METHODS, APPARATUSES, AND SYSTEMS FOR FABRI CATI NG THREE DI MENSI ONAL

| NTEGRATED Cl RCU TS CROSS REFERENCE [ 0001] This application clains benefit
of U. S. PaDents/xpqBi cati on S/ N 60/ 876407, Docket No. XCRC@AB2007i084286l
"METHODS, APPARATUSES, AND SYSTEMS FOR FABRI CATI NG THREE DI MENSI ONAL

| NTEGRATED CI RCUI TS" to Shijian LI, Fritz REDEKER, and Yezdi DORDI, filed
12/ 20/ 2006; U.S. Patent Application S/ N 60/876407, filedl 2/20/2006, is
incorporated herein, inits entirety, by this reference. BACKGROUND [ 0002]
This invention pertains to three dinensional integrated circuits and

appar atuses, nethods, and systens for fabricating three-di nensional
integrated circuits; nore specifically this invention relates to
appar at uses, nethods, and systens for interconnect netallization of

t hree-di nensional integrated circuits. [0003] A three-dinensional
integrated circuit includes two or nore sem conductor chips with integrated
circuits or _.includes two or nore sem conductor wafers with integrated

circuits. T%E!‘H@Q%MABIAW% ANDSRYS EENR EOR FABRICATING st acked
t oget her, bonded, e R RAMENSPONAT, INPE beERAUiT§ ee di mensions,

i.e., integrated wthin the sem conductor chips or sem conductor wafers and
i ntegrated between the sem conductor chips or sem conductor wafers. The

i nt erconnections between the chips or between the wafers are acconplished
by way of through holes fromthe back side to the front side of one or nore
ofthe chips or one or nore of the sem conductor wafers. In other words, the
el ectrical connections between the stack of chips or stack of wafers are
made by way of the through h@RQSS REEHERENEHhsi onal integrated circuits
have a | arge nunber of through holes for interconnect netallization between
t he sem conductor chips or between the sem conductor wafers. [0004]

Thr ee{0a01gNSi PRiglappItaBek BlaBfls Bdnefitibl §.S. RECAT Appltatién SOMB/MRSI0gNs, will use
Docket No. XCR-003, titled “METHODS, APPARATUSES, AND SYSTEMS FOR
FABRICATING THREE DIMENSIONAL INTEGRATED CIRCUITS” to Shijian LI, Fritz
REDEKER, and Yezdi DORDI, filed 12/20/2006; U.S. Patent Application S/N 60/876407,

filed12/20/2006, is incorporated herein, in its entirety, by this reference.

BACKGROUND

[0002] This invention pertains to three dimensional integrated circuits and apparatuses,
methods, and systems for fabricating three-dimensional integrated circuits; more specifically
this invention relates to apparatuses, methods, and systems for interconnect metallization of

three-dimensional integrated circuits.

[0003] A three-dimensional integrated circuit includes two or more semiconductor chips
with integrated circuits or includes two or more semiconductor wafers with integrated
circuits. The semiconductor chips or semiconductor wafers are stacked together, bonded,
and electrically interconnected in three dimensions, i.¢., integrated within the semiconductor
chips or semiconductor wafers and integrated between the semiconductor chips or
semiconductor wafers. The interconnections between the chips or between the wafers are

accomplished by way of through holes from the back side to the front side of one or more of



t hrough hol es having dianeters of less than 1 mcronmeter. The length for
sone of the through holes will be in the range of a few mcroneters to 20
or nore mvoroesa’es1s. Consequently, the aspect ratios foPCprusc@s®ss?get he

t hrough holes are extrenely high in conmparison to standard technol ogies for
fabricating two-di nensional integrated circuits. Typical processes for
fabricating two-di nensional integrated circuits cannot easily handle the
extrenely high aspect ratios that will be required for fabricating

t hr eegll FRASHMor Ur€BF @k 88mfohGuibtdrSwafélss T ofh¥PiveRls, thE @ResRes for _
fabricating two-di nensional integrated circuits are designed for processing

bl i nd choiesgonsbiiivedrothastapk oteups erstysk cdmafaeagaradedyhwnnettthe thrbwgdugh hol es
succesgf Ul lTXfeF[(Blggﬁgriorﬁlg En%%&teﬁ Bﬁﬁﬁﬁs‘ ht%v%"i‘{lgé Sur%erco%?r%{r%%ﬂrﬁél%‘i fo‘rz""t ion, the
eedl Stonal 1ntedgra y I nc

requi renents tor dcircuits ude
deposiiitc@onidct ehctllléagich betevek@yRl scicdnbigctst ciemadd trtwdentthe sdnhiconduidtonol e,
deposition of a barrier layer on the dielectric |ayer, and a copper fil

suf fi 6Y%ei6- to all ow el ectrical interconnection of circuits on different
chips or wafers in the stack. These requirenents coupled with the extrene
aspect ratios for three-dinensional integrated circuits nake the prospects
for sy6@Essf uThiceddimeaianahinodgritbd eecudts nensidarpato some elgsighsedvildvscui ts usi ng

standayd twp-di pensignal integrated circuit processing technplogy extrenely
poor . aﬂ[lr_@e@tsmﬁéles Vﬁl_?%/éﬂa%}leterso?f 1 Sﬁéf%hmufre%m-s &ﬁ%ﬁng@tﬁg{ 2OARS W&Le
thr eex(loTBINROICNRI DOHEYE Bl of b FGW i SrofRROTo orTRére Wik dchetd-@ndar d

t wo-di mensional integrated circuit fabrication technology. The practical
f abr i damsancotly,tthe @spedirapmdoopmbessmgdly traghdiotasuird extwinidly highun r e new

. t d t . | f tj t . i ts f
et al RSRETO DL SLeHPAEREY SHaro T Borar dimaral et ST T cal 1y,
t her e Tiypicl Pd8eséOfon eiriRARGESRES MR PRI Ftbsafed cabiitSoshesitaRale of
nmeeting the extreme aspect ratio requirenents for three-dinmensional

i nt egrthe exdrestolc bich asnast fedopthay vl byredeieskfor Sabstcating drocatimessienlas
| nsul af tedbc%fcﬁl‘ts?rAl!sé‘%gﬁi%al 0L I8 Rl G MimbAki A tdbacb@"
hi gh- performance devi Ces.
circuits are designed for processing blind holes. Additional process steps are needed to form

the through holes successfully.

[0005] For the specific example of copper metallization, the requirements for three-
dimensional integrated circuits may include deposition of a dielectric layer on the sidewalls
of the through hole, deposition of a barrier layer on the dielectric layer, and a copper fill
sufficient to allow electrical interconnection of circuits on different chips or wafers in the
stack. These requirements coupled with the extreme aspect ratios for three-dimensional
integrated circuits make the prospects for successful fabrication of three-dimensional
integrated circuits using standard two-dimensional integrated circuit processing technology

extremely poor.

[0006] Clearly, all of the requirements for fabricating three-dimensional integrated
circuits cannot be met using standard two-dimensional integrated circuit fabrication
technology. The practical fabrication of three-dimensional integrated circuits will require
new processes, apparatuses, and systems capable of meeting the requirements for

metallization of three-dimensional integrated circuits. More specifically, there is a need for



SUMVARY [0007] This invention pertains to nethods, apparatuses, and systens
for fabricating three-di nensional integrated circuits. The present

i nvent i orweeetsx7p3over cone one or nore of the defici eneceasedoziokeeset andar d
technol ogies for fabricating three-dinensional integrated circuits such as
i ntegrated stacks of sem conductor chips or sem conductor wafers with
integrated circuits. [0008] One aspect of the present invention is a nethod
of manufacturing threedi nensional integrated circuits. In one enbodi nment,

t he MyllQfto&RERI AppamtiRed \bhdisPderfls SHAbIROTEMEHRE theakBEmBayidabragiopl ural ity of
t hrough holes. In addition, the nethod includes supporting the wafer with a

waf er remiigaenisdonthee-dimensipral deisgrated givpelts winlepreetdingdapasitsredmmateredluides
gener at | - syre di fferenti e -the fr -1 e wafer and
Phe  bali"d BulbpRe HR B LS Rt SEHRET o Lo R bl Bl ar or ot der
so t hafevicke pressure differential causes fluid flow through the through

hol es. Al so, the nethod includes establishing process conditions in the

process chanber for at |east one process to fabricate integrated circuits.

[0009] Another aspect of the preggRiviARgntion is a systemconfigured to
process a sem conductor wafer fOT_Q%TEETUinEnSiOHal integrated circuits.

According to one enbodi nent, the system conprises a process chanber

confi to_process the wafer at sub-atnospheric pressure, The system
0 M0 oo BN RiaRoN BT tecsmatwﬁr Hpagusgs g S;ﬁt%w B8 TATSHBR ant | a | y
pl anarnysuiifAGRidnal &@E@ﬁﬁg& cil}dﬁ?ts.b@ﬁgpi%'sgﬁ iRfentibe s QRIS ORI OoncWffdre  The

waf er hol der has‘a flruird f om/channel in f[uyd comruni cation with the
pl anarf sherdcficencithef thatrnddrditeibnologicdifafalbredting thrbe dprasessl iotegrater t o hol d

the wafer.., The system further. includes a.vacuum pu onnected with the
1o o e SRE AR T S b e S G R R e S st o
di f f ergBbdagld daetieen the front side and back side of the sem conduct or

wafer. [0010] It is to be understood that the invention is not limted in
its application to the

[0008] One aspect of the present invention is a method of manufacturing three-
dimensional integrated circuits. In one embodiment, the method comprises providing a
semiconductor wafer having a plurality of through holes. In addition, the method includes
supporting the wafer with a wafer holder mounted in a process chamber. The method
further includes generating a pressure differential between the front side of the wafer and the
back side of the wafer while the wafer is supported on the wafer holder so that the pressure
differential causes fluid flow through the through holes. Also, the method includes
establishing process conditions in the process chamber for at least one process to fabricate

integrated circuits.

[0009] Another aspect of the present invention is a system configured to process a
semiconductor wafer for three-dimensional integrated circuits. According to one
embodiment, the system comprises a process chamber configured to process the wafer at
sub-atmospheric pressure. The system also includes a wafer holder configured so as to
provide a substantially planar surface to contact the back side of the semiconductor wafer.
The wafer holder has a fluid flow channel in fluid communication with the planar surface.
The wafer holder is disposed in the process chamber to hold the wafer. The system further

includes a vacuum pump connected with the fluid flow channel. The vacuum pump is



details of construction and to the arrangenments of the conponents set forth
in the follow ng description or illustrated in the drawi ngs. The invention
i s capablwoabosatrbEs enbodi ments and of being practiced aad/usasnriosg2seout in
various ways. In addition, it is to be understood that the phraseol ogy and
term nol ogy enpl oyed herein are for the purpose of description and should
not be regarded as limting. [0011] As such, those skilled in the art wll
appreciate that the conception, upon which this disclosure is based, nmay
readi lcynfigurbd td pra@eteasprdssiasdiffefeftialtRBy&aThORbMGiRf andtHASK sidk bPgkur es,

met hods, and systens for carrying out aspects of the present invention. It

i s i npomtcanductetistfer.ore, that the clainms be regarded as including such

equi val ent constructions insofar as they do not depart fromthe spirit and
scope of the present invention. BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is
a di agoero]of Rns @rdzagidsBod dhat tieinpéRBANE not1iteidd i@nts abplzatibAtd thea di agram
of an enbodi nent of the present invention. FIG IBis a diagramof an
enmbodidgidiHs obsonsHuctmend e thepyeageaents o e companaeptsyich frtinn g Howgodi ment

of th - | j - HS. A, diagr ' f the

or esenrgERer WG ANyg a il T vt BRI o AL RERn R (Chy

i nventandof bé&hgpra2ficddsand odirsegraummofarmins embo dinrelditionf it idte hervmdentoodnvent i on
FIG 2D.is di agram of an nbodiqent of the present invggtionh FI 3is a
di agr Pt dHC RIKaSSHOSY B HmyTolegyeSp BT RGEHRT 815 PUIQSS OhdsSrpiion 3 am of
an el ARBt bofeedd8d R BSRM i Nvention. FIG 4A is a diagramof an

enbodi nent of thé present invention. FIG 5 is a diagramof an enbodi nent
of the present invention.FIG 5A is a diagram of an enbodi nent of the

prese invention, FIG 5B s di agram of. a q%odine t of the present
rvent PO s S ot aff et s e 80 ARyt Rn o Sorkefsrtti R ent 1 on.
this disclosure is based, may readily be utilized as a basis for the designing of other
structures, methods, and systems for carrying out aspects of the present invention. It is
important, therefore, that the claims be regarded as including such equivalent constructions

insofar as they do not depart from the spirit and scope of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram of an embodiment of the present invention.

FIG. 1A is a diagram of an embodiment of the present invention.
FIG. 1B is a diagram of an embodiment of the present invention.
FIG. 2 is a diagram of an embodiment of the present invention.

FIG. 2A is a diagram of an embodiment of the present invention.
FIG. 2B is a diagram of an embodiment of the present invention.
FIG. 2C is a diagram of an embodiment of the present invention.

