WO 01/ 80303 PCT/ US01/ 11319 METHOD AND APPARATUS FOR MANUFACTURI NG AN

| NTERCONNECT STRUCTURE Field of the Invention 5 The present invention
rel ates twopssgigagi ng i ntegrated circuits, nore particul artyuse/t1B®
structure and- processing of a stud and bunp wi t hout the standard under

bunmp netal | urgy. N‘U\Ezdfnw\é?ln\éez t he

process and sitigdfih

stud and a bunp on an intega ently, in the

sem conductor industry, NTEE L rets applied on top of a
base pad, where the base pad |s typlcally alun1nun1or copper or their

all oys. The UBM usually 15 consists of a |layer of chronme, a |layer of chrone

copper (CrCu), a layer of co Qqh Iéﬁyer of gold (Au) bel ow an
evaporative bunp stud. For a , the UBMtypically
consi gts r é@%ﬁ eof
tltanlgumm é{s?rfﬁ(l?Qthlgmfélﬁ a%/ger9 girglrﬂ@g@gt rthLﬂt ’%I"ﬁrs under

20 bunp gﬁ‘éﬁidwé tbStHesgﬂu;%%uﬁe é‘?idjgfoééﬁﬂ\x?ew abatud and bungpt ai ni ng

good adh on an for reducing stresses bet n the base pad and the stud.
The DreSQﬂFthbGY*Pﬁé's?tﬁnl@fa?d'@ﬁéeﬁ'bumbeﬂmana? ystructure w thout the need
for a UBM thereby reducing process steps nanufacturlng cost and
increasing reliability. In the present invention, a stud is applied
directly to the base pad using substantially the sanme

Background of the Invention

10 This invention involves the process and structure of forming an
interconnect structure including a stud and a bump on an integrated
circuit chip. Currently, in the semiconductor industry, an under bump
metal (UBM) is applied on top of a base pad, where the base pad is
typically aluminum or copper or their alloys. The UBM usually

15 consists of a layer of chrome, a layer of chrome copper (CrCu), a
layer of copper (Cu), and a layer of gold (Au) below an evaporative
bump stud. For an electroplated bump, the UBM typically consists of
a layer of titanium tungsten nitride (TiVWNXx), a layer of titanium
tungsten (TiW) and a layer of copper below the stud. This under

20 bump metallurgy is used as a solder diffusion barrier for obtaining
good adhesion and for reducing stresses between the base pad and
the stud.

The present invention provides an interconnect structure
without the need for a UBM, thereby reducing process steps,

25 manufacturing cost and increasying reliability. In the present invention,
a stud is applied directly to the base pad using substantially the same
base material. The advantages of this invention ‘include the use of

substantially the same base material for the stud and for the bond



base material. The advantages of this invention include the use of
substantially the sane base material for the stud and for the bond -1 WO
01/ 80303 VRC#1/8#804./ 11319 pad whi ch decreases stress, reducPST/PS@CASBI ng
steps and cost, w thout creating an adhesi on probl em between the stud and

base pad. rief Description of the Figures The present invention is

"I st ¢ atRad Wik IBETeaERpISITant FRAUCES HIORESSING SIERS AR GRRinyi ng
Figures, in which like references _indjcate sim]l el nts, and in which:
Al Gs. 1. VERGHWt Sreatingeeti ldes AR REOBIET Retierodhe S and BaS e s 1 or
formation _of the interconnect structure. FIGs. 4A-5 show cross-sectional

vi ew of éﬁ%%essive process steps including etching the interconnect
structure as in accordance wth the present invention; FIGs. 6-8 show
cross-sectional views of successive process 15 steps for formation of the

st ud 'Sn accordance with t'B%‘ié’FB%%’&tri tidW%‘Fttﬁngi dr . 9-11 show
cross-secti onal v!ems of successrvei%rotess——stégsggor fornation of a
sol der struct e e%%ﬁﬂriﬁeégﬁow ihillLRratBEESPWay Bfekaible Zhd et 12- 13

show cross-sectional views Of successive process “steps for further

IM_OE hmit Lgﬂiﬁggggp imbhéén ta?zgﬁ;nwpanvﬂﬁ@@iguPe§,0irp|WhichtIma3relffe¢eh@e@00r dance
indicate similar elements, and in which:

FIGs. 1-3 show cross-sectioned views of successive process

10 steps for formation of the interconnect structure.

FIGs. 4A-5 show cross-sectional view of successive process
steps including etching the interconnect structure as in accordance
with the present invention;

FIGs. 6-8 show cross-sectional views of successive process

15 steps for formation of the stud in accordance with the present
invention;

FIGs. 9-11 show cross-sectional views of successive process
steps for formation of a solder structure in accordance with the
present invention.

