ALUM NUM CAP W TH ELECTROLESS NI CKEL/ | MVMERSI ON GOLD FI ELD OF THE | NVENTI ON
The present invention relates generally to fabrication of sem conductor
devi ces, and nore specifically to nethods of fabricating wafer bunps. 1
BACKGROUND OF THE | NVENTI ON El ectrol ess nickel/gold (Ni/Au) under bunp
metal (UBM is a comonly used UBM for wafer bunping used in Flip Chip
applications because it's a |ow cost maskl ess process. This process

i nvol ves the dipping of silicon nitride

(Si, N4)/ polyi mdecover/ benzocycl obut ene (BCB) passivated wafers into a
series of plating baths to grow a thick layer of N studs (UBM. After
this UBM process, the wafer is sent for bunping and reflow to formround
sol der ball interconnects. However, the adhesion of this electroless N/Au
UBMto the passivation |ayer is poor, and during plating, the plated An
will follow a capillary action and becone deposited on the side wall of
the PI/BCB passivation |ayer. During solder bunp reflow, this will cause
solder to flowinto the side wall of the passivation |ayer as Au is proven
to be a good wetting |ayer of solder. Thus, the solder will attack the
underlying alum num (Al') pad causing corrosion to the Al

ALUMINUM CAP WITH ELECTROLESS NICKEL/IMMERSION GOLD

FIELD OF THE INVENTION

The present invention relates generally to fabrication of
semiconductor devices, and more specifically to methods of fabricating wafer

bumps.




pad and affecting the reliability of the package. U. S. Patent No. 6,452,270
131 to Huang descri bes increased adhesi on between the UBM and passivation
by using a Ti UBMwith a closed-1oop shape. U S. Patent No. 6,521,996 Bl
to Seshan describes a | ower adhesion | ayer that provides good adhesion to

t he passivation layer. U S Patent No. 6,426,281 Bl to Lin et al. describes
a passivation layer that increases the adhesion to the UBM 2 SUWARY OF
THE | NVENTI ON Accordingly, it is an object of the present invention to
provi de inproved nethods of form ng wafer bunps. O her objects will appear
hereinafter. It has nowBRECKGROUNDrOH THRINMENEIINe and ot her objects of
the present invention nay be acconplished in the foll ow ng manner.
Specifically, a structure having a netal bond pad formed thereover is
provided. A patterned cover |ayer is fornmed over the structure. The

patterned cover | aljkettpless délldﬁfé/ﬁﬁld opendny wdsss brgra psek i(BBMF 18 e net al
bond pad. The atte over . openi.n udi ng..si de I1s. A netal
cap | ayeFoREqry ot DB Sred irgpips eiRpB LRl EPEIM PBRiGH o Seru i bond
pad and t hleup COs eﬁgﬁqes%ol\oll%rcess Y&is Isaroq:%ss Al otred MO dzppmg of silicon nitride

(51,N,)/ polyimidecover /benzocyclobutene (BCB) passivated wafers into a series of
plating baths to grow a thick layer of Ni studs (UBM). After this UBM process, the

wafer is sent for bumping and reflow to form round solder ball interconnects.

However, the adhesion of this electroless Ni/Au UBM to the
passivation layer is poor, and during plating, the plated Au will follow a capillary
action and become deposited on the side wall of the PI/BCB passivation layer.
During solder bump reflow, this will cause solder to flow into the side wall of the
passivation layer as Au is proven to be a good wetting layer of solder. Thus, the
solder will attack the underlying aluminum (Al) pad causing corrosion to the Al

pad and affecting the reliability of the package.

U.S. Patent No. 6,452,270 Bl to Huang describes increased adhesion

between the UBM and passivation by using a Ti UBM with a closed-loop shape.

U.S. Patent No. 6,521,996 Bl to Seshan describes a lower adhesion

layer that provides good adhesion to the passivation layer.

U.S. Patent No. 6,426,281 Bl to Lin et al. describes a passivation layer

that increases the adhesion to the UBM.




bump is formed over the nmetal cap layer. The invention further includes a
sol der bunp structure forned fromthis nmethod. 3 BRI EF DESCRI PTI ON OF THE
DRAW NGS The features and advantages of the present invention will be nore
clearly understood fromthe follow ng description taken in conjunction with
the acconpanying drawi ngs in which |ike reference nunerals designate
simlar or corresponding elenents, regions and portions and in which:

Figs. 1 to 6 schematically illustrate a preferred enbodi ment of the
present invention. ill 4 { DETAI LED DESCRI PTI ON OF THE PREFERRED

EVMBODI MENTS The net hod of SUTINIARXCOF THEENVENTIONTS, inter alia, an
additional |ayer of netal over the netal bond pad to prevent exposure of
the cover side walls as the additional |ayer of metal covers up the cover
side walls. Initial Structure - Fig. 1 Fig. 1 schematically illustrates a

structure 10 havi nécg)rﬁléqgﬁy, Blo igl q@a@b}'ect ol the present invention to provide

improved methods of forming wafer bumps.

Other objects will appear hereinafter.

It has now been discovered that the above and other objects of the
present invention may be accomplished in the following manner. Specifically, a
structure having a metal bond pad formed thereover is provided. A patterned
cover layer is formed over the structure. The patterned cover layer including an
opening exposing a portion of the metal bond pad. The patterned cover layer
opening including side walls. A metal cap layer is formed over at least the exposed
portion of the metal bond pad and the patterned cover layer side walls. A solder
bump is formed over the metal cap layer. The invention further includes a solder

bump structure formed from this method.




