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TECHNICAL FIELD
Embodiments of the present disclosure relate to electronic devices comprising
at least two substrates bonded together.
15
BACKGROUND
Electronic devices, and specifically semiconductor devices and memory
devices, are becoming increasingly more complex. Accordingly, circuitry area or
space, also termed “real estate,” in electronic devices is becoming more and more
20  limited. Inan effort to provide more circuitry on a single semiconductor chip without
increasing the size, as well as in an effort to reduce the size of other semiconductor
chip, the circuitry has become increasingly smaller and a greater number of circuits are
formed on a single chip. For example, memory devices have reduced from microscale
devices and circuits to nanoscale devices and circuits. Nanoscale is conventionally
25  defined as referring to circuits and pitches less than 100 nanometers.
An example of a memory device having memory cells formed on the nanoscale
includes magnetic shift registers, conventionally referred to as “racetrack memory.”
An example of racetrack memory is described in U.S. Patent No. 6,834,005 to Parkin,
assigned to International Business Machines Corporation (IBM). FIG. 10 of the
30  drawings of the present application is a schematic diagram illustrating a prior art
embodiment of an array of racetrack memory. Racetrack memory may include an
array of nanoscale wires or tracks 1010 made of a ferromagnetic material. Each

track 1010 may include a plurality of magnetic shift registers 1020 connected to each



devices and circuits to nanoscal e devices and circuits. Nanoscale is
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cells formed on the nanoscal e i ncl udes magnetic shift registers,
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of bond pads may be positioned on the surface of the first substrate. Each bond pad of
the plurality of bond pads may be electrically coupled to a magnetic tunneling junction
30  of the plurality of magnetic tunneling junctions.
Additional embodiments comprise methods of forming an electronic device.

One or more embodiments of such methods may comprise forming a first substrate and
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comprise a first substrate and a second substrate. The first substrate may comprise a
plurality of magnetic tracks including a plurality of domains having domain walls, a
plurality of magnetic tunneling junctions proximate to the plurality of magnetic tracks
25  and extending to a location adjacent a surface of the first substrate, and a plurality of
bond pads on the surface of the first substrate. Each bond pad of the plurality of bond
pads is electrically coupled to a magnetic tunneling junction of the plurality of
magnetic tunneling junctions. The second substrate may comprise support circuitry

and may be bonded to the plurality of bond pads with a plurality of conductive bumps.
30



BRI EF DESCRI PTI ON OF THE DRAW NGS FIG 1 is a cross-sectioned
el evation view of a portion of an el ectronic device according to one
or nore enyodnaNtd4 FIG 2 illustrates a top view of POIAIeIIGMH2@ES a
first substrate depicting a plurality 5 of bond pads disposed in a
predefined pattern according to sone enbodinments. FIG 3 illustrates
a top view of a portion of a first substtdte depicting a plurality of
bond pads di sposed according to a predefined pattern of vias
according to sonme enbodi meBRIEF BEECRIPTIONaOE GHE\DRAWENGA portion of a

pat tem on ¢ he. surt B0 b SeffEe PRt BRI E B RS o JodPAReEs
one enbodi MeNtaecording to die@r nrd dnibddiniaatses a top view of a portion of a
first substrate corari si ng bond pads configured in a honeyconb

pattern on the sur ffd€e ihgraese tercdew of portien ofta fird austraisde g RiwAKLY
15FIG 6 il us&%gﬁ%dgdfs%&ed/ féx%"ﬁﬁ&feﬁﬂé@i Iﬁﬂg‘ﬂ%&?&+g BfsohB Embédimbnts.
ona pads ar

substrate conpri Si aving ‘a triangu configuration.
FIG 7A is a cross-H@ciilosieteselteprdaew ofia pirtion offa firstpobstratedepiftingra plurality

el ectroni c device according,to at | east e enbodirent . Fl. 7B is an
o or god vi ow s PouNEER Atk d@oing! €7 HeaHiRa BRBEM R spedidiph tofimbS
FIG 8 ill ustreatedingntsop vi ew of the first substrate conprising bond

pads structures includjng diaqdes_forned thereon patterned accqrding
to at |east one entd iJrT’éﬁttc?P view Ofapom‘?—*?‘{gatg’“isgb a@éﬁ@ﬁtﬁlgith%“ggaés

conput i ng 13y stenkigiralinaMosd)edhp PatBin dEBE burflEoARIMEONBH At HccITRIND EY/at
devi ce containing at |east 'one nenory device according to at 25 | east

one enbodi mentleastoneigbpdisaint i nvent i on. FIG 10 is a schematic
g o Lo s VO B S S
present ed her giads @mégurpdinsdweescosb paitas on thesurdist thateofacgondingfto at least one
embodiment.
15 FIG. 6 illustrates a top view of an embodiment of the first substrate comprising
bond pads having a triangular configuration.
FIG. 7A is a cross-sectioned elevation view of a portion of an electronic device
according to at least one embodiment.
FIG. 7B is an enlarged view of a bond pad of the electronic device of FIG. 7A.
20 FIG. 8 illustrates a top view of the first substrate comprising bond pads
structures including diodes formed thereon patterned according to at least one
embodiment.
FIG. 9 is a schematic of a computing system diagram showing at least one
semiconductor memory device containing at least one memory device according to at
25  least one embodiment of the present invention.
FIG. 10 is a schematic diagram illustrating a prior art embodiment of a

racetrack memory array.

MODE(S) FOR CARRYING OUT THE INVENTION
30 The illustrations presented herein are, in some instances, not actual views of
any particular substrates, clectronic devices, or memory devices, but are merely

idealized representations which are employed to describe the present invention.



any particul ar substrates, electronic devices, or nenory devices, but
are nerely idealized representations which are enployed to describe

t he presentoiAp@fntHeén. - 5 - Additionally, elenents cdardszgiéiesn
figures may retain the sanme nunerical designation. Vari ous
enbodi ments of the present disclosure conprise electronic devices
configured to couple nanoscal e el ectroni@ tonponents, nanoscal e
pitches, or both to 5m croscale el ectronic conponents, mcroscale

pi t ches, or boAdditideally, elbrriests aoromos betweat figursonayirefiatherame nemenrel a
portion of anﬁgsectronlc device 100 according to at |east one

enbodi nment . &Py oni ¢ devi ce 100 conprises a first substrate 110

and a second subst nad;@uslaﬁbdamkseﬁﬂteqmmﬂelﬁsclolmcémp@b emrtrsﬁdcmveesllo
and second substrate 120 nay c ri se sem conduct or (\:/g?fer ot _her
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each ot herjot hrsab@ited iRhdele8Modifnehd or kingdlhted sdtdndh@orldié.in Bhad pads
150 may be di sposed on a surface 160 of the first substrate 110 and

20 a plurali tyerr&o eas. 170 may extend from adj acent at |east a
portion of the cir eI‘I'lbtﬁ'EsYsﬁ}o@QatE ?16&‘) gﬁ%@u@tﬁ%l@@&m@%ﬁ e Yoibn eesdspl e
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not limtatio

be confi gur edngu antl yo%gﬁglg%km&%g ésdﬁgp g%%o%?gég}§%%%m
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conponents 30 (e. 9Bon&?mq%t)mé‘;b&H@ﬁ&ﬁaenf%fa@é%ﬁﬂf@aefﬁﬁ@hbgh@:@dl@am
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traces of 28 r cplerplity pfiias JOnUpbend Femradizaens ot least aperHen of the firgitprido
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be sized and configured to comprise an area of about 2,000 pm? or greater. By way of
example and not limitation, in at least some embodiments, the bond pads 150 may be
configured substantially square and may be sized about 50 x 50 pm.

