1 An Interconnect Structure And A Method O

Fabricating The Sane FlI ELD OF | NVENTI ON The
present invention relates broadly to an interconnect
structure, to an interconnect structure for _

i nterconnecting first and second conponents, to an

i nterconnect structure for interconnecting a nmultiple
conmponent stack and a subst{ate, and to a nethod of
fabricating an interconnect structure. BACKGROUND
Bonded wires, solder bunps and netal pillars are

conmon microstructures fornmed on mcro devices which
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bonding is the earliest technique for interconnecting

el ectroni c devices. Thernosonic wire bonding is a
FIEUIMOPINVENTEGN echni que. Conventional w re bonding
allows Input/Qutput (I/0O pad bonding only on a chip
peri neter near edges of a chip. Low profile and
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applications. Further, wire bonding over an active

portion of a silicon chip nmay damage the delicate
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design for optimal power distribution and chip size

shri nkage. Fl i p-chip technology is. an inportant
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flip-chip may decrease correspondi ngly.

Flip-chip technology is an important development for the microelectronic industry.
An optimized flip-chip device provides improvement in cost, reliability and performance
over a wire-bonded device. The flip-chip device also has better elecirical performance .
and lower impedance, inductance and capacitance. Aided by a self-alignment
characteristic of solder, flip-chip packaging using solder bump has excellent vield. An
area array interconnection format on flip-chip allows large number of /Os to be
distributed across the chip surface. This improves pitch spacing and power distribution.
With no additional packaging material over the bare chip, the flip-chip has the smaliest



One di sadvantage for reducing a solder bunp size is
the increase in the volune ratio of the IMC to bulk
solder in an interconnecting joint. A higher
percentage of the IMCin the solder joint is
undesirable as the IMCis brittle and the fatigue
life of the solder joint can be reduced. Another

di sadvantage is the increase. in current density as
the sol der bunp size decreas®s. As current density

I ncreases, electromgration will becone a reliability
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gﬁ?e gq , the wetting surface 206 decreases when
aneter of the pillar 202 becomes smaller. A

decrease in the wetting surface 206 may affect joint

reliability. In addition, solder bunping cannot be

done on a device with varying pillar dianmeters as .

this will result in non-planarity. Hence, there

is a need to provide an alternative interconnect

‘structure, and nmethod which seek to address at | east

one of the above-nentioned problenms. SUMVARY In

accordance with a first aspect of the present

invention, there is provided a mcro device

i nterconnect structure conprising: a base portion

formed on a nmounting surface of a.first conponent; a

pillar portion having smaller |ateral dinmensions than



The base portion, the pillar portion and the head
portion may be integrally fornmed of the honbgeneous
mat eri al . The interconnect structure may
further conprise an internmedi ate | ayer fornmed between
the head portion and the pillar portion, the
internmedi ate | ayer conprising materials other than

t he honbgenous material. Th8 internedi ate | ayer may
conprise TiWand Cu, Ti and Cu, or & and Cu. 4
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shown in Figure 2b, increases compliance as compared fo the pillar 202 with a larger diameter, as
~ shown in Figure 2a. However, the wetting surface 206 decreases when the diameter of the pillar
202 becomes smaller. A decrease in the wetting surface 206 may affect joint reliability. In
addition, solder bumping cannot be done on a device with varying pillar diameters as this will

result in non-planarity.

Hence, there is a need to provide an alternative interconnect structure, énd method
which seek {o address at least one of the above-mentioned problems.

SUMMARY

In accordance with a first aspect of the present invention, there is provided a micro
device interconnect structure comprising: a base portion formed on a mounting surface of a
first compohent; a pillar portion having smaller lateral dimensions than the base portion
extending from the base portion .and substantially perpendicularly to the mounting surface;
and a head portion formed on the pillar portion and having larger lateral dimensions than
~ the pillar portion; wherein the base portion, the pillar portion and the head portion are

integrally formed of a homogeneous material.

The base portion may have larger lateral dimensions than the pillar portion.

The base portion, the pillar portion and the head portion may be integrally formed of
“the homogeneous material.

The interconnect structure m'ay further comprise an intermediate layer formed
between the head portion and the pillar portion, the intermediate Iayer comprising materials

other than the homogenous material.

The intermediate layer may comprise TiVW and Cu, Ti and Cu, or Cr and Cu.



shape_ shape. The netal may conprise one or nore of a
group consisting of Cu, NI, and The pillar portion
"and the head portion may have a sane cross sectiona
The pillar portion and the head portion may have a

di fferent cross sectional The pillar portion and the
base portion may have a same cross sectional The
pillar portion and the base ﬁortion may have a
different cross sectional shape. The head portion
and the base portion may have a sane cross sectiona
shape. The head portion and the base portion may have
a dif nt cross segtlona

) he head
ort1 U Bk mndhe B RS 1S s Bt fayer lDBAGh e mounting

sw@@nﬂ#duﬂﬁamsnmomﬂﬂmhlch the first conponent is to
be nount ed.

The contact layer may comprise TiW and Cu, Ti and Cu, or Cr and Cu

The homogenous material may comprise a metal or a conducting material

“suitable for eleciroplating.