20 FIGs. 12-13 show cross-sectional views of successive process
steps for further formation of the stud for use without a solder
structure in accordance with the present invention;

FIGs. 14-16 show cross-sectional views of successive process
steps for formation of a stud and a solder structure in accordance with

25 another embodiment of the present invention; and

FIGs. 17A and 17B show a cross-sectional view of an
application of the present invention in accordance with the present

invention.



FI Gs. 14-16 show cross-sectional views of successive process steps for
formation of a stud and a solder structure in accordance with 25 another
enbodi newoof/sashe present invention; and FIGs. 17A and 17BCElieen/e319
cross-sectional view of an application of the present invention in
accordance wth the present invention. -2 W 01/80303 PCT/US01/ 11319
Skilled artisans appreciate that elenments in the Figures are illustrated
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el ectri cghbypfeduhiCinwehtieise material of the base pad 14 is a copper
However, the base material of the base pad 14 may also be, for exanple,
copper alloys, nickel vanadium or any material. 20 where the base nateri al

is a conductive netal and does not react

10 Detailed Description of the Drawings

FIG. 1 shows an interconnect structure 10 including a barrier
layer 12, for example tantalum, underneath a base pad 14. Other
metals such as tantalum nitride, tungsten, tungsten nitride, titanium
silicon nitride, tantalum silicon nitride, nickel and the like, can be used

15 as a barrier material. The barrier layer 12 is used to prevent diffusion
of the base pad 14 material within a substrate (not shown). ‘
Preferably, the electrically conductive base material of the base pad
14 is a copper. However, the base material of the base pad 14 may
also be, for example, copper alloys, nickel vanadium, or any material-

20 where the base material is a conductive metal and does not react
aggressively with a solder material to create an undesirable effect.
For example, tin from the solder can react with the base material of
the base pad 14 such as copper to form a metallic and brittle
tin/copper compound. As long as the tin is not starved of copper and

25 there is sufficient copper, the material can be used. The base
material is defined as being the majority of the material, which forms

the base pad 14. For example, a copper alloy would have the



aggressively wth a solder material to create an undesirable effect. For
exanple, tin fromthe solder can react wwth the base material of the base
pad 14 swetossosedpper to forma netallic and brittle tin/eoppsei/asmpound.
As long as the tin is not starved of copper and 25 there is sufficient

copper, the material can be used. The base . material is defined as bein
the maj orM@yomrty 9%&%31%?@ am,a&w@lcaﬁ CORREr 'ﬂ%iuaﬁﬁ Sﬁéﬁelaﬁd'lﬂ&nazxarrpl e,g a
copper ag$%é mgu‘d haye the -3 WO 01/80303 PCT/ US01/ 11319 majority of the
base mat SPRANESIRNSIUS. i ncl uding some additional dopant el ements. Over
the base pad 14 there is a dielectric barrier-seed |layer or etch-stop
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al so be flourine-doped TECS (FTEGS) or any |ow dielectric constant
mat eri al dilicénorghitride (SiON) haNingsa thickwessl6f appraximatety 4600 a

photoresist 19 and the passivation |ayer 18 over the base pad 14 is etched
such t hatnamenfetersnal né ngtertioriectsstoficture fguisalpntinoludesy erpligalityer an

area of the base pad 14 is, for exanple, approximtely 50 nanoneters. The
etch of bond pads 14 or base pads on a chip separated by a dielectric
10 material (not shown), such as tetraethylorthosilicate (TEOS or

Si(OC2H5)4). The dielectric material may also be flourine-doped

TEOS (FTEOS) or any low dielectric constant material (i.e. porous
oxide). The structure 10 is patterned with a photoresist 19 and the
passivation layer 18 over the base pad 14 is etched such that the

15 remaining thickness of the passivation layer 18 over an area of the
base pad 14 is, for example, approximately 50 nanometers. The etch
chemistry used may result in vertical edges of the passivation layer or

in the sloped edges of the passivation layer 18, as shown in FIG 2.

A resilient layer 20, for example a polyimide, is deposited on top
20 of the passivation layer as shown in FIG. 3 and a second photoresist
layer 23 is deposited and patterned. As a part of the photoresist
patterning process, the polyimide is also patterned. A photoresist
strip test follows, leaving the polyimide as the etch mask for any
further passivation etching. The resilient layer 20 and passivation
25 layer 18 are etched simultaneously using a standard etch process.
Etching can result in one of two embodiments illustrated in FIG 4A

and 4B. If a photoresist pattern illustrate by photoresist layer 23 is



chem stry used may result in vertical edges of the passivation layer or in
the sl oped edges of the passivation |layer 18, as shown in FIG 2. A
resilientwobaygoR0, for exanple a polyimde, is depositedronusopi13®0 of the
passi vation | ayer as showmn in FIG 3 and a second photoresist layer 23 is