25 The bond pads 150 may be disposed in a pattern on the surface 160 of the first
substrate 110 to provide a connection to each of the vias 170. Because the bond
pads 150 comprise a substantially larger size (microscale) than the components of
circuitry 140 (nanoscale), each bond pad 150 may comprise a width W extending over
an area that crosses a portion of circuitry 140 comprising a plurality of components

30 (e.g, conductive traces). For example, each bond pad 150 may comprise a width W
extending over two or more conductive traces of circuitry 140. Although the figures

illustrate circuitry 140 comprising approximately 10 or 11 conductive traces below the



- 6 - width Wof each bond pad 150, the differences in scal es between
the circuitry 140 and the bond pads 150 may facilitate hundreds or
even t housWpadiogh+d4ch conductive traces bel ow t he w dtHICTIWSa#1082¢E b5
bond pad 150 according to various enbodinents. FIG 2 illustrates a
top view of a portion of the first substrate 110 depicting a 5
plurality of bond pads 150 di sposed in afredefined pattern according
to sone enbodi nents. Such enbodi nents, in which the bond pads 150 are
di sposed accorwidthgWtod ezhpoadhedd 158 dhpdifemnees immylepleetwesndhe cdiguitry 1HQami n

as a "bond raster” .pattern. The.bond pads 150 .are depict.e .
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140 to the sbongypider o phil GedikpYicath eﬂ-ﬂr@deﬁih@d %e{g@nﬁim&h fmeshown,

the bond pads 150 are fixed in a pattern akin bricks Taid in a
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pads 150 dire v i ke I 2 I
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pattern i s comadniflatedtpasedes phtialy thasmempm ooder énttiostraisethe sslatibnshipe
invention. In_sone enbodi. .t fixed, of f e approxi mately
nal 1 he | engtE Deep 1. e § e Bl ofFbbrdii oA

enbodi ment19,  teidolintfis laSluiiRly ofBbndiRdOTI0aRYEE dighosedfonXiRchuifadet 160 a | N
ot her words, the vias 170 _may not, be coupled to the circuitry 140 in
any apparent puef Bafem todpliate goynking the SECufreldigp tl%?%&&??%ﬂ?%fhr‘&‘g}‘i rst
substrate 110 \denhg!inNe dfisodRRss MEHE, tﬂé&fnqlp%},ﬁl%@qreaﬁs_&@m PaitckPalQh foer

enbodi nents. According to at |east sonme of sSuch enbodinents, the vias
170 may be coulwicksdaiddn & well.de mhish eachrboad padelidiis effist wisnternrsct tp thethend
center, of th oAl - - ' ﬂ@&y ;
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is coupled to conductive, trace. i diatei9 .adj acent_t.0 e
conductive tr gggmﬁ% : tEﬂFtPWéW I Tao\e e &ht X%@le%%ﬁﬁ%éxeg rcﬁf%ér;{tnleaa ble n
FIG 3) are caypbeihatelyieatbengthdsa 5662 @« thettord pidsre). Bikuélt ed in
accordance with the pattern of the vjas,.17Q. Such a conH %Er ati (fn of
shifting the ISBRAASHE: theyat 0BRGN RN iHe ke RiftEdeft AT WPAES BFn
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30FIGS. 2 and 3 illustrate bond pads 150 having a substantially
square or 20 FIG. 3 is a top view of a portion of a first substrate 110 depicting the bond
pads 150 disposed according to other embodiments. According to at least some of such
embodiments, the vias 170 may be coupled to the center, or at least substantially the
center, of the respective bond pad 150, and the vias 170 may be configured according
to a predefined pattern. In the embodiment of FIG. 3, the vias 170 are positioned in a
25  pattern wherein each via is coupled to a conductive trace immediately adjacent to the
conductive trace to which the via above and below (as oriented in FIG. 3) are coupled.
The bond pads 150 are, therefore, shifted in accordance with the pattern of the
vias 170. Such a configuration, of shifting the bond pads 150 in accordance with the
predefined pattern of the vias 170, may be referred to herein as a “bond shift” pattern.
30 FIGS. 2 and 3 illustrate bond pads 150 having a substantially square or

rectangular shape. However, those of ordinary skill in the art will recognize that a

plurality of potential shapes and pattems have utility in implementation of various



rectangul ar shape. However, those of ordinary skill in the art wll
recogni ze that a plurality of potential shapes and patterns have
utility i nworRetoaseHt ati on of various - 7 - enbodi nent s.P@yusaen/004235
exanple and not limtation, FIGS. 4-6 illustrate various suitable
configurations for the bond pads 150 accordi ng enbodi nents of the
first substrate 110. FIG 4 is a top viewof a portion of a first
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t he bond pads ,15Q ar.e t.at e | i ghtd i their
cent erpoints, t%% il t}ynlgrf(ai“ﬁ g%glbdéﬁeg’”rrlﬁ] tﬁ%%%“%f%&%ﬁ%@%rﬁﬁ?r%ﬁ%%gé
coverage of t Heneydmbiphitain hd@ be Tormmed b dompriss/elsbnd caset agttem m witidmbelswhd

by di sposing th d pads 150 i,n a configuratjon that is angularly
m sal  oned i UROE FaD G BRRSSA HEoEde PP | o1 ng. condact | ve
traces. | meother wadss ilmGedddshhiberténbobigncadract fyibstiatel 106 todf@thel N
FIG 5, the bond pads 150 are not disposed in colums_that run

strai ght up arkend@eds 15R cenfigyraderith afierseonpshapsaad dispased & arhopesicppb 140
that is confi %&s&l) éoﬂgrlﬁj—igiﬁg %!159&(} ARk rf@hlem caliALENe 140, BNHe SAMHIL&R 020

oriented in FI'G 4). m sal i gnment nmay inprove the coverage of
t he circuitry FI60S.Bhe tomdwids 15§ acet rotated stightlyeinla devd degaers abont thigitcenterpoints,

positioned over . . C] i 4 0.: I
oupl i ng & vi aexSta s BIRONAR risads iR ol ke B AR 10 oe
subst anti ald y iaprdvedtoveedde pardvidad byfdispodingitie pad ph80O1501in a corfipuraon thef

because the band s 150 are angul arl.y. m sal.i d wit.h the .
under | ying cir'g 6‘?5'5‘? Y 9% lg@,\%@c‘?ﬁ‘%&%ﬁﬂﬁ%é%“g %c%tpg SORPFiEIRE podudiyg races.
such as the canduet wlas,take&@iﬁ%ﬁfth&ﬁmcﬁmemumﬁ RFIG. Sagk bomEpabo s

pad 150 that is positioned substantially centrglly,t ereover,
enabl i ng a vi &547% dispossd Moesdyrpns$has qon sirtehinn aad dowa inaigrmeniyith the

conponent of th@cfhkEdichiy Iliiéglagﬂ(ioﬁﬁg%%% ﬁ&tshﬁét&mam%ﬂa@& uPRidldo@R (Rf

a bond pad 150. THus, vias do not” need to be coupled to a bond
pad 150 alZ¥hg aaiepied indH6r 4). Sedymisehgmesst mepinumoveshs ¢qvgeee af theciggiiyHép
enmbodi ment of r oSl Lng
a triangular c ?‘é%‘?‘%%ﬁ lgdr%p@r?(?%égﬂ%drlﬁg ﬁlﬁaggé’ Ogg%d?’ggﬁg%pﬁg%ﬁ .B?ﬂéhe
bond pads 150 caceitrgid@tosciabla cpmlinga gialf7{ furead cninpbndnbsiahe cfcuittyd 40 to a

triangles - 8 - sitioped faci.n ch .ot nd,al i gned together .on
the sor face 1600HHRATY <PaAiGH AP IR A GEEPPE R Padt pBv SRR P SRThE Bona
angul arly m sglatigrsadsadgalatip erisanigesdl withnlle tidedying tiycuithynl 40heack shnystinemnt
shown, the bond pads 150 are di sposed according to_ a pattern, while
there is Mo appaiceHicuipyd f&suchyy thgfoafdiketidres G051y Bupied s bk

pad 150 that is positioned substantially centrally thereover, enabling a via 170 to be

positioned, and extend between each component of the circuitry 140 and a substantially
central portion of 2 bond pad 150. Thus, vias 170 do not need to be coupled to 2 bond
pad 150 along a peripheral edge thereof.

