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[0002] The present disclosure generally relates to non-volatile memory
(NVM). More specifically, the present disclosure relates to enhancing performance of

non-volatile memory bitcells by splitting bitlines.

BACKGROUND

[0003] Non-volatile memory (NVM) bitcells, such as eFUSE bitcells,
have a single bitline for reading and writing operations to the bitcell and a single access
transistor for read and write operations. However, read and write operations have
different operational characteristics, which results in conflicts when designing the NVM
bitcell. A conventional NVM bitcell will be described with reference to FIGURE 1
below.

[0004] FIGURE 1 is a circuit schematic illustrating a conventional non-
volatile memory bitcell. An NVM bitcell 100 includes a fuse element 102 and an access
transistor 104. The fuse element 102 is coupled to a bitline 112 and the access transistor
104. A gate of the access transistor 104 is coupled to a wordline 114.

[0005] Write operations in NVM bitcells involve large currents best
handled by low resistance bitlines. Additionally, the access transistor for a write
operation occupies a large die area to handle the large currents. Low resistance, large
bitlines have a large capacitance. For example, some conventional bitlines have
capacitances of several picoFarads.

[0006] Read operations in NVM bitcells involve small sensing currents
best handled by low capacitance bitlines. Thus, a design conflict arises when designing
an NVM bitcell for read and write operations. The large capacitance of the bitlines for

write operations results in low read speeds and high average and surge read currents.
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BRIEF SUMMARY

[0009] According to one a embodiment, a non-volatile memory (NVM)
bitcell includes a first NVM one-time-write element coupled to a write bitline, The
bitcell also includes a first write access transistor coupling the first NVM one-time-write
clement to a ground. A gate of the first write access transistor is coupled to a write
wordline. The bit cell also includes a first read access transistor coupling the first NVM
one-time-write element to a read bitline. A gate of the first read access transistor is
coupled to a read wordline.

[0010] According to another embodiment, a method of reading from a
non-volatile memory (NVM) one-time-write element includes biasing a write bitline
coupled to the NVM one-time-write element to zero. The method also includes
applying a high signal to a read wordline to switch on a read access transistor coupling

the NVM one-time-write element to a read bitline. The method further includes sensing
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advantages of the present disclosure in order that the detailed description that follows

may be better understood. Additional features and advantages of the disclosure will be
described below. 1t should be appreciated by those skilled in the art that this disclosure
may be readily utilized as a basis for modifying or designing other structures for
carrying out the same purposes of the present disclosure. Tt should also be realized by
those skilled in the art that such equivalent constructions do not depart from the
teachings of the disclosure as set forth in the appended claims. The novel features,
which are believed to be characteristic of the disclosure, both as to its organization and
method of operation, together with further objects and advantages, will be better
understood from the following description when considered in connection with the
accompanying figures. It is to be expressly understood, however, that each of the
figures is provided for the purpose of illustration and description only and is not

intended as a definition of the limits of the present disclosure.



advant ages of the present disclosure in order that the detailed
description that foll ows nay be better understood. Additional
features and advantages of the disclosure will be described below It
shoul d be ¥QaYRIPHEEd by those skilled in the art that ROFES2011/042092
di sclosure may be readily utilized as a $asis for nodi fying or
designing other structures for carrying out the sane purposes of the

present disclosure. It SWﬁtml(ﬁﬁ%ﬂgﬁﬂ[ﬁw‘wég skilled in
0 not dep

the art that such equival ent constructions art fromthe
teachi ngs of the disclosure as set forth in the appended clains. The
novel features, Mléh are Pl 4 enasel copplste endersianding eof the presenhdlisclosure,

di scl , i i . 0 ion .
oget hor  vi FROFIE ep S phicPloRR ARbMAR, BLGIREAerln BRFHEHHE Wit the
under st ood feampaimang dtavangsng descri ption when considered in

ti ith i f.i t i.s . b .
comnect 106 v FSPESOMPRREHIE. | Ut hbmb i BB RO ron

pur pose of iblatiktiahdrobiteddld description only and is not intended as a
definition of the limts of the present .disclosure. WO )
2012/ 003165PCT1UEM3%Y / 042095 URIBRIER Cipicishpriteon legtrafipg 2 [sRAYRnReRg! non-

