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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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[0008] Thus, there is a need for a more reliable and higher performance

non-volatile memory bitcell.

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 clement 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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[0013] This has outlined, rather broadly, the features and technical
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. It 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. It 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.
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[ 0018] FI GURE 4 i[8018]ci r cuiRIGERefAas aciichit sshanadticnigustratiog empdxamplarp mon-
volatile memory bitcell with differential sensing according to one embodiment.

[0019] FIGURE 5 is a circuit schematic illustrating an exemplary array
of non-volatile memory bitcells according to one embodiment.

[0020] FIGURE 6 is 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
one 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
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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 clement 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
element may be a “1.” According to one embodiment, the current through the memory

element 302 is sensed by applying a voltage to the read bitline 324. If the voltage of the
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read access transistor 414 couples the memory element 412 to an odd read bitline 442
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
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The read bitlines 442, 444 are 2012/ 003165PCT/ US2011/ 042092
to wordlines RWL0 and WWL0O, RWLI1 and WWL1, RWL2 and WWL2, and RWLn
and WWLn. Although only four rows are shown in the array 500, additional rows may
be present.
[0036] Non-volatile memory (NVM) bitcells with separate write and
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 die area consumed by the
peripheral circuitry.
[0037] Performance of NVM bitcells may be further improved by
minimizing or reducing the resistance by selecting 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.



7 designed to have a | ow capacitance to inprove read operations w thout
affecting the ability of the NVMM bitcell 400 to handle |arge current wite
operati ors0 2p0B3{6Fl GURE 5 is a circuit schematic il |l usPcatisegiamoexenpl ary
array of non-volatile nenory bitcells ac8ording to one enbodi nent. An array
500 includes a nunber of bitcells 570. Each bitcells, such as the bitcell

570, includes a ry el epent 502 coupl.ed to a read access transistor 504
and a wite accég@rg])r ansi sWrTg?n selgctingna tﬁ@ﬁ%r%ﬁog}egﬁe%t“a@@%f?&cc’t%eg%?@%l I

570 is COUI%%% bPtHa pickii gncbwidth Re th MBI A Bakepedd Rfuthe a%w%@ 285S

transistor 506 is coupled to a wite wordline, WALO, and a gate 514 of the

read accesdransisiosiesistincS 00 bt adugipdreatlino rexistamad 60or 4l shoeer RWEIOresTheirzad
access transi.stor 504 couples the I | ement. 502.t0 a read. bitl.ine,
RBLO. The. THEL PERSEUE 455 SRE Pt eS a0 ChL i EE evias RS i Bneit 6855 o
sour ce |i ngjtcdl QidihiagNefRYivOeesift@iccesimR! BitlifkOHRIsBRcE @08 fdnthe pBLRR] The
bitcell 570 is repeated al ong col unms 550, 552, 554 corresponding to

bitlines RBlagsistatiropBiagce RH) B gavet WBL1, and RBLn and VBLn. Although only
three colums arge sh i¥Nn e Ay, 500, additional colums may be
FL AR b

present. The bit g s i%5 a ated al ong rows 560, 562, 564, 566

cor r espondiwt@rd @ isvae dhmb&so RNOpartdtMAALR), isRW BitlaedeMiibdce fRANLRIt ABighdWiZ, and
RW.n and WALn. Al t hough only four rows are shown in the array 500,
addi ti onal thoRccHeipighe. B dsBtProgranIsinssr Jors: ichistapesrgpy./ ugibeeef | s

W th separ ﬁ‘é}%uY“ﬁh & Ao RAtAS Rl | ows better read operation
performance,” | oweT read operatlon power consunption, and faster read

operation speed.[0089di t i on&lIGY/RIefak at gragh tithesttadng notckiagecs efid et adsi on
path from the high vol e wite operation th significantly reduces

peri pher al fwcﬁleaiq%tcelmgngék mr%g i PP%ﬁmPE‘%ElePEdgcﬁa%%Bé lﬁwa}ﬁs&& a
consumed byint h@oPgl bLFNEHR! reCibtafdd A4 ¥ -fuhQRAT PSRl arnmaae pic MM bigocald s may

be further inproved by mnimzing or reducing the resistance by selecting a
non- squar e ilhistretss longebne 704 a tH GUIREZS a 8 fandtiancefi bitest Heerghit.i d'hicl draggt 7044 i ng

i val ent ci i . I NVM bj t cel | i to.
o e oSl byt 8 BB TR B Bl 6oL RS VRS sibnce.
a resistanggighfl6 represents a bitline resistance, and a resistance 612

represents a source parasitic resistance. A transistor 604 represents a
col um sel ect t 80l st or, FAGHRE Briarisbloglodiagron rsepyvingetit sxemplppgwaricss

