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Embodiments of the present disclosure relate to electronic devices comprising
at least two substrates bonded together.
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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. In an 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



enbodi mrent of an array of racetrack nenory. Racetrack nenory may include an
array of nanoscale wires or tracks 1010 nade of a ferromagnetic material.
Each tracko20omdiowsy i nclude a plurality of magnetic shi PCTrusgIsoed235 1020
connected to eachother in series. Each magnetic shift register 1020
includes a witing device 1030 and a readi ng device 1040 associ at ed
therewi th. Because of the small size of the tracks 1010, the array of
tracks 1010 nay be arranged very close together in a nmenory device. Wile
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extending at least substantially parallel to each other through a portion of the first
substrate. A plurality of bond pads may be positioned on a surface of the first substrate
and may comprise a width extending over at least two of the plurality of conductive
traces. A plurality of vias may extend from adjacent at least some conductive traces of
20  the plurality of conductive traces to bond pads of the plurality of bond pads. A second
substrate comprising circuitry coupled to the plurality of bond pads on the first
substrate with a plurality of conductive bumps may be bonded to the first substrate.
Further embodiments are directed to memory devices. Various embodiments
of such memory devices may comprise a first substrate including a plurality of
25  magnetic tracks comprising a plurality of domains having domain walls. A plurality of
magnetic tunneling junctions may be positioned proximate to the plurality of magnetic
tracks and may extend to a location adjacent a surface of the first substrate. A plurality
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  ofthe 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



tracks and may extend to a | ocation adjacent a surface of the first
substrate. A plurality of bond pads may be positioned on the surface of the
first subsOratoeo4Hach bond pad of the plurality of bondprpads2emap2d2es
electrically coupled to a magnetic tunneling junction of the plurality of
magnetic tunneling junctions. Additional enbodi nents conprise nethods of
formng an el ectronic device. One or nore3enbodi nents of such nethods may
conprise formng a first substrate anda second substrate. The first
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shift registers conpri onmal ns havi ng
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extending froma surfagce of the first substrate to prao the Iurality
of magnetic shift:EQGFEW@@§mﬁK@HPﬂF%ﬂFt %mﬁaﬁﬂuﬁﬁdgﬁﬁﬁgai forned
each bond padmatlo%y*h%v&teu,@tdramg% vRRRE eﬁgeeﬁnt%ﬁts%cﬁmoagnw c@m}ﬁh& of the
plurality of vias.” Still other "enbodi ments of the di sclosure include
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tunneling junctions extending from a surface of the first substrate to proximate the
plurality of magnetic shift registers. A plurality of bond pads may also be formed, each
bond pad of the plurality of bond pads being coupled to a via of the plurality of vias.
Still other embodiments of the disclosure include electronic systems. One or
20  more embodiments of such systems may comprise at least one processor and at least
one memory device coupled to the processor. The at least one memory device may
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



plurality of magnetic tracks including a plurality of domains having donain
walls, a plurality of magnetic tunneling junctions proximate to the

pl uralitywof2magwati c tracks and extending to a | ocati orcadjSa@ente2as 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 tunnel4ng junction of the plurality of
magneti c tunneling junctions. The second substrate may conprise support

circuitry and may be bondegg iy HReCRIt AN OF T8fE BRAGVRagS Wi th a plurality
of conductive bunps. BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a

cross-sectioned el B¢at ioncrosesectifned epyationoviewbf aportibr of anelegrogdeyise
according to one ,or nore enbodi réts. FIG 2 illustrates a top view of a
portion of a ?‘ic?réfn%ﬁﬁg‘f?ra‘{qgrec?g&% 95 a plurality of bond pads disposed in

a predefined patt ep. aGERkdicdd tdpvisw BBa poAeA b Afst subkirite depittidgusglualigs a
top view of afportlon of a first substrate depicting a plurality of bond

pads di spdsedoidwodpaislisposedan pisefiefinerkpptigat acerdingfto §arag craeedyneithg to some
enbodi nents. FIG | S . op._ Vi ew.of L] fi t .
depi cting the bon ;?agéﬁ%s rﬁ%lsattjorpev g‘iv r??%tgﬁ%l#é?/g%ﬁ 5t gué)tsirgeége%ﬁﬂ%naﬁ%}lpace of

the first subsftboad padicigosid@cérdingtio hpasitfisieaasinedivimeatcordthg§o ome
illustrates a top_ view of a portion of a first substrate conprising bond
pads confi gur%@quﬁn@t%oneycorrb pattern on the surface thereof according to

at least one emodigeqls , i Gieotd WAL BF LhrePik @Ry oLl AULGRARY ment of

the first substrate conprising pads having a triang r configuration.
FIG 7A il9 a @mfigsres @cd hargcoreh patin antheisesfacefof thedosttsilostratef acesrdimigeéc tir oni ¢

devi ce according to at ({ieast one enbodinment. FIG 7B is an enlarged view of
a bond pad ofle¢ 8“%?@3‘1 Bfilc device of FIG 7A. FIG 8 illustrates a top

view of the first sepstfi@hGtes2RRY Vih 392 BOrfidn BAM Birss ubdrhtd CoBprided bshdng
di odes forned thereon patterned according to at |east one
pads configured in a honeycomb pattern on the surface thereof according to 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, electronic devices, or memory devices, but are merely

idealized representations which are employed to describe the present invention.



