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This invention pertains to the field of microelectronics,
5 and more particularly to the field of fabricating and
interconnecting extremely small semiconductor devices,

commonly referred to as "chips."

BACKGROUND OF THE INVENTION

Increased levels of integration in the silicon transistor

10 technology over the last two decades have facilitated the
migration from large scale integrated (LSI) to very large
scale integrated (VLSI) and now to ultra-large scale
integrated (ULSI) circuits for wuse in silicon <chips for’
computing, communication and micro controller applications.
15 Optimum utilization of these highly integrated silicon chips
requires a more space efficient packaging with supporting
devices+-such as memory chips. Further, with the advent of
mobile communication devices, hand held organizers and
computing devices, there has also been a push to integrate
20 such varied functions into a single compact system. This in

turn has led to the push in the microelectronics industry

towards system-on-a-chip (SOC) approach.

Simply stated, the SOC approach attempts to integrate as
many of these different device functionalities on the same
25 gilicon chip so that a single large chip can provide a variety

of functions to the end user. Although conceptually very
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currently part of different mcroel ectronic busjnesses. An_attractive
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microprocessor, wireless communication and microprocessor,
15 etc.) leading to a large variety of chip part numbers and
product mix that is not conducive to low cost manufacturing.
Last, the expertise reguired for combining a diverse set of
materials, process and integration schemes on a single SOC is
often not available in a single enterprise as these are

20 currently part of different microelectronic businesses.

An attractive alternative to SOC is system-on-a-package
or SOP wherein a number of chips, each optimized for its
unique function and perhaps manufactured in different
factories specially tailored to produce the specific chips,

25 are combined on a first level packaging carrier that
interconnects them and allows the <resulting package to
function as a single system. The level of interconnection and
input-output- (I/O) density required in such a package 1is
expected to be far greater than those currently available in

30 printed circuit board or multilayer ceramic technologies.
Since this SOP carrier with chips assembled on it is expected
to replace an SOC, it 1s reasonable to expect that the
interconnect and I/0 densities should be somewhere between
those used in the far back end of the 1line (FBEOL)

35 interconnect levels on chips (typically wiring and vias on
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at least 10 to 20 times coarser in size and spacing.

15 It is therefore highly desirable to enable a microj01n1ng
structure to interconnect several chips on to a
system-on-a-package carrier to achieve significantly higher

input/cutput density ' between the chips as compared to the

current state-of-the-art.

20 Accordingly, a primary object of the present invention is
to make possible ultra high density of interconnections
facilitating the use in ultra large scalg integrated. circuit
chips (logic, micxoprocessor, memory, network switching).
Current flip chip solder technology can achieve only ab?ut

25 75mm pads on 150pm centers. Our method is capable of aerial
densities up to 1000 times or more this level. This is made
possible by the unique process flow that does not regquire any
special lithographic steps in the fabrication of the contact
pads and uses the fine features in these device chips at the

30 back end of the line (BEOL) interconnection level.

SUMMARY OF THE INVENTION
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layer and a noble metal protection/solder wetting layer.

15 Alternately, the said larger contact pads can be part of the
top level of the device and the fusible solder bearing

structure integrated on the carrier 1f so desired.

The foregoing and still further objects and advantages of
the present invention will be more apparent from the following
20 detailed explanation of the preferred embodiments of the

invention in connection with the accompanying drawing.
BRIEF DESCRIPTION OF DRAWINGS

Figure 1 is a sectional view of a device chiplet after

the deposition of TaN-Ta, Cu, Ni, and jolning metal.

25 Figure 2 is a sectional view of the carrier wafer after

the deposition of TaN-Ta, Cu, Ni, and noble metal.

