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Logic blocks can be programmed to perform the function of basic logic gates such as

AND, and XOR, or more complex combinational functions such as decoders or simple
mathematical functions. In most FPGA’s, the logic blocks also include memory
elements, which may be simple flip-flops or more complete blocks of memories. A
hierarchy of programmable interconnects allows logic blocks to be interconnected as
needed by the system designer. After the FPGA is manufactured, the system designer
may use programming to implement many different logical functions, thereby making
the device "field-programmable”.

A PLA is similar to a FPGA, except that the PLA is modified, or “programmed”,
at the fabrication stage of the integrated circuits by changes in one or two masks. As
described in U.S. Patent 5,959,465, a PLA having flash EPROM memory clements is
generally composed of two logic planes, an input plane and an output plane. Each plane
receives inputs which are applied to gate terminals of transistors within the logic plane,
and provides outputs to output nodes. The inputs to the input plane are the inputs to the

PLA. The outputs of the input plane are intermediate nodes. The inputs to the output
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free layer 30 will change the resistance of the MTJ storage element 105. For example,
when the polarities are aligned, Fig. 1A, a low resistance state exists. When the
polarities are not aligned, Fig. 1B, then a high resistance state exists. The illustration of

MT]J 105 has been simplified and those skilled in the art will appreciate that each layer

illustrated may comprise one or more layers of materials, as is known in the art.
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BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are presented to aid in the description of
embodiments of the invention and are provided solely for illustration of the
embodiments and not limitation thereof.

Figs. 1A and 1B are illustrations of magnetic tunnel junction (MTJ) storage
elements and their related states.

Figs. 1C and 1D are illustrations of Spin Transfer Torque Magnetoresistive
Random Access Memory (STT-MRAM) bit cells.

Fig. 2 is an illustration of software programmable logic having an AND input

plane and an OR output plane using Spin Transfer Torque Magnetoresistive technology.
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Alternate embodiments may be devised without departing from the scope of the
invention. Additionally, well-known elements of the invention will not be described in
detail or will be omitted so as not to obscure the relevant details of embodiments of the
invention.

The word “exemplary” is used herein to mean “serving as an example, instance,
or illustration.” Any embodiment described herein as “exemplary” is not necessarily to
be construed as preferred or advantageous over other embodiments. Likewise, the term
“embodiments of the invention” does not require that all embodiments of the invention
include the discussed feature, advantage or mode of operation.

Embodiments of the invention use Spin Transfer Torque Magnetoresistive
Random Access Memory (STT-MRAM) elements to form part of the logic array. STT-
MRAM uses electrons that become spin-polarized as the electrons pass through a thin

film (spin filter). STT-MRAM is also known as Spin Transfer Torque RAM (STT-
RAM), Spin Torque Transfer Magnetization Switching RAM (Spin-RAM), and Spin
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to a reference 170 and then amplified by sense amplifier 150. The operation and
construction of the memory cell 101 is known in the art. Additional details are
provided, for example, in M. Hosomi, et al., A Novel Nonvolatile Memory with Spin
Transfer Torque Magnetoresistive Magnetization Switching: Spin-RAM, proceedings of
IEDM conference (2005), which is incorporated herein by reference in its entirety.
Among other aspects, embodiments of the invention take advantage of the low
power, static memory, and electrical read/write features of the STT technology
discussed above. Embodiments of the invention provide many features including:

extensible hardware; scalability through process generations; reconfigurability; no
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Referring to Fig. 4A, the NOR-NOR logic structure 300 can be implemented
using STT technology in order to realize the function FO0=X1-X2+ X3-X4. For
example, in the NOR-NOR structure 300, a plurality of STT-MTJs (e.g., 301 as
illustrated in Fig. 4A) can be coupled together in Rows 0 through Row N. There are

evaluation circuits 302 at the inputs to Rows 0 to N, and an evaluation circuit can also

be located at the output of the logic structure 300 (e.g., see Fig. 5). Each of the
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provi des the function realized (ﬁreach r OW.