The metal may comprise one or more of a group consisting of Cu, Ni, and
Au.

The pillar portion and thé head portion may have a same cross sectional
shape.

The pillar portion and the head portion may have a different cross sectional

shape.

The pillar portion and the base portion may have a same cross sectional
. shape.

, The pillar portion and the base portion may have a different cross sectional
~ shape.

: The head portion and the base portion may have a same cross sectional
shape.

The head portion and the base portion may have a different cross sectional

. shape.

The head portlon may have a surface disposed for facmg a second

compoenent to which the ﬁrst component is to be mounted.



5 The surface may be convex. The surface may be

pl anar . A dielectric or passivation |ayer may .

be deposited on the first conmponent and such that the

pillar portion and the base portion are either

encapsul ated or renmai n exposed. At | east one of

the base portion, the pillar portion and the head

portion may be uniformy coated or selectively coated

WThB sgm@ﬁam@bns@t ected froma group consisting of

a wetting layer, a diffusion barrier layer and a

oxi dati on resistant |ayer. I n accordance with

a Thesomateasqpest plafart he present invention, there is

provided a m cro device interconnect structure for

|nterconnect|ng first and second conponents, -
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than the base portion extending fromthe base portion

ahtl lessbonardf ithe Ibasp eopinditicaibiiar portion tamd the ureadnportion may be
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of the second conponent; and a connection for
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substantial |y encapsul ated by sol der.
homogeneous material.

The connection for connecting the head portion of the interconnect structure to the contact
pad may.comprise one or more of a group consisting of solder, adhesive bonding, surface
activated bonding, compression bonding and diffusion bonding.

A solder bump may be formed between facing surfaces of the head portion and the
contact pad respectively.

The head portion and the contact pad may be substantially encapsulated by solder.



6 In accordance with a third aspect of the
present invention, there is provided a mcro device

i nterconnect structure for interconnecting a nultiple
conponent stack and a substrate, the interconnect
structure conprising: a flrgt base portion forned on
a first nmounting surface of "a first conponent of the
stack; a first pillar portion extending fromthe
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homodgiheoss mptenial.f or i ng the pillar portl on and the head
portion may conprise an inprinting process

The method may further comprise forming the pillar portion and the head portion
. using different masks in a photolithography process.



A mould for the inprinting process may be patterned
and may conprise polyner, conposite or netal

mat eri al s. The nmet hod may further conprise
form ng an internedi ate | ayer between the head
portion and the pillar portion. BRI EF DESCRI PTI ON CF .

THE DRAW NGS Enbodi ments of the invention wll
be better understood and readily apparent to one of
ordinary skill in the art from the fol | ow ng witten

description, by way of exanple only, and in

conjunction with the drawings, in which:. Figure 1

sho a schepatic drawing of a typical sol der bu

i nt 2?% F@H‘"ng the p'"arFﬁ"ﬁWb%"‘%z/E'eah‘?&d gt ?ﬁéwya‘g’pmp"se an
suhama;mom&mamnng of a conventional pillar

interconnect design with a larger and a snall er

pillar diameter respectively. Fi gure 3a shows .a

s cherfatiqiid fagviha grpfinting erosessoimpy die patfsraed aokk wmayecomprise

S8 Rer2B6mBosit 05 hichl ShatéiBich are” connected by a
pi n- head 1 nterconnect structure and a sol der bunp,

according to an exanpl e enbodi nent. Figure 3b
showsTha m@thealmtay (‘r‘ur'dihftava\mar'ﬂgrrs:Blc fotrhiag 28 Seetadiate tdyeraaetween the

ﬁ?é%#gﬁ%ﬁg&%ﬁﬁé structure having a smal | er
{er as co

are Y that shown in Fi gure 3a.
Fi gure 4a shows a schematic drawi ng of the pin-head

BRIEH SESORMETION OF SHEDRAWINGS

" Embodiments of the invention will be better understood and readily apparent
to one of ordinary skill in the art from the following written description, by way of
example only, and in conjunction with the drawings, in Which:.

- "Figure 1 shows a schematic drawing of a typical solder bump interconnection.

Figures 2a and 2b show a schematic drawing of a conventional pillar

‘ mterconnect design with a larger and a smaller pillar diameter respectively.

Figure 3a shows a schematic drawing of an assembly of a micro device chip and
a substrate, which are connected by a pin-head interconnect structure and a solder
bump, according to an example embodiment.

_ Figure 3b shows a schematic drawing of the assembly with a pin-head
“interconnect structure having a smaller diameter as compared to that shown in Figure -
3a.

Figure 4a shows a schematic drawing of the pin-head interconnect of Figure 3.

Figures 4b and 4c¢ show schematic drawings of variations of the pin-head

. interconnect of Figure 4a.



8 Fi gure 4d shows a schematic drawing of a

vari ation of the pin-head interconnect of Figure 4b.
Figures 4e to 4g show top sectional views of the

pi n- head i nterconnect having different designs of

‘hori zontal portions. ~ Figures 5a to 5 show a
process flow for fabricating a pin-head interconnect
usi ng photolithography-plating, according to an

exanpl e enbodi nent . ~ FiSgures 6a to fig show a
continuation of a process for fabricating the

pi n- head i nterconnect using phot ol i t hogr aphy-pl ati ng
from Fi gure 5e. gures 7a to 7g show an

al t eriENg 4 shawrsq ff?&awwr%\ffma op ywisdien pidhe pigtepd itgreryinect
dfiFyupd 4b. head i nt er connect usi ng

phot ol i t hography-plating from Fi gure 5e.

