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FI ELD OF THE | NVENTI ON The present invention relates generally to
fabrication of sem conductor devices, and nore specifically to nmethods of
fabricating wafer bunps. 1 BACKGROUND OF THE | NVENTI ON El ectrol ess

ni ckel /gold (Ni/Au) under bunp netal (UBM is a commonly used UBM for wafer
bunpi ng used in Flip Chip applications because it's a | ow cost maskl ess '
process. This process involves the dipping of silicon nitride

(Si 3N4) / pol yi mi decover/ benzocycl obut ene (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 bunping and reflow to formround sol der
bal | interconnects. However, the adhesion of this electroless Ni/Au UBMto
t he passivation |layer is poor, and during plating, the plated Au wll
follow a capillary action and becone deposited on the side wall of the
Pl / BCB passivation |layer. During solder bunp reflow, this will cause sol der
to flowinto 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
al um num (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 descri bes
i ncreased adhesi on between the UBM and passivation by using a Ti UBMwith a
cl osed-1 oop shape. U.S. Patent No. 6,521,996 Bl to Seshan describes a | ower
adhesion | ayer that provides good adhesion to the passivation layer. U S
Patent No. 6,426,281 Bl to Lin et al. describes a passivation |ayer that

i ncreases the adhesion to the UBM 2 SUMMARY OF THE | NVENTI ON

et hods. of 1 LENRR S ol iAo GEERE NAERLAERERSPORYGERDTE,

—CT [SA=LRE = C QAT T oTrTmal

has now been di scovered that the above and ot her objects of the present

i nvention may be acconplished in the follow ng manner. Specifically, a
structure having a netal bongipad dPFrBRONTENSGYRy | S provided. A patterned
cover layer is formed over the structure. The patterned cover |ayer

i ncl udi ng an openi ng exposing a portion of the netal bond pad. The
patterned cover |ayer opening including side walls. A netal cap layer is
formed over at | easthd heresepbsedvedidn omelafest hgemeraldy bondfabaidationl tdfe
patterned cover |ayer side walls. A solder bunp is forned over the netal
cap | ayer sermgendystentdeyices,upnf emorn cpaeifisally dol methasisnp! Sariretiggewreiined
fromthis nethod. 3 BRI EF DESCRI PTI ON OF THE DRAW NGS The features and
advant age8U®Pst he present invention wll be nore




clearly understood fromthe follow ng description taken in conjunction with
t he acconpanying drawings in which |ike reference nuneral s designate
simlar or corresponding el enents, regions and portions and in which: Figs.
1 to 6 schematically illustrate a preferred enbodi mrent of the present

i nvention. 4 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS The net hod
of the present invention forns, inter alia, an additional |ayer of netal
over the nmetal bond pad to prevent exposure of the cover side walls as the
additional layer of metal covers up the cover side walls. Initial Structure
- Fib. 1 Fig. 1 schematically illustrates a structure 10 having a netal
bond pad 12 forned ther eBACKGROUNDQF THE ENYENEOM| y a sem conduct or
waf er conprised of silicon or germaniumand is nore preferably a silicon
sem conductor wafer as will be used for illustrative purposes hereafter.

Met al bond d 12 i b| t 0.5 to 1.5 wnt d. i
pre?eragry P?on1abb@?g%° g{guﬁ‘%}gﬁalagﬁu‘ﬂaH&ng.QFEPeFEﬁH ﬁﬁ%ﬁgrﬁgzdng¥e

| um A f b | d
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opening 15 is forned ove the AL b pad 1 exposl portion
Al bond 5(SisNy)/ 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 B1 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.



pad 12. Cover l|layer 14 is preferably a polyim de/ benzocycl obutene (BCB)
stack as will be used hereafter for purposes of illustration.