100141For avhRfir rﬁ@ﬁm&ﬂ@elm@%%@qg]@gﬂﬂg.t he present discl osure,
reference is now made" to the follow ng description taken in

conj unction wit h[0#@l acconf&tRIng isirenicniyschefrand BlusirgisRE exegplary non-

U § SE SRS LR BSDIED BT, Yo 2111 Terory

conventional non{00I8] ati | eFIGRIRKE ¢ ibiatatrelit sotietratidiilffseatingyt dratxeapirsy non-

LT G B MU PR R R O SR

is acircuit schemapj c il | OSIURE brigaaftcsk Sdipmatiy/ilRfating an exemplary array
of non-volatile memory bitcells according to onc ecmbodiment.

[0020] FIGURE 6 1s a circuit schematic illustrating an equivalent circuit
to an exemplary non-volatile memory bitcell according to one embodiment.

[0021] FIGURE 7 is a graph illustrating a resistance of a bitcell as a
function of bitcell height according to one embodiment.

[0022] FIGURE 8 is a block diagram showing an exemplary wireless
communication system in which an embodiment of the disclosure may be
advantageously employed.

[0023] FIGURE 9 is a block diagram illustrating a design workstation
used for circuit, layout, and logic design of a semiconductor component according to

onie embodiment.

DETAILED DESCRIPTION

[0024] Non-volatile memory (NVM) bitcells with separate physical
bitlines for read and write operations offer improved read and write performance
compared with single bitline NVM bitcells. Each of the bitlines in the NVM bitcell are
designed for read or write operations. Thus, low bitline capacitance is provided during
read operations and low resistance is provided during write operations.

[0025] FIGURE 3 is a circuit schematic illustrating an exemplary non-

volatile memory bitcell according to one embodiment. A NVM bitcell 300 includes a



volatile nmenory bitcell with differential sensing according to one
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[0026] According to one embodiment, the read bitline 324 is a low

capacitance bitline designed for high performance read operations. According to one
embodiment, the write bitline 322 is a low resistance bitline designed for high current
write operations. The resistance of the write bitline 322 may be reduced by adding
metal layers to the write bitline 322.

[0027] A write operation may be performed on the memory element 302
by isolating the read bitline 324 and placing a low signal on the read wordline 314. A
write voltage is applied to the write bitline 322 and a high signal applied to the write
wordline 316. According to one embodiment, the write voltage is 1.8 Volts and the
high signal is 1.0 Volts. The write access transistor 306 switches on to allow current to
flow through the memory element 302 from the write bitline 322 to the ground coupled
to the write access transistor 306. According to one embodiment, the memory element
302 is a fuse element and the current through the memory element 302 breaks the fuse
resulting in an open circuit at the memory element 302 during read operations.

[0028] A read operation may be performed on the memory element 302
by placing a low signal on the write wordline 316. The write bitline 322 is biased to
zero by a column keeper (not shown) and a high signal is applied to the read wordline
314. According to one embodiment, the high signal is 1.0 Volts. The read access
transistor 304 switches on to conduct current through the memory element 302 from the
write bitline 322 to the read bitline 324. An amount of current through the memory
element 302 may be measured to determine the state of the memory element 302. For
example, if the memory element 302 is a fuse and no current passes through the
memory element 302, the memory element may be a “0.” Alternatively, if the memory
element 302 is a fuse and current passes through the memory element 302, the memory
clement may be a “1.” According to one embodiment, the current through the memory

clement 302 is sensed by applying a voltage to the read bitline 324, If the voltage of the
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and is controlled by an odd read wordline 418.

[0032] During a read operation in the differential NVM bitcell, a sensed
current through the memory element 412 may be compared with a sensed current
through the memory element 402. For example, an operational amplifier (not shown)
may compare the voltage present on the even read bitline 444 and the odd read bitline
442.