Figure 8a to 8 shows a process flow for fabrication

of a Rigiureshdeald 4onsherciopsedionalsiiavg bfdbe pipgtead interconnect having

dﬁ@?éﬂt%én&% dPhédones RIRAESS, according to an exanpl e
nbodi nmen gure 9a show a schenatic draw ng

of pi n- head |nterconnects connected to a mcro

devi (l!-'fgures 5a to 5] ghiog aIPocdbs vy ﬁabﬁ@dirﬁgabinqqe%ﬂ Hérethneét using
head .i nt erconnects nnected to the

ﬂ?] %P E’éfé y- atmg, accordipg lo anexample ¢ BREPEL ow schemat i c

dravvl ngs of one mcro device i nterconnected to a

Su bs'i:rgﬁr'e% gfoﬁvfae{:ﬁﬁﬁuétl% %'f GNORES fo%tféﬁh‘&{atméetﬁe pin-head
enmbody resent 1 nven
: mterconnect usmg ph otolithography-plating from Flgure 5e.

Figures 7a to 7g show an alternative continuation of a process for fabricating the
pin-head interconnect using photolithography-plating from Figure 5e.

Figure 8a to 8j shows a process flow for fabrication of a pin-head interconnect

using low cost imprinting-plating process, according to an example embodiment.

Figure 8a show a schematic drawing of pin-head interconnects connected fo a
micro device.

Figure 9b show a schematic drawing of planarized pin-head interconnecis

7 connected fo the micro device.

Figures 10a fo 10c show schematic drawings of one micro device interconnected

to a substrate using different interconnect structures embodying the present invention.

Figures 11a and 11b show. schematic drawings of twoe micro devices
interconnected to the substrate using different interconnect structures embodying the

.present invention.



Fi gures 1la and 11b show schematic draw ngs of two

m cro devices interconnected to the substrate using
di fferent interconnect structures enbodying the
present invention. 9 DETAILED DESCRI PTION The
enbodi nents descri bed herein provide an interconnect
structure to overcone the inherent weaknesses in

sol der bunp interconnection. The enbodi nments al so
provi de an inproved interconhect structure to
overcone the current limtations that neta

DEtrafigay peetkipnens ol der bunps have in mcro devices
packagi ng or integration. Fi gure 3a shows a
schematic drawi ng of an assenbly 300 of a mcro

devi Cehec Iénpbo&’ﬁﬂ-:-n&ndieacr&j&bShérahep&Qﬂie Nﬂilﬁtbroaﬁrﬁact structure to
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fetal ﬁ%&ﬁé@é‘%@o!ﬁ%tﬁﬁﬁs@r{ﬁe %Wﬁiero%%vééé rﬁa%%%; ggcﬁrrﬁéﬂr&lon.
gl ass or polyner materials, or the lik e base
material of the mcro devi ce chip 302 can be

passiFigire da shdws dliohbmatid drawingoean ﬁs&mblmbabf 4 E@fb device chip
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Fi gure 4a shows a schematic drawi ng of the pin-head
i nterconnect 302 of Figure 3. The pin-head

i nt erconnect 302 conprises a substantially round
pillar portion 306. The pin-head interconnect 302
‘further conprises a head portion 308 and a
substantially horizontal base portion 402. The head
portion 308 and the base portlon 402 are di sposed at
respective ends of the pillal® portion 306. Figure 4b
shows a schematic drawing of a variation of the
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Fi gure 4c shows a schematic drawing of a variation of
the pin-head interconnect 302 of Figure 4a. Figure .
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head portion 308. In Figure 4f, the head portlon 308
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the pillar porti-on 306 and the base portion 402. The
head portion 308 has a different cross-sectiona
shape as conpared to those of the pillar portion 306
and the base portion 402. As appreciated by a person
skilled in the art, the designs of the pillar
portions 306, .the head. portions 308 and t he base
portions 402 of the pin-head interconnect 302 are not
restricted to the exanples as described above.

Two exanpl e nethods namel y photolithography-plating
and inprinting-plating, that can be used for

