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STACKED WAFER OR DI E PACKAG NG W TH ENHANCED THERMAL
AND DEVI CE PERFORMANCE TECHNI CAL FI ELD [ 0001]
wanbodisemsmt s of the invention relate to PCT/US2006/041779

m croel ectronics technology. In particular,
enbodi nents of the invention relate to stacked wafer
DFAGKED YEABERQR DI PACHIACING WA ENFRAINCERD TETERMAL AND

per f or mance. BACKGR%P# %F nduct or
manuf acturing, tran 6 E b@mﬁggkég on a _
sem conductor wafer. The transistors and ot her devices

be inteqrated to formintegrated circuits (ICs)
I;S%Arlfg LrIPlumerous usef ul functlons Typically, a

pacEag gn oS I %ﬁis n orrgfgnﬁ(%hgllelyart]égfrj 1 1Céoetl%céromcs¥ec?mology In
ppéictler, ﬁmboélnm‘nts ¢fethe Eventidn 1ekye estRUvAMVaRYOPUR Palkaging with

r ov rforrran e of the transistors. Further,
elan?%ﬁ%?@ﬁaggdﬁﬂﬁ%ﬁg‘§ﬁﬁpwér faster, and nore
advanced, it has becone |ncreasingly difficult to

renove heat fromoperating transistors. Also, in
Bp4dKaRORNR he wafer or die, denser packaging options,

ked di e packagi be advanta eous.
R R L
seqnicorafab@r Wafer! YRk ¢ahsieAtand QMRY AbvidEVh&EBe ir 1'\%:6@9%}8@8 ﬁ"orm
heat sinks. BRI EF DESCRI PTI ON OF THE 3

infagEAtedh et GHCS) shat perfeny amm@robg/uamé;l fofctiexanPygcahd avetfer may

St e WBE Pl ARGl Foraraiagnse e
pér fuﬂmamteeafshem(l?sa[t rﬁiyelbﬁiznivant@@ébuls o pEhe tl{e%%}mfﬂc@of the
|Ilustrﬁtes a cross sectional view of a substrate

NS P teAs tepsisions brgomsdmetlere fastesrayidaenciadyanced, it has
bdcBahk %eﬁﬁ% )i@ffﬁ%gpto\%@ﬁvg R%}@ ?r%nec% e%agw%gisalﬁ%fsﬁ%at glﬁ\o Hp

havi ng a ba cool 1'ng devi ce.
paCkéltg;sg thatveafer aske, slendeir pmtﬂdagMgei@ﬁoﬁﬁ sach@tsheted 8 packaging may

R e L SRk S agl S S Sh e o

typﬂchlllfehf @h@vﬁf&&&&%ﬁh 9@@42& Vingys of a nethod for
form ng@heat I\gr eadi ng and stress engi neering regions

BRUJ PRPGRGN N OT FHE Dﬁllzb&MINéiSe

[0003] The invention is illustrated by way of example and not by way of limitation

in the figures of the accompanying drawings, in which the like references indicate similar
elements and in which:

[0004] FIG. 1 illustrates a cross sectional view of a substrate including heat
spreading and stress engineering regions and through vias connected to a substrate having
a back side cooling device.

[0005] FIGS. 2A-2F illustrate cross sectional views of a method for forming heat
spreading and stress engineering regions and through vias in a substrate.

[00006] FIG. 3A-3H illustrate cross sectional views of a method for forming heat
spreading and stress engineering regions and through vias in a substrate.

[0007] FIG. 4 illustrates a schematic of a system that includes heat spreading and
stress engineering regions in a substrate
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[0007] FIG 4 illustrates a schematic of a systemthat

i ncl udes heat spreadi ng and stress engi neering regions
wono@/seisst r at e DETAI LED DESCRI PTI ON 0008] | n pamius2®6/041779

enbodi nents, apparatuses and nethods relating to

st acked wafer or die packagi ng are described. However,
[0008r i ous kroidbsrenbedimeytsheppatdees aRtmeihbBotHlatRREo Yacked wafer

re,of. the yecifi details, or with other nethods,

or e PEHrEIng ,afeo?c’ SEMo LAY eYer VatigysaRbqdimenin gy be practiced without

oneVi lnhork BOYMR spELHE HELBS or %ﬁl%ﬁ&lnﬁeth&fs, ﬂef%gig i &nc%nﬁa:ﬁ)glents. In

not shown or described in detail to avoi d obscur
otherdpewtcss.orellsravousrustiyod inmtertads, of opdretionswentétehown or described

. S_Ai W, r. purposes. of. expl anati on, .specific .
in dﬁf&%é ?{é&}ﬂ r(r)wla)%Ce ring a Igecgsnog' VaHAS 5@1?@?@181]% ogﬁje myentipp, Phnilarly,
for purposed @f exSlaftion] shecidictoBiberigmatipdRl %@5&)&/’1@%@1@%& B set forth

. inpvention Neverthel ess, the invention na
mn 0&&5&9 Prodifie therough ypdasstandinglef e linvention.t Nevarthelss, ithe insention

. i. di t h ' he .
00 AL 09 S LR D
emboduegsasiown idrafigires seallgstrali 0ORPlesTRa bl kB hdtqecessarily

drasl 28, 0 m croel ectroni cs products, the packagi ng
TAYEISIEY of seni conductor chips may be increased. One

[000%gt hod fRy ddcRGESARISRG P ﬂﬁ&%tgf.ﬁ@tgorﬂf | bt dTRYe Jg%eck%%olgg density of

stack chips. In operation, e active areas
semipogdiaer diipspranesy/ingeasadat@nesubhdd fﬁriiﬁéreﬁﬂﬂ@.ﬁ]ﬁcka@ﬁg density may
whi may .need to.be rempved so the chi ps may
be t(P gt%(}:l% cl:hdﬂs. gl?xooé)gzl\,/altlyl_l, t% BFtb qrs,a’s qgﬁpesqt P& Cclips pray generate
subspaisBghoehts af A KkviSeRag aedd t%g)qul’ﬁbﬁ%i sogtgg El 1@% rr?clg function

i ntegrated heat spreader or a fan, y %
propeglip e PicABY.He singletehienaskaging, shaaklsild cobling devian geientas
tad racticabl e tq use backsjde cooling,
el Bl GG AEPRENL SR BASKELIE BERIADS, e
chipaornsgeméms & nesy don e ppatitddid iotuse Bhéldid! C%QIiﬁ% 8&lices for each chip
. conngﬁtlon routing. Briefly, enbodinents of the '
in the SREK RECAUSE ehtPremCmstfainttcr uerompatibilip with ¢lectyicab giromstion

bt I b - e _heat. fromthe .

o R G RS O e bt S AL RN SR R Dfeagee
regiggisivyithso afchipusubstiadanthat {0 hedl fBom tH MR tiR€ hick ©F HeehipPlo hable
[ Ll ude .an integrated circuit (1C having

a vart(f%l-gﬁg gg?lédgc%lwﬁ%@raﬁlﬁys.i ncl ude both N Channel Metal
[0010Ki de S@mMs aRAUETOsres MIF%E’\%?U?HQ hp irﬁ«%kg?tgc.l (c:{?:gﬂp ﬁb) having

Metal Oxide Sem conduct or ransis
transsigyp ovbe 1R angyentlodarboth &N Chareict Metal OxidesSeshioondugpe (NMOS)

Ly AN RN T W TN M
the peEyrieatzane eitlidreraRastbOfFBNGRsOhaP 8t Boplied to the channel region of the
transistors. In particular, a biaxial tensile stress may enhance the performance of both
NMOS and the PMOS transistors. Embodiments of the present invention may include
providing stress to IC transistors while enabling a variety of stacked chip configurations.
[0011] FIG. 1 illustrates an apparatus that may provide heat spreading and stress
inducement for a stacked wafer or die.