12 formed thereover. Structure 10 is preferably a sem conductor wafer
conprised of silicon or germaniumand is nore preferably a silicon
sem conductor wafer as will be used for illustrative purposes hereafter.
Metal bond pad 12 is preferably fromabout 0.5 to 1.5 pmthick and is nore
preferably fromabout 1.0 to 1.5 pmthick; and is preferably conprised of
alum num (Al) or AISI and is nore preferably alum num (A) as wll be used
for illustrative purposes hereafter. Formation of Patterned Cover Layer 14
- Fig. 2 As shown in Fig. 2, a patterned cover polylnlde | ayer 14 having
opening 15 is forned oRRIEE RDESARIPIH| ] ;s NGSa portion 19 of the
Al bond 5 pad 12. Cover Iayer 14 is preferably a
pol yi m de/ benzocycl obutene (BCB) stack as wll be used hereafter for
purposes of illustration. Polyimde/benzocycl obut ene CB openi ng 15
i ncl udes exposed gﬁﬂééﬂﬁfﬁ%aﬁ; a ﬁB“ﬁE?§$ﬁﬁﬂé¥ﬁ%ﬁ%dﬁéﬁTH%UPE%ZKK%%ﬁﬁ | ayer
14 may be atterned to for t Q en| b for exa
ohot o i ¢ RSGF PRyt st TRithEe PR TR s PR i 2t e
(BCB) la pm
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and nore pre
corresponding elements, regions and portions and in which:

Figs. 1 to 6 schematically illustrate a preferred embodiment of the

present invention.




Pol yi m de/ benzocycl obut ene (BCB) Il ayer 14 has a conbi ned thickness of
preferably fromabout 5.0 to 10.0 pm and nore preferably fromabout 5.0 to
6.0 pm Formation of Additional Metal Layer 16 - Fig. 3 As shown in Fig.
3, an additional netal layer 16 is fornmed over the Al bond pad 12,

pol yi m de/ benzocycl obutene (BCB) | ayer 14 and the side walls 11 of

pol yi m de/ benzocycl obutene (BCB) layer 14 to a thickness of preferably from
about 0.5 to 1.0 pmand nore preferably fromabout 0.8 to 1.0 pm The
additional netal layer 16 is preferably forned by sputterlng Addi t i onal
metal | ayer 1PHIAILTE) BESSIRIPIGONY OIcTHE PREKIRRED ODOMEN'ES and is
nore preferably alunlnunl(Al) as will be used for |IIustrat|ve pur poses
hereafter. Additional netal layer 16 is preferably conprised of the sane
metal as is the netal bond pad 12. 6 Patterning of Additional A Layer 16 -
Fig. 4 As showmn in Fig. 4, the additional Al layer 16 is patterned to form
a patterned additi naI east oveEs t he

A bond pad 12 and ?ﬁ%@*@?é AR st B Rl s Bk i FERHAERES! 2o
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as the additional layer of metal covers up the cover side walls.

Initial Structure - Fig. 1

Fig. 1 schematically illustrates a structure 10 having a metal bond pad

12 formed thereover.

Structure 10 is preferably a semiconductor wafer comprised of silicon
or germanium and is more preferably a silicon semiconductor wafer as will be used

for illustrative purposes hereafter.

Metal bond pad 12 is preferably from about 0.5 to 1.5 pm thick and is
more preferably from about 1.0 to 1.5 pm thick; and is preferably comprised of
aluminum (Al) or AlSi and is more preferably aluminum (Al) as will be used for

illustrative purposes hereafter.

Formation of Patterned Cover Layer 14 - Fig. 2

As shown in Fig. 2, a patterned cover polyimide layer 14 having

opening 15 is formed over the Al bond pad 12, exposing a portion 19 of the Al bond




18/ I mrersion Gold 20 Layers Over Al Cap Layer 16- Fig. 5 As shown in Fig.
5 the Al cap layer 16' is subjected to a double zincation process to
form a double zincation activated surface 19 on Al cap |ayer 16'; an

el ectrol ess nickel |layer 18 over the double zincation activated surface 19
of Al cap layer 16" to a thickness of preferably fromabout 4.8 to 5.2 pm
and nore preferably about 5.0 pm and an i mersion gold (Au) |ayer over
the el ectroless nickel layer 18 to a thickness of preferably from about
0.09 to 0.11 pmand nore preferably about 0.10 pm Formation of Rounded
Sol der Byag 122CovEi tayeb 14Ads phdwmabisna Fodyindde dbesebdelotniape (BCBostaddaover
the imersion gold |ayer 20 and is then subjected to a reflow process to
f or m r oundBdessedderenfiep fopurpreesefadusioatésr bunp 22 is preferably
conprised of atin lead alloy (SnPb), a tin silver copper alloy (SnAgCu),
atinsilver alloy (SnAg) or a tin copper (SnCu) and is nore preferably a

tin silver copper gl]oy.(SnAgCu). Lt 1s ed_t hat due to.the f.ormation

of the Al cap Iaye?o%é%lw_gﬁz?%’_doé&ﬁ?neept@gﬂé)oqa Ubl &V at1 oﬁnﬂgflfe?/at ed

process terévé%rdnEid@ Wbk e :ﬂl@%%ﬁ}}iﬁﬁd@%én\égcﬂiobutene (BCB) layer 14 may be
patterned to form the opening 15 by, for example, photolithography and etching.

The patterned polyimide/benzocyclobutene (BCB) layer opening 15 has a width of

preferably from about 30 to 90 pm and more preferably from about 30 to 60 um.
Polyimide/benzocyclobutene (BCB)layer 14 has a combined thickness
of preferably from about 5.0 to 10.0 pm and more preferably from about 5.0 to 6.0

pm.

Formation of Additional Metal Laver 16 - Fig. 3

As shown in Fig. 3, an additional metal layer 16 is formed over the Al
bond pad 12, polyimide/benzocyclobutene (BCB) layer 14 and the side walls 11 of
polyimide /benzocyclobutene (BCB) layer 14 to a thickness of preferably from about
0.5 to 1.0 ym and more preferably from about 0.8 to 1.0 um. The additional metal

layer 16 is preferably formed by sputtering.