Pol yi m de/ benzocycl obut ene (BCB) | ayer opening 15 includes exposed side
wal I's 11. The pol yi m de/ benzocycl obutene (BCB) |ayer 14 may be patterned to
formthe opening 15 by, for exanple, photolithography and etching. The
patterned polyi m de/ benzocycl obutene (BCB) | ayer opening 15 has a w dth of
preferably fromabout 30 to 90 wn and nore preferably from about 30 to 60
wm Pol yi m de/ benzocycl obut ene (BCB) | ayer 14 has a conbi ned thi ckness of
preferably fromabout 5.0 to 10.0 wm and nore preferably fromabout 5.0 to
6.0 wn Fornation of Addit SOMMARY AT TEHRINVENTIEIN. 33 As shown in Fig.
3, an additional netal |ayer 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 pbutene. (BCB) |ayer. 14 tq a thickness of preferahly from
about 0.5 to 1.0 um&f 3$ ﬁr%f@?a ]?ifP%ﬁhﬁdﬂﬁﬁﬂﬁ.g“?BﬁQPOKMﬁ¥OWﬁ€

addi ti ona IS . ormed by sputtering. Additional

et al Iaylenrlgl%%%%ié%%gﬁ%gsg{%r%mg%%?‘i{rgbgddx St (A) or A'Si and is nore
preferably alum num (Al) as will be used for illush~ative purposes
hereafter. Additional netal layer 16 is preferably conprised of the sane
netal as is the neua&mb@Bﬁc@amﬂk%me@quﬂ&ﬁﬁﬁﬁfuna of Additional Al Layer 16
- Fig. 44 As shown in Fig. 4, thé additional Al |ayer 16 is patterned to
forma patterned additional Al layer/A cap layer 16' that at |east covers
the Al bond pad 12 and the side walls 11 of polyimde/ benzocycl obut ene
(BCB) | ayer 14. Dodblf@smﬁ‘eé)@ermrdiﬂo@e@ﬁsﬂmttﬁv eve sadfetber pbjeatscdf the

El ectrol ess Nickel 18/ 1 mersion Gold 20 Layers Over Al Cap Layer 16' -
Fi g-55 AsPEREHnIVSIEPY. M8y henaccamplished 4 e o HOW@%WFeﬁp%%é%ﬁé{oébl e

zincation_prqcess_to form doubl e inca@i n activated .surface 19 on Al

cap T ayer shectie haythe € pial PR R PN BerdVes 15 RESWBEt & prAeaetlon

activat ed Surflace i%gfo?:geé\%&?ﬂh!e ?,}&%'&BJ[]:Q.' 1169 g%ttE KKOGRS lgfrerpﬁl‘éflﬂ‘ % from
n y about 5.

about 4.8 to 5.2 wma nmore prefera wm and an i mmersion gol d
(Au) | ayepp@igs éx?@sﬁ'geﬁt i8R SoMiifek elethlayeid Ad TR phir&kegs@vef layer
preferably fromabout "0.09 to 0.11 wm and noré preferably about 0.10

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.



wm Formati on of Rounded Sol der Bunp 22 - Fig. 66 As showmn in Fig. 6, a

sol der bunp is fornmed over the imersion gold layer 20 and is then
subjected to a refl ow process to formrounded sol der bunp 22. Rounded

sol der bunmp 22 is preferably conprised of a tin lead alloy (SnPb), a tin
silver copper alloy (SnAgCu), a tin silver alloy (SnAg) or a tin copper
(SnCu) and is nore preferably a tin silver copper alloy (SnAgCu). 7 It is
noted that due to the formation of the Al cap |ayer 16" which is subjected
to doubl e zincation activated process to form a double zincation active Al
surface 19; an electroless nickel |ayer 18, and an i nrersion gold |ayer 20;
there is no el ectrol esBRIEFUSESCRYETIOR/OFTHE DIAWINGSayer 20 - pol yi mi de
interface so that the Al bond pad 12 is not subject to corrosion. Further,
good adhesi on between the Al bond pad/ Al cap | ayer 16' and the polyimde is
achi eved, leading t roved reliabilit t he package. The unded

sol der bunp 22 wi | P s %F‘é}é’i‘mﬁﬁ% géreym;ﬁsa%t F&S?@POMW e JRPRE at

h d f d f th h
;dSaﬁtggegloéyone Oﬁg%ggggggﬁoglﬁé gFéFV Q%? eﬁ? %%ﬁ%%&%ﬁpf% Fiviey

