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[0002] Advances in technology have resulted in smaller and more powerful computing
devices. Such portable computing devices may include security architectures based on
one-time programmable elements, such as a nonvolatile memory device having one-
time programmable (OTP) memory cells. An OTP memory cell maintains a permanent
state once the cell is programmed. For example, polysilicon fuses have been used as
OTP elements. A polysilicon fuse memory cell can be programmed by applying a
voltage across the cell so that the cell is "blown" during programming. For example,
one-time programming is typically performed by blowing the silicon with a high current
(e.g., on order of milliamperes) for a relatively long time (e.g., microseconds). One
drawback of polysilicon fuses is that the integrity of the fuse is difficult to test before
blowing the fuse. Another drawback of polysilicon fuses is that a blown state is visibly

detectable, which may compromise security.
. Summary

[0003] A one-time programmable element based on magnetic tunnel junction (MTJ)
technology is described. The one-time programmable element is configured as a bitcell
having a first resistive memory element and a second resistive memory element. The
first and second resistive memory elements may each be MTJs. The native un-blown
state of a MTJ has a higher resistance and the blown state of an MTJ has a lower
resistance. A program signal can be applied to one of the first MTJ and the second MTJ
without applying the program signal to the other one of the first MTJ and the second
MT] to generate a non-reversible state at the bitcell. For example, the non-reversible
state may be generated by breaking down a tunnel oxide of one of the MTJs. When the

tunnel oxide is broken down, a permanent low resistance state is created.



technol ogy is described. The one-tinme programmabl e el enent is configured as
a bitcell having a first resistive nenory el enent and a second resistive
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[0007] Another particular advantage provided by at least one of the disclosed

embodiments is that prior to programming, operation of the bitcell may be tested.

[0008] Another particular advantage provided by at least one of the disclosed
embodiments is enhanced security in that visible detection of a programmed state of the

bitcell is more difficult than for polysilicon fuses.

[0009] Other aspects, advantages, and features of the present disclosure will become
apparent after review of the entire application, including the following sections: Brief

Description of the Drawings, Detailed Description, and the Claims.
1V.  Brief Description of the Drawings

[0010] FIG. 1 is a block diagram of a particular illustrative embodiment of a memory
device including non-reversible state programming circuitry and a memory cell

including a first resistive memory element and a second resistive memory element;

[0011] FIG. 2 is a diagram of a particular illustrative embodiment of a memory device
including non-reversible state programming circuitry and a memory array with magnetic

tunnel junction (MTJ)-based one-time programmable memory cells;



enbodi nents i s enhanced security in that visible detection of a programred
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[0015] FIG. 6 is a block diagram of a particular illustrative embodiment of a device
including non-reversible state programming circuitry configured to provide a

programming voltage to one of a first MTJ and a second MTJ of a bitcell; and

[0016] FIG. 7 is a diagram of a particular illustrative embodiment of a manufacturing
process that may be used to produce a wireless device including non-reversible state
programming circuitry configured to program a non-reversible state to a bitcell having a

first MTJ and a second MTJ.
V. Detailed Description

[0017] Referring to FIG. 1, a particular illustrative embodiment of a memory device
including non-reversible state programming circuitry and a memory cell to store data as
non-reversible states in dual-element cells is depicted and generally designated 100.
The memory device 100 includes a representative memory cell 102 and non-reversible
state programming circuitry 104. The memory cell 102 includes a first resistive
memory element 106 and a second resistive memory element 108. In a particular
embodiment, the first resistive memory element 106 is a first magnetic tunnel junction
(MTJ) element and the second resistive memory element 108 is a second MTJ element.
The non-reversible state programming circuitry 104 is configured to apply a program
signal to one of the first resistive memory element 106 and the second resistive memory
element 108 of the memory cell 102 to program a non-reversible state to the memory

cell 102.

[0018] In a particular embodiment, one-time programmability is achieved by non-
reversibly programming one of the two resistive memory elements 106, 108 in the

memory cell 102. For example, a program voltage may be applied to the first resistive



MIJ shapes and attributes of each MIJ shape; [0014]FIG 5 is a flow di agram
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clement 108. In a particular embodiment, the tunnel oxide may be a magnesium oxide
barrier layer within an MTJ and the program voltage may be greater than approximately

1.3 volts.

[0019] When the tunnel oxide of one of the resistive memory elements is broken down,
a permanent low-resistance state is created. For example, once blown (e.g., once the
tunnel oxide is broken down), a resistance of the blown resistive memory element may
be approximately 250 ohms. A native un-blown state of a resistive memory element
may be a higher resistance, for example 2500 ohms. For example, as illustrated in table
110, if the first resistive memory element 106 is blown and the second resistive memory
clement 108 is non-blown, the data stored at the memory cell 102 may represent a logic
“1" state. Alternatively, if the first resistive memory element 106 is non-blown and the
second resistive memory element 108 is blown, the data stored at the memory cell 102

may represent a logic “0" state.

[0020] In a particular embodiment, prior to programming a non-reversible state to the
memory cell 102, the memory cell 102 may be used as a many-time programmable
(MTP) cell by applying a write voltage (as opposed to a program voltage) to the first
resistive memory element 106 or to the second resistive memory element 108 to store a
reversible value to the memory cell 102. Examples of MTP cells are further described

with respect to FIG. 4. Use of the memory cell 102 as a one-time programmable (OTP)
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time programmability. In addition, original equipment manufacturer hardware keys
may be utilized with one-time programmability for provisioning, user information,
digital rights management, etc. In addition, electronic devices that incorporate the
memory cell 102 may be less susceptible to tampering due to de-processing and less

susceptible to data manipulation than polysilicon based fuse systems.

[0023] Referring to FIG. 2, a particular illustrative embodiment of a memory device
including non-reversible state programming circuitry and a memory array with magnetic
tunnel junction (MTJ)-based one-time programmable memory cells is depicted and
generally designated 200. The memory device 200 includes non-reversible state
programming circuitry 202, test circuitry 204, and a memory array 206 with one-time
programmable (OTP) cells. The memory array 206 may include other memory cells,
such as other MTJ memory cells, that are non-OTP memory cells. The OTP memory
cells and the other MTJ memory cells may be manufactured using the same techniques.

The memory array 206 includes a representative first one-time programmable cell 208
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the first one-time programmable cell 208 to generate a first non-reversible state (e.g.

logic “0”) at the first one-time programmable cell 208. Alternatively, the non-reversible
state programming circuitry 202 may apply the program voltage via the bitline 232 to
the second resistive memory element 214 of the first one-time programmable cell 208
without applying the program voltage to the first resistive memory element 212 of the
first one-time programmable cell 208 to generate a second non-reversible state (e.g.

logic “1”) at the first one-time programmable cell 208.

