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The present invention relates generally to senm conductor devices and,
nore particularly, to stackable dies u§i ng through-wafer vias. 2.
Description O The Rel ated Art

METHOD OF CREATING ALIGNMENT/CENTERING
GUIDES FOR SMALL DIAMETER, HIGH DENSITY
THROUGH-WAFER VIA DIE STACKING

1. Field Of The Invention

[0001] The present invention relates generally to semiconductor devices and, 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



[ 0002] M croprocessor-controlled circuits are used in a wide variety
of applications. Such applications include personal conputers,
cel l ul ar pWwonesyizeliigi t al caneras, control systens, and mEcigSbooak74is
ot her consumer products. A personal conputer, digital canera, or the
| i ke, generally includes various conpogents, such as m croprocessors,
that handle different functions for thé system By conbining these
conmponents, various consuner products and systems nay be designed to
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peripheral s. [ 0003] El ectronic conmponents, such as
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circuits manufactured on a sem conductor substrate and coupl ed
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circuits may be stacked vertically, reducing the 'footprint” of the
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By repl acring ri ons mnr%s or onnec
typically | ocated.on the wth TSVs, the | ength and
wi dth oﬁ%ﬂﬁgtBQW%d Hﬁﬁ&mﬁggsbgﬁdgﬂmﬁggﬁgtlonalIy, use of TSVs for
i nterconnection may elimnate the need for an interposer between
di es. However, because the TSVs nust align throughout the stacked
dies of the circuit, allgnnent of the di es durlng manuf acturi ng may
present chal |l enges, esped@ilH = BN € WINJS di anet er and/ or
hi gher density TSVs. BRI EF DESCR! PTI O\I oF DRAW NGS

[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;



[0004] FIG 1 illustrates a block diagram of a processor-based device
I n accordance with an enbodi nent of the present invention;

[ 0005] FI GBo 2841280121 | ustrate formati on of alignment reaaassasastis
protrusions in accordance with an enbodi nent of the present

i nvention; [0006] FIGS. 3A-3B il lustrate formation of alignnent
recesses and protrusions in accordance with another enbodi nent of the
present invention; [0007] FIGS. 4A-4C illustrate formation of

al i gnnent recesses and protrusions in accordance with anot her

enbodi nent of the present invention; [0008] FIGS. 5A and 5B

illustrate f f.oali re esses and protrusions in
accor dance O@ﬂ@ﬁi@h@m %&”ﬁ%ﬁﬁwn alignment HORPtions iy arePrdgpce wigpnother
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embodiment of the present invention;

[0010] FIG. 7 depicts a process for forming alignment features in accordance with an

embodiment of the present invention;

[0011] FIG. 8 depicts a process for forming alignment features 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



[0009] HG 6 illustrates formation of alignment protrusions in
accordance wi th another enbodi ment of the present invention;

[ 0010] FI GyohotenRiGeSs a process for form ng alignnent fﬁﬁt/ﬁ,g‘zgfgmbﬂls
accordance with an enbodi nent of the present invention; [ 0011]
FIG 8 depicts a process for form ng alignnment f eat ur es during

passi vation processes in accordance wi fh anot her embodi ment of the

pr esent invention and [0012] FIG 9 depicts a process for

forning n features during passivation processes i.n accordance
wth anclere SrBGe AebaR ?Hehtg?%gém“? Ao SRR Ry SR S
DESCRI PTI ON OF ENBODI VENTS FIG_ 1 is a block diagram of

an el ect fformumbssfiodher BgRt ViS¢ 411@@991 é(tdéﬂ display i mayalye beoupkdfo they

enpl oy enbodi nents of the present invention. The el ectronic device or
syst em mheessor il g tqupadainfoyrmatieh to dteaderh he Hisplre { @menineludeimekGD display.may
be any of a variety of types, such as a conputer, digital canera,

cel | ul arCRdizplay,pe LEDRAbr &agplel Fattherahe $yvem I0keay thélude 4 popiet alpply 18,
processor-based device, a processor 12, such as a m croprocessor,

cont r ol swhibemAPEsrArise B bkerp YiStaBRids %‘itb@@&e@t@ﬁj ah QUSRS adapter, or a DB014]
Vari ous devices nmay be coupled to the processor 12 dependlng on the

functi ng;o\JePQ& Ep?msi}{ﬁ%xﬁg‘ e RSVt Mp@lsﬁﬂz{ ep%&é\f}{ilggdq%r ffbn Bpl%l devi ce

14 may coup e processor i nput ron1a user.

The |np%%n%%nmﬁsOﬁﬁkgﬂq&nqﬂnpr|se a user interface and may incl ude

[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 (1ot 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
(“DDR1”, “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.



WO 2009/ 126412PCT/ US2009/ 037418 4 buttons, switches, a keyboard, a

| ight pen, a nouse, a digitizer, a voice recognition system or any
of a nunbegpabepbéygs 1 nput devices. An audio or video dicgRisAY9bhS4iRY
al so be coupled to the processor 12 to provide information to the
user. The display 16 may include an LSP di splay, a CRT display, or
LEDs, for exanple. Further, the systent 10 may include 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
supply 18 may provide power to one or nore conponents of the system
10. [0015] An RE sub-systen baseband processor 20 may be
coupl ed to t HR0M Jde systsym Omayinglues inglsiplgiserjcarduictop deHigss-c Baries#mple, in
capability. The RF subsysteni baseband processor 20 may include an

ant enna #dd#ion itsthe pptsed i2and theREEmey 26, Wersystend 1{ onagnlsRihciuda ais mhagk egnsor
(not shown). Furthernore, a communications port 22 nay be adapted to
provi de d ifessDP aplddan thepiceedsack tb pioski diditarinRbig furRtomlity The ihadder 28
and a peripheral device 24. The peripheral device 24 may include a
docki ng i5Aht10ds 2 @XRABRSHIY R3YKe (@Df&ﬂﬁ- ofXEShfIahertRYREAEMide

