WO 20071050754PC T/ 11 S2006/ 041779 STACKED WAFER OR DI E PACKAG NG W TH
ENHANCED THERVAL AND DEVI CE PERFORVMANCE TECHNI CAL FI ELD 5 [ 0001] Enbodi nent s
of the invention relate to microel ectronics technology. In particular,
enbodi nents of the invention relate to stacked wafer or die packaging with
enhanced t Q{gy ¥fnsiagd devi ce performance. BACKGROUND 10 pl-@RRQ%dokBa1779

sem conductor manufacturing, transistors may be fornmed on a sem conduct or
waf er. The transistors and ot her devices nmay be integrated to form

i nt egr at ed STACKEDR WAFER QR AERACKAGING WITHENHANCED THERMAY, AND
Typically, a wafer may be dice t Wl [RY) | IC die may be packaged
and sold. In order to increaseglﬁﬁge&ﬁ%#wgﬁ the 1Cs, it may be
advant ageous to i nprove the performance of the 15 transistors. Further, as
transi stor ler, faster, and nore advanced, it has becone

I ncreasi ng?%%’%?ﬁlpo renove heat fromoperating transistors. Also, in
packagi g t[de0Xyaf er medajﬁmnﬁemﬂﬁﬁn@aﬁd&ﬁ@iaf&o%ﬁéﬂo@leéuon%dé‘%&hﬁﬁo@.%ked die
packagi ng may. b ad\éanta eo?ﬁig,HOV\ever typi cal stacked die arTangements
may not be PETHERECEOPEmERE of thejinyeation felatrto stacked yaferor dinpepkagingwith si nks.
20 BRI EF DrefhinctlihehaOmdlddidpiMbiiancd 0003] The invention is illustrated by
way of exanple and not by way of |limtation in the figures of the
acconpanyi ng drawi ngs, in which the |ike references indicate simlar

el enents amACRGROUNE [0004]FIG 1 illustrates a cross sectional view of a
substrabe i ncl udi ng heat 25 spreading and stress engi neering regions and

t hr oughYvi 44002bnnect Bemisondusips manafactuting; itraysistots awly teifdmedaalai ng devi ce.

[ 0005] FI GSgerss ' r ' . Vie of a n d for formng
heat spr oag peciot WL PACEEARS 2BGHeE AR eel ke fiafyfflihim 1

subst r at e. 1Jtegzeed Fragits dfis et detfomy neherousweth! Amctionsn TypivalBys wafer eagret hod

for form nge §Rad and the individual IC die may be packaged and sold. In order to increase the

performance of the ICs, it may be advantageous to improve the performance of the

16 tramsistors. Further, as transistors become smaller, faster, and more advanced, it has
become increasingly difficult to remove heat from operating transistors. Also, in
packaging the wafer or die, denser packaging options, such as stacked die packaging may
be advantageous. However, typical stacked die arrangements may not be suitable for
typical heat removal devices, such as heat sinks,

20  BRIEF DESCRIPTION OF THE DRAWINGS
[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

25  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.
[0006} FIG. 3A-3H illustrate cross sectional views of a method for forming heat

30  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
DETAILED DESCRIPTION




30 spreading and stress engineering regions and through vias in a
substrate. [00071FIG 4 illustrates a schematic of a systemthat includes
heat spreadi ng and stress engineering regions in a substrate DETAI LED
DESCRI PTI ON  WO2007/ 050754PCT/ US2006/ 041779 [0008] I n vari ous enbodi nents,
appar at useg g dishods relating to stacked wafer or diggrRAshaei#9 are
descri bed. However, various enbodi nents nmay be practiced wthout one or
nore of the specific details, or with other nethods, materials, or

conponent §0008h ot heln varistiengtedimeies, b Ald TRk dds e8latinRh SfabitliSvar@"
operation?’r re gl%t. shom%For geﬁcri bed 5 in detail to avoid obscuring
aspects of" VSPPOHETE A Aot sHovetenerarionssmbodimentsimay berargcticedswithawt poses of
expl anat i one ospeeiof tie spevitkedctails B ivAMN dthet metides, SRR bALInYRReRS EpSet forth
i n order tglgjforovi de a horou%g under st andi ng of the i nvention.

Never t hel 85" MFRECSPWAIHKIO3M SHuSIuISe aterials, eeperationvie nefpbown ordeteibed| s,

Fur t hed noiredetdil tolaSoid REQIEHO Aedth 6 vatiBas Mdd%%m%ﬁ?ﬂﬁh@&%& §ﬂﬁ.}g’ﬂyi n the
figures are illustrative representations and are not necessarily“10 drawn

to scal e. rEURIseRST axplpnatien spesificaiumbers; mptegrlacind confipuratonparedetdorsh, t he
ackagi ngirfdsasith ' i e | sed. .One t hod for
p ging t }Sx&fde%%rﬁﬁghqﬁﬁérg%%& ?%Qﬁt?g'gﬁrel@nn. REV&ARED: F‘%{W‘é%?"’% he

i ncreasi ng packagi ng density nmay b NI ps. T'nopeé
active ar Bg¥ bpprapined atithentanedift ¢rtailyaFugesmopat i iswidsdsnd imt thawatintss of heat

whi ch mayeiesfimbis BRwnSHR 1. pS nctian 15 proper.ly.
Typical ly. in single chi p\ép C g&%"ﬁg‘f&gﬁﬁ%’éﬁ‘% gein%l o%so%ﬁ%iaﬁegn%g‘e‘feg%‘fﬁ%uch as an
I nt egTQat e@FaWééQS‘@-gr eader or a fan, nmay be used to renove the heat. However,

in stacke i p ar rng I .. not be.practicable to .use backsi de

cool i ng d[ea\(/]ﬁ%]es f or eag%ﬁepéléenorﬁa (émglle‘étﬁ%‘gé’ & Lg?p@ﬁf%i’%g&??ﬁ@f?fai nts or
| nconpat i dsi¢anguctprt dhipeloesytbeiicatasab rOmahéthod fopliicieAgng Fick@fihy densiiPpdy ment s of
the pres isﬁxﬁaﬁ%éj%ggé?tiinch%de.heat spr.eadi n%d’ﬁp regions wwthin a chip
substrat et RAt"F SHBY e SREPHGT thi gt ateas of e siagke 1PE (Y 81§51 0 enabl e a
st e e et 80 a2
chip 4y in an i nteqr circuyi Jhaving transistors. e may
i ncl u@ b‘;or?ﬁer '%ﬁﬁ]@f’ %ﬁ?ﬁ?%?@%@%%ﬂ%@h{lmﬁw% fychs Pt ors and P
Channel Netegtatd@hieatpiSadir 008 GACHEY bd VDR reldo? e BEAT SowkDer ARiaGHe 20 the

per f or nan%%a of either transistor type, stress may be applied to the channel

regi on of “{ABTREURIISY Biag nobs prctiedble foase bagksilesdoling desiess far egelr ehis may
enhance tiféhepgick @EHBRCS sPice RO shaiiddP nﬁﬁﬂlg%tg:lﬁhtg I@re}l&mi t.sq%%éct%ibn Embodi ment s

of the present inpyention may include providin ess to ransi stors
whi | e endBYingy Biiethyy smbtodinmisef theiquesertinyentiommey inchude beat splefidgl] FI G 1

||| uLlr atrg@sowielpacil W g2\ | readi nd stress 30
i nducemerﬁeg?.or a st ac%gegbs\glrvaaf%ga or ﬁ?g&t%nﬂﬁgam% afe of fi cﬁlpqo enable
a variety of stacked chip configurations.

[06010] Also, the active area of a chip may include an integrated circuit (IC) having
transistors. The IC may include both N Channel Metal Oxide Semiconductor (NMOS)
transistors and P Channel Metal Oxide Semiconductor (PMOS) transistors. To improve
25  the performance of either transistor type, stress may be applied 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
30  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 commected to 2 substrate 110 by interconnects 160.
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[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. WO 2007/050754PC T/11S2006/ 041779

Substrate WHi0onedetsdes a device |ayer 115, a netal | i zatgc@fusbRgofaRel 20, Vi as
170, and regions 180, and has connections 130 on its back side.