[0025] Similarly, the non-reversible state programming circuitry 202 is configured to
apply the program voltage via the bitline 240 to the third resistive memory element 216
of the second one-time programmable cell 210 without applying the program voltage to
the fourth resistive memory element 218 of the second one-time programmable cell 210
to generate the first non-reversible state at the second one-time programmable cell 210.
Alternatively, the non-reversible state programming circuitry 202 may apply the

program voltage via the bitline 242 to the fourth resistive memory element 218 of the
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Alternatively, prior to applying the program voltage to the second resistive memory
clement 214 of the first one-time programmable cell 208, a write voltage may be applied
to the second resistive memory element 214 to store a reversible value to the first one-
time programmable cell 208. After applying the write voltage to the second resistive
memory element 214, the second resistive memory element 214 may be read to test an

operation of the first one-time programmable cell 208.



referenced in that conplenentary cell values are maintained at the first
and second resistive nenory elenents 212, 214 (e.g., the tunnel oxide of
one of thwonerimsitse menory el ements 212, 214 is bl own woirlus2dath@4dsonnel

oxi de of the other one of the resisti#se nenory elenents 212, 214 is

non- bl own). The non-reversible state can be sensed by conparing a val ue
read at the first resistive nmenory elenent 212 to a value read at the
second002%i st i vdn apaticylas pahediment ghq tairg resishiye ey iclegneat 31 qand that ¢ he
bitline 23 | ikl 3 | e "
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TTrst rasi Seryee BEYERERATY CSRenk Sl el Rdadniens FOeridnsBer at i on of t he
first one-tinme programmable cell 208. Alternatively, prior to applying the
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el ement  214uirets bed lodgék tied estcdtd Regamtjodysilidontihie dém&its.one-ti me
programmabl e cell 208. WD 2012/ 018918PCT/ US2011/ 046429 8 [0029]1n a
partic r enbodj nent, the third resistive nemory. el enment 216 and the
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first resisfiyss m&l’%ﬁi fa a fild r&ivE BRREE OReheh €51 054dVils FBIP cYi sy £ Ment
214. In a particul ar enbodi nent, the resistive nmenory el enents 216 and 218
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vol t age where.t he ite voltage is |lower than. .th gram vol tage (e.qg.,
nas a ) overOREGHNE BHEOTHAA PTHETBFoRs S0 e BE& b SUE ng the T osi sti ve
menory el ement 216 or 218 to enter a reversible state. [0030] By using MIJ
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hi gh speed progranm ng may be achieved due to the smaller currents and
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The read column select circuitry 320 is configured to receive address data 340 and read
data 342, and to provide an input to the sense amplifier circuitry 322. The sense
amplifier circuitry 322 is configured to amplify a differential signal at the pair of
bitlines 332 and to generate a data output signal (Do). The write data circuitry 328 is
configured to latch received data input (Di) 362 and a write signal 360. The write
column select circuitry 330 is configured to latch received address data 340. The write
data path circuitry 326 is responsive to the write data circuitry 328 and the write column
select circuitry 330 to apply signals to the pair of bitlines 332. The word line generation
circuitry 324 is configured to selectively bias a word line 334 in response to the address

data 340, a read signal 350, and the write signal 360.

[0033] The bitcell 302 includes the first resistive memory element 310 and the second
resistive memory element 314. In a particular embodiment, the first resistive memory

element 310 comprises a first magnetic tunnel junction (MTJ) and the second resistive



[0031] Referring to FIG 3, a particular illustrative enbodi nent of a system
300 includes a bitcell 302 having a first resistive nenory elenent 310 and
a second westdizasnenory el enent 314 and al so i ncl udi ngcmars201@0e6439 bl e
state progranmng circuitry 304 configured to provide a progranm ng voltage
to the bitcell 302. [0032] The programm ng circuitry 304 includes read
colum select circuitry 320, sense anplifier circuitry 322, word |ine
generati on neqmQryictameng gempiics & scenael "“Ebt Bhfz:bltC@Uﬁ@?yncélz@s afirpiascesat a
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332. The re unn s Clrcul I's confrgured to recelve address
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wite data h circuitry 326 is onS|ve to ta circuitry 328
And thewr (P tERER SrSCRTorPEA ¢ 1y ety Qubr ol S 6 The pair of
bitlines 332. The word line generation circuitry 324 is configured to
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read S|gnal 350, and the wite sﬁgnal 360. [0033] The bitce 302 |ncludes
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310 conprises magnetic tunne Jjunc e secon

resistive b%&l?@dilﬁﬁﬁﬁét&%@[&&és&&lrbb%m&a@ phEihinig] @rcaitty 0NN ppKk a
second MIJ. The bitcell 302 includes a access transistor 312 coupl ed

to the firdhe Npgragyrlipgs toths seeomd M&ékﬁsﬂ%hgg@;kw wilpud apply g the t he

second MrIJ 4. it rd, ﬁ i e B8 ¢ bt 2B RERS- jestor 312
ray have aPfian kR e B SRR oo B2 ¢ bR SRR A0S Ot e
transistorsemﬁmnmyMM&Méoa.tunnel oxi de with oxide thickness T2 315. The

oxi de thickness Ti 311 may be substantially simlar to the oxide thickness
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non-rever sitiR] §tiaé 6f MEFLSMMT B @ Br6aM ddwh BtiRE T A&Pnénent low resistance
state of the first MTJ 310. In a particular embodiment, the tunnel oxide may be a
magnesium oxide barrier layer and the program voltage may be greater than
approximately 1.3 volts. After the tunnel oxide of the first MTJ 310 is broken down, a
permanent short or low resistance state of the first MTJ 310 is created. For example,
once blown, a resistance of the blown first MTJ 310 may be approximately 250 ohms.
A native un-blown state of the second MTJ 314 may be a higher resistance, for example
2500 ohms. In a particular embodiment, a state of the first MTJ 310 (e.g., blown) may
be maintained as complementary to a state of the second MTJ 314 (e.g., un-blown). The
sensing of the bitcell 302 is self-referenced in that the non-reversible state can be sensed
by comparing a value read at the first MTJ 310 to a value read at the second MTJ 314
(e.g., by comparing a signal at the pair of bitlines 332) without a separate reference

voltage.

[0036] Referring to FIG. 4, particular illustrative embodiments of shapes for a one-time
programmable magnetic tunnel junction (MTJ) bitcell are depicted and generally
designated 400. A first MTJ has a substantially ellipsoidal shape 402, a second MTJ
has a substantially circular shape 404, and a third MTJ has a substantially circular shape



a programvoltage to the first MIJ 310 of the bitcell 302 w thout applying
the programvoltage to the second MIJ 314 of the bitcell 302 to generate a
non-reverwokbe/asase at the bitcell 302. Alternatively, pciaspanssaeer si bl e
state progranmng circuitry 304 can apply the programvoltage to the second
MIJ 314 of the bitcell 302 wi thout applying the programvoltage to the
first MIJ 310 of the bitcell 302 to generate the non-reversible state at

t he bit cel H08emallrgbasihrsecoad Pl eArrpws dlystpteicxamales efpegngtisipomeieobr ogr am
vol t age na i I13 Ji: 310 t k down
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particul ar enbodi nent, the tunnel oxide nay be a nagnesi um oxi de barrier
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the first J 310. (e. g,,50l 0 may be i i he s conpl enentary to a
State of ¢ HOVLESHETHRS BITS (Lo THraR T TAg0 oS- SR TG B cehett el
302 is sel fihd @fipyord 84TJ 402t that firkeuxDOBndtB MO8 Sidatee tlﬁh%ts%c&ﬁlrhxbﬁleﬁ%[iﬁﬁg by
conparing a value read at the first MIiJ 310 to a value read at the second

MIJ 314 ( e.t@enablgalicnmsar hgagnosic gimanenst inttheMidi402an piatleliand gnpayallgl t hout a
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t unnel j unctdéond réNdFsihlcbiiTRelate. ar e depi cted and general |y designated 400. A
first MIJ has a substantially ellipsoidal shape 402, a second MIJ has a

substantjally circular shape 404, and a third MIJ has sybstantjally
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of each of the MIJs 402-406 as illustrative, non-limting exanples.
[ 0037] The Midvwstate, thhecaindiMEDb#@ainag haype #0iBtahashafvry-tstetdnehshighe when t he

MIJ 402 is non-bl ) enin.t bj - st abl ate, t 40 have
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resi st ance rKidthith R Bo@-(¢.g., 2500 ohms) of the second MTJ 404. In the blown state, the
second MTJ 404 may have a resistance at the blown resistance R Blown (e.g.,

approximately 250 ohms).

[0039] In a particular embodiment, the third MTJ with the circular shape 406 has a
smaller diameter than that of the circular MTJ 404 such that the third MTJ 406 is in a
meta-stable state when the third MTJ 406 is non-blown. For example, in the non-blown
state, the third MTJ 406 may have a resistance at a point between the high resistance R
High (e.g., greater than 3000 ohms) of the third MTJ 406 and the low resistance R Low
(e.g., 2500 ohms) of the third MTJ 406. In the blown state, the third MTJ 406 may have

a resistance at the blown resistance R Blown (e.g., approximately 250 ohms).