- manufacturing pin-head interconnects will now be
described. Figures 5a to 5 show a process flow for
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| ayer 510 is about 1.0 to about 10 m cron. The
process of formng the copper |ayer 510 illustrated
in Figures 5a to Sc is conparable to a process of
form ng a conventional chip pad. The copper chip pad
510 forns a base portion of a pin-head interconnect.
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to be plated directly on thdlcopper chip pad. This
advant ageously provides an ease of integration of
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reference to Figure 6a, a third photore3|st (PRS)

| ayer 602 is deposited on the PR2 | ayer 512, an

opening 604 is forned in the PR3 |ayer 602 with
- conventional photolithography processes. ‘A copper

| ayer 606 having a convex surface is deposited in the

openi ng 604 by e.g. electroplating, as shown in

Figure 6b.. The convex surface of the copper |ayer 606

is formed due to isotropic copper ion deposition. The

PR3 | ayer 602 serves to constrain and define the



14 In other enbodinents, it is possible to end
the process of manufacturing the pinhead interconnect
at Figure 6f. The step of renoving some portions of
the-dielectric or passivation |ayer 610 can produce
net al - pad- defi ned i nterconnect structures.
Wth reference to Figure 7a, where an adhesi on and
seed layer 702 is deposited on the PR2 |ayer 512, a
third photoresist (PR3) |ayet?2704 is deposited on the
| ayer 702. Titaniumtungsten (11W and copper (Cu)

e
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- adhesi on and seed | ayer 702 |n other enbodlnents An
- openi 706 is.forne
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chip, Ti and Cu or chromum (Cr) and Cu can al so be
used for the adhesion and seed | ayer 802 in other
enbodi nents. A first photoresist (PRI) |ayer 806 is
deposi ted on the adhesion and seed | ayer 804. An
opening 808 is forned in the PRI |ayer 806, as shown
in Figure 8b, with conventional photolithography
processes. Alternatively, the PRl |layer 806 can be a
non photosensitive polyner resist which is inprinted
with a patterned nould and plasma ashed to produce
t he opening 808. A copper |ayer 810 is deposited in
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shown |n Fi gure 80 The process of formng the




16 - Figure By shows that a pin-head

i nterconnect 820 made of Cu is forned. The PRL | ayer
806 and the PR2 | ayer 812 are renoved. Figure 8h
shows that portions of the adhesion and seed | ayer
802 whi ch extend beyond the copper |ayer 810 are
renmoved. Figure 81 shows a dielectric or passivation
| ayer 822 deposited on the silicon chip 804. In this
enbodi nment , benzocyclobutené (BOB) is used for the
di el ectric or passivation |layer 822. The dielectric
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i nt erconnects. "Figure 9a show a schematic
drawi ng of pin-head interconnects 902 connected to a
m cro device 904. The mcro device 904 can be any.

- devices with electronic, optic, fluidic or
m cr o- el ectro-nechani cal .functions or a conbination
of these functions. The pin-head interconnects 902
conprise a base portion 906, a pillar portion 908 and
a head portion 910. The base portion 906 and the head
portion 910 are di sposed at respective ends of the
pillar portion 908. A passivation |layer 914 of the
m cro device 904 can be of photoi nageabl e or



In this enbodi nent, the base portion 906 and the head

portion 910 have larger |ateral dinensions than the

pillar portion 906. The head portion 910 has | arger

| at eral  di mensi ons than the base portion 906. The

base portion 906, the pillar portion 908 and the head

portion 910 have different cross-sectional areas. The

base portion 906 surface is substantially planar and

the head portion 910 has a dfirved surf ace.

Fi gure 9b show a schematic draw ng of anot her exanple
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.necessary on a chip pad. Designing and optim zing the
interconnect reliability, on the substrate side is

| ess conpl ex because the concern of thin film

material s and active device interaction exist only on
~ the chip side. : H gh current, coupled with the

need to reduce the package size, Iead to hi gh heat

generation within the package. The ability to design

and structure Cu interconnect for specific |ocations

on the sane chip can advant ageously enhance therma

performance significantly. As a chip size gets



19 It wll be appreciated by a person skilled
in the art that nunerous variations and/ or

nodi fications may be made to the present invention as
shown in the specific enbodi ments wi thout departing
fromthe spirit or scope of the invention as broadly
descri bed. The present enbodi nents are, therefore, to
be considered in all respects to be illustrative and
not restrictive. For Bxanmple, it will be
appreciated that in different enbodi nents, the base
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formati on of the interconnect structure. Also, if the
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£LoaFprbLat ed netal s i ke nickel or gold. The

adhesion layer can be TiW Ti or C and the seed

| ayer for plating can be nickel or gold if a silicon,

gl as§igure B&BRIWSCa StHealatiedRglamn Uﬁatéeco'ﬁﬁrpo%%?rremst (PR2) Iayer
TBLBDAAS o PR B DS PBTE a7 S o v
82@ ntlhAlFm layer 812, as showAimFigure SdeVheinprinfirgrroanth8t4 is made of
- nRdkBIUE il SRR Do polymer, composite or metal materials can be used to
fabricate the mould 814 in different embodiments. The residues of the PR2 layer 812 at
the bottom of the cavity 816 can be removed by plasma ashing foliowed by wet chemical
cleahing. The mould imprinting process enables high aspect rafio openings to be formed
on a thick polymer resist. As shown in Figure 8e, a cavity with a complex geometry can
be formed in one imprinting step. Copper is deposited into the cavity 816 by e.g.
eleciroplating and the copper layer 818 has a convex pin-head surface, as shown in
Figure 8f. The convex surface of the copper layer 818 is formed due to isofropic copper
fon deposition. In this embodiment, the copper layer 818 forms a pillar portion and a
- head portion of a pin-head interconnect. The convex pin-head can be planarized using
chemical, mechanical or chemical-mechanical planarizing processes before the removal
of the PR2 layer 812 in other embodiments.



a base portion forned an a nounting surfaces fa first

conponent; : a pillar portion having snmaller

| at eral dinmensions than the base portion extending

fromthe base portion and substantially

perpendicularly to The nounting surface; and .oa-

head portion forned on the pillar portion and having

| amer | ateral dinensions thay the pillar portion;

wherein the base portion, the pillar portion and the

head portion integrally formed of a honobgeneous
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photoimageable layer 822 is used in this embodiment.
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in other embodiments, it is possible o end the process of manufacturing the pin-
‘head interconnect at Figure 8i. The step of removing some portions of the dielectric or

passivation layer 822 can produce metal-pad-defined interconnect structures.