FIG. 2D is a diagram of an embodiment of the present invention.

FIG. 3 is a diagram of an embodiment of the present invention.
FIG. 4 is a diagram of an embodiment of the present invention.
FIG. 4A is a diagram of an embodiment of the present invention.

FIG. 5 is a diagram of an embodiment of the present invention.



[0012] Skilled artisans appreciate that elenents in the figures are
illustrated for sinplicity and clarity and have not necessarily been drawn
to scal e.wBapnosawoaipl e, t he di mensi ons of sone of the el ecEntSg007/08828€
figures may be exaggerated relative to other elenents to help to inprove
under st andi ng of enbodi nents of the present invention. DESCRI PTI ON [ 0013]
The present invention pertains to interconnect netallization for

t hreedi mensional integrated circuits. More specifically, the present

i NVentrI@N5ReS 4 diaBfnt 6f SsAbIMmbRSIRE BbdcnZ Alvb@ibn, Or nmetal lization lines
runnln? t hrough a sem conductor wafer fromthe front side to the back side
of t héleedB tondigetasy ofarf enbodinent pé the priseat ingentiont. used for the upper |evel
sem ¢ uct or .. r ) i req-di 10 integrated circuits. [0014]
The oggga %U%mggggﬂﬁgﬁf%gﬁpgn%?Ofﬁgqggggé%YQ?%WEntion wi |l be discussed
below, primarily, in the context of processing sem conductor wafers for use
in stacked wafer threedi nensional integrated circuits. Mre specifically,
the of@1 i onSletled AtbisensaPRTcs1abT th@thféerﬁ?rg& Bhihe figyren arcohustsatefl ©Eussed bel ow in

the c . i il r.eedi i l4, Si 11 con
integggbgghgﬁ%gEkggfaﬁkggez%%h%%&?ﬁﬁﬁg%ﬁg&ﬁﬁhgggggbggf a?ﬁgﬁﬁgiinents in
accor danemssimistoti sbhe opthe semtientmeint figuresmapy be cxgedratal rebtiherto stken conduct or

devi ces and ot her sem condyctor wafers, [0015] In the follow ng description
of th@fwe@mt@éeﬁ% fadmPres underiapding o %%$lge§t5r%&@ PEEHt TYER Men
designating substantially identical elenents or steps that are common to
the figures. [0016] Reference is now nade to Fig. 1, Fig. IA and Fig. IB
where there is shown a cross- sdRESERIBTHONvi ew of a system 20 configured to
process a wafer 24 used for fabricationof a three-dinensional integrated
circuit. System 20 includes a process chanber 30, a wafer holder 35, and a

vacuumpessp 40he %1@96_11?lnvre’ﬁ@&iaﬁeitaﬁﬂaemﬁﬁércgﬁle‘éﬁﬂgeﬁﬁizﬁﬁﬁfcﬂmﬁﬂe@ 'y any type of
y

process chanber pically used to process sem conductor wafers for
met al |dizensian! mtegrated gireuited Maore spgetfscallpxthpprasentghvention pertains to forming

the metallization for metallization lines running through a semiconductor wafer from the

front side to the back side of the semiconductor wafer. The metallization is used for the

upper level semiconductor wafers used in three-dimensional integrated circuits.

[0014] The operation of embodiments of the present invention will be discussed below,
primarily, in the context of processing semiconductor wafers for use in stacked wafer three-
dimensional integrated circuits. More specifically, the operation of embodiments of the
present invention is discussed below in the context of processing silicon wafers for three-
dimensional silicon integrated circuits. However, it is to be understood that embodiments in
accordance with the present invention may be used for other semiconductor devices and

other semiconductor wafers.

[0015] In the following description of the figures, identical reference numerals have
been used when designating substantially identical elements or steps that are common to the

figures.

[0016] Reference is now made to Fig. 1, Fig. 1A, and Fig. 1B where there is shown a

cross-section side view of a system 20 configured to process a wafer 24 used for fabrication



suitabl e types of process chanbers for process chanber 30 are cheni ca
vapor deposition chanber, | ow pressure chem cal vapor deposition chanber,
at nospherwo 2posagsase chem cal vapor deposition chanber, pParars2@7/088266
deposi ti on chanber, plasma enhanced chem cal vapor deposition chanber,

el ectrol ess deposition chanber, and el ectrochem cal deposition chanber.
[0018] In other words, process chanber 30 is configured to acconplish
processes needed for the netallization of wafers used in three-dinmensional
I Nt egrofth @keSidikdtstional fExRRRELSIr@t. %g;gi@npio inbRABY PFRS&LThaMBdr 3027 wker _
acconpl i shed with process chanber 30 are deposition of dielectric materi al
such aeldsr Bp.cwd adiaexira ®umgi40i con nitride, silicon carbide, and |ow k
dielectric; deposition of netallic barrier |ayers such as tantal um
tantalumnitride, and tungsten nitride; deposition of netals such as
coppern0onr f ap®ctdsebhmBiiz® @Heb salsstaitiafllaagy 6lpeanproabd chumbacepicelyal
enrichnment. [0019] Wafer 24 is configured to be used. in a three-dinensional
i nt egradie sy pimicanicioy piages farppeeligtippndigagntedsiregitat egmplesadi ¢

| ncl “@ﬁﬁaﬁl%ﬁ% 0@‘6%?9@&%9&)959&06%&&3@4 §alch R Sbo dhéﬁb‘éltfo or two or

nore semc t ers Wwth integrated circuits stacked together and
el ect rcheabéry lowipesmoncentied viaport depedtion ohemsicoresmospheric presgueg clatn@idalwi t hi n
t he sem copduct.or chi.ps or sem conductor wafers and inte t ed hetween the
seni cYABIACBPS AR 5@@%@&% Wé?%l%f@ﬁ@fbefrﬁ@smﬁteg@%gi 168s bet ween

the cRLpS RboQBENERMEP&INRLRES dipdsRiot QIRhbSNSt Q¥ctRNerRical d¥pBYEHn NOI es

fromthe back side to the front side of one or nore of the %?lps or one or
nmor e chambh@. sem conductor wafers. Wafer 24 has at |east one through hole 27
for a netallization interconnect. Wafers used for actual processing of
integrated circuits are likely to have a | arge nunber of through holes.

H_OWGV?OOIQ] or Tl @hértwor@$, prodeiSiadibcPBO isUdnYigARE té AicBHPNsIPloRedsss shown in
Fig. 1, Fig. |IA and Fig. I1B.[0020] As an option for sonme enbodi nents of
t he pmesdedtior theanatilbirationsf evafag usedrip thisediracnsionpiotrgiriebeiraniifer such as a
Si 11 con MRI&T,r A5, ARy alEL0AL e v PR SIRONITRNE 500l LAG RLABEN

I nvention are arrange or processi ng war ers ot her an stanaar

semn caRpomticr of diclectric material such as silicon dioxide, silicon nitride, silicon carbide, and

low k dielectric; deposition of metallic barrier layers such as tantalum, tantalum nitride, and

tungsten nitride; deposition of metals such as copper; surface treatments such as surface

cleans and surface metal enrichment.

[0019] Wafer 24 is configured to be used in a three-dimensional integrated circuit. The
typical three-dimensional integrated circuit includes two or more semiconductor chips with
integrated circuits or two or more semiconductor wafers with integrated circuits stacked
together and electrically interconnected in three dimensions, i.c., integrated within the
semiconductor chips or semiconductor wafers and integrated between the semiconductor
chips or semiconductor wafers. The interconnections between the chips or between the
wafers is accomplished by way of through holes from the back side to the front side of one
or more of the chips or one or more of the semiconductor wafers. Wafer 24 has at least one
through hole 27 for a metallization interconnect. Wafers used for actual processing of
integrated circuits are likely to have a large number of through holes. However, for clarity

of illustration, only one through hole is shown in Fig. 1, Fig. 1A, and Fig. 1B.



waf ers. Exanpl es of wafers or other substrates for enbodi nents of the
present invention include, but are not limted to, a normal wafer, a

t hi nned vaibenos/goparti al wafer, a thinned partial wafer PCa/ush@ssssabst rat e,
an al um num oxi de substrate, a sem conductor on insulator substrate, an
assenbly of two or nore layers of silicon and/or any other materials, and
ot her substrates used for integrated circuit fabrication. [0021] Wafer

hol der 35 is configured to hold wafer 24 during processing of wafer 24 in

pr ocege020panbas aBBptidtfoRkotO kA8 didRNEUTIId H8SenfinsURSd Mak@ U eofdpsikés body
configured so as to provide a substantially planar surface 36 for

cont a@tsemérondectyawkics suth sk siman cditiudisom aligfrativeathagmbedingsingerf t8S has a
fluid fegsgm iﬁb&l@i%ﬁlar 3a§r6aln%e(§ holf‘l goc%g \r)]vlaf:e?st (88& Mﬁﬁg@da%‘ Hnizdldudhs 36. véfer
e SO al a re

rpI‘
hol de i's connec acuumopunp 4 uced pressure can

be pr cdifeed ERimplcadfvafty dragier3Gbstiabss foedhlscitmpite 55 the ®rdsentihodigioad Vi a
fluid fl ow channel 38 by vacuum punp 40. The reduced‘Fressure,ap lied at
pl anarin@dyds Relearggotimidertiosa gompad sefifrea Hiimed veren apatiat waksh athened ont si de
and b . Sl Q ] r , r - ' [ causes
s R e B S S e L R SE L
be dr aubstfateyam tisembiyostttweiod encat layafserf skoh and/bearyastherahateriad$, andfodrer 24 by
way of through |l e 27 and.thep.on to vacuum punp 40 by way of fluid flow
channéPh%@V”VﬁngwHB?%@¢Q§§Q§5%%HC¢HmFig. 1 is but one possible design

ot her configurations for wafer holder 35 are possible that provide greater
ease for fluid flow fromsurface 36 to vacuum punp 40. [0022] Wafer hol der
35 shd®2] conprifeeholder 85 issdamfighet taheldomfpald dirmguirodessing efjwateedd oi r cui t

manuf act ur i rogces . Preferably,. wafer hglder. 35 is constrycted of

ot or Py SRS ol hEYEEdS Srmbtiset conbuintl Syisbo for QR SRE® o

pr ocess prRadELdubstaftARTY Sfur Qhirffdi 630t S ntRtiaf k! Sack SR of ¥micondictdsct i on of
waf er hol der 35 are alum num anodi zed al umnum stainless steel, plastics,

and ceradenZls WalehheldendUbasrafluia dloa dhahral @S nn flpidRemmynientionafidy plaeirder 35
may CQURLISH. WLET hglldgr P Qoﬁ‘r?ecpe(al \xﬁmvgc%uﬁnpqu@pt Jﬂ? o ﬁgtl RS pressure

can be produced at planar surface 36; the reduced pressure is produced via fluid flow
channel 38 by vacuum pump 40. The reduced pressure applied at planar surface 36
produces a pressure differential between the front side and back side of semiconductor wafer
24. The pressure differential causes at least a portion of the process fluids provided in
process chamber 30 to be drawn from the front side of wafer 24 to the back side of wafer 24
by way of through hole 27 and then on to vacuum pump 40 by way of fluid flow channel 38.
Wafer holder 35 shown in Fig. 1 is but one possible design; other configurations for wafer
holder 35 are possible that provide greater ease for fluid flow from surface 36 to vacuum

pump 40.