[0040] Referring to FIG. 5, a flow diagram of an illustrative embodiment of a method of
programming a non-reversible state to a bitcell having a first magnetic tunnel junction
(MTJ) and a second MTJ is depicted and generally designated 500. As an illustrative
example, the method 500 may be performed by the memory device of FIG. 1, the

memory device of FIG. 2, the system of FIG. 3, or any combination thereof.



greater than 3000 ohnms). In a blown state, the MIJ 402 may have a

resi stance at a blown resistance R Blown (e.g., approximtely 250 ohns). In
a parti cuenoennsgdsnent, the ellipsoidal MIJ 402 has a Pcrais2@tiosssbengt h
403 greater than a second axis | engtht1405 to enabl e alignnment of magnetic
monents in the MIJ 402 in parallel and anti-parallel states, corresponding
to a first reversible many-time programmable (MIP) state and a second

rever 401d VTP gt & aphoBS R Progsap apttageup die ifasHdd wiita voltage megdssapd) wit h
the circul 1,S. - I t ate n 404 is
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t han 3000 ohns) of the second MIJ 404 and the | ow resistance R Low (e.qg.,
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greater than 3000 ohns) of the third MIJ 406 and the |ow resistance R Low

(e.g., 250@leoiams) 06l Klge 1t ticrsdeauRt FedgBe memaeryeldshenid 1408k 1E. 2t prethehi rd MIJ

406 may have a .,resistance at. the istance R Blown (e.g.,
appr oxi mat éF?nﬂgﬁsl%Wﬁﬁe.mﬁ%ﬁmq%?Lf&ﬁlgfgo FIG 5, a flow diagramof an

illustrative enbodi nrent of a nethod of programm ng a non-reversible state
to a hoo42¢l | haHoRgxandle, th¢ tdB@rmittyc2d4umnnebe porfiiut@ino (&l dne andod econd MIJ
is depicted and generally designated 500. As an i|lustrative exanple, the
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to the bit cld first eesistive memolyt dg@cmedl 2he stappd tevdrsible value to the first one-time
programmable cell 208. After applying the write voltage to the first resistive memory
element 212, the first resistive memory element 212 may be read to test an operation of
the first one-time programmable cell 208. Alternatively, the write voltage may be
applied to the second resistive memory element 214 to store a reversible value to the
first one-time programmable cell 208. After applying the write voltage to the second
resistive memory element 214, the second resistive memory element 214 may be read to

test an operation of the first one-time programmable cell 208.

[0043] A non-reversible state may be generated at the bitcell by applying the program
voltage to the first MTJ of the bitcell without applying the program voltage to the
second MT]J of the bitcell, at 506. In a particular embodiment, the program voltage may
be generated by the non-reversible state programming circuitry 104 of FIG. 1, the non-
reversible state programming circuitry 202 of FIG. 2, or the non-reversible state

programming circuitry 304 of FIG. 3.

[0044] The first MTJ and the second MTJ may be maintained as complementary cell
values, at 508. For example, in a particular embodiment, the program voltage may
cause a tunnel oxide, such as the tunnel oxide having thickness T1 311 of the first MTJ
310 to break down, resulting in a permanent low resistance state of the first MTJ 310.

After the tunnel oxide of the first MTJ 310 is broken down, a permanent short or low



to the first MIJ to store a reversible value to the bitcell, at 502, and
the first MIJ nay be read to test an operation of the bitcell after

app! yi ng wbeowdisasvol tage to the first MIJ, at 504. | npraTpsedilowsay

enbodi ment, the bitcell may be the nertory cell 102 of FIG 1, the first
one-tinme programmable cell 208 of FIG 2, or the bitcell 302 of FIG 3. In
a particular enbodinent, the first MIJ may be the first resistive nmenory

el enent 106esftancectaterof thy frst MER 310ds icepiode Frpemyplalcage hlowp aresfstancs, 2, or
the first resi sti : n 1 may be
t he second O(r?gﬂseﬁ;sl{“ﬁ g ?Enemrr%jf/%ﬂierﬁgﬁg%\ 3 1§p]1r 8@8%1‘[%5?%9 glirflgt %éltats]g%gﬁg%?gl S%#i ve
menory el emtic 2dghdo¥ITFRGE nidy bera Hifter seitwdaide fos esdnple 2 htsiiys. ehesmnt a 314 of
FIG 3. [0042] For anple, the test circuitry 204 may be configured to test
one or nor SSLapNg of et thré“}/(ea%-r%Wﬁb@aﬁpfi&a@@nﬁg BYFARMPREIEMO3f t he
cell's of tQ@u%ﬁ%ﬁ@%@éﬁ&@@gsF@ge.g,xaﬂ’eﬂo%mgpr' or to applying the program
voltage, a wite voltage may be appfied to the first resistive nenory

el ement 212 to store a reversible value to the first one-time programmble
cel | 208I5] Af t er Tappbyirexprsible statd mey bobe¢mgd by comparinfg a wtlug wesd st the éirstenor y

el enment 21 e first resjstive ry, e nt 2 be read to test an
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store a reversible value to the first one-tine profgram‘rable cell 208. After
appl yi ng t lsempptinga gighaldge., esutrhet os acwttded)eeddsat ithaetinyedd 3 18 laadentengl 4, t he
second resiSti nt 214 may be read to test an operation of the
first one- tr?argeﬁgl}eg%ggﬁmggq%ell 208. [0043] A non-reversible state may be
generated at the bitcell by applying the programvoltage to the first MIJ
of thdgomie]cel | WIGheuta Epat Yiaggnt dfeanpmagidanent off b ageldse comeuatatndddide of
the bitcell, at 506. In a particul ar enbodj nent, (tih% prfgr ﬁ]vol age may be
gener at ed @90 AYNE JALFeXFETFE g RPGRaETHAE G Y ABY & OH ltnP@ PFIG 1,
the nonr ever.si bl enshatigndloR LA hita Cobfd MF V6RO A HAfwiFIGs ofmnfhidafien
non-rever si b%g state rogroagm' ng I(E:t?a}cuci try 304 of Flwcli 3. ¢ 0044]1 The first
MIJ and t helesiee 66@ nef be mmylcbentrdian igiortellc asrebsapleetmemt deyicethlat ingmldees,  at
508. For exanple, in a parti.cuylar enmbodi nen he ram vol t may cause
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first MIJ 310 to break down, resulting in a permanent | ow resistance state
of thegod47mst MIIh3hGn-r&dréblelshe %@fﬁ%{mﬁ icdleuiay ahB®itbdll mblulihh #4Qands br oken
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may be mai ntained as conplenentary to a cell value of the second MIJ 314
(e?/g. un- Bqlade)ip the mernrortpy 632 or rnayybe a separate device. Although the non-reversible

state programming circuitry and bitcell including first and second MTJs 664 is
illustrated integrated with the memory 632, in other embodiments the non-reversible
state programming circuitry and bitcell including first and second MTJs 664 may be

external to the memory 632, such as embedded in the processor 610.

[0048] In a particular embodiment, a display controller 626 is coupled to the processor
610 and to a display device 628. A coder/decoder (CODEC) 634 can also be coupled to
the processor 610. A speaker 636 and a microphone 638 can be coupled to the CODEC
634. A wireless controller 640 can be coupled to the processor 610 and to a wireless

antenna 642.