Additional metal layer 16 is preferably comprised of aluminum (Al)
or AlSi and is more preferably aluminum (Al) as will be used for illustrative
purposes hereafter. Additional metal layer 16 is preferably comprised of the same

metal as is the metal bond pad 12.




surface 19; an electroless nickel |ayer 18, and an inmersion gold |ayer 20;
there is no electroless nickel |ayer 18/ imersion gold | ayer 20 -
polyimde interface so that the Al bond pad 12 is not subject to
corrosion. Further, good adhesion between the Al bond pad/ A cap |ayer 16
and the polyimde is achieved, leading to inproved reliability of the
package. The rounded sol der bunp 22 will cone in contact with polyimde fj

| ayer 14/ BCB only at the edge of the under bunp netal (UBM . Advantages of
the Invention The advantages of one or nore enbodi ments of the present

i nvent i offattendhg déAdditionad r"ddsedr 1hi Eignéss of Al bond pad which coul d
otherwise lead to serious pitting during the double zincation process; and
2) increased standoff (overaII hei ght) of sol der bunp thus inproving
reliability perfor i artlc iments of the present
venti on have beehe SPNGLTT Bed B iiGERe bRalayeT b e %&teﬁnﬁf‘éﬁo@a‘% i
the inventionLXERRbnASAPRILPLR ¢ pylaygrelg QhLON 188 &L 8L T8he A1 B

12 and the side walls 11 of polyimide/benzocyclobutene (BCB) layer 14.

Double Zincation Process Activated Surface 19 and Electroless Nickel

18/Immersion Gold 20 Lavers Over Al Cap Layer 16’ - Fig. 5

As shown in Fig. 5, the Al cap layer 16" is subjected to a double

zincation process to form:

a double zincation activated surface 19 on Al cap layer 16"

an electroless nickel layer 18 over the double zincation activated surface 19
of Al cap layer 16’ to a thickness of preferably from about 4.8 to 5.2 um and more
preferably about 5.0 pm; and

an immersion gold (Au) layer over the electroless nickel layer 18 to a
thickness of preferably from about 0.09 to 0.11 pm and more preferably about (.10

[EVoqR

Formation of Rounded Solder Bump 22 - Fig. 6

As shown in Fig. 6, a solder bump is formed over the immersion gold
layer 20 and is then subjected to a reflow process to form rounded solder bump 22.
Rounded solder bump 22 is preferably comprised of a tin lead alloy (SnPb), a tin
silver copper alloy (SnAgCu), a tin silver alloy (SnAg) or a tin copper (SnCu) and is
more preferably a tin silver copper alloy (SnAgCu).




W claim 1. A nethod of form ng a solder bunp, conprising the steps of:
providing a structure; formng a netal bond pad on the structure; formng a
patterned cover |ayer over the structure; the patterned cover |layer 5

i ncludi ng an openi ng exposing a portion of the nmetal bond pad; the
patterned cover |layer opening including side walls; formng a netal cap

| ayer over at |east the exposed portion of the netal bond pad and the
patterned cover |ayer side walls; and form ng a solder bunp to cover the
nmetal cap |layer and to contact the 10 patterned cover |ayer. 2. The nethod
of claim1, wherein the structure is a sem conductor wafer. 3. The nethod
of claim1, wherein the structure is conprised of silicon or__germnium 4.
The method of cl ai this nojgrbtatriunie Hetfgrmpiag obdbe i @pnpyersEy vichlitini num
or AlSi; the patterped.cover |layer is conpri.sed o . : .

ol yt m cenbeRsl ) BB R ey sk SlochoRSe gy [ 3 dg/dile FCRmpAF beRrbt

oLum numofl B 0, e SRR R 8 s COIRELSSI O R bRl ey
tin coppefectr3lthickel layer 18/immersion gold layer 20 -~ polyimide interface so that the
Al bond pad 12 is not subject to corrosion. Further, good adhesion between the Al
bond pad/Al cap layer 16' and the polyimide is achieved, leading to improved
reliability of the package.

The rounded solder bump 22 will come in contact with polyimide

layer 14/BCB only at the edge of the under bump metal (UBM).

Advantages of the Invention

The advantages of one or more embodiments of the present invention
include:
1) increased thickness of Al bond pad which could otherwise lead to serious
pitting during the double zincation process; and
2) increased standoff (overall height) of solder bump thus improving

reliability performance.

While particular embodiments of the present invention have been
iltustrated and described, it is not intended to limit the invention, except as defined

by the following claims.




9 5. The nethod of claim1l1l, wherein the netal bond pad is conprised of
alum num the patterned cover layer is conprised of a

pol yi m de/ benzocycl obut ene stack; the nmetal cap |ayer is conprised of

al um num and the solder bunp is conprised of a tin silver copper alloy
(SnAgCu). 6. The nethod of claim1, wherein the netal bond pad and the
netal cap |layer are each conprised of the sane netal. 7. The nethod of
claim1l1, wherein the netal bond pad has a thickness of fromabout 0.5 to
1.5 pm the patterned cover |ayer has a thickness of fromabout 5.0 to 10.0
pm and the nmetal cap | ayer has a thickness of fromabout 0.5 to 1.0 pm
8. The nethod of claim 11, wherein the netal bond pad has a thickness of
fromabout 1.0 1.5 pm the pattern€8AdM&r | ayer has a thickness of from
about 5.0 to 6.0 pm and the netal cap |ayer has a thickness of from about
0.8 to 1¥We¢@gmm9. The method of claim 1, wherein the patterned cover |ayer
opening has a width of fromabout 30 to 90 pm 10. The nethod of claim1,
wherein the patterned cover |ayer opening has a width of fromabout 30 to

00 P i MRS oS A b e Rl p, Lovey = oo
providing a structure;
forming a metal bond pad on the structure;
forming a patterned cover layer over the structure; the patterned cover layer
5 including an opening exposing a portion of the metal bond pad; the patterned

cover layer opening including side walls;
forming a metal cap layer over at least the exposed portion of the metal bond

pad and the patterned cover layer side walls; and

forming a solder bump to cover the metal cap layer and to contact the

10 patterned cover layer.
2. The method of claim 1, wherein the structure is a semiconductor wafer.