[0022] Wafer holder 35 should comprise materials that are compatible with integrated
circuit manufacturing processes. Preferably, wafer holder 35 is constructed of materials
used for other types of semiconductor wafer holders used in process chambers. Examples of
suitable materials used for construction of wafer holder 35 are aluminum, anodized
aluminum, stainless steel, plastics, and ceramics such as alumina and aluminum nitride.
Also, wafer holder 35 may comprise materials such as polyamide and other polymers

compatible with semiconductor processes performed in process chamber 30.



conpati ble wth sem conductor processes perfornmed in process chanber
30.[0023] Vacuum punp 40 is configured to produce a reduced pressure with
respect twothe/qgpadess pressure in process chanber 30. S8owaSeocsa/opd2ss of
types of vacuum punps that can be used for vacuum punp 40 are mechani ca
punp, diffusion punp, turbo-nolecular punp, cryo punp, and other types of
punps capabl e of producing a pressure differential. Preferably, vacuum punp
40 is selected so that it is conpatible with the processes that occur in

procege023anbehcidh péip U0 M dnYigud Gs BROREETS réHd cdBYc ARPKitS Besfedf RS thémM Syst em
used to produce reduced pressure conditions for the process chanber. The

r educ @HOqSpERISSHUES iprngersseehapibey 3¢.ubemp argmplos elclypes afyapeing pumpsibabernso t hat
it issuffigientl 0 i t res e.dnt rocess. chamber
to enratend SRl it P WY REARREY, b, SRpRI MG lPori e RAREERD e o

t he wah@ plawp,\way otHer typeoodpunigd @pabic of Pddddind Berepiradifegedtlabw of process
fluids fromthe front side of the wafer. to the back side of the wafer by

way ofPrefRiadlig nagenepynp 49 isoirdectedsso dhad ét ingpmpatirle wih dhgyProprspes that acuthe nore
ffectj . ifical f ids int
ona” oit BRFYRAAGEERE OrBEEIY Bt pulBR0 el BE REARES LR AP TNt ©

gener ad ecbdoye wdtied predsaiercodditiandfor alecuprovgss imndier c dho eslueel progpatdrier . The

oo L e e (e ST el Yenee o U st gor e 1
thr Oug&pgé’cl t§ tl?e7pres-gﬁf‘e ih I?l'i@ﬂ%@e‘s% RRahRrQo Ehithinge Fil @AW BHMORE Wost §i@f ot rough

hol e 27 can achieve better nass transfer than is typically possible for

si nmi | dhe prise esthe bagesidoohbd wafer dybrdynd thiobgh béle2fie sanme di nensi ons or even
for a through hole on a wafer hol der that does not provide substantial flow
enhancement for the through hole. [0025] As suggested above, the process

f1ui dS[OOIﬁ?d | ThPENRBES] Wﬁbﬁbcé’s@ RIS SRR fBéht QRIR 0P Ehd W4 fBr {oﬁtﬁ@b&dke gases
or gas m xtures such as reactive gases used to deposit dielectrics,

r eact isids of deewatgs by wep Oﬁﬁﬁ@ﬁhth%%gﬂmléwv@e sigle ryadls of dyeugh haledttd ke gases
450, g SRE L SRS RSB0 LR T Bl ooty Yo,
t he prmoeagishdle 27 dseribastsdds Hapassuradiffcadmiatigaicrated by wafer holder 35 and

vacuum pump 40 connected together. The enhanced fluid flow improves the effectiveness

of the process performed in through hole 27 by allowing more process gas exposure to the

walls of through hole 27. The through-the-hole fluid flow that occurs for through hole 27

can achieve better mass transfer than is typically possible for similar processes performed on

a blind hole of the same dimensions or even for a through hole on a wafer holder that does

not provide substantial flow enhancement for the through hole.

[0025] As suggested above, the process fluids used in process chamber 30 may comprise
one or more reactive gases or gas mixtures such as reactive gases used to deposit dielectrics,
reactive gases used to deposit conductive barrier layers, reactive gases used to deposit
metals, reactive gases for surface cleaning, and reactive gases for surface treatment. For
some embodiments of the present invention the process fluids include gases maintained at
sub-atmospheric pressure for processing wafer 24. As an option, the process fluids used in
process chamber 30 may include gases maintained at pressures for vacuum processing
semiconductor wafer 24 at pressures less than 1 Torr. Alternatively, the process gases may

be maintained at atmospheric pressure or higher than atmospheric pressure for processing



sub- at nospheric pressure for processing wafer 24. As an option, the process
fluids used in process chanber 30 may i nclude gases naintai ned at pressures
for vacuwopp@soessdng sem conduct or wafer 24 at pressur @STIUSe@70B&286 1 Torr .
Al ternatively, the process gases may be nai ntai ned at atnospheric pressure
or higher than atnospheric pressure for processingwafer 24. The process
fluids used in process chanber 30 may conprise one or nore |iquids or
liquid m xtures such as those used to deposit netals by el ectrol ess
deposiddfam4orTiRl Reds AR USRI in Prdet Ghander 30 mAPbRAPrisd HiR RR¢8iguidsui ds may
conprise one or nore |liquids used to clean sem conductor wafer 24. [0026]
Enbodiotiatis mixturgesush es iose Bpdda depmitmiials by elegdelepr dspesitor paber 30

ol oot Raaost NI RAE, Pl MRt A bR B rhbHise R oF RERF 38057

El ect neetetodleanSchitondaadr wofct bat application of electrostatic charge to
el ectrode 42 produces electrostatic forces sufficient to electrostatically
clanp wafer 24 in place on wafer holder 35. Electrostatic clanping of

waf er 306%{]_ Se%%gﬁ%ﬁ{s%f t%%&%eng RERSH ﬂﬂgtl i%iéluﬁ%ﬁﬁ?@%tché(mﬂér%- The

confiduration for electro own 1 n ut one exanple; other
conf i gunfigireh® wanmnber needrehdtate gasys rhey fethteconsprist @d cfeotrodd? det ai | ed
design for wafer. hol der 35. [0027] As _anaqth optjon .for enmbodi ments of the
pr esenfCOrpRFaH VA, Wafek EERE S BRI ﬁ[‘telFCt&Silﬁﬁ‘Ei iy gwaldggé%% cal clanp
44, agp5iQ0n bR clbkiostdtf-chMeg RaBlceRd et 23Bd ftes bRcEORIH AUFRYsifcRIYS! cal |y
clanp wafer 24 in place on wafer holder 35. Mechanical clanping of wafers
f or sehictrostaticaily clangf eafep2é oeplsiaen wafef heldartt. | FlectswthticThenmogmbf gur at i on
for claq? 4 shown i@ Fig‘i.c I B is.but _.one xaqg{ . othgr c9nfk%urations can
be usdW TR SPHYCIWEUHRE Waler DRt RRerd o Rety ol | B QESRYRIPRINwat er hol der
35. [ QERabdFes HRACH Fig NOW HiReee &QniplE-otier WS BirdtiRk @ah Be §¥AWRatanay
cross-section side view of a system 20 according to one enbodi ment "of the

pr eseme betigzanited for damdatajledelgsien forvtieskolders®ni conduct or wafer 25 used for
fabrication of a three-dinmensional integrated circuit. System 20 includes a
process chanber 30, a wafer holder 35, and a vacuum punp 40.

[0027] As another option for embodiments of the present invention, wafer holder 35

may further comprise a mechanical clamp 44, as shown in Fig. 1B. Mechanical clamp 44 is
configured to physically clamp wafer 24 in place on wafer holder 35. Mechanical clamping
of wafers for semiconductor wafer processing is frequently used. The configuration for

clamp 44 shown in Fig. 1B is but one example; other configurations can be used that may be

better suited for the detailed design for wafer holder 35.

[0028] Reference is now made to Fig. 2 where there is shown a cross-section side view
of a system 20 according to one embodiment of the present invention configured to process
a semiconductor wafer 25 used for fabrication of a three-dimensional integrated circuit.

System 20 includes a process chamber 30, a wafer holder 35, and a vacuum pump 40.

[0029] Process chamber 30 can be substantially any type of process chamber typically
used to process semiconductor wafers for metallization of integrated circuits. Examples of
suitable types of process chambers for process chamber 30 are chemical vapor deposition
chambers, low-pressure chemical vapor deposition chambers, atmospheric pressure

chemical vapor deposition chambers, atomic layer deposition chambers, plasma enhanced



[ 0029] Process chanber 30 can be substantially any type of process chanber
typically used to process sem conductor wafers for netallization of

i nt egr at esocnesoTPe1s. Exanpl es of suitable types of process/ush@rmioes2se f or
process chanber 30 are chem cal vapor deposition chanbers, |ow pressure
chem cal vapor deposition chanbers, atnospheric pressure chem cal vapor
deposition chanbers, atom c |ayer deposition chanbers, plasna
enhancedchem cal vapor deposition chanbers, electrol ess deposition

chanbehsmicanehpdl @%156 SRR RAhKBErs AR dsh @ébcﬁjﬂﬁmﬁﬁrﬁberﬁ 03QlectBciinhigs) wor ds,
[

process chanber 3 S conflgured to acconplish processes needed for the
met al |depesitianchembaesf ers used in three-dimensional integrated circuits.
Exanpl es of sonme of the processes that can be acconplished with process
chanber 30 are deposition of dielectric material such as silicon dioxide,

silicqoo3g|tri Hleoth@iwdraerpr@@s@ﬂd@beamld @nfikurdt €d e&biplish piepestd | on of
netallic barrler Yers such as tantalun1 tantalumnitrjde, ~and tungsten
1

ni tri deededepo tnil%fﬁ é%tw#afa\r%eréutqﬁi 134 eeﬁwnswélalrmt?@éatﬂ@wﬁénts such as
sur f aGeH kAT s3A0 Pk ARRRE LR oANEd £ROFBshck Ao VAL i 13p agonf | gur ed
to be used 1n a Pee-di mensi onal Integrated circuit. Th r ee- di mensi onal
i nt egrdapesitiai qsfcdlelt:ctnm alatated sdohas eiliconm dxsdnbitionduictde sitiborpsaradthandnt egr at ed
circuits oy twa of mare s uct or mafer with inte ted Gircuits

st ackéwérfﬁelseﬁeec{?pt)%%@ﬂ etaﬁw afrmré@fﬁa%w & frothIvE. Grialior Besies, &3 ly

| Nt er ¢GRNRRALEFidE; ruetpbtlﬁen o AEAR QBR as IMeh, MTECARARRLIOARNAStWRRR the chi ps
or between the wafers is acconplished by way of through holes fromthe back

si de tcteanhend suoface gictiéd cofichomat.or nore of the chips or one or nore of the
sem conductor wafers. Wafer 25 has at |east one counterbore through hole 28
for a netallization interconnect. Counterbore through hole 28 is a standard

count gpésI| e Wherg 3ne c@fﬁqgu@éd fohe el B mﬁeecmﬁteﬂmmtﬁggmd clrb@t.otiher end of
S

the hole has a larger dianmeter. Wafer 25 is configure o that it has
count éhiserdimensicnab®tagrated eiFritsnellfesdivaras meare serdicarductns chipsntithsi de of t he

waf er ’néte%r%te’d CEI}ESI‘[.SS I o\m% %e ts%gr 9 (i]u%%r %grs Qm hhlgteggaé Src gt?&iieﬁ%ﬂﬂ the

| ar ge ter coun e wafer.
bonded together. The integrated circuits are electrically interconnected in three dimensions.

The interconnections between the chips or between the wafers is accomplished by way of
through holes from the back side to the front side of one or more of the chips or one or more
of the semiconductor wafers. Wafer 25 has at least one counterbore through hole 28 for a
metallization interconnect. Counterbore through hole 28 is a standard counterbore where
one end of the hole has one diameter and the other end of the hole has a larger diameter.
Wafer 25 is configured so that it has counterbore hole 28 with the small diameter end at the
front side of the wafer, i.c., the side where the integrated circuits are formed, and the large

diameter end of counterbore hole 28 at the back side of the wafer.

[0032] The counterbore hole configuration shown for wafer 25 can further enhance the
fluid flow for the small diameter portion of counterbore hole 28. The enhanced fluid flow is
achieved while maintaining the aspect ratio needed for the through hole metallization
interconnect. More specifically, counterbore hole 28, for some embodiments of the present
invention, can provide improved processing conditions for the small diameter portion of
counterbore hole 28. The large diameter end of counterbore hole 28 is placed at the back

side of the wafer; a larger hole in the back side provides better fluid flow at the back side of

10



[ 0032] The counterbore hole configuration showm for wafer 25 can further
enhance the fluid flow for the small dianeter portion of counterbore hole
28. The ewbanesaddiBuid flow i s achi eved whil e mai ntai ni RGTIUSR00E988268¢ rati o
needed for the through hole netallization interconnect. Mre specifically,
counterbore hole 28, for sone enbodi nents of the present invention, can
provi de inproved processing conditions for the small dianmeter portion of
counterbore hole 28. The | arge di aneter end of counterbore hole 28 is

pl acedhalvafcheAR3Wy p‘iéoﬁi@% @b 14rbe dwafetd hoR dt cORick BRIk ®f kHd WaTer, BRclkrest de

provides better fluid flow at the back side ofthe wafer. Al'so by pl aci ng
the | aliayecter hoheeasyborrabidy elimingtedisa dheat &g gotafresehbingbe &nal thise-dimaenséanalii amet er

ol & SaRRaRRUAY TRl LILOM G S0 bilhod & 08L, ALEIANNiAL B B8 FLn

t hr ee nsional ate di"ane

el i m pattkdywhasvddne thiack whfde Ofic thitewafagsr ib ﬁseldaﬁ thcathiey- cﬁ@eﬁs\f@mt o thin the
waf er. The thinned wafer is used in the three-di nensional |ntegrated

ci r cuiittegipereisuits Spfers psedfor a¢m%5rpé‘éfé§5§ilg1@f lefegr%%@ﬁcalﬂtéarec ikebuothevar e
li kel y 15@ *ﬁa&%eﬁ?étﬁfo%gh Y eﬁo%v&%] hpfggigﬂgt trafi I\ggf thfe%rthx[rogglg' ty of

il lustration ee through own I n 3] Wwafer 25
i's fumbhﬂmﬂaﬂhumhnéued in Fig. 2A where there is showmn a top view of the
front side of wafer 25 according to a preferred enbodi nent of the present
invention. Fig. 2A shows a wafer 25 having a plurality of counterbore hol es

28. Mype333 pecwalfé‘r%hyfurmef ﬁrusgée@m@ PA IRk threal sV 4t AR LEchOl es 28A
linearly connected with a plurality of larger dianeter holes 28B to form

t he pmumamdeyfnﬁﬁméﬁﬁt@n®mge)hphi%ﬂdmfnﬂEMgnmzAfﬁhﬂ%@whamgeudmadbger hol es

28B hed I t k f th
ot er 2naeire gt R el bt faRaghs oPle EUBRAY GRS ons ror
waf er 23%as & FRlrhlitdiof sRhe Glaﬂwt&%o?e%QSMeﬁﬁy @oxﬁié@tféti Qxhﬂlna ?!hﬂﬁﬁ@} &f 1§r efhe
dianeter for |large diameter holes 28B is preferab ect ed e | ar ge

enougflianecter kplgsds BetoHame & vty Cfflceuntmhomﬂgﬂe%%fal 1gcﬁféﬁ@1"é9rlaﬁiﬂ es 28A.
[0034] ﬁet?mo%)stjfi%erasf(ﬁshe%ﬂ%s el":%%%ﬂ é%érsho?és qiggze og%ﬁentgackgvd[%?fglgpm through

holes ave no mEters &0 as

count evdiarshdhed kiddéaivi thg toporiey. Accordlng to some configurations for wafer 25, small
diameter holes 28 A may have submicron diameters. The diameter for large diameter holes
28B is preferably selected to be large enough to provide enhanced fluid flow through small

diameter holes 28A.