In the above described photolithography-plating and imprinting-plating
processes, the formation of the pin-head interconnect can be viewed as the formation of
a modified chip interconnect structure. Further, parts including the base portion, the
piltar portion and the head portion of the interconnect structures can be uniformly or
. selectively freated or coated to enhance their wetting, diffusion and oxidation resistant
behaviour. Nickel, for example, is commonly used as a diffusion barrier layer and gold as
-an oxidation resistant layer. These metals can be deposited on the Entercbnnect
structures by sputtering or electroplating processes. The pin-head interconnect
_structures can be advantageously fabricated at the wafer level. The micre devices can

be assembled on a substrate with or without underfili encapsulation.

Further, copper is used to form the base portions and the pillar portions of the
pin-head interconnects described above. In other embodiments, nickel or gold can be
used for forming the base portion and the pillar portion. In- such embodiments, the

adhesion and seed layer may comprise nickel or gold.



5. The interconnect structure as clainmed In any one

of clains 1 to 5 wherein the honbgenous materi al
conprises a netal or a conducting material suitable

for electroplating. 7.The interconnect structure as
claimed in claim®6, wherein the netal conprises one

or nore of a group consisting of Cu, Ni, and Au. 21

8. The interconnect structure as claimed in any one

of claims 1 to 7, wherein th¥ pillar portion and the
head portion have a same cross sectional shape.

9. T iy e n u al I,Rq AE bt
o cl i e HEREN Rl ORIy ARG, i S ipr s it
ROSPSHb e RiMhensl /aleropmnectsetra fitst PorardsonsiBe sllignmhinstnghsabstrates
are then brought into contact with the pin-head interconnects. In other embodiments, the
pin-head interconnects can be first formed on the substrates and the silicon chips are

then brought into contact with thé pin-head interconnects.

Eigure 9a show a schematic draWing of pin-head interconnects 902 connected to
- a micro device 904. The micro device 904 can be any devices with electronic, optic,
fluidic or micro-electro-mechanical functions or a combination of these functions. The

- pin-head interconnects 902 comprise a base portion 906, a pillar portion 908 and a head

portion 910. The base portion 806 and the head portion 910 are disposed at respective
ends of the pillar portion 908. A passivation layer 914 of the micro device 904 can be of
photoimageable or non-photoimageable material.

In this embodiment, the base portion 906 and the head portion 910 have larger
lateral dimensions than the pillar portion 906. The head portion 910 has larger lateral
- dimensions than the base portion 906. The base portion 906, the pillar portion 208 and
the head portion 210 have different cross-sectional areas. The hase bortion 9086 surface
is substantially planar and the head portion 910 has a curved surface. '-

Figure 9b show a schematic drawing of another example of pin-head
interconnects 902 of Figure 9a connected to the micro device 904. The head portion 912
.. of the pin-head interconnects 902 have a substantially planar surface.

Figures 10a, 1 Ob and 10c show schematic drawings of one micro device 904
.- interconnected to a substrate 10. In Figure 10a, the pin-head interconnects 902 of Figure
@b are connected to metal pads 1002 of a substrate 1004 using methods, e.g. solder,
adhesive bonding, indirect bonding or -direct bonding. In Figure 10b, the pin-head
. interconnects 802 of Figure 9b are connected to the metal pads 1002 of the substrate
1004 using solder bumps 1006. The solder bumps 1008 can be preformed on either the
pin-head interconnects 902 or the metal pads 1002 before the pin-head interconnecis
902 and the substrate 1004 are brought tc;gether. In Figure 10c, the pin-head
interconnects 902 of Figure 9b are connected to the embedded metal pads 1002 of the



10. The interconnect structure as clainmed in any one

of clains 1 to 9, wherein the pillar portion and the
base portion have a sane cross sectional shape.

11. The interconnect structure as clained in any pne
of clains 1 to 9, wherein the pillar portion and the
base portion have a different cross sectional shape.
12. The interconnect structure as clained in any one
- of clainms 1 to 11, wherein t%¥e head portion and the

base portion have a sane cross sectional shape.
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AlisTerivelhghe |h0§¥0rﬁﬁbrﬁ@dweﬁt91ﬁsofttbe vis-head nn@d:oml@tﬁh%oz can be

paniRy 6QAREIeShY the kbiers a0 ai med in claim 14,
wherein the surface i s convex. 16.The |nterconnect

structure as clained in claim 14, wherein the surface
I s plTaapin-head interconnects can be used for joining, interconnecting or supporting

mmicro devices 904 for purposes of packaging and integration. Figures 11a and 11b show
schemdtic drawings of two micro devices 904 interconnected to the substrate 1004. In
Figure 11ag, the pin-head interconnects 902 are connected to the metal pads 1002 of the
substrate 1004 using methods, e.g. solder, adhesive, surface activated, compression or
diffusion bonding. In Figure 11b, the pin-head interconnects 902 are connected io the
metal pads 1002 of the substrate 1004 using solder bumps 1006. A spacer 1102 is
disposed between the micro devices 904 in the embodiments. In other embodiments,
more than two micro devices 904 can be interconnected to the substrate 1004.