[0013] Substrate 140 may include any suitable materials and active surface
145 may i rigibeicase bifyingludesabiericd ayeicHS, a tbtaHizakonrogoie20, viss UbG hhdt € 140 may

be a die. o, L e substrate 140 may be a wafer. In an

enbodi rrentr!eélg%b%tﬂféé{ag{aig@%%@nf E%q %’(Jgsq?c%@'ﬂ?'conductor. I n ot her

ermbodi mentl8013 ubst r aulstrﬁﬁ_(lmmal yilimhdedﬁy &Hfgbﬁ(hﬁt}terﬁj[g ggg?&i‘?@"ffg&'moqhgt olr3 :

ger mani um__ of. er i als. an odi nent, substrate 140 may be a

t hin substr?ag{%aﬁ%vﬂnﬁg%ﬁ%%mﬁs@af‘ﬁmggg“&eﬁ‘hﬂg’sﬁw&%@?Y?%éle-lbl gm In an

enbodi Bentapothertdmbedinent, aalestrhtb5 40834y ibB 6 Wase, MR HodPMAB shibRRRl 1%9;{;12, ot her
s, . dielectric |ayers, passivation [ayers,

devi ces, netallizati 0 ,

ond bond e sk iR Bed 1 e e Grenige sbsers Lymiippiugesiicon, silicon

M cr opr 0C @adesulator/eern@tithal oreike shabdits, hﬁﬁpéﬁﬁoﬁﬁn?ezﬁk‘kgbﬁié 1i46|9:£a§%§ a2 NMEenory
al and “may

device. | Ol%ﬁte connects 160 may be any suitabl'e materi
el ectri ca%f”f/ e beving p tickaess 1n the rengs ofeewt 2 tn W0 umOIn dnrenshordimentybodi nent s,

I Nt er conneeiwg stiece %5 G intdeieNN l n.an,..embodi ment
[ nterﬁﬁn_n cts S1603rnat§lyi gcl ude a gg?%llgr\msi %ﬁigﬁgg’ar‘rg%hgf%&%{e?’nllerﬁl@zragg?mects 160
Vi

may p oIy dglestyie lavers crpssivagion dayershandchond pals. &f amebodimenyysibaatel 45. | n an
nbodi 140 4 ' . i.ntercon ts.. [0015] Coolin
e, b b Bk L ST SO O 5L

device 150 may be any sui e material of Struttu %% 20 heat
from subsEHOE d¥®e. | n an embodi nent, cool i ng device 150 may include a heat

sink. In jher e | , i i 150. i ncl.ude a thernal

i nterf aceﬁjr?gt]eri al Tmfléﬁuog%%;hle‘sr% %ga#bbgg‘flﬂglﬁtaﬁﬁ&agﬁr’rﬁﬂ%}/%@f @@q@gynay i ncl ude a
fan. 1 n afPrapdGelistreiet] 40 endsubsigatel 1. de sdthdermbodimens, istercamet@h@gr at ed heat
spr eager.. : | t ol i devi ce 150 may be a back sjde cooling
devi cg,? alélk!tﬁﬁgggc | \gtg}’gﬁr agc?ég%ﬁ%ﬂ’lga? ef”é’?ﬁf’gt?nt’ I"FE‘W%‘B’ﬁ?tS dpGmayinchide aypst r at e
140. | n asoldavbbdinresrtodinams lintagonieuis 160 HEP proRidedRictries: BG4 Hete

[0016] Sub&[vicgg gfalot1ige ITHI% i ?{# gge anﬁaqsiui taple materjals. I'n an enbodi nent,
substrate 110° huy | heldde & sBAT ETRUGREYy mtarqonpectelt0amydasiudad-D, substrate
110 nay imterestdeecss. | i con, silicon on insulator, germanium or other

materi al s an enbodi nent, bstrate 110 may include silicon having a
<100> si |§°8% cr ys{Ee;’Pﬂngn&eVé‘i’?d%ﬁé‘?aYé’ﬁB%$%WP material or structure that removes

20  heat from substrate 140. In an embodiment, cooling device 150 may include a heat sink.

In another embodiment, cooling device 150 may include a thermal interface material. Tn
another embodiment, cooling device 150 may include a fan. In an embodiment, cooling
device 150 may include an integrated heat spreader. In an embodiment, cooling device
150 may be a back side cooling device, as the active surface 145 is termed the front side of
25  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,
30  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. In an
embodiment, substrate 110 may be a thin substrate bhaving a thickness in the range of



30 substrate 110 may include silicon having a <110> silicon crystal. In an
enbodi nent, substrate 110 may be a die. In another enbodi nent, substrate
110 may be a wafer. In an enbodi nent, substrate 110 may be a thin substrate
having a thickness in the range of WD 2007/ 050754PCT/ US2006/ 041779 about 2
to 10 um ko 209bdaeds enbodi ment, substrate 110 may be agpdididogslsstd at e

havi ng a thickness in the range of about 2 to 5 pm [0017]Device |ayer 115
may include any suitable devices. In an enbodi nent, device |ayer 115 may

i ncl ude NMbButZ teridipst. oinsmother amtwidinent, sulstdicrTe 0 nay @€ Witkif shidisle havidg® MY

I ncl ude P%Gg{sg&%é%aﬁé%%ﬁbﬁg&tgmdi ment, device layer 115 may 1 ncl ude

pl anar transistors. I ment, device |layer 115 nmay include

non- pl anar[08¥7]t r i gaDevice tiysi Kit5Qfisy: indlndethy @URAM dRREs. HaNichBoligupl 115 may
i ncl ude redseivst?rs d cagalcét .. I n an enbodi nent, device |ayer 115 may be
% 1 b Tedierds fTanSigiorh b anefeer spbedimeat. devics leymit si de may

on the front

be t he Sbacli5 siaydndlideRMOS hah€stérk 0 In wrteRiniedY, Aevidd ByerEt s HhyiiGhdide any
conmbi nation of the devjces |isted above. [0018] Met a?ll | zatlgn region 120 nmay

i nt er conné3R3t FRASKING- L8 anoher gmhodiment gevice lager 3 D jnoidsiotrelavererddt i on
routing t gattapsisels. CORPOREIHBent VRL AL haiylt-élaflis%f ﬁ%ﬁ@]ﬁeglgtgﬁs;ﬁé icéegf;g{%ctfge any

nunber of interconnected netal and via'layers separate r'ic
mat eri al s.1 RSy richtlayer S mex be on thy Epnt side ofstbeithie 430 aodithe sige on 120

may each dste SHeTSdna bk : ﬁ]&ﬂ@{ tednhl.Qm.e ot her by an

i nterl yelr?@%i eleectri cﬂ??%h ¥e?ﬂg%§%€s§%§gl mneﬁlﬁ'hgeﬁg@aaw&ﬁggw may be
conneéaed includgapy serpbinshonf theadewices lipjedidhevesi as of the via |layers. In an
enbodi mentjgo1get al | i 10 ' I.ncl nunber of netal_ |ayers
inther atryg;:je1 o abpﬁ?{ag@%&%%@ﬁ l%ﬁgggg%%#%ﬁ#?ﬁeﬁ%f’gﬁ phdsvics flf‘yl"%g'ison 120
may provi &l mayprevidesannectionostigioveeta! ddithonénts. avietallzbticivegidh TEM! |

nmet al | 1 zat,i,0n [ . rqvide connection to intercqonnects 160

t hr ough bgdr?grﬁb%ﬁ% a%ﬂ%@@%%&mﬂﬁxﬁga F%?lﬁ#ﬂlﬁd” PETF %ﬁp@faﬁe%’ﬁ’ d,lrg@cqu i zation
regi on 12@afeaiplsi ircanchebodivgerstht miblablagern dfinétaNigativntregibml 30 mhyeaR pgnbodi NENt
t he al = rs, of metallization regi,on_120_rmay i ncl ude copper.
[0018}-F i a %ﬂr@f I%r%g&ﬂddsgp %tﬁﬁig(?ﬁeé‘a’ ?Lﬁ?ftbp’r‘i‘g ipterlaygy @Pﬁé@cﬁ-@oﬁéﬁt g IOf or 25
devi ces i pmbaiines, thayetal ldibrs may baoEbRd i Bldcenthelf 19vE8 WBMe Sk 6 t hr ough

substrate .1#0 sd vi ce aq\ﬁgr 115, and a part_of netall’ization region 120. In
an enmbodi HENE %y TR & THepdimentyuctallizstion region 20 meseinglnde apumbesiof metahl | i zat i on

r egi on 12Dyerb in the r@EHOHIHERNL to /i BSn %Qpcﬁﬁzngfﬁ%n&aﬁfﬂ{]xg%ﬂﬂ 150 Agytion of

device layer. 115 and netallization region 120 such t I't does not contact

or af f ect PR¥Ie GeRReiin tg intereonnects 1% g anptheremhedint, meatallizatiom segion(120
20  may provide connection to interconnects 160 through bond pads (not shown). The metal

and via layers of metallization region 120 may include any suitable conductive materials.