Accor d%mglltwratpﬁesco@m@tmallmf MHe FHweai br dpasidergdra @gogrammable
ge%s%nbe. Tlﬂe gesmtances of all the MTJs 301 along a given row can be effectively

considered to yield an equivalent resistance Rr, which in combination with the effective
resistance of the evaluation circuit (Reval) can be represented as a voltage divider 401,
in Fig. 4B, that will produce a voltage Vi, (or a trigger voltage) on the row for a given
input voltage at the inputs (e.g., . X1 _B, X2 B, etc.) or from the equivalent current from
the input columns. The voltage Vi, can have a range for both high and low depending
on the trip point of inverter 310, as illustrated in 402.  Accordingly, circuit design
considerations include adjusting the trip point low enough so that a single high logic
state on an active input (e.g., X1 B or X2 B) will be detected as a high and cause the
output of inverting sense amp 310 to go low. Correspondingly, the trip point can be

adjusted so any leakage current from the unused inputs (e.g., X3, X4, etc.) do not cause



signal will result in a low output), which will be
described in greater detail below [0032] Fig. 4Ais

waeoossznypd e of a functional illustration of roRET/US20081658927
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active input (e.g., Xl B.or X2 B) w be detected as

g0 Dgh Paserrered by (rtablithieg %fwntﬁve%thu ffep-serl8b Refpecyy goftware
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uste any | eakage urre romt e unused inputs
Gerant panXBc soiceddicowgendbe sigiplicadikeand Alldsey gasng theaemaining logic
logic state to be activated. Since the conplenentary
patputesg.oid X Barid a>¢2gla¢repqd§e@b itatcded epttinaitigsuphics Bt end 514 to

81f (fé %recg 881%1‘1%78 r1 e \éi‘ldue o‘fO” st%tg)t?vmef‘ selglﬁctgd 'NPH 516 0 It will be

Yhe' ol rt1ng

@Tmeéﬂt@d itigat tthig ﬁrblgiﬁﬁllnﬁﬂg PrdcegsXcah B¢ ropehteX fér all MTJs in the AND
Li kewi se, other functions can be realized for other

PId0&22hd t hese | ogi cal functions can be conbined into
nore E%%ée? R B2 1 PP ﬁglwrftg %ﬁ&ll P canl be iﬁ\foglrank&ﬁed by (+/-) sources

522 and 524. Specifically, a write current can be generated between the supplies 522
and 524 by placing the remaining logic paths in the OR Plane 240 to a high impedance
state and setting the (+/-) sources 522 and 524 to the desired polarity to write a “1” or
“0” state (c.g., a high resistance or low resistance state) to the selected MTJ. As
illustrated, a portion (e.g., (a)) of the MUX driver 230 can be enabled to allow for the
write operations and the read portion (e.g., (b)) can be set to a high impedance state

during the write operations. It will be appreciated that the write portion (a) of 230 can



appreci ated that since both the inputs, outputs and
their respective conplenents (e.g., X Oand XO are

waeasiizlolx, the vari ous desired functions can BPEI/US2008/058927
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DeMor gani zed to be achi evabl e9via the various logic
pI anes (e.g., AND plane, OR plane, NOR pl ane).
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an: 6% aﬁd pgowg%dn E[:Oeﬁ{@?e st sth \rf]lél f(? l%ters 63% and 648,

&lﬁeo@neﬂy514 to the desired polarity to wite a "1" or
"0" state to the selected MIJ 210. It will be
appr ediAdHR @atch &l 814785 0% aed ahthilsg rescheedsinpyrfres a READ signal.

LRSS, AN VIRE s, AR L3 R pdOF 0, 0

oot impedantce ytasowhaesrcad dpantorb ot Sﬁa(el f]ThIsafltllqws for the
t
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(+/-) sources 522 and 524 to the desSire olarit
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F how resistance state) to the selected MIJ. As
YIeEgt Qfed a portion (e.g., (a)) of the MJX driver

230 cagcdigin gnawh@ﬁi 1ﬂlet @I ﬁa@w Iﬁ%{ valh@e Wvict £ndORE REATOBi%nal is high
and the rea ortion can be set to a high

P&y iassestet Gt wlli be r@gtli'ah@d w(Aqsz@t%bé:rom wirgt Alis ajjol upplied via
SRR TS Ll Brihic P RRDORR P Sion P psis e of he
patAES IO eeng.b&ti&'ﬁfég foarmee voltage bh@put A) so that the complement to input
A is provided. In a similar manner when the READ signal is high, input B is provided
to PMOS transistor 634 and also provided via inverter 642 to PMOS transistor 644 to
provide both B and its complement to paths 630 and 640, respectively.