With the pin-head interconnect design in the examplé embodiments, the Cu pin-
head interconnect can advantageously be plated directly on a Cu metaliized chip pad.
' Hence, UBM is no longer necessary on a chip pad. Designing and optimizing the
interconnect reliability on the substrate side is less complex because the concern of thin

film materials and active device interaction exist only on the chip side.

High current, coupled with the need to reduce the package size, lead fo high heat
generation within the package. The ability to design and structure Cu interconnect for
specific locations on the same chip can advantageously enhance thermal performance
significantly. As a chip size gets smaller and denser; high temperature and current
density promote electromigration is a growing concern. Since the melting point of Cu is

- 1083°C, which is much higher in comparison to the melting point of most leaded or lead-
- free solder materials, the atomic diffusion of a Cu pin-head interconnect is
- advantageously much slower than most solder materials. Hence, electromigration is

-advantageously reduced in the Cu pin-head interconnect.



-17. The interconnect structure as clainmed In any one
of clainms 1 to 16, wherein a dielectric or

_ passivation layer is deposited on the first conponent
and such that the pillar portion and the base portion
are either encapsul ated or remai n exposed.

18. The interconnect structure as clainmed in any one
of clainms 1 to 17, wherein at | east one of the base
portion, the pillar portion¥nd the head portion are
uniformy coated or selectively coated with one or

nor e IﬁﬁIIIQfet Qﬁpr&ﬁé}@ﬂ Ry 5959”51&1 CIRR |§tth@Qir‘lotfhalam\ﬁﬁé&:uéq%naﬂons
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emmitmnmmmomtdepmmg €oinothe ispirie b€ @BsRCofl thg ifivgnGdn ad Groadly
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conprising. a on a
@uWﬁﬁa@m@mdmh@eﬂhﬂye conponent ; a plllar
portion having smaller |ateral dinensions than the

base portion extending fromthe base portion and
s ubs TR EYATTIG. ipelihe RRPesialed (rat i difereimadigents, the base of
the plilacetucturd aardmpat i @auﬁmmmmwsmepﬁok bérnep@int df @k pillar
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mounting surfaces of two components or elements to be interconnected, or between
- multi component stacks and a substrate, in different embodiments.

" Furthermore, the homogenous material for the interconnect structure may
. comprise any metal or any conducting material suitable for electroplating, in different
embodiments,

Furthermore, in other embodiments, the interconnect structure can be formed
on any surface that can be subjected to electroplating for formation of the
interconnect structure. Also, if the interconnect structure is to be formed on surfaces

" that cannot be subjected to electroplating, a seed plating layer may be deposited.

An additional adhesion layer may be required if the seed layer cannot adhere
dirsctly to the base material of the surface. '

In various embodiments, the intercohnect structure can be fabricated by
other electroplated metals like nickel or gold. The adhesion layer can be TiW, Ti or
 Crand the seed layer for plating can be nickel or gold if a silicon, glass or ceramic
substrate is used. For other materials like epoxy-glass fibre base, the seed or
plating layer can be laminated on the base material. '



a contact pad formed on a nounting surface of t he
second conponent; and a connection for connecting the
“head portion of the interconnect structure to the

contact pad; , wherein thg base portien, the pillar

portion and the head portion are integrally forned of -

a lomaggneous materi al . . 20. The interconnect
St RUCT UK thic6 delied inesbonnedt baishuré@ompiengi n t he

L f t ' th
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and di ffusion bondi ng. .21 The
mo‘i"ﬁ[‘%?‘é’%ﬂﬁ’ﬁ ¥ structure as claimed in claim1

~ wherkémi portiah demegduor thes pilat ﬁﬁ@%éi"ﬂe'éﬁ‘i’"?ga@% lateral
_‘d,mghg,g,@,qggn@gpﬁ.gppg}g@u portion and the -contact pad

r Y
e%v%eegam tr*?e gase portion,. the pillar porbon and the head porﬁon are‘

“integrally formed of a homogeneous material.

2. . The lnterconnect structure as clatmed in claim 1 fudher compnsmg-
_an mtermednate layer formed between the head: portlon and the piltar porhon the .
. infermediate Iayer oompnsmg matenals other than the homogenous material.

3 | The mterconnect structure as cialmed in clalm 2, wherem the
mtermed:ate !ayer cornpnses TW and Cu Ti and C-u orCr and Cu.