A e N R R
[ 0038] When agedegicbigdy ambldyee! IFogpampeidsofallistatdenfHIGORIUL Shdes eenremote
units 820, 830, and 850 and two base stations 840. It will be recognized that wircless
communication systems may have 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 8 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 8, remote unit 820 is shown as a mobile telephone,
remote unit 830 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, set 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



hei ght of the bitcell and width of the bitcell. Ataller bitcell results in
a |l ower programtransistor resistance 610 but a higher bitline resistance
606. A shwoterzdestesel | results in a higher program tran®C3UuseomnM®siost ance
610 but lower bitline resistance 606. Fo? a given bitcell width, an
effective resistance of the bitline resistance 606 and the program

transi stor resistance 610 is given by Reff = n * Rm* y + Rds [/ f_ *vy),
where n i s %ReOh GRBBHCHNHBIEOKR oY CRRDINGHPN jthcrepfe A lihaugh E@U%E ghce

per unit hejrghbiesYerhSte tullcﬂﬁ_s Qéc{oﬁ(ﬁhﬁ td 'k g@dtc%lin?g oBthe i L RuRY AR AL int OF

| i near resistance, and IS e hunber o ayout fingers inside the bitcell

| ayout . [ 0038}kl tGURESc7exesnpdaryriflpsiratdéd usits: aEimbgdemangs 6 thendisclofura nivyt bel | as
a function of .bitce]l height, accordin one enbodi nent. A graph 700
11 ot r at eSS PP e B S Qe e e PRRED S8 1 unct fon of bi t el
hei ght. The grapfo4390 al s@FIGURISYHrigtaesio@D daghdn@l1ukB4tify R desieB WorkitéBorS a
function of bitcell height. The graph 700 denonstrates that ‘a m ni num

resi st ance Used festciralipvdyeoubcinid dogie dasigm ohi a¢rmgadistdr deaipghent, JUGD4A9RROGURE 8
is a block _diaqram show.n n,.exenpl.ary w,rel ess c ni o] t 800
G S A
For pur poseisskod01i ddntishin@obemtind kSt s8ftw rey\suppbit ettcd, an® idesi g ké fw s GuctB830,
and 850 and two base stations 840. It will be recognized that w reless
communi cat i2d & 24 OFOTRAP -hhbe derign Vs stipe 769 alsa ineludes gdliphasetosfesiifabns .
Renot e uni ts,: 3Q,: 50, I ) , that
i ncl ude théi%%g%gf%glg%ltn%%o %ﬂlftgjld#gﬁ%%o%%\éhﬁf% S%%gé% 8‘2‘%8%‘?%3“%@?' any
devi ce contAistorapg modilid Py isapreoided dbicdagibine stooing \thé airclie daggoOYO o tthel |

di scl osed here, including th ase stat.ions, i t chi ng .devj ces, and network
equi prent . SEPEOREBOTIRBRENEY Mdr A Fﬁkulgﬁ?ﬁi-%’i Qe g s<pirQnouC BE SemRanghf on

840 to the gnemmie piNided 820ihcB3Grac@nieddnl Fdiy §URE SBrrhatNKuch! 8N@DSIBYP from
the renote units 820, 830, and 856 to base stations 840 [0041] In

FI GURE 8, I@BERuNThe 8RPages nsdown %8¢ mayritsi & CDRQRMHINED, herbtliskufiash 830

is shown as_a portable conputer, and_r te unit 850 is. shown . a, fixed
ocati on r HGREvAA NG PR e exB) EuERREah s AP v ERhaRT gk
renot e uni sdri@Yapp@rafiB Dok SoPARBSg ihﬁlﬁtcﬁ(k}ﬁb(ﬂ WRINEUMAbut 66 B aE hRBiusy St ens
(PCS) units, portable data units such as personal data assistants, GPS
enabl ed dewldes, navigation devices, set top boxes, nusic players, video

pl ayers, entert gj nt uni i | i a I such . er.

