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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 may 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



| at eral spacing Ax and Ay. For exanple, the bottomchip 11 my be a DRAM
chip while the four chips 10 are processor ("processor engine" or PE)

chi ps. Towpaalos®es t he advant ages of fered by the system onPaTalsiop3s3ss ( SOC)
concept, the different chips are preferably in very close proximty and
have very precise alignnment with respect to each other. For exanple,
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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



process,"” the disclosure of which is incorporated herein by 35 reference.
The use of self-aligning stud/via interconnections 2 WD 03/054956
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structure. A featur
15 vertical 1nterconnect10ns 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 is then formed which

35 overlies the top surface of the substrate; the layer includes



Is formed 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
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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 is 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 is 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
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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 1A.

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



vertical interconnection through the body of a chip, in accordance with an
enbodi nent of the invention. 25 Figures 3A-3F illustrate steps in a process
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of the invention. Figure 3Gillustrates an alternative chip-level 30
integraIiEHBunMddptﬂur\ﬁanﬁyingiouuﬂthﬁnﬁnndnnipnof Figure 3F. Figures
A 11 uStr e Slefitddbd PSR (el fivithe 10 o SRABlcdrMRAGH | on
of DRAM and PE wafers using vertical =~ 1nterconnections, 1n accordance wth
anot her efidiesit fbrigatqdyerighiingmdes NerFd/Ae94 BHeIFEHA3802/ 38355
Best l\/pd%cfrﬁ{ec(@ifdﬁg dﬂﬂu?ﬂgﬂ f(}e drment i'I;Hébsiéﬁ v%&&qdrdvéﬁmbﬁmﬁdc{tﬂgiﬁ piresent |

i nvention, a sermiconductor . device is fabricate i.ch i.,nc es .vertica

el e ri caiormesh R GURE RIS gh “é?tcafﬁs]p‘.zeéé(si‘é:w—ivd‘@s dhid& iGHPare 5
for(rjre]g bywitiwit WHd npatetfand iegebrdirncugleep adia etdheanghi p, w t hout the
nee or expensive. d Vi i di | ow,
two different nJtsrjlyptese eegrﬁ)ocdr%?npeg&ge&%ecrl{#ceta %fq?gffneétﬁgﬁ%pem ; | E:‘cgllﬁ in
the examf ethigiware varAMahip qumentiddon SRV fderldy wdferbhe s 10
vertical | gy Lnactab®, & Br0aldidp AforPE iGhiden OHAM dEivildeowa iz de ce
wafer). It wll be appreciated that these types of .chips are di.scussed for
purlfbses vwrtiqalshy AT tuf PRuRaL itie 9 é’geﬁthliﬂf\'?e(rﬁri &h Srﬁsily}cd’é‘

pract i cecbpriddyicarwdgervar i atty wifl clbepappréciafterd thheas thidsd typersmaif on of

L1 Vi | 1] h h-vja i i
Such as SRS A ﬁ}sg:r‘{slsf?g@ ol ey Hepdd 'Qlt%é%r{‘én‘étﬁaﬁ:rqlﬁ{tib%ﬁ{&t €.

that the present invention 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 silicon 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.



a trench and thinning the wafer to open the bottom of the 20 trench, as
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romthe op surtface of the water. The resulting structure i.s shown in
15 Figure 2D. The copper at the top of the trench is then etched
away (by reactive sputtering or 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



15 Figure 2D. The copper at the top of the trench is then etched away (by
reactive sputtering or sone other convenient process) to a depth of about
5 pm to woaBas49he structure shown in Figure 2E. A | ayer pofl/uSongssen i s
deposited on the wafer (preferably by CVD) and the wafer is again

pl anari zed using 20 CWP, |eaving a tungsten layer 26 at the top of each
trench amdriarg SQeoskt s wrfdadead p)rofittsne'—og lswgfiaogafedieqtEifade JoA)Ninghe

trench s tﬂmﬁ a n. The
waf er |s en reafc??q ,&a dew ces for éfﬁh%é{rsgpr?e@gS%ﬁﬂgrmsctﬁ #ﬂg?rﬁp, and
to be furqqm@fprtdtﬁémd’l right-ai EEnHEs hiReasdbdie Gonpadians, are

