METHOD OF CREATI NG ALI GNMENT/ CENTERI NG GUI DES FOR SMALL DI AMETER, H GH
DENSI TY THROUGH WAFER VI A DI E STACKING 1. Field O The Invention [0001] The
present iwoentviaicel ates generally to sem conduct or deeCras2@ao374mor e
particularly, to stackable dies using through- wafer vias. 2. Description
O The Related Art [0002] M croprocessor-controlled circuits are used in a
w de variety of applications. Such applications include personal conputers,
cel lul ar phones, digital caneras, control systens, and a host of other
consuner products. A personal conputer, digital carrera or the Ilike,

general ly includes various conponents, such as mcr ocessors that handl e
different f METHOPOK @@AT[N@yAJoEGNMEN vari ous
consuner prowﬁﬁ)mmwm bD mg eds

M croprocessors are.essenti eneric eV|ces orntspeC|f|c
functions under thEHRE [H}wagtFERW Ao PPHEES 'At N war e prograns

are generally stored in one or nore nenory deV| ces that are coupled to the
m croprocessor and/ or other peripherals. [0003] Electronic conponents, such
as mcroprocessors and nenory devi ces, often include numerous integrated

circuits manuf actured on a sem conductor substrate and coupled together in

a pack ge. enS|ty of the circuits, the circuits may be
st acked vert et ffﬂéfm;eﬁﬁoﬂ the 'footprint” of the circuit. To further
reduce the f[ﬁﬁiﬁ“ nt of the cjrcujt andi nghove el ectrical  connectivity
bet ween t he Therpsesgn g vertipngelaten LRy RnESEBE OB UGt Hyipshanc more

particularly, to stackable dies using through-wafer vias.

2. Description Of The Related Art

[0002] Microprocessor-controlled circuits are used in a wide variety of applications.
Such applications include personal computers, cellular phones, digital cameras, control systems,
and a host of other consumer products. A personal computer, digital camera, or the like,
generally includes various components, such as microprocessors, that handle different functions
for the system. By combining these components, various consumer products and systems may be
designed to meet specific needs. Microprocessors are essentially generic devices that perform
specific functions under the control of software programs. These software programs are generally
stored in one or more memory devices that are coupled to the microprocessor and/or other

peripherals.

[0003] Electronic components, such as microprocessors and memory devices, often
include numerous integrated circuits manufactured on a semiconductor substrate and coupled
together in a package. To increase the density of the circuits, the circuits may be stacked

vertically, reducing the ‘footprint” of the circuit. To further reduce the footprint of the circuit and



vias (e.g. through-silicon vias or TSVs) in which a via passes through the
silicon of the dies to provide vertical interconnection. By replacing

ri bbons, wol2d@vi2eiizes, or ot her connection technol ogy typiramsbkéop/oBeat ed on
the edge of the dies with TSVs, the length and width of the circuit may be
reduced. Additionally, use of TSVs for,interconnection may elimnate the
need for an interposer between dies. wever, because the TSVs nust align
t hroughout the stacked dies of the circuit, alignment of the dies during

nanufacturin C especi al | mnth es mal
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FIG 1 illustrates a bl ock dlagran1of a processor-based device in

accor datier \irt (B gathraighodicpvias 6F TBNe ipraudim vip pysat thewgh flsodspnpf ths diga- 2D
illustrate formati on of alignnent recesses and protrusions in accordance
wi t h arto erdvadt veetivhl infer¢dneeqioas Bytreplamnentibtons, splioOG]red bGRherZand&tioh| ust r at e
formation of alignnment recesses and protrusions in accordance wth anot her

embodi NEdHhoREy HpRaly RRERYE oh Measakd 8fthe HRAQIh TIVGESihedhroftlard Widet sah&circuit
formation of allgnnent recesses and protru5|ons in accordance w th anot her

?nbOdl MR, e?r]e tchclg Rdgﬁgnaﬂ s\é:eortu'fSQ}1 ’f01[ 1%&: nectl%may el d 5%6 needuf%%]r pte
ormation o gniren cesses and pro rusrons | accordancé W thanot her
enbodi ment of the resent |nvent|on %ﬁ FI G illustrates formation of
al i gnrréﬂtterpﬁls?ftb@h’%fie@ diesi Hopeayst dssrees W i N&She%gnéh%éi%me sgrkedtiespiesent
invention; [0010] FIG 7 depicts a process for formng alignnent features
in accdhdamiat, slignmeanof the dies during manufacturing may present challenges, especially with

respect to small diameter and/or higher density TSVs.

BRIEF DESCRIPTION OF DRAWINGS

[0004] FIG. 1 illustrates a block diagram of a processor-based device in accordance

with an embodiment of the present invention;

[0005] FIGS. 2A-2D illustrate formation of alignment recesses and protrusions in

accordance with an embodiment of the present invention;

[0006] FIGS. 3A-3B illustrate formation of alignment recesses and protrusions in

accordance with another embodiment of the present invention;

[0007] FIGS. 4A-4C illustrate formation of alignment recesses and protrusions in

accordance with another embodiment of the present invention;

[0008] FIGS. 5A and 5B illustrate formation of alignment recesses and protrusions in

accordance with another embodiment of the present invention;



enbodi mrent of the present invention; [0011]] FIG 8 depicts a process for
formng alignnment features during passivation processes in accordance with
anot her ewbadivenii2zof the present invention; and [ 0012] PET@ES28908IELt S a
process for formng alignnent features during passivation processes in
accordance w th another enbodi ment of the present invention. DETAILED
DESCRI PTI ON OF EMBODI MENTS [0013] FIG 1 is a block diagramof an

el ectronic systemcontaining integrated circuit devices that may enpl oy
enbodi nents of the present invention. The el ectronic device or system
which is generally indicated by the reference nuneral 10, may be any of a
variety of types, such as a conputer, digital canera, cellular phone,
personal or dﬁﬁ@%eﬁlﬁ- biillystater fematipp ohalignpicak profugiess Biicperdarredeid anwthey
processor 12, such as a mcroprocessor, controls the operation of system
f unct i eashodindemt ©f begirssen{ dOdmtjonyar i ous devi ces may be coupled to the
processor 12 depending on the functions that the system 10 perfornms. For
exanpl e, an input device 14 may be coupled to the processor 12 to receive
i nput froma user. The input device 14 may conprise a user interface and

may i ncl ude it.ches, a k oar.d | igh en,. a noyse, a
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devices. An_audio or video display 16 nmay al so be coupled to the processor
12 to prdhedieentef BrereseBhinVetioRe user. The display 16 may include an LCD
di splay, a CRT display, or LEDs, for exanple. Further, the system 10 may

i nclude a power supply 18, which may conprise a battery or batteries, a
battery receptor, an AC power adapter, or a DC power adapter, for instance.

The power syppin FS. BRYpiLH AP sPRIMS iR AMEnnt FERes during passivation

processes in accordance with another embodiment of the present invention; and

[0012] FIG. 9 depicts a process for forming alignment features during passivation

processes in accordance with another embodiment of the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS

[0013] FIG. 1 is a block diagram of an electronic system containing integrated circuit
devices that may employ embodiments of the present invention. The electronic device or system,
which is generally indicated by the reference numeral 10, may be any of a variety of types, such as
a computer, digital camera, cellular phone, personal organizer, or the like. In a typical processor-
based device, a processor 12, such as a microprocessor, controls the operation of system functions

and requests.