Figure 3 is a sectional view of the completed carrier
(top) ready for Jjoining to the completed device chiplet
30 (bottom).
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Figure 2 is a sectional view of the carrier wafer after the deposition of
TaN-Ta, CDESSRIPARAN noih|RREFERRED EMBORPEMENT s a sectional view of the
conpleted carrier (top) ready for joining to the conpl eted device chipl et
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details of. the preferred, net for f i i a S j h

i nt er conn&dt i%ﬁ% BFS??\%W%e%?ﬁ%%d?OFi rafs%{b,rci\?\;ntattﬁglgeg%é%t §%§%ﬁ%%e§%e
chi pl et 1QntehicphetcPracesare Reder desgr e t of ihet Fi giflesresredie ©¢ adi ng,
t he chigl%% .groc sslq§%%ﬂs with fabricating the silicon device chiplet
waf er 12 FVoagh“the Seni conduct or devi ce and bottomwiring 10 | ayers 13
and the top netal wiring |evel 14, application of the final passivation

dielectric, st . the opening of the termnal pad vias (TV) 19. The
TV via op%hl ﬁ%% gbc e as small as 2.5 microns in width and the

passivation layer is about 1 micron or less in thickness. Then the

followng Steprelarfify CANE & M FIRARY loYIRD ARG @heObheplydCcUUM
eposition nmethods a ner |ayer 15, I'ch typically conprises _ |,
7 process begins with fabricating the silicon dev?ce chiplet

\ wafer ié through the semiconductor device and bottom wiring
10 layers 13 and the top metal wiring level 14, application of
the final passivation dielectric stack 16, and the opening of
the terminal pad vias (TV) 19. The TV via openings 19 can be
as small as 2.5 microns in width and the passivation layer is
about 1 micron or less in thickness. Then the following steps
15 are carried out: Deposit by sputtering or other vacuum
deposition methods é liner layer 15, which typically comprises
about 40nm tantalum nitride (TaN) and 40nm Tantalum(Ta) and a
seed layer 17, comprising about 100nm or more of vacuum
deposited copper. Other liner materials that can be used
20 include Ti, TiN, W, WN and Cr among others. The wafer is then
subjected "to' chemical-mechanical polishing (CMP) so as to
polish the copper from the top surface of the wafer. stopping
on the Ta surface. This results in a structure as shown in
Figure 1ﬂwherein the copper seed 17 is preserved only at the
25 boétom and the side walls of.the.TV openings 19. Electroplate
a barrier layer 20, which can be Ni, Co, Pt, Pd and the like
of about 500nm thickness followed by a joining metal layer 22,
T which is a fusible solder such as 97% Pb 3% Sn alloy, Au-Sn
alloys or other solders depending upon the application and
30 solder hierarchy desired. Pb free solders based on Sn and its
alloys are also possible for layer 22. The solder layer
fhickness can be chosen to be between 2 microns to 100 microns

depending on the solder alloy and the application need. The
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17, conpri,si ut 100nmor nore of vacuum deposited coppPErpeiystgr | i ner
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bet ween 2 nj;6+ 0R%et@ chA0 i €K DRAG fdeReRUtieN-IOIblde sopderurddaey wagh drihe
application need. The 1 1 JUL 2006 WD Q3/060960Q PCT/ EPOZ/'Mq%éLng Bey
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in the TV, apeniBgs Ihiand; Aoteran thevhibneotdsyerndd JIrRsentlDs e iy of
the wafer.” The liner layer 15 serves sinply as an electrode to carry the
pl ati ng eukpkslt Bad 55EHeChHrBeeds. shayerin5Figusah3edBRAEPP removed by dry
plasma or wet chemical etching fromthe chiplet top surface regions

bet ween the contact pads |eaving behind a residual TaN Ta [|ayer 15, only
in thd Wd(EQHeamgilsc@m ¢mBriehi pl et pad structure as shown
in Figure 3 (botton). 10 Carrier Process (for a Silicon Carrier): This
process provides the mating connection to the solder mcrojoints
fabricated orfhie phopeesspritédear ther masfiags cagnection to the solder

microjoints fabricated on the chiplets. The carrier wafers 30
are fabricated through the final interconnect wiring 34,
deposition of final passivation stack 36 and the opening of TV
15 vias 38. The TV vias on the carrier will be larger in
dimension than the nominal dimension of the microjoint solder
pads on the chiplet to ensure that the microjoints can be

comfortably located into the carrier via receptacles.

