Alignment Mark and Met hod of Formation TECHNI CAL FI ELD [ 0001] The present
di scl osure relates generally to a nmethod of sem conductor processing and a
structure formed thereby and, nore particularly, to a nethod of form ng an
alignment mark and the structure formed thereby. BACKGROUND [0002] In

sem conduct or processing, the formation of structures and devices generally
i nclude the sequential formation of one |ayer of naterial or conposition of
materials over another |ayer. These |ayers are commonly etched or doped
usi ng phot ol i t hogr apAjignenémé ek and Mitlesd of Foraisiden where the | ayers are
etched or doped. For exanple, the formation a source/drain region of a
transi stor nmay include formng a photoresist |ayer over the sem conductor

substr fF A W a source/drain region is to be forned, exposing the
photo(@%?gwﬂfgygﬁgﬁg |l ight such that the volunme of photoresist above the
area where the source/drain region is to be forned is renoved, and doping
t he sdff¢ldnducitieprsulistiscatercusirg gtlellghot ateesidsil séoicPidiv@nprodaengos ed
areas from being doped. Further, a contact to the source/drain region nmay

i ncl udeddepostic fogn@NheBSHMAL dge pdr@y@lilyOMel mbiied SeHERBAHGH M mSHASEY at e,
form ng a photoresi st over the insulating |ayer, exposing the photoresist

to |i ght ygsughictufdtor@ev@kspe of photoresist over the source/drain region is
renoved, etching the insulating |ayer using the photoresist as a nask, and

depositing a metal. [0003] The integrity of the devices formed using these
photol it hography techniques is therefore dependent upon proper alignnment
of fed%%?E%Rﬁﬁgﬁpone | ayer to another. In the exanple

[0002] In semiconductor processing, the formation of structures and devices generally
include the sequential formation of one layer of material or composition of materials over
another layer. These layers are commonly etched or doped using photolithography techniques to
direct the areas where the layers are etched or doped. For example, the formation a source/drain
region of a transistor may include forming a photoresist layer over the semiconductor substrate in
which a source/drain region is to be formed, exposing the photoresist layer to light such that the
volume of photoresist above the area where the source/drain region is to be formed is removed,
and doping the semiconductor substrate using the photoresist to prevent unexposed areas from
being doped. Further, a contact to the source/drain region may include depositing an insulating
layer over the semiconductor substrate, forming a photoresist over the insulating layer, exposing
the photoresist to light such that a volume of photoresist over the source/drain region is removed,

etching the insulating layer using the photoresist as a mask, and depositing a metal.

[0003] The integrity of the devices formed using these photolithography techniques is
therefore dependent upon proper alignment of features from one layer to another. In the example
above, the contact must be aligned with the source/drain region. Misalignment between these

layers may prevent a device from being operational.
ol-



above, the contact nust be aligned with the source/drain region.

M sal i gnnment between these |ayers may prevent a device from being
operational. [00041 The sem conductor processing field has devel oped
alignment marks to allow higher precision in aligning photolithographic
processes between |ayers. Alignnent marks allow for the mnmeasurenent of the
pl acenment of a wafer upon which processing has proceeded. Based on a
measurenent, a stepper may nove or nodify the position of the wafer to help
enabl €0Beétlt er Thalsegroediciohridchsiphitdohistdeogbppiyizpmonessrsto aldwSLMYARY

[ 0005] In accordance with an enbodi nent, a structure conprises a substrate

havi ngprecifibh &t aligain@at aalrodw@aﬁzpm@rpetmfseabctacém;a#ghAﬁ%hﬁénlf Alafks\iliaw(dSNd 1 n
the substrate penetrating the first area of the substrate; an isolation

| ayer QyftrehiR@r SERONEcRA{BROf wﬁf@aeulﬁ?lﬁ%ﬂlé@ﬁl%cesta hghdssﬁbé&ué?ﬁ BRYEN ?aw ng a

recess; and a conductive material in the recess of the i1solation layer, the

i sol at, R AN aQEgM md‘}' 0006%02%%‘{% ]ﬂ)%ﬁ%ﬁ of il %1 tf fiel B%b il gl pnd the

substrate in t cess. di'rent i a’structure havi ng an
align r re conprises a substrate conprising a through
subgtgg ém@ﬁéﬁp¥§%§uﬁﬁﬁ> Km?%gglng froma front su??ace o? t he )
substrate to a back surface of the substrate; an isolation |ayer over the
back surface of the substrate, the isolation |ayer having a cavity; and a
conductor positioned in the cavity, the isolation |ayer being disposed

bet ween the conductor and the substrate in the cavity. [0007] A yet further
enbodi nent is a nmethod for form ng a stacked device. The net hod



conprises providing a substrate having a through substrate via (TSV) _
protruding froma back side; formng an isolation |ayer over the back side
of the substrate, the isolation |ayer having a recess; and form ng a
conductive layer in the recess, the isolation |ayer being disposed between
the conductive | ayer and the substrate in the recess. -3 BRI EF DESCRI PTI ON
OF THE DRAW NGS [ 0008] For a nore conpl ete understanding of the present
enbodi ments, and the advantages thereof, reference is now made to the
foll owi ng descriptions taken in conjunction with the acconpanying
dr awi ngfsMMARXhi ch: [0009] Figures IA through | Hillustrate a method for
formng an alignment mark for a stacked device achrding to ankepbodlgegt;
0010 hagure 2 1|1 _ a structure having an alignment mark forme y
e naOh"" G A8 ldopBEE Ry BuBRbehet BTG D Bed i SRR b e f 591
Fi gures 3A through 3H il lustrate another nmethod for formng an alignment
ek ORGP b gl B R LU RS a6 S oS40 ot
0012] , Fi qures 4A through 4F i|llustrate a yet further nethod for form ng an
glignh@ﬁfﬂﬁ%WR”mdgﬁﬁﬁHﬂgﬁﬂP&mdh?%%”WQW?%@F%éﬁ%%@ﬂﬁéH%$0BH@1Pﬂﬁb@wngﬁgure 5
illustrates a structure having an alignnment mark fornmed by either of the
et hod§Cesef it lserfugiivhmplespde thettoces gfihesoBion hyougle igtHion I&iegries 4A
t hrough 4F. -4
disposed between the conductive material and the substrate in the recess.