[0033] The differential NVM bitcell 400 includes the single write bitline
430, which has a low resistance. The resistance of the single write bitline 430 is
minimized or decreased by reducing resources (e.g., metal lines) shared between the

write bitline 430 and other write bitlines (not shown). The read bitlines 442, 444 are



read bitline 324 significantly rises, the nenory elenent 302 is an
open circuit. If the voltage of the read bitline 324 does not
significantly rise, the nenory elenent 302 is a short circuit.
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read paths allows better read operation performance, lower read operation power

consumption, and faster read operation speed. Additionally separating the low voltage
read operation path from the high voltage write operation path significantly reduces
peripheral circuitry complexity resulting in a reduction of dic area consumed by the
peripheral circuitry.

[0037] Performance of NVM bitcells may be further improved by
minimizing or reducing the resistance by seclecting a non-square bitcell geometry.
FIGURE 6 is a circuit schematic illustrating an equivalent circuit to an exemplary NVM
bitcell according to one embodiment. A resistance 602 represents a chip-level parasitic
resistance, a resistance 606 represents a bitline resistance, and a resistance 612
represents a source parasitic resistance. A transistor 604 represents a column select
transistor, and a transistor 610 represents a program transistor. A memory element 608

is coupled between the bitline resistance 606 and the program transistor 610,



WO 2012/ 003165PCT/ US2011/ 042092 7 designed to have a | ow capacitance
to inprove read operations without affecting the ability of the NVM
bitcell 400 to handle large current wite operations. [0034] FIl GURE 5
is acircVP24@mdsidtic illustrating an exenpl ary array P§I/US2011/042092
non-vol atile nmenory bitcells according t© one enbodi ment. An array
500 includes a nunber of bitcells 570. Each bitcells, such as the

bitcell 570, i nCLdg@Q]S a MeFRLY sel&Ns mldl %@%%%tﬁﬂ %t RadofreRLURCERRS

transistor 504 and a wite access transisto : he menory el enent
502 of the btighteiflth&higeeilsind gagdthed theobiteelr At telldyibitc¢lheesultdBh @, lowemyzrbgram

516 of the t Sj Si- i s .coupl to.a wi.te., . .
vor i ne, ety G SR o OB Bt TSN ER. PRl sty g«
coupl ed to higheagtogmntiramsitor RMsDIncd 16¢0 hatidwacr briss: fcsistandesdiBr D4 given

coupl es the nenory, el ene 502 t.o a regl i.tline, RBLO_ The wite
b5t anSlGo M6 SRS TS el o dHURe T isig5 96,0 the rogrem
line, SLO whhgdorTBdisthitee 610%s B%aml e, coupled to ground. [0035] The
bitcell 570 is repeated al on%gcol ums 550, 552, 554 corresponding to

bitlines RBLO anBVBRORKRY 1 R fABL X, and RBLn and WBLn. Al though
only three ' . addi g
y GRLATNS t@ﬁnﬁ%?%o?@ grzlhlﬁtlﬁf:,}@,, Isﬁ% éﬁllg%gésf’s’g\%g@éeéégit ggfgﬁ‘t, Ry

r
be present. The bitcell ' so repeate
564, 566 cothedsisolhdeight, e intredirogres: tRNkiGon hocavWisBtaney\ahd gistbeitnber of

RW.2 and Ma%gﬁ%?n%g%%’deafﬂﬁw% 5 o@%t hough only four rows are shown

in the array ion y be present. 100361Non-vol atile
menory (NVM bit (889 W t FISE[RE atie angiaple ilaRtatingad r@atdnse af laovigell as a

better read_.operation rformance, |ower read operatio r
consunpt i on funglien pEStestl ek AEcpEfiag to Ae gRbimaiaiA StAI 0] LETAIROR g
the | ow vol 1iagg0? eatrRE®FAfksRANRALNA filifoh b ticAN h¥ight a¥Be \Wrabh €700 also
operation path significantly reduces peripheral circuitry conplexity

resul ting i Hustrtedoreilg 6 wbit celf sige appdunetion iy biterdl Rrightp Hdegraph 700
circui try. LORSHGHERE iRl PPRGGmAM N6 ?setngtsal s ?&ig‘}éﬂ RS midRLAVEHR

by minimzing or reducing the resistance by sel'ecting a non-square
bitcell geoheghty. FIGURE 6 is a circuit schematic illustrating an

equi val ent ci rcuj an y. NVM Qi t.cel | according to one. .