[0034] As an option for some embodiments of the present invention, through holes for
the wafer may have more than two diameters so as to form counterbore holes having more
than one shoulder. Any practical number of hole diameters can be used for some
embodiments of the present invention. Fig. 2B shows a cross-sectioned side view of a wafer
25B having a modified counterbore through hole 29B. Modified counterbore through hole
29B has three diameters for three different sections along the length of the hole so that the
modified counterbore hole has two shoulders created by step changes in the diameter of the
hole instead of one shoulder for a standard counterbore hole. As another option for some
embodiments of the present invention, the through holes may have tapered sidewalls such as
to from a cone shape for at least a portion of the length of the hole with a larger opening at
the back side of the wafer or other substrate. More specifically, embodiments of the present

invention may have countersink holes through the wafer or other substrate. Fig. 2C shows a
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t han one shoul der. Any practical nunber of hole diameters can be used for
sone enbodi nents of the present invention. Fig. 2B shows a cross-sectioned
si de vi ewof2oa@/omedier 25B having a nodi fi ed count er bore Prhrasgén7ioss2ss 29B.
Modi fied counterbore through hole 29B has three dianeters for three
different sections along the length of the hole so that the nodified

count erbore hole has two shoul ders created by step changes in the dianeter
of the hole instead of one shoulder for a standard counterbore hole. As

anot hefoseREdtRAcd Side SRIERIMOM DBOhEvViRE alcbentBisBkaRloubNUsIRLOEN In bhRr t hr ough
hol es may have tapered sidewalls such as to froma cone shape for at |east

a por embedpenthel the pigsent afventien, Katouglwhelns bavieg efber shgpesi mey ba uscHeudiack si de
of th r e u ra e. cificall i of the

o ccont UEL yArw B0 REORCH Rl Bh iRl G SironBTRACHIRREE 2" ot hey
subst mainésphbrighl hdle pphikscoatE@ing-vaecs tydinde caiide: porevn &f comnplett elic 25C havi ng a
countersink through hole 29C. In other enmbodi nents of the present

i nventhigpgh hele cHsPe sFigavh 1Bowt merosshreiieschide vewdagvaftich s cur ved

S| de\é\g{%@? gﬁﬁnﬁ%b@ﬁédl QQunt@rbBr‘%rﬂlﬁo%tQﬁ 'hbfeai9153§?1‘i'ﬂaf>1%rf91°%‘rﬁllet %{l?cﬂ%?exﬁ? bEpRaving a

hem e portion connecting wth a cylin C e portion to
conpl grachthevdnioough hol e may be used. Fig. 2D shows a cross-sectioned side
vi ew of a wafer 25D having a hem spherical counterbore through hole 29D
suitable for sone enbodi nents of the present invention. [0035] As shown in

Fi g 3003 ef AV ine! 2 \OR AW 99 if QuitRlbguBhBIa el iithpr 00eSSI Ng. of

wafer 25 in process chanber 30. Wafer holder 35 conprises a substantially
ri gi d ppadysingef wifiac L hdemoecss ahanant3i0alWafeplyl ders Srmtaprised a sibstaPaslbyus

material,45,is configured so. to allaow.fluid flow thr h it.. Waf.er

ol Gor sty BarfryiP bR ids notrBundiidias Roroid MigiadD rtsn:  ar 1y
pl anarso aytd afsy BlidfRIw GeaigAGE | Wafd MeldeRgK isSdod fig@ked $6 Pa€ pOEUS hdfervpf er 25.
Wafer holder 35 has a fluid flow channel 38 in fluid communication with

por oustSrnEeedesed substantallyqrense quigarel3p foncdntastiag dembrghisidaof semigprducgiranar

U 258, W08 IALES 25 S PRGBS A SR Bl 2y o
i's praesieed 48iaad tonsegudntioun ﬁhMmﬁﬁci@MnMﬂL@lmmlwffaéH%. Wafer holder

35 is connected with vacuum pump 40 so that a reduced pressure can be produced at planar

surface 36. The reduced pressure is produced via fluid flow channel 38 by vacuum pump 40.

The reduced pressure applied at planar surface 36 produces a pressure differential between

the front side and back side of semiconductor wafer 25. The pressure differential causes at

least a portion of the process fluids provided in process chamber 30 to be drawn from the

front side of wafer 25 to the back side of wafer 25 by way of counterbore hole 28 and then

on to vacuum pump 40 by way of porous material 45 and fluid flow channel 38. Wafer

holder 35 shown in Fig. 2 is but one possible design; other configurations for wafer holder

35 are possible that provide alternative fluid flow properties.

[0036] Wafer holder 35 should comprise materials that are compatible with integrated
circuit manufacturing processes. Preferably, wafer holder 35 is constructed of materials
used for other types of semiconductor wafer holders used in process chambers. Examples of
suitable materials used for construction of wafer holder 35 are aluminum, anodized

aluminum, stainless steel, and ceramics such as alumina and aluminum nitride. Also, wafer
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The reduced pressure applied at planar surface 36 produces a pressure
differential between the front side and back side of sem conductor wafer
25. The pwosswywdfferenti al causes at | east a porti onPofi/ush@7/p8526€SS
fluids provided in process chanber 30 to be drawn fromthe front side of
wafer 25 to the back side of wafer 25 by way of counterbore hole 28 and
then on to vacuum punp 40 by way of porous material 45 and fluid fl ow
channel 38. Wafer holder 35 shown in Fig. 2 is but one possible design;

ot her pepfpt g Hfa@rf[cioﬁl?ﬁsé latorafsaucth sivandide @ﬁ&oﬂ@ﬁ%@l?ﬁ@rstd@ﬁipa%l@%iﬂﬁ _
alternative fluid flow properties. [0036] Wafer holder 35 should conprise

mat er isamicopgegtorgrecassayparippned winreccshehagiter 80 circuit nmanuf act uri ng
processes. Preferably, wafer holder 35 is constructed of materials used for
ot her types of sem conductor wafer holders used in process chanbers.

Exanpl[e379f sviaéalpd puipieid @nSigusddo bayduconsddued prossued witltapedied her 35 are
al um num anodi zed al um num_ stainless steel, and ceram cs such as al um na
and alPIRRCRUPHCHHUES ingoceay ghembigs fRr Reyne sramychel typesRsvire B Bps BrEcaduch as

ol yanj i ke by s ] es
Port orkasr TR LA REL pRBL MTRE I GBARER . WA AR NS I BIBTENRES o
pr oduceycapungd une dther esuoepwnpdrapadpet prodocihpe pprsowre sisfqperembur e i n process

chanmber 30, Sonme exanpl es.of types of .vacuum punps.that can be used for
vacuu rifgwblywa%wgl PER 4R ascsgl%f?ﬁ thayiiteis Gamps Qo wgh thapragesis) tBaogyr punp,

Cryo RiPRce@tfaMbiieso. LyREHan, RALHRA pﬁﬁa@%ﬂ@! RayPlonifiRd UGjaBRR sfs‘t@fﬁ A E

differential. Preferably, vacuum punp is selected so that 1t 1Is
conpattd produpd tedu¢ddepressucamsdisionhior tiecpraeess nhgmlpredbe cddandsbpresre Qpt i onal |y,

vacuum 0 _may conpri,se acuum system.used t roduce reduced

press &F‘g&{lgg‘hﬁ}’ ¥ ?Cd%gl Iflgﬁp f‘@ 86%15 X%E% 80%?%%§$}ha§rﬁés §Ugf&§81ét§" %We%’gﬁr e produced
by vageipartis iR fHossiRadshd frob&s CRIMb&@Itd 8shanee fIGRAILIdW from thefbhedignst y | ow
with respect to the pressure in the process chanber to enhance fluid flow

f r om tthewhicn i the baek Bide eftbe wafasbytvetdidhiouglk helcd8. of the wafer by way of

t hrough hole 28. [0038] Reference is now nade to Fig. 3 where there is
shown a cross-section side view of a system 20 according to one enbodi nent
of t hq0g38}senRecfcronedis mow sadd fodtips eXlwherephide &Sshown a cross-section side view

of a system 20 according to one embodiment of the present invention configured to process
a semiconductor wafer 25 used for fabrication of a three-dimensional integrated circuit.

System 20 includes a process chamber 30, a wafer holder 35, and a vacuum pump 40.

[0039] Process chamber 30 can be substantially any type of process chamber typically
used to process semiconductor wafers for metallization of integrated circuits. Examples of
suitable types of process chambers for process chamber 30 are chemical vapor deposition
chamber, low-pressure chemical vapor deposition chamber, atmospheric pressure chemical
vapor deposition chamber, atomic layer deposition chamber, plasma enhanced chemical
vapor deposition chamber, electroless deposition chamber, and electrochemical deposition

chamber.

[0040] In other words, process chamber 30 is configured to accomplish processes
needed for the metallization of wafers used in three-dimensional integrated circuits.
Examples of some of the processes that can be accomplished with process chamber 30 are

deposition of dielectric material such as silicon dioxide, silicon nitride, silicon carbide, and
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a sem conductor wafer 25 used for fabrication of a three-dinensional
integrated circuit. System 20 includes a process chanber 30, a wafer hol der
35, and awoacwsurepanp 40. [0039] Process chanber 30 canPb@/tsadsiosssé al |y
any type of process chanber typically used to process sem conductor wafers
for netallization of integrated circuits. Exanples of suitable types of
process chanbers for process chanber 30 are chem cal vapor deposition
chanber, | ow pressure chenical vapor deposition chanber, atnospheric

pressus® kCigpdtaa! deyai@sn deResillc RRiGNA e uch Ak ik LGurh dMBla e BREAJ, D
chanber, plasma enhanced chem cal vapor deposition chamber, el ectrol ess

deposittngsienahizdpeteposifion ef metatsoehle ad expper spdadcttrearmertinstsbas sy@40] | n ot her

wor ds, e h r i onfigured to acconplish processes needed for
t he ngkgpgﬁ%giF%ﬁg%%E%é %#?%ﬁged in three-dinensional integrated circuits.

Exanpl es of sonme of the processes that can be acconplished with process
chanber 30 are deposition of dielectric material such as silicon_dioxide,

si 1 caP0Hl ¢ ri WeafersdS|ip eeyHigercodis usechieh ot ge-timensenal inteeraleg Gu YT o Rhof

n‘!st a! ght%e-gﬁﬁéﬂsﬁnai RSP Uil ttaflotb'? ndré Qérﬁﬂcylﬁﬁlﬂ'tc}r rchS wift! d tungsten
nitride; deposition nmetal's such as copper; surface treatnents such as
sur f adeteglaedns caitdorstwiofcacerastraicomdiuctar twaters wifhlgwgtatdddimnit? Staclkedaadf i gur ed
to be used in re i nensi onal i rated. circuit, The three:-di nensional

three-d nt e
i nt egrP8f i eRsBeand et g_l@temomecmlg gAY o NCRISSLTRFEO™ nt egr at ed
CI T CUiLkfiy & thhif or RSl GRRALEHOLoNARLELINGD of TR (Fiih Gl € S

stacked and bon together and electrically Tnterconnected in three
di mendadnside Thibe ifrnesidoohect drangec lbétheebrpstonence hi meraef thesamseondukwrwaf ers i s

acconpl i.she of . through holes fro h K si .to the front side
o - ona BTVt Tt gl apuess hirgh o FEr a B Dutiobe or vaters.

V\ﬁf er igercbasectt Cb@ashoRNBrduol RbRIIXAE & siahﬂﬁbl%uﬁ‘c@ﬂb@r@xghér@ bn@chBd/ht i zati on
i nterconnect. Counterbore through hole 28 is a standard counterbore where

one erhgledfasne diaicicriaad thermshesicadef die hodhastidargendiemstes. S¥aferdd ol e has a
| ar ger__di 25 1 fi . ' rhore through
hol & fggf\;lﬁ{lg& ?c?}téla‘}sqg%l?ﬁr co&?g‘eﬁl&rgﬁﬁgﬁ%ﬁﬁg gﬁg\/ltthhtﬁé sth1l Ql%ﬁle?e? YR &f tlﬁg

front side of the wafer, i.c., the side where the integrated circuits are formed, and the large

diameter end of counterbore through hole 28 at the back side of the wafer.