[ 0016] Thé processor 12 may be coupled to various types of nenory
devi ces . . ' [ . { .

may b coneiPier MO o ANEUAL R0 oy R pn RS of i PIRCETRRIec 1 e
non-vol atile ry, or,both. The .volatile nmenpry of nenor 6 may
Conpr | s el Batiyegs SLRgPyyeryhuadene SetBrR Fveh dRds Y rete
menory ("SRA%&& dynam c_random access nenpry ("DRAM ), first

second, Sfect Wil heinaes: 28gRamsrenrledsamatehaiin thermpcgsser HBpieh as byymy of a
or "DDR3", respectively), or the like. The non-volatile nenory of the
menory 2érepihpoasd ifrimsgenzinand procesyqyd S nofy instaad by intagelly dorme sswelr dscalal y
programuabl e read only nenory ("EPROM') or flash nenory, for exanple.
Addi t i on@ahlnygn subsrateon- vol atil e menory may i nclude a high-capacity
menory such as a tape or disk drive nenory. WO
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[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 accornmodate 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



[0017] The system 10 may include nultiple sem conductor devices. For
exanple, in addition to the processor 12 and the nenory 26, the
system 10 wayosl1s6s1k ncl ude an i mage sensor or inmager 28 &GouRbRM3149%
the processor 12 to provide digital imging functionality. The i mager
28 may include a charge coupl ed device_(CCD) sensor or a

conpl ementary netal oxide sem conduct of (CMOS) sensor having an an-ay
of photoreceptors or pixel cells configured to be inpacted by photons
and to convert such jnmpact intq electrical cun-ent via.th .

phot oel AR EedrFdsed I Goatertl opnarr 35S, iSh 5 RoBtrBICis P aden Up-yhe
fromthe processor 12, such as by way of a circuit board, the inmager
28 and pirecedRHMay be peaformedanaig opBore Y ARyF.on ope ponpigdndiyideah digsafil g
comon substrate. [ 0018] The processor 12, nenory 26, inager
28, and anigioptitest a weler, oraryrcombimptvrethereef t he system 10 may be an
integrated circuit or package fabricated in accordance with the

t echni ques descri bed further bel ow. For exanple, a processor 12 may
be an integrated circuit having two or nore dies stacked in a

vertical arrg0@RTeRinind¥® FIGS QUSHE FIGDQY Blustif aiSR)0MBY nld§ be placed on the
electrically intérconnected by through-wafer vias passing through

e et R o RS A L SN RS DB,
e o1 ool TR IR BErihest Pt 07 e EbeEl s 500 BRentorias
of the integﬂated circuit. FIGS. 2-6 illustrate

0019
For mat | GRICUEh e FUhsER 64 BB usaciifibBRBa PO Rer Famplecht e vafer viss

al i gnment of through-wafer vias during die stacking according to an
enbodi melE nefy hamebasn excatad dininzeadeep mia palteryiing proprss.apgr & ehetthlographyahe r
may i nclude any nunber of dies that nay be processed according to the
t echni quachincke Ja ndditieh, baimuhe Ho patexdngprecesq latphoalghof digniet vk geek)4 may
di scl osed WD 2009/ 126412PCVM52009/ 037418 6 herein are discussed in

the cont@gatt@hedi@ e@hedMEELhE b®Strats BCHe &S 180. DDl Midh e rdBlel (U Qaythee,
the processing may be perfornmed on one or nore wafers, on one or nore

i ndi Vi dugleg . g 0B Mk
ner oo e bR s Bl e Rricn BTl SRSl e SRR A e,

die 100 that . e placed . on, the "Foito ' of a die.,stack.of an .

it egr ategeErTEie) orEeRP el Gk e Bl RS 8] varer
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



The die 100 may have a plurality of through-wafer vias 102 etched
into the die 100 and extendi ng through the substrate and may al so

i ncl ude bowe pARScA93. For exanple, the through-wafer Vi@gyshowdRYs
have been created during a deep via patterning process, such as

phot ol i t hography and etching. In addition, during the via patterning
process, a plurality of alignnent recedses 104 may be patterned and
etched into the substrate of the die 100. The alignnent recesses 104

may be patter in | ect.ed special arran ts..For examle, . in
ons enbodi i S Vs grlert e iidin SREGoDy o SR T eyt widkihn fiie ot
etched at qr near the die streets and intersections on a wafer. The
al i gnmenihe disd8Q B figphe Hippedyo thatyhediagksidespdase 10bis ngeswposedfmgiasessingo
ensure the alignnment recesses 104 renmi n open during subsequent

pr ocessi Ay &4 1{0heayilse te@daced ontan canbioldionsnt ag helicoh icgmise atd seeredbem
104 may be etched at |east or greater than the depth of the

t hr ough-aihésve NBaDuili@ the back grind B33 id crdaut tht M§VE.ake AligninkAbrecéBes OMCRay Hee
t hrough-waf er vias 102 and al i gnnent recesses 104 have been patterned
and et chggosetidg el AskskRA 108y b @ief1iob! ed wi th copper or ot her

i nterconnect material such as polysilicon or tungsten. The copper
filled vias 105 and the die 100 nay be processed through various
processes, such as carrier attach, back grinding, silicon relief