embodi nent. A r ets[lltog{)]gnce g%% Briel“épgg elgean}lf\flg&adlgﬁfa&f Nere 63%&%‘??'1& wircless
resi stance, cemmasicsionn egstdd) R00ent adat anachbddimar &€ hes idiseure amay e
resi stance 612 regqrﬂ%@ent a A transi stor

sqQurce parasitic resjistance.
604 repr eseAt@nigs i %’_feélct of PYR ?eétogflfusﬁﬁﬂmalzfé%ss*%‘?’s B¢y remote
represents gnigy £y, 850,!481850 2h@kwo Pad¥RERILNs 8402 RRNill B88cdonc Malireless
between the bitlinc resistance 606 and the programtransistor 610.

WO 2012/ 003 $@BRacuspsysiena 2oy hage many more remote units and base stations. Remote
units 820, 830, and 850 include IC devices 825A, 825C and 825B, that include the

disclosed non-volatile memory. It will be recognized that any device containing an IC
may also include the non-volatile memory bitcell disclosed here, including the base
stations, switching devices, and network equipment. FIGURE § shows forward link
signals 880 from the base station 840 to the remote units 820, 830, and 850 and reverse
link signals 890 from the remote units 820, 830, and 850 to base stations 840.

[0041] In FIGURE &, remote unit 820 is shown as a mobile telephone,
remote unit 8§30 is shown as a portable computer, and remote unit 850 is shown as a
fixed location remote unit in a wireless local loop system. For example, the remote
units may be mobile phones, hand-held personal communication systems (PCS) units,
portable data units such as personal data assistants, GPS enabled devices, navigation
devices, sct top boxes, music players, video players, entertainment units, fixed location

data units such as meter reading equipment, or any other device that stores or retrieves



[ 0038] When sel ecting a bitcell geonetry a tradeoff occurs between

hei ght of the bitcell and width of the bitcell. Ataller bitcell
results in a |lower programtransistor resistance 610 but a hi gher
bitline r&%Q3¢138846%506. A shorter bi tcel4 results in aPRTGIRENLBF28% am
transi stor resistance 610 but | ower bitline resistance 606. For a
given bitcell wdth, an effective resistance of the bitline

resi st ance n p ; ransy : | S 6 j HYSERE
Rerf = e 8 G il PRBRIAS (AR LARURARRSIEREE, O HIVERIPY
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[ 0039] FI GURELitablysengplayred pinanyt devie vdiichngecladeseshat@ndeviod. a bitcell as a
function of bitcgll  height i.n o0.one enbadi nent . graph, 700
illustrates on aﬁﬁol“?‘n]e 702 F&ﬁ% gdf %ﬁo%@ﬁgﬁﬁdﬁﬁsﬁgnﬁ af‘ﬁﬁ’t%f‘i‘gcﬁk%‘ftmn
bitcell hei gifd folifcu@! RPGut,/HQ 1845 dedigd 654 $ertie@md@fiortcdmpdtent OdhciR abh hon-
cell size as a _function of bitcell height. The graph 700 denonstrates
that a mini fefatiledaagmanybitecl] & dielossf REgE- o Hedg Borstaon IR msdeen hard

hei ght. [ Ooﬂgﬂﬁb%iﬁmig%p@raﬁhgg%st& W,%n 818 hnBXE ) @%fﬁhéare such

W rel ess comuni cation System 800 in which a enbpdi ment

di scl osur e anGadvecaen@rii/dgedbs Hesimmporbstaidon Fralpungodess: difplay to facilitate
illustration,.Fl GURE 8. hr. renpte unit 20 nd 850 and
v base. st ASENS e PLY ot ARyl Bu7 S Rl Sl .
conmmuni cat i anstsyagt ercdivim PO dv pronidny foromegibEnadrnguthe tehcaindedi@s €10 or the
stations. Renote units 820, , ~and. 850, i nclude | C devi ces 825A,
525C and 8oSBHCRKBEOT FRrEEn e dREERaLatREAT TS Ut B R corponen
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the non-volatile nenory bitcell disclosed here, including the base
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units 820, 830, "and 850 reverse st ghal s romthe renote
units 820, 830ve apr@H0°G30obasseptsizanpugipn8dwriting outp§tGo 41k std g in@URE
8, renote ugbi 820 is shown as a nobile tel ephone, renote unit 830 is
shown as a portable conputer, and renpte unit 850 is shown as a fixed
| ocation renote [0043] i N a Ddtd eb@sded ecahe kiorige Syatem 90Fomaexpegyelogic