?EE"BL? v wsae. e sddis aftBermdiiont foie 28104 168 s BT Bt PB eavi ng
Fesi |1 ent WIERAAE & SBoIBtoaliy3Y sotie Boinf Ealedas Faride,uery
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the " edgesSPUAREE L FH o ot agd 23, hafihatafeier BrErhe a0, oot
term mat e?ﬁggwpﬁgwgméﬁ%yé PR Bdvefed 'tﬁﬂtr?éis_él }nérﬁolgyercztger age,

as shown y using a’ photoresist pattern illustrated by

phot or esi g§ shwen IRFIGVABY  RAThAWES. 4Reandd |G h4B; thededge pritfile of

passivation |layer 18 is covered by the resilient |ayer 20, "as shown in

FIG 4B. the kegilieRt GaydA20nadndl sasdiBatibinel agegel Yrare $kowin ashslopesl.| i ent

| ayer 20 and passivation |ayer 18 are shown as sloped. The curved edge
profil e ofhereunvesl edge prafiler obthendsiiestilayer @0 baygepassdatiqre taiger
indirectl%&on t he epch,chenistr% used during the etching 10 processing step
i |1 ustr at®d depends indirectlyrentthe etch abeonistiysusgduddtngding atching et chi ng
processing step.illustrated in FIG4A and 4B. The etch chemstry used in
et chilfy tP@GRssINgstegniliugietemin k1@ Land directly on the chemistry used

during the etching processing step illustrated in FIG 4A and 4B. The

etch chemistry used in etching the passivation layer 18 in FIG. 2

determines the profile of the resilient layer 20 during deposition of the

resilient layer 20 shown in FIG 3. The advantage of this edge profile

15 is that the sloped walls decrease the amount of contaminants that can

be trapped at the edges. The edge profile of the resilient layer 20 and

the passivation layer 18 may, alternatively, be approximately

perpendicular. However, the number of contaminants trapped at the

edges increases.

20 After the etch of the resilient layer 20 and the passivation layer
18, the etch-stop layer 16 is etched as shown in FIG. 5, defining an
opening on the base pad 14. In the embodiment illustrated in FIG. 5,
the resilient layer 20 and the passivation layer 18 are used as a
mask. Afterwards an RF preclean is performed to remove the native

25 metal oxide layer that has grown on the bond pad 14 during and after
the processing steps shown in FIG 4A-4B. The thickness of this

oxide layer is, for example, approximately 10 nanometers.



determnes the profile of the resilient |layer 20 during deposition of the
resilient layer 20 shown in FIG 3. The advantage of this edge profile 15 is
t hat t hewbopsdonal | s decrease the anpbunt of contam nant sp¢hasoicasy be
trapped at the edges. The edge profile of the resilient |ayer 20 and the
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grown on t ng an the processing steps shown in
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vacuum aigeed dovsar BAsksmeneriat! ¢k eeiseriderd foefles besapad Mdsiotaeed in
FIG 6. The seed l'ayer 15 is of a material that is substantially the sane

as the elmpateriald suchoadwupper alloys, nigkalivdnadiurhe opaersy padtetialFor
exanpl e, as the base pad 14 has 5 been shown as fornmed of a copper base

mat eri al ,wheee thecbasganatériakis al canductpeenctalsandedees aiot reactesithi bed
for the base pad 14, other materials such as copper alloys, nickel
vanadi umther saldernmaterial to wreatetare umiasmbleregect snay dmused for net al
and ?868 trﬁ%t séggclgy\grt% as long as the material is substantially the same as
the base pad 14 base material. The thickness of this sputtered seed
layer 15 is, for example, less than 100 nanometers. A thinner
sputtered seed layer 15 provides an advantage by allowing for more
efficient etching of the thinner seed layer 15 during later processing
15 steps. The sputtered seed layer 15 serves as an electrical continuity
and adhesive layer for the wafer substrate in the embodiment of the
present invention.
In FIG. 7, a photoresist layer 24 is formed. FIG. 8 illustrates the
formation of a stud 17 formed to be continuous with the base pad 14
20 and of substantially the same electronicaily conductive base material
as the base pad 14. The stud 17 is formed through the opening over
the base pad 14, for example, by electroplating, evaporation or
sputtering. Preferably, the electrically conductive base material of the
stud 17 is a copper as the base pad 14 has been shown as formed of
25 a copper base material. However, the base material of the stud 17
may also be, for example, copper alloys, nickel vanadium, or any
material where the base material is a conductive metal, does not

react with a solder material to create an undesirable effect, and as



the solder material to create an undesirable effect nmay be used for 10 the
seed layer 15 as long as the material is substantially the sane as the

base padwdobsmises material. The thickness of this sputterepcr®sa/11Bayer 15
is, for exanple, less than 100 nanoneters. A thinner sputtered seed |ayer