[0014] Various devices may be coupled to the processor 12 depending on the functions
that the system 10 performs. For example, an input device 14 may be coupled to the processor 12

to receive input from a user. The input device 14 may comprise a user interface and may include



conponents of the system 10. [0015] An RF sub-systeni baseband processor 20
may be coupled to the processor 12 to provide wirel ess conmunication
capabi | i two 200ve12RF2subsyst enf baseband processor 20 nay iPaotiusd@omsr4ant enna
that is coupled to an RF receiver and to an RF transmtter (not shown).
Furthernmore, a communications port 22 pay be adapted to provide a

communi cation interface between the electronic system 10 and a peri pheral
device 24. The peripheral device 24 may include a docking station

expansi r _othe r nal conmponent .0016 rQcessor may
coup ed gy iviids R RReb ey S RORE A i at o se B EE S ikp T B For
exanpl e, the processor 12 may be connected to nenory 26, which may include
vol at i 195 amepeesof qless Inpyt deviges. Aamgeip, OfdideaétslﬁlaY'ﬁﬁéll%Y@ﬂS&thelCé“P?ﬂé‘il’rﬁ)r € of
menory 26 nmay conprise a variety of nmenory types, such as static random

access pressyoy 12 tGRrAMIE infdynmaivh co thandamTae dapky e mmnyync(lﬂ@l%l\ﬂ()D dfsplagia
second, or third generation Double Data Rate nenory ("DDR ", "DDR2", or

" DDR3" ,cmaﬂgﬁglaﬁmos; fRexdhfle] Flither, ih€syRRAT MPMaY mkraa%&sewr Qbpiyhg, menory
26 may conprise varlous types of nenory such as electrlca 'y programmabl e

read Onl 1clrmrf:f‘1 gm nse a erﬁ{co? 'B%tieln% ’hl erCeB{o n,Bangr adaﬁt rI to'r 29 B@ ly, the

non- vol ‘& suc a tape or

di sk drive nenor 0017] The systen110 may |nclude nultl pl e senlconductor
devi cePOMEBHR a@i@érﬁa{ i@stapgg. éfélauppwehsupalwlﬁénvrlae@%a?wqrzo aﬂ%iortrﬁ%rerremry 26,

the system 10 may al so i nclude an i mage sensor or inmager 28 coupled to the
pr ocessompblertoofphosysten th.gi tal i magi ng functionality. The inager 28 may

i ncl ude a charge coupl ed device (CCD) sensor or a conplenmentary netal oxide
sem conductor (CMOS) sensor having an array of photoreceptors or pixel
cells configured to be

[0015] An RF sub-system/baseband processor 20 may be coupled to the processor 12 to
provide wireless communication capability. The RF subsystem/baseband processor 20 may
include an antenna that is coupled to an RF receiver and to an RF transmitter (not shown).
Furthermore, a communications port 22 may be adapted to provide a communication interface
between the electronic system 10 and a peripheral device 24. The peripheral device 24 may

include a docking station, expansion bay, or other external component.

[0016] The processor 12 may be coupled to various types of memory devices to facilitate
its operation. For example, the processor 12 may be connected to memory 26, which may include
volatile memory, non-volatile memory, or both. The volatile memory of memory 26 may
comprise a variety of memory types, such as static random access memory (“SRAM”), dynamic
random access memory (“DRAM?”), first, second, or third generation Double Data Rate memory
(“DDR17, “DDR2”, or “DDR3”, respectively), or the like. The non-volatile memory of the
memory 26 may comprise various types of memory such as electrically programmable read only
memory (“EPROM?”) or flash memory, for example. Additionally, the non-volatile memory may

include a high-capacity memory such as a tape or disk drive memory.



i npacted by photons and to convert such inpact into electrical current via
the photoelectric effect. Wiile the imager 28 may be coupled renotely from
t he proceweanosl2e41guch as by way of a circuit board, thecrnsgev/o281and
processor 12 may instead be integrally fornmed, such as on a conmobn
substrate. [0018] The processor 12, negory 26, imager 28, and any other
devi ce or conponent of the system 10 nmay be an integrated circuit or
package fabricated in accordance with the techni ques described further

bel ow. For exanple, a processor 12 may be an integrated circuit having two
or nore dies stacked in a vertical arrangenment. As discussed above, the
dies may be electrically interconnected by through-wafer vias passing

t hr ough eacHO®1d. Thaswrieiarl 0 iy ingladgynpléiplesgppicondwrbercleviges rivassamplesinze to
accomobdate snaller dies and a smaller footprint for the integrated

Ci r cui taddaion gmthe procefsot hkardi the nebutorn2p, ttiesysiem Kk aakalnginplude s 8ndgs sarsot | cal
for alignment of the through-wafer vias and proper operation of the

i nt egr alrgda&dr P8 Wbhpled BASrobds(3- 1|2_%o grdvhdeu_ﬁgifa%ﬁagfig fmtdaniQf Tak LasvEens

recesses and protrusions to facilitate alignnent t hr ough- waf er vi as

during die stacking according t enbodiment of the present invention. As
wi 1 DT LR R s R IR LA e b U R s my be
processed_ accordi ng to the techni ques described bel ow. For exanpl e,

al t houdRMigeadycHRMfdeserios dpyae ah i o Phpergrriess kel ¢ells Renfpdiddrteof one
or nore dies, such as a bottomdie and a top die, the processing my be

per f or negaced bnghavonsrmd ¢ emfvert sychampaciéntoeleaicel dundntwiid thalphdioelsctaft er
excision froma wafer, or any conbination thereof. [0020] Turning to FIGS

2A- 2D, dffe. WHAild th UsiigeAb8fag blicSuplQDretidadly B tp@%@l:@gaq 208uchheby hay boat  of

a die stack of an integrated circuit. The die 100 includes a backsi de

surfac eciI%Qi%board, the imager 28 and processor 12 may instead be integrally formed, such as on a

common substrate.

[0018] The processor 12, memory 26, imager 28, and any other device or component of
the system 10 may be an integrated circuit or package fabricated in accordance with the
techniques described further below. For example, a processor 12 may be an integrated circuit
having two or more dies stacked in a vertical arrangement. As discussed above, the dies may be
electrically interconnected by through-wafer vias passing through each die. However, as the pitch
and diameter decrease in size to accommodate smaller dies and a smaller footprint for the
integrated circuit, alignment of the dies during the die stacking process is critical for alignment of

the through-wafer vias and proper operation of the integrated circuit.

[0019] FIGS. 2-6 illustrate formation of alignment recesses and protrusions to facilitate
alignment of through-wafer vias during die stacking according to an embodiment of the present
invention. As will be appreciated, a wafer may include any number of dies that may be processed

according to the techniques described below. For example, although the techniques disclosed



The die 100 may have a plurality of through- wafer vias 102 etched into the
die 100 and extending through the substrate and may al so i ncl ude bond pads
103. For weampleesithe t hrough-wafer vias 102 may have beemuse@awsdigiuri ng a
deep via patterning process, such as photolithography and etching. In

addi tion, during the via patterning prgcess, a plurality of alignment
recesses 104 may be patterned and etched into the substrate of the die 100.
The alignnment recesses 104 may be patterned in sel ected speci al
arrangenents. For exanple, .in one enbodinent, . the i gnent recesses 104
mmy e THRYE g i e P e SRS e bUEh Qs o KEEPEIRS one on
a wafer. The alignnent recesses 104 may be any size, shape, or depth.