enbodinment. FIG 9 is a schematic of a conputing system di agram show ng at

| east one sem conductor nenory device containing at | east one nenory device
accor di ngvoaoariokmast one enbodi nent of the present inveoriuse01062633510 is a
schematic diagramillustrating a prior art enbodi nent of a racetrack nenory
array. MODE(S) FOR CARRYI NG QUT THE I NVENTI ON The illustrations presented
herein are, in some instances, not actual5Sviews of any particul ar
substrates, electronic devices, or nmenory devices, but are nerely idealized

represent at i ORgdinbH, A&BeRIBI MBS bR bR IrtNBayY REIPHRSANE numerical
invention. Additionally, elenents common between figures may retain the sane

nuneri cal desdegigattin. Vari ous enbodi nents of the present disclosure
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substrate 120" nay conprise senicon wat ers or other conduct or
substrat es i nessoke aibaiinemnThe clettr@iitidetict 190 compriss nditsttsobstaiecls Oiand at her

enbodi ments. The first substrate 110 conprises circuitry 140 disposed in a
portion ther e??FQndA&“bi;t@é%%zoa"OHB]tegitQﬁ?t i T}P‘Feéré‘isﬂ%i}’faltervolaﬁ‘é st conprise a
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limtation, conmponents o cuitry 140E may be configured and di sposed
conpri si rig a gubstedtesRn sémé embodimants,l@Gingahdstmicondudoratieslieader sone

enbodi ments, at, | east a portion of the conponents of circuitry 140 may
conprise a pl GRSt conductive traces extending at |east substantially

paral l el to each ofhefirst UbQHENT B RHPseciRbitiyNR0ldispsiedsi B pbitidh hekddT.
At least a portion of the circuitry 140 may comprise a small footprint that is densely
configured. By way of example and not limitation, components of circuitry 140 may
15  be configured and disposed comprising a pitch P of less than 100 nanometers. In at
least some embodiments, at least a portion of the components of circuitry 140 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 150 may be disposed on a surface 160 of the first substrate 110 and
20  aplurality of vias 170 may extend from adjacent at least a portion of the circuitry 140
to the bond pads 150. By way of example and not limitation, the bond pads 150 may
be sized and configured to comprise an area of about 2,000 um? 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 um.
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



Bond pads 150 maybe di sposed on a surface 160 of the first substrate 110
and a plurality of vias 170 nmay extend from adj acent at |east a portion of
t he circuwOry10lw@4o t he bond pads 150. By way of exanplPeTarsdomoee23s
limtation, the bond pads 150 may be sized and configured to conprise an
area of about 2,000 mmR2 or greater. By way of exanple and not limtation,
in at | east sonme enbodi nents, the bond pagls 150 may be confi gured
substantially square and nay be sized about 50 x 50 nm The bond pads 150

may be di sposggit W 6f Aat b&idba@N 50 1Be Sitefeac® il 8QlRbetRn tersrcuityhadrad e 110
to provide a connection to each of the vias 170. Because the bond pads 150

conprise a subsbemtpads 1 §0 may Gstlitae Rendredser s¥eeheysapdieat sueheconduqiyERees of
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ext endi ng ove 0sses a por circurtry ‘conprising a

plurality of conpoFientsilisera@s a taponeluior a p@rtibh af@s first babistreped P depictegeh bond
pad 150 may conprise a width Wextending over two or nore conductive traces
of circui ry pluelitygibpedpadstlA8 dispesed ésa prefefiied paiderp ppeipg {P SPIS conpri si ng
approxi mately k) r Pgdga . ERR d pad
150, the di ff%é%r??ées&%n%gg %&Hﬁp%@ﬁﬂ?%}gﬁ%fn’)ﬁ%ﬁ tr;}g?téglroe\%%gstheb%lgﬁg pads
150 may f aci |totagiralchnedipadm, aray de esfertdion hariisasof “boud raseghphttetn. Vihetboad es

bel ow the wi dth Wof each bhond 150 accordi,ng to various, enbodi nents.
FG 2 111 Ustide 480 srefen ot gnpebal Gar g et P CrBLEPRT 110
depi cting a PldthadnlthycifthiRed, Pads7daR vhhdPAgeGol ARolidshhiad pattern

according to sonme enbodi nents. Such enbodi ments, in which the bond pads 150
are di spdfed aumdirdems atphuralityo€biefd pads 1 Punae beidispesgd be theshdageed$Otiwaher ei n
as a "bond raster” pattern. The hond pads. 1 r epji ct artially
transparent | egrpagé)mtt%%cﬁtaﬁg{:@g) 188 ecwflgfrgff?gﬁosﬁegmﬁ@%ﬁgﬁgﬁﬁgug@i rcuitry
140, vias 170igntob g theRathddihits NEHAT HE Béhd gady 250 Sredixediod phtedth skindo
plurality of bond pads 150 may be di sposed on the surface 160 in a fixed

pattern to fauidks tad m acwapin whichisechchond ppd £ 0 adfsetovitinesnssiia halppdiso
roush viae RED1 S By BIRSHRERL P WU RGN RRGE RO el ied
of fset witsh rgdpmahe frowilhecbgfitt thatday fiRed pitteacis cyntainplacedan dvithel thes¢ops
oriented in Folf%mb%zﬁmeiltst or}?}lljegi?lvénr‘gi%g.e Inogorr?er grrilbrg)%gr%{ents, the fixed offset may be
approximately half the length of a side 210 of the bond pads 150. In such
embodiments, the vias 170 may not be oriented in a fixed pattern. In other words, the
vias 170 may not be coupled to the circuitry 140 in any apparent pattern.
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 patterns have utility in implementation of various