[0012] FIG. 1 illustrates a cross-sectional type view of an apparatus 100.
Apparatus 100 includes a substrate 140 having an active surface 145. Substrate 140 is

attached to a cooling device 150 and connected to a substrate 110 by interconnects 160.
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NMOS and the PMOS transistors. Enbodi nents of the

present invention may include providing stress to IC
wonrentgsetser s whil e enabling a variety of stackedTaisee/041779

configurations. [0011] FIG 1 illustrates an apparatus

that may provide heat spreading and stress inducenent
Sulfsgrpted 19tindkéas andeivioe layer di&.a the@NRhtidH Bgioh 120 vigs 120,@8d

- ti | .t i f t 100.
reg RS AP0t heb 6O S0 d ek sige 140 having an
[00a8} i Ve SSifsBeR 1UhTnaySHbRHE Qﬁfsxﬁ%@lte' rﬁateﬁélgmgc&v% f%a%:yMS

cool i ng device 150 and connected to a substrate
may gobide gt seitabla dovi®sb dnt paembdditeny stibstier 1a@0deay bea die. In

/ Lljzation regi.on 120, vias 170, and
ancpiRf 8bddien? STRAC LARhO e § FORE" 1267 bmbrdbepteioditsol 40 may
incjud04 3¢miBuhdicta@t dn bdRr BRYodinchtsdainanyte 34D h?a?' ificlude silicon, silicon

materials and active surface_ 145 nmy include any
on W§HIptoR eeTHAYEe L other mpferMBok] sreembodimbst pelistrate4d0meay be a

i j : . [ ate 140 be
R For S oD PR TR E o 2 35 15 P e
actige purgendds hory. indlndONMOS erBBId SRt sistors Wb RV R ed 40t Y ation
1 i nctdé de .silicon, silicon on insulator, germani um or

=Y R RLSICGRRE e BissAlISH, BB ORI R pad Dot anogimeniegbstrate
140BRayRink A8 a THIBRIpFHe§soR 2M ﬁ%%}%r ERbGHRRSD s{llgstrta@el{OaIﬂ%re i OExde a
odi ment, ace 14

about 2 to 10 im In an e active sur
metpely deristude NMOS or PMOS transistors, other devices,

00 P & < e Rand Biimal' bR o8 bhsblsmtiel o o ecalo

confi®y suberhtede0andsGhsARfOCIOS IR 5omé BmBHGLRGSs, ﬁﬂ%%@%lfé?ﬂtmay
substrate 140 may include a nenory device. [0014

inclpd 2pensiREEsyCh 6DCORRYT. Ha aamynbodiment) istenaneedtal 6Gundy fecyude a
| egt i te 140 .and substrate 11Q.

SOl AR oSy B R Y AR eHER i o7 the

devicenairctioe sursaee 44 IIcappabodilbn @ hiQOBRICREBH may include 3-D

. . interconnects 160 may include a solder. In an

Mtelp¥iSent , i nterconnects 160 may provide el ectri cal

00FSUL i NG dink hevidey B 1SHE RS AAR ]

[ eﬂbodi ment ,mlént er cg%(ﬁg%%/gg jﬁ.@%gdﬁéﬁlﬁ Iﬁ%ﬁfeﬁ%eoéﬁﬂcmm thé{ Temoves

heat frare pehstratectdd), Ii 80 tBbodinni, Rgolkiteydaicel 50 @y inbRidaAYeat sink.
syj t abl.e i or, structure_that renpbves heat from

tn YA ROTR, g o S Haminel thergnal éypideceagerial. In
sk, sy LI S . o
deviged &} may indlydepnonteerateshivatispreater. ol dnmgpditaentceocling device
150 HRY bie %Cﬂaglg ShG cgglri]rig (ier\]zicaepaset € ggt%vrées%}facg ?g fs rt]grmed the front side of
substrate 140. In an embodiment, cooling device 150 may not be provided.

[0016] Substrate 110 may include any suitable materials. In an embodiment,
substrate 110 may include a semiconductor. In other embodiments, substrate 110 may
include silicon, silicon on insulator, germanium, or other materials. In an embodiment,
substrate 110 may include silicon having a <100> silicon crystal. In another embodiment,
substrate 110 may include silicon having a <110> silicon crystal. In an embodiment,
substrate 110 may be a die. In another embodiment, substrate 110 may be a wafer. Inan

embodiment, substrate 110 may be a thin substrate having a thickness in the range of
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device 150 may include an integrated heat spreader. In
an enbodi nent, cooling device 150 nay be a back side
woaal7ioagrsdevi ce, as the active surface 145 i s PeETmS2006/041779
the front side of substrate 140. In an enbodi nent,
cool i ng device 150 may not be provi ded. [0016]
abogB e ﬂgu@ 1nEnethyr ¢émeddinientasybstatietld nenyrtetssthiradudstrdtd having a

. di t b e 110 may include a
thl%gr%gc gh gﬁ‘ger“ffbﬁuié FPe%‘ H¥%rbodi nents, substrate 110 may
[00i7c] ude Bélic€ Ber $19 inPhcAleialy 'dﬁl@éb%r devikies nﬁf‘éﬁ‘ Eﬂlb@&lment

other materials. In an enbodi nent, substrate 11
devigedpyrad 18 imaydaelufadiMigS srarsigors. dn piasber ea;rrhpsltratnt (lennce layer

trate 110 I licon
R RERGE ARG TelivoRe R ShBad i T T Sy e
plawb&hmatbﬁs Tt @Qnothyr dﬁﬁb(ﬁiu‘ﬁblﬁ, dévicelapdrngs n%(?lﬁglhlﬂ@ﬁ&n -planar or tri-

substrate_110 e a wafer. In an enb ment
gat%%‘%sesﬁ%rtsekﬂlbergg?ﬂl@@ma deehlayemkidrmaeinplide mRsisgors and capacitors.

In ahmn%ﬁﬁﬁélt' Rvidd8ay@ngs {i%g/%%lﬁttggfrgg s;}” o su t{art%?g(g W the side

mbodi ment, substrate
OpphSIW thg feant sifle klag bs thenbatchmdeaﬂ? gebsuhiteallOUIDeXidedayer MIF may

115 cl ude any suitable
lndggang(PqPﬂ”EW' r@?ﬁﬁﬁt %QQSP%% | ayer 115 may
[0018]c| ude NiMatiktian fdgddiPl 23} mé m?é?%ﬂ?l%& tﬁgﬁgﬁ&&%?td]evwe layer 115

deV|ce layer 115 may inclu MOS transistors
and gpgyoRiPwiER conrestive eoutiag ¢ 6miﬁlah®:ynpdmehwd dgpdlEpaion region 120

il BRSSO RS ERAL R v B Sl By M
matmﬁmdhf@fﬁmbcdﬁvlblﬁetﬂeaﬁ{&ﬁl 1d51érs FBYetalh Sl Erds iR @O%%r %{&ﬂ be
In an enbodi ment, device |layer 115 nma

rs.
S“b%ﬁﬁtaﬁﬁ ghandssegaragid fserb sechaatherbyoandnigrinyer di¢leeric (ILD) In an

e QRS 808 VR R LS e s o

via lagersi Bragn embafimiehie nebealliegion rkgibe @@y ercllRUL&Imber of metal

t on 120 na I nt erconnect the devices
layel inhg FBEe pEguinTT 160 o g mb i et agion 524 g

provi@e EtnBELNH to(il‘i’tgfb%? éobitssl6d\/q}1%%tlhéta(%rhl%{h ' &%taél%lgg%glon 120

i ncl ude any nunbe I nt erconne
may| pgefle cg@pah@u dnizycahinedte t6¢ theoughttend @b&s (nbtist@wn). The metal
ers of talllz%lon regi on

o S BT A0, B, RS AL B on

In af Eﬁaﬁbdiﬁ!éht Fi@Etab¥nEa 14ty df@ﬁ&élh%tf&n%% ibh 26 bk ?mclhﬁ‘e
an enbodi ment, the netal | ayers may onnect e

COPR%dj acent net al | ayers by the vias of the via |ayers.

i ncl ude
0 e iy | ey bl Ecoh iR 2ou sl S s Geroanen lor
dev1befs ianleeirh e, Inrmte@hﬂddﬁﬁéﬂtoﬂasf £ 88y éﬁgnmﬁyo@h%b&%te

nnection to interconnects 160. In anot her
110,¢ KailanshL 15, %ed anertpdmeilizasignaeeion 820. In an embodiment, vias 170

may be connected to a metal layer of metallization region 120. In an embodiment, vias
170 may extend through a portion of device layer 115 and metallization region 120 such
that it does not contact or affect any devices or metal layers. In an embodiment, vias 170
may be through substrate vias.