The subsequent process flow for the carrier wafers has

20 the following steps: Deposit by sputtering or other wvacuum
deposition methods a liner layer 39, which typically comprises
about 40nm tantalum nitride (TaN) and 40nm Tantalum (Ta) and a
seed layer 40, comprising about 100nm of vacuum deposited
copper. The wafer is then subjected to chemical-mechanical

25 polishing (CMP) so as to polish the copper from the top
surface of the wafer stopping on the Ta surface. This results

in a structure on the carrier as shown in Figure 2 wherein the
copper seed 40, is preserved only at the bottom and the side
walls of the TV openings 38. Electroplate a barrier layer 41,

30 which can be Ni, Co, Pt, Pd and the like of about 500nm
thickness followed by a noble metal layer 42, which 1s
preferably gold in the thickness range of 100 to 1000nmn. The
key feature to note is that layers 41 and 42 plate up only on
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Electroless Au plating and immersion Au are particularly
suitable if thin Au (about 80 to iZOnm) is deemed sufficient.

15 The resulting feature on the carrier is receptacle 44 for

receiving microjoints fabricated on the chiplet.
Assembly Process (and the resulting final structure):

The assembly involves pick and place of the chiplets in a

manner similar to the regular flip chip assembly (split optics

20 and/or capacitance aligned) and subjected to reflow Joining.
A hydrogen reflow without flux may be preferred since the gap

between the chiplet and the carrier may be too small for

efficient flux cleaning.

It will now have become apparent that further key

25 advantages of the disclosed invention over the prior art are
as follows: The microjoining scheme allows area array
mounting of very small devices such as lasers, microsensors,

or actuétors. These devices can be as small as 100mm X 100pum

or less and are too small to be mounted with standard £lip

30 chip contacts. The use of PbSn solders allows reworkable
connections for device chip replacement for upgrade or repair.
The devices with these microjoining solder pads can be tested,

burned in and sorted for known good devices using any



carrier pad structure as shown in Figure 3 (top). OQher nethods f&ﬂJULZWﬁ
appl yi ng {Reodibdsber | ayer 41 and noble netal 10 layer 42 pRgppffigor

el ectrol ess deposition. Electroless .deposition of Ni, Co, Pd as we
noble nmetal Au is known in the art &nd can be used instead of

el ectroplating. Electroless Au plating and imersion Au are particularly
sul tabl eobly LN oAt (AR 82.he 140001 S Aeerd SULELCLEnt. 15 Tofus,
resulting feature on the carrier is receptacle 44 for receivin

m cr oj oi obsafmbmg cdredrongbhd chigl és. m@%eﬁhﬂyipsuees@eﬁmh@etHENXeﬁén@ing
final structure): The.,a |y _invol ves pick and place of the chiplets in a
manner s?hf?%ro%ot?ﬁel?gégggpx?Fﬁﬁ'chip assenbly (split optics 20 and/ or
capaci tance aligned) and subjected to reflow joining. A hydrogen reflow

wi thout flux nmay be preferred since the et ween the chiplet. and.the
carrier may bel%odR¥RALEPola%¥d Pemt gﬁgﬁ 5@&&&155JHW1 t 1 PERbh-HADE
beconss appas egfict hab frund h]f@fefgyrea5 radwantiagasof, the @ii9d asedobnvenki on
over the grior art are as follows: The ]cggyoinin scggne %%ggmg ar ea
array nobhefnyagH A y CERRPESIAA L e SO CAL oRSer B2Y 7€ afidist oF 88T $hBse
devi ces Gaphber ageplBhlings rdm | €66 apdrare 41D ssBbé ©E behaounvedtibhh 30
chip contacts. mcrosensors, 100pm x 100pm standard flip The use of PbSn
sol ders @af| 8asieefntet FBRs2PBENEEY E42ERPp repl acement for upgrade The
devices with these m crojoining solder pads can burned in and sorted for
known good devices reworkable or repair.