' 4 , | 'The mterconnéct struc'ture as-cléimed in any one of claims 1 to 3, '_
‘, wherein the base pc:rtlon is formed oh a contact Iayer formed on tha mounting ]

‘surface of the first component. -

‘5. The interconnect struc’ture as dalmed in ciaim 4, wherem the
. contact layer compnses T'Wand Cuy, T' and Cu, or Cr and Cu.

6. The interconnect structure as clazmed in any one cf clalms 1to 5
_ wherem the homogenous matenal oompnses a metal or a conducting matenal

smtable for electropiatmg

7. The anterconnect stmcture as clalmed in- c:la:m 6, wherein the metal ',

compnses one or more ofa group conSIstmg of Cu, Ni, and Au.



22. The interconnect structure as cl ai med in claim
19, wherein the head portion and the contact pad are

substantially encapsul ated by sol der. - 23. Anmcro

device interconnect strughure for interconnecting a
mul ti pl e conponent stack and a substrate, the
i nt erconnect structure conprising: a first:bas
po81 i onlHedintvembnoect tridiyrs asRiMET ﬁ’ga'ylﬂr\‘ea‘lf&"’ﬁf’s t?l r st

~whelHRY £rtibh Gnd URE kead phitiod thae ld same @rdsk osectional
Whepe ?ﬂ&r Pro’mtRe first base portion and

shamybst antl ally perpendidularly to the first nounting
surface;- and” a first head portion formed on the

| VA fi §St pHEI ﬂ[ Rk t%’ﬂ?a&% SPMkingdlina@ebnd ot aidls 1 o7,

di frensi ons than t rrst pillar
whetsirs thepaifian rasiqrorirtre disad, 99 Bﬁﬁ“ﬁ%ﬂﬁ |“ra1rgr'g]‘ °§€Sr5 face &%1!
sha&gcond conponent of the stack; a second pillar -
port| on extendi ng fromthe second base portion and

10. The mterconnect structure as clalmed in any one ofclaims 1 fo 9, .
where:n the plllar portion and the base portlon have a same Cross sectional

- shape.

" 11. The interconnect structure as ctasmed in any one of clalms 1109,
'wherem the pillar portion and the base portlon have a dlfferent cross sectlonal

shape_

12. .. The lnterconnect stn.:cture as c:lalmed in any one of cialms jto 11
" wherein the head portion and the base porhon have a sarne cross sectional

shape. _

‘!3. The mteroonnect stmchjre as claimed in any one of clairns 1 to 11,
- wherem the head porl;:on and the base pomon have a dlﬁerent cross sectional

,shape

14. The interconnect structure as cialmed inany one of clasms 1to 13, '
. wherein ihe head poﬂ;on has a surface disposed for facing a second componant -

to whlch the. ﬁrst oomponent is o be mounted

.15,  The lnierconnect structure. as claimed in clalm 14 whierein thie

) surface is convex.

16. The interconnsct structure as claimed in claim 14, wherein the

surface is planar.



. substantially perpendicularly to the second nounting
surface; and a second head portion forned on
the second pillar-portion and having | arger | ateral
di rensi ons then the second pillar portion; a first
and a second cont.act pad 42orned on a nounting surface
of the ‘substrate; and a connection for connecting the

st affl iseLBNAed eatiRe ds| ikGed B drij@ntidf shirantito 16,
second contact pads respectivel
wheseh 1 iee i ol PRV e b pencaliad o e/ *%"@gf‘gﬁ%ﬁd
such Qratesle Qfillad pbaragame otes baset pettiah ap |6iﬂ@ﬁr a?ﬁapﬁtﬁatfﬂﬁ st
: il]lar lortlon is higher than the second pillar
eI PPYN 24. The i nterconnect structure as claimed in

cla|n123 further conprising a spacer disposed
betygeentidiftefdonfiéct abdoterecandainedpoamyrang Bbiainet & ok

wherein at least one of the base pertion, the pillar- portlon and the head portiion
"are uniformly coated or selectively coated _wnth one or more selected from a
_group cénsisting of a 'wetting layer, a diffusion barrier layer and & oxidatjon_r ,

" resistant layer.

19. A micro dexlfice-interconnect struciure for ~interconné<':ting first and
second components, the :nterconnect structure compr:smg

a base porhon forrned on a mounttng surface of the first cornponent

a pillar pariion ha\nng smaller lateral dimensions than the base portion
'.extendmg from the base portlon and substant:al!y perpendlcuiaﬂy to the .

mounting surface -
a head portion formed on the p[llar portlon and having larger lateral

dimensions than the pillar portlon .

a- contact pad forrmed on a mountlng surface of the second component
* and '
" a connectlon for connectmg the head port:on of the lrrterconnect structure

' tothe contact pad; .
wherein the base portion, the pillar portlon and the head portton are

mtegra]ly formed of a homogeneous material. -

- 20. _The'ihterconnec’t s'tructure as claimed in claim 19, wherein the
. gonnection for coﬁnectin’g the head portion of the intérconnect structure to the
- contact pad compnses one or ‘more of a group consisting of solder, adhesive
bonding, surface actwated bond:ng. compressmn bonding énd diffusion bondmg

. 241. The interconnect structure as claimed in claim 19, wr_merein a solder
bump is formed between facing surfaces of the head_pdrtion and the contact pad

respectively. '