[0006] Another embodiment is a structure having an alignment mark. The structure
comprises a substrate comprising a through substrate via (TSV), the TSV extending from a front
surface of the substrate to a back surface of the substrate; an isolation layer over the back surface
of the substrate, the isolation layer having a cavity; and a conductor positioned in the cavity, the

isolation layer being disposed between the conductor and the substrate in the cavity.

{0007] A yet further embodiment is a method for forming a stacked device. The method
comprises providing a substrate having a through substrate via (TSV) protruding from a back
side; forming an isolation layer over the back side of the substrate, the isolation layer having a
recess; and forming a conductive layer in the recess, the isolation layer being disposed between

the conductive layer and the substrate in the recess.



DETAI LED DESCRI PTI ON OF | LLUSTRATI VE EMBODI MENTS [ 0014] The neki ng and
using of the present enbodinments are discussed in detail below It should
be appreciated, however, that the present disclosure provides nany
applicable inventive concepts that can be enbodied in a wide variety of
specific contexts. The specific enbodinents discussed are nerely
illustrative of specific ways to nmake and use the disclosed subject matter,
and do not limt the scope of the different enbodi ments. [0015] Enbodi nents
will be described with respect to a specific context, nanely an alignnent
mar k fBRIGIDBECRAY IONOP TOEJSRAMINGIS a die for a stacked device. O her
enbodi nents nmay al so be applied, however, to an interposer or another

struct where alignment mark j.s used durin rocessing. [0016

71 gur d0BTA 1 ARt LR TRl ordBE s PP BoB RS 2 1 bRt
for a  stacked device according to.an enbodiment. A structure produced by
t he rre‘P‘FfS‘g?leﬁmﬁ"i’cﬁd? BYW age “’tth? gﬂ’é’ﬁ’“}& depCriplion BiFN inrFomiugeas with they sequence
described in the method is solely for clarity of description, and the

st eps GFORPRYHSIHBH &R WBiCRer f ormed in any 1 ogical progression. [0017]
Figure I A shows a substrate 100, such as a die of a stacked device, in an

| nt er npeyet e -ﬁ@ﬁkﬁhﬂi (HPERREEFI N ra S HRBE f&ff%)ﬁﬁig{;]éﬁ ﬁg%@keq?mF&%WSi ng.

Particularly, a is point In processing, strate vial (TSVs)

102 th%B%g%ﬂge%&agﬁngﬂj&pg?ﬁg@%&ﬁate 100, one or nore netallization

| ayers I nt erconnec ructures 106 have been formed on the
substrate 100, and conductive bunps 108 have been forned electrically
coupl 403 t h&igunt 2ilbonaect sisturtibiviies dQ6meliheark UbsicdalehclOOhsy be any
suitable material, such as silicon. The TSVs 102

described with respect to Figures 1A through 1H;

[0011] Figures 3A through 3H illustrate another method for forming an alignment mark on a
substrate for a stacked device according to another embodiment;

[0012] Figures 4A through 4F illustrate a yet further method for forming an alignment mark
according to a yet further embodiment; and

[0013] Figure 5 illustrates a structure having an alignment mark formed by either of the

methods described with respect to Figures 3A through 3H or Figures 4A through 4F.



may conprise a liner layer, a diffusion barrier layer, an adhesion |ayer,
an isolation layer, and/or the like, and filled with a conductive
material. The liner |ayer nay be, for exanple, silicon -5 nitride, silicon
oxi de, a polyner material, a conmbination thereof, and/or the like. The
diffusion harrier |ayers, for exanple, may conprise one or nore |ayers of
TaN, Ta, TiN, Ti, CoW or the Ilike, and the conductive material may
conprise, for exanple, copper, tungsten, alum num silver, conbinations
thereof, and/or the like, formed by an el ectro-chem cal platlng process.
The nREEAMEERDESKRIBYEN OFORLUSHRY IS RTRdBODIMENIS es 106, and conducti ve
bunps 108 nay be any acceptable naterlal and fornmed with suitable

roce Suc ki for cessi ng.
F0018]S[%|6—lf; r]t herﬁm Ak ?‘;r §1§tLlsiq§:§’gthcfp; sge el osltniCéIs dli%aﬁ%g %g%f?g%lto%f ﬂ‘e dt Ey
adhesi for si de processing neral |y, e
carrlé%gfﬁfcﬁpggﬁa%gqF@Wﬁ%rg? %ﬁﬁgﬁﬁﬁ P“”SHHQ B PRy ABINICRIB BYRHur | ng
subsequent ocessi ng 3% In this manner, damage to the substrate 100
may b OP%%‘c@af BP Op ?‘5@ a vl vargly peypeqifip 20%)9% .c Obfpyirceidic epppdiaalipl e,
gl ass, . silicon oxide, alum num oxide, and the |ike. The adhesive 110 nay
be anylisupedpreaneahalispative efipheifie wams iglnakawid hestih¢ Usglogkgabicwiatiar, | oses
its adhesive property when exposed to W lights. It should be noted that
r ef er ed domghb@itshel@ape dfrtioudiffcdblembelimaits.expl i citly identified in Figures
| B through I H and 2; however, the features correspondlng to these

refer nu are e i,n.these fi The om ssion of these
ref er 39@? nunbn%ZlﬁbsO d'menﬁ%\gge’v QP’?)(rI he it I%‘Tpc?tso 6fgpet“H& Cogigpt: ppmgyLn
alignment mark formed during the processing of a die for a stacked device. Other embodiments
may also be applied, however, to an interposer or another structure where an alignment mark is

used during processing.

[0016] Figures 1A through 1H illustrate a method for forming an alignment mark for a
stacked device according to an embodiment. A structure produced by the method in Figures 1A
through 1H is shown in Figure 2. Any sequence described in the methed is solely for clatity of

description, and the steps of the method may be performed in any logical progression.