| nt egr at ishbwrl IscHdMdticuvaly i QQ!g’:HﬁéJTBPDeVI'IQféS ARctyieel saamf mcaaj ly in
Figure 3A, are 30 fabr| ated in 1 after the taI é%fd t

st r Qct ur €9 ts & Jifhad eciAs‘”?n ‘3 A Figdt% pgg °Cres{2§rr$ef 1%cat ed
in a regldmnafe vtaf & jbiadjrar eed t(ecdnitndtap sa:aﬁ)accerofa tdeyiceafter .a Ivig hi s

enbodi nmeng Bﬁg el egyii r (fypical l'y
pol yi m de ﬁﬁ d% ?%q’?éi 32@ fe(r;uﬁh%l Qay%;rs 3Elrrbedded

t herein mrgwubmg ttyae -0071qu}§/'05@9§61%/6@8@2/538@9 l@viethg i324uidde | and

has on it t I%Hﬂ‘aat(‘e% it rﬂcﬁaleasa U NGhamAdTtdd ing iekis® mdrer nal
connections (e.q. to PE ch S on of t e DRAM chi . Exanpl s

podd bl e%ﬁ’ﬁé’tﬂ & Ay st SEERGRESA, Sel¥ttrical
W ring nejred t3pIRlil@ ﬂmtnaid |aaaeda vnﬂﬁﬂaqrejrolsrtmmg:tpn&té (icminhnb‘lrrg a32a); a

device t d cO ct a
j 0i ni ng g[vd‘dd(caolﬁtﬂ}’g’t L33 M; t %’ough Yafgr Il?l%\iug% u ng the (;%ol%g{cfuctors

i s shown casnkel re tigines Ioefyenetallts Wi ll be appreciated that for ease of

manuf act uri ngg’atfééts 07127 nkh Ctﬁﬁ' %}d ﬁtﬂdﬁ'@t egM®sS, drMddnd AMder
structure. are typically formed &s arrutllayer structure
|ndﬁhd|n§q§ven1ent process, SO that the interior of metallized via
structure 20 is exposed at the bottom surface 1lb or backside
of wafer 1 (Fiqure 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 ym. 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 1lb of the
wafer. An insulating layer 37 (e.g. polyimide) is deposited
on surface 1b, 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.



Ti-Walloy, N, and Au, but may also include Cu, Co or other conbinations
of netals. Wafer 1 is then thinned, by grinding, CWP, or sone other 15
conveni emvopBos®se, so that the interior of nmetallized vi @cTratsozss3ase 20 is
exposed at the bottom surface Ib or backside of wafer 1 (Figure 3B). The
thi nned wafer may be difficult to handle or be inconpatible with the

equi pnent usedadldersbmpreht ave drhan dasmaden Ahwohfiakgiside o frdihehe

desi rabl g, 20 QAHALD 2 I alPa{Pmetil kbW ate dre tde Waler e the
thi nning process is perf or ned, partlcul arlﬁ I f the final thlckness of " the

wafer isd &ldafaPasie MaY IBF BRRL ieshdqiitherwa et tRoMoh 1§ SGRERN i s
reduced tahahng ddb spir’ﬁéu sd kR s‘%ﬂ)w ito R gtﬁﬂo?B,pmc@ms plate 35

tached to surface of er_31 us a hesi ve 36.
Eac vi a "StF& SELU’ k}ﬁ S %gﬁtsﬁrsu 2 T oruﬁdyv%é)rvm gungs en | ayer
22 exposejcbiarirtqletdaca tamsieface | b of the wafer. An |nsul ating layer 37
(e.g. polyim Ci%) dﬁ@%&%&ffaﬁer}@n ¥ e d bis m%éqoqmtrwx%rﬁ%@r@ for med

therein, at the 3 ocat 1 ons ‘t he vias 20. | ayer (oOr conbination

of | ayemdyilies theeglasfodiandl i Rbate 3P difd KeRt dMf@ftao ash&hoWRetidl pads
39 are fariRRed BEN p@r@mfhﬁl%l%emmsil%&nfmce?& tma@l aaldnadeve a