30 FIG. 6 illustrates another embodiment of the first substrate 110 comprising
bond pads 150 having a triangular configuration and comprising a bond raster pattern.
The bond pads 150 are ordered in pairs configured with bases of the triangles



5circuitry 140. Conductive bunps 130 may be forned on the bond
pads 150 to electrically couple the bond pads 150 of the first
substrat e WO0ti0¢He second substrate 120 and any cir cHATYS20RB26235

t hereon. The conductive bunps 130 nay conprise any bunp configuration
known to those of ordinary skill in the art. By way of exanple, the
10 conductive bunps 130 may be configureddas bunps, pillars, studs,
balls, colums, posts, or any other suitable physical structure, as
wel | as conbi nadsitionad fatieg exch offieeandialignrdttogethebamibs sukB:0e hay Tthorrpri se

oy Son Ve Tl b SRR PR BB S e

tin/lead sol degrcuidryC DG &inbyEmetit sﬁmdmatmhdfmdshe@a@@is R4 aco@fdmg toa
conductive conposites. 15In additional epbodipents, e electronic

devi ce may be RSEm; yhilctiereés T}Oe?@%éﬂttpﬁ%efﬁbWé}ChBF%Hao pagemEcedsar y
to couple the }c[l ilhpy 140 to a respective bond pad. FIG 7Ais a
Cross-secti one vation view of a portion of an el ectronic device

700 according to athnéa@webWBP&a}ﬁﬂommrfomeﬁmﬂ@lt@gdp%fhlléo theshectricalin o
conprises a first, su n

toget her. The ?OuPlset%h SU ?cgtlé& %gﬁgs@g&g@gﬁ su%@%r a‘t}oég?f gi{prr%n?%y
conprise sem Ccmdiu@rtlas th&&bﬂrfhmondﬁdmeé b\hmlbsimemaiyazomphﬁﬂetany bwupst r at es

in sone enbodi rre sin ated sem c es in other
oo renr s 0 Rt may ot oRaey S b At iitey & gaiile the
conpri ses @ r Cdbnbictivd henshl 13D f§ be ebnfRuR@lab beps, Piglhe huds,| vallg eolugast
sone enbodi nents, at least a portion of the circuitry 140 25ma

conprise a pl UOAR qrynbpthercﬁﬁa@l%tt plosicalsiadweas vt ap P@nhd@atwé%l@ﬁreo The
substantially &ﬁ&@gb%ﬂqg;% 71@8%9(351??133&3519%%&@3%41 bPRoYihddde, sB&H a%t

substrate 110. Bo posed on the surfacé 160 of
first substrat @pﬂqmqkhdﬂ\ecr paluma‘llmlqnd@1‘10303|0£3ny16f®heefme§®idg,fcp@‘mna@]ah@b’ﬁlt

Bt 2 BOdeohiles BN (Rt aiGARARE PaEIRR corfifies

bond pads 750 co Flse a a6 Ice I'n a por
t her eof corsfi gur ed Ih addthaial antﬂﬂamm%thctemctaomd devak intay befcorcﬁ@mdecn edwieas

170. In at |east nbqdi oent s |l ection d ce 70

conprise a pl utﬁ%Pl?nE' r8fb°cﬁlﬁ(§’ 38?3535?’&‘1(’3& ccfrflfl ‘r%d t&é'\f?s(yg%tlveé?@pa‘?B
i s an_enl ar gedrIGL BAViSH cr@ssfé@cﬂﬂn@ﬁdevﬁﬁ&l Q'Ewtolﬂ@p@h&ﬁbﬂ Al 2trelay ieaeedDo
FIG 7A, indicated bi%\ - 9 - the designation 7B jn FIG%&%?A and
appropri at e braSRERINE B lqastpge smiogmant. Tig elg Weﬁﬁﬁ7 nppisgs pirst

el ectroni c devi,6&a%0Q0MRY a SRBRS éu%ﬁra@e florcptipled ©eehef 1Ph&dt AbSREONT and
di ode 720, positioned in side by side relationship. The first diode

710 and t 9 sessomd subsgate 120 mavragmm erpisondyatpr wafersor gthedrftossmignpdictor
conductive p adsugs%%teg ﬁr?s%%eeg'xbggﬁ{ents, or singulated semiconductor dies in other

embodiments.
In FIG. 7A, the first substrate 110 again comprises circuitry 140 disposed in a

portion thereof. In at least some embodiments, at least a portion of the circuitry 140

25  may comprise a plurality of conductive traces extending at least substantially parallel to
each other through a portion of the first substrate 110. Bond pads 750 are disposed on
the surface 160 of the first substrate 110 and a plurality of vias 170 extend from
adjacent at least a portion of the circuitry 140 to the bond pads 750. The bond pads 750
comprise a selection device 705 formed in a portion thereof configured to enable

30  access to a plurality of discrete vias 170. In at least some embodiments, the selection
device 705 may comprise a plurality of diodes or similar rectifying devices. FIG. 7B is

an enlarged view of a bond pad 750 of the electronic device of FIG. 7A, indicated by



5a portion of each diode 710, 720. The first diode 710 is coupled to
a first |lower conductive pad 760, and the second di ode 720 is coupl ed
to a secondolzowan+@oénducti ve pad 770, the first |ower @efdiseamneszpad
760 and second | ower conductive pad 770 being electrically isolated
fromeach other by gap 780. The conductive bunp 130 (FIG 7A) is
coupl ed to the upper conductive pad 730 -i% sone enbodi nents, or the
10 upper conductive pad 730 may be omtted and the conductive bunmp
130 may be couhd édigditiocr B iy FIG Mdfappmpn:dé mxden7d4d lmn dndexab nghch boutk

720. Avia 170 (FLG . 7A). is cou t o each .of fir I ner
conducti ve pad’ag}géo%ﬂhe%lﬁ%mg’ééﬁ & TORMRY OBRENRA T Ii%d“ﬁ%ﬁé asggend j ¢ ot

di ode 710 and @&reong fiiasied (2Qdes ity eRRéREipt qrh@ﬁfgpdlb@eenorm@me@@:ond
15bi asi ng schenes, such that the first diode 710 may be biased in a

first directi ohoderal mexbethbesenpiiddea copmontgpeheordrayegad 7 04lisparedmyer
opposi ng d'sr eqf {ﬁoﬁﬂm JFUch REBY & 726" kiR cbdfledBY RS 14 var d

bi ased (i. positive current to pass through and bl ocks a
current of t he:omcppbm Itad 7pmlaad theyyconth diode ﬂmas sapiddo dsacdl@d log@er epagudtize

e 2 e A R R B S e

of the opposi t* ura ron,
positive curr eringlelee@id@ly itkdtedBerd égdhioder by pap momwndmsbmhpamgh

the first diode 710 and the first con ad . 7 enabllng
access to the (€G W sopunl wé@ﬂﬁP@&%ﬁh@W?P%@é TR HE?FV@ d