Howev erbrogessighmay be peitoraed gn Raner Peisaiers, ongieos erhindyidvabidies #r subsequent
processing of the die 100, in an enbodi nent the alignnent recesses 104 may
be et cheadismh flopas tvafer, ggruept@nbindtam thédreofdept h of the through-wafer vias 102.
[ 0021] Turning now to FIG 2B, once the through-wafer vias 102 and

al i gnnent recesses 104 have been patterned and etched, the vias 102 may be
filled wth copper or other interconnect material such as polysilicon or
tungsten. T er. fil l ng the di b rocessed

t hrough vari ﬁé‘ﬂgfué%% goegﬁs%%%%agﬂg‘% ﬁlg?trag Staacgl% }8(8%1(%& %Phge fl%eg,onztﬁ i con
relief etch, etc. For exanple, the TSVs may be exposed on the surface 101
by back PgiteRdPhydie seclhalisintarand qingeit di ke digd 00 sludgs ¢ hrskside pafasedfhce 101

of the die 100 may be etched, wi thout etching the TSVs, sothat the TSVs

ext end Heydn Ol ihey kavefagpdeallt df diroughewaleievid0l)?2 eichel & thetda E0Gdmadakiondinign a
die stack, the die 100 may first be flipped so that the backside surface

101 i s tRRWeHRQES G afednd PHQGRSShdl8de boRG pdﬁﬁl@@@oﬁ%nﬁhé@hélﬂrc&%ﬁ-%@er%so a
carrier 10%, such as a silicon carrier, and secured by an adhesive 108.
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etching. In addition, during the via patterning process, a plurality of alignment recesses 104 may

be patterned and etched into the substrate of the die 100. The alignment recesses 104 may be
patterned in selected special arrangements. For example, in one embodiment, the alignment

recesses 104 may be patterned and etched at or near the die streets and intersections on a wafer.

The alignment recesses 104 may be any size, shape, or depth. However, to ensure the alignment
recesses 104 remain open during subsequent processing of the die 100, in an embodiment the
alignment recesses 104 may be etched at least or greater than the depth of the through-wafer vias

102.

[0021] Turning now to FIG. 2B, once the through-wafer vias 102 and alignment recesses
104 have been patterned and etched, the vias 102 may be filled with copper or other interconnect
material such as polysilicon or tungsten. The copper filled vias 105 and the die 100 may be
processed through various processes, such as carrier attach, back grinding, silicon relief etch, etc.
For example, the TSVs may be exposed on the surface 101 by back grinding the backside of the

die 100. To further, the surface 101 of the die 100 may be etched, without etching the TSVs, so



exposed on the backside 110 of the die 100. [0022] FIG 2C illustrates
another die 112, such as a "top" die, that nmay be coupled to the "bottont
die 100 iwoanmymnsagrated circuit. The die 112 may i ncl useTarspoanaidigy of
bond pads 114 configured to couple to the through-wafer vias of a second or
bottom die, such as die 100. To facilitate alignment of the bond pads 114
of the top die 112 with the filled vias 105 of the bottomdie 100, the top
die may include a plurality of alignnent protrusions 116 extending frontthe

ooy su s PE kg vegfig b ae%%s?@?e? b Dol Todfpas iR Sp il SRERD Lor

exanpl e, the protrusions nmay be an angl ed structure and g have any

degr ee thy dig(1g @aarﬁrsi@ﬁtﬂmp&fiﬁ@ {hat the bagksidersiiacg 19y it prw exnged fop processiigng
during a lithography process. Further, the alignnent protrusions 116 may be
of any Bieaijxe]00magaler bd pip@groaptwcam’crcl@@@cpys asilicdal carnercandngulrat by an
tetrahedral, etc. Additionally, the shape, size, or topography of the

al i gnmeghedOt0RY ?rjd?ﬂﬂ% tﬂ&&cﬁgﬁn@e 0% &) Q&diehe IS VREhE o FRie ReckfiBs A4 @RERN

recesses 104 on the bottomdie 1 [0023] To fornta die stack, the top die

112 may e 100 as illustrated in FIG 2D. Prior
to the s?&w |ng prggggé #ﬁ% 861@?e 112 and bottom die 100 may undergo

passi vation processes. For exanple a passivation |ayer 118 may be created
on the bottomdie, and a passivation |layer 120 nay al so be created on the
top die. The passivation |ayers 118 and 120 may al so be di sposed on the

al i gnnent r 0824 d9G10d ilandatenartdieer dgpl 18f suches al‘toghdienthptrrogy brsicopked 1d the
respectively. Advantageously, no additional processing is needed during the
passi vabb@sms e[ 0b ¢h arweyrREdatiRuithFhaliedNMRnl ii@eRSSAGakRbrB0AY pIRtINYSi ons

116. [0024] As illustrated in FIG 2D, the bottomdie 100 may have first

been plc%ﬁﬁglr%]{o COLBI% to the through-wafer vias of a second or bottom die, such as die 100. To
facilitate alignment of the bond pads 114 of the top die 112 with the filled vias 105 of the bottom
die 100, the top die may include a plurality of alignment protrusions 116 extending from the
substrate of the die 112. The alignment protrusions 116 may be created by any suitable process,
such as photolithography, stereolithography, etc. For example, the protrusions may be an angled
structure, and may have any degree of slope or verticality, as determined by the resist patterning
during a lithography process. Further, the alignment protrusions 116 may be of any shape, size or
topography, such as pyramidal, rectangular, tetrahedral, etc. Additionally, the shape, size, or

topography of the alignment protrusions 116 may be selected to better match the alignment

recesses 104 on the bottom die 100.

[0023] To form a die stack, the top die 112 may be stacked on the bottom die 100 as
illustrated in FIG. 2D. Prior to the stacking process, the top die 112 and bottom die 100 may
undergo passivation processes. For example, a passivation layer 118 may be created on the
bottom die, and a passivation layer 120 may also be created on the top die. The passivation layers

118 and 120 may also be disposed on the alignment recesses 104 and on the top of the alignment



carrier 106, such as a silicon carrier, and secured by the |ayer of
adhesive 108. As discussed above, to ensure electrical interconnection

bet ween twe 2b@ypiz2éile 112 and the bottom di e 100, the bon#cpassohd74e$ t he
top die 112 should align with the filled-in through-wafer vias 105 of the
bottom di e 100. To ensure that the bond pads 114 of the top die 112 and the
t hrough-wafer vias 105 of the bottomdie 100 align, the alignnent
protrusions 116 of the top die nay engage the recesses 104 on the bottom

di e 100, Thus t acki.n f the ond pads
T4 and eRB RSB S (oSutigSN L HBaRERT pufer R Bl b BT e
tool perform ng the stacking the operation. |Instead, the alignnent

pr ot r uSIABTELION §teR iRjaGcerBtdats thaaligngieaergisesdf pAgPRUREPE Héeur at e

| i t hography and etching process, provide better alignnment accuracy and
ensure that the bottomdie 100 and top die 112 are stacked in a specific
alignnent. [0025] Once the dies have been stacked, the stacked dies nmay

then be nmovegoifradutiiedd iRTFRGERS, 'tﬁ'@botﬁiﬂ?ﬁﬁquo el Hhf fiQibeh Iptab@d Has @hepad

