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CONNECTI ONS Technical Field s invention relates to e fact'ur e ‘of
integrated circuit devices.Jﬂ@Mﬂmmﬂmmuw larly, this application relates 5
to a proced $34B4%hi p- 1 evel el integration ERTHEPEPYerti cal

I nterconnections are forned. Backgreund Art The need for greater
functionality and performance in 10 sem conductor devices has resulted in
t he devel opnment of |larger and nore conplex chips. In addition, it is often
desirable to include several different functions on a single chip to
obtain a "systemon a chip,” which generally results in both an increased
chip size GHUPaANDrARRRIINTEGRATION PROGESH USINGgVBRBECAL CONNECTIONSt or s
both tend to depress mnmanufacturing yield. It is estimated that nmany such
conplex chips, with areas greater than 400 mm2, will generally have very

poor manuf @ct!ir%gglyg,{ﬁél (perhaps under 10% . One nethod of maintaining

accept abl e - 0 manufacture snaller chigs, and then to
i nt erconnect thBhés EMvens:ieni mglpheerkl el mespfrebrre cttheldttiedratsd t he

chips or eRrsuppOdévEadist I Moge. pdbeldullarlggnirassedppshigst fdnreflatesa
single larger_chip which. u o) I Lp, st,rate or on
a chig car Pe?.pfééﬁ%ﬁxgﬁrh%ngegggglﬁ%ﬁgpgggﬁr%%gégi%ﬁ%ﬁé%ﬁﬁaz e?knajor
advant age whichi genbiraladmtersoppaetions jar® fogu8e: chi ps may be of

different sizes, performdifferent functions, or be fabricated by
different gr _.inco I.bl e met hods. A system constructed according to this
approach iéﬁsggggﬁgggéﬁéted schematically in Figure 1A The substrate or
bottom chip 11 Bae wresdrfor erepsexrof @ lijyr apd, PeFfermance in
10 semiconductor devices has resulted in the development of
larger and more complex chips. In addition, it is often
desirable to include several different functions on a single
chip to obtain a "system on a chip," which generally results
in both an increased chip size and a more complicated
15 manufacturing process. These factors both tend to depress
manufacturing yield. It is estimated that many such complex
chips, with areas greater than 400 mm?, will generally have
very poor manufacturing yield (perhaps under 10%).
One method of maintaining acceptable yields is to
20 manufacture smaller chips, and then to interconnect those
chips using lateral and vertical connections on the chips or
on support substrates. The interconnected chips thus form a
single larger chip which is mounted on another chip, on a
substrate or on a chip carrier. Besides improved
25 manufacturing yield, another major advantage of this approach
is that the individual chips méy be of different sizes,
perform different functions, or be fabricated by different or
incompatible methods.
A system constructed according to this approach is
30 illustrated schematically in Figure 1lA. The substrate or
bottom chip 11 has several chips 10 mounted thereon, with
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PCT/ US02/ 38355 | ateral spacing Ax and Ay. For exanple, the bottomchip 11
may be a DRAM chip while the four chips 10 are processor ("processor

engi ne" or chips. To realize the advantages offered by the

syst em on- ?}'Qé 05495§ (SOC) concept, the different chips aPéT’HF@PQ?%ny in
very close proximty and have very precise alignnment with respect to each

ot her. For, %(ggi Spaicg‘ql%mg Axa kg, Ayi‘ot}e%‘ﬁ%ﬁ\gugh'f’ﬁe ]&tﬂoﬁl Rhepeqabl y about

50ym or Iess El aced on the Strate or bottomchip 11 10
with very mgm%cﬁ:&%‘&/%wh lapdit fPusnFhdps yi9 RS PROCREFFFa
i Nt er connegt pfdcesdurvenydnemab CBE) yehipski gur e 1B In Figure 1B, chip 10

has metal studspd2 Jq rit%dtﬂe hifantfidl Rlealll BECd diRehllR-albhipa

| ayer 16 of a |ow ne ol nt ymaterlal on the sur

the 18 st utSo®) fnaghte It ef‘“ﬁe’(‘tﬁft &?i@ésPﬁﬁeBr% ?b&lyr i1@a88¥as a

nul ti | ayercBbdelgprtreintdftypanyi have)vemn priveiser d Abgnménthotitthnrespept 11, has
enbedded ther l.gh;.de t g eper I Cu
conduct or st e h SR brliyb {60, ebe (ngPRE! Bhd 0P Betilery EKFDE 9F

j oi ni ng paifs DEeferaiin ﬁ?°§ﬁr§%‘& Qﬁ lieéfer 17. A di eI ectric layer 14
overlies the wihipw loayay bé; plaged chl tieyshbstoatedrobottpml ghipdel

mal enpal LypLEaldey Y a@chpgz vlf@lﬂ%c‘éﬁ%ﬂglpﬁnﬁfﬁléﬁ%&l ghhayer 14 has

Vi as 3 formed t active-i1on ot ol i t hogr aphy
or by an exewdivyia a@aﬁ%rcoglaesh n phowne SENRBAL KA KYY |18} FLEYTBadB15 is at
each via bphtefguddan,vicaipmay hes figrvaad seutlh 22 stoxpedl wal fchangl e as a