[0017] Figure 1A shows a substrate 100, such as a die of a stacked device, in an
intermediate stage of processing, such as after front side processing. Particularly, at this point in
processing, through substrate vias (TSVs) 102 have been formed in the substrate 100, one or
more metallization layers 104 with interconnect structures 106 have been formed on the substrate
100, and conductive bumps 108 have been formed clectrically coupled to the interconnect
structures 106, The substrate 100 may be any suitable material, such as silicon. The TSVs 102
may comprise a liner layer, a diffusion barrier layer, an adhesion layer, an isolation layer, and/or

the like, and filled with a conductive material. The liner layer may be, for example, silicon
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[0019] In Figure | B, the structure of Figure I Ais shown after the
substrate 100 is thinned and recessed to expose the TSVs 102 through the
back side of the substrate 100. The thinning and recessing may result in

t he substrate 100 being a thin substrate, i.e. approximtely 20

m cronmeters to approximately 200 mi croneters in thickness. The thinning and
recessing may be perforned by a planarization process, an etch process, a
conbi nati on thereof, and/or the like. For exanple, initially a planarizing
pr ocesylridsuthcoagxalechpoliymal mmeddani@abhinpohitshedt Cva)qr telyke: @hbdiffsivhior med t o
initially expose top surfaces of the TSVs 102. Thereafter, one or nore

et chi nouriprioces Sesxhapie ngaecdni@hc sheh-mat ¢yeal FatalNy ThyTiNeTWesw bheenat eri al
of the TSVs 102 and the substrate 100 may be performed, thereby |eaving

t he T3Ws, AAAhPcaiduulicnadri0Mal RembagK fericdan®t, coppe, §1HE<§&{ ﬁltuﬁmi]tw 311{/(9020]
Figure I C shows a photoresist |ayer 114 formed on the de ‘of

substr 8 R hat |s
o eat o Pt 10, BRPSORCThS arRYRY d?‘%%“”%%’ﬁ%@é% d*%@@ﬁ& %s@h&loz The

phot Orlﬁ il AN Slljﬂﬁ DS NERLAGS, Ed P duc ump T §mao emngs 116
il cFd s DRy 1 ograﬁh §odEmagh

may be forhed usihg accep thYas using a
t oresi st 114 to

l'ithogr t.he

openlgbgﬁﬁ%%ag?%” ‘mgﬁP ﬁ@&uﬁﬂﬁ?g?w?ﬁ@ Vgﬁ #Fﬁ%kﬁ?“¥ﬁé95%§ﬂgﬂég‘116 an
etch such as an anisotropic etch, is perforned to create openings
118 rg gggéLﬁﬁVﬁﬁPWhe surface of the back side of the substrate 100, as
illustrated in Figure ID. Figure IE shows the structure of Figure ID after

an ashidiggsh rRFBGEHS flofit RES SARTRBsEAe 1QIMRNSelhRRRQL RS RBESTe 1@YSL 114
carrier 112 for back side processing. Generally, the carrier 12 provides temporary mechanical
and structural support during subsequent processing steps. In this manner, damage to the
substrate 100 may be reduced or prevented. The carrier 112 may comprise, for example, glass,
silicon oxide, aluminum oxide, and the like. The adhesive 110 may be any suitable adhesive,
such as an ultraviolet (UV) glue, which loses its adhesive property when exposed to UV lights.
It should be noted that reference numbers 104 through [12 are not explicitly identified in Figures
1B through 1H and 2; however, the features corresponding to these reference numbers are
present in these figures. The omission of these reference numbers is merely for the clarity of the

depictions.

[0019} In Figure 1B, the structure of Figure 1A is shown after the substrate 100 is thinned
and recessed to expose the TSVs 102 through the back side of the substrate 100. The thinning
and recessing may result in the substrate 100 being a thin substrate, i.e. approximately 20
micrometers (o approximately 200 micrometers in thickness. The thinning and recessing may be
performed by a planarization process, an etch process, a combination thereof, and/or the like.

For example, initially & planarizing process, such as a chemical mechanical polish (CMP), may

G-



[0021] Figure | Fillustrates the structure in Figure | E after the
formation of a first isolation |ayer 120 and a second isolation |ayer 122.
The first and second isolation layers 120 and 122 rmay be silicon nitride,
silicon oxide, silicon carbide, silicon oxynitride, an oxide, a polyner
material, a conbination thereof, and/or the like. The first and second
isolation layers 120 and 122 may further be a single | ayer or may be

mul tiple | ayers consisting essentially of the same or different materi al
conposietieonsned o ititielheoqopd ©p sindawas othETGUE €01, Fherdalter, bhe st me@kaiigon | ayer
120 is a silicon nitride, and the second isolation layer 122 is a silicon
oxi de.prddeesck hasihg ahbhsatond scicsdliaticonechayensedd Qf ardrshZ2 omayd g deposi ted
usi ng accept abl e deposition techniques, such as a chem cal vapor
deposisibamid DihaPEOSRRImed, thddhyliBRing BY T8VEYR: BSL0@nA rbAWhi BIREIRLJre. As
depicted in Figure I F, the first isolation layer 120 and the second

i sol at,08,pk@yepd22 are both -7 formed on exposed top surfaces of the
substrate 100 wthin the openings 118 and both conform to those exposed
surfaces. [00221 Figure 1 G shows a photoresist |layer 124 fornmed over the
secondOHY| at iFegur¢ &y ehoviPphotdhestpiyet dfeBinstd bahe badlddamithbaibpadit édthed,
such as by exposing the photoresist layer 124 to |light, to allow an etch
pr oc esBhetphotoesBy Bry@olr it nayshaoé a thiekkhy hic iapdasetonde hsighedf tbaploay@ng 120 and
122 that coat the protruding portions of the TSVs 102. The first and second

i sol atpoafbnk @y #es'Sh20 022 MHe Bidordsi 16 REN 1 £h&PEninSUCIR BEndindelll Yrnet ch, to
allow the TSVs 102 to be exposed fromunder the first and second isolation

layer $pdidBa@nN® md2oc Bem&NAME dcBedrht@bpSblichberd B8 (EhERAA sused (fiaL , the etch
procesg na% havegéyhigh sepg%ti&fty %etmeeﬁ;ﬁﬁg nat@rlals used ?or the TSVs
102 ar?ﬁihééflcﬁ)hy mask to expose the photoresist layer 114 to light where openings 116 are to be
formed. After the formation of the openings 116, an etch process, such as an anisotropic efch, is
performed to create openings 118 recessed below the surface of the back side of the substrate