structure, simlar_t ads that is ayer u ure i_ncl udi ng a
Ti -W al 1 39 %dﬁﬂp}: T’ré (:fg‘ﬁses’iﬂqqﬁ{d‘%gc% &9 s? ul‘—'i‘irlgure 3C.
E) 8k V\DdQﬂﬁQfsélﬁEﬁ ﬂ?féf I/jdﬁﬁﬁ/rﬁﬁ?,ﬁibcéﬁﬂ)der Thenphips are tjhname‘cbrtmeca on the

ack side r or
exanpl e, a%J(rso rge“\r@pas lg{énrgf/}gﬁ“é’ app ttg%tlh%qvxi roﬁ%gasn{grtggn and
t he deposnat@d eitdeghow) e ddhe d-ap rsémf(ﬂﬁepﬁfcé:é? C@rFﬂ@]Tre TOIHAE the

waf er St ructe HelafhotHdr difi &ng ARG rafidigibdtdat £ald idirculit Wiakd,
enbodl rrenet cthe wafer is diced into chips 44

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. In 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.



while the glass handling plate 35 is kept intact, as shown in Figure 3E
Alternatively, the dicing process may include 10 dicing of plate 35 (thus
requi ri ngwbangs49ng of individual chips in the joining pr®c&asp2/38Bke chi ps
are joined to a carrier 45; solder bunps 41 are typically connected to
metal pads (not shown) at the top surface of the carrier. Carrier 45 may
be anot her chiAlternatinely s @stshawn i Fiqune Yoartde PE chips Mawrbq he

j 0i Ni Ng IRRASSEidMEL taiy e/ hmdd‘giéi}ﬁiés 535 iirs gupERMRatd ramdrte
chips. This may be convem entI done a |l.aser abl ation rgeﬁchl'ess as_ shown

scherratld"aﬂ’%’;ﬂg nt 3y Furdt Vefnardﬁ L ghepnahydiy San N plHfte
35, 20 peanhglg aiase tdiee mﬁitcﬂuepnd 50| st sjdileed ntcerdhdges batt wWedridhehays at e

and gt he adh Si V. 6., S iy rom
| ay 36," %o %%t tq?lre({ueg%ﬁ“rf%y eer%egrmd\?‘eécf tq)T rn{e?‘r%"tq:‘n']nraq'f é%]re}’g-ix\ele@%s%hen
cl eaned &MNay so that joining pads 33 are exposed 25 As shown in Figure
3F, vertical integration of DRAM chips 44 and PE chips 54 is acconplished
by bondlq%dyhe PE chips to the joining pads 33 of the DRAM chips. In the
PE chi ps WA RESE YR dRERBL@EPhre fabricated in the wafer: otherwi se

t[\)e PE chi ES alrreltpf@aérﬂsbﬂmtﬂldlg e tmeewmmtahmbmﬁ&eaescri bed
abqve, Si ar_structures .indicat d by 4 ref rence nu ls in
Figfe 3I':Cth I%gg‘hr‘ﬂ%uﬂsar oﬁnledzlfdhléﬁ ot 0tt(?\ehe Wi ng’ 21) on

t he top suhrefrznm afsiolg psttﬁﬁ/vmwmmmetqtnmlse external connections to

the verticall b t %%crt q]?5_§ i lydes a
35 plurality o yIf F%“ﬁ'%rea 4?151 %; 03/ 054956 PCT?USOZ/ 38355 Al terﬁjz};%vzv;/ as
shown i n aFidyfay izgs t @E‘bth onvi@h igedied fihgredd « reih@

devi ces HlidItGtUbd a3 @sh t¥g idW diy efafel) oWntadui ngerdlieelrical
through via connections. In
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 dielectric 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 so that the trench structure 20