I ncreased,ddy %_fra&h@mﬂ wih ‘ﬁ'fHeCbe&%%Q Ig}rgg snabs'fi 1 OUS
pitting durln oubl e ncat1 on process; |ncre stando
(overal | slehiats, Raibnd ubp bfﬁUr@\éhﬂgnﬁﬂlubﬁbl lity performance

Wi | e partlcular eé%odlnents of the present i nvention have been illustrated

and described, it is not intended to limt the invention, except as defined

by the follo~-n~Wg clains. 8 CLAIMS W claim
Figs. 1 to 6 schematically illustrate a preferred embodiment of the

present invention.



1. A nethod of formng a solder bunp, conprising the steps of: providing a
structure; formng a netal bond pad on the structure; formng 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; formng a netal cap |ayer over at |east the
exposed portion of the netal bond pad and the patterned cover |ayer side
wal I's; and form ng a solder bunp over the netal cap |ayer. 2. The nethod of
claim1l, wherein the structure is a sem conductor wafer. 3. The nethod of
claim1l1, wherein the structure is conprised of silicon or germanium 4. The
met hod of cl ai BETAIMEPDrBESCRABETHeNaOFIdAE PREFERR EID M BEOIMMENAISUm num or
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

al umhlumor Al Si; and the solder bunp is conprised of a tin |ead alloy
(SnPb), a tin silver copper alloy (SnAgCu), a tin silver alloy (SnAg) or a

i . 7 . Th h f clai . wher.ei h
et al bond pad 1+ cNPIERR o U driinnt NREoR o rE R e G5hoR "
conpri SEdlagrtT;r gf RREM Ve %@ﬁ@%ﬁ%@{dﬁ%&r& g{ﬁrpe%}egpgxgﬂsﬁ?e OBiR| cotBPsid@% s S

conpri sed um num and the s conprised of a tin silver

- copper  al hothelaAWEERR] layrer of ReetaRioRes @f tHe @vet didewhdlsei n the netal bond pad
and the netal cap |ayer are each conprised of the same nmetal. 7. The net hod
of claim1, wherein the netal bond pad has a thickness of fromabout 0.5 to
1.5 8m the patterned cover |ayer has a thickness of fromabout 5.0 to 10.0
wm  and t hdtiakftaictargy Figykr has a thickness of fromabout 0.5 to 1.0 wm 8.
The met hod of claim1, wherein the netal bond pad has a thickness of from
about 1.01.5 Vim the patterned cover |ayer has a thickness of from
about>.0 Lo 6.0 wmpan trend bl iff AR dY £ her a8 816 RLHER S el Hohg P!

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 um thick and is
more preferably from about 1.0 to 1.5 um 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 Laver 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



9. The nethod of claim1, wherein the patterned cover |ayer opening has a
wi dth of fromabout 30 to 90 wn 10. The method of claim1, wherein the
patterned cover |ayer opening has a width of fromabout 30 to 60 wn 11.
The nethod of claim1, ~~herein the nmetal cap layer is formed by
sputtering. 12. The nethod of claim1, including the step of: subjecting
the metal cap |ayer to a double zincation process. 10 CS 02 - 073 13. The
met hod of claim 1, including the step of subjecting the netal cap |ayer to
a doubl e zincation process to form a double zincation activated surface on
the netal cap layer; an electroless nickel |ayer on the double zincation
act i vat edpsdil 2. aCeverdageralt isrprefesalin agpdlgtithiaied bemrpdyhlebeteret (BaBe stackiaskel

| ayer. 14. The method of claim 1, including the step of subjecting the
met al capwilhhersedhereaiserbios prirpesss pbHlystedess to form a doubl e zincation
activated surface on the netal cap layer; an el ectroless nickel |ayer on
the doubl e zincation activated surface; the electroless nickel |ayer having

a thickness of fro bout 8 to 5. n,inmersi on _go l.ayer.on the
el ectrol ess ni ckel E@Wde? R@%Oﬁﬂéf’é‘il%yﬁ]e 93?§B?a§/aé’rerh§)\}?feﬂlé‘l£ i%l CknesE of
from abou : 5 : i i [ step
of subj epﬁy%& i?hsté&eng‘{%% ig;]p;ﬂ\]e aB%l}ﬂﬁlodEZ%gg%%C&ébﬂlﬁécﬁ @&B)Bfra zglggzgq?a 1(‘% 8 rm a
doubl e zi gh&&hk@No FBEM AL et 85 By Ofbri BanipRE 3ph8RtHo2YAhy 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 pm.