As noted above, the logical state “1” or “0” (e.g., a high or low resistance state)
of the STT Magnetoresistive devices (STT MTJs or MTJs) can be programmed into
cach STT MTJ (e.g., 611, 621, 631, 641), using the associated software programmable
positive / negative (+/-) sources 680 and 688, as discussed above. This programmability

provides for a reconfigurable logic array in regard to logic functions of each plane as

will be discussed in greater detail below. Also, as noted above, during the programming



selected MIJ. Also, it will be appreciated that the
functionality of MJUX driver 230 can be inplenented as

wo pabepzrdent devi ces and enbodi nents of the i NRENUSINE/ 058927
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are not limted to the illustthted devices or
topol ogy. Accordingly, any device or conbination of
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gat€ configuration is provided nerely as an exanpl e
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WG S8 Bt dbeR tinaoting pAtbeophiite e PgPle g P 6B and

thcabsd Sdr@bn 6dutd Whid aIbEvaafafcmatc&q)led%r ge@l gAY &nd controlled by
input Ais also supplied via inverter 2 to PMOS

thednBA Bt Bgnag2 Acgardingly it aztltluhﬁafzmewed faegppe sirewt examples are
f th t
*n%%l}(/ fatill 1ﬁus%ra‘t)1 nr[p g; ?@s % d are ?{egﬁgd to l%ft tﬂeagct%g%: 3P cfbodiments

€ Co enen

bﬂ@ﬂ&ﬁ&mﬂ&nprOV|ded I n a S|n1Iar manner when t he READ
signal is. high, input Bis provided to PMOS transi stor

634 ahare&e%ngoﬂls\r@m%%gmféhﬁ RIAgFNaNalyg Jogigamproguch as illustrated in

e
p]lam‘/ee, g.1 P)] where @bhctls VA an 'tk owput ‘pldne(can e pragrivngled oo be either a
|0(\))vW0rr ﬁéil %sias?gn%e %}1(? t[hee)output of each row can be supplied as the input into each
corresponding MTJ.  Likewise the programmable sources can be similar for
programming cach of the MTJs in the output plane and the write portion of MUX (e.g.,
230) can be used to select each MTJ to be written. Alternatively, individual
programmable sources can be supplied for each output MTJ and the corresponding
MUX could be simplified to only provide a read function. During the read operation,
the result of the signals from the MTJs in the output plane can be can be sensed by a
sense amplifier (e.g., 250) and set to either a logical 1 or 0 based on a threshold as
discussed above, in relation to the read operation for each row.

To aid in an understanding of the operation of the various logic configurations, a

truth table is provided below for input A for a given state of the related MTJs 611 and
621. Specifically, as shown, when input A is in a high state (1), the values at both nodes



of the STT Magnetoresistive devices (STT MIJs or MIJs)
can be programmed into each STT MIJ (e.g., 6 11, 621,

wG3Ab/18¥13 , using the associ ated software progP@ENsiIDE058927
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positive / negative (+/-) soullces 680 and 688, as

di scussed above. This programmability provides for a
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resi stance and the output of each row can be supplied
as t hBig. fiplustiatasgirealehomsoior edpgin @Dm@guvfﬁtﬂon $iick ewiiBestiated in Fig.

Bl OPh& G sI Show the %essp(e:&{]veb\?olfq Iggn lle\z;lels for inputs A and B and can be

considered to have four quadrants that map to the four binary state combinations of the

inputs (e.g., 10, 11, 01, 00). Further, a trigger / trip point value 732 can be set to
determine the ultimate output state of that row of the array (see, e.g., Fig. 4B) based on
the Sig voltage 730 of the row feeding the sense amplifier. The output voltage 740 is
plotted to show the logic functioning for various input conditions. It should be noted
that the sense amplifier for the output voltage 740 is assumed to be the inverted output

for the graph illustrated. For example, if the Sig voltage 730 is below the trigger point



progranmm ng each of the MIJs in the output plane and
the wite portion of MJX (e.g., 230) can be used to
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Fig. 7 illustrates sinulations for a logic

confi gyrdaddudsedsatoeai Wwillll sisé Rt gprddatéd hat the logic planes can be

reconfigurable by reprogramming the values of the MTJs. For example, if the values of