TORPPARIRES L itr eig LEs TR o E?%eélg#ﬁgdquﬁcgnﬁ%epflé&] & 3tyds-12 in the

vias 13. A n-coa | ast esive
deposi t ed mlt#fég'tmifﬁ'—f aljeydpraterial éie[Pa’ﬁéFe@Amt‘ii‘%@“ér?§&?e°?e¥habl e
bondiigg t ostile. Chijeisstiraeelaiet ail S ofitehhidesighed/ and fabrgoread asda

j oi ning procf%?&é¥é%‘§€¥% qgge'@fLﬁéiyimide), on the surface of bottom
chip 11, has embedded therein high-density wiring 18
(generally several levels of Cu conductors, as shown
schematically in Figure 1B), and has electrical joining pads

20 15 on the surface of layer 17. A dielectric layer 14 overlies
the wiring layer 17; layer 14 may be formed of a polyimide
material typically used in thin film packaging processing.
Layer 14 has vias 13 formed therein (e.g. by reactive-ion
etching, by photolithography or by an excimer laser), so that

25 a terminal metal joining pad 15 is at each via bottom. The
vias may be formed with a sloped wall angle as a guide for
high-accuracy, self-aligned placement of the studs 12 in the
vias 13. A thin coating 19 of thermoplastic polymer adhesive
may be deposited on the top of the dielectric layer 14, to

30 ensure reliable bonding to the chip surface. Details of this
stud/via alignment and joining process are provided in U.S.
Patent No. 6,444,560, entitled "Process for making fine pitch
connections between devices and structure made by the
process," the disclosure of which is incorporated herein by

35 reference. The use of self-aligning stud/via interconnections



Patent No. 6,444,560, entitled "Process for making fine pitch connections
bet ween devices and structure nmade by the process,"” the discl osure of
which is incorporated herein by 35 reference. The use of self-aligning
stud/via interconnections 2 WO 03/054956 PCT[ US02/ 38355 ermts a
significanf"fcllo3 Fﬁﬁ%r Wi ring density conpared to current %@Uﬁﬁpgﬁéonnection
schenes. In the SOC shown in Figure IA the wiring |layer extends laterally

outside th t GARRRSL 4ORSi v cnpageletsl | y nmade at
t he peri rre?e’?rﬁ??sao%f %e%tiéﬁgggh%de@g bottgm %ﬁptﬁl ﬁe overal |l size of

the SOC t hEREFeht G4 pinterce Me&bl e for wirebonding to make the
ext er nal connerm i thes .SOCt shewdesn rkilguret Aa;, the wktingdlayeonextendss

i nstead be, gpde, { Qﬂ&%methac A&¥ @Blbbelshl PoxtexhaliN@bnAlct Méns
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woul d requbdsetdsdnaihiqi aat.r i The omléctsliaasobetmmc/mmﬁbrg limbugh t he

chip body, 9 $0ifo dRMI1G8LTE0EL S IREHLAR) 1O mdl0 Gl RxeEuRA DT MOTe,
ver 1 cal VI ce C

bui | di ng i nt erconnecti ons

facili tat e%’é‘??q"c’aﬂnsst adki 4§ Besirae t@PFe P? MV@&%H&PH@“%W soc
concept toihdtesi dhermasieonbrovgitorl hgicksidaeref i then abded ,f 80 Bh@t ocess for

fabriygatin IoplsEREaNn tféy}_srilce a8 BY! i rsdinaidevsp8ce 20 such as an
SCC, 1\?\’/hl chg%ée(reérrclsr%rgﬁtﬁrogrg- glgrreﬁgleona 5 |§¥ rc%nnectlgn gnﬁe i ch can be

practi ced W?#’Fﬁ'@ﬁ‘tsnanEPEE?H?’hgﬁylaeFﬂ PRHRAL (& I nbenPRdh FE5 The
present i nvkethacksadis agbesftaeclatmwmuddsreqhbm neet ellecpribgalii ng a

brocess fOpoNldd e Wl Rdha! Lor: fla13y ehkﬁxgﬂ R AHRPbogyelo £l VN Ch

vertical connections are formed lsing -viain a ¢chjp Accordi ng
to a firstdesireetsise t(ﬁérifﬁ%n%‘?‘bh° a thet HBHPrs F“rthermre' building

15 vertical interconnections through a device chip would
facilitate vertical stacking of chips, effectively extending
the SOC concept to three dimensions.

Accordingly, there is a need for a process for
fabricating vertical interconnections in a multi-chip device

20 such as an SOC, which permits three-dimensional chip
interconnection and which can be practiced with high
manufacturing yield.