etch, etc. F le,..the TSVs m exposed on,.t he surface 1
back gri ndi ngb?@ﬁ@c%iéﬂlaaﬁ%? a{’?fgg%%(eeﬂ%)ﬂ'?gﬁa R i hat Pﬁ%{’giﬂﬂi’ﬂfgéo &
101 of the die 100 may be etched, wi thout etching the TSVs, so WO
2009/ 126X29PETHEEIY Bongaiversigd sirquits The dis 1H2pay icludna Peafihef bopdpads 114
surface 101 of the die 100. To facilitate stacking in a die stack,

t he di e cpoBgured tofconie togbe thrughedhiss yias hba secoid Bdokten dis, wh padie 1B 1Td s
now exposed for processing. The die 100 may al so be placed onto a
carri er fadibtatesilighnas ofiths bbindcgnds ¢ B ofitley top died 12 edth tiedilley vian 16816fE¢ beatom
108. Dining the back grind step to create the TSVs, the alignnent
recessesdid b, FRYop@e &P drade aPlddiRy HRGKShER plokisiohs 118@x@hdind #8m the
[0022] FIG 2C illustrates another die 112, such as a "top" die, that
may be cQuRtafhiiiR did'€12. Pek LA mdt frofB90sn 1@9151& ?é 6948 6 gl%ietproc;%ﬁ?e

[
die 112 may I nclude a pluralTty of bond pads 4 conflgdﬁé to ‘cou

to the t - r..\Vi f egon hottgmdie, such as.die 1

To faci 11 F R S Rbn BogERE o A 3 Bor Sty pd o et
the filled vias 105 of the, bott die 100, the top.di y i.ncl ude a
ol ur al | (37U EFaRIRRHY® BPGEiRe PbTeeert sallis di SRieTinsFhoY Fls et Sraties
of the die 112. The alignnment protrusions 116 may be created by any
sui t abl euipgadthegragipeprogess- ivgther therBgregshprorutiensddb ma by phgsnyhapet size or
For exanple, the protrusions may be an angled structure, and may have
any degrtepogndphy.|sogheasqryrapadal j recthngniay, tetmbetiralestei Additidnally, e sheysd, site, or
patterning during a |ithography process. Further, the alignnment

pr ot r usitopsrabh® ofhy ab@neht BYuSIRPE6 may BEselictetl aPBRgeARyh the Ul fhrit
pyram dal , rectangular, tetrahedral, etc Additionally, the shape,

Si ze, OrredRRQAtLH e 8bitdri8ieabh gnment protrusions 116 may be sel ected
to better match the alignment recesses 104 on the bottom die 100.
[0023] To forma die stack, the top die 112 may be stacked on the
bottomdie 100 as illustrated in FIG 2D. Prior to the stacking
process, the je 112 and battomdi e, 100, may . under assi vation
processes. F&h&éighﬁ?%ﬁagﬁﬁﬁgﬁﬁ53??8ﬁlﬁagﬁybiﬁékﬁg?ﬁﬁ@g8$§%§@daéﬁsthe
bottom di e, and a passivation |ayer 120 nay al so be created on the
Cop di e llnivaied ki, Ar GHor eyl sackig pRisassbotaple HE9ad beliam dsdbemapn
the alignnment recesses 104 and on the top of the alignnent

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
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Advant ageously, no additional processing is needed during the

passi vat i ogoSh@p26Q2 accommodat e the al i gnnent recesses plQdudidisr41s
protrusions 116. [0024] As illustrated in FIG 2D, the bottom

die 100 may have first been placed ontgQ the carrier 106, such as a
silicon carrier, and secured by the Iager of adhesive 108. As
di scussed above, to ensure electrical interconnection between the top

die 112 and the bottom.die 100, the bond pads 114 of the tqp die, 112
Shoul o abPGHISE L RS IHEPoRYA, AL R SR e oes St TerdaRuORET o
die 100. To ensure that the bond pads 114 of the top die 112 and the
t hr ough-BR&F¥atiop siaB to1assorgmodaithp akigngentricessses d 04 pmdgiotrysieas A16G- gnment
protrusions 116 of the top die nay engage the recesses 104 on the
bottom die 100. Thus, during the die stacking process, alignnent of

t he bond pads 114 and the through-wafer vias 102 is not limted to

the accuracy [0024] g illeshtep & FIG, DDPe bdtonsEiac b may hdve fieid Bécatpl48ed onto the
I nstead, the alignnment protrusions 116 and recesses 104, creating

during aca iR e0QGEMN Rhillcht DR 2 AR HiFNLRY oPIREERSI08P AR il sfsed
better alignnment accuracy and ensure that the bottomdie 100 and top

die 112 gar .03 - i £ ' .

di o5 nave R A Eelechiof iRBRG L for el Baop die 112 i E g TG 100 e
thr ough- R &r 2 S Eef BrbPouRaLpT Y g achorEvaRELes 1454t e
contact between the bond pad and the through-wafer_ vias may be i
facil it atosgmsie Hy Té’lﬁn?‘%ﬁ’ét the bedaeeg il ot dlie teldirp | 2andshyt detughaiales visay
be di sposed on the bond pads 114 to contact the filled vias 105. For
smal | er Hidtof thebottem aiedl (8 ahen, theddignmén prodmsiaes L 1wy tho dopf die inhy engageithby
any ot her suitable technol ogy, such as: deposition of an under bunp

met al | urgges{cadBlf ot doitanh died00.hTias, durink eealid padkirgarnisga] gdmemttaikhe bond
the vias 105 and the bond pads 114; deposition of netals such as tin,

i ndi un gedsl 1 10Mmd @b Broudiivates via 16218 nbraiel cR a6 the ddcdra 6 1BE tobh%ﬁbhﬂﬁo the
105; thernosoni c bondi ng, and/or plating a sol der mask on the bond

pads 114stacki‘ﬂgﬂ%%%{agigl§ %%Eag,r @y%gﬁ%npﬁ%ﬂﬂs@ons 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.



