage level.
25 20. The method of claim 19, 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 mask programmed memory cells.
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