In an embodiment, the metal and via layers of metallization region 120 may include
copper.
[0019] Vias 170 may provide connection routing to external components for
25  devices in device layer 115. In an embodiment, vias 170 may extend through substrate
110, device layer 115, and a part of metallization region 120. In an embodiment, vias 170
may be connected to 2 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
30  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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30 may be through substrate vias. [0020]Vias 170 may al so be connected to
connections 130. In an enbodi nent, vias 170 may be connected to connections
130 t hrough bond pads (not shown). In another enbodi nent, vias 170 may be
connected to connections 130 through netal traces (not WO

2007/ 050754f8-A6bbo54e36/ 041779 shown) on the back side ofpcRsdrsaigrel10. Vi as
170 may include any suitable conductive materials. In an enbodi nent, vias

170 may i ncl ude copg 100211Connections 130 nay provide a connectlon to
ext er nal (iqkmdesatﬁ ewhsirate [l 10. aViiag hheayrinolude apnaasle enmudR@ My

rovi de a t |caJ routing for substrate 110. In
: lﬁ%ﬁﬁmganl?% clrba ﬁit %aE @F%?ﬂ PEE- el ectri cal

anot her enboo connec |0ns routing for
substrate [0821] | n aﬁfomcbbdlsri‘éﬂunagqom‘mteta cfection o @XYerfd] @¥mpéheAtsGhgCL i cal

routing f nd su e 140 and connection to an external
subst r at e%(’élyﬁigéé ;L)rgllj ‘%matﬁt‘f"%?ﬁ @bg&aay(We 2 popngatiop fercad elegtrical

connec®i orrgutil@Cfomizstraltaclllﬂ)dén mmmbmbbdimaﬂto@d%ﬁéctﬁ@m% wﬁ@%ﬁﬁ&ﬂons 130
may inclu S“tﬁ %o E 40 10 connections 'l

controll e Slg s St@fﬁg ‘(d&sﬁnt’&?ﬁ%“o 15039 ARG Gdsa t!lﬁtlﬂ%&y be
provi ded wmtmglfmtsubﬁtﬁtelﬂm aﬁﬂ%ﬂ%e@%ﬁﬂl&ﬁﬁé&ﬁoﬁ% eﬁﬁee\(deﬁ?alkﬂ te, Jsi& ag N an
enbodi nent ggl on%wo@g%g rovi de a heat spreadi ng regio evi ce

| ayer 115 phf‘{‘? ot hoaes ﬁ'é’éﬁ egbedimpnt, ﬁ%&ﬂemmﬂa%n@ymcmgwmduhenent or
stress enghdtheenibgdibrRe, %%&ionﬁ'@%ﬁﬁyhﬁ% Ea&&iée wa@glﬂg&ﬁ %rrbodl ment ,
regio rovi de a heat sprea d stress i ndutenent regi on

180 15
f or di@l cé"’f”zi?%qu H@mﬂ}’he @R?UOH?MPP@N@,D qﬂeycbfﬁﬁl)b&ﬁwsmy i ncl ude copper. In
an enbodi B3 regi av |ckness in
t he range'mg]f2 ]about g &&@oﬁybepﬁkﬁg% er enb ﬁg’d"ngﬁ‘?ayq’?é‘gﬁa&ﬁ %80 may
i ncl ude cOpPYeT ¥ d 1 3ralp A gpbodimen, regines 480 may hovidendeataprealiagegich 60 120 gm
I n an enbggligs er. and may have a 20
t hi ckness in tﬁ%errlgﬁgﬁeﬁg%r%g [ %bégib%Tgtgm%%&%vﬁle&ﬁgﬁﬁé’xd"ﬁ%ﬂﬂpﬁent
regi ons 18!)35%%%&@51011@@1710&/135& tilSaMmmﬂtheaéxhb@dlﬁSnt fegled3] 40nmanot her
enbodigren [ r.a dlanDnd | i ke carbon
nater?ganlg bmv{dgg#gﬁgp%g’%&n o 8%'#%"(%?’?’&@ of devics laveg 113, Beositing car bon
at a tenperkadiment; mgbhmlmmwendﬁdeedmppﬁr Bbkh értboddidat, rbfioAMm goRRdI ment
regions 180 H?%o %grangma %ﬂmﬂgd or_a di a nd |ike naterial havi ng a
thi ckness 1N I e Fange oo 5hd estgb‘”;{'ﬁﬁanﬁ 4Wub¥%@ﬁ9mnénlﬁéﬂpth@fnt regi ons
180 nay |mbadmtaenﬂ,|regrmmjl80rm@ i 1AEdPpdr i@ mBT hiVel athickid RnEy 0&51%% ness in
t he rangeb%tg)bt #% %& ng] In an enbodi ment, regions 18 y include
di amond of &t RrehHT R an srabediment, Iﬁ%%bgodn%mpékﬁﬁa‘wptbmﬂmwlamﬁ of

20 thickness in the range of about 80 to 120 pm. In another embodiment, regions 180 may
include copper with diamond particles.

[0023) In another embodiment, regions 180 may include diamond or a diamond
like carbon material. A diamond like carbon material may be formed by depositing carbon
af a temperature in the range of about 360 to 440°C. In an embodiment, regions 180 may

25  include diamond or a diamond like material having 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.

30 [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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about 5 to 25 inn. 30 f0024] As di scussed, regions 180 may provide a heat
spreadi ng 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 Waft per neter-Kelvin (WmK). In an enbodi nent, the thermnal
conduct i vi tyo 8fo760%40nNs 180 may be greater than the thegy, Smog/a%?gctivi ty
of substrate 110, causing heat to be renoved from device | ayer nor e

qui ckly with regions 180 than without. In various enbodi nents, substrate
110 may i nedndakgivity bf adeirdte 100 cMshia-Ht 18 BélrenRPbdRSm H8HcdRYer 116 e di amond
(> 1000 Wm.ﬁ&,ﬁ%’hamnd Iigle materials (-400-500 WnrK), or copper (400
WmK). | nTUF%E Y8 &reems 80 Bap xithgws In warioys gmbaduments, subsseiedd@ MBY0 t o operat e
proper |y bckeasiédng< et/ b0 mhe fasichs 1868y inkikBe dhhoAd S1RRAVRRY, T egi ons
180 may haye a thermal conductivity that i's about 4 to 20 tines greater

than the tHemeag likegpaierials GroQ-50f Wemios prnopper (400 Wim-Edolmayenehediseiinkent |
regi ong 18@gi LA | tines

gr eat e? t ﬁgﬁﬁﬁlegﬁgr%g%@gg%tg? ?gl t? o\{%é%rﬁ%%%trgﬁiﬁggﬂ%aﬁ %gﬁ%g%%%di ment ,
regi ons 18@Yerd 1iralp anppbodiment regionsd 8 ay have a thermaheonductivity dhat # about¥0 t i mes
greater thgnoties LhsMbn GRMMGL %Hycug{qﬁgg@%%@ﬁo_l%gm&& 251As di scussed,