skill in the art will recognize that any fixed pattern is contenpl ated as
within the scope of enbodinents of the invention. In sone enbodi nents, the
fixed of fwetzormp4tae approxi mately half the | ength of a ®cuas2di0/0ed23% he bond
pads 150. In such enbodi ments, the vias 170 may not be oriented in a fixed
pattern. In other words, the vias 170 may not be coupled to the circuitry
140 in any apparent pattern. FIG 3 is a-Tep view of a portion of a first
substrate 110 depicting the bond pads 150 di sposed according to other

enbodi nents. AGERAMAERE B wal of 8aSipls MENRTimitdGdh, SIGO M- RRkSate Vitougi as 170
may be coupled to the center, or at |east substantially the center, of the

respective bonutaplagonfiirations faritlee ind pads7 P Oraggordimg cowpiliguantscfalctodldi ng to a
pr edef i ned patu%erag. Lq:l t he enmbodi nent of FIG 3, the vias 170 are
posi ti oned in® Stf) ﬂ n wherein each via is coupled to a conductive trace
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below (as oriented in FIG 3) are coupled. The bond pads 150 are,
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conductive traces of the circuitry 140 in accordance with the pattern of
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is angularly misaligned with the underlying circuitry 140 comprising conductive traces.
In other words, according to the embodiments illustrated in FIG. 5, the bond pads 150
are not disposed in columns that run straight up and down in alignment with the
underlying circuitry 140 that is configured to run substantially straight up and down (as

20  oriented in FIG. 4). Such misalignment may improve the coverage of the circuitry 140
by providing at least one bond pad 150 that is positioned over each component of the
circuitry 140 to enable coupling a via 170 for each component of the circuitry 140 to a
substantially centralized portion of a bond pad 150. In other words, because the bond
pads 150 are angularly misaligned with the underlying circuitry 140, each component

25  of'the circuitry 140, such as the conductive traces of FIG. 5, may have at least one bond
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 a bond pad 150. Thus, vias 170 do not need to be coupled to a 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



bond pads 150 configured with a hexagonal shape and di sposed in a honeyconb
pattern, conprising a bond raster pattern on the surface 160. In the

enbodi mrenwoab1oAlo@&445, the bond pads 150 are rotated slighriusoion2e3s ew
degrees about their centerpoints, resulting in a pattern that provides an

i nproved coverage of the circuitry 140. The inproved coverage is provided
by di sposing the bond pads 150 in a confiuration that is angularly

m saligned with the underlying circuitry 140 conprisi ng conductive traces.

I'n other wor sit%@@fa@fn@%a&?othél?an@@Hgﬁgdri@ggt}?er bh kesuFfadecibol ThEl G 5, the
bond pads 150 are not disposed in colums that run stralght up and down in
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circuitry 140 to enable coupling a via 170 for each conponent of the
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i | lustraties acotihaivedanpsil dntky b cotfegufddras busph piltans, studd, baldo wpluings,ng bond
pads 150 having a triangul ar. confi.guration and.conprisin bon aster
pattern. The Fﬂfgffdor_paé‘é@t éu%bge Fg‘ryﬂg?ﬁéﬁufwep%ﬁ W%lF%?o%mbmlgﬁsa\Rﬁeﬂ ' bjg’fes of
the triangl esgaghétivemashpt 850 Ray @RGP riRL MG TcoRdidtind mefabst dl18g ldhet, sah e

surface 160. The triangul ar-shaped bond pads 150 are al so angul arI.}/
m sal i gned wi edppetheoldrsileet, plundnwiyrandiatlpys oflany phikie &erpgrdngnspvestenshsiltehe bond

pad 120,20 1 APEREA PSPL08, b5 SyRRhET T e, bREIRsTomgpRRLET
bunps 130137y be fpradafioas dnivddinses, frdsechblicidevied ey bé calfigyred to reduce
the number of bond pads necessary to couple the circuitry 140 to a respective bond pad.
FIG. 7A is a cross-sectioned elevation view of a portion of an electronic device 700
according to at least one embodiment. The electronic device 700 comprises a first
substrate 110 and a second substrate 120 coupled together. The first substrate 110 and
20  second substrate 120 may comprise semiconductor wafers or other bulk semiconductor
substrates in some embodiments, 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



coupl e the bond pads 150 of the first substrate 110 to the second substrate
120 and any circuitry 125 thereon. The conductive bunps 130 nay conpri se
any bunp worthiogwsatii on known to those of ordinary skill pcm/ush@omed23s By way
of exanple, the conductive bunps 130 may be configured as bunps, pillars,
studs, balls, colums, posts, or any other suitable physical structure, as
wel | as conbi nations thereof. The conductdve bunps 130 may conprise any
conductive metal or alloy thereof, such as copper, gold, silver, alum num

and al | oys Ofthél@é/m@%tugrb% Y3 ﬁﬂ @Anﬁld aﬁ%ﬁﬁﬁ% bRIkEh leﬁﬂ li¥Ehndval. E‘dch%@ﬂd sol der,
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t he nunber
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portion of t H@lftﬁ qleatriqatly isplatedfsgm sebpithes &y gap - aT}iec%?né‘FCt‘é’BhH‘B}Et ple traces
extending at SfA)%%"p(ﬁ.\%%glttb g%n%)p Zlh\[}@é 33 i s8h8 fnbgﬁﬁhﬁ:'rlgho portion

of the first stra spose on the sur ace 160
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enbodi ments, the selection device 705 nay conprise a plurality of diodes or

similar rectifadi’fig. devices. FIG 7B is an enlarged view of a bond pad 750
of Lhe electronl ¢ e eeSl o Aoa e 5L AR A0 bRPR, L 1
el ectroniig deyths® stREnERYuchIRR theSRrsidibdd Bl rikhyostebidstd namﬁrsadlmem gnd the
second diode 720 may be biased in a second, opposing direction. For example, the first
diode 710 may be forward biased (i.e., allows a positive current to pass through and
blocks a current of the opposite polarity) while the second 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 crystalline silicon NP, or PN,