and t hrough-wafer via connections, underfilling, etc. The electrical

cont act _het n t.he bond pad. and the t waf.er. vi a e facjlitated
by any ST ABT S T LEHII 5y b XA %’eg@ Ofsdtﬁsweﬁ-gé}ﬁéeg ifebed on
t he bond pads 114 to contact the fllled vias 10 smal l er _pitch vias

and borf@opadsensirelecsirehigterspppegiongeyeen fltftt@k’jdl?)}l%ﬁg}d tetberomgig Hig: the

t echnol ogy, such as: deposition of an under bunp netallurgy (UBM material,
such asoad padskidk/qb dicl tapl dignilgchahldreligl witlo thetfilled v thsoulb®5v aedvisashd)Shd it pads
114; deposition of metals such as tin, indiunigold, or other nmetals on the

bond paghsohldle 80/ T edsti® tNdtAife BRa; aashptrmm5 dkondiang theaeﬂl%gﬁ -wRfeating a
sol der mask on the bond pads 114. 66026] The die stack nmust then be noved

Tromthl%s%tfﬁl%‘ﬂoﬂ ml AERI 4 n%’gllt%egh%rhnl‘?&bg ofifsid sdlfgcgg ?%ﬁ e)pffnégg%tﬂg)(t step

n the process. Any hove tom

recesses 104 on the bottom die 100. Thus, during the die stacking process, alignment of the bond
pads 114 and the through-wafer vias 102 is not limited to the accuracy of the tool performing the

stacking the operation. Instead, the alignment protrusions 116 and recesses 104, creating during a
more accurate lithography and etching process, provide better alignment accuracy and ensure that

the bottom die 100 and top die 112 are stacked in a specific alignment.

[0025] Once the dies have been stacked, the stacked dies may then be moved for further
processing, such as for reflow of the bond pad and through-wafer via connections, underfilling,
etc. The electrical contact between the bond pad and the through-wafer vias may be facilitated by
any suitable technology. For example, solder balls may be disposed on the bond pads 114 to
contact the filled vias 105. For smaller pitch vias and bond pads, the contact may be facilitated by
any other suitable technology, such as: deposition of an under bump metallurgy (UBM) material,
such as a nickel/palladium/gold metal, on the vias 105 and the bond pads 114; deposition of
metals such as tin, indium/gold, or other metals on the bond pads 114 and/or the vias 105;

thermosonic bonding, and/or plating a solder mask on the bond pads 114.



top die 112 may affect the contact between the bond pad 114 and the

t hrough-wafer vias 102, resulting in poor or no connections and affecting

t he yi el dwofoedesdre stacks. The alignment recesses 104pamdspeootos4ss ons 116
may provide an additional "interlocking” function to prevent novenent of
the bottomdie 100 and top die 112 during relocation of the die stack. For
exanpl e, the contact between the alignnent protrusions 116 of the top die
112 and the alignment recesses 104 of the bottomdie 100 prevent novenent
of the dies 100 and 112, as well as providing the alignnent function during
stacking. [0027] FIGS. 3A and 3B illustrate formation of alignment recesses
and protrusions according to another enbodi nent of the present invention.

FI G 3A depil@020]alleidiastackirausp thgn be edyed rog the stagsngilosatianag-Rrife picklod al i ty

of through-wafer vias 202, disposed on a silicon carrier 204 and secured by
an adhgdaceeodl apelic RA6stepiimn the prostss ati@g mavembd of 3, bdttoen dle @0RfxMativaso tkr eady
been through the necessary processing to create and fill the through-wafer

vias 2Q¢p dien 15 Riag LEDAR fRict b@wREdhabbAdp A 118lah@REBRuERGRRS SR 408 My be
formed during a backsi de passivation process, e.g. after formation and

filling_ of.the through-wafer vias. A si.vati.on l.ayer, 2 have been
For mod B PEPRIEGR D e AR BDe vl BB iOUE e FRARALY, on Oy
the passivation |layer 210, the alignnment recesses 208 nmay be patterned and
et ched,reesseen 184 and, Prafrysions Memastreavids amadditiqat ‘dptedogkinge durctiorfpighngnment
recesses 208 may be etched at any desired depth or angle, and nay be any

si ze, ghayencor ofttbpboftamphig.l0Fand eypalgpl B, during relectios of th2@a: swek. her etanipde]
using an isotropic (non-directional) or an-isotropic (directional) to
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provi de for recesses 208 having sl oped or angled sides, while an

ani sot r @l ¢ 4RhGholRHe PEPNEAS Foleh&G 8P 3B NRY 114 oY Sleh'al BlovRiiAEhe

alignment function during stacking.

[0027] FIGS. 3A and 3B illustrate formation of alignment recesses and protrusions
according to another embodiment of the present invention. FIG. 3A depicts a first die 200, such
as a bottom die, having a plurality of through-wafer vias 202, disposed on a silicon carrier 204
and secured by an adhesive layer 206. As illustrated in FIG. 3A, the die 200 has already been
through the necessary processing to create and fill the through-wafer vias 202. In this
embodiment, a plurality of alignment recesses 208 may be formed during a backside passivation
process, €.g. after formation and filling of the through-wafer vias. A passivation layer 210 may
have been formed before formation of the alignment recesses 208. After formation of the
passivation layer 210, the alignment recesses 208 may be patterned and etched, such as by dry or
wet etch or any suitable process. The alignment recesses 208 may be etched at any desired depth
or angle, and may be any size, shape or topography. For example, the recesses 208 may be etched

using an isotropic (non-directional) or an-isotropic (directional) to control the shape and angle of



[0028] In FIG 3B, a die stack 212 is shown that includes a top die 214
having a plurality of bond pads 215 and a plurality of alignnent

prot rusi one 28d%i264aand t he bottom di e 200 havi ng al i gnmentPCTASe@9M374298
formed as di scussed above. The alignnment protrusions 216 on the top die 214
may be formed by any suitable process, such as by photolithography or
stereolithography, as described above in FIG 2C To ensure that the bond
pads 215 of the top die 214 and the throughwafer vias 202 of the bottomdie
200 align, the i gnnent protrusions. 216 of th die 214 ma ouple with
the redBEst Sols, RN SOt a B83i8 0 i S0k 3Ry s Babd o ¥sE R gnen
features 216 and 208 may provide better alignnment accuracy than the

st acki rhitegd|anisphpic ei§h may i adielguiErcessel 3A§meing verticelhédssond pads 215 of the
top die 214 with the through-wafer vias 202. Simlarly, as discussed above,
t he engagenent of the alignnment recesses 208 and al i gnnent protrusions 216
may al so prevent shifting of the top die 214 and the bottom die 200 during

rel ocation qpoig)an@iE. 3, atke ddck 112 i@HIQMNBARANR L GESE LMY h&ifRa pluPiRP]
FIGS. 4A-4Cillustrate yet another enbodi nent of the present invention. As

illustrated,in Fl A-aplurality of alian t_ prot.rusions may be

for med Sron b conf LB Wi intatra il T el BRSSO BRI & "S02
has under gone numerqus processing steps, such as photolithggraphy and etch
to creaigNPRY regspseghe (Ramed avilis@issgaboys disabigng et ERtyions 2 Fe ok die temgie
filled through-wafer vias 304. Additionally, the bottomdie 302 is shown
ready fXd nstydekdmgeddrychng egitabbdprocesa ss¢H asdyrphowtitiograpBP 6r tigrealithegtingsi ase