readi ng equi pmeﬁi)(?ﬁir any ﬂ(ﬁ é%éo)lécze\?% (Ozlgctﬁ%as Or}%%deo%%g}{%l% tgrﬁée‘tr#{?\évsggmgev@gw

2012/ 00316%R¢it LindhLidt 42022 didd for pho@lithodtHhy intSky, We hiak pattedhi dayfor

conbi nati on thereof Although FIGURE 8 illustrates renpte units according to
t he teachi ngdalofrite frolysuck)ag slgcaon peram fthograpbr dhe datggpay fusnerinchude {ogis e
exenpl ary ill}: t upi &.s rhodi f .t i SEl.0 y itably
rpl oyedt i fANSHR, B Mk as R SRRk or BR AR SR8 BT BRI 2
bl ock di agrsamlatidnsst Pravidigy datdesi te stongs hativon 904 dacifitatesahe dasign of ayout ,
and | ogi c design aof em conduct oy conponent, such as a nonyol atil e nory
bitcell as C&P‘é]g {218%1%1%%1@8%1}6 FyeRn twma?r}tc?ﬁévpg?%%% ¢ QUARFUOH sk
901 cont ai RifNYs QP eSrackiBPing e hRPh e b R4y, SUppOrt files, and design
software such as Cadence or OrCAD. The design workstation 900 al so includes
a display to fadf044dat e d&srgre offirmvaire cuint/od10sodiwage s amipbapraitasionr the

conmponent 912 such.as non-vol atil e .menpry. t or age di um 904 i s provided
or " cangi by dsiokiE e b fRefrienfioot Uh S e B et coruct e dushinent
912. The cioh§Uhit pa@sdre tl Gutiohd @leS@Hed ORI OTA S0 ARQRRB e A BleNRY dideh
stored on the storage medium904 in a file format such as GDSI| or GERBER

The st or agdangddly LimBlyingaynspectionsDrROMe Dy, ihdmplanonking fthashethedrlpsics or
other appr oL, Eg %géﬁh.]ﬁ?gFof WL r”%t?ww’eh&}d%?%%f b%“{t@&%‘ Qf}n?rﬁggogﬁgdes

a drive appara racceptihg 1 nput trom ng out pu
storage nedkeout@OBy 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 memories, or type of media upon which memory is stored.



[ 0043] Dat a recorded on the storage nedium 904 may specify logic circuit
configurations, pattern data for photolithography masks, or mask pattern
data for wenoelooswrsst e t ool s such as el ectron beam |ithogcaalsgo11/woriat a may
further include logic verification data duch as tining diagrans or net
circuits associated with logic sinmulations. Providing data on the storage

medi um 904 faciljtates the_design of the circuit design 910 or. the
seni conduct or calthent 9i%lnmlela%@?%a’sﬁtf%watrﬁénﬁi(eﬁmwaa?, tg? g&@%%@sm%?e

desi gni ng %ﬁﬁ@&%’%&ﬂﬁor‘@ﬁﬁf&tioﬁ@%ﬁdﬁ&fn @ccfﬂlﬁmegdaﬁﬁ'éjﬁféﬂiuﬁ?r EX@hSes

i npl enentation, the nethodol ogi es may i npl enented with nodul es (e.g.,

pr ocedur es indludectdngmesr-ramdibbomedip enbededpritt odatat simcfunnend corspuescrddbéel

herein. An chi ne-readabl e di um t angi.bl y enbodyi.ng instructions. mpy be
used 1 | nirRmeRAE! BRE istmone Sed deSpb EEa o e B R
sof twar e CoERpukRYtoPReThali£d Al sﬂo@%@'ﬁféﬁfd{n g RXAG Ul eTh U nRIRLP RS 841 bdNi t .
Menory may be i nplemented within the processor unit or external to the

processor @a¢assedABY s eempieeiei Myt Mayt & prammieroand’ nptefimitstiony sl coppatasf | ong
term shortg a{[d%f)lré]ri@g({ia %51;1 %6mﬂﬁs%°r%1\iri§(f)i\f ]ﬁﬁ;R(BIQI, %-Il{l[dp/lto?dofﬂtle? ogﬁxal disk
nenory of nunber’ o or type of media upon