15 provi des an advantage by allow ng for nore efficient etchi of the
thi nner <66@ agfee 'I@@[l'la?l*@ suhstangiallydbe ﬁ@”l%aﬁélﬁ.baﬁ?epgﬁﬂgﬂered seed
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materi al of the stu al'so be, for ex pper alloys, nickel

vanadi um1'pqsqréat@mr¢éhaéWmét@W Bagficronierial is a conductive netal,
er

does not react with a sol material to create an undesirable effect, and

as -6 WO 01/ 80B0BIBCY, dpedldénlyeropg iselebtropiaited ar evapoirateahover |y the

same as the base pad 14 base material. The top surface of the stud 17 is
:Dlhljgzﬁ (ra ;ttgb ?Eauy% gﬁczeil.@?y?ri]%almahet heateriastuged aréaa dighilgad/tn, t he
10 meaning greater than 90 weight percent lead and ten weight percent
tin, eutectic lead/tin, which is a 63 weight percent lead and 37 weight
percent tin. Other possible solders are no lead or environmentally
friendly solders which are tin silver, tin silver copper, tin silver
bismuth, and the like. In FIG. 10, the photoresist layer 24 is removed
15 and the seed layer 15 is removed using standard etch processes.
The solder layer 26 is reflowed in FIG. 11 using a temperature profile
suitable to the solder material used and the solder structure is
exposed for subsequent reflow attachment. A bump or a sphere
around the stud 17 is typically formed by the reflow process. The
20 structure illustrated in FIG. 11 is used, in one embodiment, as a
controlled collapsible chip connection, the electrical connection
between the die and the substrate, on a flip-chip structure comprising
an electronic device within a semiconductor substrate.
In another embodiment of the present invention, the solder layer
25 26 is not formed and the stud 17 is exposed for subsequent
attachment to another structure. Thus, after the processing step of
FIG. 8, the photoresist layer 24 is removed using standard etch

processes, as shown in FIG 12. The seed layer 15 is etched using



t hi ckness of the stud 17 is preferably |arge enough not to be entirely 5
consuned by the solder material over the course of the life of the device.
For exanmwep1/8103 per sonal conmuni cati on products the studpCctl/Useigiigreat er
than approximately 5 microns. In FIG 9, a solder layer 26 is electroplated
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t ypi callwafy@rr | by the reflow process. The 20 structure illustrated in
FIG 11 is“used, in one enbodinent, as a controlled collapsible chip

connection, the|@GkedyLi6apartivuladyiifnstrote fopmadtiom dif ¢ehanstudhée 7sipst rate,

on a flip-chip structure conprising an electronic device within a

e ool e o e e, anc he Sbud 17 s Exosed o
subsequermask ba¢sueht as Mahthdenum riscplaced above tife cesilientdayeeX.ng
step of FIG 8, the photoresist |ayer 24 is renoved using standard etch
pr ocd8seF IGs1 s Hlustratesthe formatiorsof the stud 18 by evapasation tqthe
desired thickness, wherein the base material of the stud 17 is
substantially the same as the base pad 14 base material. During the
evaporation process to form the stud 17, an evaporated layer 53 of
the base material may also be formed over the mask 51, which is
15 subsequently removed. If desired, a solder layer 19 is formed by
evaporating Iead/tiln on stud 17 as shown in FIG. 16. The mask 51 is
removed and the solder layer 19 may be reflowed for subsequent
attachment to another structure. In the embodiment shown in FIGs.
14-16, the seed layer 15 is unnecessary, as no electric bus is -
20 required for the stud and solder layers.
FIGs. 17A-17B illustrate an application wherein the stud 17
(without a solder layer or solder structure) is subsequently attached to
another structure. A semiconductor substrate 30 including an
electronic device formed thereon, for example, a flip chip die, includes
25 a plurality of interconnect structures 32 in accordance with the
present invention, electrically connected to the semiconductor
substrate 30. The plurality of interconnect structures 32 are

connected to a plurality of conductive pads 38 on a test board 40



-7 WD 01/80303 PCT/US01/ 11319 standard processes to formthe stud 17, as
illustrated in FIG 13. During the etching of the seed | ayer 15, a portion
of the stwolof§03es 1| al so be etched. However, the anount PeT/@st1mEB19
insignificant or the anount of material in formng for the stud 17

ma that. is etched when
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on stud Hoﬁé%éﬁ?é”?éd‘s?@as%owwgﬁ@.51]78.5 removed and the sol der

| ayer 19 may be reflowed for subsequent attachnment to another structure.

In the embodi neptthehpvddassiméstepsdinlthe nanafecturimeg antbpatkagiregesfsary
as no electric bus igwgoo reqwgzisedpfor the stud and E\gder Payergm%l Gs.