[0042] The counterbore hole configuration shown in Fig. 3 for wafer 25 can further
enhance the fluid flow for the small diameter portion of counterbore through hole 28 while
maintaining the aspect ratio needed for the through hole metallization interconnect. More
specifically counterbore through hole 28, for some embodiments of the present invention
can provide improved processing conditions for the small diameter portion of counterbore
through hole 28. The larger diameter portion of counterbore through hole 28 is placed at the
back side of the wafer; having the larger diameter portion at the back side of the wafer
provides improved fluid flow. Also by placing the larger diameter portion at the back side
of the wafer, the larger diameter portion can be easily eliminated from the final three-
dimensional integrated circuit as described above. Wafers used for actual processing of
integrated circuits are likely to have a large number of through holes. However for clarity of

illustration, only one through hole is shown in Fig. 3.
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front side of the wafer, i.e., the side where the integrated circuits are
formed, and the large dianeter end of counterbore through hole 28 at the
back si dewof2oesmgmafer. [0042] The counterbore hol e conPCcgarsatross2shown in
Fig. 3 for wafer 25 can further enhance the fluid flow for the snal

di aneter portion of counterbore through hole 28 while maintaining the
aspect ratio needed for the through hole netallization interconnect. Mire
specifically counterbore through hole 28, for sonme enbodi nents of the
presenpo43pvenik @ﬁlo?@dh O Q¥rh € embAMHRUBD FREOS8SHE N chtiid kil RftcfRie t he smal |
di ameter portion of counterbore through hole 28. The |arger dianeter

por t i ehugfirecs oot wnetelytramovesh nsrigically,ipgrteif sreddregt diamstopgeriogiofe of t he
waf er; hayin e r [ ter i OF ck sSj h fer

o ovi GeURViRf HRGeh RREPS P SiRLuP Bt Mnihesb g Wl udp 8o Shut BFo5r £ on
at t heinixheld nsotdizadion! Mac WrE@Idiarhdier porfi@esf sbuatteicee tRotdh Iwic eqrwig easily
elimnated fromthe final threedi nensional integrated circuit as described

abov e fillpd mathsmetal gravides adaigsy tapgch ates $origalgng pleetaigrlaoatackifpthe thyoughe | i kel y
to h - | AL
11 Db BSIAE TR e 484 BHAD, 8teaRy a6 Pt Hor epbNoRlacts . 1 oot on

for sonth endljcbicnewifer of tht backpfoe slenthrderdimebsionm] ittbgatedentwtsbdihe structure is
not conpletely remved.. Specifically, part of the | arger. di aneter portion
of cod rws@vérglﬁgg%w ingKescing tp eradiis bighes VISP gl gl Righes T bty

i ncor gor @t ac@ginRAtbnAfintepRitdd ficafped netal lization. The larger diameter

portion of counterbore through hole 28, when filled with netal, provides a
| arger target area for making electrical contacts for the through hole

tal ljzati h : N . in .of
et ADEA' oneltolr I8 b i Ry uf POl P Rlrink Tt of WG 25 B
t hr eepibEBNGaBhR} 30."MeGHREr 85 LEMbiSos a HBsthtflI§2Bedbsts! cﬁinﬂF@Fed%B BT IS

expected to produce higher device yields and higher reliability for the

t hr ee telprerids oyvhbtantvl g anas guidice 36i foscontaong thokgrk sids of eanicgmdictorconf i gur ed
to hol r [ (o] i f f,er. . [ 0G 30. Wafer
ho|dePgﬁﬁﬁ%gQ%%éégg“%pg%%%fgﬁﬁﬁ5&%99?P%$3§6%§§“%%W '%ﬂ&%@n§§ﬁg§%@g provi de
a substfide 30, | Wafek aokder 3uhdsacavidp 46 adjacant@phhaguifhe mcWakir deldef 35

sem conduct or ) ) )
includes at least one structure 48 disposed in cavity 46. Structure 48 extends from the base

=0

of cavity 46 so as to form planar surface 36. Fluid flow channel 38 is in fluid
communication with planar surface 36 by way of cavity 46. Wafer holder 35 also includes a
surface 50 for contacting the back side periphery of wafer 25. Surface 50 also defines planar
surface 36. Preferably, surface 50 is configured to substantially seal the back side periphery
of wafer 25 to reduce the amount of fluid flow to vacuum pump 40 that bypasses through

hole 28.

[0045] Wafer holder 35 is connected with vacuum pump 40 so that a reduced pressure
can be produced at planar surface 36; the reduced pressure is produced via fluid flow
channel 38 by vacuum pump 40. The reduced pressure applied at planar surface 36
produces a pressure differential between the front side and back side of semiconductor wafer
25. The pressure differential causes at least a portion of the process fluids provided in
process chamber 30 to be drawn from the front side of wafer 25 to the back side of wafer 25
by way of through hole 28 and then on to vacuum pump 40 by way of fluid flow channel 38.

Wafer holder 35 shown in Fig. 3 is but one possible design; other configurations for wafer
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waf er 25. Wafer holder 35 has a fluid flow channel 38 in fluid

comuni cation with planar surface 36. Wafer holder 35 has a cavity 46

adj acent wo 2pdsarteg13sur f ace 36. Wafer hol der 35 i ncl udes Patr/use@sisszne
structure 48 disposed in cavity 46. Structure 48 extends fromthe base of
cavity 46 so as to form planar surface 36. Fluid flow channel 38 is in
fluid conmuni cation with planar surface 36 by way of cavity 46. Wafer

hol der 35 al so includes a surface 50 for contacting the back side periphery

of wafelde?3s atWokatRr thA pad i ShicNesc Phramad ﬂ§Wﬁr@fﬁ?1a%§r supragé s abl y, surface
50 is configured to substantially seal the back side periphery of wafer 25

to redaeewnt hemadBunt of fluid flow to vacuum punp 40 that bypasses through
hol e 28. [0045] Wafer holder 35 is connected with vacuum punp 40 so that a
reduced pressure can be produced at planar surface 36; the reduced pressure

i's prqoedsdd virafdlhelddr B5 enoutd asaplise3Batbhialy @i e dotipatiBle .withhiatcpeded ed
pressure applied at planar surface 36 produces a pressure differential
bet we&ffCHihBIRRIGAITEE REOCEHES- RISk &k pevfer kaldsrcloris aetsgucigapématesialsThe

re I i i [ C '
o ovi de o L BREL B RAARRG R nuRERDIEIRE] Iilofhes LORRE BE I ET er 2
t o t heubdd&kmatctielsafsedvifreon2iichyn vbyafef holdeifghre bhbhinen@8, andiZcien on to

vacuum punp 40 by way of fluid flow channel 38. Wafer hal der. 35 shown in
Fig. #lyramnpg, Stawé%@%h Prdeccgrraicy suc ﬁ@m%ﬁ?‘g HUMIRYB AUTES AR WRIRBI der 35

are pepkichke ﬁa@%%m%'fi@é’ hARHAQALILEs SATAnOEnd bikbApdIl QW s doRiPaRbi@RAM Sur face
36 to vacuum punp 40. [0046] Wafer hol der 35 should conprise materials that
are conpaohdlaonprodessastpetfoanetingiroesss chameeuB@ct uri ng processes. Preferably,
waf er holder 35 is constructed of materials used for other types of

sem conduct or wafer hol ders used in process chanbers. Exanples of suitable

nat er i[@d47) usetadiRim F@A U0 eédnfigult t%f@hc&@kéﬁ@&e&iﬁe@h% Wit Espetinto Maodi zed
al um num stainless steel, and ceram cs such as al um na and al um num

ni tri deQCcHy BessuvRINTodest ehambBs 3Pmiome pprmiles pfatypes oflvgcwue huags Pot gairri de and
Ot her | 0OLYITRS S GATPRIAP4E o hEeraFTLCRRTH Gl RlsidH R5553FB0RESCAIIFl ProCess
cryo pump, and other types of pumps capable of producing a pressure differential.
Preferably, vacuum pump 40 is selected so that it is compatible with the processes that occur
in process chamber 30. Optionally, vacuum pump 40 may comprise a vacuum system used
to produce reduced pressure conditions for the process chamber. The reduced pressure
produced by vacuum pump 40 needs to be controlled so that it is sufficiently low with

respect to the pressure in the process chamber to enhance fluid flow from the front side of

the wafer to the back side of the wafer by way of through hole 28.

[0048] As suggested above, the process fluids used in process chamber 30 may comprise
one or more reactive gases or gas mixtures such as reactive gases used to deposit dielectrics,
reactive gases used to deposit conductive barrier layers, reactive gases used to deposit
metals, reactive gases for surface cleaning, and reactive gases for surface treatment. For
some embodiments of the present invention the process fluids include gases maintained at
sub-atmospheric pressure for processing wafer 25. As an option, the process fluids used in
process chamber 38 may include gases maintained at pressures for vacuum processing
semiconductor wafer 25 at pressures less than 1 Torr. Alternatively, the process gases may

be maintained at atmospheric pressure or higher than atmospheric pressure for processing
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[0047] Vacuum punp 40 is configured to produce a reduced pressure with
respect to the process pressure in process chanber 30. Sone exanpl es of
types of wecoesm7puaps that can be used for vacuum punp 20TAIS200THE8286 1 Cca
punp, diffusion punp, turbo-nolecular punp, cryo punp, and other types of
punps capabl e of producing a pressure differential. Preferably, vacuum punp
40 is selected so that it is conpatible with the processes that occur in
process chanber 30. Optionally, vacuum punp 40 nmay conprise a vacuum system

used tfr BAUNR Fre&dus 6P LERISH PRoe Y\ WHakibenso hay cbﬂi\?ri@ef SfermebaghRs. The
reduced pressure produced by vacuum punp 40 needs to be controlled so that

it isoslifipidaniepressuchns lioshuseddpdenositanatle bp clesteless doposiien pr ocess chanber
to en | ui L.ow f,romt f i .of th . er ck side of
e naraBaldhLd il W doEn b8 Bocisafiud bl Eo &lont Or HibE RAfiK © 9 0L

f | ui disetbRtldan sphmiadsctehaaiers 30 may conprise one or nore reactive gases
or gas m xtures such as reactive gases used to deposit dielectrics,

reactive gases used to deposit conductive barrier |ayers, reactive gases

used { E‘Tposifxéfe%%%@is%ov& magd Pvﬁg.gﬁ%ﬁéreﬁgére FUWLHAGS c?&s%-%@&tﬂﬂr sidhfcpeactive

gases ftor surface treatnent. For “some enbodi ments of the present Invention
t he prodeaggerhl20ithig is exsbntchdly glasesnaaithd ambedimant shobmah s phadirefepnessur e f or

processi.ng wafer_25 an_opt.ion, the process_fluid ed_in process
chanbét alsgmidy 1 B %Qvi@af‘s@g CrinivD o AT B 858 e holifer 33&%_}% processi ng
sem CQUAHGHIRF (WREARE adc@InbBARISH SRS Wl B8 e t D aPhlen W dimeA shEWRRE Fiehy, the

process gase€s may be maintained at atnospheric pressure or higher than
at nosphe g 4press kmiée-Edge spuovessi2ngveddert sRBctuiidsel8donthe smbbimais shesed i n

process_ch r 30 may gconpri one or | i quj.d r Liquid.m xtures such
Pt haE R ded i i dapan Pl Sherhs Ly arisat Fof s Wik Belter o Hdndh

el ect ropeeM & 2hviB} £, ishiFace’SD, @i RREL Qe striGuRy 2Cas & th bbufgersBYd ek se one
or nore liquids used to clean sem conductor wafer 25. [0049] Reference is

now magengandnt gf knyfeprecstrupiaredl sosmondia 4y 6dot ercpasginildy;daheri ew of a
syste t ' sential the i i Fig. 3
and rgbéﬁ%ﬁ%%ﬁ%éﬁgﬁéé%ﬁégﬁw%%eé?é?ﬁﬁggﬁﬁgFgggﬁ@gg%ggggﬁgﬁﬁggwgg%ﬂsiem/80 of
a waf edghaheure 33 id ddigned to provide support for the wafer while minimizing the

obstruction of fluid flow through the holes in the wafer.

[0050] The standard technology for wafer processing fabricates multiple integrated
circuit devices from each wafer. The areas of the wafer containing the integrated circuit
devices are sectioned and cut into chips. According to one embodiment of the present
invention, the knife edge is designed so that it only contacts the back side of the wafer at
locations where there are no holes in the wafer. This can be accomplished, according to one
configuration, by arranging the knife edge to contact the back side of the wafer between the

areas used for the chips.