U

MTJs 611, 621, 631 and 641 are inverted then the logic realized by the row illustrated in
Fig. 6A can be changed to an OR function. For example, if MTJs 611 and 631 are
programmed to the ‘0’ or low resistance state, then the voltage on Sig will be at an
clevated state when either input A or B is high and at its highest state when both are
high. The voltage will be at its lowest state when both inputs A and B are low.
Accordingly, the output of the row can realize an OR function as illustrated in the truth

table represented in Table 3 below.



6. The charts show the respective voltage | evels for
i nputs A and B and can be considered to have four

w@eadnzmrs that nmap to the four binary state PCT/US2008/058927

[0046]

[0047]

conbi nations of the inputs (ely., 10, 11, 01, 00).
Further, a trigger / trip point value 732 can be set
to determne the ultimte output state of that row of
the array (see, e.g., Fig. 4B) based on the Sig

vol tage 7 fathe fow 1 g thg sens DI i 11 er.
The OJtpuﬁﬂggT%aqe 740 |§&b %tted to shg&ﬁgﬁe | ogi c
funct{oning for varjous input conditions.11t should be
not edHhat—the—sensp—anptHfier—for—the—output—vel t age
740 i B assun%d to be the ifverted out put *or the|graph
i Il usyrated gFor expnpre, f the §ig voltage 730|is
bel ow the trigger ppintvoltage 732, then the out put

vol tage 740 0s high, Likewose, if the Sigvoltage 730

i [ ab’\\/a t ha t | nna nnl At \/nl t an 7292 t han t ha

Oz

out put vol tage 740 is |ow. [0024] when input A is high

and input Bis low, the there will still be a | eakage

pat h through the STT MIJ devices and the voltage at

Si g 730caulinglyr, iiswilt be appecitidnthhteerebodamentadifah¢ édvention include

he first drant of. the chart of. Fig. i s val ue .
beth argerronpbe el ik o T At bl Sl G he ogic
WS eFdARY it &ill Be lap¥¥ediRRditRRWMIBdirntedt hthe TR nHONBRE not limited
vol'tage |l evel for Sig 730 occurs in the second

tpu dtr alhistraded ncdméitghraltlnput sEmbeditheBtsapk thd grkwenmte dap bheoftware

confi qur.ati on of the I C arra such illustrat
S, 0 Bhobef eroir Rl U Tl groZehBe decode
afneu@rcsum ettedisiblBi glnskrastiei ange, pabhd t bi-enedfly STEardware logic
devi ces 6 11 and 613 respectlvely In contrast,

prstitionAmapiguiBtign evip o3fivyare HEOLBUNMAL.quadibEher, qrml@dlments of the

IPRE L LR bR Ok SRR RAEHTRL DRRSELER Mok o
sndhohizesdta transferl Acdoedingly) weing thrt STT ACTIoddiiceg) puSplgnes and
730 |s greater than the tri

732 and the
BYPpuR a@%@nidsasﬁ%\}@t?(b driygys as ggﬁ@p ﬁ)&ﬂﬁ:&sﬂ qmbgdimenys, of the invention
%ﬂf d o e gﬁl@dt’f@%hléxt%ecogff B&Eontanﬁesnon i nverted out put

I n an out put graph having the opposite
st at eWhilettheifdregoaind élsclep[reshamwfaﬂlusmm@ gorbedimeds ofithe invention,

RaRyia B abisd uts oo iR nd raciflen e [ B Sytag et without

H%ﬁk@ﬁ&nﬁh@@%e@%mﬂ%dﬁﬁ&ﬁﬁgf driaRdRioR¥s defined by the appended
reprogranm ng the values of the MIJs. For exanple, if

clh@ns/ alThe sfunétious.) steﬁs annd/oB 2qtiong 31 tha dnﬁhquameamw@medwth the

n.the | c. rea ystr at
bSO gl Gt t RO s L i barcicutar
Mﬂéﬁ Burlhkrabft, 88Hough &lements of the invention may be described or claimed in

the singular, the plural is contemplated unless limitation to the singular is explicitly

stated.