the renote units be nobi | e phopes, hand-hel d r sonal

comuni cat i aﬁ%wgg fgseyaighy il °58P?ta€t§1@gfa§wam ¥ 1€ sk atigen data for
personal dat@iapesiksboaR sich 453 RcABABERH1MBYIFBS  THRAMORALY RIXhEIEMEIGESIogic
set top boxes, _nusic players, video players, entertainnent units,

p Vi ( . . .
fixed | ocat Voi@Hem d#tA t5achs g ntimngndraeMse o ingly cEquis aEaeiatedr withylogic

ot her devic t : et . : o oilitates 3
2012100316508H 112851 T1G1486 446 i BY SRredfChhedium 904 feiliates, tho design of th
conbi nat i onckrhelr dwsignA 0o ubd seEhiGuRECBT ichinpetena P Bsby dewtasingrthe sumber of
according tq OtCQSeeS:tfeIagehi ngs S%f H}l uc(:[Iirsclforsure, t he disclosure is not
limted to PI&E e?enﬁl’%r& Y PSTY A e Ui t s. Enbodi ments of the

di scl osure nmay bpoddii t abl YFeenpd oyethwiare anyd/cevisefewardi Citnplentdntdies, athe

menory devi ce, [0042] FI 9.is a block diagramillustraling a
desi g% wor k gictho Blﬁgi%l may I§L:implemented wi%:l mogulesg (e.g., procedures, nctigons, and so

on} that perform the functions described herein. Any machine-readable medium
tangibly embodying instructions may be used in implementing the methodologics
described herein. For example, software codes may be stored in a memory and
executed by a processor unit. Memory may be implemented within the processor unit
or external to the processor unit. As used herein the term “memory” refers to any type
of long term, short term, or other memory and is not to be limited to any particular type

of memory or number of memorics, or type of media upon which memory is stored.



used for circuit, layout, and |ogic design of a sem conductor
conponent, such as a nonvolatile nenory bitcell as disclosed above. A
desi gn workstati on 900 includes a hard disk 901 containi ng operating
syst em sofWQ&aH&0-éHport files, and design software sufRTAS2EHAEAYe
or OrCAD. The design workstation 900 al 48 incl udes a di splay to
facilitate design of a circuit 910 or a sem conductor conmponent 912
such as non-vol afgoly§ MENOITY imAedERELREFIRAUAAR o frRark! BY Fifl8Gors May be
tangi bly storing the circuit design 910 or the sem conduct or

conponent 9gRreds@ne oy 9ra ingfewntigns erl@de on elremputet-twadehle medivgo nipompits

912 may be e s ' 4 €. U
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pattern dat &2feHC Eefiazgan sempese BoM: ROk, EEEﬂQI\@_ PAPYeaurther optical disk
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unit. Merory mayjgage) mpl eﬁﬁﬁhﬁﬂﬁm& ﬁbﬁg%&?c&ﬁ%ﬁ&%@&fabl@%édi , ifSthEG R
to the processor unit. As used herein e term"menory” refers to any
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2012/ 003165 trafsE¢iS2A T Q42818 2ndiatiy© 08 biktrfctionghreiduni. €Thel instfuctitasaand data
and/ or software, thedgﬁnctions may be stored .as. one E&Jnnre . :

i nst ruct i on&gPIHBYED IhCalse eRfR TBP e RERESOT OB RNt B fHpAtiens pyilipgsuis
conput er - r egdapligs.medi a encoded with a data structure and
conput er -r eadabl e nedi a encoded with _a conputer program .
Conput er - r eadabl W0ddi a i feithoyels $PRGIEF csircuBhigs ebeedt sitafsthaeili willa be
storage medin BBy BemBRYIRYAIh §R £ dRdiorm bPd e