[0051] Reference is now made to Fig. 5 where there is shown a cross-section side view
of a system 60 and reference is also made to Fig. 5SA where there is shown a top view of a
wafer holder 62 included in system 60. For the embodiment shown in Fig. 5 and Fig. 5A,
wafer holder 62 includes a pumping plate 64 to support the wafer instead of structures 48 for
the embodiment shown in Fig. 3. The side view of system 60 and top view of wafer holder

62 show that wafer holder 62 has a cavity 46 and a fluid flow conduit 38. Figure 5 also
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essentially the sane as the enbodi nent shown in Fig. 3. The enbodi nent
shown in Fig. 4 and Fig. 4A uses knife-edge structures 52 instead of

st ruct ur eg04808f0p918he enbodi ment shown in Fig. 3. The sipd@/vs2@wosf256yst em
20 and top view 80 show wafer holder 35, fluid flow conduit 38, cavity 46,
surface 50, and knife-edge structure 52. It is to be understood that the
arrangenent of knife-edge structure 52 showmn in Fig. 4A is but one
possibility; other arrangenments of knife-edge structure 52 can be used.

Pr ef ersabhya cfdﬂ@s&%ﬁ@ﬁl@% oPf Witk 66 EEgR0 &Lk EHE IEBtcP 60 SWiesicgned to

provi de support for the wafer while mnimzing the obstruction of fluid
flow tSh@mgvhthtlh@tlhm tos intagreted civanie devipadBoind Trentsbarddranchdelnidlogy for
waf er e S | e t irc i.ces from each
waf er P%ﬁrﬁ)?nga@ 3%35403 Ql[ %%&Ef? é%gl%véblg as}l?lf%‘% ﬁ)g%%?ng%cglélfgay aéutgs?rng%ﬁ¥ devi ces are
sect | gegtthganelb&dktsidaictiphby s walerao! cistigially aodesceibd tirment3. of the present

i nvention, the knife edge is designed so that it only contacts the back
side of the wafer at |ocations where there are no holes in the wafer. This

can b onppi S| ofd, i the knife
edge t E[ nt ai():lltnﬁ’?ﬁg ’pllaa {de %s Rtkﬂ@q"v%? Cg%‘{e\%e{}&elﬁ%t Xtaefccrgg@%gf g% for the
chi ps ma[tﬁ@aﬂi fsl]wHQst butant hrmtsd mwlumdemt andanz@d ahimihemesthinbsested, sdrawie, a
cross-section sjde view of em 0,and r fereggﬁls also rradeto Fig.

5A whéfEIRE QX1 esa%lﬁaw:rnéutf@% ican,caids. gt dfcaiuhiite: E3mng aed n system
60. Fps Bﬁkeorerﬂp@qio%r&tt 10RO oRreffoddin ? 1§ R lgéﬂlon§6f arbR GTth O QL RLFor62

includes a punping plate 64 to supporf the wafer instead of structures 48
for t ke mtﬂgwedmmultsdwwns panthig ]gmlmng Phate &1 dt@smloeWb@ﬂanBz}lst otorsee wrill t op vi ew
of waf ho|l der 62 has a ca 46 and a fluid

h | 2 t.
7l on Bt atet S BRdhigle M BRHEI" A et el e B 4 M 0F & Larer 66

for prc@ﬁ@ﬁ% Iﬂgtrﬁd@uré ¥adeq £&il1, Wl 8ingbBr 4 FraHid QWinWiatsBlid 9@1%&1@{1& hb@hg
integrated circuit devices 68 and count er bore throu hol es 70. Punplng

pl at e helesiog op¢nspertiens ripueedisadhathsuppert faraedest Sorow la/cctqntﬁgt with the
subst %nﬁa 8¢1Jn%n5 8L b ofi¢h 1% %%%‘%Egéélﬁ&ea‘%{) pf v‘%‘%ﬁsu%ta%{%ﬁb Sntggsr;[]t“u%&‘]%e%%g tally as

descri’B or Fig rigid
str uctﬂd)li)xEthSdiIgh v@effet%ém @érRra NPl pindPlale 64 has at least one hole positioned to

expose an area of wafer 66 for an integrated circuit device 68. More preferably, pumping
plate 64 has a hole for each integrated circuit device 68 (chip) to be fabricated from wafer 66.
It is to be understood that the arrangement of pumping plate 64 is but one possibility; other

arrangements of pumping plate 64 can be used.

[0053] As an option, pumping plate 64 may be a substantially fixed part of wafer holder
62. Alternatively, pumping plate 64 may be a detachable part of wafer holder 62 so that
dissimilar configurations of pumping plate 64 can be interchangeably used in system 60 so
as to allow processing wafers for chips having different sizes by providing pumping plate 64
with a compatible hole configuration for the wafers. More specifically for a preferred
embodiment, pumping plate 64 is removably coupled to wafer holder 62 to facilitate
replacement of pumping plate 64. For illustration of a configuration using a detachable

pumping plate 64, Fig. 5B shows an exploded cross section side view of wafer 66 and wafer

holder 60.

18



material such as, but not Iimted to, alum num anodized al um num
stainless steel, ceramc, alum numoxide, alumnumnitride, silicon

car bi de, woadoes/d7p@en nitride. Punping plate 64 has one @cTmse@7/ed28s at

| ocations corresponding to the |ocations of areas of the wafer for the
integrated circuit devices so that punping plate 64 does not substantially
interfere with the flow of gas through holes 70 in the wafer. As an option,
punpi ng plate 64 may conprise a structure such as a grill, a grating, or a

frame [bgs4]ng Ans@bi £pBAlol kiRpradedt Mavite 1@9'\@%r%ldép§tﬁbs%hhlll§aﬁ§ arranged so
t hat support for wafer 66 is provided bg contact with the solid portion.
¢

The oplesrrived ebies A&)cer@@gstqqmr?@mﬂmm, vefes hpkiernistcoafigyred ropwpetiet ed gas
f1ow k5 h 9%9 uc\{\@rf egfet6 % a %pe%g @Ikafdber?ggg)eé@%ﬁltga} E%o?e% ?oe}sfal?ic& 18? 3 b, 20 hol e

p05|t|one area TRt egra rcurt device
68. Ntziﬁlﬁerwicﬁfaemaégra/ted pﬂﬂm Nthepl @teha84 raslis df@b@nt%tbbree@ﬁdhghmb&g fahed
circuit device 68 péﬁgo be fabricated from wafer It is to be

under él@%wktSW&OftﬂPf‘eW&ﬁeF @ Fiept side ofthenyiafy: Elhét“@f%iloid@ BRMPIBY$6 2possi bi l i ty:

ot her sﬁlBsrte?-ﬂ Qg%hﬁbdﬁfybd%ﬂﬁgﬁr‘@g s&h@%o%r?fﬁd&?@u&? ntiaff pla%%os%?%rﬁﬁ taQPt' on,

punpi ng pla e a substantia Pxed par
Al t er niat backlside quhrmsengcqaidatter ﬁéfemagfhdf)e/aﬁ:r(ﬂetdacmm fuip dlotwv cﬂfannﬁﬁleﬂuhbl der 62

so that dissiml ar ur at i ons_of Iat 64 can be

i nt er CAEWYRABHION B 8 OT@OW%EP?QJQ%I iF gop ]ﬁ%@e@scpﬂ@e%mtéras f or

chi ps aakimpufphd %ﬁya VEbAGS tobtlie PLRNA, BRI SRk Al e i fikToftial

conpati bl e hole configuration for the wafers. Mre specifically for a

pr ef etbetyd:ca rbodnteite, and bagh side pf ‘dnﬁ@erﬁmon@uqt@nmfalbl Theowafpt ledderos waf er  hol der

62 to facil t of i | For illustrat f
cont ¢ sangeih & el R s SRR ® bRl a0k "B bdidiBladd, °
expl odgdy ﬁﬁ%@av&t?(éﬂhti anleaitdfe Mﬂr@d@ﬁr@fdls){b@gé%irm@& @dmyw%@ bt QY 486 sBRLER054]

Anot her aspect the present invention is a wafer holder substantially as
descr ichtstdsabiemdhe b@s@@if éher@vmz) soawtodhte diomdemar setfecondihe rat leastpae | s

confi gHr &d. 10 SHRRALY %%9&8%3&%(1 (E water ol B 3 <§1 Lor
perfor mng a pr OCGSS rircatrng a reecf I mensi ona edra eg circuit.
The walieimpvdsndd dflgus ﬂbwtth[roﬁ@h theuindfer bkhcevdftr ialddt haoh eﬁrfeforeodsrform a seal

at the back side periphery of the wafer.

[0055] Still another aspect of the present invention comprises a method of
manufacturing three-dimensional integrated circuits. More particularly, the method relates
to the fabrication of one or more chips or one or more wafers that are stacked to form three-
dimensional integrated circuits. One embodiment of the method will now be described with
reference to Fig. 6 where there is shown a process flow 110 according to one embodiment of

the present invention. Process flow 110 includes step 120, step 130, step 140, and step 150.

[0056] Process flow 110 provides a semiconductor wafer having a plurality of through
holes, step 120. The through holes provide a path for metallization lines connecting one of
the chips or wafers with an underlying chip or wafer. The requirements for manufacturing
advanced integrated circuits usually demand that the through holes to be used for
interconnecting chips or wafers have small diameters. As stated above, some devices will
require through holes with diameters of less than 1 micrometer. The length for some of the

through holes will be in the range of a few micrometers to 20 or more micrometers.
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t he back side of the wafer to the front side of the wafer. The wafer hol der
conprises a substantially rigid body configured so as to provide a

subst ant iaDI2gogpl7emar surface to contact the back side ofCrhs2@emss2eanduct or
waf er. The wafer holder has a fluid flow channel in fluid comunication
with the planar surface. The wafer holder is configured to connect wth a
vacuum punp to apply a vacuumto the fluid fl ow channel to produce a
pressure differential between the front side and back side of the

sem c@yid&duehtly\ahEispedrtioNabeprob&s Be thd ﬁm&%gfﬁowsra;e@egtfbn@ﬂﬁﬁl hestatically
clanp the wafer to Fhe waf er hol der. The substantially rigid body has a

cavi t womparisen tp sisdard hechgelogiss derdfablicapng ddo-dpmeryongbipiagyatedrpiecusts. | east one
structyre exte e se 0 e. i t to form. nar
Sur f oSy bERRe LB S BASSa0be 1IN LS BB ol DRI G QAT

si de efrctibemwpherd 6 Oc &andled witt WGRor0 préfemédérbodilent dfpestaRcfowfl 1gam f | ow
t hrough the wafer. The wafer holder has a surface to forma seal at the

back dhig&gse prciriesdyengfodient, e guralfty @b Hrough; halesjp dhgwpfepeqsriscof t he

prese i i i rj i j.onal

Pt egr MBI Ao AR, IS uArFet hld TR AL TS Co MR ARIE) R

f abr i caftall@fanodteromme ao thenfeone shiof sheowafon @c othersidoewhaé éresintepatedarieust acked to

formthreedi nensional ipteqrated circuits. e, enhodi nent, of the nethod
Wil | ABWOBRCY g e Bree Rt ol eecquateﬁ?qggﬂelewﬁ"gwﬂaa@ﬁélﬁe of thegkiGin a
process flow 110 according to one enbodi nent of the present invention.

Process flow 110 includes step 120, step 130, step 140, and step 150.
[ 0056][00%7dc esEhd tamtctli@re hiokpwod Bguratigrefrir tlondafct oan tvetherenhanderthe Hudl ural ity

of thrpu ol es tep 120.. The . thro hol es ovi de a . .pat h.for

et ol SR 0 S EBh BetioR g k0GB by orHG eridnBe B 0w

under la¢hieGeChhilke RhindBhiQk thelRBedt @4HY KRR o? tHothrdA WbRGh&tIRGickdVanced
integrated circuits usually demand that the through holes to be used for

i nt er detArseBRICHgMoKG specidicaliafties eountayleors falch can pivEtderimpronsd pragessineabove, sone
devi i) ire.t i.th dianet |
evi C%E?ﬁloﬁs@gﬂ}%éS%S%%&%&%{gg%%&g ?f % go%rﬂtér%gg%ﬁ rléﬁ Olf‘he lgr%ig d arllr?e'?er]etn

m cr orme (0] rou oles ™ W eln %e range
of a fofthadodneiRirehslctiopldt:dat thdaek Jide of et vedafs:; @angechmaid thie badkesids pect

ratios faqr processing the through holes are extrenely high in
provides better fluid flow at the back side of the wafer. Also by placing the Targe diameter
hole at the back side of the wafer, the larger diameter hole can be easily eliminated from the
final three-dimensional integrated circuit. The larger diameter hole is eliminated when the
back side of the wafer is partially removed to thin the wafer. The thinned wafer is used in

the three-dimensional integrated circuit.

[0058] Process flow 110 supports the wafer with a wafer holder mounted in a process
chamber, step 130. With the wafer supported on the wafer holder, process flow 110
generates a pressure differential between the front side of the wafer and the back side of the
wafer so that the pressure differential causes fluid flow through the through holes, step 140.
The reduced pressure is applied to the back side of the wafer using the wafer holder. The
reduced pressure is generated by a vacuum pump connected with the wafer holder.
Preferably the reduced pressure applied at the back side of the wafer is substantially uniform
so that fluid flow through the through holes is substantially uniform. As an option to further
improve the reduced pressure applied to the back side of the wafer, process flow 110 may

further include formation of a seal between the wafer holder and the back side periphery of
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conparison to standard technol ogi es for fabricating two-di nensional
integrated circuits. The nore extrene aspect ratios that may be required
for sone wbree/dpemnsi onal integrated circuits nmay needPCo/useodiasgtsed with
a nore preferred enbodi nent of process flow 110. In this nore preferred
enbodi ment, the plurality of through holes in the wafer conprise

count erbore through holes. The wafer is configured so that it has
counterbore holes with the small dianmeter end at the front side of the

waf er thd wefer. TREfoPndEoGRME sddNBar RUBEY @k @fhoGht STWat FaRIR driliBte c@Rd t he
| arge di aneter end of the counterbore hole at the back side of the wafer.