9 [ 0026] The the stack nust then be noved fromthe stacking

| ocation, e.g. the pick and place tool, to the next step in the
process. Ay Apyeerat of the bottomdie 100 relative tGdiagbRR:RAhe
112 may affect the contact between the bond pad 114 and the

t hrough-waf er vias 102, resulting in pgor or no connections and
affecting the yield of the die stacks. “The alignnent recesses 104 and
protrusions 116 nmay provide an additional "interlocking"” function to
prevent novenent of the bottomdie 100 and top die 112 during

rel ocation of the die stack. For exanple, the contact between the
alignment protrusions 116 of the top die 112 and the alignnment
recesses 104 [8026]Fdegisstaskmysidhads meved &am the sredkingtlogstion. ke G pisk 200
and 112, as well as providing the alignnment function during stacking.
[0027] Rp&8.to@AcdrchedBitép ih tetpraes. Aoy metvementof thalbogmndiet 100 edets ésthand
protrusions according to another enbodi nent of the present invention.
FI G 3A @ppiedl$ nayhffed thedoftad ®Qtwesnl B bagd Fadd0d behe tiLoughawifdFias 102,
plurality of through-wafer vias 202, disposed on a silicon carrier

204 and 2@fkHEH pBd o BoHAESH el B¥RE AR yidH of thk UR!kRkE At Alit¥hend A
the die 200 has al ready been through the nhecessary processing to

S O, AR R A ot
PR Vel o 05585y L S0 LOLTDLL 80, 800 LG, BT AR et

before formation of the alignnment recesses 208. After formation of

t he passis@itashbytygarthoalgnmeptprofiusigntblftofthster died 12 o8l thegliggment recesses
patterned and etched, such as by dry or wet etch or any suitable

pr ocess. 107 thelbotjenreiet 100 prayentasovemgntrofi thelsiiesd ¢ bl 13t asave)l ad @givicdap the
depth or angle, and may be any size, shape or topography. For

exanpl e, alisheecitdoesseduI8tankiyigbe et ched using an isotropic
(non-directional) or an-isotropic (directional) to control the shape
and angle of WD 2009/ 126412PCT/ US2009/ 037418 10 the recesses 208. An
isotropic etch may provide for recesses 208 having sl oped or angled

3%?? ?z;aYTLL Sé?‘.”ﬁﬁéﬁ-%%’é‘?ﬁlﬁﬁaﬁé&“ﬁﬁ?ﬂ BI }g%ﬁéfﬁt;f‘%?sgi A v
[ e 214 ] [ 2
ol ur al § 1§ 0Ralk YRRerEThAREs 8l bRES e, FIC oa BBl S50 a0 hg

al i gnnent recesses, 208 fqrned ?s di scussed above. The alj gnnment

pr ot r usi BALIIB disnhaving & Riprabity of Buonehanalesaias gP ndisPpipd 4R SLIGPR capTes 204
process, such as by photolithography or stereolithography, as

descri bewdaeryved hyan pdhestyelayqinl0en g illstrted inthie. Honke Paded s sliesfly bepa
top die 214 and the through-wafer vias 202 of the bottomdie 200

al i gn, ttheugh thgnaestaypprodessingg torrsea® b6d 61l thehtbrobgipweieevi2<d2D2mary thisoupl e
with the recesses 208 of the bottom die 200. As discussed above,
these al eir@jwﬁﬁ’ﬁnt,fa%hhﬂtﬁ 8f aliimaitdecdti8s PORmMPBI R VbedRRLA L bakiigpm@alation
accuracy than the stacking tool, thus ensuring adequate alignnent of

t he bond,:pREs e 21aFtePforhBfoniAR gﬂi? of &fe Mo dh S 4¥er Jiky Wﬂaﬂéi}@ﬁ{oﬁ ia ¥1i AP w2

Sinmilarly, as discussed above, the engagenent of the alignmen

recesse [ LONS sQepreevent shifting
of the. 1 o8 e R oG Rl 06 TR Bt Bt e
die st acplélssgvla%o}l ?aygr 2‘18}"@3 glgg%%rgntp r[aé)e%seeg %?I%ﬂ)%ee l%ttemed 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



[0029] FIGS. 4A-4C illustrate yet another enbodi ment of the present
invention. As illustrated in Ma 4A, a plurality of alignnment

pr ot rusi ongo36fBay2 be formed on a bottomdie 302. As iddrashimioedigd n
FIG 4A, the bottom die 302 has undergone nunerous processing steps,
such as photolithography and etch to coeate t he t hrough-wafer vias
304, and back grinding to reveal the filled through-wafer vias 304.
Additionally, the bottomdie 302 is shown ready for stacking and
secured to a silj.con carri.er 306 b adhesi v ayer 308, The . .