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

L.

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 um and more preferably from about 0.8 to 1.0 pum. 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.



an el ectrol ess nickel layer on the double zincation activated surface; the
el ectrol ess nickel layer having a thickness of about 5.0 wn and an

i mrersion gold |ayer on the el ectrol ess nickel |ayer; the i mersion gold

| ayer having a thickness of about 0.10 wn 16. The nethod of claim1,
including the step of reflow ng the solder bunp to forma rounded sol der
bunmp. 11 CS 02 - 073 17. A method of form ng a sol der 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 including an opening exposing a portion of the
met al bonBatpading pditioanh&tl awarde -IFy.er openi ng i ncl udi ng side walls;
forming a netal cap |ayer over at |east the exposed portion of the met al
bond pad and the patterned cover |ayer side walls; subjecting the netal cap

| ayer to a double zjncation process 10 f rnin a sol der bu over the
metal cap |ayer. 1838 Wﬁ: %Pga%ﬁomlﬂaﬂ i ]tst’f@t'éeﬂ'?ﬁfgf‘?r]?‘%?n?é a
' duct fer,.. t.h d he t
compr | sedPHFIBH ﬁsmoawlﬁéﬁ%%?é#n%aa ﬁ%‘%ﬁsaﬂa el AT bORERHS  he
tal b d I
ot al| bonss RS SiROTRI 36 BE Bk MM 05 i hend (R sk BTgEd. cover | ayer

conprised of alum numor Al Si; and the solder bunp is conprised of a tin
|l ead alloy (SnPb), a tin si | ver copper alloy (SnAgCu), a tin silver alloy
(SnAg) orDaublen Ziwppesn ( Fbidss 2ctivhhel nBulfade ofi9 claaidn ERctrohss eiNickdle
nmetal bond pad is conprlsed of alunlnun1 t he patterned cover layer is
conpri sedl®flmang i AY20E ) v Jo B ]

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 fo 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 um and more preferably about 0.10

pm.

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).



12 metal cap layer is conprised of alum 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 nmetal cap |ayer are each conprised
of the same netal. 23. The nethod of claim 17, wherein the netal bond pad
has a thickness of fromabout 0.5 to 1.5 Vim the patterned cover |ayer has
a thickness of fromabout 5.0 to 10.0 um and the netal cap |layer has a

t hi ckness of fromabout 0.5 to 1.0 um 24. The nmethod of claim 17, wherein
the metal bond pad has a thickness of fromabout 1.0 1.5 Vim the patterned
cover |ayer has a thickness of fromabout5.0 to 6.0 Vim and the netal cap
| ayer has a thickness of fromabout 0.8 to 1.0 wn 25. The nethod of claim

17, wherein the patterned cover |ayer opening has a width of from about 30
to 90 Vim 26. The lkist netgdghatfiue i Hre foymaticionot e phearefayen 16owbich) igyer

openi ng hag. a w dt f from.,about 30.to 60 27. The met hod of .clgi,m 17,
wherei n {HPISHRCHO @0&%1? AFERUTR AT YA PERFSHI BRY goUble ZRFREORACHSR bt
claim17, ereipn the subject] of .t.he [ . [
21 noati o brSedacer SpeEoRL Hi e et S Bh Mo B b B B o e
cap | ayerg LEQ! I Gk Blerdigy §h1PRAYENSY d ngzlix%ic?é REHdRRoARA tHat ed
surface; %ﬁ%ﬂ%ggﬁﬁgﬁgﬁﬁﬁgﬁg(on Sgﬁd %ayeryon th | ectrol ess n?ckel | ayer
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 fead 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
illustrated and described, it is not intended to limit the invention, except as defined

by the following claims.