3. The method of claim 1, wherein the structure is comprised of silicon or

germarium.

4. The method of claim 1, wherein the metal bond pad is comprised of aluminum or
AlSi; the patterned cover layer is comprised of a polyimide/benzocyclobutene
stack; the metal cap layer is comprised of aluminum or AlSi; and the solder bump is
comprised of a tin lead alloy (SnPb), a tin silver copper alloy (SnAgCuy), a tin silver

alloy (SnAg) or a tin copper (5nCu).




subjecting the netal cap |ayer to a double zincation process. 10 13. The
met hod of claim1, including the step of subjecting the netal cap |ayer to
a double zincation process to form a double zincation activated surface
on the nmetal cap layer; an electrol ess nickel layer on the double zincation
activated surface; and an imrersion gold |ayer on the el ectrol ess nickel

| ayer. 14. The nethod of claim1, including the step of subjecting the
netal cap layer to a double zincation process to form a double zincation
activated surface on the netal cap layer; an el ectroless nickel |ayer on

t he doubbeThté neghodf akiiivhtvelersin freceptal hend gleelcis rcobrgsssedi afkdturiiayey
havi ng a thickness of fromabout 4.8 to 5.2 pnmi and an i mersion gold |ayer
on the eltlecpattéreed mivekkalyet @yc@mpmm ofrempolyinoitlegbenzodyalpbuterestadk; she

t hi ckness of from about O. 09 to 11 pm 15. The neLhod of claim1,

i ncl udi ngnatpecapt Byenis wuppraed @fgaitlﬁﬁnm and the splagePumyp i cogeriiiied Hiscat i on
process to form a do bI n ion activated surface on the netal cap

| ayer: ahlli¥gT FpRES HVE%%$8¢3§ on the doubl e zincation activated
surface; the electrol ess nickel Iayer having a thickness of about 5.0 pm
and

6. The method of claim 1, wherein the metal bond pad and the metal cap layer are

each comprised of the same metal.

7. The method of claim 1, wherein the metal bond pad has a thickness of from about
0.5 to 1.5 pm; the patterned cover layer has a thickness of from about 5.0 to 10.0 pm;

and the metal cap layer has a thickness of from about 0.5 to 1.0 pm.

8. The method of claim 1, wherein the metal bond pad has a thickness of from about
1.0 1.5 um; the patterned cover layer has a thickness of from about5.0 to 6.0 nm; and

the metal cap layer has a thickness of from about 0.8 to 1.0 um.

9. The method of claim 1, wherein the patterned cover layer opening has a width of

from about 30 to 90 pm.

10. The method of claim 1, wherein the patterned cover layer opening has a width

of from about 30 to 60 pm.
11. The method of claim 1, wherein the metal cap layer is formed by sputtering.

12. The method of claim 1, including the step of:

subjecting the metal cap layer to a double zincation process.

10




an immersion gold |ayer on the electrol ess nickel layer; the inmrersion gold
| ayer having a thickness of about 0.10 pm 16. The nethod of claim1,
including the step of reflowing the solder bunp to form a rounded sol der
bunmp. 11 17. A method of form ng a sol der bunp, conprising the steps of:
providing a structure; formng a nmetal bond pad on the structure; formng a
patterned cover |ayer over the structure; the patterned cover |ayer 5

i ncl udi ng an openi ng exposing a portion of the netal bond pad; the
patterned cover |layer opening including side walls; formng a netal cap

| ayer over at |east the exposed portion of the netal bond pad and the
patterned cover |ayer side walls; subjecting the netal cap layer to a

doubl e ziljcEtd owthprdobslsim dnihchalifgrthe atypaofsebipsting g metalcwpdryertte aret al
cap layerand to contact the patterned cover |layer. 18. The method of claim
17, wher éprblerdneationgeieressits fmeni conduct or wafer. 19. The nethod of claim

17, wherein the structure is conprised of silicgn or er [
a%louue zcmcatl%n activated surtace on tﬁe me?gl cap laye(%; mani um

an electroless nickel layer on the double zincation activated surface; and

an immersion gold layer on the electroless nickel layer.

14. The method of claim 1, including the step of subjecting the metal cap layer to a
double zincation process to form:

a double zincation activated surface on the metal cap layer;

an electroless nickel layer on the double zincation activated surface; the
electroless nickel layer having a thickness of from about 4.8 to 5.2 um; and

an immersion gold layer on the electroless nickel layer; the immersion gold

layer having a thickness of from about 0.09 to 0.11 um.

15. The method of claim 1, including the step of subjecting the metal cap layer to a
double zincation process to form:

a double zincation activated surface on the metal cap layer;

an electroless nickel layer on the double zincation activated surface; the
electroless nickel layer having a thickness of about 5.0 um; and

an immersion gold layer on the electroless nickel layer; the immersion gold

layer having a thickness of about 0.10 pm.

16. The method of claim 1, including the step of reflowing the solder bump to form

a rounded solder bump.