17A- 17B ijhtevtdormectestrapliesaof dip-dngp structuwresttypidally (velubeuapplydingder
| ayer or solder structure) is subsequently attached to another structure.
A seni corveat for reflowrattacBmentcofidolderastructure or bumps, forming
10 appropriate interconnects between a base pad and electronic devices
of a semiconductor structure, and bonding or attachment of studs to a
board or semiconductor structure. These further processing steps are
conventional and need not be repeated herein. Likewise, the
principal processing steps disclosed herein may be combined with
15 other steps readily apparent to those skilled in the art. Although only
a single stud and bump has been shown for purposes of illustration, it
is understood that in actual practice, multiple studs and bumps are
fabricated on a single interconnect structure as widely practiced in the
art.
20 In the foregoing specification, the invention has been described
with reference to specific embodiments. However, one of ordinary
skill in the art appreciates that various modifications and changes can
be made without departing from the scope of the present invention as
set forth in the claims below. Accordingly, the specification and
25 figures are to be regarded in an illustrative rather than a restrictive
sense, and all such modifications are intended to be included within

the scope of present invention.



el ectronic device forned thereon, for exanple, a flip chip die, includes 25
a plurality of interconnect structures 32 in accordance with the present

i nventiomwoel/ssosically connected to the sem conductor seOBUs@iE3B0. The
plurality of interconnect structures 32 are connected to a plurality of
conductive pads 38 ?n a . test boaid 40 -8 WD 01/80303 PCI@%SOI 11319 using a
material consiBENEHtS Other AdVARLaGES naNE SORBIGNS IR ProbieTAYE i1l ers
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to a board or’ sem conductor structure. These further processing steps are

convent i gflaimandAsagsed Herein! e téprsHahprisegieicomprisiagy? onarmgl
processi ng steps disclosed herein nay be conbined with 15 other steps

readi | y agtherevdriationltbeeeoki dteeihtemded:tardovel a morpexohligivea si ngl e stud
and bunp has been shown for purposes of illustration, it is understood

that in dnclusiopr sudhcthatnalprogesss tmethaddantioles arrappamtusthald on a
single interconnect structure as wdely practiced in the
10 comprises a list of elements does not include only those elements but
may include other elements not expressly listed or inherent to such

process, method, ‘article, or apparatus.

-10-



art. 20 In the foregoing specification, the invention has been descri bed
with reference to specific enbodi nents. However, one of ordinary skill in
the art appoosizat es that various nodifications and changeBCTaso1/tig1onade

wi t hout departing fromthe scope of the present invention as set forth in
the clai ns bel g tlhe specification and 25 figures are to be
regarded in aViHA] =& than a restrictive sense, and all such
nodi fications are |ntended to be included within the scope of present
invention. -9 WD 01/80303 PCT/US01/ 11319 Benefits, other advantages, and
solutions to problens have been described above with regard to specific
enbodi nents. However, the benefits, advantages, solutions to problens, and

any ele “Nr??ntb?ébnﬁ%%t%’%ﬂ?@t ycc?r?lgﬁféﬁ -advantage, or solution to 5

occur OI’ ECOITE nore pronounced are not tO be construed as a critical,

requi eﬁjgg@@ ?rgdf'%ﬁd”e or element of any or all the claims. As
used ereln e ter conprises," "conprising," or any other variation

thereof, are igjsand4drined enetheabage gad! and \extenaihgsrom theibagerat a
process, nethod, article, or apparatus that 10 conprises a list of elenents
does not include tprdd/wr’fa@n&hermtmdsahdtbasemadcaredﬁarmedrtoetberrents not
expressly listed or inherent to such process, nethod, article, or
apparatus. -10 WocohtBnsmss ROK ofsubstantially the same electrlcally

conductive base material.
10
2. The interconnect structure of claim 1, wherein the stud is exposed

for subsequent attachment to another structure.

3. The interconnect structure of claim 1, further comprising:
15 a solder structure formed on the stud wherein said solder
structure is exposed for subsequent reflow attachment to

another structure.

4. The interconnect s.tructufe of claim 3, wherein the solder structure
20 is formed of an electrically conductive material selected from a
group consisting of lead, tin, tin and lead, tin and silver, and tin,

silver and copper.

5. The interconnect structure of claim 1, wherein the electricélly

25 conductive base material is a metal.