[0020] Vias 170 may also be connected to connections 130. In an embodiment,
vias 170 may be connected to connections 130 through bond pads (not shown). In another

embodiment, vias 170 may be connected to connections 130 through metal traces (not
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may provi de connection to interconnects 160 through
bond pads (not shown). The netal and via |layers of
worb@Elososat i on regi on 120 may i ncl ude any suit R0TAIS2006/041779
conductive materials. In an enbodi nent, the netal and
via layers of netallization region 120 may i ncl ude
showap parthe paghEole ofisulsstiziv0l I9ayWVips b0 vey omhriechiy cnitabdeitdnaigctive

' | t devi i n devi |
el b RS 170 Y5555 EPPxt end ¢ hr ough
[002Lpst 1 at €oddltiofkeMI0CRay e{de%]e%nn%@nﬁ‘o Qﬂéltnapéommﬁléts (not

metal lization region 120. In an enbodi nent, vias
shojgy. Bearcgpbretiment, eenngctinnsdB0 mayarrovifle pepadciizamfirand electrical
T=Yo] Lent, vias 170 extend . .
PR | 2 PR I gl 8 e i
routieg &rlsizstateoM(r dgiafRmbdingdne tohhdtiohd 13RSy PRIViEOIEIBGtical
or affect any devices or netal layers. In an
foug%gﬁisﬁ%%ﬁﬁajfe i0A0nd sybstipig, | Keandmosntion (b an pxtemal substrate, such as
it QP t connect i.0ns
P e ea mvaT oA oGO ABRES B DORRT e aR3Seper. m

anothsn pesbodiorest, teMnectiomulo thonthchidds soliet. Bhavwmbodident,
iment, vias 170 may be connected to

anot he nbo , §
confeHent 13 THEY s Gortllsdnlipse shindoanes (CAUREMBA) on t he
[002HCK Si dee@bnsSI@OShAPEHrdHded M @Dst0 178 n%ﬁ%g%? %d@?%nst to

sui tabl e conductive naterials. In an enbodi
devipp dasieny 1 §.nk ancembasivpent, repame 1R0 Goypectidon bedt3prendiyg region for

' onnection to _exterpal conmpanents (no
dev R 18 e B R e SRS R Mtagmens or
stress angimeedhd @gidnofor addcelagait IisC ah ah&tHéd b dapthert UREIIEY 80 may
may

1%0. I n anot her enbodi nent, connections 130
Proyjfleg herd sereadingiapd piress indusemenregion sendevise 14@r 115 Bran

- . e | ectrijgal
e e pions EATARY UM B0 ™ B PP e ey 160y
incledmevppti anl thay Baveexthzkingk istheSaneRtdF.absutald 18 0Rh. NreShother

l)circuit boarg PCB).I#P an enbodi nent, connections 130
em ﬁﬂ?“"i“ﬁch%‘&BS %‘é‘&é}l Inclydesappeiend aiydu ereihickresn ielbe rangs of
abok30 t68Y0 ILRE | S Rt HS]: rebfdn F‘Se(gﬂfgg ?r:;dﬂ?&t COgHIerpand may have a

_connections 130 may be contro apse
thicknganicthe tangp of abgs 80[t0 022 mRdy hootherldfbtyielierepidg i1 9 ehay

I strate. 110 .and. may be adjacent to device | ayer

md%#§%$ﬁ%ﬁ‘§%&fjﬁﬁ F?E%T egi ons 180 may provide a heat

[0023pr eadi Mg af@BéMYBRAMERVieERBNnb AE Mad hrctudd WidRond or a diamond
enmbodi ment riglons 180 may provide a stress

like parhor Bwisial. of damenklilagrimseniigalmeegi bnfohned g depsiting carbon
o LS T AURIRG CTRITTRY L ERSRRARD Rl 0
incldderdiateondcer d digrbnd like mhttrialhaving a thickness in the range of about 1 to
100 pm. In another embodiment, regions 180 may include diamond or a diamond like
material having a thickness in the range of about 1 to 10 pm. In an embodiment, regions
180 may include diamond or a diamond like material having a thickness in the range of
about 5 to 25 um.

[0024] As discussed, regions 180 may provide a heat spreading region for device
layer 115. In general, a material’s ability to transfer heat may be the material’s thermal
conductivity, which is given in units of Watt per meter-Kelvin (W/m'K). In an

embodiment, the thermal conductivity of regions 180 may be greater than the thermal
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enbodi nent, regions 180 may include copper. In an

enbodi nent, regions 180 may i ncl ude copper and may
woavg/aotshi ckness in the range of about 10 to BOTMISRO0bM41779

anot her enbodi nent, regions 180 may include copper and

may have a thickness in the range of about 10 to 120
comiuctivity effrsubstiatelil b rhysinghiad nsbel@thovay froncdavite 1epRes more

and may h t hi ck, inth f about 80 to
quighly Y reefons 5P HEn YEheaT FEYIoUs BRPeTiEeR SO RaYa(E hef Bt
incgﬁnig@ﬁ_{cow(k toowaraodRakiibad 850 m|L1§) Befide 'dﬁhﬁaﬂﬁf) @elg)oo W/mK),

odi ment, regions 180 may I nclude di ano
diagiiondditrd nhatkial c@dBo$ O0aW en-KaJ or cAppirdAhw/mike lnantembodiment,

mat e al __may. be r me depositing carbon.at, a .
res s BP B P Spber ol e P rrob T frtomh it fromyleviee
layenboxi Iﬁﬁﬂ_tembbﬁﬂﬁém,_sre%@ﬁs IRy mia P GhHOLtheHRTRBAd R vy that is about 4
di anond |i ke material having a thickness in the range
to 2} tigppgieater then tipotheimal candussvite of eibbloate dedt In ansgiesns

' ' i d, i ke rialn..
en 388 sk PR, 86y SR P TG B
grehter énnehdihding tbnduceigltp 08 subSRatgay 0. Neanielabetiment) g gddnsa 80
di anond |i ke materi al_ having a thickness in the range
may haggms thermakgnductivy thayapahound to)] & Himes apater yndhe thegnal

colB¥iREPYE HBstftd ¢8g. Spreading region for device |ayer
115. I'n general, a material's ability to transfer heat

[0028) be tAs disetsedakgiond h) may poovidbustiess/intiycenvdni oh desice layer
iven i.n units of Watt per, neter-Kelvin (WmK). In an
115 A Sigryal fignsile pgess F@ﬁaqi br gie ey 15 gy %ﬁq@w pgormance of

botHAYMDS SIFAIOK tfAGiBrob I8 debRE MRJeE 1 Unlan\dninbdfthent, regions 180
substrate 110, causing heat to be renpoved from device

may &y siress BBgimperéngyiiiueirgs. wi t h regi ons 180 than wi t hout .

vario nbodi yent s, substrate 110 ,nay i ngcl ude .
190281 ¥ con” (55 6 OTRE. ShdS e 186 e i Coetfcien of
thetth@lreapshsion (UIF) nibibich beivRABINOMhtekigls BBEstrateS] 10 and regions

(~400-500 WmK), or copper (400 WmK). In an
18Gnbodi ment regi ons 180 nay enabl e substrate 110 to

t . i . i .
oI = = O RS S0, 0 T (B gy 15
operatndue tanvietatuteliathd mngdeflibodt 30to2Q 08¢ el rggiens €80 mbgmclude

the thermal conductivity of substrate 110. |n. another

COPRRHRIATE . g ,’cem%qtgwsoffggutr%;o Rive I Qu‘qg @Rgmbodiment, a tensile
strét%ﬁ gﬁ? %E icMiided ohlRYick $ayRP P ?tQtE% g%&%iﬁge@%?agﬁﬁﬁbgéaugQé(ﬂ)per has

' ermal conductivity o trat
a highodThelen, siliegiand shal 8@ ssrfiye teayperaure o€ tiresdopper is the plating
conguct RY s _about

renfRE e i Soboilinen s o Ot pe s L1 i sibsiate 110
and regions 180 may be disposed at temperature below the operating temperature of
device layer 115, causing a tensile stress on device layer 115.