760 and the aﬁ@ﬁ&-'caﬁcﬁﬂnw Rd ¥3 @ma)T BeomfRi khd/Be &H{dﬁ&ﬂr% vingp D @RkEEe by
t he second di ode Li Kew se, current in 5 posite polarity
h

t hr ough t he c@ﬁ@ﬁ]@d ¢lrﬁéﬂ)bfl§?rfbe ﬁ@mlmmom@cmmﬁz éV%lc?(Qr{EIngAaisode
720 dth
circuitry 1 4g%§§;ﬁé’q QU orGRAU G CoRRiVE d 7608H dOQoREAERE dRaldI e

e secon r conductive pad /70 and
t he aSSOC|ate¢m@Va)170 The current in the opposite polarity is

bl ocked by the f|r he f d seco dj . 720,
respectively, 3@%@?8?‘218‘13 -?1-@ aggs‘?o% %10 ¢ ructure n%? toséogrg%%?/\ﬁpgﬁm s
known to ti§os enasfng@mtrmg,rsyclﬁhat ltfhe first didiie 740 inay By biasy i0d fidOdiexctompire thed
not limtation i odes .CO rlse stalli.ne . silicon NP, .o

PN, structur e§ewﬁé§’§3 f‘)g@ﬁ?ﬁ élpoﬁfl%‘&éeé"ml? |ﬁ°§ﬁ’éaﬁ?p$¢’§he first
structures thatodeXé iy be fordkild biak@ICd.b.f f Mlo% a3béilivd dudtsnt 16 PR thdSugh and

si |l ver/anor phous silicon/p-type silicon stacks, as well as any ot her

stack or st rudlaskea sriEpief theedppsitemalanity) whilathg secend diode 720 may be reverse
biased (i.e., blocks a positive current and allows a current of the opposite polarity to

20  pass). In this configuration, a positive current through the conductive bump 130 will
pass through the first diode 710 and the first lower conductive pad 760, enabling access
to the circuitry 140 coupled with first lower conductive pad 760 and the associated
via 170. The positive current is blocked by the second diode 720. Likewise, a current
in the opposite polarity through the conductive bump 130 will pass through the second

25  diode 720 and the second lower conductive pad 770, enabling access to the
circuitry 140 coupled with the second lower conductive pad 770 and the associated
via 170. The current in the opposite polarity is blocked by the first diode 710.

The first and second diodes 710, 720, respectively, may comprise any suitable
structure or stack which is known to those of ordinary skill in the art. By way of

30  example and not limitation, the diodes may comprise crystatline silicon NP, or PN,

structures, metal/double-insulator/metal diodes, filamentary structures that exhibit



The bond pads 750 may be di sposed on the surface 160 of the first
substrate 110 conprising any one of a variety of patterns, such as

t hose descwpiew/18&bove with relation to FIGS. 2-6. FlI GP(3/USRI1082M03 es
atop viewthe first substrate 110 conprising bond pads 750 patterned
according to at | east one enbodi nent. According to at |east sonme of
such enbodi nents, the vias 170 may be celpted to the center, or at

| east substantially the center, of the respective | ower conductive
pads 760, 770 reftiffng fBlitidsmole st/ awiotphoggiicobprgipdsiittor Sackspasdvdig
vias 170 may be cqupled to the 10 circuitry 140 according to a
predefined pata¥eier siarkop grucHELRRVIRgACtifratiop&atyes { he vias 170 of each

bond pad 750 are poglehb/gds 75D BaPRldighid eRS&AGD oY ihd fitt coupl ed
to a conductive trace inmedi ately adjacent to the conductive trace to

whi ch the vi a stbgratehldQ sompriingsngang efs variptyof paiterns, Jpkas thyse desgribed

coupl ed. The ba%?ﬁe \Bﬁxgl%mﬁgn%%ﬁg] i—-g.:%‘l%{. gﬁ strstid Jfo@%&&h@ﬁﬁp&g&%ﬁeﬁl o th

the pattern of e Vi as n ast sone I nent s,
el ectroni ¢ dewoapridif®badpadsefs0patgnddsecading moat Jeastemi embodimergu dhcording

enbodi ments, at |J.east a portion of the circuitry .140 qf ,the first
sUbstrate 110 Heeatipn Lo FRammereyhErn i wérmdtthie et o
portion of theaedtubsthitially dié2erdér, 6B QRONGE ISWETLRAIEVEAAs Al 7RONr i se
support circuitr char ge Eunps, decode and addressi ng, sen&F

1 gac. d to the

anplifiers, 1Bl i7%§aﬁgsf3‘§?tf3 b yach Bynd ed 7ap: ang ieyias 130manbe sowle
mtationg | i@Hy 180RRGHIER 2 predlfin® Baterd! 1RMclnMRaiHent F1CI S, U 1 1Y

140 may conprise ohe or nor€ magnetic shift registers 180, such as

t hose di scl osethsilfi0 ebesith béndpad75(Pere pesitiaded in #pafe®, ERE:n Gicly 9@ in@pled

6, 898, 132 and i . i jf i I1S6S
o Fime track df FERMORL et Bl BiRINELD & Hecbnh B AREE ol P AEDIRI 76
magneti zed i n abowed dnd Helotvi(anwiented indgGosisare vdupkl. Fhybaldpoaddle0 are, therefore,
characteri zed as.domai,ns 18 in._one.direction or another. Thus,

i nf or mati on i§E§?§F€ﬁ“WﬂmFﬁ3mggﬁﬁﬁﬁ?nfggewﬁsﬁhe track. An el ectrical
current nmay be applm dedssobRRniBBdinRhts ahséledtionicelgiiss 810, TOGKy dotnpiiey £
the magnetic nonments within the dgmains 185 al ong {he track, a?glggst
magnetic tunneM§ORRSY fleiies itbsrsh smbediments.iat fepd) 2 apaigR At he gapytryrifg of thefirst

direction of tsﬁl?str‘éférm@%y%}gﬁrﬁs@'aspltﬁﬁﬁy Qfﬁaﬁé@ﬁalﬁhdaheasmg?@%ﬂaé ong

the track of the nmagnetic 30 nonents wWithin e domains 1 is

magnet i ¢ shi f tcireaigy $220 the weqndrmulystinie 18P sy9p semprise supporticirediry (uibshrmge e
% ;Sec gg{/” 'O fS' g%uﬁnp?,ad@@o%% FhPaddidsGhe, sdREMPHEL, 1D HHhitd ek §IBFHEY oA BAmBRY
20  and not limitation, in some embodiments, at least a portion of the circuitry 140 may
comprise one or more magnetic shift registers 180, such as those disclosed in each of
U.S. Patent Nos. 7,236,386, 6,920,062, 6,898,132 and 6,834,005. Such a magnetic
shift register 180 comprises a fine track of ferromagnetic or ferrimagnetic material
which can be magnetized in small sections or regions, which may also be characterized
25  as domains 185, in one direction or another. Thus, information is stored in the
domains 185 in the track. An electrical current may be applied to the magnetic shift
register track to move the magnetic moments within the domains 185 along the track,
and past magnetic tunneling junctions or the writing elements 190. The direction of the
current controls the direction of the movement along the track of the magnetic
30  moments within the domains 185.
This magnetic shift register track may be disposed in the first substrate 110