conput er. By way J%nganﬁie, énggnot _iﬁi?a%?o%f%gggﬁﬁm%ﬁﬁ%q§ﬁﬂug&j@
conput er - r epdaideghergidélasueanMoaopen sertaRAVELL REWN EERROMve@Dt R@R described,
ot her opticgl. di sk 0 netig. di sk ar r ot her ti.c
st orage dev??ggr%g}é%ﬁ§%g$ﬁgg§%%1Fuﬁg?25?3%gﬁuqgﬁﬁgg%npgm%¥%$%gﬁogcm
desi red proglamddogieal i’ inhertbiariooatibng, nad skildddi ia s ot appadciutesithial cHellogigal

and that can be accessed by a conputer; disk and djsc, as yse .
nerei i i noPUHRS e dRRarhe vi (Rt G sBout P e ghou
versatil e dufectinp¥pdratidd STIRYpreichkinddidioh] u-ray disc where di sks
usual l'y reproduce data magnetically, while discs reproduce data

optically with | H8d8ls. conbihieagh éhes pessent riscispipeanshisupdvaafages beve been
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addition to storage on conputer readable nmedium 1ns cti1ons and/ or
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“below” are used with respect to a substrate or electronic device. Of course, if the
substrate or electronic device is inverted, above becomes below, and vice versa.

Additionally, if oriented sideways, above and below may refer to sides of a substrate or



[ 0048] Al t hough the present disclosure and its advantages have been
described in detail, it should be understood that various changes,
substitutions and alterations can be nmade herein w thout departing
fromthe tWRRHBIHBUY of the disclosure as_defined by th@CIF[FeHABER0S2
clainms. For exanple, relational terns, dich as "above" and "bel ow'
are used with respect to a substrate or electronic device. O course,
if the subs : C | j [£Shd : Vi

bel ow, and o ot HERBIG AR AR drind RS S-ARALE BPERAER o by
bel ow may r &frgtedt to sheleparofular swbsedimente of theOprocess, machine, manufacture,
2012/ 003165P 42092 11 el.ectroni.c devi ce.. Mbreov .t he,
scope of 't nETBPETER Ot ED atatd pfBE, SR Ehe iR B SREBorat Py o
particul ar efrbedihargrgkdl of thdrertpwil esdily mpphtiae, fromnthkcadikdiosare, processes,
conposition of .matter, .neans, nethods tand steps described in the
speci fi cat i BRMAL GHEVBFUEP FORRPYHIQN o MART: Manyy Mqds. Prosiens) presently
appreci at e txigtig d1Qateh ®WeASUE16pedRhAGEFHRS sublBAIHINERe sdFRMh@fohWr 8chieve
conpositions of matter, neans, nethods, or steps, presently existing
or |ater toSHstagtsll tBpeame sl 35dhe erresramdngimbodimeptsidsecribadberpinmedyi bsn
or achi eve i Vialt a : r 1 :
enbodi nent sﬁggzs%gf#ggﬁidﬁetroeiiﬁg pza@%ﬁbgﬁﬂ?%uhz?d& g@é@%itﬁg Q?IS(;%F ﬂg c%lrnéss grr?t
di scl osur e. ingraed diondghioudet methap pleaud edorel aiighs pascessesnt enadiddest omamddctite,
wi t hin thei LomSY %nsugrqlagrro&eésnsser%t rT%cQgsqgsS, manuf act ur e,
corrpositiong et er e REan s ’rre?ﬁ% 5O o Steps. 12 CLAIMS 1. A
non-vol atile menory (NVM bitcell, conprising: a first NVM
one-time-wite element coupled to a wite bitline; a first wite
access transistor coupling the first NVNI one- tinme-wite elenent to
a ground, a gate of the first wite access transistor coupled to a
wite wordline; and



a first read access transistor coupling the first NVNMone- tinme-wite
elenent to a read bitline, a gate of the first read access transistor

coupled to a read wordl i ne. 2. The bitcell of claiml1, in which
the NVM one-tine-wite elenment is at | east one of a fuse, an
anti-fuse, and a magnetic tunnel junci2zon (MJ). 3. The bitcell of

claim1l1, further conprising: a second NVMone-tine-wite el enent
coupled to the wite bitline, a second wite access transistor .
coupling the second NVM one-ti nme- wGkaIMBenent to the ground, a gate
of the second wite access transistor coupled to an odd wite
word-1line; and a second read access transistor coupling the second