35 becomes a through-via, as in the previous embodiment (Figure

_10_



this case the PE chips 56 are joined to chips 44 (which have 5 verti cal

t hrough-via connections) to formintegrated structure 57. Il11. Wafer-Ievel
i nt egr at iwo 0Bfs498¢ s enbodi nent of the invention, a netall PEedSaD38355
through-via is formed in a wafer, and another wafer is joined thereto

usi ng stud/via interconnections. In Figure 4A, wafer 1 has netallized
trench st4Qyctaomga o) Fjagltrejaﬂ)c.es 30 sam@d DRAVIcd®d ddet fwdfisrcfied-an

therein, aﬁ@rﬂ(%lq}n ddse'ae f}]t Fhild QP W8 VRS & iGHEAI Ni Ng

el ectric W ring an avr ereon (conpare Figure 3A). The
trench stAlteaanadsi gl f c?f%rfeftr d@étrqllféd beh RROGASER doehat @ thRPuIhur es

2A- 2|F Thf‘%‘rlé'@fé%{té}ﬂﬁ d&@'k%&}f lshﬂ@wer #5b; ifrvgizlﬁ;ﬁ Icrasgaf vﬁmew i anay

over yin a yer as via ni rmed therein, to expose
pads 33. gr/?rﬂi{ ‘t’r CF%Ba cﬁ'ga’a’e ad’le@ "3’ FEFeANYD) near
front surv&raraﬂx iGbfsubmsquent Bt asdmdwed ayeri di3 n‘oorhmnlimigeroeforwaﬁnn 16 Shitggh-
density mrr 64 for electrical connection to studs 66. As shown in

Fi gure aK® 5%vrces 60 are connected to studs 66, and the studs correspond
with the vias 282.imsi1 \gif g 1lawer Wbk ele 66 Q@KW%oﬁ@edietRﬁjé{ R th

studs 66 g B eCdd et Cate Utrd G Ther@S ShQW i) dHigure 4B
(The bondi ng may be facilitate u5|n a solder | ayer on t he studs
Badfe Thyte ten domiteds

and/®r aPREIHES ERPIHEHo1 vi with
ref er ence-drined toilres 1tEb )thTehetrrmujmngasao amr afo Isferudtumps 20 tdms cont ai ns

I nt er connecte A c shaqul d_be ted that wafers 1 and 65 may have
di fferent? Qcote.f'\ﬁq'beeCF (sah%ﬁ'u (;l:u 4rbrc"}d‘ PE devi ces) and/or be of
different nat®he arasfe(ﬂstﬁlmrﬁﬂb isetthen disfest tp ipradwsred lamxichesh

that the ¢ t ur G 0 | _ - \
enbodi ment ?%Cguqsew-cé SO SRR 31‘817 it ar® diibrd MR RHYT 0US

to carrier 45, as shown in Figqure 4E. Any temporary 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.

_11_



4C;, conpare Figure 3B). It should be noted that wafer 65 can function as a
handl i ng wafer while wafer 1 is thinned. Alternatively, wafer 65 nay al so
be proceswodvmib@ave t hrough- vias extending to back surf ®CE/WBBHI83FH this
case wafer 65 may 5 require bonding to a tenporary handling plate (not
shown) which is subsequently renoved, prior to bonding of wafer 65 to

waf er 1. An irighdke ithe | ayent3ion dap Qﬁﬂryldﬁsdet)lhesi dépdanmsd & surface

I b, and Qe ﬂﬂﬁc%@é&irﬁé}{ﬂ?d iherLidyideht Nid KA ek dF e U rgdigrent .
Pads 39 are then formed to make connecltlons to the through-vias, andoln3

sol der DARECUIPHIQN Hhat HELTNS 1l {RI YN oL QR @ikt r uct ur e
70 is t hafhldia:ﬁ?bﬁsn vpipﬂtﬁkechﬂﬁﬁ’ﬂférﬂﬁdzo aHdie &kilded iepririenendthRAM PE

ch| 0| ned to c rrler 4 S g 4E Any
or ar;,xl ’P‘%f Js’évae'}tlo Thafer ai hende d?etn%veené%%%n S plo:gn

WI I | be aalmmstataimls,t hmdlflweetfmnﬁamhsramrmgmwwdstqlb figdlclk w@mmace

65b, ele neetd 4 f hip 74.