-11-



WHAT IS CLAIMED IS: 1. An interconnect structure conprising: 5 a base pad;
and a stud forned on the base pad and extending fromthe base pad wherein
t he studveodi/kmsxr pad are fornmed to be continuous and of peDbstiangisal |y t he
sane electrically conductive base material. 10 2. The interconnect

structure of . claim1, wherein the stud is expesed. for subsequent

att achmef®: t@%Wﬁ?ﬁ@@ngﬁ%ﬁ'ﬂ%@w%.Of‘lﬁﬂ@'mnfe %@fﬁé@ttﬁgtm?sﬁﬁﬁse of claim1,
further conprising:, 15 a sqolder struct.ure r on.ih : ein said
sol der struéﬁfﬁ&%%%r%&QHOPBrC%nu%@hﬁ'Qeﬂf 89%%6w%é‘%l§§|c§h§&?'w§1 anot her
structure. 4, aTheii nt erconnect structure of claim3, wherein the sol der
structure 20 p?q‘Hmred of an electrically conductive material sel ected

froma group consisting of lead, tin, tin and lead, tin and silver, and
tin, silver and copper. 5. The interconnect structure of claim1, wherein

t he Bgectfi aﬂi%Chﬁes(f| 1 Hl‘?éidfﬁ'n degngaterial is a metal. -11 WO 01/80303

PCT/ 01/ 11 erconnect st ucture of claim4, wherein the netal
i's selected fy gBhficONMCIBP RISt AR Riclddrigan sladtedbnrRNdenickel

vanadi um

formed thereon; ‘

a base pad on the semiconductor substrate and electrically
connected to the electronic device;

10 a barrier layer between the base pad and the semiconductor

substrate; and

a stud formed on the base pad and extending from the base
pad wherein the stud and base pad are formed to be
continuous and of substantially the same electrically

15 conductive base material.

8. The flip-chip structure of claim 7, further comprising:
a passivation layer on the semiconductor substrate wherein the
passivation layer defines an opening over the base pad

20 through which the stud is formed.

9. The flip-chip structure of claim 8, wherein the passivation layer
includes edges defining said opening and wherein the
passivation layer and the edges are covered by a resilient layer.

25
10. The flip-chip structure of claim 9, wherein the resilient layer is

comprised of a polyimide.
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5 7. Aflip-chip structure conprising; a sem conductor substrate including
an electronic device fornmed thereon; a base pad on the sem conductor
subst rat avandssbectrically connected to the el ectronic deerwsol/1iBi%
barrier |ayer between the base pad and the sem conductor substrate; and a

stud for n the base pad and extending from.t base, .pad wherein the
stud andnﬁﬂs&ﬁﬁcﬁ“ﬁwlpoﬁtﬁﬂ@mr@g C%Bh?i, NRekeip Qﬁﬁé@lﬂr’gl%ﬁqsoﬁ {O% he

sanme electrically 15 cponductive se erigl. 8. The flip-chip structure
of claim 7, m&%&u%ﬂﬁﬁﬂ%&}@eng?ﬁﬁg&v ri%ﬁ”?ﬁi}’@r on the seniconduct or
substrate wherein the passivation |ayer defines an opening over the base
pad 20 through which the stud is fornmed. 9. The flip-chip structure of

Shenme: oS SR of BT TSR SRR T 12,070 oy
oSt SEn | 2YSE soiddy Ml opReRh o il MO UIAL BN Sojgkrer o 1 e
PCT/ US01/ 11319 11gtdhay kiR Xpased ToF sutRefushriafidw #hachiehbro stud is

exposed for subsequent attachnment to another structure.
another structure.

13. The flip-chip structure of claim 12, wherein the solder structure is
10 formed of an electrically conductive material selected from a
group cohsisting of lead, tin, tin and lead, tin and silver, and tin,

silver and copper.

14. The flip-chip structure of claim 7, wherein the electrically

15 conductive base material is a metal.

15. The flip-chip structure of claim 13, wherein the metal is selected

from a group consisting of copper, nickel and nickel vanadium.

20 16. A flip-chip structure comprising;
a semiconductor substrate including an electronic device
formed thereon;
a base pad on the semiconductor substrate and electrically
connected to the electronic device;
25 a barrier layer between the base pad and the semiconductor
substrate:
a passivation layer on the semiconductor substrate wherein the

passivation layer includes edges defining an opening over
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12. The flip-chip structure of claim7, further conprising 5 a sol der
structure fornmed on the stud wherein said solder structure is exposed for
subsequemwonoesd3osv attachment to another structure. 13. TherAkoprsiv p
structure of claim 12, wherein the solder structure is 10 forned of an