e, L Ao sl o RVAAY b, Samigt's

which the &i Qnaetlmermawenelﬁ:m@n&da@ fen ZvwiTi@ad
bitline and #j gl ol-e of the first read access transistor is coupled
to an even regad wordl i ne. 4. The bitcell ,of claim1l1l, in which the

read bitliadirst wiite acpesstiransistors codplmgvitie éirsttN WVl one4 ow
estance | e F Mol o oibaty § i S
whi ch the bi BOEESS sramszport edtipled Jorammytawaeyrdline; and
a first read access transistor coupling the first NVM one-
time-write element to a read bitline, a gate of the first
read access transistor coupled to a read wordline.

2. The bitcell of claim 1, in which the NVM one-time-write
element is at least one of a fuse, an anti-fuse, and a magnetic
tunnel junction (MTIJ).

3. The bitcell of claim 1, further comprising:

a second NVM one-time-write element coupled to the

write bitline,

a second write access transistor coupling the second NVM
one-time-write element to the ground, a gate of the sec-
ond write access transistor coupled to an odd write word-
line; and

a second read access transistor coupling the second NVM
one-time-write element to an odd read bitline, a gate of
the second read access transistor coupled to an odd read
wordline,

in which the first NVM one-time-write element is coupled
to an even read bitline and the gate of the first read access
transistor is coupled to an even read wordline.

4. The bitcell of claim 1, in which the read bitline is a low

capacitance line and the write bitline is a low resistance line.

5. The bitcell of claim 1, in which the bitcell occupies a
non-square die area.



7. The bitcell of claim6, in which the nenory array is integrated
into at | east one of a nobile phone, a set top box, a nusic player, a
vi deo player, an entertainnent unit, a navigation device, a conputer,
a hand- hel d personal conmunication systens (PCS) unit, a portable
data unit, and a fixed |ocation data unit. 8. A nethod of reading
froma non-volatile nenory (NVM one-tinme-wite elenment, the nethod
conprising: biasing a wite bitline coupled to the NVM one-tine-wite
el enent to zero; applying a high signal to a read wordline to switch

on a read acse%éﬂﬂmeelslt of clagph iMar krehiditbrebitcel] Wi gt redt

to a read b|t||ne a&%yyln a currént fromthe wiite bitlineto the
read bitl |lﬁ'é cess transistor and through the NVM

one- EI ne- vvrITt?e Fhenbntceilir@ftxﬁlam%tﬁtﬁtmt 1rcél1tt{:1Eth\e/%10 eafi‘rgl;y t
one-11 ne-w.l ne St aye e [0) WI’I e
oot %r#rzgﬁ@iwﬁ s Shdofa; PhoBe; Asehtd

bitline i smmlt mxa mdebtpiayegm enterﬂahnfﬂmmnmtgda gfaw

wite ac ﬁét;éﬁ'&ékﬁéét%ﬁﬁtﬁﬁsﬁ 2 AT Brafolil ﬁfﬁb‘?@l&%&f@n

11. The msystems (BES) 8nit,wa portablendats noit,camdra fixeddooatsen
current t qma e N\VMone-tine-wite element to a second sensed
current t different NVMonetine-wite elenent. 14 12. The
met hod of cl8i A8, nfethiddr odorpadingg ﬁMgmtmmg-Voéau\l/M memory

box, & midts VaVE} SRRy Pte SRR (e meftRid TofiRside>! tOP

navi gat i on dbsasiag a weniebetline cwmpleddOpﬁIesWMommlmmme

it 13 r%?%me@ %#%3 Lo a non-volatile momory (WM

one-ti me- wr i appdyengra highsigaaldo aveadiwordline to switchon a read
access transistor coupling the NVM one-time-write ele-
ment to a read bitline;

applying a current from the write bitline to the read bitline,

via the read access transistor and through the NVM
one-time-write element; and

sensing the current through the NVM one-time-write ele-

ment to determine a state of the NVM one-time-write
element.

9. The method of claim 8, in which biasing the write bitline
is performed by a column keeper.

10. The method of claim 8, further comprising placing a
low signal on a write wordline of a write access transistor
coupled to the NVM one-time-write element.