regions 180 may provide stress I nducenen vi ce [ayer 115. A bi axi al
tensi | e stenehpdimenguegionsdi§0 awnyiheve 4 tiprmal tauctintyitint iseet 2 fod Opizndsor nance of

bot h NMOS PtMﬁh Vi I 115. lL.n an_enbodipent,

regi ons 18%%? may %{gg%%!rl gérgdug%‘é&noggﬁs%teé?r)r'(ﬁ%taﬁreglgf’%ﬁg éﬁgﬁ%qg ress

i nducdd ormajchave e theayarcofdibtinigy thivs alans é tb Hytimesqedhtdritieanahé thefmdl her mal

expansi on . h, between the materials of substrate 110 and regions
el B o

180. [002 an e substrate 110 may include silicon, device
| ayer 115 [825]20 opdsdisensatd, fogi@sTI80 fisy pfovide stréie iddabgren®bn abasdla® to 110C,
and regio 180Q.may i ncl yde ¢ r plated at tenperature of about 20 to
30C. In s[}@ﬁ g‘%‘?ﬂ%éﬂ}ﬁﬁ%ﬁfefs 8’5@%?#‘6%%lﬁ&élﬁwyv&@%%aem%@e | ayer
115 at t hebodNKADS 43¢ PMOP Ghisire i @S RY 38e£ DIBP B al@fibodibmNeEiofks ot han
S|I|cq§ and the stress free tenperature of the copper is the plating

t

t enper St urAY BeStrEss eBEBSRIngSHEcluES gi ons 180 may have a hi gher CTE than

substrat e [§028] 25 anthé R@EPRAcEEGn FBVcPBydi1$PRIF He Shust PUPLERHG G pel ow the
operating tenperature of device |ayer 115, causing a tensile stress on
qhéwe%/‘@?ﬂé!mmvé

devi ce | afsrmahexpansynASTENmismef erials of splbatetet Id 0 sadregiops | ncl ude
silicon, deggice layer 115 :

[0027] In an embodiment, substrate 110 may include silicon, device layer 115 may
20  operate at a temperature in the range of about 90 to 110°C, and regions 180 may include
copper plated at a temperature of about 20 to 30°C. In such an embodiment, a tensile
stress may be caused on device layer 115 at the operating temperature because copper has
a higher CTE than silicon and the stress free temperature of the copper is the plating
temperature. In an embodiment, regions 180 may have a higher CTE than substrate 110
25  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.
30  Insuch 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

6



may operate at a tenperature of about 90 to 110C, and regions 180 may

I ncl ude di anond or a dianond |ike material deposited at a tenperature in

t he range of about 360 to 440C. 30 In such an enbodinent, a tensile stress
may be caused on device |ayer 115 at the operating tenperature because

di amond or Y UEHENE4 i ke material has a | ower CTE than peithiscesoans t he
stress free tenperature of the dianond or dianond |like material is the

deposi tion g,g t . kn.an epbodi ment, regions 180 may have a | ower CTE
t han substrateé%%lgél\%%bﬁ%a@ﬁ gpmngraiaEsheyothe msatingdempyitorf #8@cdTay be

di sposed atayeehifsratsinge teddilv eirdshen Videdbyend 4 enperat ure of device |ayer
115, causi 6028 tensiJgﬁ tSt ress on device layer 115. [0029] The tensile stress
on the device Jayer S/ el sftess andherilevise laverraay e anymemsnt dfrensile grbodi ment |

t he tensil & ot cralsmlim@yt, thetehsllelBessh - o G ok S5 .GPa. - In another 5
i SRR ifine Ofgbougﬁ'qé%g%aim@ ®tPa. In

enbodi ngnt he tensile stress may be in theTange

anot hepgen‘g%ih?‘rf%@ﬁ?tfﬁ’?ﬁeé’s LTSRS Bk iaghe mange dfabou 1tthe GPangeamfheabout 0.5 to

3 GPa. [ Oaidbddinént, the idnkilkSdred! rates connected by their
D bR e @buhnd ke

active or I’{ﬂg@t sur f EQ!es_by i nt érconnects” 1 140 i ncl udes
cool i ng de¥iced 150 dt'FalHBrates tmosubretes 31@d 40 06hnsetbdby AbR adkR Jr Bohuides

heat spr eaglirfage Btdof%Ris 18gU peai ons 180 and.10 through substrate
ke 000 SR 1000 AR B kst

vias 180, an as external connections
NUMer ous o%‘f Pldg g subsirate 1 Yhinclndes hiewt spreadihe b EstreASinihde S adiesh 150 h4 G 1.

I
subst rttt e thiAfghBybsi tipons.130. Connections 130 Tay facilitate
connection to thesgaaﬁékﬁgﬁgggggﬁésneo i) canmpetions 130 &) i hagksiden Havsyen at e 110

t hgt i ncl JBEToRs gthes pondiguratignsamay st aveiiable, Asﬂﬂﬁfij:ﬁ%l‘%ﬂﬁﬁ%(}fﬁg,h}g{}ﬁeﬁwl t hrough
substr at e i manner . several. substrates simlar to
substrate 1 fg ﬁ%eg%@ﬂg@@g%??%ﬂfﬁ 188 may faeifitate qonmection t the baskisiie t hat

may provi o apether sybstrstecimigar amsiibstidte SR ﬂxﬂqﬂaﬁd@ﬁéaﬁs@%%ﬂf&'{r # stacked

waf er or %ﬁcefh%§%(§ls% 51,?\ i Ll ustrates an apparatus ‘nerudi ng a
substrate 210 havi Ay 8 “Jedree Isu%gﬁte%- &hen analpgous thinnet, sorral egi on 230. I n
an enfl8di §ubsirates pipalaatolssbRAR MeynRdeacRid ached to a carrier (not shown),
such as ti“déF sili c% géﬂ%ﬂondi ng | ayer (not shown), as is discussed with
respect t ks, 3”3 par ~uitiateA methed thavrmaseprovide BEO spreadingwidugiessany
nunber of indeterhent eagtons fandtacked wavS s epar ated by dielectric materials.

FIG 2A i rate .one netal layer including netallization 250 and
di el ectri tdﬂﬁ% for Sﬁlﬁ%&ééﬁ@ﬁatesanapparatus 200 including a substrate 210 having a

device layer 220 and a metallization region 230. In an embodiment, apparatus 200 may be
attached to a carrier (not shown), such as thick silicon, by a bonding layer (not shown), as
is discussed with respect to FIGS. 3A-3H4 below. Metallization region 230 may include
any number of metal layers and via layers separated by dielectric materials. FIG. 2A
illustrates only one metal layer including metallization 250 and dielectric 240 for the sake

of clarity. In an embodiment, metallization region 230 may include 2 number of metal
25 layers in the range of about 1 to 9.
[0033]

20

Substr_ate 210 may include any suitable material. In an embodiment,
substrate 210 may include a semiconductor. Tn 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. In ;n
embodiment, substrate 210 may be a thin substrate having a thickness in the range of

about 2 to 10 um. In another embodiment, substrate 210 may be a thin substrate having a
thickness in the range of about 2 to 5 pm.