[0049] The memory 632 may include a computer readable medium that stores

instructions (e.g., software 635) that are executable by a processor, such as the processor



[ 0045] The non-reversi ble state nmay be sensed by conparing a val ue read at
the first MIJ to a value read at the second MIJ of the bitcell, at 510. For
exanpl e, wbeopensasanplifier circuitry 322 may be confi gorag2dio/ogaper at e
the output Do in response to conparing a signal (e.g., a current or a
voltage) read at the first MIJ 310 and a signal read at the second MIJ 314.
[0046] FIG 6 is a block diagramof an enbodi nent of a wreless
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circuits of FIGs. 1- operates 1 n actordance wt any
conmbi nation thereof. The nonreversible state progranming circuitry and
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state progranm ng circuitry and bitcell including first and second MIJs 664
may be ext devigp 68@antheporseroupplgIz4 asuedvpled te tiveysiet-¢mchinglepico6édsor 610.

00438] | i cul : [ : i Spl | ' dt
e e B Y IR R BB o SRRSO 5o G0 B RURIEL 0o,
can al so behcoym RFide®30NBe ppakesEw, tHeIlicrophseedss thebsiclagsdnéenih 64D phone

638 can be coupled to the CODEC 634. A wireless contraoller 640 can be
coupl ed t o 2hECHBCESYRNY BAbargsatarrnl o Hesasteronartip Apdceaz?. Heysver,

20127 0189135 REALA 040020 638 (A gtgc}%gi%y%%})ﬂh@ g%éaﬁl@r &3, tah rdpfign By

include instructions't are éxecu a conputer t6 apply a program
vol t age t o 688fthe stireMEd arftenigp. 642t el thie petver @ppht 64decambrooypled to a component

of the system-on-chip device 622, such as an interface or a controller.

[0051] The foregoing disclosed devices and functionalities may be designed and
configured into computer files (e.g. RTL, GDSII, GERBER, etc.) stored on computer
readable media. Some or all such files may be provided to fabrication handlers who
fabricate devices based on such files. Resulting products include semiconductor wafers
that are then cut into semiconductor die and packaged into a semiconductor chip. The

chips are then employed in devices described above.

[0052] FIG. 7 depicts a particular illustrative embodiment of an electronic device
manufacturing process 700. Physical device information 702 is received at the
manufacturing process 700, such as at a research computer 706. The physical device
information 702 may include design information representing at least one physical
property of a semiconductor device, such as the memory device 100 of FIG. 1, the
memory device 200 of FIG. 2, the system 300 of FIG. 3, or any combination thereof.
For example, the physical device information 702 may include physical parameters,
material characteristics, and structure information that is entered via a user interface 704
coupled to the research computer 706. The research computer 706 includes a processor
708, such as one or more processing cores, coupled to a computer readable medium

such as a memory 710. The memory 710 may store computer readable instructions that



el ement 106 of FIG 1) of a bitcell (e.g., the nmenory cell 102 of FIG 1)

w t hout applying the programvoltage to a second MIJ (e.g., the second

resi sti vewoanyoisaenent 108 of FIG 1) of the bitcell trorgspenataa
non-reversi ble state at the bitcell. 40050] I n a particul ar enbodi nent, the
signal processor 610, the display controller 626, the nenory 632, the CODEC
634, and the wireless controller 640 are included in a systemin-package or
syst em on- @kt gregeigbledo eppe thapracassart 08 e Hﬁn&f@m@)ﬂieméml,caléiéVliCﬁ puerneggigince 630
and a power. ; -chi p device 622.

Mor eover , i7rq§gcpg%r¥?]’?§x§fhg%ﬁle§ 0 %t??lél%{t(?g%%?ﬂt?ﬁléﬁgaﬁ ([a%dﬂ?h FIG 6, the display
devi ce 628, the input device 630, the speaker 636, the m crophone 638, the
wi r el ¢8653dnt enndn 64articahd ctnbedipane theslippiyyfil6 442 arcdudex beleaslont dath tide

syst em on-chi p..devi ce 6%2. vveve.rf each OEF t he di spgeay devj ce7 228, t he

i nput  devi ¢¥ludine therEnsioaardresseniarRation. ¢ FepREPIedac bRE Werdr&&y ant enna
642, and t hg | RRVElbLEAHAR ¥mBbAdEAT RE 1O URNEEN S £ d&/iGOMBOREIHeOhe higho

system on-chip devicé 622, such as an interface or a controller. [06%1] The
f or egoi ng dicsict d8@df Hvilc edcapethatmeluidontht imdnesy dayich20@esFlghdda derdce

configured into.c uter files g, RTL, GDSII .. RBER, , et.c.) siqred on
computer - r S ERAR e ioiTgls. &k cpimpisatinglhe s ibyieg o
fabricati onshandlaglefecnbricldefith eabmatey (KBA) RASEZY.ON such files. Resulting
products include sem conductor wafers that are then cut into sem conductor

di e and gickaged into a sem conductor chip. The chips are then enployed in
devi cd@03#dscri bddedbeve filg DEbPpEbGuser insprisngion Wil thiedlAfoal 72Q8t# at i ve
enbodi nment . I i fagt urj . j.cal
dovi ce 1 nf SEriaf PafbBES ! PR Aol 36, e AR BARER A LalPYTHE e
as at a reseapledtocompmibey 7 M) 6TheTHIRA pbyisi20ahaydevdtaed anpocodi arctdRlc my

i ncl ude design i.nformati on representing at | east one physic property of a
seni conduct! rgignsc hespeRons e eﬂﬁ%wsea@&ﬁteéf%e CBFPRICE/ fino ‘_{eﬁ’énr?em)r y
devi ce 200 c%uiﬂn@luﬁ%lg 4 E‘fvi HhERIBEQ R mchiGry %vzié’ef 1R Fe@MPI NakiQnnjdher eof .

For exanple, the physic evice I nformation may 1 ncl ude physi cal
par anet er s indledes theamembhar davieri08tof ¢$G. Aradlesice dledt unrcdudes thor systemod00tdfat i s

entered vi ser interface 704 coupl to th esearch conputer. 706. The
Fesear ch' e HGubar EomhER Gt Goobl Qb 708 1 SR Gemalie tareris e
processi nNg defER Somp@EPY BOmhPe@e CAMRUIREgh BRFAR tRnMRdiviHTR §4t¢ htéFad 77RNDI Y
710. The nmenory 710 may store conputer readable instructions that WO

2012/ 01891 8Patedispihe de0gsapaputdr Hide Tokatgriabeseen vfematien 7R2 mpy dededor 708

to transform.the physi cal devi.ce information 702 to conply. with a file
e e Sy R L R g R

f or mat andd?o genera

enbodi ment detibe, dutbhad Yeviied BathihdulddctheldRmond dévvast00srrIdal ga ddvii& thaxc! udi ng
the transfornmed design information. For exanple, the i braré file 712 may

i ncl ude a IPudes yhoyncani daHerOPOf Fifavi.@gdevich dhaldnchelcs theevpiem 301 i ncl udes
t he nenory Vi C . Fl: i [Walel y device
200 of 71 &G o bR BbRL ikroef, B8 MR B chPEL TR bR TERRGY S0V
conbi nat i ornindlinkridedtifichtied of arficidmi deditt andusrtiohdhipsan oo etehmnisdndesi gn
autormati on (EDA), tool 720. . . . .. :

circuit design, positioning information, feature size information, interconnection

information, or other information representing a physical property of a semiconductor

device.