particul ar 1r?ype 0 rmenories,;

whi ch nmenokyorige, atagh@tt disi\@o2idE Dt Ot GRigadiid K33Ed [d6v2E9 3r 30y bheAbktium
i npl enented in firmvare and/or software, the functions nay be stored as one

or more i ndkatuEn; nyser tociar depirad duREMepadcelid IS rReRfi INruGtieatpIr edata
| net ude complifis " SAAMA SafTBe! AcEREAHT0, WoblburIBhR ! ML UC LA nerein,

conputer-re e nedia enco conputer’ program Conputer-readabl e
medi a i ncl uddsdephymipec!dicd i)t krerstiet apécairede,aligifel storélgeiscegDMVIM, flaypbe any

avai | abl e nedi u at can be accessed a computer. By way of exanple, and
not 1inmtatf n?nrgsfa@ﬁraz _fNZ’felfer @a@%\m@’lﬁe@wdﬁ%_de@nﬁ%%ﬂ&c ViVISEEPROV
CD- ROM or  @¢h6fu@RfataCsdric Al Hith 1 QLRI TontRENRhS 6f e 380wl HoBREIL bdhBRHed
magneti c storage devices, ‘or any other nmediumthat can be used to store

desi red pr ogthamtheodepd of cohpufeoreadebleimmstia.ucti ons or data structures and
that can be acc by a.co ter; disk and disc used. her.ei.n, .includes
compact i so (T aser - 4 SRRIRRIA saEo B ompE Fef e PR d T Lo P D)
f1 oppy di sknaed dtdl-thay 8 SRovb&T &sdiigkss Usilatdnymisehoditdr diadldded in a
magnetically, while discs reproduce data optically with |asers.

Conbi nat i owsMETUINiGEORODEaBROUFY eyastPlher comMyaiEation rhparatuhdnasc bistidsfa
comput er-r %{%ﬁ&%‘v%r ﬁgv%g-i h&’l@g[@ciiéa@ivé%?"&s'tr?l&i&n% hh ARITHInGRRRNA Cind fab! e
medi um ins rUC%I ons a 8/gor al a may tl)e provi (fe as signals on transm sSi on

medi a i ncl ueecbrifigugedcroniaust Giat droMoRPPacatats to fapleaxanil fundioaooulined at i on
apparatus may include a transceiver having signals indicative of
i nstructi ot daSdata. The instructions and data are configured to cause

one or nore pro rs to 4 e f iQ Ll ihed,d he ! gl Ns.
[0047] Al t hough ig@‘@?fi c ci r%&?ﬁ%&@béggﬁs B R e g‘\}'thln fio fiff B
appr eci at edpprecibteddey thédel skdtbdiin thehet thiat ndthéltofniod dia¢lbsedfcitchigryds sajuoseé th

circuitry is required to practice the .disclosure. Mpreover, certair |1
known ci rc@rﬁcg%ﬁved%%qwbﬁ OFROY e, FHED ch_ﬁ RAVRCHCHIY %aaagl%heinﬁiﬁscr%e\ﬁ?

di scl osur €.t Rlaffithiathdts ol th0aLeBstRe SARSAY, RIthQLhtRE aés%riPﬁoﬂ RELS A logftal and
logical "1" in certain |locations, one skilled in the art appreciates that
t he | ogi cal“OVvandibgicehnl bie csuthindoestionsionh skiled metimiartdgpresfatasibatdhe ogidal

Pt o RS HAEM oW L S5RGBT, e on
affecting operation of the present invention.

[0048] Although the present disclosure and its advantages have been
described in detail, it should be understood that various changes, substitutions and
alterations can be made herein without departing from the technology of the disclosure
as defined by the appended claims. For example, relational terms, such as “above” and
“below” are used with respect to a substrate or electronic device. Of course, if the
substrate or clectronic device is inverted, above becomes below, and vice versa.