30




of clarity. In an enbodinent, netallization region 230 may i nclude a nunber
of netal 25 layers in the range of about 1 to 9. [0033] Substrate 210 may

i nclude any suitable material. In an enbodi ment, substrate 210 may i ncl ude
a sem conducw 00.}/(% ,%Eher enbodi ments, substrate 210 may i nclude silicon,
silicon on insulator germani um or other materials. |n aoTeshogisient ,
substrate 210 may be a die. In another enbodi nent, substrate 210 nay be a

waf er. | n arjo@@d] enbodpggsd : Q_may be a thin substrate having a

t hi ckness in _t.he rangde of _Ia}éeggg?%%%l%w%ﬁﬁeéﬁﬂﬁﬁeﬂn@Ihmbhdimﬂﬂ,,

substrate 26" fupyee Qf@aﬁimﬁllsh&@deamanmm.nm@oﬂia}%mﬁi' Nk 28 1f.ange of
03 '

about 2 to %2@my idQd2 PR PCT/ .1 S2006/ 041779 [0 Vi ce PEyer 220
may i ncl ude an LUi tabl o d%@%gg%@%aﬁﬁmg tngavice letsy 22emhpinend220 nay

i ncl ude NVOBAMrARasistersy & anofhen erabdiitmert den it ' r 220 nay.
 nel u it TR 2 e S S fe PP o

i ncl ude PMOgath it n_emyodi nent i ce l"ayer
pl anar transi stor s.(ﬁl gﬁgﬁgbﬁgﬁm ﬂgaﬁ’l“i?g%fe;’- Q%Vlﬁbélcllldyeasisﬂﬁﬂamlﬂ:y{pdcﬁ@ﬂsyde

non- pl anar BFVies leyer22¢ map itchale aip t@filinatiol ofthe YERAL lﬁgtaﬁg%eﬁéﬁquﬁytﬁ% 220
i y

may i ncl udegsRsi acitors. Device |ayer
combi nati on of tdﬁg? e\‘o}?‘{é‘gei%ﬁf'g% onsigered the sidg daeingticviteayd pomingsi de of

substrat e 2n¢faligstiopeegian0dmd e Babiesiad bt odeyice. | ayer 220 and

metal lizati egi on,240.and t he ba?:lk Si (‘ile o¥ sgbs rba?toé’P tﬁ@%@%&ﬂ@si te
sy eﬁ@ﬂz&ﬁ &ton i

the front side. [003 Pt F8toN A0 ey ingercoiB@ctthy divives bE@ARE Hyek Iy devi ces

of devil@e |aageny 2a¥ideGonmnd RN yRAONY tion routing to external
PEREN AR AT et iaianos

conponents. netal .a via _|ayers o

i ncl ude an?%ﬂﬁ’faé%‘f"é“’gt"&%gﬁewwlwaermme condwetivemipedhlgeitay t he netal and

via | ayer s embodiatent, the adti] @Rd 418 @ .i ncl ude _copper. | 0036] As

i I'lustrat equ' & FIG gB,, ala 12?’@%6’%%% tl?%ﬁcﬁlgagéﬁrqaﬁég kepmte of

substrate 2400 Layer®8ys 1B E1G.GiBre dayey 2601aysbl forBbdor HE DGHS AN MY be

any 15 sui satisirste 084, Ldvat 260 i ment .. | ayer 260 may I nclude copper

and mays be f. d by B’i& at iOI%mnﬁg%o e@inyé% iheique prdmpy b6gaymay i ncl ude

copper andsﬂéygewﬂ?f@}-n@dmw pﬁﬂialemn@yectzsaWﬁ&t&bﬁeriaﬂdhﬁgbé%r}%e ggout 20

to 30C. Inplamgermgggtﬁ@.@&%boaig‘%g@26%@&%i_ncl ude copper and” may 5’\1/ a

t hi ckness in.the range of - about 16 JaFude sopperandmey befimdiedbnt , | ayer

260 may i rkPiRER & dpReratame dn e yaneisous20 B RO ES.] é?nﬁolaﬁnén?Q%reeﬁgép about 20 10
n

to 120um ihBludde gg.gg ayer . 260, may i nclude copper & R&e a
t hi ckness in theonpr angg@?thgjﬁeo%&%sfﬁl Stnge et abautald to 3Bmeli Bestothet ayer 260

may i ncl ud@IRogisksat, layier %@hmmdd@@dppéﬁnggnay[hg{)ég id,an if{ﬁg?é’dgg%?éswl ayer

tb"i@Oﬂ.aﬁ%rﬁ%m%odunent, ?ayer 260 may include copper and may have a thickness

in the range of about 80 to 120pm. In an embodiment, layer 260 m
diamond particles.

[0037]

ay include copper with

In an embodiment, layer 260 may include diamond or a diamond like

material. In another embodiment, layer 260 may include diamond or a diamond like

25  material deposited at a temperature in the range of about 360 to 440°C. In an
embodiment, layer 260 may include diamond or 2 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 apn
embodiment, layer 260 may include di i i i .

. Y include diamond or a diamond like material and may have a

t}'uckness in the range of about | to 100pm. 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, Ian 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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material. I n another enbodinment, |ayer 260 may include di anond or a di anond
like 25 material deposited at a tenperature in the range of about 360 to
440C. In an enbodinent, layer 260 may include dianond or a dianond |ike
material, sulkEdb@b/gsessy0 May include silicon, and layer 260 may be thin
relative to substrate 210 because di anond or a di anond | iB€3/G8a906/041419 i s
substantially (about 10 tines) stiffer than silicon. In an enbodi nent |ayer

260 may i nclpggsgidi amo ' I ke material and may have a 30
t hi ckness inﬁt he1 r anggg’ 0 ?Ié%?)ﬁ%b%%g’tqge éi%%f"ﬁ‘?ﬁt% Wt"é"r?“g"ﬁﬁbag%dtsylbat{a?er 260
may incl ude Qlwwe@rfe@ﬂdsmtwbdm&&cmmeldai'ics%r@)@déﬁ&elﬁ?él-%@dﬁﬂﬁcmess In
t he range of ; I nbodinent, | ayer 260 nay 1 1icl ude
di anond or ;pg@g%n%#%@%nﬁeﬁ, %&@:@Wgﬁ%éegﬁﬁém%wmﬁdfe range of
agout 5t tB 0 zssbsma'gemﬂ@:ﬁaga{meﬂ@fae@aﬁ@%g@ E%@ft}éla?%ﬁ'lzd%gra% cussed
above, e G, .het we yer and substrate ey cause a
tensile str?ssgﬁz %etflﬁﬁ (l:.legl rgzo'tﬁ@nﬁgﬂ%@dﬂmaé@quﬁﬁwﬁQmmi ng
operation. [ess than éelGHE ofsubstratd el 0GRE 1896r 260064 ter. than the
CTE of subs €210, and | ayer 260 rra?ts%e foryn%?gg?aét?geﬁ%%?% 8PROel ow t he
operating 5 ezbkprearaﬂff’?e’&’fm%g ela¥se?20220. In another enbodi ment, the CTE
of |ayer 2600038y be |A&sHlubdae ih@%%aﬁ%péiﬂ?g?ifo%a&b%%gnﬁggm@éﬁ?{ﬁgmo nmay be
n

formed at a_t.enpe re._apove the operating tenperature | ayer
220. [0039] i\ﬁs"sgﬁf’éﬁﬁs%% e 220 poriion ofmetgilizsiting r2ith B8yo bapokeor med i n | ayer

260, subBt r ateealiZhfon ZhyVi ' f tal.lization region 230
to expgse 10 g{gﬁgl Ini zat :cgﬁn%gg%%ﬁﬁfﬁ%ng‘?@%u&m%F%ﬂﬂ%ané%y suig!t abl e
t echni que. EHORRINREAY0 mop b farnped Gt fompinigen Hanerigabtishéw) dhQkys: 56D

a
at t er n -( nothes BiEkR chi | ayer 260, substrate 210,
gevi ce | <(31yer "220 %?\ég&aﬁ?ﬁﬂbﬁ%ﬁgad’ ﬁgvtr}%ﬁelh ei??@&ﬂg¥agﬁheﬁ obmgtalligatiprs i nal | y

removi ng t HEEORLPSaRd finpllyemeniog dieetier. Ieirpdobodien® ina 0 A0y 286 baftS _an
etch stop O4ékhdveh r 260 ubstrate 210, device layer” 220, and
a 15 portion of ﬂaﬁ%ﬁ@ﬁ%%ﬁ&?%ﬁefﬁé{S"ﬁ%ﬂzl@n‘%ﬂ&ﬁeﬂw,22(l,lﬁef¥fpattern may
i ncl ude éph&%?wfﬂqwlllmﬁanmgimzwmm ERBVImENRERY it iBay RYIule f or med by

drilling thgg - a substrate ,21 devi ce |l ayer 220, and a portion
of netalli tzlifat F%%ls&'e%%%ﬂ&ggﬁeboﬁﬁﬁeﬁ]oﬂgmm {Pnanbefarmed i dllimphreugh layeu| at or