Disclosure of Invention
25 The present invention addresses the above-described need

by providing a process for vertical integration at chip level
or wafer level, in which vertical connections are formed using
a through-via in a chip.
According to a first aspect of the invention, a method is
30 provided for fabricating a semiconductor structure. A feature
is formed in the top surface of the substrate, and metal is
deposited in the feature to make a conducting path. A liner
may first be deposited in the feature to isolate the metal
from the semiconductor material. A layer 1is then formed which
35 overlies the top surface of the substrate; the layer includes



30 provided for fabricating a sem conductor structure. A feature is forned
in the top surface of the substrate, and netal is deposited in the feature
to make a conducting path. Aliner may first be deposited in the feature

to isolate_the ne fromthe sem conductor material. A_l t hen
formed whi §’5‘8{§€r| les the top surface of the substrat gcﬁbﬁ@*i@

i ncludes 3 WO 03/054956 PCTI US02/ 38355 an electrical conductor and a
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conducti ng pa
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surface t heleofriaaldypesenehtediote drheoffenhvréecatAirplatk dscehtiacheddeet i ng

pad is forppdy gl;zg okt Qpbsyﬁi,@efa&f iTstheﬁU@ﬁ{ﬂn"’écF dt0 tiekBodtofk! ectri cal

connection to_ the bottom o feature, so that,  the first c nductl(gg pad

and t fie seBWRERCE GRTCOEN§OpaRPATS IS PPEERR PT VU FEATEF S hr BUFRCOH
feature. 160ﬂ'¢m:tsiutgslptaat dsmyrgedpen sheabohtpmhewrfaren ofethee (e.g. DRAV

fabricated % %%&L-' qR Qie@tl]‘i%qUEBhﬂgci?P&K' dd the bBERUANoYI @ . n
this chip ? ere ore permts vertica mtegratlon thaé%t(g?\cond chip

a PE chi p)thqh@%“d%"e #Qy that athe st FORGREHRY B Faﬁ????‘ate
t hi nni ng oéoxhdlﬁ:tsiutgslptaalt arel életeridaily conheabed arheraugho thebfeatue.

radi gpi on, tﬁ%b%%@é Bl ﬁ&&laorﬁﬁmed B8ORSV Il o AaviBbergage between

the layer and t ccord t o anot her ect of the invenjion,, the
plate is BR %bé}nfcﬁ?ﬁt‘fé‘ttﬁp &BFE?iV\hl diormatigp ¢ \ﬁéﬂ‘df“rc(’}lirf‘f’hgaﬁb Btrate;
t hi s waf erthsowjhi-adlednt ehtihechipysthextefonsi pgrmits erdrtdalalst ud/ vi a
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overlying via s orned i n the second Ia¥er ex 03|ng
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that the Sayflat{%%aﬁlig%&[)hga!lt CrW%(ét icgﬂv%f.glntly removed by ablating
an interface between the layer and the plate.
According to another aspect of the invention, the plate

is a semiconductor wafer which is not removed from the

20 substrate; this wafer is attached to the substrate using a
vertical stud/via interconnection. A second layer is formed
on the above-described layer overlying the substrate, and a
via 18 formed in the second layer exposing the first
conducting pad. A stud is formed on the semiconductor wafer

25 and aligned to the via; the wafer is then contacted to the
second layer so that the stud makes electrical connection with
the first conducting pad. Accordingly, the substrate and
plate (semiconductor wafer) form a wafer system, and the
substrate and plate may each have devices fabricated therein

30 (e.g. DRAM and PE devices respectively). This process thus
provides vertical wafer-level integration of the devices.

According to another aspect of the invention, a

semiconductor structure 1s provided which includes a
substrate; a first layer overlying the top surface of the

35 substrate; conducting pads on top of the first layer and on



the first conducting pad. Accordingly, the substrate and plate

(sem conductor wafer) forma wafer system and the substrate and plate may
each have devices fabricated therein 30 (e.g. DRAM and PE devi ces
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Fi gures 2A- | ustrate stepS In a process for formng a vertical
i nt er conneB#Fon through the body of a chip, in
15 '

Brief Description of Drawings
Figure 1A is a schematic illustration of system on a chip
in which smaller chips are arranged on a larger chip and are
integrated and connected in close proximity.
20 Figure 1B illustrates a high accuracy, self-aligning
stud/via interconnection scheme for the chips of Figure 1lA.

Figures 2A-2F illustrate steps in a process for forming a
vertical interconnection through the body of a chip, in
accordance with an embodiment of the invention.

25 Figures 3A-3F illustrate steps in a process for obtaining
chip-level integration of DRAM chips and processor (PE) chips
using vertical interconnections, in accordance with an
embodiment of the invention.

Figure 3G illustrates an alternative chip-level

30 integration using the vertical interconnections of Figure 3F.

Figures 4A-4E illustrate steps in a process for obtaining
wafer-level integration of DRAM and PE wafers using vertical
interconnections, in accordance with another embodiment of the
invention.

35




accordance wth an enbodi nent of the invention. 25 Figures 3A-3F illustrate
steps in a process for obtaining chip-level integration of DRAM chi ps and
processor (PE) chips wusing vertical interconnections, in accordance with

an enbodi man(g 0of the invention. Figure 3Gillustrates an alternative
chi p-1 evel WoH ﬁ‘f%@rat lon using the vertical int er connecFFHSVZP3%; gure 3F.
Figures 4A-4E illustrate steps in a process for obtaining wafer-I|evel
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the 20 tre@ﬁgi éﬁ%‘#@é@%h@dih$éﬁwﬂon may be practiced with a wide
variety of chips and wafer types.
15
I. Formation of metallized vias

A metallized through-via in a semiconductor substrate,
such as a sllicon wafer, may be formed by depositing metal in
a trench and thinning the wafer to open the bottom of the