[0055] The design computer 714 may be configured to transform the design
information, including the circuit design information 722, to comply with a file format.
To illustrate, the file formation may include a database binary file format representing
planar geometric shapes, text labels, and other information about a circuit layout in a
hierarchical format, such as a Graphic Data System (GDSII) file format. The design
computer 714 may be configured to generate a data file including the transformed

design information, such as a GDSII file 726 that includes information describing the



[0054] The library file 712 may be used in conjunction wth the EDA tool 720
at a design conputer 714 including a processor 716, such as one or nore
processi ngocor@ragIieoupl ed to a menory 718. The EDA t ool p¢2somy/ob&2st or ed
as processor executable instructions &t the nenory 718 to enable a user of
t he design conputer 714 to design a circuit including a device that

i ncl udes the nenory device 100 of FIG 1, a device that includes the nenory

devi ce 200 mefmary devige 180 geliG d. theanemery|dgriss 20 ef Elfs2e theaoaem300106F1G; or
any conbi nat | y 1] ry fi 712, F I . of
he dest gn conmber anyonseel B PRl pE kol E DRI, To B PE )ser
interface Rddaotip gy inolidbenfdesitin coaepivndingtd 4.sysiha-oi-¢hip (SOdethiagn

information 722 may include design information representing at |east one
physi cal pﬂ%‘é‘fetsﬁh%melém@’e‘?dﬁV&fGnl@Q@EgllGd]e?ﬂiE at Ay clidesaqdiiqnabelefERNIS nel udes

the menory devi s 18R 8hedil Githik thds@evi ce that includes the nmenory device
200 of FIGF %% a gev?E% % at Pncruges'the system 300 of FIG 3, or any
conbi nation thereof. To illustrate, the circuit design property may include

i dent i[00564t i on dthc APl dild 226 why beirdcsivahdt a Bbatitmnghogss 728 othanfatenent s
in acircuit design ositianing, ipnformation, feature si i nf or i on,
|t or connedds BRTPHT s Rgeto0iet TR Ll PeRbh febiss DR fEocedfi AT ca
property ofFi@. $&¥a6P6binafio@kiee act@aRzltd Rendesmhdinformptiéein tRd &DBAY be
configured to transtormthe design information, including the circuit

desi gn i nf dHer&26. orpreagmpleoa devipt papitaetuee frp¢ass gy ngaludemyoyidingghe @SIL t he
file fornmaty i NGl d e_hi I fo t nt {.ng

pl anar geoé%??%gEéﬂgg%gggﬁé%Fm%%zg?%fmgﬁgg%%wgﬁgﬁﬁgg%%§ng%ﬂé§%§€6ggcircuit
| ayout in astd eftapadiotithbgfaphitBtocesiuphilastrac@aapipecsbatativéSyatierd2 el 1) file
format. The design conputer 714 may be configured to generate a data file

i ncl udi ng sk /PARSY derHsed dadigghe FHTGRIRR PTORCSS &BHCELC anapsgnererwates 726 t hat

i ncl udes i r ogdt.i i pi / 2 5
romory device T00 ap ER a b R S e g o P I R o
300 of FI Gdi873tincladys camitnatliding tlieveothat inchaldslilicinemaéry dettverl 0@ of cui ts or
informatio To illustrate, the data file. i de ipformation

corr espondifig: [:¢ iﬁvwéﬁaémﬁéeéﬂ?epms@e@)5%@%@&5@@@ 44 GTERIRFI R ce 100
of FIG 1 apdskhati@ c%OEIGUQ'é{%g BAdidatignaler&rectronic circuits and
conponents within the SOC. [0056] The GDSI| file 726 may be received at a

fabrication process 728 to manufacture the nenory device 100 of FIG 1, the
meror YO i ce 20thedic FtGnapbe plowidsgde e mpd@gingfprédess 738 where dlrydie dabisnat i on
ther eof . ageordindy o Ll ANSIALEd L afor RS | o0 debf ey Bl LIk nfg0.  For
exanple, a dET ¢ %anu?a tre p?%gessg y'incluﬁgpprovﬁﬂlné the™8si 1 file

726 to a masdudehubiaglcier3dSOntilipty dad, Suding at¥ystBl @ -pmbks, (SER)ch as masks
to be used with photolithography processing, illustrated as a

repr esent atfigesemenk Ysopackage fHkmay by condiguire tasenformite Aee PaOrcaHIdarki on
process to ogg;ge%g:?c{eag?f?g‘?u rasfiB{n?EYgg&Sﬁ ?oezféézEng%g@é;g%g&%?%Eg? and

separated in such as a representativ 736 incl udes
a circuit ismatdads.ng a device that includes the menory device 100 of FIG 1,
a device that includes the nenory device 200 of FIG 2, a device that

I ncl ucw&SSI] he Syirtlf%rr?ngt?o% r%]éarﬁ{n%thg ]’pac%ggea J}WO r?lgy ic H%‘Erib%?edttg %Elgggs product
designers, such as via a component library stored at a computer 746. The computer 746
may include a processor 748, such as one or more processing cores, coupled to a
memory 750. A printed circuit board (PCB) tool may be stored as processor executable
instructions at the memory 750 to process PCB design information 742 received from a
user of the computer 746 via a user interface 744. The PCB design information 742
may include physical positioning information of a packaged semiconductor device on a
circuit board, the packaged semiconductor device corresponding to the package 740
including the memory device 100 of FIG. 1, the memory device 200 of FIG. 2, the
system 300 of FIG. 3, or any combination thereof.



[ 0057] The die 736 may be provided to a packagi ng process 738 where the die
736 is incorporated into a representative package 740. For exanple, the
package ™0 20myo18916l ude the single die 736 or nultiple drceas:6uoxsas a
systemi n- package (Si P) arrangenent. ffhe package 740 may be configured to
conformto one or nore standards or specifications, such as Joint Electron
Devi ce i neering Counci | éJEDEC) st andar ds 0058] I nf or mati on regardi ng
t he paawie 740 Thegompugr 446 metite gonfeguyed todt%IS{W@dh@PCBékﬁ@némfgrrn@lmlh as

via a conponens géﬂg?a{t%égatﬁtfﬁé %gcl?zls @Gﬁﬁﬁﬁﬁ fife 7%&%1th-r(tl]aefa GAMRUEQEs %I%A}glc]% dto a

i ncl ude a process onée or nore processing cores,

menory 750poﬁnﬁmmgMﬁﬁnﬁuﬂﬁuﬁhlhﬁﬁﬁﬁd@Hﬁﬁbn@ﬂﬂhwﬁﬁ&ebﬁa&hﬁﬁﬁﬂoﬁﬂznhﬂﬂESsor
execut abl e |nstruct|ons ?t the nmenory 750 to process PCB design information
742 recei véd lpPEmiEldac @nmﬁ%or@éﬁﬁuﬁwawaen Yigs. vhesetheipackagfdce 744. The

PCB desi gn g c%h{i’)ﬁ?]cg ICH%wc%%eVI oh&‘scﬂoLlH@ gé ﬁgjoar & tRé‘hféQ:k;;gIé%ﬁé’éﬁfdoon of

a packaged semc uct or e on a c rcu he pac
sem conductocﬁFI(aeMnhmmemor}ewm%ﬂOﬁ@ﬂFd)GtIlehqaa(steagéOWdi(FI(hG]auctinlyg t he menory

device 100 of  FI G devi ce 200  of G 2 e.s 300 of
FLG S, o RGO SHE SBiot g Ja et flsietio 58S TROuBIS 16
[0059] The ¢oIPY:E iAfRmARYN REy hevY A%ﬁﬁﬂoth@r thiRRSERBE R RenRBEB desi gn

information 742 to generate a data file, such as a GERBER file 752 W th

dat a t hat |ncludesé§E i cal 905|t|on|ng information of a packag
seni cddfddt or ddihic ]%%E&fﬂ¢ @bnmyb@amanwégtmb¢mdaswné&bmp0@$7 feedrica

connectlonssaygqﬁgﬁ% ?%eud§g§ &@%§Eﬁ |nc %lngqsﬁh&gﬁgﬁa? 8&%%

devi ce corresponds e nmenor evice %00 of

FIG 1, theyitei® Eiys@lﬁiﬂf@ﬁlaﬁaﬁ s@ired:\k/f&nnZhe GREBERsTiRMS30Fopéxdnlfle, the or any
conblnatlon t hereof I n other enmbodi nents, the data flleﬁgenerated by the
t r ansf or medIBERERAYS ¢ mAy 8¢ walordsd e RRPOrameeliRgH to HEFHRIM ¥ HEfTSH1SCERBER