comprising a nanoscale pitch. The magnetic shift register 180 may have any of a



vari ety of shapes, including but not limted to, serpentine,

straight, U shaped, or otherw se, as well as conbinations thereof The
vias 170 p@oi2nigfed4t o extend from adj acent a portion JICTYUEROINHELIST i C
shift register 180 to the bond pads 150 may be configured as magnetic
tunneling junctions 190 (as depicted in the leftnost via in 5FIG 1),
writing elenments, or sinmlar devices, asliell as conbinations
thereof. A conventional magnetic tunneling junction (MIJ) generally
conprises two \}aaylgroﬁslmfnes;mgméim'g butrmt Ernited tossefyantatecshraight, 3-thaped, bay er

of insulating rlal |ch nnel barrier. T

Cunnet i ng. bas rvise 3 Yl S PPt DA | e ERied T st e

al um num oxi deydjadédt B ebibn bfth@ﬂﬁg:ﬂah&@fnﬁ@egﬁ@érrredtd‘th@mrﬁtph@srlslomﬁdﬁbatl ng
or 10 sem conductlng materials. One nagnetic |layer in the MIJ is

typical |y a haenligHRfstRagnehetamehng JHpGIOny b‘iﬂ’dﬁ%@lcgdll%i;h@@ﬂ%h‘éﬁ i
field to chan 'Qawﬂﬁlgé‘é&hé% bPﬁTﬂéﬂ?ﬁYl@ésh?J w&%%&hbfﬁaﬁm& Bletedf 1S
t gnet c matéeria

typlcallyaso ow ng a weak magnetic field to
change its magneti mtqwmﬁommmewmllmMnMﬁi)@ederﬁlb/ Q@pprisesdwe o

t he soft magnetic terla its dir | n t es so
that the di re?ﬂeso R ni%en@gﬁ%rfi éy m%la r?gﬁr}ga}g?\agp{% ({:&gl ayer
can be varied cbﬁ'ﬂpﬁiebwmlﬁlellﬂghﬂtne@fThdt&nﬂkﬁﬂglbajﬁgnetypmall]aﬁ)ﬁnedaﬂ'omanultra
The magni tude of .t he rrent p; ou t he tu I|n barrier
depends on t halin Ayt o iR el e “Bhouictad b B o ofhgihBLtos or
material s 1on tsBBichhdiiRGhd MBtedidld) COheARagnSRIISRA HEME M’FJ i ﬁglcmsy dteirdialiedc
current in the tunnellng junction indicates the 20 direction of the

magnet i ¢ monermaterial thalreguires a hagpagneticigld o hpngerits regnsiigation: THe otbee
hard |ayer is ngz%ﬂ}éﬂ?: ﬂéteﬁﬁ}%tf#éeéilﬁgtsoﬁ tha th-}é hl'ﬂﬂmh Q%A]&Ha etic field

i ndi cates the ectron o nment ard etlc nmat eri al
i f the directitopbange ttmagmtimﬁon o%cm@smdfmamwldts anpltedr’@&llew%

known. The twg z{% raét?naﬁmtt 1rec on of‘ ma%n%gza% nl?a‘i'lgr(f:s Ilﬂ?i?ﬁil idﬂgct#)ﬂ AffLoN

can al so be 25" rom nar magnet | erl neans

i ndependent| y nsaghétthiiongoftiresoftagigadticdayeptmtiesatiel telatgveb dharoBthphati ded.
The tunneling current g sing through the MIJ allows the direction of
the magnetic rABBHHC Bat r1':’*‘“1?ther one of the two magnetic materials in

the MIJ, i.e., theThtHagdRAObS thE DSt ds@éﬂ%ouélﬂh@ﬁnﬂ@th%@ﬁkpbﬁdsbﬁe
dlrectlon of the magnetic _noment. of the other material ) t he

ref erence | aydie relaivaagnstic amtpbep phian e BrsnslicrRateds i %WFJ&E@% of the
present discl G, r@aﬁsaﬁeﬁtgr R A2RY oBEP BhRkPinYhd t%r!iE'hHQ {Lﬁl@tﬁ)n ihdiSdtes the

substrate 110 an the seto substrate 120. In at | easSt sonme
enbodi nent§, fdnm@mngﬁﬁlgmm@cm@n@hm theoliqeemalic setkal ifdhemamentphthepe

processed -
be di sposed i n%{ﬂ@’e | rs {)t%? #5%%%%%2&%%{“ P%r tcih : eéfsgili%dlgeé%\)/lgay
the circuitry tMﬁoméntbﬁﬁehmﬂsmagﬁmbsnataia@fﬂicaimatwnmﬁrﬂwnn@nent ofthelsnft i ve

traces, including nenmgry. cells conprising one or nore nmagnetic shift
regi sters 1801?3@9?}?5“”4%3{%52‘?‘0‘5’?%@ di sposed into the first substrate

110. Such The two magnetic materials in the magnetic tunneling junction can also be

25  formed from hard magnetic materials if means for independently switching the
magnetic moments in the MTJ are provided. The tunneling current passing through the
MT]J allows the direction of the magnetic moment of either one of the two magnetic
materials in the MTJ, i.e., the storage or sensing layer, to be determined if the direction
of the magnetic moment of the other material, i.e., the reference layer, is known.

30 Embodiments of electronic devices of the present disclosure may be formed by
separately forming the first substrate 110 and the second substrate 120. In at least

some embodiments, first substrate 110 and the second substrate 120 may be processed



5circuitry 140, such as magnetic shift registers 180, may be forned
conpri sing nanoscal e el ectroni c conponents, nanoscale pitch, or both.
The supporWocréuwitty 125 of the second substrate 120 reGI/ERMO0LESS
conventional CMOS circuitry and may conprise substantially |arger
(e.g., mcroscale) electronic conponents, pitch, or both. The
conventional CMOS circuitry may be fornedZaccordi ng to conventi onal
10f abri cation techni ques and processes known to those of ordinary
skill in the aattdiffdremt @inpeaasts. ThaeiraithodiOnmeayite disbdsed @i the fitst supstiadO] 16
the first substrat 0 may experience rforpance degr.adati on at

| over t emper atAt SRR oTe A s an Y 405 b SRoutratn Ry o
second subst r ajoRddofiVe trddes e i méh@y CbilsGrinpiding i o nokd@adnefiSshift
substrate 110 nay be formed at tenperatures substanti ali)é)e ower than

t he tenper at ur@gisters 1841 thy Bgmios tragks dispesgd eia e first subgtradp blle durth t he
second substrate . k  <hi '@‘%Ebér% I i :
circuitry ?Zoa&o?mﬁgzt?’ﬁ?g}ta%)élga%%tg:gﬁg}f%%ggg?m’r| ese'f%%'g@?gﬁs?% ft
regi st ers 180, nanbreale icleciminie sonipéOendd, narloecald piteh, os birbt The sppdrOcinmifry 125