20 trench, as detailed below,

In a silicon wafer 1, prior to the fabrication of devices
therein, trenches 2 are etched where the vertical connections
are desired. As shown in Figure 2A, the trenches do not
extend through the wafer, but should extend into the bulk Si

25 below the depth of the devices. An oxide layer 21 is grown or
deposited on the wafer and in the trenches. A trench liner
22, typically of tungsten, is deposited on the oxide,
preferably by chemical vapor deposition (CVD). A layer 23 of
copper is then deposited on the liner. (As is understood by

30 those skilled in the art, a liner is necessary when copper is
used to metallize the trench; numerous alternative
metallization schemes are possible which do not require a
liner.) The deposition process for layer 23 is ionized
physical vapor deposition (IPVD), to ensure a thin, conformal

35 coating of the interior of the trench.



In a silicon wafer 1, prior to the fabrication of devices therein,
trenches 2 are etched where the vertical connections are desired. As shown
in Figure 2A, the trenches do not extend through the wafer, but should
extend intg th? bul k Si 25 bel ow the depth of the devices, xi de | ayer
21 is gro ﬂ@%OS|ted on the wafer and in the trench&§T "@ﬁﬁ PéNch 1 ner
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Fi gure 2D. tOReSWHHARASE ot thAWRERF of The FeEBAEANY SSHINGTULEc 818N WRY 1R by
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5 Mn to yé@ 9 Eg¥3fﬂﬁ%%ibgr§p§€%3¥EAdqor some other convenient process)
to a depth of about 5 um, to yield the structure shown in
Figure 2E. A layer of tungsten is deposited on the wafer
(preferably by CVD) and the wafer is again planarized using
20 CMP, leaving a tungsten layer 26 at the top of each trench and
an exposed surface 1lp of the silicon wafer (Figure 2F). The
trench structure 20 thus has copper metallization encased in

tungsten.
The wafer is then ready to have devices formed therein
25 near surface 1lp, and to be further processed to obtain either

chip-level or wafer-level integration.

II. Chip-level integration
Devices 30, shown schematically in Figure 3A, are

30 fabricated in wafer 1 after the metallized trench structure 20
is completed. As shown in Figure 3A, the devices are located
in a region of wafer 1 adjacent to the top surface of the
wafer. In this embodiment, devices 30 are DRAM devices.
Dielectric layer 31 (typically polyimide) is then formed on

35 top of the wafer; layer 31 has embedded therein high-density



Figure 2E. A layer of tungsten is deposited on the wafer (preferably by
CVvD) and the wafer is again planarized using 20 CVWP, |eaving a tungsten
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| ayer, it W"FItYH)‘é’a&ﬁyr fermed 29 H"‘atg"“‘fl&rt layer sErypimAedrGirAdngtais of ten
10 desi gne'manch]ﬂaiyrl vdf, eandsAw, it inayyelset includee CuRads 63 other

typically Iﬁé{._gygr structure including a Ti-Walloy, N, and
Au, but rra'%/% SO |nc ugg or other conbinations of netals, V\afer 1

i s then thi nnecwaftﬁr- rllﬁthﬁ“ W“%’r' DY¥nBTERAIRT, LMPoRFeAPBAL Othe%ess, so
t hat 16he |cérevéermrentf pretaks| zeal that the interior of metallized via

structure 20 is exposed at the bottom surface lb or backside
of wafer 1 (Figure 3B). The thinned wafer may be difficult to
handle or be incompatible with the equipment used in
subsequent wafer processing. Accordingly, it may be desirable
20 to attach a temporary handling plate to the wafer before the
thinning process is performed, particularly if the final
thickness of the wafer is less than 150 um. In this
embodiment, the wafer thickness is reduced to about 100 um or
less. As shown in Figure 3B, a glass plate 35 is attached to
25 the top surface of layer 31 using a layer of adhesive 36.

Each via structure 20 at this point is a through-via with
tungsten layer 22 exposed on the bottom surface lb of the
wafer. An insulating layer 37 (e.g. polyimide) is deposited
on surface 1lb, and openings 38 are formed therein, at the

30 locations of the vias 20. A metal layer (or combination of
layers) is then deposited on layer 37 and patterned so that
metal pads 39 are formed in and around the openings 38. Pads
39 typically have a structure similar to pads 33; that is, a
multilayer structure including a Ti-W alloy, Ni, and Au. The

35 resulting structure is shown in Figure 3C.



structure 20 is exposed at the bottomsurface |Ib or backside of wafer |
(Figure 3B). The thinned wafer nmay be difficult to handle or be

i nconpati ble with the equi pnent used in subsequent wafer processi ng.
Accor di ngl ' be desirable 20 to attach a tenporar ndI ing plate to
t he waf er Kwé?%’?oé‘wlsf\:e t hi nni ng process is perforned, par%FE §ﬁglf t he
final thickness of the wafer is less than 150 pm In this enbodl ment, the
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s p 'S su y us
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with tungstsmldeyqast?2 elmyobedappl idik tvothenwatfief aderdughoa shreenafer. An

i nsul ati ngaj@yéie %Ld&ﬁ.adpgbyaé& dseabje%t@apeslaeﬂefm Pol-asg.! b, and
openlngs 38 are for Iocatlogoof t e viag 20. A netal

Byer Sor EisTnatl Gihose thay BALST (AT TRERTaoBRIT kP icard) 289 and
patterned jointrg toret slarpads.39 are forned in and around t he openi ngs 38.