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



di ode 720, positioned in side by side relationship. The first diode 710 and
the second di ode 720 may both be coupled to a comon upper conductive pad
730 di sposecdonvien74a portion of each di ode 710, 720. ThepCirnmstoidiooctss 710 i s
coupled to a first |lower conductive pad 760, and the second diode 720 is
coupled to a second | ower conductive pad 770, the first |ower conductive
pad 760 and second | ower conductive pad-7¢0 being electrically isolated
fromeach other by gap 780. The conductive bunp 130 (FIG 7A) is coupled to
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15 In at least some embodiments, the electronic device 100, 700 may comprise a
memory device. In such embodiments, at least a portion of the circuitry 140 of the first
substrate 110 may comprise a plurality of memory cells and at least a portion of the
circuitry 125 of the second substrate 120 may comprise support circuitry (e.g., charge
pumps, decode and addressing, sense amplifiers, I/O circuits, etc.). By way of example

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



exanple and not limtation, the diodes may conprise crystalline silicon NP,
or PN, structures, netal/doubl e-insulator/netal diodes, filanmentary

st ruct ur esot2ba10ewhi bi trectifying abilities, such as silpcenSanmonpi?ets
silicon/p-type silicon stacks, as well as any other stack or structure
having rectification features. The bond pads 750 may be di sposed on the
surface 160 of the first substrate 110 ecamprising any one of a variety of
patterns, such as those described above with relation to FIGS. 2-6. FIG 8
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U S. Patent Nos. 7,23 , 6,920,062, 6,898,132 and 834, 005, Such a
magneti ¢ shi fto chagedts eragh@atonpWhees small magndticdisld istpiliedtothegabt i ¢ or
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or anot hers.  ThdSetikdibabiiieisof magn&iclhgd chmbd Veeied octativeso 18bof hehlrd track. An
el ectrical current may be applied to the magnetic shift
magnetic material.
The magnitude of the current passed through the tunneling barrier depends on
the relative magnetic orientation of the two magnetic materials in the tunneling
junction. Consequently, the value of the current in the tunneling junction indicates the
20  direction of the magnetic moment in the soft magnetic material if the moment of the
hard layer is known or the current in the tunneling junction indicates the direction of
the moment of the hard magnetic material if the direction of the moment of the soft
magnetic material is known.
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 MT]J, 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



regi ster track to nove the nmagnetic nonents within the domai ns 185 al ong
the track, and past nagnetic tunneling junctions or the witing el enents
190. The worzenvioera4of the current controls the directi orCofustée/onasenent
al ong the track of the nmagnetic nonents within the domains 185. This
magnetic shift register track may be disposed in the first substrate 110
conprising a nanoscal e pitch. The nmagnet-ile-shift register 180 may have any
of avariety of shapes, including but not limted to, serpentine, straight,

U-shaped, or QiiyaLi3&npdstuids! ThASrefRPi0ahdyonsdiidesseRihe lesubitate 1D
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the nmonments of erhl8y&iadbE forming circuitry disposed in the second substrate 120. For example, in
embodiments in which the circuitry 140 of the first substrate 110 comprises magnetic
shift registers 180, the circuitry 140 of the first substrate 110 may experience
performance degradation when exposed to temperatures of about 450° C or more. The
support circuitry 125 of the second substrate 120 may comprise conventional CMOS
20  circuitry formed with conventional Front-End-Of-Line (FEOL) or Back-End-Of-Line
(BEOL) CMOS processing. Conventional FEOL processes may employ temperatures
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



magnetic material is known. The two magnetic materials in the magnetic
tunneling junction can also be fornmed fromhard magnetic materials if neans
for i ndepeoderwioy74gwi t chi ng t he nagneti c nonents in thePiTASa01e/0pi20vi ded.
The tunneling current passing through the MIJ allows the direction of the
magnetic nonment of either one of the two magnetic materials in the MMJ,
i.e., the storage or sensing |ayer, to bd3determned if the direction of

t he magnetic nonent of the other material, i.e., the reference |ayer, is
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and processes known to t ose ordinary s inthe art. In at [east sone
enbodi nentds, lbwer aindoetive rpydsllﬂo), 070 tnhebé farmed bybehpading 444 1Haheasipéweance

per f or mance degr.adati on at rature t han,t he tenpe ur
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processing techniques known to those of ordinary skill in the art. By way of example
and not limitation, the first diode 710 may be formed by depositing a diode stack in a
first polarity, and then etching the diode stack so the stack only occupies the area of the
first lower conductive pad 760. The first diode 710 may then be covered with a
20  conventional etch stop according to the stack materials and a second diode stack may
be deposited in the second, opposite polarity to form the second diode 720. In at least
some embodiments, an upper conductive pad 730 may be formed over both the first
diode 710 and the second diode 720.
The first substrate 110 and related nanoscale circuitry 140 may, therefore, be
25  formed separate from the second substrate 120 and any related microscale circuitry 125
thereon, and the circuitry 140 of the first substrate 110 may be coupled to the circuitry
of the second substrate 120 with the plurality of conductive bumps 130, which may be
formed on the bond pads 150. Because the circuitry 125 on the second substrate 120
may be formed on a larger scale, such circuitry 125 may be formed more efficiently
30  and at a significantly lower cost, while the circuitry 140 of the first substrate 110 may
be formed on a smaller scale to increase performance (e.g., increased storage capacity,

etc.). The second substrate 120 may then be bonded to the first substrate 110, and the



support circuitry 125 of the second substrate 120 may conpri se conventi onal
CMOS circuitry formed with conventional Front-End-O-Line (FEQL) or