format . 7 senbl y
brocess 754" At R EHTE grbocts, "B PO 98 AR A R B o s,

manuf act ur edmiponaccioridimgehapidkagded(diedogn airerfresenative pristed cecuinadstmblyt he
GERBER filzgé2§85gor exanple, the GERBER file 752 may be upl oaded to one or

nore machi erformvarious steps of a PCB production process. The PCB
756 may be popul ated with el ectronic conponents including the package 740

to fongoe]repr eS@RPIA V68 Rl Bk 8ckeRicl Gt hroas sl ufadi }00E558760[%91@6 1] The PCA
758 may be received at a product manufacture process 760 and
integrated into one or more electronic devices, such as a first representative electronic

device 762 and a second representative electronic device 764. As an illustrative, non-
limiting example, the first representative electronic device 762, the second
representative electronic device 764, or both, may be selected from the group of a set
top box, a music player, a video player, an entertainment unit, a navigation device, a
communications device, a personal digital assistant (PDA), a fixed location data unit,
and a computer, into which the non-reversible state programming circuitry and bitcell
including first and second MTJs 664 of FIG. 6 is integrated. As another illustrative,
non-limiting example, one or more of the electronic devices 762 and 764 may be remote
units such as mobile phones, hand-held personal communication systems (PCS) units,
portable data units such as personal data assistants, global positioning system (GPS)
enabled devices, navigation devices, fixed location data units such as meter reading
equipment, or any other device that stores or retrieves data or computer instructions, or
any combination thereof. Although FIG. 7 illustrates remote units according to

teachings of the disclosure, the disclosure is not limited to these exemplary illustrated



integrated into one or nore electronic devices, such as a first
representative electronic device 762 and a second representative electronic
devi ce 7640 20/ms918l | ustrative, non-limting exanple, tRreTfUSRGI/ 046429
representative el ectronic device 762,17t he second representative el ectronic
device 764, or both, may be selected fromthe group of a set top box, a
musi ¢ player, a video player, an entertainnent unit, a navigation device, a
comuni cat iUgHs Habpdiments qfdhasdipdesuas iy AF seisdlseaployedmany dgvice sédch ocat i on
data unit, . i - Whi -r Si .at e progranmm ng
circuitry éﬁg&ggfc%ﬁ%m%%%vﬁhﬁﬁguﬁ?ﬁéFmggﬁnggggﬁ%&%&f@ﬂ%ﬁﬁ%%ﬁyFIG. 6 is
integrated. As another illustrative, non-limting exanple, one or nore of

t he el[@®d2oni c ded¢vdesthatGAclades thémemuyy bevice hilt & HiGi. 1 sa davide thst indbddse

phones, hand-hel d r songl ication syste (PCS) units ortabl e data
units such t%%mswggfaﬂce@@%ﬂ? gtaa‘%t“:ﬁe Rt A H Sl he %%F%&e TePs)
enabl ed dewh¢esmbRaNbddktdn HAVbLEBricdttK ProdeQeatdNndRpdtatdliiftd aiUch as

meter readi ng equi pnent, or arly other device that stores or retrieves data
or conput erldctrenicdevicarns desaribahyn tho nibistrativoprotése 760f OnAbt hougispEéteof 7

illustrates renpte units accordjing to.t ings of th isclosure, the

di set osr o HESHRmPRy £BaBEa Vi E8rEd b BTy P Frel be piifudp ot

2012/ 01891 P42 Qddds 04£6A 29 withinhiht 1israrfEAROTITBRIGDOfI il @26liaagkiRsur e may be
sui tably enpl oyed i n any device which includes active integrated circuitry

i ncl udi ng R 4We1 7 oh-as Mich agistoead atithe mpwoe2] 1A afdhe wecarelaeompitieruidés t he
menory device . i i d r i.ce 200
o R G o, el s i e BAE A1 She S R0 bl TR T ¢

conbi nat i omndngy @6bne sBoRothalkbhpateedor FoQSERS Gtht skdveh))iusediabe asrdhisi Nt o an
el ectroni c device, as described in the illustrative process, 700. One or
nore aspects®eeh stfeasaiisdiosichisscraply prersey’ 3 epd pleg geetporgedinggsoneor may be

i ncluded a ' : j it D ' jle 712,
the Cooi1 - P EOUSE P QF ERB AeBNARps LBHRTINASNR J8B3NE PRARY 720,
menory 710 tiodf PEAE S8 estbar mbdwonyueh @s pitd@ypd tiecunte vo dyvidek&natfshowe), desiygn
conputer 714, the nory. 750 of the conputer 746, the. nmepory aof one or nore
ot her conpGPEPEIaFPN BIcHG ss%lﬁwehaeﬂ%%&%ffsmweéiag%%f RIaq4eghE oMb ges,  such
as at the Q@ﬁﬁ&ﬂ%@§@@ﬁ&ﬁg?&@ﬁ%%§p&ﬁﬂdxﬁ@qqﬁh§&ih%ﬁ&&@ﬁ%@&ﬁ%mbﬂ%&epne or
nore ot her physical enbodi ments such as the mask 732, the die 736, the
package 7406fagchmaPBAuTEIRr additionalptagdsimiay bs uwihuded. Srotlaty plee moewssi’08 or

devi ces (not %powq% Q% an¥.c nbknation t her eof ﬁ[thouah vari ous

repr esent at 14e” RAGEECGPY AP BET T ER T PRt SIS CRUHCS FSUPHRTEAEEH t 0 a
final prodygleasrhépRicedsemo. i n ot her enbodi nents fewer stages may be used
or additional stages may be included. Simlarly, the process 700 may be
performed by a single entity or by one or nore entities performng various
st aged0¥B3lt he pridessef skgbwoplddasherppieciste gt the vawusdllystiptive logigghr eci at e
that the variQus. . L at | | .0gi: - ' ] S,
ciroul te, " SRohieEhOR: Il B S e o T et
di scl osed hdthethe embydinentsnjiscdosed hedirmmag be ahplomentctas ceetranic batputeer

sof tware executed by a processor, or conbinations of Fo h.. Various
i || ustrat i FEMPBITHEHERS CX¢ay 2 IBATSS YfuPaEarRhiRations @fiPRIE, V&iPBYI t's, and

steps have ieanifdesshpdiRnisabBus, BRIRLAIHNs, odusTBirQis! HH@istept AR bRl i ty.

Whet her such functionality is I nplermented as hardware or processor
execut abl e deststbed ebovensnde e misruponthtindunpapnalgyl Svhcpplsudaiunamnahty idesi gn

constraints_ipnpos on the overall syste Ski]led artisans may i nplenment
Che deaer: Benl R S Raf e Beasy S GRS st ek At Al o ihe
applicatio gsardwtar apiftatibPhRNBRIRA doRr ARG iBpARE oft MIRLUS 4l Pysken. | SKiBEPr et ed as
causing a departure fromthe scope of the present disclosure. [0064] The

steps of aanpehoBapimplegent thhaeebed fidetdonahittonnedng Brywr lkaethearéerodi ment s
di'scl osed gglgl(iac'aﬁorr{%t ts)l(lachemn}f)?e%e%gatl%'nr 268lofs bl Irléjtmb%ril(?t’erpllrgtegl as QJJSYI\@grae

departure from the scope of the present disclosure.