280 may be ¥68r svbsiratn 240, dpeeei laypr 270) aﬂ@ﬁipbﬁ&@ﬁfrﬁéﬁiizﬁﬂ&ﬁ%ﬁ&?ﬁﬂ?80 may be
formed by 3@54 wtabhg.%egt}n‘%gtjﬁ agﬂ may 20 include any suitable material.
In an enbodi ment, in&Grarore fFagDi andnswator 28A mayibg orored amermpinieg | n an
embodi ment 270 aedilazer®602 BRulaty 28Emh P bEREFMBY b éé{egﬂ’é% Ooair]ags

or med. o deval 90

illustegted. in, FIG . sidewal | s 290 may be
28 qndh?de any Sul%t € material, In anembodime)rllt, insulator 280 may include a nitride or an

oxide. In an embodiment, insulator 280 may be formed by a deposition.
[0041] As illustrated in FIG. 2E, sidewalls 290 may be formed. Sidewalls 290
may be formed by any suitable technique. In an embodiment, sidewalls 290 may be
formed by an anisotropic etch of insulator 280,
25  [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 21 0, 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
30  include copper. Inan 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,



may be formed by any suitable technique. In an enbodi nent, sidewalls 290
may be formed by an anisotropic etch of insulator 280. 25 [0042] As
illustrated in FIG 2F, a via 295 may be forned in opening 270. Via 295 may

be forned by“eg%o%gogﬁbl e technique and may include any suitable material.
In an enbodi ment, via 295 may extend through | ayer 260, Saraiseamtes1250,

device layer 220, and a portion of netallization region 230. In an

embodi ment, [0048]295 By e, lve fill. Via 295 may include any

conducti ve rﬁabzél al. In_an Ug) o%glrir‘é%%ef ?ﬂs?aﬁ’:?fjﬂwd%fh ckedde afeplimeate | N an

enbodi nent , % glpvrrny Irhan dnarodizuknh thedonthiéofigns mﬁymmggg 'ﬁ?ﬁo si dewal | s
tra eﬂffo, devi ce

290 may el eglbb&igdehd 1 via 29 rom | ayer 260, su
| ayer 220, and a Sor?tieo%ﬁhgefﬁ%%?t%ﬂlf“g‘é‘%ﬁ%ﬂpﬁfegi on 230. WD 2007/ 050754PC

T/ 1152006/ 0448#44b [ 004BIGSh3 A Riilnsielit b ihod B ' .ormed on the
backsi desof janbshdnf} -0%%% (an§t1 slhoa\r%) T anﬂgﬁ%%ﬁ?ﬁgg?%ésﬁ%&%ﬁégﬁsons
may be C4 bl[JQrgrﬁgB Ineglno Yl dY’ rPtr,dlet he connections nmay include copper.
[ 0044] FI GS. H i | 1H6t BAtiustrate®id Wiladehd Vi h readi ng and
stress 5 i ngugeBRRY: 3§ idons fl?'r a stackedg\g\g?lélrl_ﬁ{)n a&ggﬁﬁaf%%?ﬁ’?ﬂp@ 3A
illustrates an g%%ara %% %W"ﬁﬂ%d?%@ﬂ%%@%bnmﬂmim@dd@/i ce

| ayer 310 a#ry naumbet of thétaldivedani Qe | lthzation region 315 may

i ncl ude any; P@ rnff rretel?l I ayersggbﬁgge\??%%ﬁtggg!}eg“gg r{ﬁ?"gg @9 #hel ectric
mat er i g1l Qsj e %K Y PG LReel {aye? ipging metalization 325y diskekritoh 0G0 8L #liki zat i on
325 andQii edfebiity. cin3A@mibedintehe . ity. an enbodi nent,

netal i zatiy L8 i on 315 nlay i g%lg‘g g&%%%‘ﬁ%éﬁ ij’)\'/ﬁ’(?l al“&?’é?rsf’fimﬁtﬁtlhe range
of about 1 ?o%@%@'@ﬂ%ﬁ%&‘#’i&t@?- 300 al so includes a bonding | ayer 330 and

a carrier J8®46]Bondi LANE S0 rrier 335 may be any suitable
materials. Jn.an enb?gf)rrent, 03%%?@&%%51’0@93'g"é’e’iﬁ%@@dﬁcﬁﬁﬂ@bﬁiI n an

enbodi ment BREPElaYEr ¥kandwariend) ey erengGhitabis dbieliay Sy aﬂ%gﬁﬁihf%h! | zati on

carrrer 335 may

| ayer s ( notcaizpyss) [ t. .bandi ng | ayer 330 an
not be ﬂ,gse?eiy 00471¢ ul!sb]l:s!fﬁir‘l'la(;g @%%fﬂbﬁ@Pﬁﬂ%g%ﬁ?@é@%mlumﬁw s. In an
nt

enbodi : TRe{RIEZ2408 layess (hotGhowds). dn SEEMBSHMELE Khdi
enbodi nent 33Tﬁ§%ttﬁa%ﬁrﬁ)t§9§sefiay i ncl ude silicon, g’f’#iﬁhé'gw@;anf’nsm at or,
germani um or _other “'materrals. In an enbodi nent, 20 substrate 305 may be a

die. In anfi%& enbctibsene 3omh;smema@a@0s§it£mym%ﬁ91s"‘ﬁf&remb'r?g{r%‘gterrbodi ment

substrate gfgyR .thi.n substrate having a thickness™i range of
3’05}) ﬁaﬁmtcﬂde a semtconductor, In other embodiments, substrate 305 may

include silicon, silicon on insulator, germanium, or other materials. In an embodiment,

20 substrate 305 may be a die. In another embodiment, substrate 305 may be a wafer. Inan
embodiment, substrat¢ 305 may be a thin substrate having a thickness in the range of
about 2 to 10 pm. In another embodiment, substrate 305 may be a thin substrate having a
thickness in the range of about 2 to 5 pm,

N [0048] Device layer 310 may include any suitable devices, In an embodiment,

device layer 310 may include NMOS transistors. In another embodiment, 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 capagitors.
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] |

30

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



about 2 to 10 pin. In another enbodi nent, substrate 305 nmay be a thin
substrate having a thickness in the range of about 2 to 5 gm [0048)Device
| ayer 310 may include any suitable devices. In an enbodi nent, 25 device

| ayer 310 mﬁﬁ ig | ude NMOS transistors. In another enbodi nent device |ayer
310 may i ncl {%%>¢ r ansi stors. In an enbodi nent devi cECt/aS®Us/0d1B9 MRy

I ncl ude planar transistors. In another enbodi nent, device |ayer 310 may

i ncl ude nonnptABAfioPfectoh | b istors.. | n an_enbodi ment, device |ayer
310 may incluge resis?%?ggg%%yéggggFW%?%@h%QQW hyeggaderiads dngmy i ncl ude any

conbi nat i on®BPodimentole mstib and e bierabOietallizit HHOEHAB] 5 RBPindfial LAk, S de of
' ayer FE%nd

substrate 3fffaspmy be .der.ed si de having device

met al | i zatig’r? 91? ion‘gijﬁﬁolﬁ%%%dt“hgkgg?kagF%369w@§ﬂ°¢xmeéi:3@ﬁssm«y3mfe opposi te
the front st§ach F49ounbefomhdd byainy eiitabRGEMRIA5 | nnect, the devices
of devi@ 'Wi%ﬁne%]i%t?@tdfoﬁ%% gr ovi d connectq?onh;%)&ﬂbﬁgﬂ%{?gf?‘%‘r%glmy
conponents. The netal —and v 4PPERTRMet gownyen subsiraie 5057 BREELHG200AR4 1779
met al | i zat | ¥4, anslfinetly Snfovinaythé paletitlon AR ¥mBstilnah! @ GANGYCLi ve, materials. In
an enbodi megl.the metal and via layers of metalllzat Ry B5igRas1s may