11. The method of claim 8, further comprising comparing
the sensed current through the NVM one-time-write element
to a second sensed current through a different NVM one-
time-write element.




isolating a read bitline froma NVMone-tine-wite elenent a read
access transistor; applying a wite voltage to a wite bitline
coupled to the NVM one-tine-wite elenent; and applying a high signal
to awite wordline to switch on a wite access transistor causing
current to flow through the NVM one-tige-wite element fromthe wite
bitline to a ground coupled to the wite access transistor. 14. The
met hod of claim 13, in which isolating the read bitline conprises
applying a low signal to a read wordline to switch off the read

ac tcess t ransi s§@r The afethBtboffeland 8f ﬁﬂﬁ{héﬂbéﬁlg{‘i%fiﬁ%ﬁ{lté@@fﬂgi ng
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ent er t ai nnerpphong; 2 setatopdionn adennsk; playenpat widea plajirel an

D hxod | o RrtAraBnE FIiEE rigtARution Heviod o bappu, & Hahd. and
anon- vol at i 1RRERERSRAL Ry BRUDE O S sels TRGS) Haltn 2 Fortahle: i ng
to the NVM ofata init; wnid a fexeddocatiomptath unit.he NVM one-time-wite
element; a wi rﬁg@ﬁ P | 1. B\ } (FWMt to
a ground, a :at:tls'.%# t he wrg)tfgﬂt.i?iaﬂ ?%t%oﬁMchu ggb@e\gigﬁffte wor dl i ne;
means for r GARETHHTIG-BVAILR EISMATEn D¢ Thelhpd COPLIRAE: and 15 a read
transi stor coupmolatinghe tedd ndine nfeom iz N ¥Mnene-timée-veriteadeng

nmeans, a gate Ofrﬁéﬁt é%g&%%@sz&%gﬁ@l ed to a read wordline.

17. The apparatus.of clarm he M. onetinme-wite el enent
s at least ondDBIYHIS acwnitEnvalegs ke wiitebubme grunledeigntiae c
tunnel junction NWN.one-time-write element; and

applying a high signal to a write wordline to switch on a
write access transistor causing current to flow through
the NVM one-time-write element from the write bitline
to a ground coupled to the write access transistor.

14. The method of claim 13, in which
isolating the read bitline comprises applying a low signal to
a read wordline to switch off the read access transistor.
15. The method of claim 13, further comprising integrating
the NVM one-time-write element into at least one of a mobile
phone, a set top box, a music player, a video player, an
entertainment unit, a navigation device, a computer, a hand-
held personal communication systems (PCS) unit, a portable
data unit, and a fixed location data unit.
16. An apparatus, comprising:
anon-volatile memory (NVM) one-time-write element;
means for writing to the NVM one-time-write element
coupled to the NVM one-time-write element;
a write transistor coupling a NVM one-time-write element
to a ground, a gate of the write transistor coupled to a
write wordline;

means for reading from the NVM one-time-write element;
and



18. The apparatus of claim 16, in which the reading nmeans has a | ow
capaci tance and the witing neans has a | ow resistance. 19. The
apparatus of claim 16, in which the NVMMonetine-wite elenent is
integrated into a nenory array. 20. The apparatus of claim19, in
which the nmenory array is integrated imto at |east one of a nobile
phone, a set top box, a nusic player, a video player, an

entertai nnent unit, a navigation device, a conputer, a hand-held

personal conmurgadtiransigtsevouplitlg uhic N¥ Mroakltmatwtité teleand
a fixed ocati on 0343 Hik'reading means, a gate of the read transistor
coupled to a read wordline.

17. The apparatus of claim 16, in which the NVM one-
time-write element is at least one of a fuse, an anti-fuse, an
elFUSE, and a magnetic tunnel junction (MTJ).

18. The apparatus of claim 16, in which the reading means
has a low capacitance and the writing means has a low resis-
tance.

19. The apparatus of claim 16, in which the NVM one-
time-write element is integrated into a memory array.

20. The apparatus of claim 19, in which the memory array
1s integrated into at least one of a mobile phone, a set top box,
a music player, a video player, an entertainment unit, a navi-
gation device, a computer, a hand-held personal communica-
tion systems (PCS) unit, a portable data unit, and a fixed
location data unit.