Back- End-vwb-2hiome44BEOL) CMOS processi ng. Conventi onal FEOL/Usc@om3@ss may
enpl oy tenperatures as high as about 1,000 Cto 1,100 C, or higher, while
conventional BECOL processes may enpl oy tenperatures as high as about 450 C.
A plurality of vias 170 may be fornmed inig-portion of the first substrate
110, the vias 170 extending fromthe surface 160 to adjacent the circuitry

140. The Vi ascidffirB% JPehd RETRGubRRI 20QBUSBE iPRaLirdBEN MBS fiitiCh as
| aser abl ati on, t or dry etching, or other suitable nmethods. As set forth

herei n above, substra¢ 11tasvmbomwshestvudiymdiboth subsimtasiiate asigladeyive. frosushd t o

i tic t i i i , B tQ th f di
SkiT1 i ¢ ne dptedsre et iRnbEhl s TRl s 10 B s SR R Sl t ace 160
of the first gupshhésthadnlBle RinfRlARKEEmplePRSIhtfbaiing Belseovnd ststrael1e0thhy e

et chi ng usi ng I|thography, or other suitable nethods, and the first
subst r at e 511 Canyaglaisd ciyoritied22.cuethas theswned gbatiat e 120 using a plurality of

150, 750 of tno.fisaitaBeRPabiiebiife MEERAEAHIRELEE, ARY BR ckdfgpen Pacs

patterned on dysemsunkabevd HOFIEC 9 amndildgohio sisiym 900 tsath & painipritar systéra)itidi ng
without limtation any of the patterns described herein above with relation
to FIGS. 2-6,acsprdanre With g embogimnens gfihe prgseifiimeitian, cqaprises gslers OBYIPH FI GS,

7A-7B, the Db O&Q/}%ggﬁ, at Pt BR% ogffaﬁf ?{J@@g@%ﬁ’é&@dn@ r@ce§s‘3+' §50 ial%"atq?é-l G T ormed

therein. Such e I'ment's may rnc ormng a first |owér conductive pad
760 coupll@d tmemofyidesice 9@ AY Osedritredn, slectomd “¢omvyperter systetn’t inclndegpad o130
coupled to a second viﬁ 170. Tpe first and sec%nd | ower, conductive pads

760, 770 may SERUHTHMENEYPESHH FATRHICS ShIFTVAED PP BRE GRS SRR i H et
deposi tion fo&év@é@(%.é?yceﬁtpﬁgh&?ﬁ)élﬂﬁnagdi el B%ﬁ@%nﬁ@ﬁre@?ﬁéxt%sia%ﬂig%g@t hods

known to those of ordinary sk inthe art. Afirst diode 710 may be

formed on t heenhdil; stc.)] Gavwerasc dripl s, isetdopbekega0ntspldsss dehigleand ergre ¢intrett i on
and a second di.ode 720 na forn on t econdbirllai\g%ofctﬁgducti ve pad 770

and bi ased i nang SEsop W,te pgllgéialﬁaﬂsrlrgp ayers, arrllg ofher N

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 I/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



direction. The first and second di odes 710, 720 nmay be forned by
conventional processing techni ques known to those of ordinary skill in the
art. By wwap20fo/exaapl e and not limtation, the first di ede/vsi@onesbe f or med
by depositing a diode stack in a first polarity, and then etching the di ode
stack so the stack only occupies the area of the first | ower conductive pad
760. The first diode 710 may then be covdted with a conventional etch stop
according to the stack naterials and a second di ode stack nay be deposited
in the secondy gRBARME &, B &létiohs iBm| HeMeidiBed 8ABOEMEAIIUE! BEBopatdht &f | €ast
sonme enbodi nents, an upper conductive pad 730 nmay be forned over both the
first di ode 7a@® ofndlindresigldothe adi ddes, Arocornef the mgentivntsenaliamited by thed

rel ated nanoscal e circuitry 140 my, therefore e med separate fromthe
second subst r'4f %E@Rﬁﬁ&mgﬁ%ﬁﬁ%P&Pﬁ@“n?ﬁ%%%@5?%W§$?%ﬁ#?%y 125 thereon, and
the circuitry 140 of the first substrate 110 may be coupled to the
circuitry of the second substrate 120 with the plurality of conductive
bunmps 130, which rmay be forned on the bond pads 150. Because the circuitry
125 on the second substrate 120 may be forned on a | arger scale, such
circuitry 125 may be fornmed nore efficiently and at a significantly |ower
cost, while the circuitry 140 of the first substrate 110 may be fornmed on a
smal l er scale to increase perfornmance (e.g., increased storage capacity,
etc.). The second substrate 120 nay then be bonded to the first substrate
110, and thecircuitry 125 of the second substrate 120 coupled to the
circuitry 140 of the first substrate 110 to conbine the circuitry of both
substrates into a single device. In such enbodi nents, the first substrate
110 and circuitry 140 nay be fornmed at | ower tenperatures than the
tenperatures enployed in form ng the second substrate 120 and any rel ated
circuitry 125, such as the support circuitry. Additional enbodi nents of the
present disclosure are directed to electronic systens. As shown in FIG 9,
an electronic system 900, such as a conputer system in accordance with an
enbodi ment of the present invention, conprises at |east one input device
910, at | east one output device 920, at |east one processor 930, and at