programmed to the '0' or |ow resistance state, then

the voltage on Sig will be at an el evated state when
we@paoRaz19rhput A or B is high and at its hi ghesPCBHUS1008/058927

when both are high. The voltalfe will be at its | owest

state when both inputs A and B are | ow. Accordingly,

t he output of the row can relgfzg an OR function as

illustrated in the truth t&3t presented in Table 3

Pehaw (501 RIREIIS] Accordingly, it will be

appreci ated that enbodi nents of the invention include

bot h progrannable and reconflgurable aspects using the

STT MIJ de ices in 2 c arr Further, it wll

be appr eci ?%®g¥4ﬂﬂa %18 ¥ﬂ§m%¥syﬁ% i nvention are

not | j rgrfu@dyt @f tsEﬁ trhhdfst fo@&&d nfa@Rétic Okl AlStion (MTJ) devices,
Enbodi nent s “of e invention can be software

piraged imaibieaywiaad t opol ogy and arrangenents and

: Eglt lr.l% % | a gyset%mgm%agﬁe 1ece]s r%on ecP g) m%orrgeskg 1'1 bbﬁ"] devices for
adglisinicahé pelptiifatir@naydraf S&ﬁhtMmI de\ﬁéé}gr anmm ng

Further, enbadi nents of the invention can_include

desi ghéciers fies aroup of thedilé deviciarapirazedinta gudnnve alane,

for a 0

et ng*FREREA SOy AP B8 R RevibAE: HranGRERH S Slabut planc,
mdanes and associ ated drivers as building bl ocks,

enbodi pents .of . the jnvention can be configured to )
achi eV r@Bhﬁ}eeBPPPhﬁl?f‘F dﬁl&ﬁ?ﬁ%&pm[@mﬁjﬂe Wﬁén?‘{@ form a logic

fiRce&PHNGd Bh A 1RBMLE p§l|a{fM@s dfithd ﬁ%é %rbﬁ’@f AP e NRILE. of
the invention, it should be noted at various changes

and nDdlflcatlons coul d be made hereln w t hout

d ' th f enbodi nent f the
[ mventi on 0° SISHTBAAR) Bl EARCARGHIE ki MRCrogech MTI devic

tamigihé ANagSdtiR PEA HfuBEticRC IMADS st@fageh@emBith@ES chi be electrically
accordance with the enbodi nents of the invention

pegmnrpeditoeloa iesifenes qiddglbesiseneostaed i n any
particul ar order. Furthernore, although el enents of
the invention may be described or clainmed in the
singupar, Theppiginahabls |eHateapbatiedn 0weasinl dath kel ii0the array
to the S|ngular is explicitly stated CLAI M5 WHAT | S
BLoArRNEDQ gpuhcolymps vy Paﬁﬁﬁﬂwe@ lyrality f MFLJevicesnpr i si ng:
a plurality of spin transfer torque magnetic tunne
junction (MIJ) devices, arranged in an array; and
4. The programmable logic array of claim 3, wherein a first input column is

selected in a first row by setting a first MTJ coupling the first row to the first column to

a low resistance state.

5. The programmable logic array of claim 4, wherein a second input
column is not selected in a first row by setting a second MTJ coupling the first row to

the second column to a high resistance state.

6. The programmable logic array of claim 4, wherein a first programmable
source from the plurality of programmable sources is coupled to a column coupled to
the first MTJ and a second programmable source from the plurality of programmable

sources is coupled to a row coupled to the first MT]J.



a plurality of programmabl e sources coupled to
correspondi ng MIJ devices for changing the polarity of
w@2doseez19rnyer of each MIJ device; wherein a fiPGI/US00RIESS927
of the MIJ devices are arranged into an input plane,
wherein a second group of the MIJ devices are arranged