11




20. The nethod of claim 17, wherein the netal bond pad is conprised of
alum num or A Si; the patterned cover layer is conprised of a

pol yi m de/ benzocycl obut ene stack; the metal cap |ayer is conprised of
alum numor Al Si; and the solder bunp is conprised of a tin |lead alloy
(SnPb), a tin silver copper alloy (SnAgCu), a tin silver alloy (SnAg) or a
tin copper (SnCu). 21. The nethod of claim 17, wherein the netal bond pad
is conprised of alum num the patterned cover |ayer is conprised of a

pol yi m de/ benzocycl obut ene stack; the 12 netal cap |layer is conprised of
al um num and the solder bunp is conprised of a tin silver copper alloy
(SnAgCu). 22. The nethod of claim 17, wherein the netal bond pad and the
met al cap7l|ayerthad of freaghg eowpldar dedhpfconigisagthentepd of: 23. The net hod of
claim 17, wherein the nmetal bond pad has a thickness of from about 0.5 to
1.5 pm the pBITWARER H6VEH 9 ayer has a thickness of fromabout 5.0 to
10.0 pm and the .netal c | ayer has a thickness of fromabout 0.5 to 1.0
pm 24. The HBag8Fn@?§ﬁwwfé?dﬁﬁéﬁ%?%ufﬁ%ﬂneta| bond pad has a thickness

From about 5. TR *raeRihed Ny FREEF BEUFLRY Fhe OBl W ETESE:

from about 5. _ ayer has ckness’of from
2282? 5 Pé%ﬁl@%%gg?xﬁ?pﬁgggalms@ ROHo@forChAR IotaBELLIHAdL ke RAkELRE
cover layer opening including side walls;
forming a metal cap layer over at least the exposed portion of the metal bond
pad and the patterned cover layer side walls;
subjecting the metal cap layer to a double zincation process; and

10 forming a solder bump to cover the metal cap layerand to contact the

patterned cover layer.
18. The method of claim 17, wherein the structure is a semiconductor wafer.

19. The method of claim 17, wherein the structure is comprised of silicon or

germanium.

20. The method of claim 17, wherein the metal bond pad is comprised of aluminum
or AlSi; the patterned cover layer is comprised of a polyimide/benzocyclobutene
stack; the metal cap layer is comprised of aluminum or AlSi; and the solder bump is
comprised of a tin lead alloy (SnPb), a tin silver copper alloy (SnAgCu), a tin silver

alloy (SnAg) or a tin copper (SnCu).

21. The method of claim 17, wherein the metal bond pad is comprised of aluminum;

the patterned cover layer is comprised of a polyimide/benzocyclobutene stack; the

12




of fromabout 30 to 90 pm 26. The nethod of claim 17, wherein the
patterned cover |ayer opening has a wwdth of fromabout 30 to 60 pm 27.
The nethod of claim 17, wherein the nmetal cap layer is formed by
sputtering. 28. The method of claim 17, wherein the subjection of the netal
cap layer to a double zincation process forns: a double zincation
activated surface on the netal cap | ayer; an el ectrol ess nickel |ayer on

t he doubl e zincation activated surface; and 13 an inmersion gold |ayer on
the el ectroless nickel layer. 29. The nmethod of claim 17, wherein the

subj ect i anetal cifhayaeisatoroppsddaykalundnam; dodihe szidec duingnisproogessed of a5:  a
doubl e zincation activated surface on the netal cap |ayer; an el ectrol ess
ni ckel | diresilven coprerddlopl(Bndghedt i on activated surface; the electroless
ni ckel | ayer having a thickness of fromabout 4.8 to 5.2 pmy and an

i nmer si on gold Iayer on the el ectrol ess nickel layer; the imersion gold

I b 0,11 hod of
hat m 17 b sle e 8 SR szt BRer M et vert e e i P ege - ©
zincat | 0N 981%?)?15&9 Gfre same metal.

23. The method of claim 17, wherein the metal bond pad has a thickness of from
about 0.5 to 1.5 um; the patterned cover layer has a thickness of from about 5.0 to

10.0 um; and the metal cap layer has a thickness of from about 0.5 to 1.0 pm.

24. The method of claim 17, wherein the metal bond pad has a thickness of from
about 1.0 1.5 pm; the patterned cover layer has a thickness of from about5.0 to 6.0

um; and the metal cap layer has a thickness of from about 0.8 to 1.0 pm.

25. The method of claim 17, wherein the patterned cover layer opening has a width

of from about 30 to 90 um.

26. The method of claim 17, wherein the patterned cover layer opening has a width

of from about 30 to 60 pm.
27. The method of claim 17, wherein the metal cap layer is formed by sputtering.

28. The method of claim 17, wherein the subjection of the metal cap layer to a
double zincation process forms:
a double zincation activated surface on the metal cap layer;

an electroless nickel layer on the double zincation activated surface; and

13




a doubl e zincation activated surface on the netal cap |ayer; an el ectrol ess
ni ckel |ayer on the double zincation activated surface; the electroless

ni ckel | ayer having a thickness of about 5.0 pm and an inmersion gold

| ayer on the electrol ess nickel layer; the inmmersion gold I|ayer having a

t hi ckness of about 0.10 pm 31. The method of claim 17, including the step
of reflowing the solder bunp to form a rounded sol der bunp. 32. A nethod
of form ng a solder bunp, conprising the steps of: providing a structure;
formng a netal bond pad on the structure; 14 form ng a patterned cover

| ayer over thanstnhuationegold hgepahtthe niedirclevenickelyleyer. 5 i ncl udi ng an openi ng
exposing a portion of the netal bond pad; the patterned cover |ayer
opening including side walls; formng a nmetal cap |ayer over at |east the
exposed portion of the netal bond pad and the pa}terned cover |ayer side
wal |'s; suBj dbeimetheReohElaln Wapvhergry theseoiadim el sheegtrloripfaceds 4 o
form 10, a,doubl e, zi ncati an activated surface on the netal cap |ayer; an
el ect r ol S9EPIR AREAIPLEFICCHFATRY doubl e zi ncati on activated surface:

a double zincation activated surface on the metal cap layer;

an electroless nickel layer on the double zincation activated surface; the
electroless nickel layer having a thickness of from about 4.8 to 5.2 um; and

an immersion gold layer on the electroless nickel layer; the immersion gold

layer having a thickness of from about 0.09 to 0.11 pum.