100, as illustrated in Figure 1D. Figure 1E shows the structure of Figure 1D after an ash/flush

process is performed to remove the photoresist layer 114,

{0021] Figure 1F illustrates the structure in Figure 18 after the formation of a first isolation
layer 120 and a second isolation layer 122. The first and second isolation layers 120 and {22
may be silicon nitride, silicon oxide, silicon carbide, silicon oxynitride, an oxide, a polymer
material, a combination thereof, and/or the like. The first and second isolation layers 120 and
122 may further be a single layer or may be multiple layers consisting essentially of the same or
different material compositions. In the example shown in Figure [ F, the first isolation layer 120
is a silicon nitride, and the second isolation layer 122 is a silicon oxide. The first and second
isolation layers 120 and 122 may be deposited using acceptable deposition techniques, such as a
chemical vapor deposition (CVD) process or, further, by a CVD using a low temperature. As

depicted in Figure 1F, the first isolation layer 120 and the second isolation layer 122 are both

-7-



second isolation layer 122 and the first isolation |ayer 120. Figure | H
further shows the structure after an ash/flush process is perforned to
renove the photoresist |layer 124. [00231 Figure 2 illustrates a structure
havi ng an alignment mark 130 formed by the method described with respect
to Figures 1A through I H As shown in Figure 2, the structure of Figure

H further conprises a first netal |ayer 126 and a second netal |ayer 128.
The first netal layer 126 may be titanium (Ti), titaniumnitride (TiN),

ti t anifegrmedimystpesed(tTp Wriacts dfaimi wnbkigitd | @owithinidterdpdeingTi & M, bottagehlrum (Ta) ,
tantalumnitride (TaN), tantalumsilicon nitride (TaSiN), tungsten (W,

t ungstienhait txpaded {MAN)s, tungsten silicon nitride (WsiN), a conbination

t her eof , and/or the i ke, and the second netal l|ayer 128 nay be copper
and/ or gﬁ e. 8 [lrst metal, | ayer 126 and the second netal |ayer 128
may be"’ iliﬁb ADQYT § ellYCHEIOET { Polorned pnT disesccanddpplationdyyes [2Dhysi cal
vapor dep03|t| on (PVD) process, a chem cal vapor deposition (CVD) pr ocess,
or an Thstrbaiceesishlpapr Faponi e WHCIQM(E@)ICWSM%BOWWC phatgtesivelngdr 1P4fcer 126 and
second nmetal |ayer 128 forned in the openings 118 with the second

i sol atlighh t¢ alyay anl@gh predess hereiiavs poitivot aitthefirst aykwecdi@lsoldiiepoged! etdeen t he
first metal layer 126 and the substrate 100 form alignment nmarks 130 on -8
t he bal@R tisitdeatolfic frbeudinbsdrtiatseof IROTSYSs HEX St (havhd gecondisoRkiyn Blgbkli20 n t he
art wll readily understand that portions of the first and second netal

| ayer s:nd262 anrdhdi2Sehed Ukbh ashy HeryRAM i0M®w RETYREN0L R kRYSscd Pdm dHY: be
renoved i n subsequent processing steps, such as after the formatl on of

copperhPiikst ﬁfcﬁsc@(fhdtlﬂﬁ’dt%\{%eko@o 4n@ Iﬁﬁ,ed\(‘%mm?ﬂqfl Lll 'lfICl’T'htc'cug @ r 1SVs
102. [0024] Figures 3A through 3H illustrate an er netho or m ng an
ali Q”r{l?@&ck?& Kes? tha® have a high selectivity between the materials used for the TSVs 102 and the

second isolation layer 122 and the first isolation layer 120, Figure 1H further shows the structure

after an ash/flush process is performed to remove the photoresist layer 124.

[0023] Figure 2 Hlustrates a structure having an alignment mark 130 formed by the method
described with respect to Figures 1A through 1H. As shown in Figure 2, the structure of Figure
1H further comprises a first metal layer 126 and a second metal layer 128. The first metal layer
126 may be titanium (T1), titanium nitride (TiN), titanium tungsten (TiW), titanium silicon
nitride (TiSiN), tantalum (Ta), tantalum nitride (TaN), tantalum silicon nitride (TaSiN), tungsten
(W), tungsten nitride (W,N), tungsten silicon nitride (WSiN), a combination thereof, and/or the
like, and the second metal layer 128 may be copper andfor the like. The first metal layer 126 and
the second metal layer 128 may be formed using a suitable deposition technique, such as by a
physical vapor deposition (PVD) process, a chemical vapor deposition (CVD) process, or an
atomic layer deposition (ALD) process. The first metal layer 126 and second metal layer 128
formed in the openings 118 with the second isolation layer 122 and the first isolation layer 120

disposed between the first metal layer 126 and the substrate 100 form alignment marks 130 on



substrate for a stacked device according to another enbodi nent, and Fi gures
4A through 4F illustrate a yet further nmethod for formng an alignnent
mark according to a yet further enbodinment. A structure produced by these
met hods is shown in Figure 5. Any sequence herein described in the nethod
is solely for clarity of description, and the steps of the nmethod nmay be
performed in any |ogical progression. [0025] The nethod as depicted in
Figures 3A through 3H w Il be described first. Figure 3A shows a substrate
200 i nhabadkpiderofdd sabgrast Hije Aoperpmduesgiondinars ukill iasheadt eifl ibaddigt si de
processing. Particularly, at this point in processing, through substrate
vias (uh8Mstn@dt paviendsen: fi@r amdedond dg 1skbstacanhe 129QucloRehOporiBi:e

nmetal lization layers 204 with interconnect structures 206 have been forned

on t hey st At V20D, nAh e 6ORANE T B sRIERSrEQiNANEG s DEER of QTR

electrically coupled to the interconnect structures 206. The substrate 200
may be LoS Wik Eabl.eqmat.eria u AS.Si| L e TSYS - y conprise a
Tmer T ogoR oL b 19 B AP 7 Sl R i i, SNE TRV TR, 2P
and filled with a conductive material. The |liner |ayer may be, for exanple,
si i cdf0Milt ri FeguresidA thosughitddpstatqoioghre methet! éoii fatming ac olidyinrat inark dnher eof |
and/or the like. The diffusion barrier |ayers, for exanple, nay conprise
one orsubie fhay enskedideNiatccdalinglio Npother emtGadMendrant! Ferukdskiey thesgh e
conductive material may conprise, for exanple, copper, tungsten, alum num

si | verijustarli patirgesmithed eaffornafdiilidoiRnt k& acEQRNB G DYet@hrther
el ectro-chem cal plating process. The netallization | ayers 204,

i nt er GaBeGIens! A!&!ﬁﬁé{{u‘%gar Bed %’”‘i@c&%&H&&siiy SRR §i2085 - &ny”?cﬁ]uprﬁe %Eﬁéin
acceptable material and forned wth suitable processes, such as those known
For  described in the method is solely for clarity of description, and the steps of the method may be

performed in any logical progression.