into an out ut plane, and mhereln the i nput plane and
the ofit put 1Bt aRPSHBMERRDIPMY #BAY of ala%g. c PORCH otye  first
P\%%ﬁﬁinrﬁ%lé REuice! Al éé@orﬁpg g’ratrhﬁ%l@fso{lﬁ% drk ec%nhgﬁ'@{i t8fprovide a
ea device. 2. r ammab logic arr of
pﬂammmﬁugwhsnmﬂhr&athMWTJdemmgewmmnmaxusma nagnetic
tunnel junction (MIJ) storage el enent that can be
electrically programmed to a |l ow resistance or high
resi sganceTht apBgratamdilE RERITMABBF eclhRi T, &FHe@din Ofhe second
claim2, wherein each rowin the array is coupled to
pregrammadile rerscs/isgonfigured ta previdk anvalthgssiv dwinE akspd epeyation.
4. The progranmable logic array of claim3, wherein a
first input colum is selected in a first row by
setting a The ptogidmabledbgioGiritaheffdldist 1,rokertia thBénput plane is a
first colum to a | ow resi stance state. 5. The
DBgplansresl Be papuerlang by NPRJI#ICm 4, wherein a second
i nput colum is not selected in a first row by setting
a second MIJ coupling the first rowto the second
coluanto ahdhpgigrarmsbllt dogie agtpoé clan 1Tindiepiogreainretoplenc is an
ic array of claim4, erein a first programable
Rlang pashoytRy phnes At QR BF%r ogr anmabl e sources i s
coupled to a colum coupled to the first MIJ and a
second programabl e source fromthe plurality of
pr ogr Ahmabllee pogramsabls lagﬁuméadofwdaim I, dwtlow gpinpdsing:

the fir J. 7. The progr abl e |

6. unodPX T eopalpe Bl Thamme: ofe cul i dlasiy Shein the

BMOYIRREER cBnBaIES & @{ueld@ q%acgyg@ad fon RFRMUiré® of the input plane to

programm ng current for the first MIJ during a wite
b’é’-%alftb‘ﬁouteutpiﬁ@ programmabl e | ogic array of claim?7,

wherein the second programuabl e source is configured

to provide a voltage sink during a read operation. 9.

The pidgr amh@pregrhragiablecalopyaredy 6f alaimll 1, witsreih nthe MUX driver

i nput plane is a NOR plane and the output plane is a
FRORDIHICH Aense amplifier configured to detect a voltage level on the ﬁrst row and to

generate a binary output voltage based on a comparison of the voltage level on the first

row to a threshold voltage.

13. The programmable logic array of claim 11, wherein the MUX driver
comprises a write portion configured to couple the MTJ in the output plane to one of the

plurality of programmable sources associated with the output plane.

14. The programmable logic array of claim 13, wherein one of the plurality
of programmable sources is coupled to a column coupled to the MTJ in the output

plane.



10. The programmabl e logic array of claim1l, wherein

the input plane is an AND pl ane and out put plane is an
w@Rvophzrees 11. The programmabl e | ogi c array ofPci/asro0d/958927

further conprising: a MJX driMer coupl ed between the

i nput plane and output plane, wherein the MJX driver

IS conflgur d to provide a read sign froma first

row of°t he ﬁ%‘l%%ﬁ“&?@e f%l%aWJOfZ?flal{“iJe feths GOmprisiRg:

12. Theop lp‘ﬂW@ﬂE@@%'lpﬁﬁG?%ﬁ IR (8 %hOf uﬁ)lu@'pmn%]oonﬁ@@rreﬁ'tﬂ detect a
the MUX driver conprises a sense anplifier configured
votagetlect oa avallvmgef Itha/ eiltpotnpltatn@ afid tesgenemte artdnary output voltage

rate a binar tp based, on a.co ri so
BRoTIaE € sPpayitntothDiftiate 120 Sn R5 orGn Ot ARCERBHGRne o a
Mebshaleolthde. The programmabl e Ioglc array of claim 11,
wherein the MUX driver conprises a wite portion
configured to couple t he NWJ in the output plane to
one of.the [ I e
assoc?atedAMn hgéh [ % g’%”’f% %$ ggglgngnnable
| 0gi Cpfamymidi sablabfra ﬁlﬁralﬂ\gﬂ ef giif trandeotbrdudenggneti@tunbyl junction
ogramabl e squrces is cqoupled.to a colum coupl ed

of pr
EMTE) @Wg, pfRRRE 1B @ppqytayﬂpaen@eqs highhgr lovp gesasighes| séate, wherein
| f W Ut