Il as
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conventional tenporary device attach structure. Thus, obtaining known 8%8%‘
die is not an issue despite the fine pitch of the interconnects. The

invention having been th gdescni bad W hieW@et i <woanardh 200 ence to the
preferredYDBPW%%PHéré&FFvg? mngpiﬁg'obv$ous that various changes and

fodj fications may be nmade therein w thout departing fromthe spirit and
scope of the invention as defined in tde appended clains. 11 JUL 2006
yOR998 0216 - PCT/ EP2002/ 014911 - (New Set - 30 nmarch 2004) 9 CLAIMS Si. A
m crojoint interconnect structure cofAI¥MSng: (a) a carrier (30) having an
array of interconnects for connecting device conponents including : an
insul ati'ng or 5 sem-insulating substrate (3&%, a dielﬁghnic film (36)
formed thefeon pxpesongiatvintensanmpst E8UNCE SUFTRIFEN I AGs or vias (38),
and ntcrojoint receptacles in ga?dhgp I ngs sePRY i 6f Nintefcamandist dignt o
top, a liner |akfdr E3GRTEA®Edd! ayer 0),. a, barrier laﬁgﬁlééiﬂgaQ&’ a
nobl e net akqh2acasi 23evibesedmppaents 10L043MdiQ% he iHher"8lUrFace” of sai d
recept acl es; and, qu)&l.a CE@%S'&?X{:?Q(%FI 0k OfDbl geEsionNEile (R6) ckomiafke,

mat chi iy s8EPTH P6PRE FEceptacles on’ the carrier ig ani rect@fdezed in
that the bapéiedn |@ysrsiom & winisw dayeral3fayé rBP@ﬁe Bromy on the seed

:Zig{saﬁﬁ ggéhfgaégemléfﬁfoiﬂésféﬁéﬂtaciésthﬁtshhd epposBds pePIPERSIG: sai d
 from bottom to top, & liner layer (39), a seed layer (40), a
barrier layer (41) and a noble metal layer (42), these layers
10 lining the inner surface of said receptacles; and,
{b) a chip having microjoint pads on the device side,
matching said microjoint receptacles on the carrier side;
characterized in that the barrier layer and the noble metal
layer plate up only on the seed layer and not on the 1%ner
15 layer, so that the exposed portions of said layers in openings
are substantially co-planar with the dielectric f£film surface;

s The microjoint interconnect structure as defined in claim

1, wherein the liner layer material is selected from the group

consisting of Ta, TaN, Ti, TiN, W, WN, Cr and combination
20 thereof.

3. The microjoint interconnect structure as defined in claim
2, wherein the liner layer thickness is between 5nm and 12Dnm.

4. The microjoint interconnect structure as defined in c¢laim
2, wherein the seed layer material is copper with thickness in
25 the range 30 to 200nm.

5. The'micréjoint jnterconnect structure as defined in c¢laim
2, wherein the barrier layer material is salected from the
group consisting of Ni, Co, Pt, pd and alloys or combinations
thereof.
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are substantially co-planar with the dielectric filmsurface;, 2. T

m crojoint interconnect structure as defined in claim 1, wherei n tﬂi JUL-/206
| ayer material is selected fromthe group consisting of Ta, TaN, Ti, -TiN,

‘W eW\, Cr and conbination 20 thereof. 3. The m croj oi ntF&? er connect

structure as defined i Bk /Aasither eiNewt BRE |- %rm}r%le i ckness is

bet ween SH%%%dB%%nmb&% The m crojoint interconnect structure as defined
inclaim 2, wherein the seed |ayer material is copper with thickness in