| east one nmenory device 940. As used herein, the term "conputer systent

i ncl udes not only



conputers such as personal conputers and servers, but also wreless

communi cations devices (e.g., cell phones, personal digital assistants

conf i gur estof20ro/ext nmessagi ng and ermail, etc.), caneraspCthispoisee®3s set top
boxes, controllers, vehicle and engine control and sensor systens, digital
musi ¢ pl ayers, and other conbi nations of the above-referenced input,

out put, processor and nenory devices. Thdé6at | east one nenory device 940
may conprise at |east one nenory device (e.g., devices 100, 700 in FIGS. 1
and 7A) conprising a first substrate couplie to a second substrate. The
first substrate may include circuitry conprising, by way of non-limting
exanple, a plurality of magnetic tracks conprising a plurality of donains,
a plurality oégppgnﬁtiqigunneling junctions proximate to the plurality of
magnetic trac e\ 8ag§?eﬁding 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 magnétic tunnkl i ngApaleerorsndeice RRMPISRSI i ty of magnetic tunneling

junctions. Th 1 . ] : FEsidlbdw t3pg 1s coupl ed
to the p|ura|??§?§@9%%§§9%§3§ﬁ %ﬁﬁﬂgﬂgéﬁéggngﬁﬁ?%g %ﬁ%st su%%trate with a
plurality of conduedténdingiiigast subifiantialippantlelcod eachiothrey thrayghcopptiorse thae or
nore of a charge p , & decode and addressing.circuit, sense.amplifier
and an I/ 0O circuitirs bWﬁ“%ér‘gﬁﬁyéﬁgﬁﬁhﬁ@ﬁPQ§W§W€OBééHﬁgﬁggﬁﬁﬁ@atapd shown
in the acconpanyi nﬁb%ﬁ%ﬂﬂ&mﬁﬂ&% AFRAAAERIS REat TREGMWS JIfthdihiraBliofe and
not restrictive of the scope of the invention,” and this invention i's not
limted ti® t he spesinfligivednastss arcta pnsilinmf vaasreategding fitom ahiwoant abkedstdemer i bed,
since various other additions dmdi f.j cations.to, and .del.etions, from the
descri bed embodi ne ufcrilvleltmf)eeg Oggbeg&érﬁ[l{yto COBICHYe iy g)at?of;‘dg Eﬁliﬁ cfr}%ilen the art.
Thus, the scope ofsiuhgt) dTweRdbaty;is only Iimted by the literal |anguage,
and | egal equivalents, of the clains which foll ow CLAIMS Wiat i s cl ai ned
is: 1. An el exsacord ibgeare bended imibeifisst sepstrates the second pistrate SOBBHYRE si ng

circuitry includi ”éilrc%m%} c%rqueid by th%fplu(%&lﬂg g Bé)n\ﬁepahg B &R first substrate with a

15 plurality of conductive bumps.

2. The electronic device of claim 1, wherein the plurality of conductive
traces comprise a plurality of magnetic shift registers comprising a plurality of
domains, and the plurality of vias comprise a plurality of magnetic tunneling junctions.

20

3. The electronic device of claim 1, wherein the circuitry of the second

substrate comprises at least one of a charge pump, a decode and addressing circuit, a

sense amplifier and an /O circuit.

25 4. The electronic device of claim 1, wherein the plurality of conductive
traces are disposed at a pitch of less than 100 nanometers, and wherein the plurality of

bond pads each comprise an area of 2,000 um? or greater.



extending at |east substantially parallel to each other through a portion
of the first substrate, a plurality of bond pads positioned on a surface of
the firstweubsimwat4e and conprising a w dth extendi ng ovecrats2éiemsd23s wo of
the plurality of conductive traces, and a plurality of vias extending from
adj acent at | east some conductive traces of the plurality of conductive
traces to bond pads of the plurality of -h@ad pads; a second substrate
bonded to the first substrate, the second substrate conprising circuitry

coupled to the plwalityhlleRORE RALS 0PNaihIE WiHeldih aBRBEAHRA Yad Bf Be _
plurality of conductive bunps. 2. The el ectronic device of claim1l1, wherein

t he pluralityploflityeodtoed pads compusss: conprise a plurality of nmagnetic shift

regi sters co i si.ng .a plural.ity. of. domai ns nd the plural.it f Jvias
Conpr i se a. prou dioge et B iR am oo Borantert it tlhdon ¢
device of claim 1, fird1ewer dbntibi@iveiph€Uhd firét 1Bfvet BrdaebePpdd solpséd 8lae/iLOHNMPr i ses
at | east one of a charge punp, a decode and addressing circuit, a sense

anpl i fier Sand an Ithepleraligyetviagandrhe el ectronic device of claim 1, wherein
e petors | JRboROIOHSiE il § 86830 BpSoSRRREM Ao Atk i0ulupbfos than 100

nanoneters, and WHer &in ural’i conpriSe an area of
2,000 N2 or great@hdactivéped sieciscond lowdesindactdk pad ahesetonddoerei n at | east
one bond pad of the plurality of bond pads copprises: fa,fi rst di ode biased
ina first directi®ndugiyegad seuptad te another et the BIMERISt $8082Spad and a first

| ower conductive pad, the first |ower conductive pad coupled to a via of
the plurality of vias; and a second di ode biased in a second, opposing

di rectiorifand adj acent Tie didndronioplevice ofidsiot 1,wehepadt and a second | ower

conduct [ ve pag g Ssand Laver conductl e pad counL S L0 R eh .2 o
]p: ‘ﬁ;?' ISL %Sﬂ a?gnd RATHsReOnL 98h bbRNaled phtBrkdlta®oRd SKifitphkerfitkndace of the
the bond pads comprise at least one shape selected from the group consisting of square,
rectangular, hexagonal and triangular.
15
7. A memory device comprising a first substrate, the first substrate
comprising:
a plurality of magnetic tracks comprising a plurality of domains;
a plurality of magnetic tunneling junctions proximate to the plurality of magnetic
20 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 8. The memory device of claim 7, further comprising a second substrate
comprising support circuitry, the second substrate being bonded to the plurality of bond

pads with a plurality of conductive bumps.