Pads 39 typicaj] wﬂ%vgmﬁoameﬁéur&éwfw 5%9@&& Fho hapsi 4 2 -
mul tilayer structure includin and Au. The 35 resulting

|Lo :
structure YRikhdhe i9tags gHF@dgE‘g Elaé"e gg/ 15‘3295’6"%862/ 589¥8 1%o| der
bunps 41 argguirersH.or mdeonatheelbackhs décdhgt peooredsemayn ipadisd89, usi ng

met hags kn&#&ﬁ Jﬂ“%l%% 350(1:%%@1:1% sagﬂem@saie 1R veguapp! i ed to

the wafer t screen, and glte surJ&ectedtoareflow
process. SC'F*%rjé‘ é’-rbesﬁ&ké' Pﬂepﬁ%ﬁee‘"rs s‘trﬁ' FuFEiP%a‘HSF gt ngAcFRg2and
j oi ni ng tocaarniaarr i4r;. sloddelni bumphodli et typhealby erorinecdiedetioi mebakhi ps 44

while the gl (trrwélﬂom)phat enSxdp defhckNbaCine afralaM) | @arEle” e 3E
Alternatlvely, I Ci

Fequi £ ng FarAY BE GRAtRBFVPRGE: @ CRESELENSRRECTRNS i SHEGUOE PSR e. chi ps
are j16i nedeto®. a carrier 45; solder bunps 41 are typically connected to
met al After the joining process, the temporary handling plate
35 is removed from the chips. This may be conveniently done
by a laser ablation process, as shown schematically in Figure
3E. Laser radiation 46, incident on glass plate 35,

20 penetrates the plate and ablates the interface between the
plate and the adhesive layer 36. This results in delamination
of the plate from layer 36, so that plate 35 may be removed.
The remaining adhesive is then cleaned away so that joining
pads 33 are exposed.

25 As shown in Figure 3F, vertical integration of DRAM chips
44 and PE chips 54 is accomplished by bonding the PE chips to
the joining pads 33 of the DRAM chips. 1In the PE chips 54,
processing devices 50 are fabricated in the wafer; otherwise
the PE chips are prepared according to the same method as

30 described above, with similar structures indicated by repeated
reference numerals in Figure 3F. In particular, it should be
noted that the joining pads 33 on the top surface of chips 54
may be used to make external connections to the vertically
integrated structure 55, which includes a DRAM chip and a

35 plurality of PE chips.



pads (not shown) at the top surface of the carrier. Carrier 45 may be
another chip, a ceramc substrate, a circuit board, 15 etc. After the
joining process, the tenporary handling plate 35 is renoved fromthe
chips. This be conveniently done by a |aser ablation ocess as shown
schemat i cal“f({/“?/ﬁ 9I§‘?gure 3E. Laser radiation 46, incidenf® (3 (3E5S pl ate
35, 20 penetrates the plate and ablates the interface between the plate

and t he adhesi v @ﬁ)ﬁy Thi Sl tis | agg NP PE ShipBemRiabe from
| ayer 36, so th‘g]f11 ti%ly 1a§béé rermi\%/‘eFII QQL. % 1 E '."eié I's then

ate
cl eaned avx&?"%%“? a Jd’ll'HPﬁg pHRVing deyl gﬁﬁogﬁdm Zsé‘ﬂ’ﬁq:gﬁ&mﬁgl AN gur e
3F, verti calrimg epaysn &1 )oviERAlt cheipsicadd tandughc-via pomwctedoasconpimi shed

by bondi ngﬁﬁbs S &S ptsochiss w'mﬁqm@a 83 9ﬁ15m4D%Mehl Rsve!n the
PE chips 5

he. P chi e FEA by SR oL of QPR S0P Cea ke ek TS AE oS REUEFFERA

above, with7simlar structures indicated by repeated reference nunerals in
Figure 3F. In particular, it should be noted that the joining pads 33 on
the top surface of chi 411 ma be used to nmake external connections to
the vertichfty ?#ﬁ’é&’%ﬂe&d okf T‘Ej’rc@‘ 55, which includes a DRAM chip and a
35 plurality ofIfPEkdE pmbo8iMén®3HIAEEAnPERLUSN2/B3B8B™11Aedr nat i vel y, as

showgol n_FLGHEERG 14 NS BErRblPin TBYdie:S OBKESAGHA: Giset 36 (banbad

dewces 51 1n strate rin r 31) wthout vertical

t hr ough- vi & %?ﬁ’%dﬁ% StPH%gﬁl "cea‘"scg’“tnﬁ\égl’-"%“%hl ps 56 are joined to chips
44 (whi ch have In wirgurealdAt, hwatigmh- Vilasc owetetl i ned ) trendhostrugtegesat 2@
structure gpd. déJicesV\%foer(e ?V%Rmtd’egﬁ@elsqnfhﬁri&&cﬁm@@eﬁﬁmwQEhté‘e

:Ng}/gpt : gnj ga%ngét?xl'ic Zleacji(e%03 he ouggp nga tlhse Lgi’gg conq:aain%g ele QrJ.caJ?t her

15 wiring and having pads 33 thereon (compare Figure 3A). The
trench structures are formed as described above with reference
to Figures 2A-2F. The wafer has a dielectric layer 61,
typically of polyimide, overlying layer 31. Layer 61 has via
openings 62 formed therein, to expose pads 33. Another wafer

20 65, having devices 60 (e.g. PE devices) near front surface
65f, has a dlelectric layer 63 formed thereon, with high-
density wiring 64 for electrical connection to studs 66. As
shown in Figure 4A, devices 60 are connected to studs 66, and
the studs correspond with the vias 62.