Accor di ng'll urltgeger veéF |camn'ﬁgbﬁ?ﬁo%&ﬁd3?t§e@(ﬁwécc%ﬂme§

| ndustri &1%1 cability The present invention is generally applicable to

sem conduct or devi ce manufacturing, and provides a process for 25 device

integration in which external connections are nade through vias in the

backsi des of the chips, so that the connections are not restricted by

wi rebondi ng space requirenents. The present invention offers a significant

advantage in that the through-via is formed in the substrate 30 w thout an

expensi ve deep-via etching process. Via dinensions nay be maintained with

very high fidelity, which in turn permts a high density of through-vias.

Furthernore, the use of vertical stud/via interconnections allows for

hi ghly accurate chip placenent in the third dinension, simlar to the
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35 highly accurate |lateral chip placenment described above. - 11 WO

03/ 054956 PCT/ US02/ 38355 While the invention has been described in terns
of speci fwo oabp&é nents, it is evident in view of the for@goiusg2/383s5
description that nunerous alternatives, nodifications and variations wll
be apparent to those skilled in the art. 5 Accordingly, the invention is

i ntended to e@imsss all such alternatives, nodifications and variations
which fall within the scope and spirit of the invention and the foll ow ng
clains. - 12 WD 03/054956 PCT/US02/38355 Claipns 1 1. A nethod for

fabrl catilng & SakhShdifg oraRRiGAHINIE @ SSHAUENTF SHUAGHEE having a top
surface amtladiald ansubsirdtac haviigy rettoyd strfadesiangl tahdatitems of @ 4

formgng a feature (,2) in.the top surface.of t syhstrate 5 (1); 6
dep(rjgsi t] ﬁd‘%caef’ ('(fﬂ% '?%'}1%{ < rulrse”}%oecrpaﬁes%epcsolré? Ucting 7 path therein;
8 fdrm ng a | icemir8l)a dieatiuend 2)hdnt dihes hrdppcainffaceheof Thauissthsdirate he
Iaygg inqhgding an electrical conductor 10 (32a, 32b,32c) and a first

uc

con ting ‘dad (33) on a top surface 11 of the layer, the first conducting

pad fbei ng el ecaREI 1 ing MetindRdd o thee feadtunee tor naka fiiauctiing e
(35)7 to than atveilfy thinning the substrate at the bottomsurface (Ib) 15
t hereof, there exposi t he t.tom of. the featyre; an 16 formng a
secéhd conduct ‘%@‘Hﬁﬁj a(gﬂ%:)y% (tb"(rjlle) () 3’&9 (ﬁ‘ur%ﬁé:es strate to
make® an aeuwcttmatad, adrendayeon itne 1l ull ngheanb@ltegrhrdfcalheonebiatroer; so t hat t he

(gt condugt i, Park) Ll A8 NMAIMY Fdd'3 P9 A & UoP Wdaldy

connect e

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
2 of fabricating a semiconductor device (30) in a region of the
substrate adjacent to the top surface of the substrate.

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

that said depositing step further comprises depositing metal
so as to form a void (25) in the feature.
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20 through the feature. 1 2. A nethod according to claim1, further
conprising the step 2 of fabricating a sem conductor device (30) in a
regi on ofwbhe/s®sesubstrate adjacent to the top surface of pChaSesubssss ate. 1
3. A nethod according to claim1l or claim2, characterized in 2 that said
depositing step further conprises depositing netal 3 so as to forma void
(25)1in téhe fReamethed accgrding (037 GBYO & REHINF Z13d¥65 charpctRiAgthd
accey di ng f 13y HSRM NG rd RitBr ARG Rfhprd dd Watiddie chip

sem conduct or structure conprises a first chip f (44) having a verti cal

el ect ri cdl4¥ostind i tW?é?tétqﬂIOLﬁjI?Cttlecr?%Bkﬁ?édtoé“ therstgoYBhduct i ng

pad gand thg C&emd&;ﬁr‘fprmig:tﬂ)mgtpa?nmf jfng"ﬁhﬁr aemrmh'éisaa@dddm stepI of: 6
connecting a second chjp (54).tq.the first. chi sing ¢ said vertica

el ectri céﬁ"@d‘}ﬁ%’e’ﬂq (ﬁ?ds'oat tf‘ili(}fé‘esreccooﬁ'?rcltﬁlﬁ‘qoé:%% s%‘leé)p(?gfe'd on top of the
fir® chip, sadrrectimg fa restcarid phaipd (5% )t he $deorfd nstti wheipe usdimg cal |y
integrated.. #ﬁt i HNb ¢ r%ﬁf@&ﬁﬁdQﬂ' t;d he