[0028] In another embodiment, substrate 110 may include silicon, device layer 115
may operate at a temperature of about 90 to 110°C, and regions 180 may include diamond
or a diamond like material deposited at a temperature in the range of about 360 to 440°C.
In such an embodiment, a tensile stress may be caused on device layer 115 at the operating
temperature because diamond or a diamond like material has a lower CTE than silicon and

the stress free temperature of the diamond or diamond like material is the deposition

temperature. In an embodiment, regions 180 may have a lower CTE than substrate 110
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[0025] As discussed, regions 180 nay provide stress
i nducenent on device layer 115. A biaxial tensile
wernEgsoismduced on device layer 115 may increaBeTiUS2006/041779
performance of both NMOS and PMOS transistors in
device |l ayer 115. In an enbodi nent, regions 180 may be
andsqegl@gs 1&01912119!@9 rdllspgsedtat tembperEere z{bﬁﬁaﬁie opb&tiaf te@GSerature of device
on devi er 115 may be caused by a
lay%r f F%ﬁs&%a tS’PSlfeﬁéfFﬁ%l Ega@r%ﬁ CTE) ni smat ch
[00Rg] ween ThetemBileedticdd on Bk dRiReld fﬁag‘ ﬁ‘ﬁi%&Bﬁ&' dehsile stress.
180.  [0027] In an enbodi nment, te
In gnpaphpgiment] the densilel etvess eﬂalydgpen tHelBngeyf abpet & ¢o atGPa'n In another

f ab O
o SR CMTEAE IS G, T AR 80, €, 305, 90y
embﬁdlmbmuﬂlezaasﬁle sﬁ@s@ mdy'besit Ghe RRge AU Rlte 3431‘219 nsile

b d d I r 115 at the
0030er 5t i G éﬁﬁﬁﬁﬁaﬁ%rtyggebsﬁ&éeuagé&cmgctm by fivisractvEor front
h f f.e ure
suﬁgg%“gbg?xhltéé S&qug %ub%%rﬁ@slzpa (:Sﬁ%es evr%e ]?Pforé‘rﬁl,?hed to its

back egie@and sdlm ateaM Ohm‘/led@ H&agﬁwadﬁg&nﬁﬁaﬁssﬁﬂbﬁdeﬁ@hﬁre s 180 and
be di sposed at tenperature below

torR8 s iy e AP RaR e odstiews | Byet 1L sksigauPngver
nunﬁeré@kﬁhé&oﬁﬁgﬁ%ﬁoﬁ}n%eyé ﬁ:x%llla@llée%g]lﬁéstrake%qg%d i slubstrate 110

anot her enbodi ment, substrate I nc
maysglude chmastons] B3 Oneonopesicas d3Atmag fhcahpm @huesionfto altedwck side

of Lot el PRS0 PR s P e g e s

1nd11défneﬁﬁﬂ&gﬁ)n@En@ﬂﬂblﬁgh?&gsﬂré@e $40C dadiEluamagihodi,aent .
a tensile stress & be caused on device |ayer’ 115 at

SUbitf?éeSosﬁi@ﬂ%quﬁgb&t@ﬁﬁp @i be gedmdse di anond or a di anond

ke mat a han silic
mﬂilt]r ess f}friges ? érrphz?ilrl lgt éﬁaﬁggo e%rcﬁl ﬁ%ﬁ IQ%W(?VH%H’(Y ??glr}gl apg stress
induvateni rapions farhestabkpdsiafdrondieenper ature. I n an

odi , fegions 180 may have a |ower CTE than
00F ot r atltr 204 Hestiodegiog Db tys 2 insdudin s podistrater? 10 having a

Vi

ok S RN Gy RSP0, LETRBLANES, Ayl A8 mey v

attaqmg to pee2@} (Thehdvems such as tliels silioon, iye lﬂmﬂirtgelayeat)(@cst si@yn), as
an, enbadi nent, the

R S o 5y
any @idber ¥ rA&aL 1A9Ers 8AD OHi1ARAL segﬁﬁ?edt%bllegtrétlﬁa(?&?alyaﬁ(p BA

in the range of about I to I n anot
illusgriates @nhvene, methlelayerrin¢liding nretal Kzatimy 256 aind dichetricaliefoothe sake

R X N NI T T
layers in the range of about 1 to 9.

[0033] Substrate 210 may include any suitable material. In an embodiment,
substrate 210 may inciude a semiconductor. In other embodiments, substrate 210 may
include silicon, silicon on insulator, germanium, or other materials. In an embodiment,
substrate 210 may be a die. In another embodiment, substrate 210 may be a wafer. Inan
embodiment, substrate 210 may be a thin substrate having a thickness in the range of
about 2 to 10 pm. In another embodiment, substrate 210 may be a thin substrate having a

thickness in the range of about 2 to 5 pm.
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surfaces by interconnects 160. Substrate 140 incl udes

cooling device 150 attached to its back side and
weoeubstosetse 110 i ncl udes heat spreadi ng and str @6%/US2006/041779

i nducenent regions 180 and through substrate vias 180,

and has external connections 130 on its backsi de.
[008dlever , Davige loyes22 may insbrleiagy seitabbndeviey. ean embodiment,

[ . i Lu d i.n FI 1., substrate 110 may
de % b S e, B b S o A0 T e
22(f may irichalePNOBRLALIKOR. LA ah RebBakkens | @eicelay@pob ﬁfaﬁ include
substrate simlar to substrate 110 that includes heat

plangs tRges i dndnetheresbodinarie it I BAsmasnigciude oogrplanar or tri-

: eryi nner ever al .
oS URSRA G0 1Y PSpl Il 80 ASU IR EYES Gl s
DeYiCOBY$r F20GBay RBRAE ahy kombinatien 6f thetbdekstifaid 4mYe. In general, the
ovi de heat&jzs r eadjbng and stress inducenment regions

front side T Syl Yt Doforkidsred tho Sy hivine dovics layeci0amds

met@iz@RRPF3ln24400d inchdidisng & sﬁm{erﬂbemé}ge &%Bﬂgfh% front side.
devi ce | ayer 220 and a netalli1zation region . I'm-an

[003%h0di meMetalligation agicn Z0magintdreorictathb devites of deaics lder 220

AT AT L N

metdhizafibrRp . 23WehA intHat bANsIiR81eQBndRivERYatdrd. gﬂeanany
nunber of metal layers and via | ayers separated by

embgdgnents the eneitltead ivid leyers pamealizatipw segict 2% mmyd ylcibmie copper.
tal | [ [ tallization 250 an i ctric

1003824 or A ndiBed B % 3 B 36050 e o b e BERSaE or

substertal 10. ZiadyicoP6G Gl 6B f&%&d@%n&@ﬁitéﬂi@te@%%gg?%d 2hy BELA)

.layers in the range of about 1 to 9. | Substrat e
suitghlg TRk Arambasymens; faaen 260matieinchide cpppeaiand may be formed by
latBiED 4l t i nel em conduyct or..
Pl AL BBy T OG-SR GRSy
platgigl 4t @ tempegatuiciorihoranga shduaoto 3QRET, NRAknwMbodim&ithiayer 260 may

. ials., | odi rent,  substrate 210 may be a
incl{F SOpp Sidabie Bvs O REn o1 (e BRI ABou e T8 another

emboefrént, hyer2B0 HHIALEINBE Eopﬁgi“gtﬁf 1‘}13‘% Eav?e]é)thme%geln Fhd Ilﬂh%% of about

substrate having a thickness in e range of about
10 tp 2@ ndn an embedinieat; layeb 26 mepinchsieboppataad 244 lnwy alikickness

. . . : . ¢ .
i 0 Ry BRI TB 1 o B ifigE dovsB bty Pl raopper wit
dianeond muidlesd| e devices. I n an enbodi nent, device |ayer

220 may include NMOS transistors. In another '
[003hhodi méman cabodiaent, dgssr 200 oapranclidecdiamiendosdiamond like

a0 SO b TR 8y B T AR e
matcie demositey atra BaMermayre imthle talezenIAbehiBBato 2404, | Bahe
embodiment, layer 260 may include diamond or a diamond like material, substrate 210
may include silicon, and layer 260 may be thin relative to substrate 210 because diamond
or a diamond like material is substantially (about 10 times) stiffer than silicon. In an
embodiment, layer 260 may include diamond or a diamond like material and may have a
thickness in the range of about 1 to 100um. In an embodiment, layer 260 may include
diamond or a diamond like material and may have a thickness in the range of about 1 to

10pm. In an embodiment, layer 260 may include diamond or a diamond like material and

may have a thickness in the range of about 5 to 25um.
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transi stors. In an enbodi nent, device |ayer 220 nmay

i ncl ude resistors and capacitors. Device |ayer 220 nay
wonael7wdersany conbi nati on of the devices |i st edrabmgen6/041779

In general, the front side of substrate 210 may be

consi dered the side having device |ayer 220 and

[0038] al | i ZakidRussedbbsvelde calrﬂdnﬁdmataabétwamﬂlayaf26o and substrate
substrate 210 nmay be opp05|te the front _ side.