I ncl ude co [Bgr. F8050]AS illustrated in FIG 3B, a trench 340 nmay be forned
i n subst ratlB0HY5. Tr AsdusB48d FERIGLEC QT ny sui.t abl.e technique. In an
enbodi ment an%g}ﬁ)géq g@g 5‘{5?'%{ 5 be fo?cn’e ‘%&gﬁ}%g?n%giﬁifweﬁ%%{t@@W@not
shown) on substrate S ASteay hegommddtyraay euitaBR%echaile hid@hy Yo 45OV NQ

t he paftfer suitable mstesatb B @i HodisidA€ ; LD may .i ncl ude a photoresist.
[0051] As i | FI G _30,4?'2#%?‘%"3?3? BPY inplidk g pitride prmsiieovor ¢ r ench

ted i
340 and sulg‘lg#rig[g go%é Hliuﬁgﬂfﬁddﬂﬂ‘}m oprenindse3 50 arialyRe feihed BY inSihioARA

t echni que sutdira@ B0 and@AMi [ I terial .. I'n an enbodi ment, Tnsul ator
a %i ri dé&g?ﬁgghg@i ‘%8"%[%%%“ Testanstl f o Openings 350G 3D,

345 may incl uﬁg i) C
openi ngs 35Y Aa{Prved by anvesitible fealsmnitnaet dn aB&nbodMes! sRhBe395 m devi ce

| ayer 310 fopmeXpPSRt fHehfllal ' regi on 315 Openi ngs 350 nay be formed by
any su*'f abl tegjﬁni que. r?péﬁérg%%ﬁf(ﬁgﬁto?“@ﬂ@ RS tmeiching iheldtar Hsd by

first Forniubgraie 30% ped deviondayes hidwadd ﬁﬁhll&@éhﬁx&i@ﬂheﬁé:%u.tﬂ%g eﬁa}"oﬁg‘lﬁ% b emovi ng

i nsul at or {84 pattehPm$ %ﬁ{g 305, and deyvice |ayer 3 a
the pattern. In an g 03 | hg%t TESISt. il an embodiment, dielectric material in metallization
region 315 may act as an etch stop.

[0053] As illustrated in FIG. 3E, an insulator 355 may be formed over openings
| 350 and insulator 345. Insulator 355 may be formed by any suitable technique and may be
20  any suitable material. In an embodiment, insulator 355 may include a nitride or an oxide.
In an embodiment, insulator 355 may electrically insulate vias (discussed further below)
from substrate 305 and device layer 310,
[0054] As illustrated in FIG. 3F, a break-through etch may be performed to expose
metallization 325, The break-through etch may be performed by any suitable technique,

25  Inan 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. Inan embodiment, pattern 360 may include photoresist and may be
formed by a photolithography process.

30  [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. In an
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. Inan
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the pattern may include photoresist. In an enbodi ment, dielectric materi al
in netallization region 315 may act as an etch stop. [0053]As illustrated
in FIG 3E, an insulator 355 nay be formed over openi ngs 350 and

i nsul ator 345. Insulator 355 may be formed by any suitable techni que and
may be 20 awmg2ewiosiedd e material. I n an enbodi nent, i nsup@El@200a2175RY

i nclude a nitride or an oxide. In an enbodi nent, insulator 355 nmay
electrically insulate vias 1(di scussed further below) from substrate 305 and
devi ce | ay®fbostigent; theporfing of ¢anduxtive fill dn owentEgE35BHay forliraakdicivough et ch may

be perfor | ' he. b =throu tch_may be
per f or med n%;!/()ﬂgg;ﬁ)s( %%Bﬁg&@g%ﬁﬁfﬁ% hgﬁoxgé‘ﬁcio%g%rﬁvgﬁﬁ§§§ ffb‘ﬁ‘f‘%cggﬁ@mbﬁ’ fam’ ¢ hr ough
etch may iﬁﬁ‘?relﬁﬁj@lg@memﬁ@gion@pdproeideh.tenﬁi}mﬁ%}st\fmddvicgséyeﬁgmd e Fl G SGb a
pattern 3 1 1 Ll 365 r _Pattern 360 may be
fornmed by G%rl\l?agﬂ?ﬂtt’;cgﬁgkﬁ ]g%: ﬁ?éﬁ?ﬁﬁﬁer@ ?ﬁ%ﬁfg@@ﬁg@tﬂfﬁ%ﬁw AR? ETP‘{ als. In
an enbddi neonductive fill@6A nB§ be eyt atd mpexﬁhmmmﬁll%}opaaﬂoﬂ@mpﬁﬁm%@&mg Ey a
photolithog ss. .30 [.0056 nduct.jve_fi 365 may be forne y any
suitabl e t‘g’é’ﬂcﬁ iﬁ%ﬁ’gé @fﬁ“ Pr%ﬁmg%‘{‘%ﬁ% ‘15083‘&%? gh R8P Blay 4ave CRE less thamn e iGHENt
conduct i veofisibsira®ED5 any condadtive &1EE0 Bely be iR afsRAEARI abo‘%?&féUCt ive fill
]’:365 may be0 %&ag&%ng%mgluat%gi’c Lln ayloenbodérrent_, cotgduct.l ve fill 365 may be
ormed by Pratih t8 514YPE3 10 I A crpbadingents apertion pfcondu@eeE. | n an
VO 2007/ OSUIEHRACTIEAEZI0GGLIS: ERAO R rodiBErR ALy @B gONduct T ve f111
e

in ope@i ngﬁ0 0 may ,forma %,onductive through via. I'na odi nent, the
portion ofitCohduct i (& ysitpied Tl 3H, nattern 360 mrasrdy rémaoved ands dielestriesgd,neer i ng

regi on ancdopduwiore¥®75aadEsbhhéBiosd 9 Hew - | n. enbodi ment ,
conduct i v§7@i Il 365 may have CTE géag?tger tggﬁeljt‘%é&%?é&’gp?’gﬁb%e}eﬁ ¥ 305 and
R

5 conduct cppfyclosg &7 gunechioneifOanaysbet formpdrbytany suitibleaeckinhge aer at i on
t enper at UnRyGficheR\NG Qui . di,nen nducgtive fill 365 may
have CTE | e,g s than ?E%Ik%!l%ﬁat%}lﬁs%@t%togﬁ%gg d‘{ﬁe&&g:oﬁgmyﬁ{?é&’%ﬂdlbyéﬁ may be
g (i(r) maﬁl at sg;tgg;ﬁf}oét éﬂ@l%@lﬂ@n@meﬁm@m B’tﬁm?}_ebm?gfcllﬁ% %ﬁtt_eﬁgf;bﬁ,e Ihaglel{)

. kB a nductive fi in trenc may
provi de aB?]eat s%%d% r@@? %ér?hﬁc’)g]r] 2%8@?%‘gmflgycé’fnd'§f?{s Mgy Gl pppReT.
i 11 ust r at &yeY emtdgnens eonnqstionseddh nBHGnaiude bamps. cHMeshbd At She8Gdnsi ¢ 370,

conduct or 5343y b necyions 380 may he formed gver conductive fill 345.
Di el ectric 370, %%n g‘% o%@@%?ssaﬁ'ﬂa%ﬁl?? g rnEes om0 peayadpvrdio-by any
sui t abl e ¢lp henngeionand sntssyrafenaich dea pitedatichaBbggmat erial . I1n an enmbodi nent,
di el ectri may by a spj n met hod. | n an enbodi nent,
conduct or @0%](5) may lﬁg %@I"ﬁ&%ﬁb 5oL egiﬁt““‘%ﬁ%my include a processor 410,
20 memory 420, a memory 440, a graphics processor 440, a display processor 450, a network
interface 460, an I/O interface 470, and a communication bus 480. In an embodiment,

memory 420 may include a volatile memory component. Any of the components in

system 400 may include a heat spreading and stress engineering region as discussed
above. Further, as discussed above, the disclosed invention enables chip stacking

25  including heat spreading and stress engineering regions. A large number of combinations
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. Inan
embodiment, system 400 may include a second processor (not shown) and the second