25. The interconnect structure as clainmed in claim 23,
wherein the connection far connecting the.head
portion of the interconnect structure to the contact
pad conprises one or norgzof a group consisting of
sol der,- adhesi ve bondi ng, surface activated bondi ng,
conpr essi on bondi ng and .di f fusi on bonding. - . :
26:0A NMEhBOHtenfonfiadtrstrocttienas sleimed & g8l ég’ wherein the
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e portion on a -nmounting surface of a
first conponent; formng a pillar portion _havirrglﬁ_
s_r%ﬂ erp kit aalicth@rpshanstriduan ferfieseriechd @ TIPS he
P

iTTar portjon ext enﬁi 58 SR cas&maiingon and
compenset sigtt amq 3 SPEFPEN ie@g? arly to tr%e _rTQ%FS% E(g_npo ont
. sug fistBase porfion fofmeadranrrgfirat ARENG S¥HACE ST 8RSt RE" D11 T ar
. QLt on, the head portion having larger [ateral
| pfth%i ens ons Lhan. ¢ hedi' || 2 PRELdR0 pofiBH and substantially
i-n® 8git SFRY PIEe MY E DasSe portion, the pillar
perpRaditi:iany toahel fitshmobrdiag sp&cei i wi t h a honogeneous
M8y, &f L@ aad portion formed on the first pilar portion and having larger
lateral dimensions than the first pillar portion; . o
a second base portion formed-on a second mounting surface ofa rs@cond.
component of the stack; S ' _ ._ )
a second pillar portion extending from the second base portion an
substantially perpendicularly to the second mounting surface; and. " .
" a second head portion formed on the Sechd pillar pomox.'r_ and Raving
larger lateral dimensions than the second piflar portion; - R
" a first and a second contact pad formed on g mqunhﬁg surface of the

substréte; and _ , _ 7 : | o I
a connection for connecting the first and second head portions to the first and

.second contact pads respectively; o |

: wherein the base portions and the pillar portions are integrally formed .of a

" Homogeneous material pilla'r and the first pillar pqrtion is higher than the_ sec:ond‘

pillar portion.

24. The interconnect structure a.é;- claimed in  claim 23, , further
comptisin-g a space-r diéposed_between-t_he first and second components of the
" stack. C C |

285, Th.e intercbnnect s;truéture as claimed In :c{aim_,23, Where'ip the
connection for connecting the head portion of the interconnect struciure to the, .

contact pad comprises one or more of a group consisting of solder, adhesive
" ponding, surface activated bondiﬁg, compression bonding and diffusion bonding.

26. - A method of' fabricafing a micro dgvice interconnect structure, the

method comprising:



27. The nethod as clainmed in claim26, further
conprising formng the pillar portion and the head
portion using different masks in a photolithography
process. 28. The npethod as clainmed in claim
26, wherein the step of F%rn1ng the pillar portion
and the head portion conprises an inprinting Erocess.
29 rr%ilﬂ?e a @L% <9|rn§§ of bdhdiRbnd suriabapte B8t C% 2 o

or |npr|nt|n r &% cdide
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lateral dimensions than the plllar portion; and
integrally forming the base portion, the plilar portion, and the head portion

with a2 homogeneous material.

27 The method as claimed in claim 26, furthér compn'sing forming the
piltar portion and the head portion using different masks in a photolrthography

process.

28. The meth;:ad as claimed in claim 26, wherein the step of forming the

“pillar portior; and. the head portion comprises an imprinting process.

29 The - method as clairned in claim 28, whereln a mould for the ‘
- imprinting process is patterned and compnses polymer comp031te or metal

‘materials. -

30. 7 The method as clasmed in any one of c!atms 26 to 29, further
- corﬁbrtsmg formmg an mtermediate layer between the head portlon and the plllaf

portion.



25 An Interconnect Structure And A Method O

Fabri cati ng The Sane ABSTRACT An i nterconnect
structure, an interconnect structure for

i nterconnecting first and second conponents, an

i nterconnect structure for interconnecting a nultiple
conponent stack and a substrate, and a nethod of
fabricating an interconnect,structure. The

i nt erconnect structure conpfising a base portion
formed on a nmounting surface of a first conponent; a
pi | | A Infenconnectditustaienind Adfiethbe Of Fabripatitig Dhe Sace
substantially perpendicularly to the nmounting
surface; and a head portion fornmed on the pillar
portion and havi ng | ar g8BSTEASTal di mensi ons than the
pillar portion; wherein the base portion and the

il . i on e.integrally forned of a honbgeneous
gat e&ﬁ gﬁgrrc%_r}r&ct %{ructure, arclj m%erannec{ siructure for E)terco necting first

and second components, an interconnect structure for interconnecting a multiple
component stack and a substrate, and a method of fabricating an interconnect
structure. The interconnect structure comprising a base portion formed on a
mounting surface of a first component; a pillar portion extending from the base
portion and substantially perpendicufarly to the mounting surface; and a head
portion formed on the pillar portion and having larger lateral dimensions than the

pillar portion; wherein the base portion and the pillar portion are integrally formed of
a homogeneous material. - o

FIG. 3