25 the range 30 to 200nm 5. The microf8int interconnect structure as

defined in claim 2, wherein the barrier |aye I erd Yasipedehiactidimr om
the groug conghstihgrafoidt imserPPrNpHt R %[{tlu?;es%gr @ceonbi nati ons

» * d
t her eof .~ AVENDED SHEET 1 Ei}JXL)J, 2006, YEROHh1QRh6ss FET/ BREFESR 014D 132%( New
Set - 30 Har YACTRHY) eléb anm 6. The microjoint interconnect structure as
defined ino@loainn 5 wherein the barrier layer thickness is between 10

1000nm 7. The m crojoint interconnect structure of any above claim S

wherein said openings or vial have | arger_di | O t b¥e Flapmpads.
8. A process fié mooneipimgy idnEercep™ r%?%"’r% ﬁag%sffg'??rec?%on a devj ce
chip to an array of ﬁ\ 8@?5%&5 sECEHaHA Narged Shmensiens |Hhad & ct
carrief cHRFES N Fhe 8t eps” of : providing a carrier structure (30)

conpri si ngeh# padssul ating or sem --insulating substrate (32), a dielectric

film(36) formed thereon exposing a wiring layer (34) through
s- A process for connecting a set of microjoint pads formed on
a device chip to an array of microjoint receptacles formed on

10 an intexconnect carrier comprising the steps of: | _
providing a carrier structure (30) compriﬁlng: ?n
insulating or semi-insulating substrate (32), a dielectric
£i1m (36) formed thereon exposing a wiring layer (34) through

ngs or vias (38); ,

15 oPenisiccess:‘w@_rly depositing a liner layer (39) and 2 seed

layer (40) onto the structure, for instance by sputtering;

chemical-mechanical polishing the structure S0 that' the
exﬁosed portions of said layers in openings are substantially
co-planar with the_liner layer top surface;

20 successively depositing a barrier layer (41) and t—;\ noble
metal layer (42) by electroplating, these layers lining the
inner surface of said receptacles in said openings are
substantially co-planar with the dielectric film surface;

providing a chip having miqrojoint pads including solder

75 Dballs on the device side, matching said microjoint receptacles
on the carrier side;

assembling the carrier structure and the chip to ensure
that the microjoint pads are properly located into the
microjoint redeptacles; and,

30 subjecting the assembly to solder reflow to connect the
microjoint péds to the microjoint receptacles to enable the
interconnaction between device chips mounted on the carrier.

AMENDED SHEET



openings or vias (38); 15 successively depositing a liner |ayer (39) 1a}nﬂJLaZDﬂ
seed for instance by sputtering; |layer (40) onto the structure, b
~chemi cal - mechani cal polishing the structure so that the exposed portions

‘of *said layers in openings a antal | cosypl f 2004 the |iner

| ayer topYQRISPaRH-E ZOP%TI%@égé%e/\Péggf%epég?%i-yneé: a (grn??gr | ayer (41) and a
oble nmetal |ayer (42) by electroplating, these layers lining the inner
surface of said receptacles in said opgnings are substantially co-planar.
with the dielectric filmsurface; providing a chip having mcyojojnt pads

i ncl udi nggsolfer 384! b Elaires denbreisi smid neRekings s dVid ﬁ&ﬁ"fﬁ nt
receptacles “on Phe carrier side; assemdlin Sgsc rderg drfipet.ure and the
chip to ‘epamger divemsiieasntBapi Bﬁl%tmﬁﬁﬁ%%fﬂg % operTy flocate into the

m crojoint receptacles; and, 30 subjecting the assenbly to solder reflowto
conneét the mcrojoint pads to the microjoint receptacles to enable the

i nterconnecti on between device chips nounted on the carrier. AMENDED SHEET
11 JUL 2006 S F YOR998 0216 - PCT/ EP2002/0l 4911 - (New Set - 30 march 2004)
11 9. The process of claim8 wherein said openings or vial have |arger

di rensions than the mcrojoint pads of said chips. AVENDED SHEET
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