[0025] The method as depicted in Figures 3A through 3H will be described first. Figure 3A
shows a substrate 200 in an intermediate stage of processing, such as after front side processing.
Particularly, at this point in processing, through substrate vias (TSVs) 202 have been formed in
the substrate 200, one or more metallization layers 204 with interconnect structures 206 have
been formed on the substrate 200, and conductive bumps 208 have been formed electrically
coupled to the interconnect structures 206. The substrate 200 may be any suitable material, such
as silicon. The TSVs 202 may comprise a liner layer, a diffusion barrier layer, adhesion layer,
and/or the like, and filled with a conductive material. The liner layer may be, for example,
silicon nitride, silicon oxide, a polymer material, a combination thereof, and/or the like. The
diffusion barrier layers, for example, may comprise one or more layers of TaN, Ta, TiN, Ti,
CoW, or the like, and the conductive material may comprise, for example, copper, tungsten,
aluminum, silver, combinations thereof, and/or the like, formed by an electro-chemical plating

process. The metallization layers 204, interconnect structures 206, and conductive bumps 208
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BEQL processing. [0026] Further, the front side of the substrate 200 has
been attached by adhesive 210 to a <carrier 212 for back side processing.
Generally, the carrier 212 provides tenporary mechanical and structura
support during subsequent processing steps. In this manner, danege to the
substrate 200 nmay be reduced or prevented. The carrier 212 may conprise,

for exanple, glass, silicon oxide, alum num oxide, and the |ike. The
adhesive 210 maybe any suitabl e adhesive, such as an ultraviolet (UV)

gl ue, wmhy ehanyosesplatils maghdsing dorpred pethtsyitnbie proexpes adhte dve kiaghi or | t
shoul d be noted that reference nunbers 204 through 212 are not explicitly

i dent i BE@H pravefsigur es 3B through 3H and 5; however, the features
corresponding to these reference nunbers are Preseﬂt ir t hese ;lgﬁres. The
om ssi f these reference nunbers is nerely for the clarity of the

depi ctﬂgﬁ% . [8%‘2‘%“’ ﬁw fﬁ“bﬂg‘éoiéh? sibwate 2P fesicen aachedyur wihgnvg 31tewn af t er
the substrate 200 is thinned and recessed to expose the TSVs 202 through

t he ba@K!%ilda [Ybathadspigstssige.eCommallyTHe ariai gl hprovilnsempowsys inaghamag! r esul t
in the substrate 200 being a thin substrate, i.e. approximtely 20

m cr orfgtlepructing! syppedKineg wibyeqrO0 pricessometiass I thistthirmkndsmagelhehd hi nni ng and
recessing may be perfornmed by a planarization process, an etch process, a
conbi nabsiowe 2en@obs redwmmf or pichetdd. Kkhe cafrizt 2 eXxaapkenpiise] fot akdnypi@ gpkanari zi ng
process, such as a CWP, may be perfornmed to initially expose top surfaces

of t heilkoexRR 2 uhhRrEaids ind BOEKOT TRDIBSYCMNA PEOEESERHINAMENGe,a hi gh
etch-rate selectivity between the material of the TSVS 202 and the

subst rsaéieasA0:1#RNo10E U \PSIIQWARH los D RE £ EBNLBYy WR& dBYaZ89\Phigh{ udi ng
fromthe back side of the substrate 200.

[t should be noted that reference numbers 204 through 212 are not explicitly identified in Figures

3B through 3H and 5; however, the features corresponding to these reference numbers are

present in these figures. The omission of these reference numbers is merely for the clarity of the

depictions.

[0027] In Figure 3B, the structure of Figure 3A is shown after the substrate 200 is thinned
and recessed to expose the TSVs 202 through the back side of the substrate 200. The thinning
and recessing may result in the substrate 200 being a thin substrate, i.e. approximately 20
micrometers to approximately 200 micrometers in thickness. The thinning and recessing may be
performed by a planarization process, an etch process, a combination thereof, and/or the like.
For example, initially a planarizing process, such as a CMP, may be performed to initially
expose top surfaces of the TSVs 202. Thereafter, one or more etching processes having a high
elch-rate selectivity between the material of the TSVs 202 and the substrate 200 may be
performed, thereby leaving the TSVs 202 protruding from the back side of the substrate 200.
[0028] Figure 3C illustrates the structure in Figure 3B after the formation of a first isolation
layer 214 and a second isolation layer 216. The first isolation layer 214 is formed over the back
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[0028] Figure 3Cillustrates the structure in Figure 3B after the formation
of a first isolation |ayer 214 and a second isolation |ayer 216. The first
isolation layer 214 is formed over the back -10 side of the substrate 200,
and the second isolation layer 216 is formed over the first isolation

| ayer 216. The first and second isolation layers 214 and 216 may be silicon
nitride, silicon oxide, silicon carbide, silicon oxynitride, an oxide, a
pol ymer material, a conbination thereof, and/or the Iike. The first and
secondsidso]tht fubsrdtaded, sn@ v secvdd 20 tvayaykeu? thieforbed avaithglist lsajasn or may

be nultiple layers consisting of the same or different materi al _
conposlayér@ns. Thafitshendescasml ieolashauwerd DI4Ringur e md@be kilieod hitigde, bisodasiqn | ayer
214 is a silicon nitride, and the second isolation |layer 216 is a silicon

oxi de. siildv@ chibid sidbsh SEARAGL, s okiak] O ANEhRerfl 4 Arbirdkbn RYeoPEndapPosi t ed
usi ng acceptabl e deposition techni ques, such as a CVD process or, further,

by a GMbiMSI T @sd &Wseéo%m%ﬁe@itol’!ﬁz@pl'sgﬁg%ﬁh 26 g4y ﬁll‘%%é&&?%ﬁﬁ%@b% O&Q{HE}?i st

| ayer 218 fornmed over the second’isolation Iayer oresi st

2ver AR BRI U 5 RN ORISR RIE R kel 2

to |ight, oW an ove por _ %t and f
second, i sol at.i on _ersHZ%g‘an ...216 that coat the protruding portions o
the. ToUBRBHEPLARS YRR Gl G 2T 4 b i SR ayral BE 4t i Endper  hen
etched, such as b a,g%y,etch, to allow the TSVs 202 to be exposed from
under 26red Py odsr ielissians seag PeitUPaYErs 234 anEa aete deposigwningn
Figure 3E. The etchant used for the etch process may have a high
sel ecti*¢iAPILRAPREERN teRanigies v Flakss GY¥EUPTPenss phéurtheydy 262 Rineing héow second
i solation layer 216 and the first isolation |ayer 216. Figure 3E further
shows Reetgiuuct ur e

{0029] Figure 3D shows a photoresist layer 218 formed over the second isolation layer 216.