[ 0057]of theewafouanddnpisess thokes tonthrgughathi dnowgrhalere waf er can further enhance
the fluid flow for the small dianeter portion of the counterbore holes. The
enhanced fluid flow is achieved while naintaining the aspect rati o needed

for theo39nr oulychlfRwret(edstdblisiidsProdeld €ndaivne éi the MasRssStRaibkt flat y, the
count erbore hol es can provide inproved processing conditions for the snal
di anetleast pReyRIPeRss bF fapHeate Bliaraie e siralitsosters 150rnle athgr yeords. Rraseey fludyator t he
count e i f : er hole in
Che. b orers eoftion e Rt bR PRI, ThE BRI By POC ar

Al so blyropglabolagaltdves thasgewadlilsaofethe thréngihehodds to fhe nipae kffsdtoelygfrotdssedndher , t he

I di hol b il | j m nat th j.nal
L e o e A ek B el b e
el i m nah &N GOt dHe cBAGK pRcd&cOfhe ks wWARE 8F the $hrBASH h&thd thath 8ORYERithoutt hi n the

wafer. The thinned wafer is used in the three-dinensional integrated
ci r cuithe thf@@b8he-Rolodbed flpvovk blirgl lslp pobloskadiwlevabeld haiv¢ tmass twafséar hol der

ted in.a. h 30. yth th ted th
e or TRtels® RREERRRSH i ety T Rupaiaetts o) tsdSentB! BleTBREnt i a1 et woen
the front side of the wafer and the back side of the wafer so that the

pressure differential causes fluid flow through the through holes, step
140. THOH edudetndirasesisabosce,ienbed phendgiot the prrsciiarvenspel earole w96 fovef wideusi ng

T
t he badR nsdydaclofic theaissvaf €videsvasiehsdfanbdedd tonditivnk Gsietallization in the
through holes. As one example, the process conditions used in process flow 110 includes
sub-atmospheric pressure process conditions such as vacuum process conditions that use
pressures of less than 1 Torr. Optionally, the process conditions may be deposition process
conditions or etch process conditions. Some examples of the deposition process conditions
for process flow 110 are chemical vapor deposition, low-pressure chemical vapor deposition,

and atomic layer deposition. As another option, some embodiments of the present

invention may include process conditions for physical vapor deposition.

[0061] Process flow 110 may use dry chemical process conditions as just stated or the
process conditions may be wet chemical process conditions for wet chemical processes.

Some examples of wet chemical processes that can be used as part of process flow 110 are
process conditions to accomplish electroless plating and process conditions to accomplish

electrochemical plating.

[0062] Some specific examples of the types of materials deposited using process

conditions established and process flow 110 are electrically insulating layers for integrated
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so that fluid flow through the through holes is substantially uniform As
an option to further inprove the reduced pressure applied to the back side
of the waverpogm7emaess fl ow 110 may further include forneCirars2@f/oss2seal

bet ween the wafer hol der and the back side periphery ofthe wafer. The
formati on of the seal can reduce the anmount of gas | eakage around the edges
of the wafer and increase the gas flow through the through holes. [0059]
Process flow 110 establishes process conditions in the process chanber for

at | eagtuiP ARNRrAOGERS sidh dsafidod Mekidd) BG6REQTidE] fiGebnt Firids! 811 188G | n ot her
words, process fluids at the process conditions are forced through the

t hr ougliclerdiiess Alfmeativiel, thefriresess pongifihs uhed mnressghilow| 188 redy kovislectsd
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est ablcophe dapialeg ssntglamdiitri d@Nsnd@h& eitbeas uydl fur Prpeassescuihe si dewal |' s of
the through hol es than occurs wi thout the through-the-hole fluid flow. A
bl i nd "&#EBzHONp| ocked hol e woul d have nmass transfer properties inferior to
those that occur for enbodi ments of the present invention. [0060] As

i ndi cat ed above, enbodinents of the present invention can be used for a

w de \[8063¢ty Prlocpusdioes sHsmby furthet alchidz ahiaotntodibldsthowadardn ptaoe onléhwi ces.
COnsequ? process flaow 110 may i ncl ude the use of .a wide variety of

nt |
pr oces¥ T AN PBHOMR AP FAPEINGS AIHBC PRSP JH CREPLOBS B exanpl e,
the prggess JQRdhiONT U6 L:RoRERGRST Bold BWWAAD i PRLUGS heSHRAlJIRE Pher | C

pressure process conditions such as vacuum process conditions that use
pr ess Uiheslwfrojtessiordranrd gchiorated With thenedfbyholddre The osesfcleatrodiatic dorsesmay  be

deposit i process .conditigns or etch, process conditions.. Sone exanpl es of
the adp bR HETR RIS & sl inaonng iy SHTESS i SIS o BIRERSES  vapor
depositiyb AimehstmaPlRSIMEE cRARRT PalothéaBPtior P a8 bibedimeansr Bt prisent! ayer
deposition. As another option, some enbodi nents of the present invention

may | nevonten gichiiss ysacefridnechenisal damp kyhivsierlly hpldrtheieptes tq thenvaf§ro061]
Proce%%kk¥om1110 may use dry chem cal process conditions as just stated or
the process conditions nmay be wet chem cal process conditions for wet
chem cal processes. Sonme exanples of wet chem cal processes that can be
used as éaart of process flow 110 are, ) ) )

[0064] In the foregoing specification, the invention has been described with reference to

specific embodiments. However, one of ordinary skill in the art appreciates that various

modifications and changes can be made without departing from the scope of the present

invention as set forth in the claims below. Accordingly, the specification and figures are to

be regarded in an illustrative rather than a restrictive sense, and all such modifications are

intended to be included within the scope of present invention.

[0065] Benefits, other advantages, and solutions to problems have been described above
with regard to specific embodiments. However, the benefits, advantages, solutions to
problems, and any element(s) that may cause any benefit, advantage, or solution to occur or
become more pronounced are not to be construed as a critical, required, or essential feature
or element of any or all the claims.

% 12 "on

[0066] As used herein, the terms “comprises,” “comprising,” "includes,” "including,"”

" ¢

"has," "having," “at least one of,” or any other variation thereof, are intended to cover a non-

exclusive inclusion. For example, a process, method, article, or apparatus that comprises a
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process conditions to acconplish electroless plating and process conditions
to acconplish electrochemcal plating. [0062] Sone specific exanples of the
types of weateesi@ba3sdeposited using process conditions egCahiscahnss2aand
process flow 110 are electrically insulating layers for integratedcircuit
manuf acturing such as silicon dioxide, silicon carbide, silicon nitride,
and low k dielectrics. Alternatively, the process conditions used in
process flow 110 may be selected to deposit electrically conducting

mat er i1l §f dl@herdt§1sq@k AéREkasily Giitbd _BHFMJ) ok BlcRGNE BRhma$ ifcPRR&thert ant al um
tantalumnitride, and other materials used for integrated circuit

met al lelcnantsorpt ckpEed] lifederwbernioy stalopieasssf methpdrariiglel asdepaptuact to hol d

t he in ac t f €h. n tign.fo odi ment s
of tnd e BB Rey G BBl DG A5 e SR A0 ARTR RFEes T o

el ect reQélugite 68l For dkamglel heonkdicr Aion Bolsastesfien by ay waé ef thBa@bitieving: Theis

el ectrostatic forces are generated with the wafer holder. The use of

el ect rp§t(at presopprapd B sdalpe(qy nat ivgsd), Anis palsecer nat presqah) and Bolpdruedethnol ogy

and i f&én?ﬂ“ﬁqﬁg?ﬂaﬂa%%%gEiﬁ&ﬁﬁﬁ§%5§g t wo- di nensional integrated circuits.

Anot her opt’i on an e he present invention includes use of a
mechani cal clanp to physically hold the wafer to the wafer holder. [0064]
In th egoj ng specification, the invention has.been described with

r ef eriﬂ‘i@rl_to b5t e BHSY i%ﬁ{oghe_cme#f,easmvéotifst%bedmﬁlawdgomap in the
art appiesindl@Srot BahpMafprRUS, Bl k&Rl b R0 faCHAPGESoNS b MAES F W t hout
departing fromthe scope of the present invention as set forth in the

cl ai nelchentoand ifaocomairnglthe clemis @pwoick i sdtlistohsubrmieity theethe subeslampntvaer egar ded

inan illustrative rather than restrictive sense nd .al .l

o £ (LB U L S sRm PR rotsetmi e HFR he LR s ene

I nventahPéhe of ORI wiRE Nk trh Sor PREsBRYan@B VAN AGESt praAiifl), &Y fhlkd (S11St fr@ef 208! ems
have been descri bed above with regard to specific enbodi nents. However, the
benef iR istrucdenpagsendlerad both 4lapd Beigsug ©r pesob) ens, and any el ement (s) that may
cause any benefit, advantage, or solution to occur or
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beconme nore pronounced are not to be construed as a critical, required, or
essential feature or elenent of any or all the clainms. [0066] As used

her ei n, twe 2peyarso13conpri ses,” "conprising," "includes, PCTiuseéoamdssrgs "

"has," "having," "at |east one of,"” or any other variation thereof, are

i ntended to cover a non exclusive inclusion. For exanple, a process,

nmet hod, article, or apparatus that conprises alist of elenents is not
necessarily limted only to those el enents but may include other el enents
not expressly listed or inherent fQgweh process, nethod, article, or
apparatus. Further, unless expressly stated to the contrary, "or" refers to
an inclusive or and not to an exclusive or. For exanple, a condition A or B
is sat'ﬁLh§9>B*ﬁ%Qy one of the following: Ais true (or present) and Bis
fal se (or hot preSent), Ais false (or not present) and Bis true (or
present), and both A and B are true (or present). [0067] Further, unless
expressly stated to the contrary, "at |least one of is to be interpreted to
mean "lorfeSHicmdt@rocesype ayvalsifer theeptimeayenal integiaigd cipwitse fhs sy¥emappar at us

t hat qggﬁﬁgﬁ s one or nore of a list of elements and if one or nore of the
el enent's congrises a sub-list of sub-elenents, then the sub-elenents are to
be consi deragaodens thumlzaten fipuneteto pascebdithe evateran ssh-atharspkecanptaurcat | east one

of Aand B is satisfied by any one of the follow_.ng: is true (or present)
and B is fé‘l"%aefer(lﬁ)jdq{cﬁls?ﬁgeéisl@ﬁ]ﬂﬁ) Prosa\%%fl%ra‘?f‘gethwfafﬁ 1%@%%5%% Bis true

i( o ‘jrsﬁ@s%ﬁ?ally ik Brlyofrigndd & &4 & frbtiee (QEL RIS RN blanLALHYR: WiRhtd.s cl ai med

. 1. A systemfor processing a wafer for three-dinensional integrated
ci r cuithshackhalenf sheesenuomduttei wgfer.ahp matedisldehbarieg a o flgu ckahntlbinpr ocess

t he er at sub-atno eric pressure;, a wafer hol der disposed in the
procggﬁu ﬂﬁﬁ%%?@a%HEWﬁEQEﬁﬂﬂRFa@f“%oﬂ%%ising a substantially rigid body
confi gur ed aSRc@sim pAmPreoMh&edan SRRt Flatl hailcRBaifighdd @BGRodiRe GONt act the
back side of the sem conductor wafer; the wafer holder having a fluid flow

channaresswrefdifirentied batweice tho et widelangd hackptidhelrthe sernigerductpigvadervacuum punp
connected with the fluid flow channel configured to produce a
2. The system of claim 1, wherein the wafer holder is configured to electrostatically hold

the wafer to the planar surface.

3. The system of claim 1, wherein the wafer holder further comprises a clamp to hold the

wafer to the planar surface.

4. The system of claim 1, wherein the substantially rigid body further comprises a porous

material for the planar surface to contact the back side of the wafer.

5. The system of claim 1, wherein the substantially rigid body has a cavity and at least one
structure disposed in the cavity, the at least one structure extends from the base of the cavity

s0 as to form the planar surface.