30  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
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15 pattern renoval, and plating process. In an enbodi nent, conductors may
i ncl ude copper. In an enbodi nent, connections 380 may include bunps. In an
enbodi ment, connections 380 may be forned by a C4 process. In an

enbodi nment , &BQH@%‘%&,@{IS 380 may allow flip-chip connection to a substrate,
such as a printe I'Tcuit board. [O0058]FIG 4 ill ustrat eBCHUSYad/@07400.
System 400 may i nclude a processor 410, a 20 nenory 420, a nenory 440, a
graphi cs pr aeesssi j cessor 450, a network interface 460,
an 110 interface 4%%6&5% nghglgérhﬁgré Bé‘gw?)tﬁsﬁﬁ]é‘g%’@.af]eﬁﬁtane@nh@ijﬁnmwf, menory
420 may i ncltidwyeation| Busthe appearances oftheo pRes “Mthe Habb@BGRTPARCNL S i N
system 400 gByodifg? evaﬁ{)&e%c sgjrg%a}%gi n%gand stress engl neering aJfilegi on as
di scussed above. Further, a5 ar O Tip grrgificatinn ate st inesssshrilymeentingn
enabl es chiﬁ9@Q%&ﬁm@omehmﬂthﬁnﬂgﬁ@ﬁ,apmmgﬂﬂgaﬁﬁgﬂgég%% € i neering
regi O”S-SA&&EEQSQPH%%w%-CO”b' nations of stacked conpone & SPREM G ng
heat spreading and stress E?fd?ﬂe@qo ined i @ysuitehje enmy i drelok ord N an
ermbodi nent ,eophedirepntsd 20 may i ncl ude the heat spreading and stress

engi neeri NYoh i on, ngl rmr% 420 may be stacked with processor 410. In an
enbodi ment,. syst em 400 undeptoethat e alnve descoptinssisintdnded tofkown) and t he
second 30 pHetesenandmy rdstivkivel eMbRPol] RLGading.and stress engineering

regi on, an%%ﬂffys ond processor nay be stacked W tbﬁaﬂ%‘?ntf%@%’j ef er ence
thr oug?gut AR g%@&’i“ GHPONTerigwingr e alrye destEption, OThe sedpe@lRRGHVERAL, MEans
t hat alPar shauld, alieréfork] by @termt Ll rial . or characteristic W
2007/ 050754PCTl Fszooa?} 04177911%;1{162?%% é’l&eg?én%cd&%”ﬂ’é’ﬁlﬁc[eﬂﬁgm,leaénférmﬁ)@unent is
i ncl uded i A“%RF °F EHLY o &hish suehe¢laimsfare ¢ntiled. nvent i on. Thus, the

appear ances of the phrases "in one enbodinent” or "in an enbodi nent” in
various places throughout this specification are not necessarily referring
to the sane enbodi nent of the invention. Furthernore, the particul ar
features, structures, 5 materials, or characteristics nay be conbined in
any suitable manner in one or nore enbodi nents. [0060]It is to be

understood that the above description is intended to be illustrative, and
not restrictive. Many other enbodi nents will be apparent to those of
ordinary skill in the art upon review ng the above description. The scope

of the invention 10 should, therefore, be determined with reference to the
appended clains, along with the full scope of equivalents to which such
clains are entitled. Wat is clainmed is: 1. An apparatus conprising:
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a netallization region including a plurality of netal |ayers on a die

i ncludi ng an active area,; a via extending through the die and the
active area and contacting a nmetal layer in the netallization region;

a discrete heat spreading and stress engi neering region that induces stress
on the deyjge .| ayer dthat is located in the die and adjacent to the
active arexnatisclamegusi i or connect on the netal lization region, wherein the
i nterconnect is connected to an active surface of a substrate; and a
cooling device attached to a surface of the substrate opposite the active
surface. 12. THen apnesates eamprising:ai m 1, wherein the heat spreadi ng and
stress engi neerjn egj-on_conpiises copper.. E The appar at s.oi laim 1,
wherein the heé'tmgtéhezg%?i}l@e%ondm ﬁl Hed 5’[1%8 flﬁba??aé@%g?‘}’ LAPICUERL | east
one of di aAwedve &egli anond |i ke material, or copper wth dianond particles.
4. The apparatus of claim1l, wherein the heat spreading and stress

engi neeri ng redi va iading thropghyihg) die apdjthe agtivearga qind contagting stwetal n t he

device | a . . ratus. of claim4, wherein the biaxial tensile
XE}%r%xh eJ&ﬁll%Pﬁarg%lgﬁ,

stress is | e range o 0.5 to 3 GPa. 6. The apparatus of claim1,
wher ei n t he heatdisqretedstanspreaiing tuice stsese REzineQing @ gioaghamintiaces atredyesal
conductivity.that, is in the rangi(f of about. 4.to 20 tinmes greater than a

thermal c t“fe\}Pi’? agd ﬂﬁ"iég logay _ jnthe dieand pdjacensia the aglive fireg) aj m 1, wherein
the cooling devhCaGOsebS®R AR ittt 9aBba drebthn, NPReif PIR2ER conrider A

appar at us conpri si ng:
connected to an active surface of a substrate; and

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

2. The apparatus of claim 1, wherein the heat spreading and stress engineering

region COmprises copper.

3. The apparatus of claim 1, wherein the heat spreading and stress engineering
region comprises at least one of diamond, a diamond like material, or copper with

diamond particles.

4, The apparatus of claim 1, wherein the heat spreading and stress enginecring

region causes a biaxial tensile stress on a transistor in the device layer.

5. The apparatus of claim 4, wherein the biaxial tensile stress is in the range of
about 0.5 to 3 GPa.

6. The apparatus of claim 1, wherein the heat spreading and stress engineering
region has a thermal conductivity that is in the range of about 4 to 20 times greater

than a thermal conductivity of the substrate.

7. The apparatus of claim 1, wherein the cooling device comprises an integrated
14




a first active surface including a netallization region of a first
substrate coupled to a second active surface of a second substrate by an

i nterconnect, wherein the first substrate includes a heat spreading and
stress engi neering region adjacent to the first active surface and further
includes a via extending through the first substrate and contacting a netal
| ayer of thieat spetadé.i zati on region, wherein the heat spreading and stress

engi neering region induces stress on the first active surface; and a
cooling device on a surface opposite the active surface of the second
substrateg 9. TifafpRRMisddasprizinge! ai m 8, further conprising: a printed

circuit board connected to a bunp on a surface of the first substrate
opposite the act fitse astive suefaes 11‘!q1|‘éd1¥l£ ras metallizationt egion of aTHest yPHFAe us of

claim S8, Wﬂgpls¢ % Sggcolﬁﬁ%t&n%’g el da%goé& 6t r@ SdrBhn-69 w@re%)rm“ ses

at | east on anond or copper
di anond palig fiest eﬁbstraﬂelmclﬁbes ahmrsptaadmgfandlsabm axgmdeﬁnglregwmadjlam to

Spr eadi ng and stress engl neeri ng reglion cause l.a sil stress in
t he range thg imsbachvepufaggangd fysthepmckides 31’(&4%’%6‘!‘&1 ﬂ’c‘ﬂ@ﬁthﬂﬁs’%} %t e and
the heat %H %@Heaaﬂlggggg,}aanggé cﬁﬂﬂé ﬂgegénl%ohe@?eﬂ WSrefn ﬂﬁ%@@&premctl vity

that is in the ran tlrresgeater than a thernal
conduct i viahy stoéssichginéérirgg regioh shduebestress on the first active surface; and

a cooling device on a surface opposite the active surface of the second

substrate.

9. The apparatus of claim 8, further comprising:
a printed circuit board connected to a bump on a surface of the first substrate

opposite the active surface of the first substrate.

10.  The apparatus of claim 8, wherein the heat spreading and stress engineering
region comprises at least one of copper, diamond, a diamond like carbon, or copper

with diamond particles.

11.  The apparatus of claim 8, wherein the heat spreading and stress engineering
region causes a biaxial tensile stress in the range of about 0.5 to 3 GPa on a transistor
in the first substrate and the heat spreading and stress engineering region has a
thermal conductivity that is in the range of about 4 to 20 times greater than a thermal
conductivity of the first substrate.
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