The photoresist layer 218 may be patterned, such as by exposing the photoresist layer 218 to

fight, to allow an elch process to remove portions of the first and second isolation layers 214 and

216 that coat the protruding portions of the TSVs 202. The first and second isolation layers 214

and 216 are then etched, such as by a dry etch, to allow the TSVs 202 to be exposed from under

the first and second isolation layers 214 and 216, as shown in Figure 3E. The etchant used for

the etch process may have a high selectivity between the materials used for the TSVs 202 and the

second isolation layer 216 and the first isolation layer 216. Figure 3E further shows the structure

after an ash/flush process is performed to remove the photoresist layer 218.

[0030] Figure 3F shows a photoresist layer 220 formed over the second isolation layer 216.
The photoresist layer 220 has openings 222 formed thercin. The openings 222 may be formed
using acceptable photolithography techniques, such as using a lithography mask to expose the
photoresist layer 220 to light where openings 222 are to be formed. After the formation of the

openings 222, an etch process, such as an anisotropic etch, is performed to create openings 224
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after an ash/flush process is perforned to renove the photoresist |ayer

218. [0030] Figure 3F shows a photoresist |ayer 220 forned over the second
i solation layer 216. The photoresist |ayer 220 has openings 222 forned
therein. The openings 222 may be fornmed using acceptabl e photolithography
techni ques, such as using a Iithography mask to expose the photoresist

| ayer 220 to |ight where openings 222 are to be formed. After the formation
of the openings 222, an etch process, such as an anisotropic etch, is

per f orwwedsddon chreeat erddpemiongsye? 246, as biowicioesgaed3GN Thb epaagend4 ng@lbhat i on

| ayer 216, as shown in Figure 3G The openings 224 may be recessed further
into tieesfddrigtthdrs@balid Rt kayin &t 21 Wut AGto bebDbw BR!avadhs i dpreRe of the
back side of the substrate 200. Figure 3H shows the structure of Figure 3G

after AMhAsBAEYSI. PFiLG8SSI thdws BELIAFIRD PR ETDYR: rtalileaslﬂ)/hgghoéagfﬁiﬁk | ayer
220. [0031] The nethod as depicted in Figures 4A through 4F now be

descripedrmd %rmﬁ?%ﬂﬂgpﬁﬁ&%ﬁﬁﬂ§w£5§§igures 4A through 4C as previous

di scussed wth respect to Figures t hrough 3C. Therefore, discussion of
these steps is omtted for brevity. Further, like reference nunbers refer
to t hd08dle orlhsimrithalrasflepitiad asFigmds oA twatigr dRivE] how B¢ descelsed3AHehr ough 3C
and Figures 4A through 4C. [0032] Figure 4D shows a photoresist |ayer 230
f or nednaket pibbeds ackipdei saliabi@id aygeviddddisculhe ot geash igur@yy 230 has
openi ngs 232 forned therein. The openings 232 may be formed using
acceptialigh POOTHERLAQAT@RAONILBREE AURSs oSHED f@MGINFRR HROQIARRAY nMask to
expose the photoresist layer 230 to |ight. The second isolation |ayer 216
I's theRnBLaNEEr (IHE ir@SoR¥m@R features and/or materials in Figures 3A through 3C and

Figures 4A through 4C.

[0032] Figure 4D shows a photoresist layer 230 formed over the second isolation layer 216,
The photoresist layer 230 has openings 232 formed therein, The openings 232 may be formed
using acceptable photolithography techniques, such as using a lithography mask to expose the
photoresist layer 230 to light. The second isolation layer 216 is then etched, such as by an
anisotropic etch, to create openings 234 recessed in the second isolation layer 216, as shown in
Figure 4E. The etchant used for the etch process may have a high selectivity between the
materials used for the second isolation layer 216 and the first isolation layer 214. Afterwards, a
planarization process, such as a CMP, may be used to remove portions of the first and second
isolation layer 214 and 216 over the TSVs 202 to allow the TSVs 202 to be exposed at an upper
surface, as shown in Figure 4F. Figure 4F further shows the structure after an ash/flush process

is performed to remove the photoresist fayer 230.

[0033] Figure 5 illustrates a structure having an alignment mark 240 formed by either of the
methods described with respect to Figures 3A through 3H or Figures 4A through 4F. As shown
in Figure 5, the structure of Figure 3H or 4F further comprises a first metal layer 236 and a
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ani sotropic etch, to create openings 234 recessed in the second isol ation

| ayer 216, as shown in Figure 4E. The etchant used for the etch process
may have a high selectivity between the materials used for the second
isolation layer 216 and the first isolation |ayer 214. Afterwards, a

pl anari zation process, such as a CVP, may be used to renobve portions of the
first and second isolation |ayer 214 and 216 over the TSVs 202 to all ow
the TSVs 202 to be exposed at an upper surface, as shown in Figure 4F.

Fi gur ese4pndf metahleyer SROWEhe fimt stralioyardBoafidyere BNTidG W] DiShN protessTadiN,
performed to renove the photoresist |ayer 230. [0033] Figure 5 illustrates

a struet Wopl, NeSiNng canbiahignhesss, wayd B40kd, ended skyn@nieherayef 23sheay et hods
described with respect to Figures 3A through 3H or Figures 4A through 4F.