6. The system of claim 1, wherein the wafer has at least one hole and the substantially rigid
body has a cavity and at least one structure disposed in the cavity, the at least one structure
extends from the base of the cavity so as to form the planar surface, and the structure is

shaped so as to minimize the impedance of gas flow through the wafer.



pressure differential between the front side and back side of the

sem conduct or wafer. 2. The systemof claiml1l, wherein the wafer holder is
conf i gur ealot2008a17eBr ost ati cally hold the wafer to the plPamars2eansase. 3.
The system of claim 1, wherein the wafer holder further conprises a clanp
to hold the wafer to the planar surface. 4. The systemof claim1, wherein
the substantially rigid body further conprises a porous material for the
pl anar surface to contact the back side of the wafer. 5. The system of

cl ai m71, Thah@§einbrichemsiuhatRM ihdlshstddt@il ﬁ?ﬁﬂb’od@fﬂlﬁs@cﬁﬁ’t’}j ind AMdhsBdnel €ast one
structure disposed in the cath, the at l'east "one structure extends from
R

t he batuctore disposediy thy cavdtyathetap [ehgframe siactpreaxéands fiofroibe baw, of Thecag st em of
claim_l, rei h h t st e _hol nd.Lhe s ntially
gt a ey RS e bGP, P o s e DRV B AN BB R AR L i 1y,
t he atthd wafkt. one structure extends fromthe base of the cavity so as to
formthe planar surface, and the structure is shaped so as to mnimze the
i npedance of gas flow through the wafer.7. The systemof claim1, wherein

the suyb i.al | i i [ %qlai&} e

di spolsgézlkhl%%&%t%g &(:fg\[/a:ugyl “@%%Yna@@ﬁveagesrﬁﬁ g%{e%%%& ﬂ%?ﬁ?ﬁ extleeg(ggig?l %%%% H%S base of
t he casantfgr fomabe fronff ddmoftthe watcamathe dack adeof thadvaférethatvatwams puiape structure
has a _kni fe-ggge for contfﬁcti ng tgee wafer. 8. The systemof claim1,

wher eitgingran{igyred thephange the g2t TYRET hr ough hol e configured for gas transfer
fromthe front side of the wafer to the back side of the wafer; the vacuum
punp being configured to enhance the gas transfer. 9. The systemof claim
1, whéx éihe systemwdfckimhomdierein the wedeshoddes indlatee atsorfiasrtmfams esdal atththe back

si de per,i @Eeré@q% t he, waf er. 10. The systemof claim 1, wherein the wafer
hol dePafhafitA pUnPf ¥ Pt ate configured to support the wafer and the
punpi ng plate has at | east one hole positioned to expose an area of the

wafer for an inteqgrated circuit device. '
10. The system of claim 1, wherein the wafer holder includes a pumping plate configured to

support the wafer and the pumping plate has at least one hole positioned to expose an area of

the wafer for an integrated circuit device.

11. The system of claim 1, wherein the wafer holder includes a pumping plate configured to
support the wafer, the pumping plate has at least one hole positioned to expose an area of the
wafer for an integrated circuit device and the pumping plate is removably coupled to the

wafer holder.

12. The system of claim 1, wherein the wafer holder includes a surface to form a seal at the
back side periphery of the wafer; the substantially rigid body has a cavity and at least one
structure disposed in the cavity; the at least one structure extends from the base of the cavity

up to the planar surface.

13. The system of claim 1, wherein the wafer holder includes a surface to form a seal at the
back side periphery of the wafer; the substantially rigid body has a cavity and at least one
structure disposed in the cavity, the at least one structure extends from the base of the cavity

up to the planar surface; and the structure having a knife edge for contacting the wafer.



11. The systemof claim1l, wherein the wafer holder includes a punping

pl ate configured to support the wafer, the punping plate has at | east one
hol e posiwoen@sd793expose an area of the wafer for an i RCEGISa0eH88256 cui t
device and the punping plate is renovably coupled to the wafer hol der. 12.
The system of claim 1, wherein the wafer holder includes a surface to form
a seal at the back side periphery of the wafer; the substantially rigid
body has a cavity and at | east one structure disposed in the cavity; the at
| east 1anahs ts{ddsrh O 8lag tIERUSrel BB pEdtesshAaMmbEef cdnfjiseayi ty up to the planar
surface. 13. The systemof claim1l, wherein the wafer holder includes a
surface t o afchemical sangir depositipa dbamkesi de peri phery of the wafer; the
substantial l,y rigid b . has i | east one structure disposed
in the cavfﬁéyq#%%mgf%%éggﬁva%%%g(P&%P3£%m§§%ends fromthe base of the
cavity up taglishe ghaned ciemfaceipoadshoshidnshimbérioe having a knife edge for
contacting the wafer.14. The systemof claim1, wherein the process chanber
conpri ses ANAUREADEHACRASIOR HaPbi ti on chanber, a | ow pressure chenica
vapor deposition chanber, a plasnma enhanced chem cal vapor deposition
chanber, or an atom c |ayer deposition chanber. 15. The systemof claim1,
wher eils. tThe spstan ef slachd nmyaercoothp pirwes chapbascoanpisocephsmhardeess. 16. A

met hod, of  manufacturing three-di mensional integrated circuits, the nethod
compr iBRBST provi ding a wafer having a plurality of through hol es;
supporting the wafer with a wafer hol der nmounted in a process chanber;
generating a pressure differential between the front side of the wafer and
t he bdék Asindthodfof nwsuisafueing wWirc¢-dinhdrsional iptegiatcdappds.tteemsthodhe waf er hol der
so that the pressure differential causes fluid flow through the through

hol es:OMPIisin

providing a wafer having a plurality of through holes;

supporting the wafer with a wafer holder mounted in a process chamber;

generating a pressure differential between the front side of the wafer and the back
side of the wafer while the wafer is supported on the wafer holder so that the pressure
differential causes fluid flow through the through holes;

establishing process conditions in the process chamber for at least one process to

fabricate integrated circuits.

17. The method of claim 16, wherein the through holes are counterbore holes through the

wafer and the large diameter of the counterbore is on the back side of the wafer.

18. The method of claim 16, wherein supporting the wafer with the wafer holder includes

electrostatically holding the wafer to the wafer holder.

19. The method of claim 16, wherein supporting the wafer with a wafer holder includes

mechanically clamping the wafer to the wafer holder.

20. The method of claim 16, wherein generating the pressure differential uses the wafer

holder to generate a reduced pressure at the back side of the wafer.



establishing process conditions in the process chanber for at |east one
process to fabricate integrated circuits. 17. The nethod of claim 16,

wher ei n twe 20évoagB hol es are count erbore hol es t hr oughPCaseef7®ss2a6d t he

| arge di aneter of the counterbore is on the back side of the wafer. 18. The
met hod of claim 16, wherein supporting the wafer with the wafer hol der

i ncludes electrostatically holding the wafer to the wafer holder. 19. The
met hod of claim 16, wherein supporting the wafer with a wafer hol der

i ncl ugdes e Al ddmCl ARMPleRth bhRrambeke pessuRedivRicatialiatlidess foratiohhe
met hod of claim 16, wherein generating the pressure differential uses the

waf er ofielsednat the bgelneidaperipherediibe svapir ésd uses the wetes hpldektogicteratsfa t he

waf er. 21. o) cl. ai erein generating the pressure
diffegéﬁchpﬁ?%gégﬁgggg%ﬁ%a ?%%gg?ﬁ%'seal at the back side periphery of the
waf er and uses the wafer holder to generate a reduced pressure at the back

side of the wafer. 22. The nethod of claim 16, wherein establishing process
condi t22oddenethedofilamekls whriehbestabliseing geacess (onditions Phide iPEocssessur e process

condi L aRer iActud G BRRBGACO! el Ihibles WBRTALA, S aDI I shing process
conditions in the process chanber i1ncludes wet chem cal process conditions
or dry chem cal process conditions. 24. The nethod of claim 16, wherein
establ i shing process .conditions in.the process chanber includes deposition
process: Bjé‘ﬁ?ﬂliletﬂ?%‘_éfs el W%ﬁ%‘b%%jg’hé@ﬁ&ipchﬁ?ﬁsqongﬁl.onsrﬁbthﬁ@f%&}%? of claim 16,
wher eichy864aRk LGN G RERLESS0EQ0EbAdIRHS difard BEMEAGRSRsChpARRmsi ncl udes
process conditions to deposit an electrically insulating |ayer. 26. The

met hod of claim 16, wherein establishing process conditions in the process
chanber, incl udes cess, condi ti . 1.0 deposit .electrically conducting
ayer 2ou e iR BGTER. SPAH S8 ohBearnostoabioBh g pFaEsYs cond t i ons
i Nt hehhP&aaSuedaIPSditidNFlobEle ToRdifERSS ENWtbéds®Bsndiordcconpl i sh: chem ca
vapor deposition,

25. The method of claim 16, wherein establishing process conditions in the process

chamber includes process conditions to deposit an electrically insulating layer.

26. The method of claim 16, wherein establishing process conditions in the process

chamber includes process conditions to deposit an electrically conducting layer.

27. The method of claim 16, wherein establishing process conditions in the process
chamber includes process conditions to accomplish:

chemical vapor deposition,

low-pressure chemical vapor deposition, or

atomic layer deposition.

28. The method of claim 16, wherein establishing process conditions in the process
chamber includes process conditions to accomplish electroless plating or electrochemical

plating.

29. The method of claim 16, wherein establishing process conditions in the process

chamber includes process conditions to accomplish physical vapor deposition.



| ow pressure chem cal vapor deposition, or atom c |ayer deposition. 28. The
nmet hod of claim 16, wherein establishing process conditions in the process
chanber iwol20aBa9aB0cess conditions to acconplish el ect Polrasgooslosg2serg or

el ectrochem cal plating. 29. The nmethod of claim 16, wherein establishing
process conditions in the process chanber includes process conditions to
acconpl i sh physical vapor deposition.30. The nethod of claim 16, wherein
establ i shing process conditions in the process chanber includes process
condi t3i00 e et RRPEII4inC P RBkreib dstabl RBInEB sk @hdfioak M the prodgy ei n
establ i shing process conditions in the process chanber includes process
condi chambertiacluégsaspeess egndiflanmiodenoaticerndi nitri de. 32. The nethod of claim
16, wherein establishing process conditions in the process chanber includes
process conditions to deposit silicon dioxide or a low k dielectric. 33. A
waf er 3hoTkaemethod D8 plaah tl 6 awbaBinGeRBLgHI R pivaéss lcohditiéngih AEELHDc&sd @hhiaberf or
perform ng a process for fabricating a three-dinensional integrated

ci r cuilcludos ProgesesondeipnmEp depgpitiaatalyy op fangdymmdFier e t hr ough hol es from the
back side of the wafer to the front side of the wafer, the wafer hol der
conprising a substantially rigid body configured so as to provide a

subst a8t iThk Inyethpd daofarlaisuld, aderciroestadishiag torovgss doadb@ak irsthd eraakss he

senicopdu tar aﬁfer; t he wafer hglder havigg a fluid flgé(channel in fluid
commureabsTdRCclifaspredres pandiinns 4, fenoeik silichr dingtderor RdPY rdiestHE confi gur ed
for connection with a punp for applying a vacuumto the fluid fl ow channel
to produce a pressure differential between the front side and back side of
t he sédi dowdiee holdemmfsapport hecrwmbrduchoivadéer ibeipneresoetfanggr st psdoasing @
electrostatjically clanp the wafer to the wafer holder; the substantially
i o o TR Bt dE Rt aitapal agptgiedt, e iRk baridp s BUETH Yo

cavi t Yoamerbexd @BRfigh hofds Font e Haas SdObf thRevaE@Mub ke Sehtaricto? ROk Afct, g pl anar
surface; the structure having a knife edge for contacting the back side of
t he wafaser hoddes sompripg pyhbssantialy rigpklgdycenbgurgd so py mr@‘ﬁg@agh the waf er;

the W%L@Jtatgﬁhg %[angra é{lirﬂge for contacting the back side of the semiconductor wafer; the
wafer holder having a fluid flow channel in fluid communication with the planar surface, the
wafer holder being configured for connection with a pump for applying a vacuum to the
fluid flow channel to produce a pressure differential between the front side and back side of
the semiconductor wafer; the wafer holder being configured so as to electrostatically clamp
the wafer to the wafer holder; the substantially rigid body having a cavity and at least one
structure disposed in the cavity and extending from the base of the cavity so as to form the
planar surface; the structure having a knife edge for contacting the back side of the wafer so
as to minimize the impedance of gas flow through the wafer; the wafer holder having a

surface to form a seal at the back side periphery of the wafer.

34. A wafer holder for a process to fabricate a three-dimensional integrated circuit, the
wafer holder being configured to electrostatically hold the wafer and the wafer holder being
configured to provide a vacuum at the back side of the wafer so as to produce a pressure
differential between the front side of the wafer and the back side of the wafer during the

Proccess.



surface to forma seal at the back side periphery of the wafer. 34. A wafer
hol der for a process to fabricate a three-dinensional integrated circuit,

t he waf erwbabebar79daei ng configured to el ectrostatically roiraseéve/oseaSer and

t he waf er hol der being configured to provide a vacuum at the back side of
the wafer so as to produce a pressure differential between the front side
of the wafer and the back side of the wafer during the process.35. The

nmet hod of claim 16, wherein the through holes are countersink through

hol es 35O fnh @b LHUWMIRT R ket Medhroleh BSles &t BEMbSMRaRough heRYINt er bor e

t hrough holes and the | arge dianeter of the through holes are on the back
si de afiodified ggamterbore through holes, or hemispherical counterbore through holes and the

large diameter of the through holes are on the back side of the wafer.