| ayer 308. The alignnent protrusions 300 may be patterned during or after a

backsi drs@aeg b¥Rlkeiif PFIR QT efserRiiretthf R dnaPadi 21530 2he B dic T8 48h& tRARroNBY-
i ncl ude passivation |ayer 310. For exanple, the alignnent protrusions 300

may begy gatag ieUgroin %Oﬁr?gﬂoﬁl AL 966 Hent' e ARG BehlRHL FRNY AP pAidBiHinay® UCh

as an at%enuat

couple with the recesses 208 of the bottom die 200. As discussed above, these alignment features
216 and 208 may provide better alignment accuracy than the stacking tool, thus ensuring adequate
alignment of the bond pads 215 of the top die 214 with the through-water vias 202. Similarly, as
discussed above, the engagement of the alignment recesses 208 and alignment protrusions 216
may also prevent shifting of the top die 214 and the bottom die 200 during relocation of the die

stack 212 to a downstream processing area.

[0029] FIGS. 4A-4C illustrate yet another embodiment of the present invention. As
illustrated in FIG. 4A, a plurality of alignment protrusions 300 may be formed on a bottom die
302. Asillustrated in FIG. 4A, the bottom die 302 has undergone numerous processing steps,
such as photolithography and etch to create the through-watfer vias 304, and back grinding to
reveal the filled through-wafer vias 304. Additionally, the bottom die 302 is shown ready for
stacking and secured to a silicon carrier 306 by an adhesive layer 308. The alignment protrusions
300 may be patterned during or after a backside passivation process of the bottom die 302, as the

die 302 may include passivation layer 310. For example, the alignment protrusions 300 may be



mask. Advantageously, in this enbodinent, creation of the alignnment
protrusions 300 does not add additional processing steps during |ithography
and et chiwg,20@g12641¢ al i gnnent protrusi ons 300 are creat edTaiseoman3s after a
backsi de passivation process. [0030] FIG 4B illustrates a top die 312
havi ng bond pads 314 configured to couple to the through-wafer vias 304 of
the bottomdie 302. The top die 312 also includes a plurality of alignnent
recesses 316 configured to engage the alignnment protrusions 300 of the

bot t om di 2. I.n the enbodi nent . depicted in FIG . 4B, the alignnent
Fecessstrihpe s bRt HRaL sIS O P SO £ A1yt & i MiFufpd AERE

passi vation process, as illustrated by the depiction of passivation |ayer
318. | rimask Sebangeently. in Hus embeshiment creationsd dhe adiggmagfyprofsusings 580 deqs hd
etched during or after a passivation process, as described above. [0031]
FI G 4Gddlatdisbnapeseaind seps tadike BROghpiat andrahimgess thé elihoidno protdug o@0F0and
the top die 312. As discussed above, alignnment of the through-wafer vias

304 of fheehed bamodirard02batkiille pRsivhdbbads 314 of the top die 312 may be
facilitated by engagenent of the alignment features 300 and 316. For

exanpl e, the alignnment protrusions 300 of the bottomdie 302 may engage the
al i gnnent recesses 316 of the top die 312. Additionally, engagenent of the
al i gnnment protrusions 300 and the alignnment recesses 316 may prevent
sliding or rBO¥HHE. 4B ifusatgs & topatio3 bnlpvanzboad padigd Iteraligiedie wrple ke thgi e
stack 320 to another area for further processing. [0032] FIGS. 5A and 5B
depi ct throbgli-tvafar dias 384 0f thadoorh diE Hi2e ThO Bophdiv B h2yalse micludes aplughigesft f eat ur es
to those described above in FIGS. 4A and 4B. In FIG 5A, the bottomdie 400

i s showligh@vihtRecedseR B U6 briffoMreafto biags ga-a ﬁrﬁént}fg@r&?ﬁsﬂ)@éf3®@of_5tﬁ@¥96lt031@@iér ed to a
silicon carrier 406 byan adhesive [ayer 408. The bottom die 400 may i ncl ude

a plur a‘j()bt Yo ﬁ’lfe eﬂllbio@iﬂ{gﬁp&epﬁ)&g& ih Goﬁﬁ , tﬁ'é‘gignment recesses 316 of the top die 312 were

patterned and etched after a passivation process, as illustrated by the depiction of passivation
layer 318. In an embodiment, the alignment recesses 316 may be patterned and etched during or

after a passivation process, as described above.

[0031] FIG. 4C illustrates a die stack 320 that includes the bottom die 302 and the top die
312. Asdiscussed above, alignment of the through-wafer vias 304 of the bottom die 302 with the
bond pads 314 of the top die 312 may be facilitated by engagement of the alignment features 300
and 316. For example, the alignment protrusions 300 of the bottom die 302 may engage the
alignment recesses 316 of the top die 312. Additionally, engagement of the alignment protrusions
300 and the alignment recesses 316 may prevent sliding or movement of the dies 302 and 312

during relocation of the die stack 320 to another area for further processing.

[0032] FIGS. 5A and 5B depict a bottom die 400 and a top die 402 having similar
alignment features to those described above in FIGS. 4A and 4B. In FIG. 5A, the bottom die 400

is shown having a plurality of through-wafer vias 404 is shown secured to a silicon carrier 406 by



formed by any of the techni ques descri bed above, such as by patterning and
etching during a photolithography process, during frontside or backside
passi vat iwo,20@1e641kn the illustrated enbodi ment, the al Pgmsea09pBTIHIS USI ONS
may be formed during or after a backsi de passivation process, as
illustrated by the presence of passivation |ayer 412. [0033] FIG 5B
depicts a top die 402 having a plurality of bond pads 414 configured to
couple to the plurality of through-wafer vias 404 of the bottom die 400.

Addi ti onal t.he t i 02 i.n des.a . pluralit f..alignnent .recesses
216 1 oradreiiye G 4P FhEhotRR LEIDORET s B Mol 5P b AP E e
by the depiction of the passivation |ayer 418. In contrast to the

enbodi rfempeddupingoé thedeshpisiuphdaseighed aBove, Rechays by RAGRINg aedeskiae d4@ngg e et ched
such that they only extend into the passivation |layer 418 of the top die
402, amhothdithegtapby pexeksj ditrimgtftvatsidel drbacksidaghassitaaige etrs | Iy theefladtiangl t he

al i gnnent recesses 416 into the passivation |ayer 418 prevents any

acci dentodfiRdRaRe A1%nhle8t Sblrb GO iy B ¥erh@Pding oft Qfer aaAEkIBYpadgediRase t he

|'i keli hood of etching the recesses’into the vias or other critical areas of

the die 402, Tqugq%%ﬁy%géﬁgéggOggggkégnhhgﬂégg'nay be stacked toget her

such a@ TH adie st he al i gnnment protrusions 410

of the bottom die 400 may engage the alignment recesses 416 in the

passi vation | ayer 418 of the top die 402, providing the alignnment

advant ages descri bed above. [0034] FIG 6 depicts yet another enbodi nent of
al i gnnent f 803¥1ddGf BB depictynitogdis 62 kednga pleralify ofi tond paddd 13@0nfiguredstor at ed
inthe figure may include a top die 502 and a bottomdie 504, the bottom