Cin tin and | oad (he BasRead Joe Waker e RAsyuliaRdasBgpund 158 T

L'ﬁ‘sﬁ‘ ¢ l" el “?%“;eeqé%%%r%‘l Vari B teRpR BB ur e of ol aim 13, wherei n

i i 51, o NI I i ckel
LaEaHFL% _Zols%f?ﬁhefﬁmté@ﬁfﬁﬂié%&%ﬁ?@%@i{%@%ﬁ@?%ﬁ;ﬁ@éﬁ?ﬁm o ek
substrate inclu I%gﬂﬂgﬁéﬁmﬁe%\g Pésef%@g{ig}q?eéwd ankasgs@ad on the

sem conduct or sub el ectric connec o the electronic

device; 25 a barripid lpedorAfedeshéd keitt oS aref Sipstartianydiet or

substrate; a passivation layer on f%e sem conduct or substrate Wwherein the

passi vation |ayer gdipeudrethdafly ctaiductige daswenaterigiver -13 WO 01/80303
PCT/ US01/ 11319 t he base pad, and wherein the passivation |ayer and the

edges are covered by a resilient |ayer;

17. The flip-chip structure of claim 16, further comprising:
10 a solder structure formed on the stud wherein said solder

structure is exposed for subsequent reflow attachment.

18. A method of fabricating an interconnect structure comprising:
forming a base pad;

15 forming a passivation layer on the interconnect structure
wherein the passivation layer includes edges defining an
opening on the base pad,

forming a stud directly on the base pad through the opening and
extending from the base pad; and

20 wherein the stud and base pad are formed to be continuous and
of substantially the same electrically conductive base

material.

19. The method of claim 18, wherein the stud is exposed for

25 subsequent attachment to another structure.

20. The method of claim 18, further comprising:
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a stud forned on the base pad through the opening and extending fromthe
pad base wherein the stud and base 5 pad are forned to be continuous and
of subst amoobabd3y3the sanme electrically conductive base neteusal1137. The
flip-chip structure of claim 16, further conprising: 10 a solder structure

formed on the stud wherei,n sai,d sol der trycture is.exposed, f,or subsequent
reflow attach mmgl%.Sqtl\aﬁﬁlslliﬁ!ﬁtb'fef%Fﬁ%aﬁL{PF’gWE'ﬁr?m §%&€mg?rst ruct ﬂr e

conprising: form base pad.: r1m L yat | I t he
nterconnect st r ucttHaurEg Sthosdd ol ik uaAT EptoW ABachtitnble.
defining an openi t pad; formng a stud directly on the base
pad t hrough the oéﬂ?%raﬂgue@%endi ng fromthe base pad; and 20 wherein
the stud and base pad are fornmed to be continuous and of substantially the
sane electrically conductive base material. 19. The nmethod of claim 18,

wher eigzn t | ngg r412 Qﬂﬁﬁ i achment to anot her
strucéuré2?28twgﬁgégﬁ?ﬁo o?hglé§h1 %ﬁafurt EPS?E prising: -14 WO 01/80303
PCT/ US01/ 113194 @éfihgahe pakar/atidn keyer anentHdedgesionhise passiebtioso! der

structure is exposed~for subsequent reflow attachinment to another
structure. layer by a resilient layer.

22. The method of claim 21, wherein the resilient layer is comprised

10 of a polyimide.

23. The method of claim 18, wherein the step of forming the stud
further comprises:
(a) sputtering a seed layer of substantially the same electrically
15 conductive base material as the base pad on the
interconnect structure wherein the seed layer is sputtered
to the base pad through the opening;
(b) extending the stud from the base pad by electroplating,
using substantially the same electrically conductive base
20 material as the base pad; and
(c) removing the seed layer on the interconnect structure

outside a periphery of the stud.

24. The method of claim 23, further comprising before step (b)
25 forming a photoresist section over the interconnect structure
wherein the photoresist section provides a second opening over
the base pad, and before step (¢) removing the photoresist

section.
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5 21. The nethod of claim 18, further conprising: covering the passivation
| ayer and the edges of the passivation |layer by a resilient |layer. 22. The
met hod ofwebagww2l, wherein the resilient |ayer is conpriBetusddiiefy a
pol yi m de. 23. The nmethod of claim 18, wherein the step of formng the stud
further conprises: (a) sputtering a seed |ayer of substantially the sane
electrically 15 conductive base naterial as the base pad on the

iF?ﬁLSﬁ”} | T ethde BB Ao W Miisteh §ﬁﬁé%§éﬁﬂga®%oéggdbasz e
20 et o E%y?héﬁbﬁ%eﬁﬁ@&g@hs%?Sfrtﬁé‘ﬁaé?i@fﬁ?@éeéit b&swwev: dasfe

i .24, T
clai m 25t ustHer O PO B85 6 5t bp (b 25 forming & photoresi ot
sect | gn over \dRnifl 680 1AE! SELHIBYLE DuIES B8 SITRBR BreREsstLRRCt | on

provi des a second openi ng over the’base pad, ore step (c) renoving
t he photoresist section. -15 WO 01/80303 PCT/U801/11319 25. The net hod of
claim 23, wherein the step of renoving the seed | ayer on the interconnect
structure outside the periphery of the
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stud further conprises: 5 etching away the seed | ayer outside the periphery
of the stud. -16 WO 01/80303 PCT/US01/11319 26. The method of claim 18,
wherei n tweosgmsps of form ng the stud further conprises: paj/usctyasmd ng t he
stud fromthe base pad by evaporation, using substantially the sane