Sbout 450 C ort M B daEias PR Rde Py eae g S B Ry
substrate 1|20 Fdasmpﬁseésﬁbstmﬁﬁlly mrgeel(;&ga—mﬁaiosﬂbdjﬂeagmgﬁ agmp:oipernys, faigommdaovﬁ. th
o aeenst v Coa N B oS ke ALY BRPALORDS oo
high as abut pRRofteéiPiqghcd £ proceies SRS tho¥dbfloRiicRPMENH tBeak, BECL

processes may enpl oy tenperatures as high as about 450 C.. A plurality
of vias 170 may be It atlpastsone enbedmepisnthe pirquey 114008 thedigg sebsiate 110 pmay

the 25 vias 17 S@JM : % e]-]ﬁag. }
circuitry 140.69\%)'%BV| as %% Cgr;géyg’t[ %%ﬁ%grt&re ltJSI naa@gﬁg%ﬁ??{ﬁlﬂglkﬁﬁms

t echni ques, suoiplaysd lagesesathe sscoxhsubstete 120. dhyrefora Hiemipcuityy 1402 ¢fdhe first
sui tabl e et hods, et forth herein above, in. t S0

cmbodi ment s, | B GHe0 Ty bRy sR T SR SRR By H Frperaves
t unnel i ng J5uncinipboyed &8 formikgaronittydispbsed én he sebil substyates K0l [Fot ¢xainpl, in
art. 30The bond,pads 150, . 7 may .be_ di spposed on .the surface 160 af
Che first subdPRIEesEar BieRuREr TL AL B Gt RO CyPees SRt
et ching using shifzcﬂe%gelapw ,th@éirc@m?qao SEiht Bt SubgRdd PSmayddgerddage fi 1 st
substrate 110 may be bonded to the second - 13 - substrate 120 usj ng

a plurality ofPcHBmNes dapedpinnidhensupesed io teppardurchef abawt il G opaeieat be
120 and the b%ggpyomﬂ%ui 925 408 &%&@ﬁ&&fﬂzo%@%&gﬁ& chifbntiditechrng

pads 150, 750 be pa ternedeon the surfac ccording to any

sui tabl e @&t t efmeyitry fremad wifh conventinpel Front EndtQBhine (EQ) or BecksBnd-ef-hme
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as high as about 1,000° C to 1,100° C, or higher, while conventional BEOL processes

may employ temperatures as high as about 450° C.
A plurality of vias 170 may be formed in a portion of the first substrate 110, the
25  vias 170 extending from the surface 160 to adjacent the circuitry 140. The vias 170
may be formed using conventional techniques, such as laser ablation, wet or dry
etching, or other suitable methods. As set forth herein above, in at least some
embodiments, the vias 170 may be formed to comprise a magnetic tunneling junction,
as is known to those of ordinary skill in the art.
30 The bond pads 150, 750 may be disposed on the surface 160 of the first
substrate 110 by blanket deposition followed by selective etching using lithography, or
other suitable methods, and the first substrate 110 may be bonded to the second



In at | east sonme enbodinents, as illustrated in FIGS. 7A-7B, the bond
pads 150 nmay be fornmed conprising a selection device fornmed therein.
Such enbodweexatwiowsy | ncl ude formng a first | ower conduvyszeinmae3y 60
coupled to a first via 170 and a second | ower conductive pad 770
coupled to a second via 170. The first and second 10 | ower conductive
pads 760, 770 may be forned by conprisind3a gap 780 therebetween by
bl anket deposition followed by etching using |ithography, or other

sui t abl e net hoabstkanold0 usmghlpbsﬂltpéfmnﬂjcnwlyunq:lsilm) coupletbethasecond\ fir st
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direction. The first and second di odes 710, 720 may be r med
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in the art g wgﬁ%y f%anple and not limtation, the first diode 710
may be forned d%p05|t|ng a diode stack in a flrst polarity, and

t hen etching t he dilnddesst moie @mboﬂmmst a:alluSUaﬂegkluﬁGﬂpﬂe@Bt theberrdemldmeO
the first |ower ogguct ve
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opposite polarlty o formthe second djqde 720. t | east spne
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rel ated nanoscale circuitry 40 may, therefore ornmed separate
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20 magnetic tunneling junctions proximate to the plurality of
magneti c tracks and extending to a | ocation adjacent a surface of the
first subsWO208/104Hél a plurality of bond pads on the sWHITAEEHIG0262p%
first substrate, each bond pad of the plurality of bond pads
electrically coupled to a magnetic tunneling junction of the
plurality of magnetic tunneling junctiond4-25The second substrate
conprises support circuitry and is coupled to the plurality of bond
pads on the suwifcaidey 185 of the sdcondtubsttatst20abeplend mrﬂle@irphiwé#@ oiychc)ﬁrst

conductive bu : u rt circuitr i a
charge punp, ar?%gf%'g@oi?lg&%ﬂﬁ%% SR (%%lbg@'l PgS%rT"% @ﬁos%s‘%ﬁi%%vf

an 110 circui tembdtiheptsG e gt @ub@ﬁii@ﬂlﬂ@xﬂkﬁcﬁﬁ}/m(hﬁ@fbdiﬁﬁ@ddlabﬁﬂveand
shown in the 30 acconpany:thrég?dravm ngs, such enbodi ments are ner

i I lustrative aRe@psaRres g fedempesatares sHpoxddp OrpmetheserondsHesTals, 128ﬁ%ﬂ
this inventy ofdSciel k198 dieh kiR SBBGY bidionst r uct i ons and
arrangenent s sh wn and described, sincé various other additions and
~ 15 - nodifi cat i ondditsnalambodisieatsiod the pfasentdiseihgireiers élrfw)@do electronic
enbodi nent s WI| b n 0
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through a portion of the first substrate, a plurality of bond pads

posi ti oned on @mPyierssueh esmerspral porpRters Efb*'sﬁef"éfseb‘%iﬁléo YRS Cé)ml?'@m%?awlﬁt h
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of the plurali ded to the
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15 above-referenced input, output, processor and memory devices. The at least one

memory device 940 may comprise at least one memory device (e.g., devices 100, 700
in FIGS. 1 and 7A) comprising a first substrate coupled to a second substrate.
The first substrate may include circuitry comprising, by way of non-limiting
example, a plurality of magnetic tracks comprising a plurality of domains, a plurality of
20  magnetic tunneling junctions proximate to the plurality of magnetic tracks and
extending to a location adjacent a surface of the first substrate, and a plurality of bond
pads on the surface of the first substrate, each bond pad of the plurality of bond pads
electrically coupled to a magnetic tunneling junction of the plurality of magnetic
tunneling junctions.
25 The second substrate comprises support circuitry and is coupled to the plurality
of bond pads on the surface of the first substrate with a plurality of conductive bumps.
The support circuitry may comprise one or more of a charge pump, a decode and
addressing circuit, a sense amplifier and an /O circuit.
While certain embodiments have been described and shown in the
30  accompanying drawings, such embodiments are merely illustrative and not restrictive
of the scope of the invention, and this invention is not limited to the specific

constructions and arrangements shown and described, since various other additions and



coupled to the plurality of bond pads on the first substrate with a
plurality of conductive bunps. 2. The electronic device of claimi,
wher ei n t ROty of conductive traces 15conpri ses FETIISAVIA0RG2H5 of
magnetic shift registers conprising a plurality of donains, and the
plurality of vias conprises a plurality of magnetic tunneling
junctions. 3. The electronic-d@vice of claim1, wherein
the circuitry of the second substrate conprises at |east one of a
charge punp, andéficatienstncndddewsifiom, thedessiibed enbodimentsari be fpparenp@and

an I /Ocircuit, . 1 -IThe el ectrgni ¢ devi f..cl.ai o in
the plural ity B ofamimetiuAl . J5h O Sub gt ol i bR B e
than 100 nanorigt@Yisnguags] avdieg cquiedats, biihéelclpad whichtfbidovpl ural ity of
bond pads conprises an area of 2,000 pn2 or greater. 25 5.
The el ectronic device of claim1, wherein at | east one bond pad of
the plurality of bond pads conprises: a first diode biased in a first
direction and adjacent to an upper conductive pad and a first | ower
conductive pad, the first |ower conductive pad coupled to a via of
the plurality of vias; 30and a second di ode biased in a second,
opposing direction and adjacent to the upper conductive pad and a
second | ower conductive pad, the second | ower conductive pad coupl ed
to another via of the plurality of vias. 356. The el ectronic device of
claim1l1, wherein: the plurality of bond pads is positioned in a
pattern on the surface of the first substrate conprising one of a
bond raster pattern and a bond shift pattern; and