25 Wafer 1 and wafer 65 are then bonded together with studs
66 making electrical connection to pads 33, as shown in Figure
4B. (The bonding may be facilitated by using a solder layer
on the studs and/or an adhesive on the polyimide layer, as
discussed above with reference to Figure 1B.) The resulting

30 wafer structure 70 thus contains interconnected devices; it
should be noted that wafers 1 and 65 may have different device
types (such as DRAM and PE devices) and/or be of different
materials (Si, SiGe, GaAs, etc.).

Wafer 1 is then thinned s8¢0 that the trench structure 20

35 becomes a through-via, as in the previous embodiment (Figure
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thereto using stud/via interconnections. In Figure 4A, wafer 1 has
netallized trench structures 20 and devices 30 (e.g. DRAM devi ces)
fabricated therein, with a dielectric layer 31 on top of the wafer

cont ai ni ng al 15 wiring and having pads 33 there re Figure
3A). The t‘@en@% ructures are fornmed as descri bed abov%w%@rﬁg?5 erence

to Figures 2A-2F. The wafer has a dielectric layer 61, typically of

pol yi m de, zpve 33g)Lay Sp¥i A0 a@erf §5Nesn
t herein, toeex‘jié)ﬁs@e&{lga ch@?e :%\RO'[ hefratr \Aggx]gegpﬁ E:gi:tfcg\?{ﬂn sJe&w ges 60 (e.g. PE
e |

devi ces) nEURCEIQMAS & handlipgrwater while 889 o1 red t her eon,
wi t h hi gh- Alleesnatiwelyi, ngadiérf 68 mdeclsiocche poocestedrta hayeutibrééghAs

shown in Fbgm&'éh %nﬂ%?s%s QQk%%W%bediﬁotﬁiy%@waéaé 65NRaypt uds

correspond g a( n bonded

t oget Rer WFEBU LTS RONHAG Q| ﬂgt%'f‘%%‘far’iycé’lan Mﬂ%cﬂ%trﬁ 3% §8°%98) as shown
in Figure which ({hesubmedjuegtigyrénovead, [prilareto byondingy of yelfeerﬁbaiy@r on
the studs gReior; an adhesive on the polyimde layer, as discussed above

with reference to ure 1B.) The resultln er structu 0 thus
Bolg RSy

r
cont ai ns i nt er tingi da¥er;37 &8yl Shgtep\?/ﬁflg? M and 65
may have dstfgacetlhe\ance openpags (3RidATeasobmedl timelreHin ,d@si doskhand/ or be of

di ffgqpent p ﬁéﬂé"eﬁnﬁoﬂimeﬁ'tee  p&R 39 Glre )chex\aféfméd itd Wake thinned so

t hat the trenc structure 20 becones as i n_the previous

Vi a,
embodi ment CPRARFL PN trg thgot b%?WSPC‘PFBSS%’L‘l%%%%‘mPEC cﬁﬁﬁare Fi gure
3B). It shattached not dhet patiswalf byusib 4bgn function as a handling waf er

while wafer 1 igydRjdHed trélcwfg ad gl xhewaa%e@&moah%adbeoawﬁ@&sed to

have through- vias extendin

ac th| S se fer 65 may
5 require BoHR ntf t&-&- té’ﬁﬂ‘gliﬁ?? Wp%ﬁﬁgpﬁie "('h’cﬁh ;‘ Wﬁi ‘ﬁs
subsaguent ty d:aammaad ,450r iasr showhoirli Figuae WAL erAip tempowafrgr handling

plate used for wafer 65 is removed at this point. It will be
appreciated that if wafer 65 has through-vias to back surface
65b, electrical connections may be made to the top surface of
chip 74. Accordingly, further vertical integration may be

20 accomplished.