electric y _conducti v ase.maferial 5 t he ba ad. 27. The net hod of
claim 26,aié-ur mﬁb?@fgiogi(a@'rﬂeigﬂé’?@rw ?5? sr}?@rﬁff@fpra'ng&f%?lsftydnask over
t he intercon?eﬁb structure wherein the netallic mask provides a second
openi ng over ¢ APESt0 and after step (a) removing the metallic

ek 29, T B R84 8 ST BT e e O
ierial on Uhe o Uit cgM NS AR aetical EoRLeRt 0B el

to flgw over the agrhe method of claim28, wherein the
electrfically conductive natérial is selected froma group consisting of

|l ead, tin, tin and lead, tin and silver, and tin, silver and copper. 30.
The nethod of claim 18, wherein the electrically conductive base 25

material 2% FHeaethod of claim 26, further comprising before step (a)
forming a metallic mask over the interconnect structure wherein
the metallic mask provides a second opening over the base pad,

10 and after step (a) removing the metallic mask.

28. The method of claim 20, wherein the step of forming the solder
structure further comprises:
electroplating an electrically conductive material on the stud;
15 and
applying heat sufficient to melt the electrically conductive metal
and cause the electrically conductive metal to flow over the
stud.

20 29. The method of claim'28, wherein the electrically conductive
material is selected from a group consisting of lead, tin, tin and

lead, tin and silver, and tin, silver and copper.

30. The method of claim 18, wherein the electrically conductive base

25 material is a metal.

31. The method of claim 30, wherein the metal is selected from a

group consisting of copper, nickel and nickel vanadium.
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31. The nethod of claim 30, wherein the netal is selected froma
consi sting of copper, nickel and nickel vanadium -17 WO 01/80303
PCT/ USO1ma81/&382. A net hod of fabricating an interconnecPCBUSUCLIBI%
conprising: formng a base pad; 5 formng a passivation |ayer on

I nt erconnect structure wherein the passivation |ayer

group

t he

I ncl udes edges

defining a first opening on the base pad; covering the passivation |ayer
and the edges of the passivation |ayer by a resilient layer; 10 sputtering

a seed |l ayer of substantially the sane electrically

naterlal
| ayer

/¥ Encitic BT faBPicatiha, o PSRRI ORESIARLFE cifiRhsh

conducti ve base

he seed
Tmng a

photore5|st S nt erconnect structure 15 wherein the
phot or esi st sj&hﬁﬁg%g)\ﬂs}?@ag second opening over the base pad extendi ng

a stug fromt hg-has é’ I{agérfdrfﬂﬁe?ﬁ'fér%@ﬁ%t

el ecttopl ating, usi

mat eri al

conti nuous; renoving the pho

on the |nterconne@p@i|hgccbnrthe0bé§é¢§a@,

10

15

20

25

t he sane electrlcéﬁpg conductlve base

as the b%ﬁ@emﬁ tﬁ% ngéﬁleﬂldﬁ‘Pafélum@lﬂde@aéégééchéﬁﬁlﬁ@bnﬁlfttt0 be

resi st sec

and rendvi ng the seed | ayer

covering the passivation layer and the edges of the passivation

layer by a resilient layer;

sputtering a seed layer of substantially the same electrically

conductive base material as the base pad on the

interconnect structure wherein the seed layer is sputtered

to the base pad through the first opening;

forming a photoresist section over the interconnect structure

wherein the photoresist section provides a second opening

over the base pad;

extending a stud from the base pad through the first and second

openings by electroplating, using substantially the same

. electrically conductive base material as the base pad
wherein the stud and base pad are formed to be
continuous;

removing the photoresist section; and

removing the seed layer on the interconnect structure outside a

periphery of the stud.

33. The method of claim 32, wherein the stud is exposed for

subsequent attachment to another structure.

18-



peri phery of the stud. 25 33. The nethod of claim 32, wherein the stud is
exposed for subsequent attachnent to another structure. -18 WO 01/80303
PCT/ USO1ma8isdst. The net hod of claim 32, further conpriBCTVgSofaBm ng a
sol der structure on the stud before the step of renoving the photoresist

motal 5 Shd T saeltfd GlBim e (TtamaeErRESHIZal “To f1ow over the
stud: and whergl 038! SEUSESIIGURS WiPehe sTIBBEr EheubgsBten reft o
removing the photoresist section; and
applying heat sufficient to melt the electrically conductive metal
5 and cause the electrically conductive metal to flow over the
stud; and
wherein said solder structure is exposed for subsequent reflow

attachment to another structure.
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