t he bond pads conprise at | east one shape selected fromthe group
consi sting of square, rectangul ar, hexagggal and triangular. 17 7.A
menory device conprising a first substrate, the first substrate
conprising: a plurality of magnetic tracks conprising a plurality of
domai ns; a plurality of magnetic tunneling junctions proxinate
to the pluralgiamef nmagnetic tracks and 5extending to a | ocation

adj acent a surface of the first substrate; and a plurality of bond
pads on the surface of the first substrate, each bond pad of the
plurality of bond fpads Al esctrenicdevics: cooprsingd to a magnetic tunneling

junction of thge Quﬁéfrﬁla b&rﬁ(pr@iﬁg HFEQW%&]&HQW&I&M céddﬂ&:t/é fHes eﬂ&gma B8east

menory deyi ce of cl ai a second substr
conpri sin supportS”E?“f‘rl':'ﬁﬁytp?@”el Pﬁéc%‘&%W@UBQW‘%%{ﬂ"ﬁéfshﬁ’bﬁ@l‘&léalufaﬁty°f
the plurality of bondpguagssitiohédona spHateal it firsofubstiateding tinveisibylapgith

9. The nenory dev'e%n&m &lenaét@aﬁ mra“é}%{eedu?am?co%u&ﬁ%tﬁacgg LG &urx] é)%fv%g'e

second 15substrate conp |ses east
and addressing ci reéfi‘iﬂ(i'”g féP”!s%é“taHﬁqsf ?rqntercoafh’dt'\’ﬁrﬁ'a‘F&)S@‘ TEP P'ér@i"fY of condctive

10. The nenory dewae@t@boralpaasmf?m pihRty ©f bn@badseat one bond pad of
the plurglity ? an, up conductive. pad .
coupl ed 'f} 1()) a |(r:°sn Str e(ggnn ggoqéee%%n%bsdigoghe e??’nnd * t|)S|3raEe C&?%ﬁé’gﬁ'éclu% ‘
bi ased in a di rectcp@mﬁddgtblegiuraétypiﬁm%eadguoaﬂwecﬁfst subetratewithrachluialityohs conguctive
first |ower condugiinge pad coupled to the first diode and to a via of
a plurality of vias; and
2. The electronic device of claim 1, wherein the plurality of conductive tfraces
15  comprises a plurality of magnetic shift registers comprising a plurality of domains, and the

plurality of vias comprises a plurality of magnetic tunneling junctions.

3. The electronic device of claim 1, wherein the circuifry of the second subsirate
comprises at least one of a charge pump, a decode and addressing circuit, a sense amplifier
20  and an /O circuit.

4, The electronic device of claim 1, wherein the plurality of conductive traces is
disposed at a pitch of less than 100 nanometers, and wherein each bond pad of the plurality of
bond pads comprises an area of 2,000 ;.um2 or greater.

25

5. The electronic device of claim 1, wherein at least one bond pad of the plurality

of bond pads comprises:
a first diode biased in a first direction and adjacent to an upper conductive pad and a first lower
conductive pad, the first lower conductive pad coupled to a via of the plurality of vias;
30 and
a second diode biased in a secend, oppoesing direction and adjacent to the upper conductive
pad and a second lower conductive pad, the second lower conductive pad coupled to

another via of the plurality of vias.

35 8. The electronic device of ¢laim 1, wherein:
the plurality of bond pads is positioned in a pattern on the surface of the first substrate
comprising one of a bond raster pattern and a bond shift pattern; and
the bond pads comprise at least one shape selected from the group consisting of square,

rectangular, hexagonal and friangular.



a second | ower conductive pad coupled to the second diode and to
another via of the plurality of vias. 25¢5 11. The nenory
device of claim7, wherein bond pads of the plurality of bond pads
conprise a width extending over at |east two nagnetic tracks of the
plurality of magnetic tracks. 3012. The nenory device of claim?7,
wherein the bond pads are configured to conprise a shape consisting

of at |east one Of Squaﬂi%Em{)rgS%vrce Hmr?réin%a% 9&8&[’&&6’ the?gtsulo trape%omarismg:

13. A net hod of form ng ‘an e
first substraﬁ@Jr@wFfiagfielﬁ@tf%vk?)iﬁqmpawng%/Phoﬁ“t)c@rdm@t'isve traces ext endi ng

through a porat;inﬁér.ty%'iarmla@re@@funneringthi&@islpioymoie tb!li@%luﬁa?ﬁ&%ﬂqbg?ﬂtic;tfa@@and
adj acent gt | east so QN UCttI vg ces, of fé‘ﬁﬁ F rtalti t%ddOf
conducti v8 traces e[xg HPf 4T e §F® suirf?rseto Styare ™ &

plurality of dﬂhmdltypédwd@adsmheswﬁémthef irst dugstfate; sachdatutiad af tbe plodlity of
adj acent to a via ygfd ﬁeﬁi@e@ctmaﬁ\} éohMerPtt) a\ﬁiagﬁenc%ﬁ@m&ﬂﬂ&opéﬂh@&urélmﬁﬁ

plurality of bond pads, conpri sing extendi ng over at |east two
conductive traces "Eﬁg”?tﬁé‘J”B?IGQ&’F?tPQS of conductive traces; 18 formng
a second substrate conprising circuitry; and attaching a second

substrat ot o, the f 1St S liahbALe o bah PhIFALhYIshG 2SERMl Skt DuTPs

coupled to the pluralit

first substr &P@P%ﬁi’@ SFRPOF RiECUTY, rtheme@?rgd sypstralg Seig@pasved 9 isiuraityef bond padsg
The net hod ofwith kaiuraitk3f con@firitinber m ng the first substrate further
conprises: formng the plurality of conductive traces as a plurality
of magnetic shift registers, each magnetic shift register conprising
a plurality of dofai ns;Thamgmpodayieepf el Soberein e yurport gieuilry elohd segended

as nmagnetibC tsUsvielkichEpdstd & idaBibRe of a charge Plitfp, BRIEORE aff aditedding drfuit, a sense
wherein formn 51%Pthe fl rj@tgs%bstrate conprises formng the fti r st
&

substrate at fEheP] el ow about 450 C, and wherein formng the
second substrate conprises form ng the second substrate at a

t enperature above 19bOUtThé§’lng'y déﬁc%@f Igiﬁl mn&gﬁiaﬁéas%r@'b%d]%d oWﬂ@EI@r'any

form ng the f|rst substrate conprisin
9 of bond pacijs comprises: P gt

20 an upper conductive pad coupled to a first diode and a second diode, the first diode being
biased in a direction opposite to the bias of the second diode;
a first lower conductive pad coupled to the first diode and to a via of a plurality of vias; and
a second lower conductive pad coupled to the second diode and to another via of the plurality
of vias.
25
11. The memory device of claim 7, wherein bond pads of the plurality of bond
pads comprise a width extending over at least two magnetic tracks of the plurality of magnetic

tracks.

30 12, The memory device of claim 7, wherein the bond pads are configured to

comprise a shape consisting of at least one of square, rectangular, hexagonal, and triangular.