Industrial Applicability
The present invention is generally applicable to
semiconductor device manufacturing, and provides a process for
25 device integration in which external connections are made
through vias in the backsides of the chips, so that the
connections are not restricted by wirebonding space

requirements. The present invention offers a significant

advantage in that the through-via is formed in the substrate
30 without an expensive deep-via etching process. Via dimensions

may be maintained with very high fidelity, which in turn

permits a high density of through-vias. Furthermore, the use

of vertical stud/via interconnections allows for highly

accurate chip placement in the third dimension, similar to the
35 highly accurate lateral chip placement described above.
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An insulating |layer 37 (e.g. polyimde) is deposited on surface |Ib, and
openings 38 are forned therein, as in the 10 previous enbodi nent. Pads 39
are then forned to make connections to the through-vias, and sol der bunps
41 are attached to the pads (Figure 4D). The wafer structure 70 is then
di ced to prEUMEYS¢onbi ned chips 74 (e.g. combined DRAMPEEUVEREES, which
are then joined 15 to carrier 45, as shown in Figure 4E. Any tenporary

handling plate yrefe e Yalghrfon! fad YINCAALrIBLS {1P!t¥ms! bewl || DE
appreciated that 1 rou V|as to dﬁ{f ce 65b,

electrlcaISESﬁHE%?l?WRPqﬁﬁfnﬁé nﬁHeiﬁc?W s&+?¥uﬁ; RFEIPANY
Accor di ngl geséntphisn werati uaheromaxﬁkuenmatﬁugsbemdﬂﬁﬁmnammphsshad
| ndustrial ,App %t%‘?é W iih }Qea{af,&ﬁ@ﬁ% edﬁ\e%rsbognfl&@qe;{ alHey o3RRI 1 cabl e to

sem conduct or device nmanufactUring, and provi des a process for 25 device

i nt egPat i oACFATMREN restther ﬁ&l"eﬁbh?féc’tﬁ dﬁ‘é"e&F’@dn’éﬂee IRAGE Pldsepaht he
backsi des altéhgmativers, modifhedtidres amhvactiabdhsns rwh it ﬂa&itwﬁthﬂd by

wi r ebondi ngy r i t T i feisgd Significant
advant age | n tﬁ&t?p? hag;gitjﬁ3 oggﬁ ;é/fatl%\ j?%r mggrngtﬁgiﬁgﬁﬁa?gﬁgo wi t hout an
expensi ve Eééﬁm%1a etching process. Via dinensions nay be nmaintained with
very high fidelity, which in turn permts a high density of through-vias.
Furthernore, the use of vertical stud/via interconnections allows for
highly accurate chip placenent in the third dinension, simlar to the 35
hi ghly accurate lateral chip placenent described above. - 11 WD 03/054956
PCT[ US02/ 38355 While the invention has been described in terns of specific
enbodi ments, it is evident in view of the foregoing description that
nunerous alternatives, nodifications and variations will be apparent to
those skilled in the art. 5 Accordingly, the invention is intended to
enconpass all such
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alternatives, nodifications and variations which fall within the scope and
spirit of the invention and the following clains. - 12 WO 03/ 054956

PCT[ US02/ 38355 Cdains 1 1. A nmethod for fabricating a sem conductor
structure 2 including a substrate having a top surface and a bottom 3
surface, t NP WPH5Y conprising the steps of: 4 formng aPFEASWE3F2) in the
top surface of the substrate 5 (1); 6 depositing netal (24) in the feature
to make a condq@¥gfmg 7 path therein; 8 formng a layer (31) overlying the
top surface of substrate, the layer including an electrical
conductor 10 (32a, 32b,32c) and a first conducting pad (33) on a top surface
11 of it he Layex méttod ifroxt fabniloatinmg gpaemieonduetertatimedtiurel? connect ed
to the feaiHéﬁ'?]d o (AffiRte RhPify (a’igbpt QulBgcd BRI ' bekBRNNi ng the

substrate at the bottom surface %ﬁ% hereof, thereby exposing the
bot t ofh of BWELRES Jrhe methodigopRrisgifg FheeE5RBE c¥htlucting pad (39) on the
bottom 17 surf aferntfng e fealbstea{2) tinm rthlee tap suefdce cfl thensebstoatéo 18
the bqtto ﬂithe feature, so that the first conducting pad 19 and the
second conducting pad are electrjcal| onnected 20 through the feature. 1
>, A fiet hod accUFRRTAFING BeSA (24 i 1P CORBRTS| TR MAle & epndycting
fabri gati npath sememmimjuct or device (30) in a region of the 3 substrate
ad) acgnt to theféfz}a@;;a‘ ag eef(ibﬁ_mzw%etné_éop AdPgad ogCerEdi ng to

claim1 or claim?2, racterized in thai sai d dep03|t|n?r step further
conpr Pses EERRTAtGyy thet 2BYST sHNGIING ARnPASGHF PR LSONANCERE feature. -
13 WO 03/ 05285821,GHd)S@nd383bbrst conducting pad (33) on a top surface

11 of the layer, the first conducting pad being electrically

12 connected to the feature;

13 attaching a plate (35) to the layer;

14 thinning the substrate at the bottom surface (1b)

15 thereof, thereby exposing the bottom of the feature; and

16 forming a second conducting pad (39) on the bottom

17 surface of the substrate to make an electrical connection to
18 the bottom of the feature, so that the first conducting pad
19 and the second conducting pad are electrically connected

20 through the feature.

2. A method according to claim 1, further comprising the step
of fabricating a semiconductor device (30) in a region of the
substrate adjacent to the top surface of the substrate.

1 3. A method according to claim 1 or claim 2, characterized in

that said depositing step further comprises depositing metal
3 so as to form a void (25) in the feature.

..13...