T onmerl BP0 e SBbRE By bR SR H e P o Elad Kidhe
passi vation process of the bottomdie 302, as the die 302 may include
passi vatVif naisptrepigetcimgpy RIRuAnas recesses 298 hariRe Mgl d8susi ons 300 may
be WD 2009/ 126412PCT/ US2009/ 037418 11 created during this process
usi ng photolithography and a nmask, such as an attenuated chrome nask.
Advant ageously, in this enbodi nent, creation of the alignnent

protrusi ons J0®28Y@eBIG)GB, adid sacd? 12iiosidwnlia deisledgtop BRPd 4 Huvihgplurality
| it hography and etching, as the alignnent protrusions 300 are created

during aoff bahd Sids 21 PakSIEE1IH 3B M ghitdehPRotRIsRAE 356, and the bottdAPSOLodh4eingAB
illustrates a top die 312 having bond pads 314 configured to couple

to the t:{ﬁ%@g@ﬁg&%{s% 208 Bineald dﬁ&usgéaeabm tﬁglaﬂ&rﬁncggé'otlﬂ_ﬁﬁqstﬁ@ orgihg (t)d%ltge

al so inc urality of alignnent recesses configure

engage t al ignnent. . protrusions 300 of the bottomdie 302...1n the
rod e T A B R Y EReeRs it s v Eneiob ety S8R0 SuiS
die 312 were patterned and etched after a passivation process, as

i |l ust ra@éﬂl%@a'm@ el ¢t R eptredhatdhe hond pirls|2dy at the fap dig Zl4p4d the through-
enbodi ment, the alignment recesses 316 may be patterned and etched
during dwaquvtl@r2030§gsgbpt\vcaﬂ figri0p pligne the alignepbpiotritiens 246 of/ibe top die 214 may
[0031] FIG 4C illustrates a die stack 320 that includes the bottom
di e 302 canple i theopcedses 233 &f the\sotehirsdie 260 dAsahiaussed albdveythesa tiligimehthieatures
t hr ough-waf er vias 304 of the bottomdie 302 with the bond pads 314

of the t1p add 20Bhay HoYidbBetfeadlidniveal Relrkty (RRIRGGIRIHg t64], thiteenalringRoRMbte
features 300 and 316. For exanple, the alignnent protrusions 300 o

the bot t gy g8 AR bBRY pRNI PG tﬁé‘t%p 8lei R TBA LS {BAR S Rafer Hls 9. (9hGi1dRPas
die 312. Additionally, engagement of the alignmeit protrusions 30

dth i.9 . 0t sl b t h
aies so7 aiig s BRI S PR P e R P B Pl BP R S

area f Ormz];yuzﬁs:[ohp?éveﬁtr s%%fte;ggs éﬂﬁé 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-wafer 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



[0032] FIGS. 5A and 5B depict a bottomdie 400 and a top die 402
having simlar alignnment features to those described above in FIGS.

4A and 4B.wbnoddecdA the bottomdie 400 is shown havi ngudbddfodtg ¥
of through-wafer vias 404 is shown secured to a silicon carrier 406

by WD 2009/ 126412PCT/ US2009/ 037418 12 An adhesi ve | ayer 408. The
bottom die 400 may include a pluralitylof al i gnnment protrusions 410
formed by any of the techni ques descri bed above, such as by

patternin nd .et hln durin otolith roces duri.n

Pr ont si o it B S tichPifEoeRaty' LBk p SR 3y el eftdne
enbodi nent, the ali nnent protrusi ons nay bhe forned during or after a
backsi denks & \v/%&%ﬁmbf Bbté§§lﬂba@mem trsttiontot Hieglignrprat protudpnss 08 floes not
passi vation | ayer 412. [0033] FIG 5B depicts a top die 402
havi ng aaddladditibnial proedssibg srdpsseisg Bthagrepinfand eickid gtas theadiphreent profiygions 300
plurality of through-wafer vias 404 of the bottom die 400.

Addi t i ona¢ tryated dieink @pafthr @ bddkRide padsivaiten pogabsur al ity of al i gnnent
recesses 416 formed during or after a passivation of the top die 402,

as illustrated by the depiction of the passivation |ayer 418. hi
contrast to the enbodi nent depicted above in FIG 4B, the alignnent

recesses 416 nﬁgp o o

passi vation | g@% %Zq ﬁH%EES %t%l e 4 m %g&%@?ﬁg%@fﬁgg Qcou%let%the
silicon Advant eau et.c e t he
oL Leon AURIARIGRUSI Y EUEIOR% L . AL ANIEN, GESR5R 1B ﬁcon
of the top di e 402 and na decrease the |ikelihoqgd of etchin

r ecessesTRATBILIHESSE S GRBHLP casate el SHFUAROBPS PISOR b e bod onTﬂlé
bottom di e 400 and top die 402 nay be stacked together such as in a
di e st ackZdépthe pwbodiyenidepiged iMiHE. 4B thmatenmeneressas P n teitop die 34 hwere

bottom di e 400 may engage the alignnment recesses 416 in the
passi vatpatamtdareretchdBaftdr atphsiviitign ghoeese @2illugratedi bytitiegdepivaomd i pyraimeakion
advant ages descri bed above.

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. As discussed 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 protrusiocns 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



[0034] HG 6 depicts yet another enbodi ment of alignment features for
aligning stacked dies. A die stack 500 illustrated in the figure may
include a {@RshiBsHP2 and a bottom die 504, the bottom giw@uHihsehig
secured to a silicon carrier 506 by adhesive |ayer 508. In the
illustrated enbodi nent, a plurality of alignnment protrusions 510 may
be formed in the bottomdie 504, and al’second plurality of alignnent
protrusions 512 may be fornmed in the top die 502. The alignment WO

2009/ 126412PCT/ US20 7418 13. protrusions 510 and. 512 may .

i1 i ¢ oG aeh d0k e bpors e 00 sy T gy o hgrmen oirogions 40
bottom die 504 and the bond pads 513 of the top die 502. [ 0035]
For exantsraed bysang ehha tachnimpes dessribed gbgyansish ap by patigyiingrdsiching uripga
bottom die 504 may be arranged such that an alignnent protrusion 512
on the tpptditlesspRy plordgsiubey vedsidd drebacisidgpasnatian, etr IsthoikistEl®l  As

di scussed above, the alignnment protrusions 512 of the top die 502 and
t he al i gemydimgnt,alid Aligh@ast prokisivhs inbebdfairhadugih g ot fByckkide pREiNRIIN
during or after passivation processes that create the passivation

layers S534cands ah8ratels (R proRABRYF pResRafidShpna 510 and 512 may be any
si ze, shape, and topography, and the alignnment protrusions 510 on the

bottom die 504 may of the sane or different size, shape, and
t opography as the alignnment protrusions 512 on the top die 502.