As shoypper didfol GHeNkedThé hﬁ»i filelat Gy b B60khd 'ﬁ'leg,‘é&ﬁld‘?fﬁétéjlrldsﬁlzﬁﬂjﬁﬁl B& (AP i ses a
first netal layer 236 and a -12 Second netal |ayer irst neta

layer &3 I&yahe da_lﬁosm-ghg{}cg-rﬁq , St hS‘LMy P dD;l_ﬁlg’BSS f?@'r\{g‘ﬁ %Wss V%Nn BN a

conbi nation thereof Seco Lal ayer 238 nay be
copper (o} k St. t he sec

avor BAE ey “cbf”@%%‘?‘ﬁﬁaye‘ 230 bt ol Gy WV EoRT &ilseﬁ%*'w%gm"& s by
a PVD pr ss 0 ess he first net | ayer 236
and se@%ﬁﬁ" "‘5?“ f:‘\/y‘e#)l 6 ‘Q’Ofcgr%“éccf’ rinﬁaét 'ﬁét ‘g‘f)'éﬁ ) §3g3ﬁd W\ctghb“‘f“ﬁe;%@ erat
isolation |layer 216 di sposed between the first nmetal |ayer 236 and the
subst r %\'to@mé‘ﬁ)‘dmf‘ B} #0 2) ‘?‘E} Ao ke uDHo O HOG: His Peysikhay i”c&é’”éif‘dlﬁ/h@“sfﬂb@t rate
200. A person having ordinary skill in the art will readily understand
that potvillogadifunderstang et parienssd demidshidakcdndyeatd 1986 236an2 388, ssdchs as

the portions between the TSVs 202, nmay be renpved in subsequent processing
st eps,thgpekiorssbetween the TSVs 202, may be removed in subsequent processing steps, such as

after the formation of copper pillars on the TSVs 202, to prevent the shorting of the TSV's 202.

[0034] Embodiments may prevent diffusion of metal in the alignment mark. The isolation
layer(s) may form a barrier layer to prevent a metal, such as copper, from diffusing into the
substrate in the embodiments, By preventing diffusion, devices and structures formed in the
substrate are less likely to be inoperable because of shorting or other problems that may be

caused by diffusion of the metal in the alignment mark.

[0035] Also, the structures and processes of the embodiments discussed above may provide
increased throughput from a process flow. Further, they may ease stress and strain in the thinned
substrate because of an improved process flow, such as because of lower temperatures being

used.

[00306] Although the present embodiments and their advantages have been described in
detail, it should be understood that various changes, substitutions and alterations can be made
herein without departing from the spirit and scope of the disclosure as defined by the appended
claims, Moreover, the scope of the present application is not intended to be limited to the
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after the formation of copper pillars on the TSVs 202, to prevent the
shorting of the TSvs 202. [0034] Enbodi nents nmay prevent diffusion of
nmetal in the alignnent mark. The isolation l|ayer(s) nay forma barrier
| ayer to prevent a metal, such as copper, fromdiffusing into the
substrate in the enbodi nents. By preventing diffusion, devices and
structures forned in the substrate are less likely to he inoperable
because of shorting or other problens that may be caused by diffusion of
t he mepalicila epibedabdngrofeint prowrsk mdcBD8 xhandif&oyre thmpsiinacsunasranchnpr ocesses
of the enbodi nents di scussed above may provide increased throughput froma
pr ocessethbdymndkiupt Bescribddiayhad@yciGagRns Ws@9s ofndingfy &ilNini the L& Ramned
substrate because of an inproved process flow, such as because of |ower
t enper gpkicase RENNE: ditG8Mic, PRR3GLs, Mabhabg hahi@cRfceSGRlosRITAOLE MBRLSnaRd their
advant ages have been described in detail, it should be understoog t hat
vari o n .S 1ot WL and. alt.erations, . ] . eLn W thout
USc@BANGLSepss H@.&ﬁlll? WL L QNS0 3Ag: @ b;c%%ﬂugb% ; lh%ftgﬁl B&n mgg%:%ﬁﬁéﬁc B he

departing fromthe spirit and scope o I scl dsure as

appen sl ai Jrs.. . ove he _scope of the present |ication is not
intengggm#% éaﬁ?ﬁggéﬁgtghyﬁ%”gﬁéfﬁﬁﬁﬁ?tﬁfﬁPG%ﬁﬁIH?W&%@EmSWbPﬁﬁ“B?gcess,
mac hi eh,nanu%ac%gp ,..conposi tion of np%%er, neaas, qephods and steps
descr i B&d" Y PREVEFEACETTERE M e Prsernlsclpuisy dicryFipelk ierppepded elaipsarg | |
readily reciate fromthe disclosure, processes, machines, manufacture,
conpo§¥@?@%§06Wﬂ Wigin thegapepe suphbpReRsses. Brchincs paanubayBROMposiipRt 9fng or

| ater to be devel oped, that perform substantially the sanme function or
achieVémﬁﬁbﬁﬂﬁﬁﬂﬂﬁﬁwy,@h@%@ane result as the correspondi ng enbodi nents
descri bed



herein may be utilized according to the present disclosure. Accordingly,

t he appended clains are intended to include within their scope such
processes, nachi nes, manufacture, conpositions of nmatter, means, nethods,
or steps. -14 WHAT IS CLAIMED IS: | . A structure conprising: a substrate
having a first area and a second area; a through substrate via (TS V) in
the substrate penetrating the first area of the substrate; an isolation

| ayer over the second area of the substrate, the isolation |ayer having a
recess; and a conductive material in the recess of the isolation |ayer,

t he |S&Hé$T6%CLéM@EDd§ ng di sposed between the conductive material and the
substrate in the recess. 2. The structure of claim1l, wherein the recess
ext ends int The structure of claim1, wherein the recess
does ngt exgéﬁH @%to%§5“§%ubstrate 4. The structure of claim1l1l, wherein

t he |solat|onbla er..¢ nP ses aﬂLlrst ublayer and a second subl ayer over
the first sUHIPAYET "*Whet IVF§Pd§‘ b &Y H5¥ving a different conposition from
the second . 5. . The structure of claim4, wherein the recess

ext ends onl 3! 1t%‘v’§ﬁb‘ﬁ“f“ﬁé”%@§é’ﬁd’“‘ WiaBH pate. pengratmg ghedfipiiegaur dheombgraig: m 4,
wherein the first sublayer conprises silicon nitride. 7. The structure of
claim 1, whdrigglpfianHaverQverdhe eseid aven pirtbe subdeate riberisphBoslapsthaaing a recess;

and
a conductive material in the recess of the isolation layer, the isolation layer being

disposed between the conductive material and the substrate in the recess.