1 4. A nethod according to any preceding claim characterized 2 in that
the sem conductor structure conprises a first chip 3 (44) having a verti cal
el ectrical connection therethrough 4 which connects the first conducting
pad and the second 5 conducting pad, and further conprisi tep of:
connectlngvg)géﬁﬁﬁﬁ chip (54) to the first chip using 7 §§?6%9§¥§?ca|

el ectrical connection so that the second chip is 8 disposed on top of the

first chipg, sop txﬁ@éhéd’%ct:bﬁ'ainﬁht@ a’%ﬂd pr%c%h@n e& 0 \Gn th‘&zﬁbﬁe&fﬁééﬂca' ly

|ntera1ed aim4 ar ac n that the
D 02 Chip Y I SARORARIAGO T S ugﬁdcmrﬁse% Tirs shincl ndes o
proced8sor (&0).hdvihg A werhddahcebeatimigatlo canpeqt tarediheyethaiongh

charagterigpg.g é&r{é&fs %medf1%@%&%&%%9093@%&@%@%%& the thickness
of 3 the su strate to | ess than about A nethod according to

any pPecedFPdesLing Redar aRHefPTERPT qurttﬁgf‘gtﬁ'ée FERR9f35) is a tenporary
handl 6ng pl at e, canrecX ingr eheecendpehip (4)heostep Lifrstetchdpi nginge plate. 1
B. A gethod, agcarding it glghemzl e&w&&%w §sdtm tdhad sfe%na eh@beiés

trans arent to ating radiation, and said detachin 3 rises
abl at Png afl ?Pﬂ%"r‘?aﬂf’e Bt REehne bl qsty Ghipngsphihat 1'ﬂ'}geatf rﬁ‘§| Blﬁb adi ng
radi api on tBé)sdécambsmhiipedrehvextgically 3ngegrated. 9. A net hod according to
claim4, characterized in that the 2 second chip (54) includes anot her
vertical electrical 3 connegtion and co uct ads ), on_a .top surface
of sald 4°chi®.methpd ageoy ;’6%4‘@% qﬁéﬂ soShazas (efo inAthathh
accordi ng first ashnipl ,inwthedes na t PRAM |detvd cles (A0 P sndnthmnaecbnd ghipr (65),

the | gyer iﬁdiud)é’sea*ﬂr%e%?@rtpﬁb 3 surface of the substrate is

characterized as a first layer 4 and said step of attaching the plate
conprises the steps of: 5 formng a second |layer (61) on the first |ayer;
1 6. A method according to any preceding claim, characterized

in that said thinning step comprises reducing the thickness of
3 the substrate to less than about 100 um.

1 7. A method according to any preceding claim, characterized
in that the plate (35) is a temporary handling plate, and
further comprising the step of detaching the plate.

w N

8. A method according to claim 7, characterized in that the
plate is transparent to ablating radiation, and said detaching
step comprises ablating an interface between the layer and the
plate using ablating radiation (36) transmitted through the

oW N =

plate.

9. A method according to claim 4, characterized in that the
second chip (54) includes another vertical electrical
connection and conducting pads (33) on a top surface of said
chip.

S oW N e
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6 forming a via (62) in the second | ayer to expose the 7 first conducting
pad (33); 8 formng a stud (66) on the sem conductor wafer; 9 aligning the
stud to the via; and 10 contacting the sem conductor wafer to the second

| ayer so 11 that the stud (66) makes el ectrical connecti h the first
12 conduct“ﬁb 6’3‘&??33) 1 11. A nmethod according to cl ai HEI/S 024383 her
conprising the 2 steps of: 3 fabricating a first sem conductor devi ce (30)

in a negiopg, 4Aqteé1tt?a HRHAhE @&J@mﬁt{ 1L, owtttaeemptwralm 9k hhe
substrate fabri atlng ﬁfoqtagsem ggduct dewtie 60) in the
7 ser’rtzcondﬁ‘c’:'t‘tﬁ°'\}6"a‘f"etr°r patEr {89 Lai ey cBYeR & 3 t @ e

accor di ng sortaee nofl ithecisabatratée ziwl dharaicserthed QS fa rfsltrss'—eﬂrﬂwenduct or

devicg is se&n@ﬁ&%ééb e ak thShinky G@Mtﬂhtegceﬁgrtm@m tshepki bet | ayer,
and the second 4 sem conduct or ﬂew ce con F to the stud so that a
1 SRoRRRE bt TR

5 ver15| cal el eckPTEHI & FECPH ot P ¥ Her

forming a via (62) in the second 1ayer to expose the

7 first conducting pad (33);

8 forming a stud (66) on the semiconductor wafer;

9 aligning the stud to the via; and

10 contacting the semiconductor wafer to the second layer so
11 that the stud (66) makes electrical connection with the first

12 conducting pad (33).

11. A method according to claim 10, further comprising the
steps of:
fabricating a first semiconductor device (30) in a region
of the substrate adjacent to the top surface of the substrate;
and
fabricating a second semiconductor device (60) in the
" semiconductor wafer, prior to said attaching step.

N Oy W e

12. A method according to claim 11, characterized in that the
first semiconductor device is connected to the first
conducting pad through the first layer, and the second
semiconductor device is connected to the stud, so that a
vertical electrical connection therebetween i1s provided.

[S I S FURN N R ]
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