Advant ageousl reation of the aljgonment prot.rusion 10. and _512 on
he-bot Lom ai B0RBITE s PR 985Tee nBbRi BT PR wdt A i nate Bne
silicon of the top die 502 or bottom di e 504. ) [ 0036] As )
di scusseWunksdyde Pluslibeefghaasicwatfy vins { s dherhotes disr400n Adgitiaaallyy the top die
i nvention, various alignment features nmay be created on two or nore
di e to f4Biih¢ledes aplupiteeftalidument geceysesst libdormstl dihieg ofiafierst paskivatiag of the top
further described in nore detail below, the creation of these

al i gnnendic #gx buillesramaybyhie: qepiction ofxtle passiasticaddiet 4130 &k caitref talthe em@odiment
processing of the dies, or creation of the alignnment features nay be

i nt egr at @gictddta8oin EXG. 5B, e aREIARES flcbi8es16 Are cRALEGIch @t By bK1§ extend into
techni que used to create the alignnent features may depend on the

size, s hlﬂF ﬁassi%'tﬁ)ntlélﬁ?élf%f ofttltfl;-eto%‘hfeglﬂﬁpd'ﬂa db RaltedleRS in}t]@ﬁle \é\{?gén. Q%ig:aﬁ'@geously,

addi ti onal “cost or tine needed when processing the wa
exanpl e, it 1 be advant a s tonmnimze co by I ntegr
creati orcdiod BE T AR Y 30 e Be PG eP R pb bR R b fgmgee
the dies, as . opposed to_ag ing a new processi.ng step specifically for
f or mat i o tirsiieRB obhe GRih 61"1‘ it ppedecrepiq it Rhelibghdeot 5@@85@3@@85& g%%the
sel ected for

vias or other critical areas of the die 402. The bottom die 400 and top die 402 may be stacked

P y
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



WD 2009/ 126412PCT/ US2009/ 037418 14 formation of the aligni-nent
features may be different for each die in the stack, and such

t echni quesyiByodesaAppl i ed to multi-die stacks having t Wy iddi®Rs741s
four, or any nunber of die. [0037] FIGS. 7-9 illustrate
processes for formation of various al |%nmnt features according to
enbodi nents of the present invention. Tt should be appreciated that

the processes illustrated FIGS. 7-9 may include any additional
processi n ste af.t er orrratl n.of .the ali nt, f S,
B pr o cBSETIRGE 10 FieE 1ray 5l glshomen Gty RE pefladte g STLLRe
shown. Further, the processes illustrated may be appl ied to any
nunber dfotiametie 30dcand thechond padstsddPhBa P &k J42%r ent di es or conbi nati ons
of dies may be fornmed using different processes. [ 0038] Turning

nowto FIG 7, a process 600 for form ng alignnment features is shown
according to an enbodi nent of the present invention. In FIG 7, the
al i gnment r ed663% Foneyanpie, ixshowa irFIG. AGligh@erdtipfdiRgioay i1 oariek Wik toiidxg
process used to create the through-wafer vias, such as illustrated in

FI'GS 2A- 202 mdyYelairahdell sudhiifat b RIiseinMRb@dsionl AS ol B thSdiP3b1 ﬁfd@@@ktw%%@
bottom di e by photo ﬁlthography, etch, and/or any other suitable

T
ot ched duRrag! S%Oﬂ%élﬁaﬁﬁ@ e e T
604 I t.h d
and) et cﬂaégﬂéefez{l me)l Plsq§ lgr?(ﬁﬁ? @H?‘H@lcéo s ﬁ?"d’ﬁéﬁ OéPh?e}lr gg
After the through-wafer vias and alignnent recesses have

pat t er neRFSHYAOR ProREsIes tha éle%tﬂied?‘?ﬁ%‘f”éw?rﬁ’ymﬁ AYEIGo 1§UFP%@PH’5‘P'6@§§%SW§S
such as carrier attach, back grind, silicon relief, etc. After the

t hr ough-&faad 514 mey ber anyfsize) shepe, andgppageaphy. ahd th@pbgnnenpmosrmns 569 onthaer
suitable material, the die may undergo a back grind process to expose
t he vi asboanoh cﬁaamsea}tdfeheedaing endifferenieiesshape, Gid 0pderGh§ as the Winment
2009/ 126412PCT/ US2009/ 037418 15
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