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



described in detail, it should be understood that various changes,
substitutions and alterations can be nade herein w thout departing fromthe
t echnol ogyoabi1zdegiedi scl osure as defined by the appendedPclraiSasLl/oFmp2
exanpl e, relational terns, such as "abovid" and "bel ow' are used with
respect to a substrate or electronic device. O course, if the substrate or
el ectronic device js.inverted, above becones bel ow, and .vi ce versa,

Addi t1 onal [PCTPRIC SFisht SPIS ¥yl SCORRRIVES RREEePBliFHE) it e?femtetnse@r%% of a
substrate Qfmith01¢0#2/ PARLARPCIMYSAHNLAO4E08% Tho&ls8ChiRAINE, ¥ Afcture,

Mor eover, the scope of 'the present application’is not intended to be
limted tocompophon bEmbter, mehiodmeenids and stepedgproessis, thagehifivetiomafsibact ur e,
conposi tion of .matter... nmeans, mnethods.and steps described.in the

Speti 11 cat PArrIREYoREof Sarar | SRl SHRGSHE AT v | A P aRPSei at o
from the dinsehRRYl RanFhQGRS $6MposTHEAY HE MattbBHEMG! tbfod§ WPQSHst iprient®f
matter, means, nethods, or steps, presently existing or later to be

devel oped tchistinger fagarie bederadenciddhatyperfhen sebptantialhy thegmeriuagtisney @chicve
substanti al | he. sane resul t he (respondi i descri bed
ner of n rmy BT PERETS b AT SRR LR s B e R b BN Ty

t he appendegiligdBut@rding tb thepagdnt distloslrddeAvddrdinglyt hig bpFEaape cRirdh are
processes, nmachi nes, manufacture, conpositions of matter, neans, nethods,

or steps. Wended1s9 ooslidspaithinssiein/soapgpch JDTOERFME MAGRiNGss Brafaede s: 1A
non-vol ati | | I ,sing: a first NVMone-tine-wite
el enent coSgwggﬁﬁgxgﬁayﬁ%%qt%@?ﬂ%g?gﬁﬂgf&%%Dfirst wite access transistor
coupling the first NVMMone-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 NVMMone-tinme-wite el enent
to aread bitline, a gate of the first read access transistor coupled to a
read wordli ne.



2. The bitcell of claim1, in which the NVM one-tine-wite elenent is at

| east one of a fuse, an anti-fuse, and a magnetic tunnel junction (MIJ).

3. The biwoebi2/mwBiesl ai m 1, further conprising: a secondPRVNISena/Oiooe- write
el ement coupled to the wite bitline; 12 a second wite access

transi stor coupling the second NVM one-tine-wite elenent to the ground, a

gate of the second wite access transgs or coupled to an odd wite

wordl i ne; and a second read acces&™Mpansi stor coupling the second NVM
one-tinme-wite elenment to an odd read bitline, a gate of the second read
access transistor goupledatrdap odd read wordline, in which the first

NVM one-tinme-wite elenent 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 df cl & pentyolatlevpgraery (N MebitreBi eammssing a | ow capaci t ance

line and the wite bitline is a |ow resistance |ine. 5. The bitcell
of claiml1, in ' itcell ' SAdhidl.e area. 6.
The bitcell of \gﬁglgl}nyymlo% %ﬁ?eﬁm?%fe\eﬂgeﬁmfgoe Il&lﬁg 4t eé)r%gﬁééd into a nenory

WO 2012/ 003165PCT/ US2011/ 042092 13 7. The bitcell of claim®6, in
whi ch the nmenor w fastrasiteiascdss tregeistdechbuphhg thetfirkte¥M ometimb-variteelinicat phwone, a
set top box, a nusic player, a video player, an entertainnent unjt, a
navi gat i on &R#AdeR gatg OE UPEYIICRCHEER Fapatier ‘f%‘PE’Sﬁ%P V@Hﬁﬂ@r@@&t? syst ens
(PCS) unit, a portable data unit, and a fixed | ocation data unit.

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 (MTJ).
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
clement to the ground, a gate of the second write access transistor coupled to an odd

write wordline; 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

arca.

6. The bitcell of claim 1, in which the bitcell is integrated into a memory

array.