[0064] The steps of a method or algorithm described in connection with the

embodiments disclosed herein may be embodied directly in hardware, in a software



WO 2012/ 018918PCT/ US2011/ 046429 18 nodul e executed by a processor, or in a
conbi nation of the two. A software nodule may reside in random access
menory ( RedRp1AdisaB nenory, read-only nmenory (ROM, progcaosedhse4siead- only
menory (PROM), erasabl e programuabl e Bead-only nenory (EPROM), electrically
erasabl e programmabl e read-only nenory (EEPROM), registers, hard disk, a
renmovabl e di sk, a conpact disc read-only nenory (CD-ROM, or any other form
of non-t r amQdeti CXSEHEGGE aPERFCERPr IaidhA cPmbingEomef the Awo.eResepvarymedde age
mediumis 0, e 0 r t [ O [ n._read
i nformati o%r?%gjgﬁl]ge }altlnrgkglorrfltg éce%%%%&g@f W’g,ﬁ SP &1126%% ’rrg‘g%gﬁlgd]ﬁ étaJ}][rlr?rg’I n the
al t er nat i vgROMg psiigedinagebloeehidionlyrai¢nioey (FR@WN.adradabletfregpmadiseid-odlye
processor and the_storage mnedi reside in_an application-specific

i nt egr at ed U%ﬁm%ii(EP]f\QM)C?l.eCtﬁﬁ!@_lljyg\]@g%%}Palgfogfég}f%?@fi wagroplype P FFERP)-or a
user term gi@ésistetlsnha{raﬁisﬁl 3 RIRALD M iskE Q%oﬁ@%g%g%ad@&ﬁ%ﬁ%&oﬁ E’éﬁ%lﬁ@{j&um may

resi de as crete conponents Iin a ¢onpu evi ce term
[ 0065] The pneviheufroesaongtansianioftorhpemddisol lawedh @rthodit.mAntesemplapr ovi ded t o

enabl e a person skj.lled in the art to make qr use the discl oaed :
enbodi ment SO HHEM I EF ROt %%fof%gs?fr%‘&%t@ﬁgﬁ&fﬂ@ﬁ%% COR [939 BIOFBAM y
appar ent t grdnQRE wilid iﬂf@&ldtl‘&ntté‘ﬁhéigtﬁrag@Hrﬂzdhﬁ*ﬁ. B thB Gl hes dafisipeoer ei n may

be applied to other enbodi ments without departing fromthe scope of the
di scl osur e mefiurs mayHe iptcgé ot thdpgaskssour €hd gropesson andghelgtdrago nisdiuny mayed t o
t he enbodi nents. shown,.herein but.is to,be ac d.th i.dest scope

bosst bl o conuipaRarRicorhBealt it e it aRUET ThERSI B e Pied by
the fol | owcBgpatidd 8&ice INR ROLR{AHED UBRETAISRAL L/ B4 §A28ssbPati e stomagel Al MED

I'S: 1. A nethod conprising: ) ) ) )
medium may reside as discrete components in a computing device or user terminal.

[0065] The previous description of the disclosed embodiments is provided to enable a
person skilled in the art to make or use the disclosed embodiments. Various
modifications to these embodiments will be readily apparent to those skilled in the art,
and the principles defined herein may be applied to other embodiments without
departing from the scope of the disclosure. Thus, the present disclosure is not intended
to be limited to the embodiments shown herein but is to be accorded the widest scope

possible consistent with the principles and novel features as defined by the following

claims.



applying a programvoltage to a first magnetic tunnel junction (MIJ) of a
bitcell w thout applying the programvoltage to a second MIJ of the bitcell
t 0 gener ave 2a12masvi8eversi bl e state at the bitcell. PCTAIS20h@46¥29 hod of
claim11l, wherein the program voltage wauses a tunnel oxide of the first MIJ
to break down resulting in a permanent | ow resistance state of the first

MIJ. 3. The nmethod of claim1, further conprising maintaining the
first MIJ and the second MIJ as conplenmentary cell val ues. 4. The
net hod of VEAL LS GLAMMIED IS5npri sing sensing the non-reversible state by

conparing a value read at the first MIJ to a value read at the second MIJ
of the bitcell. 1 A method-coblpgisiigt hod of claim 1, wherein sensing the
non-reversi ble state of the bitcell is performed w thout a separate
reference cel | . applying a gogrihevaltagh tla Ofst olagheticltunfiahgurieion EiPY o1 Witgellpri or

to applying the program voltage, .applyvin wjte vol t.h irst MIJ
to store a value to tmg?ogf?p@iﬁpg the pl%oé/ram%&?%%{onaeﬁeﬁgb& @ﬂ%&tf%erﬁlgeﬁ%rt her
conprising, after appkydri@ aldoR-révdrtiBloedté agd@e bAcdihe first MIJ, reading the

first MIJ to test an operation of the bitcell. 8. The met hod of
claim1l1, wherein the bitcell is within a nmenory with one-tine programuable

capability, andf urHehgsth€PEMIAis NOvitc@Sh kIr np&olfégé 8auz64 4 funfél dxli@ drenory
prior to programming the bitcell. WD 2012/018918PCT/US2011/046429 20

10. The netholrsoM1d|tabraa downaewiltingine rermanensloveresistanehsihistod thedast an oxi de
t hi ckness tl\;ﬁ;l} is substantially simlar to an oxide thickness of the second
access transistor. 11. The nmethod of claim1l, wherein the first MIJ
has a first axis length greater than a second axis |length to enable

switching the fiyr MIJ. froma fjrst, non-pr.ogramed. state.t econd
non- progr ammed st ;TIth.methO({ Ofngl?il?. 1’1@311%%18’85%\% H&a\“%\tf‘lr?f@?le %FFE#@T ﬁa dhtBef irst
MIJ is ellispeRddaly as complementary cell values.

4. The method of claim 1, further comprising sensing the non-reversible state by

comparing a value read at the first MTJ to a value read at the second MTJ of the bitcell.

5. The method of claim 1, wherein sensing the non-reversible state of the bitcell

is performed without a separate reference cell.

6. The method of claim 1, further comprising, prior to applying the program
voltage, applying a write voltage to the first MTJ to store a value to the bitcell.

7. The method of claim 6, further comprising, after applying the write voltage to
the first MTJ, reading the first MTJ to test an operation of the bitcell.

8. The method of claim 1, wherein the bitcell is within a memory with one-time
programmable capability, and further comprising testing one or more cells of the

memory prior to programming the bitcell.

9. The method of claim 1, wherein the bitcell comprises a first access transistor

coupled to the first MTJ and a second access transistor coupled to the second MTJ.



13. The method of claim1l, wherein the first MIJ is substantially circular,
and further conprising testing the bitcell by conparing the bitcell to an
ext ernal wefer@ansas 14. The method of claim1, wreraiseottifogs4b9 rst MIJ
and the second MIJ are within an arrap of MIJs, the array of MIJs further
conprising a third MIJ that is substantially simlar to the first MIJ and
the second MIJ, and further conprising using the third MIJ as a nulti-tine

progr amabl e mert8r yhe meaikask oftpjaimr Hwwheravg the fipt aceess dlansisfer has anmxidehi rd MrJ,
wherein the wi t [ - causes the
thivra oo eesise Sl BaGd By Sl IANOHIE REGRL AR O BREAAAR PP !
wher ei n apptayisistgr.t he program voltage i s responsive to a processor
integrated into an el ectronic device. 16. A nmenory device
conprising: a magnetic tunnel junction (MIJ) bitcell conmprising: a first
MrJ; and a second. Nhd metitsdi ¢ obgialWihReei € tHedfitst VT God figlt heid 1dn@ta@phtyr a
program si to a selected one of the first MIJ and the second MIJ to

|
generat e o g sevt Siiplcasbriaeitls SeRdame g 8T fromgriirst non- _
2012/o18912;3%;41&%9Jsgaée%esdztsggmggnotn programhtd Jhe menory device of claim 17,

wherein th rst access transis as an oxlde thickness that is
substantially simlar to an oxide thickness of the second access

transistor. = rd? Thdme G JRIRLY OSYLRS, AL LA Aupbegpin a cell val ue

of the first MIJ"i s conplenentar al ue second MrJ.
20. The menory device of claim16, integrated in at |east one sem conductor
die. 13. The method of claim 1, wherein the first MTJ is substantially circular, and

further comprising testing the bitcell by comparing the bitcell to an external reference.