9. The memory device of claim 8, wherein the support circuitry of the
30  second substrate comprises at least one of a charge pump, a decode and addressing

circuit, a sense amplifier and an I/O circuit.



conprising one of a bond raster pattern and a bond shift pattern; and the
bond pads conprise at | east one shape selected fromthe group consisting of
square, rwotargwhan, hexagonal and triangular. 7. A nmenmpCY/U$esi0on26235
conprising a first substrate, the first substrate conprising: a plurality
of magnetic tracks conprising a plurality of domains; a plurality of
magnetic tunneling junctions proxinmate ta8the plurality of magnetic tracks
and extending to a location adjacent a surface of the first substrate; and

a plurality of bonth padgyOfehBs &Yt BEQaR 7 WIRrdih hblkast BRSBJrRRAd ofAeh bond
pad of the plurality of bond pads electrically coupled to a nagnetic

t unnel i ng j unpltiabity affbondpadsicomatibeasy of nmgnetic tunneling junctions. 8. The

menory device of claim?7, furthe 0 i Si a,second ,substrate.conprising
support ci r cuft¥RPE" ‘Ecﬁ‘g]“g’é’gé’ﬁ‘éic ‘{P{Besdtctf)E_B{ésﬁé(i%%ﬁn‘%gﬁ%fé’agf%%?’ﬁ%e ﬁﬁsﬁ?lgﬁ? ty of
bond pads with a phdiidhibdedl iRh AFQAEHGhposRe RIHAB Bias 3f thERecom@aydy; devi ce of
claim8, wherein the support circuitry of the second substrate conprises at

Yy . .
| east one Sof afishiamgecondugtivepad seerded farike Brtidiedsindgo eiviacafithe plaraisiafe
anplifier and an I\/IiO,ci(?]cui t.10. The nenory device of claim?7, wherein at
| east one bond pad 8% ¥he plurality of bond pads conprises: an upper
conducti ve pagseeomtbloddr tdndactiverpatl colipieleroalickseaorsdiodwhndito dgothdrivéa dfithst  di ode
being biased in a direction opposite to the bias of the second diode; a
first |ower conducklPpbitypfdiasoupl ed to the first diode and to a via of the
plurality of vias; and a second | ower conductive pad coupled to the second
di ode and to another via of the plurality of vias. 11. The nenory devi ce of
claim 7, Mherein bbnd pHasmedhotyieviek of elkint §, wiferéio bdndpas of tephirglgy af wi dt h

te ?;gﬂgl ng Ovelgon%tpa!ise &%gpr}s\é\g w%%%g%ehginé rma}ecrka% leggt t\gvg ?na%ln&{cailralcf(gl opt{le Si%?a'fi?yt 'c

of magnetic tracks.

12. The memory device of claim 7, wherein the bond pads are configured
15  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
20 a portion 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 two conductive traces of the
25 plurality of conductive traces;
forming a second substrate comprising circuitry;
attaching a second substrate to the first substrate with a plurality of conductive bumps
coupled to the plurality of bond pads on the first surface of the first substrate
and to the circuitry of the second substrate.

30



12. The nmenory device of claim7, wherein the bond pads are configured to
conpri se a shape consisting of at | east one of square, rectangular,
hexagonalwoant/towi4angul ar. 13. A nethod of form ng an elPeTiuseniom2&8vi ce,
conprising: formng a first substrate conprising a plurality of conductive
traces extending through a portion thereof, a plurality of vias extending
from adj acent at | east sonme conductive tnfees of the plurality of
conductive traces to a surface of the first substrate, and a plurality of
bond pads on the sy f a%&ﬁetﬁ&?ofdliiﬁﬁlﬁ%@%ﬁ%ﬁnﬁ?@h@ﬁﬂsm@ﬁimé furtevi @ of
the plurality of vias, each bond pad of the plurality of bond pads

conpri si ng a eunttrisesext endi ng over at | east two conductive traces of the

Gl veui try: acbaeme oelbaRa sl e RATRENR AR R A
plurality of cond%&@\eﬁcQuﬁp(sggﬁatu@h@ﬁsﬁlgatp'nea1a!yufa<bﬂlmns;@ﬁdbond pads on the
first surface of the first substrate and to the circuitry of the second

subst r at e 514. folrhiag tha Mwalitfof viagicanfigired greneangti¢ Wansling JeKEORS r st substrate
further conprises: formng the plurality of conductive traces as a
plurality of magnetic shift registers, each magnetic shift register
conprising a plurali.ty Tie retad o8claiant, vbertm@rhing thd firsedubstyatofomprasss
configured as nagnetic tunneling junctions., 15. ng et hod. of . Ctl aim 14,
wher ei n f or mi fegMigehe firssRubsiaie atadPape i hedoyy apou '%?taﬂ‘gwﬁ‘reliﬁ& WSt r at e

at a tenperatyc e Beh QARO U&mﬁé&s Gor hREHLRE us@i@ N PrehpRraB i€ Mtse

substrate conprises formng the second substrate at a tenperature above
about 4500C. dbout 32 Coret hod of claim 13, wherein formng the first
substrate conprising the plurality of bond pads on the surface of the first
substrate conprises formng the plurality of bond pads conprising at |east

one shape sel ect edid r omidge@lb@UPcIfn BY)APRRiTRABINE thé BrsPéubStgt@temprising

rectangul ar, hexagonal and triangul ar. ' ] )
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

15  consisting of square, rectangular, hexagonal and triangular.