8. A nmethod of reading froma non-volatile nenory (NVM one-tinme-wite

el enent, the nmethod conpri sing: biasing a wite bitline coupled to the
NVM one- twoeewaoswsel ement to zero; applying a high sigmalr/useoia/onmazi
wordline to switch on a read access transistor coupling the NVM

one-tinme-wite elenment to a read bitline; and sensing a current
t hrough t he NVM_one-tjnme-wjt l.enent ta deternmine a state of the NVM
one-time-write @ emerht vitcell of ciimydn iR deoRCRPRI #8), 1 lﬁte@Fﬁti‘E%‘? 45i ng

the wite hifdioe drSa RRGHIR FREhDYa ReCRIUBYx KEERELiC r‘Playelr, a wifleo ;B’Pa%{ef,reﬁr{md of
claim@8, further conprising placing a l'ow signal on a wite wordline of a

wite accesstertpaneinst onit,couphadgationt evideM @neerhputer, wai thenéihelve npersonal

11. The method of claim8, her conpri sing c ri he .sensed current
Lhr ough t nEORUMAHEOR PRSI XS SR ERTRRY G2 uED TR B RSP UFTERE Sofi bugh
different NVM one-tinme-wite el enent. 12. The method of claimS8§,
further conprisigng i m gEfadioTgeddnes MM aadatvoIRIWhichRdre (TBDtonkeHre-akitd east
one of a nobile phone, a set top box, a nusic player, a video player, an
ent er t ai nmskmaghithe mgthed ¢pgatipivs: devi ce, a conputer, a hand-hel d personal
comuni cation systens (PCS) unit, a portable data unit, and a fixed

ocati on data Ulkhiny o yric e AuTEL ROl RV WGLEL AR 21CRRBNELEH! | © memmry

(NVM one-tinme-wit enent, t nmet hod conpri sing:
2012/ 003165PCT/ US2011/ 042092 14 applying a high signal to a wite
wordl i ne to swi tapplyorg @ahighi signahde essad waninsttorswataionrigreadiacenss taosiftbow

t hrough the M opes<tine-wite el egent. .14. The nmethod of claim 13,
fur ther comphhSiege MW oat sy Tiecdamites preed biffge: an
sensing a current through the NVM one-time-write element 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.

12. The method of claim 8, 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.

13. A method of writing to a non-volatile memory (NVM) one-time-write

element, the method comprising;:

applying a write voltage to a write bitline coupled to the NVM one-time-write

clement; and



applying a low signal to a read wordline to switch off a read access
transi stor. 15. The method of claim 13, further conprising

i nt egr at iwQ 2012®00BMM one- tine-wite el enent into at | ea®CTarseoiof4m92obi | e
phone, a set top box, a nusic player, a Mideo player, an entertainment
unit, a navigation device, a conputer, a hand-held personal conmunication
systens (PCS) unit, . a p r%able data unit, and a fixed |ocation data unit.
16. An appar at ugppl¥ big riggnab oy WG atdling tsrHFl O RVKELCGRESSS (MRBSIHPY t e

el ement;  causindBRRSt [oPfioWirbhgioht NV nIYM QReind LiBFeNy | te el ement coupl ed
to the NVM onetinme-wite el enent; a wite transistor coupling a NVM

one-time-wite elenent to a ground, a gate of the wite transistor coupled
to a wite wordll#ne; Theamthddoe! dardindurtheogempesing/M one-ti me-write el ement;
and a read transistor coupling the NVM one-tine-wite elenment to the

readi ng neans, a 0 .re transi stor coupled to a read wordline.
17. The apparatﬁ%g%ﬁﬁcIEW%E%gawﬁhmhich the NVM one-tine-wite elenent is

at | east one of a fuse, an anti-fuse, an eFUSE, and a magnetic tunnel
junction (MIJ). applying a 1d8. sigita teeprad atoudlinafto sWittimo fifa, readnacshssatunkik@rr eadi ng
means has a | ow capacitance and the witing neans has a | ow resi stance.

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:
a non-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

a read transistor coupling the NVM one-time-write element to the 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 eFUSE, and a magnetic tunnel junction (MT]J).

18.  The apparatus of claim 16, in which the reading means has a low

capacitance and the writing means has a low resistance.

19. The apparatus of claim 16, in which the NVM one-time-write element is

integrated into a memory array.



WO 2012/ 003165PCT/ US2011/ 042092 15 20. The apparatus of claim 19, in which
the nmenory array is integrated into at | east one of a nobile phone, a set
top box, wormnrV3msayer, a video player, an entertai nmMeRCTAIS241,1/082092

navi gati on device, a conputer, a hand-hel3d personal communication systens
(PCS) unit, a portable data unit, and a fixed | ocation data unit.

20.  The apparatus of claim 19, in which the memory array is integrated 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.