210veps crysg fttersple rStégﬁséﬁ bo plugedon ﬂw&e&@%‘é@evméas@é@% égrmg
ophidlhGE chRlmd Ane CEa R 9K ARy GRONERL! B f\ITNG:

ext'ernal conponents met a ayers of
subﬂﬂ%@ﬂlObﬁﬁh@ﬂrE@gnmmbaﬁﬂnnﬂmtanmhu@&maﬁwkswﬂkamkenug

SRR G I o, ST P I o
lesér:m&lsﬁ glge ?i‘ﬁ Q$ @bsﬁ'ﬁte'jlb%ﬁﬁ rlegfeﬁ 86t al bSroraRd a®a k@ SdratdfDabove

ormed on the de of Substrate 210." Layer
ﬂwzﬁﬁnmmgt@mpmmmnﬁﬁkbymam%wBQZQable technlque and may be

B, S A2 . 1 A RERREER Sk 7 e,

su@,ff@ﬁemo &iedh rztzo d Forabn 8@%&@1&@@@@% mne%kp@sred

e forned atlnggat a tenperature in the range
mew%émlog @50 003@@@; 2791 n@l be foweidrnany suigide tezBoigpgyIn an

emb n(% Igﬁg 27@ Oy TR %ﬁge}{il?r eftroﬁﬁéﬁa,g%spsﬁte#n[n(n{){]ﬁlo ?gg 6ayer 260,

theﬁ&tbhﬂr@lb%@@QﬁMaté ndo,raryics amer 220, hing kipesiton df rhds’telhzatlon
range of about 10 to 120nmm In an enbodlnent

reg 9rfld fnalhsmosmsdhe ntermmln Woallmﬁmcwﬁ@élsza ign 2R may
act fggg €tcll stoﬁ;b(ﬁﬂg'ngsag ctdh &%%68&%51%{% ggltd?g%e gayle?%égé ajld a

pottion af rrmtdihrzhtm m<tglorh ama r In2@mCGnbaydimert) uhel patclbra mnmydnduda

di anond |ik I n anof he . ayer
Dh B Ry GGG £ B U OB B8 1 Lo e PR cap g Trough ayer
26(§i %QQs?faEeeﬁjl O""Heﬁcé RYBEI Y Wi fa b&'tlbﬁ ®f friéw}fza@it)n b 23$0
44Q0C. Tn an enbodi rrent, " | ayer may ude

[00<40hrmnd ovs iBustiatadon F1Gi X2, aneinarlitar 280smas be é@rmeﬁmehmﬁning

li.con | ayer .260 nrelatv to
27 L 9 20 1 e SRy B R0 PP dmi e Rl A b8y
inciRfe@hl @hitdble SRR M aaldnybodaRaiit indatol DEBMa$ indiddra nitride or an
than silicon. In an enbodi nent, |ayer 260 may i ncl ude

oxidp-aFosriesbodimenta irsRiatari2Re nxtherfprmedbia AeRpsiiane a
k
oot e A8, 2 Y208 Rl BT oyt 200

malyibé dorimddetsyl aly mﬁﬁiblﬁ'&)chhﬁme I ahémbodment, ndé\hﬂlsrmi)gaawbe
abo%lty 1tol Qm (g an errbodl ment, |ayer 260 may

forpieg Dy e 2@HSAHBNE S of RUIAFNEY i ke nmterial and
[0042] As illustrated in FIG. 2F, a via 295 may be formed in opening 270. Via

295 may be formed by any suitable technique and may include any suitable material. In
an embodiment, via 295 may extend through layer 260, substrate 210, device layer 220,
and a portion of metallization region 230. In an embodiment, via 295 may be a conductive
fill. Via 295 may include any conductive material. In an embodiment, via 295 may
include copper. In an embodiment, via 295 may be formed by plating. In an embodiment,
sidewalls 290 may electrically isolate via 295 from layer 260, substrate 210, device layer

220, and a portion of metallization region 230.
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may have a thickness in the range of about 5 to
25mm [ 0038] As di scussed above, the CTE m snmatch
woebomsorskayer 260 and substrate 210 may causePa@r/US2006/041779
tensile stress to be induced on the devices of device
| ayer 220 during operation. In an enbodi nent, the CTE
[0048] | ayer Irﬁﬁ{)errrhgdimentg cemteetionsmaay behferGddEon theshabkdidad substrate

er 26 fornmed. at a erature bel
21t S o CoRpdRtrb s GRGlsnsaty dydr DooR. 1n snofher
em%mhiéﬁf t&'ﬁ&ﬁééfﬁﬂ&mwﬁclﬁﬁ@% bed ayer 260 may be | ess
than the CTE of substrate 210 and | ayer 260 may be

[001461' med aFIGS.t3wpHrillusirate amethed thes noyygraridageat spreading and stress

er at ur e of deV| e layer,.220. [0039] As illustrated
mduc nEieghums t§’h 2 gigeks % f%y Y%y be formed in Iayer 260,

[ooaspst rat BIGBA 11ﬂ@t¢at§§aﬂ Fat2400 ifclR@ikiadb&fate 305 having a
rretalllzatlon regi on 230 to expose netallization 250

devysdaysig 19 20d payetpibizationtegiony | anllesliization ecgioe AR mag include
an}J fhrfbr %Fﬁ%?il I"S’a? {' ggro W}%rzg@é/ Fgﬁlefle %%a{e al%t FIG. 3A

formng a
illustrates oxdy Ioag' ﬁretaZ 6Qer Bﬂhﬂiﬂgﬁhﬁa&k%oﬂﬂﬂ arl dielyatic 220 for the sake
ion 230, and finally

nd a_porti n of mstalllzatlon re
of clatityy Hhen PHEOHHIENb A alliFriion Teion Al HERY Makded TuBbaRosmctal

layg@@nmg)fa Ofadgom gteh stop during an etch of |ayer
260, substrate 210, device |layer 220, and a portion of

[00dek al | i zAppoatus 8G9 ofso 2B0udek bandlagﬂnmh BRMand 4 barier 335.

ncl ud hot qr esi st. .l n anot her .
Bol it R ar i35 Tyl S g o i egodiment,
cartiél 333G hay B/ BlickZionS UR A Eﬁ‘ab@dl?rflagt cHeNL 685 (?ﬁclg@an actlve
and a portion of netallization région 230. 40]

layen and gnqtallisatiqndayarsy nop fhovam. iImewkmbodinegn bnatjllng@yfeoaifrfbwd
carxgé/reir%gg%m&%e%@d and | ayer 260. Insulator 280 may be

any Sui't abl e techni que and nay i ncl ude any

[0047ji t abl esmtrefeB@lS mdyninald€apogiitaBRmatbias!| Bf 87 crd&HiMBt,
|ncIS§§ a nitride or. an oxide. |In an enbodi ment,

subjstrale 813Y218‘6u¢?a%/53@@0?r&uﬁ@6 Byotherapipsimenn, subgig 30 ymay
I r
Illclllslih% E‘lﬁE g:gg% s@‘é er?ﬂ gﬁ‘b : Jgﬁ){/}?eg %ﬁ%ﬁallsb eIP eagﬁa%%dlment
subftrate aos;mmmme; Insarxdéwabﬂnbmﬂ%nﬂaxybshetef J0sRaly bya safer. In an
sotr

e 00 SR8 A B Bihe A e o

aboRPZR MW7 Qn aMbtﬁe@xe?&odMerQesufb%ﬁE@O?Yna?@é 2]t s%BLt?ate havmg a
techni que and may include any suitabl e materi al

thickpesg din thermengasfzboai? teelyrmxt end t hr ough | ayer 260,

003t 5 i R 250 B B8 LR S
deviteYayee 380 ey dhelhde/KMOS transistors. In another embodlment, device layer
310 may include PMOS transistors. In an embodiment, device layer 310 may include
planar transistors. In another embodiment, device layer 310 may include non-planar or tri-
gate transistors. In an embodiment, device layer 310 may include resistors and capacitors.
Device layer 310 may include any combination of the devices listed above. In general, the
front side of substrate 305 may be considered the side having device layer 310 and
metallization region 315 and the back side of substrate 305 may be opposite the front side.
[0049] Metallization region 315 may interconnect the devices of device layer 310

and may provide connection routing to external components. The metal and via layers of