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

20  abond raster pattern and a bond shift pattern.

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;

25  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;
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.

30



17. The method of claim 13, wherein formng the first substrate conprising
the plurality of bond pads on the surface of the first substrate conprises
posi ti oniwgQ 2btvetopl4ar al ity of bond pads on the surface ofCrhms2610034235
substrate in a pattern conprising one of a bond raster pattern and a bond
shift pattern. 18. The nmethod of claim 13, wherein formng the first
substrate conprising the plurality of bend-pads on the surface of the first
substrate conprises: disposing a first |lower conductive pad coupled to a
via of the pluralify of, iR S SRASE MhemopPeINR, EiRIsigonduct i ve pad
coupled to another via of the plurality of "vias; disposing a first diode

bi ased in a fformsingdipheelity oficonuttive tfacesin al fossnbywated thetlwaitpaficondueipssi ng a

second di ode biased in a.secqnd, opposjte direction .on the . secend l.ower
conductive pad; arftP8i SPBESHS a%ﬂlag%glgrs%orﬁ%‘ﬁt@’fsiC\‘?glpf)%lag8\92‘11[31?%89???23?8’& ode
and the Secor!@nﬂi_n?@%hﬂr@lityﬁfm& B&Epfind 186 gHeN titn ARIPDGYCARY &G endigOfi@h iaSi Ng:
formng a plurality of conductive traces in a first substrate, the
plurality3Sof conduwtfaceofithefistsubstte tppreximats theghveatitcolgpagnetie duftst er s
conprising a plural i.tt of domains; formng a plurality of vias conprising
magnetic tunneli ngreFtSJ Ctions ext endi ng froma surface of the first

substrate to frpxpARlRalithof Pbnd pids teiclobori@gga ef the phirality of Bgidyiads souplalr mi ng a
plurality of bond pads, each bond pad of the plurality of bond pads coupl ed
to a via of the pltQmaia eitheplufglinsof V& The nmet hod of claim 19, further
conprising: formng support circuitry in a second substrate; and coupling
the support circuitry in the second substrate to the plurality of bond pads
of the fildst subst2tat e Therhethopbimiam 19 fwfheccomsjuesiigre bunps. 21. The net hod

of claim 20, wherein form ng the support circuitry in the second substrate
conpri ses forfﬁpﬁ’@géflpﬂoé*é‘értcu‘g‘ﬂénBﬁeﬁggﬁ‘ﬁ?sﬁétep@ﬁp, a decode and addressi ng

circuit, a sensgldRb sidpdhtcirftly &Nthk/sEdnt sEbitrhte t& the phlSlityRE B Rids 6F ai m 19,
wherein formng the plurality of bond pads
the first substrate with a plurality of conductive bumps.

15 21.  The method of claim 20, wherein forming the support circuitry in the
second substrate comprises forming at least one of a charge pump, a decode and

addressing circuit, a sense amplifier, and an I/O circuit.

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

and a bond shift pattern.

23.  The method of claim 19, wherein forming the plurality of bond pads
comprises configuring the plurality of bond pads with at least one shape selected from

25  the list consisting of square, rectangular, hexagonal and triangular.



conprises patterning the plurality of bond pads to conprise one of a bond
raster pattern and a bond shift pattern. 23. The nethod of claim 19,

wher ei n fworhrgiostse plurality of bond pads conprises comrCirgiseemng24d2Be
plurality of bond pads with at |east one shape selected fromthe |ist

consi sting of square, rectangul ar, hexagonal and triangular.24. The nethod
of claim19, wherein form ng the plural r2y-of bond pads conprises formng a
plurality of bond pads, each conprising: a first diode biased in a first

direction coupled 790 a fHdméthdPYRNaiROINHGEUEoRARg 11 Rh@RfTdfGBhd fARE act
with a via of the plurality of vias; a second diode biased in a second,

opposi te di r emnipsisescfoupingd plusality sEbensbalds weeh eosmidiserg ve pad in el ectri cal

contact with of her via,of th | wral it f vias; - ._conductive
pad coupl ed t%ﬁrfﬁﬁo‘ﬁ‘? figged i %hg?gﬁ%f%% X ee&;tgc?oﬁﬁgﬁgi‘l’v%&eP%.\}Q%{:l{/‘st em
conprising: at | eagécu@aeciitRtessarvia éMbe plurdligpstviane menory devi ce coupl ed
to the processor, the at | east one nenory device corrcfri sing:, . a first

€

subst r at e Scorfpter@iddode hirsgd a1 ¢ sspowd, onpRyHE directiopgewrled 9@ SETGOWED| ural ity
of domains, a pluralijty: | i ' g B 8ad 9nd he
plurality of rnatgne‘félnlé15 lrvg%ﬁ@ﬁ%t[ﬂéc%% %%%lﬁlgxﬁt?%ngﬂ oc%%%ggl jla};(?f(;ltaé surface
of the first #supper @héuctiaaPadicquipladad ttteyfirstfdidaderd pathe seqont dds.ur f ace 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 junctiong ang St CQRPrisi strate conprising support circuitry,
the second substrate bonéed to the pFurality of bond pads with a plurality

of condudii vent beastse processor; and
at least one memory device coupled to the processor, the at least one memory device
comprising:
a first substrate comprising a plurality of magnetic tracks including a plurality
of domains, a plurality of magnetic tunneling junctions proximate to the
15 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; and
20 a second substrate comprising support circuitry, the second substrate bonded to

the plurality of bond pads with a plurality of conductive bumps.