[ 0039] To engage the alignnment recesses, alignnent protrusions may be
patterned into a second or top die (block 608). After formation of
t he al i gnngptefopaéMs es, a passivation process may be peididIm@ 09114 he
top and bottomdies to forma passivation |layer (block 610). Thus, in
t hi s enbodi nent, passivation |layers fo on the alignnent recesses
and alignment protrusions of the bott and top dies. The bottomdie
and top die may be stacked, relying on engagenent of the alignnent

protrusions to accurately_align the t die and. t.he bottomdie (bl ock
Bn5) " oranaoR oBHE Rl STt ey BE felnbh e B skt for
further processing (block 614). As discussed above, the alignnent

f eat ur estegnienax/ksarrled e mmuligdisstag e twethies dowj aeany pumbes ofie
stack when the stack is noved, ensuring any bond pads and vias renain
aligned for the duration of processing. [0040] FIG 8 depicts a
process 700 for formng alignnent features during passivation
processes, SUMBAFIGS|MSIhatasdprbsestes €5 fabralbn ehariddy-dighme faagar dance
wi t h anot her enbodi nent of the present invention. As discussed above,

t hr ough- ek 8 Yd @fbdiNeddEoMR freeRafvansh. of S8R UeRpfredabPhb o glioeesgaé
phot ol i t hography, etch, and/or any suitable process (block 702). The

o Y MPABLAB 4Dl ERBER iS5 AN AL LA PERSERS
08 0 BB USSR DS ISR L 88 S

bottom and top die (block 708). To create alignnment features in the
bot t om ﬁ%ﬁhelaﬁwe@m?éﬁﬁs iflagaicd aday by praiisd ﬁa%rtyéwnga‘ Adis- dddp eams pinbpdiments
bottom di e during a passivation process (block 710). Once both dies
have al i ¢jfferenitdids oacemizgationhef didsenaydy formed usiok didifeteot proressea di e st ack,
usi ng the engagenent of the alignnment features to accurately align

t he bond pads and through-wafer vias of the dies (block 712). The die
stack may al so be noved on for further processing with the engaged

al i gnment  f eqho3se TuRlieYV @R foHIGE NG Sﬂ:icéﬁ b0 edprsiiind ARAmEM Té G0 VRNt
of the stack (block 714). WO 2009/ 126412PCT/ US2009/ 037418 16

[ 0041] Tééf:(ﬂjdﬁg t&ﬁ%rﬁ&dﬂc@t ofhe 'e%%eéﬁioﬁ.oﬁ ﬁI@.r 7 ftl%.rzmifggrger? #c%%%ﬂay be

features during passivation processes, such as depic

3A- 3B 4A-AC [S il | i d | mbod

A M R
d d i di | ock 80 d the d

e by PRI AT SRS 0L A e

the through-wafer vias (block 804). Next, both the bottomdie and a
top di e Fheiplithedaplye cishamillPntnysithey putabls peacetsiibloeciB0 6T he abigrmery 1esesses
after backsi de passivation of the bottomdie, alignnment protrusions
may be paty@sobegateretdind dtched during atieoitgmdditehingalf trekhi®0g)- wafse vind (atdcly,
during or after frontside passivation of the top die, alignnent

I ecessessianybtepahbaiined, thddicginenaecesdt May bepdtefed bl dtkHed aerPidming
After formation of the respective alignnent features during the

passi vat|@Rthin® 68 HS @ oudhiFarbiORasd NG PBE HRBAMLBTer B 08 2Rk edcds@s harem
a die stack (bfock 812), using the engagerment of the alignnent

pr ot rusi ] t i e die,
i o ot ack gy fhedah RO, ik BARARRE rhR G Ao br @bl by Soer S
alignment features further ahiljzi t he stac | ock 814).

oodo ek 5 BERar it R4 rubhBRupr predt Subbisiis Wit bopper,

nmodi fications and alternative forms, specific enbodi mrents have been
shown byPokaRergit oiRhsiplle materinle the dig magundgise 2 haskerivd BFPcers $e prpBEathe wias
detail herein. However, it should be understood that the invention is
not i nt emdespasethealigimeant eedesses (bllogk g0t i cul ar fornms di scl osed. Rat her,
the invention is to cover all nodifications, equivalents, and




|? CLAAIMS 1. A nethod of manufacturing a die stack, conpri sing:
formng a plurality of through-wafer vias through a first surface of

a first digohermipg a plurality of alignnent recesses g audsisntiics
first surface o{ the first die; formng a plurality of bon pags on a

first surface of a second die; formng a plurality of alignnment
protrusions on the first surface of the second die; and
stacking the first die onto the second die, such that each of the

nt protrusions is engages sidewalls of a

Pleg F)glc![ .t XQL@%@ ntor‘i’égftﬁ%}ieé!hgwe'ﬁfecﬁﬁ‘*?sg AREDMEN RIBEEEDE May b PRtisEed e
of the plurality of through-wafer vias in the first die is vertically
al i gned s#Fad oatm@hpk@@g)o mdtepformatonf thealipniyen feayarsch pragivation prdgess
second dllnz?)} be performed on the top and bottom dies to form a passivation layer (block 610). Thus, in
this embodiment, passivation layers form on the alignment recesses and alignment protrusions of
the bottom and top dies. The bottom die and top die may be stacked, relying on engagement of
the alignment protrusions to accurately align the top die and the bottom die (block 612). Once a
die stack is formed, the die stack may be moved for further processing (block 614). As discussed
above, the alignment features also prevent shifting or movement of the dies in the die stack when

the stack is moved, ensuring any bond pads and vias rerain 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).



2. The nethod, as set forth in claim1, wherein formng the plurality
of through-wafer vias conprises formng the plurality of

t hr ough- wafy@rodi@gt 0 a first depth, and wherein form ngdhBooon37s18
plurality of alignnent recess conprises formng the plurality of

al i gnnment recesses to a second depth g&eater than the first depth.