2. The structure of claim 1, wherein the recess extends into substrate.
3. The structure of claim 1, wherein the recess does not extend into the substrate.
4. The structure of claim 1, wherein the isolation layer comprises a first sublayer and a

second sublayer over the first sublayer, the first sublayer having a different composition from the

second sublayer,

5. The structure of claim 4, wherein the recess extends only through the second sublayer.
0. The structure of claim 4, wherein the first sublayer comprises silicon nitride.
7. The structure of claim 1, wherein the TSV extends to protrude from the substrate.
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-15 8. A structure having an alignnent mark, the structure conprising: a
substrate conprising a through substrate via (TSV), the TSV extending from
a front surface of the substrate to a back surface of the substrate; an

i solation |ayer over the back surface of the substrate, the isolation |ayer
having a cavity; and a conductor positioned in the cavity, the isolation

| ayer bei ng di sposed between the conductor and the substrate in the
cavity. 9. The structure of claim8, wherein the isolation |ayer conprises
a firs8. subRayecuaridvag as el gnders ubligyerstovare doerikingst subl ayer, the cavity
bei ng an opening in the second sublayer, and the first sublayer being

di sposed bei wematt bempyisiie thosugdRabstie veUlSiviathe TSYxichm EfﬂtormJ& friuhe of
claim8, wherein the cavity conprises a recess in the back surface of the

subst r aireicest @it a6 Qbhélke;uﬁu&&ifru@és%qtah? isolation layer confornmng to
the recess. 11. The structure of claim8, wherein a surface of the TSV is

exposed t hrgughabi8alGOVat hoBackls ﬂ?“f’crc of fife: s11ﬂ-rigreatcs1iifqu%§h{[(ﬁr{? e ﬁ{lj\fiilléq 8, wherein

the isolation |ayer conprises at |east one o ilicon
car bi dg,. ;51 [ jycon oxynitride, an oxide, a polymer material, and a
conblnatlg thereof 13. The structure of claim 8, mhereln t he conduct or
conpri ses at ast OnﬁHOf CcOo tan mnitride, titanium

[
t ungst en, (foﬁ O RS OE%%'“&F%)HV&% the 3R H?Ibhﬁyc‘!t%?ﬁgdhﬂ?ﬁﬁ ket 8 the ant al um

conductor and the substrate in the cavity.

9. The structure of claim 8, wherein the isolation layer comprises a first sublayer and a
second sublayer over the first sublayer, the cavity being an opening in the second sublayer, and

the first sublayer being disposed between the conductor and the substrate.

10.  The structure of claim 8, wherein the cavity comprises a recess in the back surface of the

substrate extending into the substrate, the isolation layer conforming to the recess.

1. The structure of claim 8, wherein a surface of the TSV is exposed through the isolation

layer.

12, The structure of claim 8, wherein the isolation layer comprises at least one of silicon
nitride, silicon carbide, silicon oxynitride, an oxide, a polymer material, and a combination

thereof.

13. The structure of claim 8, wherein the conductor comprises at least one of copper, titanium,
titanium nitride, titanium tungsten, titanium silicon nitride, tantalum, tantalum nitride, tantalum

silicon nitride, tungsten, tungsten nitride, tungsten silicon nitride, and a combination thereof,
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silicon nitride, tungsten, tungsten nitride, tungsten silicon nitride, and
a conbination thereof. -16 14. A nethod for form ng a stacked device, the
nmet hod conprising: providing a substrate having a through substrate via
(TSV) protruding froma back side; formng an isolation |ayer over the
back side of the substrate, the isolation |ayer having a recess; and
formng a conductive layer in the recess, the isolation | ayer being

di sposed between the conductive |layer and the substrate in the recess. 15.
The netthod dfmediodifon thdninghersekal delizef tbe mcthgdtichepiisiog:at i on | ayer conpri ses
form ng an opening in the back side of the substrate, and formng the

i sol ation |m@yédinganfigumicn@ying atit@uglopesing via@TE U5 flotri@ng e6@SShack Gide;The
nmet hod of claim 14, wherein the fornlng the isolation Iayer conpri ses

form ng an roaRaRbRGolafol NGel SR Ak ibAtk JidY&Tnd %bﬁ@ﬁt@lﬁ@ﬁolﬁ@&ﬁﬁ?@l ht M‘ﬁgqpen' ng
not reaching the back side of the substrate. he nmet hod” of claim 14

furtheg.&onpLi sing renoving a portion of the |solat|on | ayer from a
surface of the TSV to expose the surface of the TSV. 18. The net hod of

claim 14, L0 K ng, ol.at.| rises, formne
first sublgggﬁﬁ%n It}R]"(s'ecoﬁ EFE?@?’g%égﬁqﬁmq¥$?g%mnﬁﬁgg?ﬁngmg%ggayer and
t he second su ferent materials. 19. The nethod of claim

14, WHeP&GE ée‘ggﬂﬁf?§HL%%Vb CE6hPri ses at | east one of silicon

15, The method of claim 14, wherein the forming the isolation layer comprises forming an
opening in the back side of the substrate, and forming the isolation layer conforming to the

opening to form the recess.

16.  The method of claim [4, wherein the forming the isolation layer comprises forming an
opening in the isolation layer to form the recess, the opening not reaching the back side of the

substrate,

17. The method of claim [4 further comprising removing a portion of the isolation layer from

a surface of the TSV to expose the surface of the TSV,

18.  The method of claim 14, wherein the forming the isolation layer comprises forming a
first sublayer and a second sublayer over the first, the first sublayer and the second sublayer

having different materials.

19, The method of claim 14, wherein the isolation layer comprises at least one of silicon
nitride, silicon carbide, silicon oxynitride, an oxide, a polymer material, and a combination

thereof.
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silicon carbide, silicon oxynitride, an oxide, a polyner materi al
-17 20. The nethod of claim 14, wherein the
| ayer of titanium and

nitride,
and a conbi nati on thereof.

form ng the conductive | ayer conprises formng a
formng a | ayer of copper over the layer of titanium -18
20.  The method of claim 14, wherein the forming the conductive layer comprises forming a

layer of titanium and forming a layer of copper over the layer of titanium.
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