30. The method of claim 17, wherein the subjection of the metal cap layer to a
double zincation process forms:

a double zincation activated surface on the metal cap layer;

an electroless nickel layer on the double zincation activated surface; the
electroless nickel layer having a thickness of about 5.0 pm; and

an immersion gold layer on the electroless nickel layer; the immersion gold

layer having a thickness of about 0.10 um.

31. The method of claim 17, including the step of reflowing the solder bump to form

a rounded solder bump.
32. A method of forming a solder bump, comprising the steps of:

providing a structure;

forming a metal bond pad on the structure;
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and an imrersion gold layer on the electrol ess nickel |ayer; and 15
formng a solder bunp to cover the imersion gold | ayer and to contact the
patterned cover |ayer. 33. The nethod of claim 32, wherein the structure is
a sem conductor wafer. 34. The nethod of claim 32, wherein the structure is
conprised of silicon or germanium 35. The nmethod of claim 32, wherein the
nmetal bond pad is conprised of alumnum or Al Si; the patterned cover |ayer
is conprised fifrndnpal patierokel berer deya| outiBnerudtas khe phatenmed abvealpytayer is
conprised of alumnumor Al Si; and the solder bunp is conprised of a tin

| ead a2l | byclydinBbin opening exposirg eoppdionapi die psidigernd pad; ithe giatteered al | oy
(SnAg) or a tin copper (SpCuy). 36. The nethod of claim 32, wherein the

met al boﬁ%i"eddﬂY‘FrsoRf’é‘Hﬁﬁ%gﬂi‘% sideiium  t he patterned cover layer is

i sed of | yi mi de/ b | ob k: the.. I I i
e S T R NN
copper a%Iﬁg%HQ%A%Q&I.W%ZCSFJQ%XQPgiggq/vaqfs; claim 32, wherein the netal bond

pad and e netal fcap
subjecting the metal cap layer to a double zincation process to form:

10 a double zincation activated surface on the metal cap layer;
an electroless nickel layer on the double zincation activated surface;
and
an immersion gold layer on the electroless nickel layer;
and
15 forming a solder bump to cover the immersion gold layer and to contact the

patterned cover layer.
33. The method of claim 32, wherein the structure is a semiconductor wafer.

34, The method of claim 32, wherein the structure is comprised of silicon or

germanium.

35. The method of claim 32, wherein the metal bond pad is comprised of aluminum
or AlSi; the patterned cover layer is comprised of a polyimide/benzocyclobutene
stack; the metal cap layer is comprised of aluminum or AlSi; and the solder bump is
comprised of a tin lead alloy (SnPb), a tin silver copper alloy (SnAgCu), a tin silver

alloy (SnAg) or a tin copper (SnCu).

36. The method of claim 32, wherein the metal bond pad is comprised of aluminum;

the patterned cover layer is comprised of a polyimide/benzocyclobutene stack; the

15




each conprised of the sane netal. 38. The nethod of claim 32, wherein the
netal bond pad has a thickness of from about 0.5 to 1.5 pm the patterned
cover layer has a thickness of fromabout 5.0 to 10.0 pm and the netal
cap layer has a thickness of fromabout 0.5 to 1.0 pm 39. The nethod of
claim 32, wherein the nmetal bond pad has a thickness of from about 1.0 1.5

Dnd the Fotel By Paparitsd dhmeRiedt’ SR nteardsbirns, § Lo he do.
The neth lglfsg(,elc&%; Utl,%§8y\tf%§é%'¢g)the patterned cover |ayer opening has a

width o roma pm 41. The nethod of claim 32, wherein the
patterned cover |ayer opening has a wwdth of fromabout 30 to 60 pm 42.
The net hod of claim 32, wherein the nmetal cap layer is formed by

sput t eri Bg. THSmetirl sieddied3Diwigdrainnthd 2netalsdriidipadatd ehsirepl @bp 1Bfck @ ng t he
sol der bunmp to form a rounded sol der bunp. 44. The nethod of claim 32,
wher ei n: edéh ¢tdmepebetoftheessiemnetkkl | ayer has a thickness of from about 4.8
to 5.2 pm and the inmersion gold |ayer having a thickness of from about
0.09 to 0.11 um

38. The method of claim 32, wherein the metal bond pad has a thickness of from
about 0.5 to 1.5 pny the patterned cover layer has a thickness of from about 5.0 to
10.0 pumy; and the metal cap layer has a thickness of from about 0.5 to 1.0 pm.

39. The method of claim 32, wherein the metal bond pad has a thickness of from
about 1.0 1.5 um; the patterned cover layer has a thickness of from about5.0 to 6.0

pm; and the metal cap layer has a thickness of from about 0.8 to 1.0 um.

40. The method of claim 32, wherein the patterned cover layer opening has a width

of from about 30 to 90 pm.

41. The method of claim 32, wherein the patterned cover layer opening has a width

of from about 30 to 60 pm.
42. The method of claim 32, wherein the metal cap layer is formed by sputtering.

43. The method of claim 32, including the step of reflowing the solder bump to form

a rounded solder bump.

44, The method of claim 32, wherein:
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45. The nethod of claim 32, wherein: the electroless nickel layer has a

t hi ckness of about 5.0 pm and the imersion gold |ayer having a thickness
of about 0.10 pm 46. A solder bunp structure, conprising: a structure; a
metal bond pad on the structure; a patterned cover |ayer over the
structure; the patterned cover layer 5 including an opening exposing a

A T T
t . ‘ . ; d d
T, D00 e AR, B RERIBFRLT NF gggne  der

forn1theoqggg§r bunp structure. 47. The structure of claim46, wherein the

structure’is a sem conductor wafer. 48. The structure of claim46, wherein

the structure is conprised of silicon or germanium 49. The structure of
claim46, wherein the nmetal bond pad is conprised of alumnumor A Si; the
pat t er ned5 ciheemetrander! dl@ncprhieseit: of a pol yi m de/ benzocycl obut ene st ack;
the netal cap layer is conprised of al um num

the electroless nickel layer has a thickness of about 5.0 um; and

the immersion gold layer having a thickness of about 0.10 pm.