2 f?’?st %lgli\aecﬁ‘ﬁi es %%gea\% (r}'g)r%%é%l?r%nst heﬁség'con chip 3 i_ncﬁqﬁdles a
prodessodisimsed @ tem@tthddeaaddash whiko &% thadcddiend igss ghip and
charq@ct erdpe e drl tdialp el Jdbvitdd wligi sgdiddases reduci ng the thickness
of 3 the substrate to | ess than about 100 pm 1 7. A nmethod according to
any preceding claim characterized 2 in that the plate (35) is a tenporary
handl i ng sl atze metitbdB daardrdaidamoe anprdls img 4t ,hehsireg tefr icetdadm nghatheeh® ate. 1
8. met had. _gccqr.di n |.aim erizgad i (T IS

t ranspar gﬁ,[rsf&o cgbﬁ%atl%r%%rﬁe I a iDé{r%l\Panc}ﬂ?zﬁ o(az?ét g(l‘:‘ﬁll F}tgl% 355t é%)j ?oﬁ rises

abl & i ng iacludes faa@rdsesgeanh (399 | ayer and the 4 plate using ablating

radiation (36) transmtted through the 5 plate. 1 9. A nmethod according to
claim4, 6charact erized in that the

1 A method according to any preceding claim, characterized

2 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

2 in that the plate (35) is a temporary handling plate, and

3 further comprising the step of detaching the plate.

1 8. A method according to claim 7, characterized in that the

2 plate is transparent to ablating radiation, and said detaching
3 step comprises ablating an interface between the layer and the
4 plate using ablating radiation (36) transmitted through the

5 plate.

1 9. A method according to claim 4, characterized in that the

2 second chip (54) includes another vertical electrical

3 connection and conducting pads (33) on a top surface of said

4 chip.
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2 second chip (54) includes another vertical electrical 3 connection and
conducting pads (33) on a top surface of said 4 chip. - 14 WD 03/054956
PCT/ US02/\8833/854936 10. A net hod according to claim 1, wher@cCa/usoy3gsbate is a
2 sem conductor wafer (65), the layer (31) overlying the top 3 surface of
the substrate is characterized as a first layer, 4 and said step of
at t dchi nd G-hed mefikod qRIBHNG He stlapan of ;. WBnmithe 1O rE 1qayer (61)
on the fidstidvfiotS WYfENY 65 Vi adAaydt L S aUE It tpose the
7 first conducting pad (quj%s; 8 form rlgja stud (66) on the sem _conduct or
waf & ; Suifiafs Rf (e ekt tad s ichararterd zsshiakd g G¥He 1@¥8onduct or
waf e todme ﬁmrrfwté;ay@f #ttachlirndathe e sield dnfify)i sk ahee| sarips ot :
connection with the first 12 conducti pad .(33)¢:.1. .11, et hod accordi ng
to cdaim10, fFtHNY c%rﬁﬁcfos'}%glﬁyheer (Iéﬂgt eopr’stf)e: %ll?jseatbajiaé'%ﬁg a first
seniéconduct or femnioey (B0Yia n( 62 ) €igi drthe Seasfondhel aydssthatexpafieaddes to t he
top surf 1 and 6 fabricating a second sem conduct or
e (BT (RRRPEd B (B

device ( ] conduct’or waf er, prior to said attaching step. 1
12. 8A net hod TN A 1949 diGh)1on g famGoGheR rafame 2 first

semgconduct or feMtEnd ScHO R ab tithd Reid; raaid 3 conducting pad through the
first layer, and the second 4 sen condyct or viﬁ§ h%}connect qlto t he
stdd so that PPEGNT HI° UGS EI LS o} eebgeettiﬁégﬁ i &7 ded.
- 13 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

N Oy e W N e

" semiconductor wafer, prior to said attaching step.

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

N W N =

vertical electrical connection therebetween is provided.
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