10
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fill. Via 295 may include any conductive material. In

an enbodi nent, via 295 may include copper. In an
wenhodsemsnt , via 295 nmay be formed by pl ati ng. PCI/US2006/041779

enmbodi nment, sidewalls 290 may electrically isolate via

295 from | ayer 260, substrate 210, device |ayer 220,
metghézatiop 632i9rohl Somhayrerchideiany sitable egidoctiv230atpd43]In dm an

' t nnect | ons fornmed o he bhacksi de
em@@&%@gﬁ%ﬁq@e‘c& V(lz?,] egwg%tﬁ%aﬁmg ﬁe%%glﬁ Wéﬁfl”lciltl opper.
[0060NNnect | apslluvakteBen EAG PIBRAS entR 3@@%F Bk feiRRdh WBrate 305.

he connections may include copper. [0044] FIGS. 3A-3H

Tre}ﬂPhﬁ 644 may de dormedtyny truttabiniechhiaus. die anecmbosipnesdiragh 340 may

be 892 B8 N B GO Pl Lo RhESE ot gin s
303, acd fidalhygremowirpsthe pateer30hm ivsthblidestethegatbansty Bdlde a

nd .a netallization region 315. Metallization region
pm@@@“ﬁhy i ncl ude any nunber of netal |ayers and via

[00:5|ﬂ|y ers sgp ﬁﬁﬁ&?@d By ret 8lcegh ﬁﬁs}‘f{lla%itﬁ% in?elafislﬁr]egij(:)lrrgéd 80¥r trench 340

ustrates only one netadl layer inclu
andrsubattdte 3Qft. i losnl8@5 34hthaglibe femtediby 32Cuftshle tdaknigak endinay be any
i ment ILl'i zation region 315

suiieS intal & sihegmegt Hﬁiélagﬂ%ﬁéwsm?lﬁdi hBItH g feangyide.
[00sdj0ut 1 A©ilRstrhO@ABFIABRPALBEMESRD AhShe i&niﬂlfri]qlé&' ﬁgglg@aggé 34,

bondi ng Iayer 330 and a carrier 335. "Bon
subgirpde @i end deggs layen3 Wetognpossunetalbivationatgion 311§. Openiaps 350

ma B RGNy oo Qb el PR bt s 13 86y be

formaetibyréitsafdrintig 4 pavtdra st ShdwidtonSiAEWRbr 349) tiRR etching insulator 345,
i ment, bonding | ayer 330 and carrier 335 may not

mb
Sub%@t%g%l ang devieq lagerbhls andfimdly rempvingdheipriteamyInsan mvfimgienent,
[ di St at 05 . I hclude. ..
the Bl e R R e SR, Do i PRt A fzation
regimay 1§ nelyadeassinl dtctostop.si | i con on i nsul ator, germani um

i als. di nent, substrate 305
1005, bo ATTESE BrrrchaP hBouniEac mebe fommes moBoRnES
350R8d MR @T345! MnAtSBdhAER f(or&lla‘@ §§, %65% Eui?a%ﬁ; t@aéﬁi&fe Ad may be

thin substrate having a t'hi ckness e range o
any gpigable matepiall Onramentbodimatt hiesulenbdsh meninchsisksiitridear 30 Dxide.

. hi r at e hav.i a thickness in the
In aff BTl ST B B ot ofisslores (agerebinteggeion)
fronh AUstige 3@5¥ng db¥iad]gedeN). ces. |1 n an enbodi nent, device
| ayer 3 10 may include NMOS transistors. |In another

[0034khodi neillugteajedsia H 1&gy 8F, a break-through etch may be performed to expose
metallization 325. The break-through etch may be performed by any suitable technique.

In an embodiment, the break-through etch may include an anisotropic etch.

[0055] As illustrated in FIG. 3G, a pattern 360 and a conductive fill 365 may be
formed. Pattern 360 may be formed by any suitable technique and may include any
suitable materials. In an embodiment, pattern 360 may include photoresist and may be
formed by a photolithography process.

[0056] Conductive fill 365 may be formed by any suitable technique and may be
any suitable material. In an embodiment, conductive fill 365 may include copper. Inan
embodiment, conductive fill 365 may be formed by plating. In an embodiment, conductive

fill 365 may be formed by plating at a temperature in the range of about 20 to 30°C. In an

11



10

15

20

25

30

310 may include PMOS transistors. In an embodi nent,

devi ce | ayer 310 may include planar transistors. In
wanoizse7senbodi nent, device layer 310 may incl Bde/US2006/041779

non-planar or trigate transistors. In an enbodi nment,

device layer 310 may include resistors and capaC|tors
empedjiineat, ﬂ@}m‘u@n@f somyluétivelfildie opayingoBdl may fam torduetive

o S D e TSy b Sl s
a stkea;y efigindddingtEgidR biadl Bfolfﬂie' OBndiRGHEE ch ée@lc%rl?)éetr o bﬁ‘?%ﬂ

si de of substrate 3 be opposite the ont sid
embqstimont, gaductive Al 365 w@awciﬁfglmv than the O ef:iubt’dnaie 305 and

10 a V|de connection
conl B30 B 58 NG AR PR BRI SR SR o
deviayleys 3ot)nrm al éch&hhﬁﬁt b@giu@ﬁve”nﬁﬁ SHﬁ)halyrlﬁléé' @ﬁ“EQiEééttﬁan the CTE

itab conductive materials. In an enbodi ment
of %H‘Ei“éﬁte %Qeﬁj %Pnﬂasié@sﬂlb%%@ﬁfaw foz"meri 6ha tesgienatuB B oRmihe
opekaﬁﬁ)lrll%gﬁ%&gﬁ?@!gf %e[v%qwel §§0 ill cﬁ%e%togglp%ﬁéﬁg%f copguctive

trench 340 ma e forne |ns

fill @Yy indteericb 3ke aindwprawyle s lhezitabfeedifng @bgiblﬁ] ﬂﬁ delide dyer 310.
be formed by first form ng

0057100t t or i LAERSEEWRIC GHL Satige Pa0 S0 rophin e ielgoc 370,
con8udIsisiak ear%nn@d?%ng B @Y bk ?M?@dgg &ﬁﬁlﬂ?ﬁ&eeflﬁ] 344 "DMectric

enbodi nent, the pattern y inc resi st-
370f euBiuptors3 73, hudcommeetibris 3 SFhGy 18Gprmed bywaml aﬁﬁt@ble&ékﬁmlmly and

maypfehE TR SRHBle LERNEN 1240 A SRR LGS 390 e Medcrntad by 2

splrﬂnymﬁthloﬂam £n BRb&dihRht, céﬁu@%t@ﬁ@ﬁb{'ﬁ@ tfomieﬁ%'ﬂll AyRerm 4R,
include a nitride or an oxide

Patthni rs@pw%lt &l plating procsm, Inpreembeingsn cwu@pctms fnay medudercopper.

d d | 0 to
s 3 e SRS AE LGy IR BN BBl Spbcions
3830 meayrtedfobytediby a S4i praddse: InemiumbdementNciite €NRRARUREMy allow flip-

enin 350 be formed by first formng a pattern
Chlp(‘}r)? e‘gﬁj&ﬁﬁ)‘i SBQ&%’ S¥cdy asra pyipted girrat beethi ng i nsul at or

[005¥15, subgbr atigusA9Rs a%??celg%()bc n,gét'g%‘%foof’f&% fﬁﬂe sp tprocgssyor 410, a

renovi ng the pattern.”Tn an e ment

menfxmy 412ﬁ;;a mﬁmop,héat(b m@ap}mcs proceasor dAD oddlispiay prdib@oﬁ%(? laGhetwork
act as an

el B BB KR S a” Bl i s hcimen
)l i S
systemi408 pay ipelufen eas sareddimaypnd strfa‘:n ynginedraty regivatae dlsalhssed
aboxlep Pglﬁthgg%gg Q?Jnéé IonS U gltd?ﬁrgwgg nﬁgﬁlﬂ | nCl ggg Wgc)%,atc {nge
incheligg hedt epdehding BB ’st@és@ eNdiRgeringir8&bEs eal lzfrgé hivebest BWbinations
of stacked components including heat spreading and stress engineering regions may be
available. In an embodiment, memory 420 may include the heat spreading and stress
engineering region, and memory 420 may be stacked with processor 410. In an
embodiment, system 400 may include a second processor (not shown) and the second
processor may include the heat spreading and stress engineering region, and the second
processor may be stacked with 410.