46. A solder bump structure, comprising;:

a structure;

a metal bond pad on the structure;

a patterned cover layer over the structure; the patterned cover layer

5 including an opening exposing a portion of the metal bond pad; the patterned

cover layer opening including side walls;

a metal cap layer over at least the exposed portion of the metal bond pad
and the patterned cover layer side walls; and

a solder bump covers the metal cap layer and contacts the patterned cover

10 layer to form the solder bump structure.
47. The structure of claim 46, wherein the structure is a semiconductor wafer.

48. The structure of claim 46, wherein the structure is comprised of silicon or

germanium.
49. The structure of claim 46, wherein the metal bond pad is comprised of

aluminum or AlSi; the patterned cover layer is comprised of a

polyimide/benzocyclobutene stack; the metal cap layer is comprised of aluminum

17




17 or AISi; and the solder bunp is conprised of atin lead alloy (SnPb), a
tin silver copper alloy (SnAgCu), a tin silver alloy (SnAg) or a tin
copper (SnCu). 50. The structure of claim46, wherein the netal bond pad is
conprised of alum num the patterned cover layer is conprised of a

pol yi m de/ benzocycl obut ene stack; the netal cap, |ay npri.se

al umi numOr Wi %ﬂﬁ}ef}?ﬁ(ég?r Bump ’iSsCO(‘?H?Fbﬁds%éda & %;aa fﬁ{cgl @Eg ) Cofpet VST | oy
(SnAgCu) . tru re.of..cla rei.n bond pad and the
et al caﬁopﬁ%&} poy A@?&ﬁ %B’Frﬁ}li’%rea&fgg (g?ﬁ\éﬁ]g’éﬁgnﬁé’iﬁﬁg&%ﬁu)’rhe structure of
claim46, wherein the nmetal bond pad has a thickness of from about 0.5 to
1.5 pm the patterned cover |ayer has a thickness of fromabout 5.0 to

10.0 pm sandhenNBLA FaBalAYSS, HRsrdntieckResspohd fpamiahomtped be 1.0
pm 53. The structure of claim46, wherein the netal ‘bond pad has a

t hi cknessil@hiduem akeut S;iataerﬁe@ prdoviehe payéer ned cavefpdiyler bas aa

t hi ckness of from about O0to 6.0 pm and the netal cap | ayer has a

t hi cknespadfinfidesbazouyclob@eno stack; thnm&4d] cathkyst susiup@sedt ofcdlaimmagy
wherein the Eatter ned cover |ayer opening has a wdth of fromabout 30 to
90 pm 55ndthe seldenbumpeis spmprrigedos e fmmlerﬁémpw@llﬁm(%é\a@a .cover |ayer
opening has a wdth of fromabout 30 to 60 pm

51. The structure of claim 46, wherein the metal bond pad and the metal cap layer

are each comprised of the same metal.

52. The structure of claim 46, wherein the metal bond pad has a thickness of from
about 0.5 to 1.5 pmy the patterned cover layer has a thickness of from about 5.0 to
10.0 ym; and the metal cap layer has a thickness of from about 0.5 to 1.0 um.

53. The structure of claim 46, wherein the metal bond pad has a thickness of from
about 1.0 1.5 pm; the patterned cover layer has a thickness of from about5.0 to 6.0

um; and the metal cap layer has a thickness of from about 0.8 to 1.0 ym.

54. The structure of claim 46, wherein the patterned cover layer opening has a

width of from about 30 to 90 pm.

55. The structure of claim 46, wherein the patterned cover layer opening has a

width of from about 30 to 60 pm.

56. The structure of claim 46, wherein the metal cap layer is formed by sputtering.
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56. The structure of claim46, wherein the netal cap layer is forned by
sputtering. 18 57. The structure of claim46, wherein the netal cap |ayer
is subjected to a double zincation process. 58. The structure of claim 46,
i ncludi ng: a double zincation activated surface on the netal cap |layer; a
el ectrol ess_nickel |ayer on the double zincatiop activated rface; and an
i mer si oA’ goneysirastEre BhelaHe 4% @&QF%‘F‘&E@ metakeAr Paéfﬁélls. S‘%@‘?Cteleﬁgo th%&‘(n?ll%r e of
claim46, .including: a double zincation activated surface on the netal cap
| ayer; aZEFgﬁ??éT% *ni ckel layer on the double zincation activated
surface; the electroless nickel layer having a thickness of from about 4.8
to 5.2 pm and an imersion gold |layer on the el ectrol ess nickel |ayer; the

i mrer si oBg g Lstr b AYRY oML, andihiiginess of fromabout 0.09 to 0.11 pm 60.
The structure of claim46, including: a double zincation activated surface

on the netal gapubiyfhiatibredetiatal agfactiobkht maylerapdaydrhe doubl e zi ncation
activated surface; the electroless nickel |ayer having a thickness of
about 5.0 pm aatwttratess mkeblayar goltlde dayde zowatibe actfieded oludae; andkel | ayer

t he i mersion gold )
an immersion gold layer on the electroless nickel layer.

59. The structure of claim 46, including;

a double zincation activated surface on the metal cap layer;

a electroless nickel layer on the double zincation activated surface; the
electroless nickel layer having a thickness of from about 4.8 to 5.2 ym; and

an immersion gold layer on the electroless nickel layer; the immersion gold

layer having a thickness of from about 0.09 to 0.11 pm.

60. The structure of claim 46, including:

a double zincation activated surface on the metal cap layer;

a electroless nickel layer on the double zincation activated surface; the
clectroless nickel layer having a thickness of about 5.0 pm; and

an immersion gold layer on the electroless nickel layer; the immersion gold

layer having a thickness of about 0.10 um.