3. The method, as set forth in claim1” conprising filling each of
the through-wafer vias with a conductive nmaterial. 4. The nethod, as
set forth in claim3, conprising etching a second surface of the
first die, such that the conductive material extends beyond the
second surface of the first die. 18 5. The nethod, as set forth in
claim1, congPP4lldyrmieg wavnig FAGHY. apeacess\B08 for frpingaigament feataes durigg
surface of the first die, wherein each of the plurality of bond pads
i s for neghsdvation plogesadh suchat dapicted in EE b SAF3Bandé\-&F, it Himstpitedria lagdoydapde

t hrough-wafer vias. 6. The nethod, as set forth in claim1, wherein
f or m ng Wwitearniisr ahbddymerdt obiht gres@minvpitivhl USfi0yStheappfiafee Siaf MaTbdgat@med
plurality of alignnent protrusions having angles sides. 7. The

net hod, &g c&Bbd ey d tbitom did @id¥k 202)Whe BRI hey THdBYd fifhd bitcadsink Ysult as a
al i gnment recess conprises formng the alignnent™ features by

photol I t -ocegée lr%ée%?c!si: ARV afc?s GloER 808! WekE, 5Bih tRASTLYA:d 4

b
or a conbindtion t

a top die may undergo passivation processes (block 806). During or after backside passivation of
the bottom die, alignment protrusions may be pattern and etched onto the bottom die (block 808).
Similarly, during or after frontside passivation of the top die, alignment recesses may be patterned
and etched onto the top die (block 810). 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.



8. The method, as set forth in claiml1l, wherein formng the plurality
of through-wafer vias and formng the plurality of alignnent recesses
are perfornmed at substantially the sanme tine. 9. A die stack,

conpri si ng: a first die having a first plurality of alignnent
features and a plurality of through-wdfer vias; and a second

di e having a second plurality of alignnent features and a plurality
of bond pads, wherein the second plﬂgélME' y of alignnent features of
the second die are configured to engage the first plurality of

al i gnment t.eat uhAesetiofd afmenfrfackiring iz die sk fvomipasinghe plurality of bond
pads of the second die vertically align with the plurality of

t hr ough- waf er vioamingfa ghlnelityiof girowdihewaferhBas thdughlh frstsiefast afkfirsadieset
forth in claim9, wherein the plurality of bond pads of the second

dihe ?_re el gpt ri ahing aGMupli® @f hilginntifeddskdsuohigl e Gud Burtat of thyifiag of
the first I e.

die;

forming a plurality of bond pads on a first surface of a second die;

forming a plurality of alignment protrusions on the first surface of the second
die; and

stacking the first die onto the second die, such that each of the plurality of
alignmeunt protrusions is engages sidewalls of a respective one of the plurality of
alignment recesses such that each of the plurality of through-wafer vias in the first die
is vertically aligned with a respective one of the plurality of bond pads on the second

die.

2. The method, as set forth in claim 1, wherein forming the plurality of through-
wafer vias comprises forming the plurality of through-wafer vias to a first depth, and
wherein forming the plurality of alignment recess comprises forming the plurality of

alignment recesses to a second depth greater than the first depth.

3. The method, as set forth in claim 1, comprising filling each of the through-

wafer vias with a conductive material.

4, The method, as set forth in claim 3, comprising etching a second surface of the
first die, such that the conductive material extends beyond the second surface of the

first die,



11. The die stack, as set forth in claim9, wherein the first
plurality of alignnent features conprises a plurality of alignnent
recesses. 12. The die stack, as set forth in claim9, wherein the
second plurality of alignnent features conprises a plurality of

al i gnment protrusions extending from &surface of the die. 13. The
die stack, as set forth in claim9, wherein the first plurality of
alignnent features and the second plurality of alignnent features
each conprise a plurality of protrusions. 14. The die stack, as set
forth i n cbai m Bhe mitbodiam se¢thetlt inctamH; vabmising fasniag e phurdlitedf bintth a
conductive material, and wherein the conductive material extends from
a surface pddstonehd firssdurfdeecos the first die, wherein each of the plurality of bond pads is

formed directly adjacent to a respective one of the plurality of through-wafer vias.

6. The method, as set forth in claim 1, wherein forming the plurality of alignment
protrusions comprises forming a plurality of alignment protrusions having angles

sides,

7. The method, as set forth in claim 1, wherein forming the plurality of alignment
recess comprises forming the alignment features by photolithography,

stereolithography, wet etch, dry etch, passivation, or a combination thereof.

8. The method, as set forth in claim 1, wherein forming the plurality of through-
wafer vias and forming the plurality of alignment recesses are performed at

substantially the same time.

9. 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 afe
configured to engage the first plurality of alignment features of the first die, such that
the plurality of bond pads of the second die vertically align with the plurality of

through-wafer vias of the first die.



15. The die stack, as set forth in claim9, conprising a passivation
| ayer disposed on a first surface of the first die, wherein the first
surface is opposite a surface through which the first plurality of

al i gnnent features and the plurality of through-wafer vias were

f or med. 19

10.  The die stack, as set forth in claim 9, wherein the plurality of bond pads of the

second die are electrically coupled the plurality of through-wafer vias of the first die.

11.  The die stack, as set forth in claim 9, wherein the first plurality of alignment

features comprises a plurality of alignment recesses.

12,  The die stack, as set forth in claim 9, wherein the second plurality of
alignment features comprises a plurality of alignment protrusions extending from a

surface of the die.

13.  The die stack, as set forth in claim 9, wherein the first plurality of alignment
features and the second plurality of alignment features each comprise a plurality of

protrusions.

14.  The die stack, as set forth in claim 9, wherein the through-wafer vias are filled
with a conductive material, and wherein the conductive material extends from a

surface of the first die.

15.  The die stack, as set forth in claim 9, comprising a passivation layer disposed
on a first surface of the first die, wherein the first surface is opposite a surface through
which the first plurality of alignment features and the plurality of through-wafer vias

were formed,