14. The method of claim 1, wherein the first MTJ and the second MT]J are
within an array of MTJs, the array of MTJs further comprising a third MT]J that is
substantially similar to the first MTJ and the second MT]J, and further comprising using
the third MTJ as a multi-time programmable memory element by providing a write
voltage to the third MTJ, wherein the write voltage is lower than the program voltage

and causes the third MTJ to enter a reversible state.

15. The method of claim 1, wherein applying the program voltage is responsive

to a processor integrated into an electronic device.

16. A memory device comprising;:

a magnetic tunnel junction (MTJ) bitcell comprising:
a first MTJ; and
a second MTJ; and

programming circuitry configured to apply a program signal to a selected one of
the first MTJ and the second MTJ to generate a non-reversible state at the
MT] bitcell.

17. The memory device of claim 16, further comprising a first access transistor

coupled to the first MTJ and a second access transistor coupled to the second MTJ.



21. The nenory device of claim 16, further conprising a device selected
fromthe group consisting of a set top box, a mnmusic player, a video player,
an ent er twonoentisugi t, a navi gati on device, a conmuni caPcornvs2aeniciey a
personal digital assistant (PDA), a fiixed | ocation data unit, and a
conputer, into which the nenory device is integrated. 22. An
apparatus conprising: nmeans for storing a data value, the neans for storing
conprising a firl$t Thagrarary devignef Clﬁlﬁhg?ai"dwﬂ(lmﬁlﬁ)ﬁféh%fcassé@@@iﬁ‘f@f rgan and
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appl yi ng a programvo rogram
vol t age t o ttaheistoeecond MIJ. 23. The apparatus of claim22, integrated
in at | east one seniconductor die. 24. The apparatus of claim 22,

further conprising a device selected fromthe group consisting of a set top
box, a nusic pl agerthe Mmemd§depkayLelaindno,evtic@sih aicBN®hluc BNtHe, first MaAYigat i on
devi ce, a communi cations device, a personal digital assistant (PDA), a
fixed | ocatPenlepniary i ¢ celhyrdugofctBepisoad MTht o whi ch the neans for storing
is integrated. WD 2012/018918PCT/ US2011/ 046429 22 25. A net hod
conprising: a first step for generating a non-reversible state at a bitcel
by applying a pﬂ@gﬂbﬁﬁ%ﬁmﬂﬁgéWF®0E@@Hngﬁﬂﬁﬁgﬁéﬂﬂéat@wﬁ@neﬁﬂh@@m@WKFNWJ) of
t he bitcelkﬁmjthout appl ying the programvoltage to a second MIJ of the
bitcell; and a second step for maintaining the first MIJ and the second MIJ
as conplenmentary cell val ues. 26. The nethod of claim 25, wherein

the first step d-the second .step . ,are fornmed by. a processor, integrated
nto an el ect fomc HenaRry devitt SRRy Hyuk Mo ind ableBF 3084 B um
storing i nskd gehp ensieme ot alttep byx,a RENEFRFAT a vidde playst, kbl ChicARNBNRANTPr i Si Ng
instructions that are executable by the processor to: )

unit, a navigation device, a communications device, a personal digital assistant (PDA), a

fixed location data unit, and a computer, into which the memory device is integrated.

22. An apparatus comprising:

means for storing a data value, the means for storing comprising a first magnetic
tunnel junction (MTJ) and a second MTJ; and

means for generating a non-reversible state at the means for storing by applying
a program voltage to the first MTJ without applying the program voltage
to the second MT]J.

23. The apparatus of claim 22, integrated in at least one semiconductor die.

24. The apparatus of claim 22, further comprising a device selected from the
group consisting of a set top box, a music player, a video player, an entertainment unit,
a navigation device, a communications device, a personal digital assistant (PDA), a

fixed location data unit, and a computer, into which the means for storing is integrated.



generate a non-reversible state at a bitcell by applying a programvoltage
to a first nagnetic tunnel junction (MIJ) of the bitcell w thout applying

t he progrwonvdisge to a second MIJ of the bitcell. PCT/UR3011/0l@2€¢ onput er
readabl e tangi bl e nedi um of cl aim 27,22wherein the processor is integrated
in a device selected fromthe group consisting of a set top box, a nusic

pl ayer, a video player, an entertainment unit, a navigation device, a
communi cat i ons dévifcmcthad sempypiag: di gi tal assistant (PDA), a fixed |ocation

data unit, and ter. - B h 11 .$10g; el ving design
information r ep?ae%gtﬁ%n%r g?nelraetg%a %%ereﬁﬁrgﬁecsgﬂe %?%%éére yﬂqygafppé%g%ér‘ﬁ conduct or
devi ce, the sem condyedg@imd@thgetooiit msgietic téhnab@netiono M T REhg bitkelli on
(MrJ) bitcell conprising: a first MIJ; and a second MIJ; and pr.ogranm ng
circuitry configured Yitoyeaaype the megramexndipgs i ascspnd MTdf thebikellcand py

appl yi ng a progr,am $ioRa ol MathtSfing ¢ EfrsPREN U d e LbESMTYR and the second
fo e d fi

MIJ of the bitcell; transtormng t esign intormatiron to conply with a
file format; and genepapiongnéardatlbvdlu¢se conpri sing the transforned design
information. WD 2012/ 018918PCT/ US2011/ 046429 23 30. The nethod of claim
29, wherein the data file conprises a GDSII format.

26. The method of claim 25, wherein the first step and the second step are

performed by a processor integrated into an electronic device.

27. A computer readable tangible medium storing instructions executable by a
processor, the instructions comprising instructions that are executable by the processor
to:

generate a non-reversible state at a bitcell by applying a program voltage to a

first magnetic tunnel junction (MTJ) of the bitcell without applying the
program voltage to a second MTJ of the bitcell.

28. The computer readable tangible medium of claim 27, wherein the processor
is integrated in a device selected from the group consisting of a set top box, a music
player, a video player, an entertainment unit, a navigation device, a communications

device, a personal digital assistant (PDA), a fixed location data unit, and a computer.

29. A method comprising:
receiving design information representing at least one physical property of a
semiconductor device, the semiconductor device comprising:
a magnetic tunnel junction (MTJ) bitcell comprising:
a first MTJ; and
a second MTJ; and
programming circuitry configured to generate a non-reversible state at
the bitcell by applying a program signal to a selected one of the
first MTJ and the second MTJ of the bitcell;
transforming the design information to comply with a file format; and

generating a data file comprising the transformed design information.



31. The nethod of claim?29, wherein the data file conprises a GERBER
format. 32. A nethod conprising: receiving a data file conprising design

i nf or mat iwo 20voieEpondi ng to a seni conduct or devi ce; anecfralseeiaatisng t he
sem conduct or device according to thea3sdesign information, wherein the

sem conductor device conprises: a magnetic tunnel junction (MJ) bitcel
including: a first MIJ; a second MIJ; and programming circuitry configured
to generate a nof- fdgameshast of cdaimy 29, atherohrethiidetedile comprgsslaGRGI forasgr am

signal to a selected one of the first MIJ and the second MIJ of the
bitcell. 33. The nmethod of claim32, wherein the data file has a GDSI|
format. 34. The 3hetlhodnagtioddialaim3, whiesireihn detadild gompfisdse GBRBEREBRBER

f or mat .

32. A method comprising:
receiving a data file comprising design information corresponding to a
semiconductor device; and
fabricating the semiconductor device according to the design information,
wherein the semiconductor device comprises:
a magnetic tunnel junction (MTJ) bitcell including:
a first MTJ;
a second MTJ; and
programming circuitry configured to generate a non-reversible state at
the bitcell by applying a program signal to a selected one of the
first MTJ and the second MT]J of the bitcell.

33. The method of claim 32, wherein the data file has a GDSII format.

34. The method of claim 32, wherein the data file has a GERBER format.