die _504cob$1ie RO the PEHAIRE of BirdhehivdfE0RasCAIdf &e RABMVIe a0t e&lidBorlaBy &he RPGlie | N
the illustrated enbodi nent, a plurality of alignnent protrusions 510 may be

formed 403 iltl(ﬁ‘l?delg %‘iu%ﬂ@ io? al?g%ﬁienmges‘ges 416 formed during or after a passivation of the top

die 402, as illustrated by the depiction of the passivation layer 418. In contrast to the embodiment
depicted above in FIG. 4B, the alignment recesses 416 are etched such that they only extend into
the passivation layer 418 of the top die 402, and do not extend into the silicon. Advantageously,
etching the alignment recesses 416 into the passivation layer 418 prevents any accidental damage
to the silicon of the top die 402, and may decrease the likelihood of etching the recesses into the
vias or other critical areas of the die 402. The bottom die 400 and top die 402 may be stacked
together such as in a die stack depicted by FIG. 4C. The alignment protrusions 410 of the bottom
die 400 may engage the alignment recesses 416 in the passivation layer 418 of the top die 402,

providing the alignment advantages described above.

[0034] FIG. 6 depicts yet another embodiment of alignment features for aligning stacked
dies. A die stack 500 illustrated in the figure may include a top die 502 and a bottom die 504, the
bottom die 504 being secured to a silicon carrier 506 by adhesive layer 508. In the illustrated
embodiment, a plurality of alignment protrusions 510 may be formed in the bottom die 504, and a

second plurality of alignment protrusions 512 may be formed in the top die 502. The alignment



second plurality of alignnent protrusions 512 may be forned in the top die
502. The alignnentprotrusions 510 and 512 may facilitate alignnent of a

pl ur al i t ywof2oadmeugh-waf er vias 511 of the bottom di e 5@¢TAasdois74bond pads
513 of the top die 502. [0035] For exanple, as shown in FIG 5, alignnent
protrusions 510 on the bottomdie 504 pmy be arranged such that an

al i gnnment protrusion 512 on the top die 502 slides between the alignnent
protrusions 510. As discussed above, the aIignnent protrusions 512 of the

f of ned TR RG /0 a7 i BACERLE! BlenRbERoudl i b MR udr B Sl T on

| ayers 514 and 516 The ali nnent rotrusi ons 510 and 512 may be any si ze,

shape, be#aMdied ﬁ@ﬁbﬁb%ﬁcp hél%@ﬁtg‘?ﬁ?@rﬁitle 2ot rusi ons 510 on the bottomdie
504 may of the sanme or different size, shape, and topography as the

al i gnment protrusions 512 on the top die 502. Advantageously, creation of

the alignnment protrusions 510 and 512 on the bottomdie 504 or the top die

502 do not O[@%B]W%r%&ﬁﬂplggls'sﬁﬁ&n fnfmssIah%%eafpr&thﬁslén%mlb@ﬂé%%u% dwot tom
di e 504. [0036] As di scussed above, in accordance wth enbodlnents of the

pr esent nve tion arioys. al ignment feat ur [ nore
b "t o YRS st S B R TRy PRI R be, R o Pl
described in nore detail below, the creation of these alignnent features
may be HERMEHPERSTYSIPNAR L Gads diseand Wbpup R AlIcARCpT RISEN G 1ng the dorydie 302 or
creation of the alignment features may be integrated into an existing

pr ocessindghestligpmeBgiretcusian 560 of the bbeahricifd msest foonat daing or hteral i gnnent
features may depend on the size, shape, and type of the alignment features,

as wel lpaagvdiiog tp?&:@és%é PaadrefOfk pafsiviatibR )8R EE4 aMNSTE. PIRGASSAH prdifuskAl er .

For exanple may be advantageous to i nimze costs by |ntegrat|ng

creati %O%Ldrﬂ]fm%&r b Qﬁ?ﬂ%e, shape, and topography, and the alignment protrusions 510 on the
bottom die 504 may of the same or different size, shape, and topography as the alignment
protrusions 512 on the top die 502. Advantageously, creation of the alignment protrusions 510

and 512 on the bottom die 504 or the top die 502 do not require etching into the silicon of the top

die 502 or bottom die 504.

[0036] As discussed above, in accordance with embodiments of the present invention,
various alignment features may be created on two or more die to facility alignment during
creation of the die stack. As further described in more detail below, the creation of these
alignment features may be performed in an additional step during processing of the dies, or
creation of the alignment features may be integrated into an existing processing step. Selection of
the technique used to create the alignment features may depend on the size, shape, and type of the
alignment features, as well as the additional cost or time needed when processing the wafer. For
example, it may be advantageous to minimize costs by integrating creation of the alignment
features in an existing processing step of the dies, as opposed to adding a new processing step

specifically for formation of the alignment features. Further, the processing steps selected for



features in an existing processing step of the dies, as opposed to adding a
new processing step specifically for formation of the alignnment features.
Furt her, wbeogreassi ng steps sel ected forformati on of trhe/uskeogosrmng
features may be different for each die in the stack, and such techni ques
may be applied to multi-die stacks havjng two, three, four, or any nunber
of die. [0037] FIGS. 7-9 illustrate processes for formation of various

al i gnnent features according to enbodi nents of the present invention. It

shoul d be reci ated that the proc es kllustrated FIGS. 7-9 may include
iy addPEr BRI e i b uh B FPERG ok dif e S and “Bhe ai § gnnent
features, and processing of the dies are not |limted to the processing

st eps SPdWflueTIaY herpplieg & pulicdis sasks havingttyay thege nfayr. BeanypIbss ot ge.any
nunber of die, and in sone enbodi nents different dies or conbinations of
dies may be fornmed using different processes. [0038] Turning nowto FIG 7,
a process 600 for formng alignnment features is shown according to an

enbodi ment  q037) 15 3.6NuskAGREdNRs fdrTorildon bf viriiRs alid BIR Manf&Cesses may
be formed during the lithography and etching process used to create the

t hr ough- waf.er viagmﬁsucho9%eillu§trat ddiﬂsFl 2A- 2D, t he

Initiall
througﬁ¥ﬁg OB 'UFR8 n%?n e pa?FgPﬁgEﬁnﬁll a]gb éﬁﬁgﬁguﬁ§ﬂ%ﬁﬁﬁ%ﬁ¥9ﬁ§3raphy,

etch, and/or any other suitable process (block 602), The alignnment recesses
may al slBuSé@teéfrIéér%%anaaﬂepl%@w&d@apm%@rqsaw@rsltﬁpﬁ@ef&rf‘dor@ﬁéhf%afmn e

t hrough-waf er vias (block 604). In other enbodinment, the alignnent recesses
may be aighmentfextuan cdneé polcedinafdf @re diest arenotilimgtedrid thet prddengn ofteistsown.