[0059] Reference throughout this specification to “one embodiment” or “an

embodiment” means that a particular feature, structure, material, or characteristic

12
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fromsubstrate 305 and device |ayer 310. [0054] As

illustrated in FIG 3F, a break-through etch nay be
woeodmsomsd t o expose netal lization 325. The PCT/US2006/041779

break-through etch may be performed by any suitable

technique. In an enbodi nent, the break-through etch
desmalyed inclonuketian vaihi tho tmbpdicmeat ishincfd¥A5H kit Westionk eabbainast of
thels b ﬁﬁi gl pattern 36g ﬁg_a cpnductlve fill 365

ﬁ%‘an 8t bPe e ABREATRGSS bR SR 1R ORFEMbRJimeR(’ or “in an
emBtif@R 8n VRGARI IR '

nater?glstv In an e%%ggw%gﬁgﬂﬂ&%?agfﬁﬂ%%%yhgﬁﬁ%ﬁﬁﬁugrd%mmg
to ther ey @Qb@hméﬂ’fcbfrfhw inyentfay. rfedtheymaere phe pattictlao firaapky structures,

maf%hgﬁeér ctha{)ag{% IF CS%ﬁlliQ}g C}J | V@n%{t&p %2685%%}?% m%?l]é%lolé rglelg OIbXIOI'e

mnhﬁiﬁmmﬁﬂ In an enbodi ment, conductive fill 365 may
incl ude copper. In an enbodlnent conductive fill 365

[0080) be fHindenydpisiaodiieat thapbere desstntiomistinteodutiodiei ve

111u§th{et vre gﬁﬁeﬁg?esggctfcvgr ql?rQ)Yhfg S%tbl ?%mg%s e\?%lt bgen%é)h%tny {ohtgose of

ordmarst $kalh unﬂhe edngon trd:wmfngltlhe abdve destkipgsn. 3PRe sRpe bOMMiAvention
ShOB%nglgctlve t hrough vi a an enbodi nent, the portion

Frftrer be detemiineds R F?feﬁeﬂ%@ﬂh%an@eﬁﬁﬁ;d ¢laip, alosg mathgthe full
scoB&Hf %Wa'léﬁ% %%19@3&%@12@&9\5 ed&tl"f)ie{l ensile stress on
devi ce |l ayer 3 I'n an enbodi nen conductive fil
365 may have CTE greater than the CTE of substrate 305
and conductive fill 365 may be forned at a tenperature
bel ow t he operation tenperature of device |ayer 310.
In an enbodi ment, conductive fill 365 may have CTE
| ess than the CTE of substrate 305 and conductive fil
365 may be forned at a tenperature above the operation
tenperature of device layer 310. In an enbodi nent, the
portion of conductive fill 365 in trench 340 may
provi de a heat spreading region for device |layer 310.
[0057] As illustrated in FIG 3H, pattern 360 may be
removed and a dielectric 370, conductors 375, and
connections 380 nay be formed over conductive fil
345. Dielectric 370, conductors 375, and connections
380 may be forned by any suitable techni que and nmay
i nclude any suitable material. In an enbodi nent,
dielectric 370 may be forned by a spin on nethod. In
an enbodi ment, conductors 375 may be formed by a
pattern, etch, pattern renoval, and plating process.
I n an enbodi nent, conductors may include copper. In an
enbodi ment, connections 380 may include bunps. In an
enbodi nent, connections 380 may be forned by a C4
process. In an enbodi nent, connections 380 may al | ow
flipchip
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connection to a substrate, such as a printed circuit
board. [0058] FIG 4 illustrates a system 400. System
waQ7rmay7skncl ude a processor 410, a nenory 420PC&US2006/041779
menory 440, a graphics processor 440, a display
processor 450, a network interface 460, an I/O
Whahtséﬂﬁla@dlswo and a communi cation bus 480. In an
errbggll mﬁ%}am Menor.y. . 420 may include a volatile nenory
‘ conpong ﬂﬁomBF T'#ie conponents in system 400 rmay
i nch utéeallazdﬁeﬁtregﬁ@r{ RRAId qra%w ESRetaMayae %ﬁ NBvicg %eﬁp of a
as di scussed above. Furt as di scussed above,
subgiraey osed i nvention enabl es chi p stacking incl udi ng

he re erin A |.arge

nu?réb‘éé 0 co:%g%l%g krlglr?ssugérag %5{:@8 dﬁ%‘ﬁ‘bf%&ﬂ‘@ oRtcting %é“etal
layetre'atthesrpetaﬁtihn@tmgdmsam@ss engi neering regi ons may be

avai ] able. | n an enbodi nent, nenory 420 may incl ude

t he? PRa&SDIE l%éﬁ“ﬁ%}f eAh BISIRGeEE regig Hetde suhptiniegindradjaaent to the
devi®@MByey. 420 may be stacked with processor 410. In an

enbodi nent, system 400 may i nclude a second processor

(not shown) and the second processor may include the

rea nd stress neering region, and the
2. Co o Tr kel sy Wherett S Rett S 04 SropsSpcerng region
con{@efseg @r t hroughout this specification to "one
errbodl nent" or "an enbodi ment" neans that a particul ar
feature, structure mat eri al, or
Gl described in.c nnectr n wth the
err‘f)‘f(:) ﬁ?@gm{ | SO%I Eagfluldg Srefp the F@é@fﬁagﬁg 28 5efs FeRinegng region
contphiged aiV&Rt b of dlAHend, b A AleaRIESa1Obr &Bﬁeﬁbﬂﬁﬁﬁﬁlond
"in one enbodinent” or "in an enbodi nent" in vari ous
partiglese e t hroughout this specification are not
necessarily referring to the sane enbodi nent of the

i nvention. Furthernore, the particular features,

4. St rlihetapp@sius witkim d| ¥herein BB AEACHRAIIREES sti@y eﬁ@lneerlng region
N one or nore

. ng Xﬁﬂ |n1a %%%urtable manner
ausgﬁﬁ hesiie p O fanpistor & e darige lyenidhe rrage ofigbout 0.5 to

3 GRhove description is intended to be illustrative, and
not restrictive. Many other enbodinments will be
apparent to those of ordinary skiII in the art upon

5 g\g/ln t he bov$ ESC“ tL cope of the
' |nventP agh Sfiflam {wherpig the ‘T:?éSP}@? F%r? 8iIeRF eRgineering region

has 4 geRhSINVAJEQIVit)ehARPRNHE idan%!a @f %ut Qlt BE tiMeb Eréaté? thdtl d thermal
Cmﬂgﬁo pe of equivalents to which such arns a

tivity egthpwsalbstiate. cl ai med is: 1. An appar at us
conprising: a netallization region including a
plurality of netal l[ayers on a device |ayer of a

0. The apparatus of claim 1, further comprising:

an interconnect on the metallization region, wherein the interconnect is connected
to an active surface of a second substrate; and

a cooling device attached to a surface of the second substrate opposite the active

surface.