AR T EHERY. RiprGioBinich by i BloghRIRINE co By @4 fo layer

tide d&t edtcted Mi[FJtcEg&elaﬁ& elogpammablolsomice obutldktocaufipad layer side of
ane an enerate a binary output voltage based on
eé@ﬁﬁﬁ?ﬂ@tﬁd it he vol tage | evel on the colum of the

out pufrfHoRitea tff?stagrBw 68 iRl Ty el REE intd Coluth¥BIABWE U an input

i mpl ementing logic in an array conprising: progranming

plastt of a plurality of spin transfer torque magnetic

t unnel unctlon rrranged. in an arra to .

el t noPii h g driombre Y JE ML SR aRE g a By “lkigp i in an
MitpudSMh& EvlcseiR bR BeshcRYoR did E@aplar ﬂﬁﬂﬂm@%@es in the at least
sour ce coupled to a free layer side of a selected MIJ
ges/sdemardpr ogr ammabl e sour ce coupl ed to a fixed

| ayer f d evj c

first d%r%gml% é?ﬁ%gﬁﬂ‘fﬁ& glv‘lb%%tsi Oql %ﬂo ree’l gges of each MTJ
eévien i nput pl ane;

urms an

17. The method of claim 16, further comprising:

coupling a plurality of inputs, each input coupled to at least one MTJ device in
corresponding input columns in the input plane;

coupling a plurality of MTJ devices from different input columns to a first row
in an input plane, wherein a first programmable source from the programmable sources
is coupled to the row;

generating a voltage on the first row by enabling the plurality of inputs and
setting the first programmable source to a low voltage state; and

generating a binary output voltage based on a comparison of the voltage on the

first row to a threshold voltage.

18. The method of claim 16, further comprising:
coupling output voltages of rows in the input plane to corresponding MTJ

devices in a first column in the output plane;



arrangi ng a second group of the MIJ devices into at

| east one colum in an output plane, wherein outputs
w@bhoosazte7y ow are coupl ed the MIJ devices in thECHUS2008/058927

| east one colum; and deternmhing a logic function

based on the relative resistances of each MIJ device.

17. The .method of claim 16, r onprj si ng

coupl P2 programmalie spuree ﬁ‘RHIg (} Eﬁ%ifsr‘i ﬁalltu 611%8“‘?@ plane to

Rlow eaiElocanfe Melifau £Golldo gﬁrtﬁeeﬁl@pmba&onmtanaol ums

in the input plane; coupling a plurality of

deV|cg@uimE@wdnﬁﬁEmanmtvmmuxfcb%annwutpbacbmwépnm@wmpmwonof

first
BB E e aru e e Rl TR SR o
generating a voltage on the first rom1by enabl i ng the

plurality of inputs and setting the first progranmable
sourcé&dto 3h¢nmwwﬁkﬁa@@nééap@mnana generatlng a binary

the 1ol BRE: SHF RuRuPGTRAR B0 Pyt O BP (AT HBYP Brane o

olitpel plaie b reﬂrugﬂahﬁﬂimg QEEH bBth&%luraﬁQU@f bpig tedtfptitorque magnetic

vol tages. of rows in the input plane to correspondlng

maeldéw@@éMH) de¥ipgsdn ﬂ%ﬁdmﬁrﬂf therinprep gt g5 putmnt alke

setting a programmbl e source coupled to the flrst

colum in the output plane to a |ow voltage state to

est abP0.sh dhy eddtlagieoDolatnnd 9f whsteio tligpriconfidurimg; thardgic function
enerati a bi.nary output v ge.for th
MBI b & BRSNS TEYNBRG LR O Bregher {1 Rl o i ransfer torque
Fl@étlc‘%f?ﬂlﬂé']' TunkRort AR TOHREES Hi @8 %n& 8f A itue AL 8r output plane.

vol'tage. 19. The nethod of claim 16 conpri Sing:

reconfiguring a logic function realized by at | east

one of the input plane or output plane by

reprogramm ng each of the plurality of spin transfer

torque magnetic tunnel junction (MIJ) devices in the

one of the input plane or output plane. 20. The nethod

of claim 19, wherein the reconfiguring the logic

function conprises changing the resistance state of

each of the plurality of spin transfer torque magnetic

tunnel junction (MIJ) devices in the one of the input

pl ane or out put plane.