t hrough-waf er vias. After the through-wafer vias and alignnment recesses

have be@pthpatHeqir@skedNfis@ied ey bé Bsh1RALS A HintberBYdibNGAEE SrhddhhRfiments
processing such as carrier attach, back grind, silicon relief, etc. After

the th rcﬁff&@riltv@éseqrr ,cx%ﬁgla@ﬁgng off idlels %gag b2 'fglale%%swgdﬁf&grg If)%cbss@?.l ymer, or other

suitabl'e nmateria may undergo a back grind process to expose the
vi as

[0038] Turning now to FIG. 7, a process 600 for forming alignment features is shown
according to an embodiment of the present invention. In FIG. 7, the alignment recesses may be
formed during the lithography and etching process used to create the through-wafer vias, such as
illustrated in FIGS 2A-2D. Initially, the through-wafer vias may be patterned into a bottom die by
photolithography, etch, and/or any other suitable process (block 602). The alignment recesses
may also be patterned and etched during patterning and etching of the through-wafer vias (block
604). In other embodiment, the alignment recesses may be patterned and etched after patterning
and etching of the through-wafer vias. After the through-wafer vias and alignment recesses have
been patterned and etched, the bottom die may undergo further processing such as carrier attach,
back grind, silicon relief, etc. After the through-wafer vias are filled, such as with copper,
polymer, or other suitable material, the die may undergo a back grind process to expose the vias

and expose the alignment recesses (block 606).



and expose the alignnment recesses (block 606).5 [0039] To engage the

al i gnnent recesses, alignnment protrusions may be patterned into a second or
top di e (Wbhaots/a88». After formation of the alignnment fearasea9/0ar418

passi vation process nay be perforned on the top and bottomdies to forma
passivation layer (block 610). Thus, iy this enbodi ment, passivation layers
formon the alignnent recesses and alignnment protrusions of the bottom and
top dies. The bottom die and top die may be stacked rel yi ng on engagenent

f th i | d b
o ot 1e oL I B AP Bl S e R B g RS (o

further proceSS|ng]§bIock 614). As dlscussed above the alignnment features
al so preesasdtor sam di { @ckcﬁOShoéﬁﬁ@fﬁﬂnmontOﬁ@ecﬁhé@mm fedaregljaassisin RFRSASSt he
stack is nmoved, ensuring any bond pads and vias remain aligned for the

dur at i anayde pazlrﬁoaﬂe:sbmme t¢pOdQlottbin@iesBo deapi €pssiaatpmdass sb1d06 fopr Thwt im ng
al i gnnent features during passivation processes, such as illustrated in

FI GS 3An3BnaBdinfhr, H6ssivaloR RGOk (aREsh ik hilo otk Fb%éss@mfacyhgﬁrﬂam%thﬂfon@ 6?3 ent

invention. As di scussed above, through-wafer vias nmay bé patterned and

et ched bottom die, b hot..al i aph d/or any SUI |l e
proceséhiéﬁoé%agﬁaygk%hzh%ﬁggmlmcan%QFgﬁeglypﬁmacﬁpﬁg dt cm?ng ggba back
grind process to open the through-wafer vias (block 704). To faC| itate

al i gnnethe algmmeneprairasignsde Recugtely Alighthe topsdie pad the potsem dist block 862k fsea t op

die (block 706). Next, passivation processes nmay be perfornmed on the bottom
and t opliglsteck(ib I&mricd,?tﬁeyiie sthok orag &t encakd fprfentier pecmtwsimegbionk HhB. Potdiwnssdd e,

al i gnnent recesses may be patterned and etched into the bottomdie during a
passi vabb) Y DieR:Snt(fBAt@eK aléd PrevefOIR@tirndliegRnt\#\Ee dies in the die stack when

the stack is moved, ensuring any bond pads and vias remain aligned for the duration of

processing.

[0040] FIG. 8 depicts a process 700 for forming alignment features during passivation
processes, such as illustrated in FIGS 3A-3B and 4A-4C, in accordance with another embodiment
of the present invention. As discussed above, through-wafer vias may be patterned and etched
into a bottom die by photolithography, etch, and/or any suitable process (block 702). The die may
undergo further processing, such as a back grind process to open the through-wafer vias (block
704). To facilitate alignment of the die stack, alignment inserts may be patterned into a top die
(block 706). Next, passivation processes may be performed on the bottom and top die (block
708). To create alignment features in the bottom die, alignment recesses may be patterned and
etched into the bottom die during a passivation process (block 710). Once both dies have
alignment features, the die may be stacked to form a die stack, using the engagement of the
alignment features to accurately align the bond pads and through-wafer vias of the dies (block
712). The die stack may also be moved on for further processing with the engaged alignment

features preventing the dies from shifting during movement of the stack (block 714).



alignment features, the die my be stacked to forma die stack, using the
engagenent of the alignnent features to accurately align the bond pads and
t hr ough- vaibenowizes2of the dies (block 7 12). The di e st ach/usagomassias be
noved on for further processing with the engaged alignnent features
preventing the dies fromshifting duripg novemrent of the stack (block
714).[0041] Turning nowto FIG 9, a process 800 for form ng alignnent
features during passivation processes, such as depicted in FIGS. 3A-3B and
4A-4C, is illustrated in accordance with another enbodi nent of the present
invention. Initially, through-wafer vias may be patterned and etched into a
bottomdie (block 802) and the die may under go further processing, such as
a back gri nd0p#ldclyaing gowipEKa % peracaig honfameing gligunqns festesgbuing Next
both the bottomdie and a top die may undergo passivation processes (bl ock
806) . [usdivigioopratises, stchcds siepietep as BIGRBAGBB aiid 4 Ael(h otitlosmadiden aadordpnoent
protrusions nmay be pattern and etched onto the bottomdie (bl ock 808).

Sivmi | anyih arfbetich BAbOinRhE &'thd FeRheindentRAS ThiMAly, Mowh-%her $i@Pm Bo pel@aMent
recesses nay be patterned and etched onto the top die (block 810). After
formati o he respectiv | bopnment, features duri-ng the passivation
br oces <2 <Rprd Mo f BARG s B HPLERTIy fEdY SRild el PR SRRE 8 a8
(bl ock 812), using the engagenent of the alignnment protrusions and

al i gnmeiiek RERERISEsS {EXRe afhafhémhawfaww@mg§.04>rh@e>eﬁ eoth thecdettamydic pch be
noved for further processing, with the engaged alignnment features further
st abi | iaztopdietrhay widagk pabdiatikn flotysse] OB¢RBOVY i Dwinghve aftentank sidenpassyative of
susceptible to various nodifications and alternative forns, specific

e WbOd! rfﬁélbé?ttolﬂ@&i%, Q%ﬂﬂlﬁ:ﬁﬂﬁ@@u&*ﬂﬁlsw Héfp_a&é‘lﬁ R4 Btchéd $E tHAMAWD MGSe ﬁﬂ&k@@%‘!ﬁ been
described in detail herein. Howeveér, it should be understood that the

i nventign . - .m t ' r ' sed.
Rat hor ,s‘i{ﬁ%léﬁ% Ei\gérrll IQIE) aﬁ{%? grg{lttgﬁg ggseswag}nﬁ §FE D' dIE aRBhL WRlsel B Be BhREI
and etched onto the top die (block §10). After formation of the respective alignment features
during the passivation processes, the top and bottom dies may be stacked to form a die stack

(block 812), using the engagement of the alignment protrusions and alignment recesses to

accurately align the die. The die stack may then be moved for further processing, with the

engaged alignment features further stabilizing the stack (block 814).