7. An apparatus comprising:
an active surface including a metallization region of a first substrate coupled to an

active surface of a second substrate by an interconnect, wherein the first substrate includes
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substrate; a via extending through the substrate and

the device layer and contacting a netal |ayer in the
worb@Elososat i on regi on; and a heat spreadi ng an#CstuSe®s/041779

engi neering region in the substrate and adjacent to

the device layer. 2. The apparatus of claim1l1l, wherein

a htfigpheding 2nd ereks @ﬁ%ﬁeﬁllfgtlégl%ﬁ agfagém €@ then@tivedir®ite and a via
conpri ses copper The apparatus of claiml1, wherein

extepding taeughyhe et substiate drcengodn met lavgr plihp gptallization
L4 ses at |east one of dianmond, a dianmond |ike

terial, or copper w th diamond particles. 4. The A
ap palcadslug defvicel ol asutfacevogposite thehretineatrfasp bé tdisacprarndbstrate.
stress engi neering region causes a biaxial tensile
stress on a transistor in the device layer in the
8. 1 ange QbARQUbT Jafy 1 QuAnGRAmpRsinEhe apparatus of claim
1, wherein the heat spreadi 5 stress engi neering

r egi printedsirauit heardebnsstediio talbumpwrt darface of thetfhet subsigee

out .4 to r than a thernal
Om%EHEBFZFQV?§HgFePﬁgp§§B@¥$§T ® 6. The apparatus of
claiml, further conprising: an interconnect on the
metal | i zation region, wherein the interconnect is

9. conhbearrirates efclaist 7 ehesein hakeabspreadieg anbsteabengingesing region
corﬁ ng% 8{:1§% £ 0%1 ? gcy I Cgosa} toancdthﬁglag%% \}g(%rc%%%fogtérfcot?ger'&ﬁlth diamond

pmapmaratus conprising: an active surface including a
nmetallization region of a first substrate coupled to
an active surface of a second substrate by an
0 | Nt @HCORNE ﬁ
TR SRR oIBFL ARG Sy SHERMIELS) A0S RSB esion
caLtscs 4 biexiattensite siesd mabe emge af shomt 65tte 3diPayori b ﬂanl:giftot nehe first

sut{%{ltgfapg ggtsl%e%ﬁépggaan d gn%gs:g%(s:staé pﬂrrg %e%léqﬂl % eaz; grfénaﬂ conductivity
thaBidlih %eraﬂﬁbo&sébbﬁt 4 R (PAGhbY SreSidf ﬂCthf a tﬁgrmtah@orﬁ‘ﬁ&‘?ﬂg/ of the first

Ic

substrat e: The apparatus of claim7, furt
substsatpr i si ng:
11. A method comprising:

providing a heat spreading and stress engineering layer on a substrate surface,
wherein the substrate surface is opposite a metallization region on a device layer of the
substrate;

exposing a metal layer of the metallization region, wherein exposing the metal
layer includes providing a via opening through the heat spreading and stress engineering
layer, the substrate, and the active region;

providing a sidewall insulator on a side wall of the via opening; and

providing a conductive fill in the via opening.
12. The method of claim 11, further comprising:

electrically connecting an interconnect on the metallization region to a second

interconnect on an active surface of a second substrate.
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a printed circuit board connected to a bunp on a
surface of the first substrate opposite the active
woeuod7asersof the first substrate. 9. The appar aPas/Us006/041779
claim?7, wherein the heat spreading and stress
engi neering region conprises at |east one of copper,
13.di afbethettddifaimind 1| wheretapsbeidingtthe BEP g@rea&ifhg Andkadgand
articles. 10. The apparatus of claim7, wherein the
ena%ée&f ing (AvEn BoTRRrises 8Tt d1BS thedigt Trsaadingpndelesrenginesang segion at
b . . . 0 . "3
R JeRE Lt Pog A RSPt BE o BRYE 8 1880 Uhy d prichrof
thetvped texpprsemdifitye ket sigtadisg amhgfelma':]g'im@rihg @iy@?isfggSatar than a
ermal. .conducti vi.t at is in the range of about 4
coe %Cl?gaolfiﬂ?fﬁ@a ?"é’ﬁ?sé?‘yf’{wtgﬁ substtRley mal  conductivity of the
first substrate. 11. A nethod conprising: providing a
heat spreadi ng and stress engi neering |ayer on a
14.subBhe method of flabe 1 Liwbereinprovidingubsheaasmeading andstiess
onefRBATL e Pl ey ESHEE e Pl el nEtheerif region a
a templegitiirt 286V (bgf%@ltﬁl@,tefﬁb&ﬁﬁﬂr@oﬁhé’ aéﬁagmza‘,s afiteh BbefFiBME! of
in t he heat

i ncl udes_ provi a via opening throug .
the%;ri EXRANSPNS dheshqabspycading arsksticagerigineering tayer sdesstthant 2,
angedi ey LV, |_ong viding a sidewall insulator
Coeon %t??J%ﬁ&gf%p%%g?ﬁgﬂeggﬂggg%ing; and providing a
conductive fill in the via opening. 12. The net hod of
cla,m 1l urt her conprising: electrically connecting
15. o R 7 ek AL A OHRETFB B hoos B ishng e Frecs ghiaheering layer
confRREN4t 1643t SECONIBHLr, @ | f i
ety Ar ot GACOTNBBLr RRRaRFliBnd 5 8P lor Bl ¥l diamond
partiplesyi di ng t he heat spreading and stress engineering
| ayer conprises providing the heat spreadi ng and
stress engineering region at a tenperature bel ow an
16.0pa&&kﬂ&@«h@ﬁpﬁﬁ@§ure of the device |ayer, and a
coefficient of thernmal expansion of the heat spreading
andrRYidBgs tegngh iee pibstrateayefacd, shgregathe subdtabe surface is opposite a

[.GJ f r ansjon _of the substrate. 14.
rmﬁ%ﬁgﬁ%%ﬁ%g@hgﬁaéﬁgﬁﬁl ffggﬁfﬁgkﬁmﬁ?oviding t he heat
s prieaninp gn arsdllasdir18ES 0@ BOh siae JusMe QP i8S

provi di.ng_the h?at_spreading and stress engi neering
r eGRBIRE the metallization region by providing a via opening through the insulator

layer, the substrate, and the device layer;
forming a second insulator layer over the insulator layer and the via opening;
exposing a metallization layer of the metallization region; and
selectively providing a conductive fill in the trench and the via opening to form a
heat spreading and stress engineering region in the trench and a conductive through via in

the via opening.
17. The method of claim 16, further comprising:

forming a dielectric layer over the substrate surface and the conductive fill;

forming a bump on the dielectric layer; and
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a tenperature above an operating tenperature of the

device | ayer, and a coefficient of thermal expansion
wofhod7lsotseat spreadi ng and stress engi neeri ng Paymis2006/041779

| ess than a coefficient of thermal expansion of the

substrate. 15. The nethod of claim 11, wherein the

heatlesipicsiddeordeaitd ht basp t€ngimaesinrgt droyteictico IMThces a

at | east one of copper, dianond, a dianond |ike

second pestraisy Whesse sukacn ofiihs Wdéabwa&q @@0811@116,@0%% Hspce is
aﬁ%ﬁﬁ@ﬁi§&ﬂ%m.Q&9%éd'ng a trench in a substrate surface,
erein the-stbstrate surface is opposite a
metal i zation region on a device |layer of the

subgt r at an_insul at or over the
185 updbt Befiodeteliatananena f sntlls fuepRgrtsiovper.
netalllzatlon regi on by providing a via opening

through the insulator |ayer, the substrate, and the
19. devTFb@mledy)érof clagmnliongheregesstaet véln pudradiog thea;padu@mrﬁll

sul.ator | ayer d the.via o n|n sing a
corydiogk Pk B atdh) drerfis hatings el SRRl R hafging over
thesgbgeitd. vel y providing a conductive fill in the trench

and the via opening to forma heat spreading and
stress engineering region in the trench and a
conductive through via in the via opening. 17. The
nmet hod of claim 16, further conprising: formng a

di el ectric | ayer over the substrate surface and the
conductive fill; formng a bunp on the dielectric

| ayer; andel ectrically connecting the bunp to an

i nt erconnect on an active surface of a second
substrate, wherein a surface of the second substrate
opposite the active surface is attached to a cooling
device. 18. The nethod of claim 16, wherein the

conductive fill conprises copper. 19. The nethod of
clai m 16, wherein selectively providing the conductive
fill conprises formng a pattern including openi ngs

over the trench and the via opening over the
substrate.

17