13. A method of forming an electronic device, comprising:
forming a first substrate comprising a plurality of conductive traces extending through a portion
35 thereof, a plurality of vias extending from adjacent at least some conductive traces of
the plurality of conductive traces to a surface of the first substrate, and a plurality of
bond pads on the surface of the first substrate and adjacent to a via of the plurality of
vias, each bond pad of the plurality of bond pads comprising a width extending over at

least twe conductive traces of the plurality of conductive traces;



plurality of bond pads on the surface of the first substrate
conprises formng the plurality of bond pgds conprising at |east one
shape selected fromthe group of shapes consisting of square,
rectangul ar, hexagonal and triangular. 2017. The nethod of claim 13,
wherein formng the first substrate conprising the plurality of bond
pads on the S‘uﬁf@@ﬁse&fndfsh&trﬁtbb&rﬁpr&lﬂ@&fcﬁi&fz%nd:Orfpl‘i ses positioning the

plurality of alﬂg m&p%%gon ut;[ésn%g ?]o'(“]lﬁe iact substrate wﬁh a IR][II'SaFtHOTu coBf}ucfS/e%HmP% coupled

pattern conprisin

pattern. 2518. The ‘aivelRtychlityfof Qqnépaﬁspa ,the\if;rﬁéméﬁaw qf drerfirshgpbstrate #ridrigthe circuitry
substrate conpri sidigelb@n®luss@dtdty of bond pads on the surface of the
first substrate conprises: disposing a first |ower conductive pad
coupled to a via of the plurality of vias; disposing a second | ower
conductive pad coul ed The methot hisstainy i1 whereinli@mipl thediist supsiodte fuitizes pomprises:

di sposing a fehhlg el Q[BM! asattivdirRed bd a%lurg dJ cﬁ?ntab%c Nkt lteB@telfs' dash

| ower conductlve pad; I sposi ng a second biased in a second,
opposite directi oﬁ“@ﬁet{cﬁg’ﬂéeé’ﬁ?ﬁﬁom%ﬁé?a@E‘fﬁ'ﬂb‘&ftdf’ﬁ‘)‘@‘“?)éﬁfj and di sposi ng
an upper condarginge: ghadityed esas donrfigufddras inagnedicl &inseling julgiorsecond di ode.
19 10 19. A nethod of formng a nenory device, conprising:
formng a plurality of conductive traces in a first substrate, the

plurality of conddetivehtmates o i 4 uherdnsaming giedist gubsirAtd gompEsss &araing
corrprl Sing a ti flst libistrate ffa tdrﬁﬁbtﬂr%,be[f)@émuﬂ%OaCPéngMbﬂeﬁ"l)forﬁhfng‘ﬂ'ie%‘écond

Sthe firet sanerrcayp sty B T F Ly e R AR

registers; and formng a plurality of bond pads, each bond pad of the

pluralitysof bond 1pads 160 HRINEE RN 13 WlerBih forming the first substrate comprising the
plurality of bond pads on the surface of the first substrate comprises forming the plurality of
bond pads comprising at least one shape selected from the group of shapes consisting of

square, rectangular, hexagonal and triangular.

20 17. The method of claim 13, wherein forming the first substrate comprising the
plurality of bond pads on the surface of the first substrate comprises positioning the plurality of
bond pads on the surface of the first substrate in a pattern comprising one of a bond raster
pattern and a bond shift pattern.

25 18. The method of claim 13, wherein forming the first substrate comprising the
plurality of bond pads on the surface of the first substrate comprises:
disposing a first lower conductive pad coupled to a via of the plurality of vias;
disposing a second lower conductive pad coupled to another via of the plurality of vias;
disposing a first diode biased in a first direction on the first lower conductive pad;
30  disposing a second diode biased in a second, opposite direction on the second lower
conductive pad; and

disposing an upper conductive pad over the first diode and the second diode.



the plurality of vias. 20. The nethod of claim19, further
conprising: 10form ng support circuitry i@ a second substrate; and
coupling the support circuitry in the second substrate to the
plurality of bond pads of the first substrate with a plurality of
conductive bunps. 21. The nethod of claim 20, wherein formng the
support circuitry 9n t hemsteaoitbriiibg obsthpgtdeviepaprorisies f or m ng at

| east one of %mfn?%rpji%ng%%nd@cn%%%&m grf\gt &ggraﬁﬁ% B@raﬁtk oféﬁbh?uctl 1r36d85 €

anplifier, aim 19,
wherein for m ng t iFenfiguige as Mmegnely shibaeistera aymrEigiRg? Plyelly pltomaingii ng t he

plurality of reimg aphesitylopvigdbmptisiey rﬁu@aet@ﬁuraeua@gmelcnbaﬁ;@arndnagtr&reéau@a@Iofa
bond shi fh 20pat t% trst sgflbsbatec? proxdna-[e t%ﬁBIura ofm gn‘%hc sl‘anrercrnste{shaeJ ein

form ng the pIurall riodd uri

plurality of fiymind ap»mtm pdmd aadSL eaeh orsinad Qﬁa?)ldurslé!r @‘@D@tpaﬁﬁ eavpiet i 4 viasef
consi sting of squakepuraiBdidpgul ar, hexagonal and triangular. 25

24. The nmethod of claim19, wherein formng the plurality of bond
pads conprises formng a plurality of bond pads, each conprising: a
first diode biased0in dhkmetibd didaed anthecappristigt 0 a first | ower

conducti Vg Padming sﬁdp%ﬁch'uErWn acs%%rﬁghbs%tgrbna via of the plurality of

vi as; 30a second diode biaSed In a second §105|te direction coupl ed
to a second |°BYRURS BHFPAET FReWnpa4reishoqsd guitsirate iy therlveliheq baRd A7dBpfdiee
via of the pl ural istystrat with agluradtp df @nduspyeeumponduct i ve pad coupled to
the first diode and to the second di ode.
21. The method of claim 20, wherein forming the support circuitry in the second
15  substrate comprises forming at least one of a charge pump, a decode and addressing circuit, a

sense amplifier, and an /O circuit.

22. The method of claim 19, wherein forming the plurality of bond pads comprises
patterning the plurality of bond pads to comprise one of a bond raster pattern and a bond shift

20 pattern.

23. The methed of claim 19, wherein forming the plurality of bond pads comprises
configuring the plurality of bond pads with at least one shape selected from the list consisting of
square, rectangular, hexagonal and triangular.

25

24, The method of claim 19, wherein forming the plurality of bond pads comprises

forming a plurality of bond pads, each comprising:
a first diode biased in a first direction coupled to a first lower conductive pad in electrical contact
with a via of the plurality of vias;
30 asecond diode biased in a second, opposite direction coupled to a second lower conductive
pad in electrical contact with another via of the plurality of vias; and

an upper conductive pad coupled to the first diode and to the second diode.



20 25. A system conprising: at |east one processor; and at |east one
menory device coupled to the processor, bje at |east one nenory
devi ce conprising: 5a first substrate conprising a plurality of
magnetic tracks including a plurality of domains, a plurality of
magneti c tunneling junctions proximate to the plurality of nagnetic
tracks and extendizsg t & gste@c@iipidingadj acent a surface of the first
substrat e, qlea t%nurrgttl:es of, bond pads on the surface of the first
substrat e, each dp a4 fa 9he plurality of bond pads electrically
coupled to aaﬁ’@gﬁeﬂﬁ l@erm@vdwwelcptrp@djt@mp'ioewsr@rfth@ pideas| ane glemoyy dgtice
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domains, a plurality of magnetic tunneling junctions proximate to the plurality
of magnetic tracks and extending to a location adjacent a surface of the first
subsfrate, and a plurality of hond pads on the surface of the first substrate,
each bond pad of the plurality of bond pads electrically coupled to a magnetic
10 tunneling junction of the plurality of magnetic tunneling junctions; and
a second substrate comprising support circuitry, the second substrate bonded to the
plurality of bond pads with a plurality of conductive bumps.