[0042] While the invention may be susceptible to various modifications and alternative
forms, specific embodiments have been shown by way of example in the drawings and have
been described in detail herein. However, it should be understood that the invention is not
intended to be limited to the particular forms disclosed. Rather, the invention is to cover all
modifications, equivalents, and alternatives falling within the spirit and scope of the invention

as defined by the following appended claims.



nodi fications, equivalents, and alternatives falling within the spirit and
scope of the invention as defined by the foll owi ng appended cl ai ns. CLAI M5
1. A net wo 2069/1M264121 ng a di e stack, conprising: form ngpraTpisaelodt4ys of

t hrough-wafer vias in a first die; and form ng one or nore alignnent
features in a first die. 2. The nethod,of claim1, conprising creating one
or nore alignnment features in a secondldie. 3. The nmethod of claiml,
conprising stacking the second die on the first die. 4. The nmethod of claim
1, wherein the alignnent features c [ a plurality of openings. 5. The
met hod of claim1, wherein the pIurgﬂﬁg@igf openi ngs extend at |east as far
fromthe surface of the die as the plurality of through-wafer vias. 6. The
nmet hod of claim 1, wherein the alignment features conprise a plurality of
protrusions extending fromthe die. 7. The nethod of claim1, wherein

form ngl.t he Anetlexd sfdoeniag b gieneadk, E@aprivies conpri ses form ng the alignnment
features by photolithography, stereolithography, wet etch, dry etch,

passi vat i On,foﬁﬁin? agagmliwltmugm%fé%a&m dnescamt e of claim 1, conprising
picking the firs ie and placing the first die onto the second di e such
that the ali pm%n%nfggtu&gliofetp&g&&%ﬁﬁaQiglﬁggage the alignnment features
of the second aie "0 TRE HERSH" 6f , conprising placing the die

Citar 't
stack in a curing oven.

=

2. The method of claim 1, comprising creating one or more alignment features in a second
die.

3. The method of claim 1, comprising stacking the second die on the first die.

4. The method of claim 1, wherein the alignment features comprise a plurality of
openings.

5. The method of claim 1, wherein the plurality of openings extend at least as far from the

surface of the die as the plurality of through-wafer vias.

6. The method of claim 1, wherein the alignment features comprise a plurality of

protrusions extending from the die.

7. The method of claim 1, wherein forming the one or more alignment features comprises
forming the alignment features by photolithography, stereolithography, wet etch, dry etch,

passivation, or a combination thereof.



10. A method of manufacturing a die stack, conprising: formng a plurality
of through-wafer vias on a first die; formng a plurality of recesses on a
first di evoaneh/f2es12i ng a plurality of protrusions on a ®etarsdoodiogi4isvher ei n
the plurality of protrusions are configured to engage the plurality of
recesses to align a plurality of bond pads of the second die with the
plurality of through-wafer vias of the first die. 11. The nethod of claim
9, conprising stacking the first die onto the second die such that the

of ol it o, WD TaT Wi SR en e b e B Tt Y e FPifCSutich e

the plurality of protrusions engage the plurality of recesses. 13. The

met hod tBY seepad eguchnier br aligwpertdgrtenge opihg fistidi cngnge bealgegeydeaiurs p5t di e
conprises formng a plurality of recesses in a |ayer disposed on the first
day. 14he Sdeendrdichod of claim 12, wherein the |ayer conprises a passivation
| ayer. 15. A nethod of manufacturing a sem conductor device, conprising:
forming a plurality of alignnent features in a wafer; dicing the wafer into
a plurality of dies, such that each die conprises one or nore of the
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wherein formng a pIurallty of alignnment features conprising formng the
plurality of alignnent features at a plurality of die streets of the wafer.
17. A die stack, conprising:

10. A method of manufacturing a die stack, comprising:

forming a plurality of through-wafer vias on a first die;

forming a plurality of recesses on a first die; and

forming a plurality of protrusions on a second die, wherein the plurality of protrusions
are configured to engage the plurality of recesses to align a plurality of bond pads of the second

die with the plurality of through-wafer vias of the first die.

11. The method of claim 9, comprising stacking the first die onto the second die such that

the plurality of recesses engage the plurality of protrusions.

12. The method of claim 9, comprising stacking the second die onto the first die such that

the plurality of protrusions engage the plurality of recesses.

13. The method of claim 9, wherein forming the plurality of recesses on a first die

comprises forming a plurality of recesses in a layer disposed on the first day.

14. The method of claim 12, wherein the layer comprises a passivation layer.



a first die having a first plurality of alignnent features and a plurality
of through-wafer vias; and a second die having a second plurality of

al i gnnentwbeatwures2and a plurality of bond pads, wherei RCThS26008T3dS
plurality of alignnent features of the second die are configured to engage
the first plurality of alignnment featgﬁﬁs of the first die, such that the
plurality of bond pads of the second die align with the plurality of

t hrough-wafer vias of the first die. 18. The die stack of claim9, wherein

the plurality of bond pads. of the secand die.are configured to engage the
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claim15, wherein the first plurality of alignnment features conprises a
plurality offorpigaapberaby of shanmaens featgfek ingt walesi m 17 wherein the second
plurality of alignnent features conprises a plurality of protrusions

ext endi ng f rdicing le wafelf iacea plurdlineoftdies, s@h thitreacklde cotgpeikesodneciramnare dbthe
wherein the first plurality of alignnent features and the second plurality

of ali gnamnty Jraabmnes reQpRsi se a plurality of protrusions. 22. A system
conprising: "an efectronic device conprising: a processor; one or nore

sem conduct evi ces, .wherein th ne nor m d Iy .ces conprises
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plurality of alignnent features and through-wafer vias. 23. The system of

claim?21l, wherein the die stack of claim?21l, wherein the die stack

16. The method of claim 15, wherein forming a plurality of alignment features comprising

forming the plurality of alignment features at a plurality of die streets of the wafer.

17. A die stack, comprising:

a first die having a first plurality of alignment features and a plurality of through-wafer
vias; and

a second die having a second plurality of alignment features and a plurality of bond
pads, wherein the second plurality of alignment features of the second die are configured to
engage the first plurality of alignment features of the first die, such that the plurality of bond

pads of the second die align with the plurality of through-wafer vias of the first die.

18. The die stack of claim 9, wherein the plurality of bond pads of the second die are

configured to engage the plurality of through-wafer vias of the first die.

19. The die stack of claim 15, wherein the first plurality of alignment features comprises a

plurality of recesses.



conprises a second die having a second plurality of alignnment features. 24.
A die stack, conprising: a first die having a first plurality of
protrusi one 2aewdi2e41pl ural i ty of through-wafer vias; and &cyamseed/osises havi ng
a second plurality of protrusions, wherein the second plurality of
protrusions are configured to engage the first plurality of protrusions.

20. The die stack of claim 17 wherein the second plurality of alignment features comprises

a plurality of protrusions extending from the surface of the die.

21. The die stack of claim 15, wherein the first plurality of alignment features and the

second plurality of alignment features comprise a plurality of protrusions.

22. A system comprising:

an electronic device comprising:

a processor;

one or more semiconductor devices, wherein the one more semiconductor devices
comprises a die stack, wherein the die stack comprises a first die having a first plurality of

alignment features and through-wafer vias.

23. The system of claim 21, wherein the die stack of claim 21, wherein the die stack

comprises a second die having a second plurality of alignment features.

24. A die stack, comprising:
a first die having a first plurality of protrusions and a plurality of through-wafer vias; and
a second die having a second plurality of protrusions, wherein the second plurality of

protrusions are configured to engage the first plurality of protrusions.