61. The structure of claim 46, wherein the solder bump is rounded.

62. A solder bump structure, comprising:
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| ayer having a thickness of about 0.10 pm 61. The structure of claim 46,
wherein the solder bunp is rounded. 62. A solder bunp structure,
conprising: 19 a structure; a netal bond pad on the structure; a patterned
cover |layer over the structure; the patterned cover |layer 5 including an
openi ng exposing a portion of the netal bond pad; the patterned cover

| ayer opening including side walls; a netal cap | ayer over at |east the
exposed portion of the netal bond pad and the patterned cover |ayer side
wal I's; the netal cap layer including a double zincation activated upper
surface; 10 aaeltecture} ess nickel |ayer over the double zincation activated
upper surface of the netal cap layer; an inmmersion gold | ayer over the

el ectrol ess niacketfal bay@pad andhesigottgee; bunp covers the i mersion gold | ayer
and contacts the Ratterned over layer to formthe sol der bunp sf{ructure.

63. The strucfuPattemed] P¥r62ayaiher®i Ahe Hbrustisge i ePRECAed e ¥ENHET or
\é\/la}‘ iegén(igﬁﬁdlgglgs Lh ut%e%lir?g %I(pgsligcign; ?)(Z)i*tic\)lr\'t~| o %f'{g mdl %ErKHC;EéJ ;ethiespa(%%rggéc& sed of
cover layer opening including side walls;
a metal cap layer over at least the exposed portion of the metal bond pad
and the patterned cover layer side walls; the metal cap layer including a double
zincation activated upper surface;
10 a electroless nickel layer over the double zincation activated upper surface of
the metal cap layer;
an immersion gold layer over the electroless nickel layer; and

a solder bump covers the immersion gold layer and contacts the patterned

cover layer to form the solder bump structure.
63. The structure of claim 62, wherein the structure is a semiconductor wafer.

64. The structure of claim 62, wherein the structure is comprised of silicon or

germanium.

65. The structure of claim 62, wherein the metal bond pad is comprised of
aluminum or AlSi; the patterned cover layer is comprised of a
polyimide/benzocyclobutene stack; the metal cap layer is comprised of aluminum
or AlSi; and the solder bump is comprised of a tin lead alloy (SnPb), a tin silver

copper alloy (SnAgCu), a tin silver alloy (SnAg) or a tin copper (SnCu).
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germani um 65. The structure of claim62, wherein the netal bond pad is
conprised of alumnumor Al Si; the patterned cover |layer is conprised of a
pol yi m de/ benzocycl obut ene stack; the netal cap |layer is conprised of

alum num or A Si; and the solder bunp is conprised of a tin |lead alloy
(SnPb), a tin silver copper alloy (SnAgCu), a tin silver alloy (SnAg) or a
tin copper (SnCu). 20 66. The structure of claim®62, wherein the netal bond
pad is conprised of alumnum the patterned cover |ayer is conprised of a
pol yi m de/ benzocycl obut ene stack; the netal cap |ayer is conprised of

al um nunpé. dihd tthectsed ddr clbimpod, swhoergin | thednetalabénd sid \iercoogpper af | oy
(SnAgCu). 67. The structure of claim62, wherein the netal bond pad and the
met al capldmiremm; ar éheacpastenmped sedaykr t helageme net alcong®isethe ofruct ure of
claim 62, wherein the netal bond pad has a thjckness of from about 0.5 to
1.5 pm PRY1pHes é?%acscfé%rtem%§féﬁkfﬁa§ mgetehpak g g5 isgorp ipdatftimstgmt o

om 66 78 (8¢ FOEELP BB R RPHEA ST AR R LR alaY (HERCRBA has @

t hi ckness of from about 1.0 1.5 pm the patterned cover |ayer has a
t hi ckness of fromabout 5.0 to 6.0 pm and the netal cap |ayer has a

t hi cknesg70fh{ LRMHAPOVE cRif d20whePeiRMhe metal bond pad and the metal cap layer

are each comprised of the same metal.

68. The structure of claim 62, wherein the metal bond pad has a thickness of from
about 0.5 to 1.5 pmy; the patterned cover layer has a thickness of from about 5.0 to
10.0 um; and the metal cap layer has a thickness of from about 0.5 to 1.0 pm.

69. The structure of claim 62, wherein the metal bond pad has a thickness of from
about 1.0 1.5 um; the patterned cover layer has a thickness of from about5.0 to 6.0

um; and the metal cap layer has a thickness of from about 0.8 to 1.0 pum.

70. The structure of claim 62, wherein the patterned cover layer opening has a

width of from about 30 to 90 pum.

71. The structure of claim 62, wherein the patterned cover layer opening has a

width of from about 30 to 60 pm.
72. The structure of claim 62, wherein the metal cap layer is formed by sputtering.

73. The structure of claim 62, wherein the solder bump is rounded.
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70. The structure of claim62, wherein the patterned cover |ayer opening
has a wdth of fromabout 30 to 90 pm 71. The structure of claim62,
wherein the patterned cover |ayer opening has a w dth of fromabout 30 to
60 pm 72. The structure of claim62, wherein the netal cap |ayer is forned
by sputtering. 73. The structure of claim62, wherein the solder bunmp is
rounded. 21 74. The structure of claim62, wherein the el ectrol ess nickel

| ayer has a thickness of fromabout 4.8 to 5.2 pm and the inmersion gold
| ayer having a thickness of from about 0.09 to 0.11 pm 75 .The structure
of cl ai n76Zhewhercsira dftréaiel 62 twinressthel dkdtolemyrkdidaya hdsiackndgwsodf about

5.0 pm and the imersion gold |ayer having_ a thickness of about 0.10 pm
22 from about 4.8 to 5.2 um; and the immersion gold layer having a thickness of from

about 0.09 to 0.11 pum.

75.The structure of claim 62, wherein the electroless nickel layer has a thickness of

about 5.0 um; and the immersion gold layer having a thickness of about 0.10 pm.
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