29. The nethod of claim 17, wherein the subjection of the netal cap |ayer
to a double zincation process fornms: a double zincation activated surface
on the nmetal cap layer; an electrol ess nickel layer on the double zincation
activated surface; the electroless nickel |ayer having a thickness of from
about 4.8 to 5.2 wn and an imersion gold | ayer on the el ectrol ess nickel

| ayer; the inmmersion gold | ayer having a thickness of fromabout 0.09 to
0.11 wn 30. The nethod 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 electroless nickel |ayer on the double
zincation activated surface; the electrol ess nickel |ayer having a

t hi ckness of about 5.0 wm and an i mersion gold | ayer on the el ectrol ess
ni ckel layer; the imersion gold | ayekABdS ng a thickness of about 0.10 wm
31. The nethod of claim 17, including the step of reflow ng the sol der bunp
to form aesi#BEd sol der bunp. 32. A method of forming a sol der bunp,
conprising the steps of: providing a structure; formng a netal bond pad on
the struchwe; 14 formng a patterned cover |ayer over the structure; the

patterned,c 1 pcl.ugdi | a portion of the
net al bon%}géﬁﬁhéﬁéF%g?Fgg%ggﬂ%g%gﬁﬂ%gggﬁkgggﬁgﬁgﬁﬁﬁgﬁhding side walls;

formng a nEtaﬁnﬁ@ﬂnh%%QﬁKﬁﬁ%f at | east the exposed portion of the neta
bond

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 over the metal cap 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

germanium.

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 (SnAgCu), a tin silver
alloy (SnAg) or a tin copper (SnCu).



pad and the patterned cover |ayer side walls; subjecting the netal cap

| ayer to a double zincation process to form 10 a double zincation
activated surface on the netal cap |layer; an el ectroless nickel |ayer on

t he doubl e zincation activated surface; and an innmersion gold |ayer on the
el ectrol ess nickel layer; and 15 form ng a sol der bunp over the i mrersion
gold layer. 33. 'The nethod of claim32, wherein the structure is a

semi conducb8?-Waf er. 34. The nethod of claim 32, wherein the structure is
conprised of silicon or germanium 35. The nethod of claim 32, wherein the
metal bond pad is conprised of alum numor Al Si; the patterned cover |ayer
i s conpri Sethofmethqabb claimd/ bérzaaytb @h@thbb@dspad Ks comerised af ahapinhayer s
conprised of alum numor Al Si; and the sol der is conprised of atin

| ead al | othe(jSriRyned govdrdayéd 1e@onm;spémfalpfdylm©ﬁggmocyd wensistagkr thel | oy
(SnAg) or a tin copper (SnCu). 36. The nethod of claim 32, wherein the

met al bonEefEapdaynip Fpgww@fl of jadwnatAy b theasaldenigmpde spmpaised of 8
conpri sed_ .of a_p i m cl obut ene stack; the 15 netal cap |ayer
is conprlgﬂéﬂg? Péﬁfﬁﬂ Egﬂﬂgﬁﬁe sol der burmp is conprised of a tin silver
copper alloy (SnAgCu). 37. The method of claim 32, wherein the netal bond
pad and the netal cap | ayer are each conprised of the sanme netal. 38. The

met hod of Chid MeBdod WNERRK T, WHRraBIAL nRARACLRROpARSNE thB '11%?9@@21? Ea?erf 5Qm

about 0.5 to 1.5 wm the pafterned cover |ayer has a thick from

about 5. Oeddh dbbnjkidddraf thesarhbendtsl al cap | ayer has a thickness of from
about 0.5 to 1.0 Vim 39. The nethod of claim 32, wherein the netal bond
pad has a thickness of fromabout 1.0 1.5 wn the patterned cover |ayer has

a thickness of fromabout5.0 to 6.0
The method of claim 1, 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 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 pm; 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 pm.

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



Vim and the netal cap |layer has a thickness of fromabout 0.8 to 1.0 wm
40. The nethod of claim 32, wherein the patterned cover |ayer opening has a
wi dth of fromabout 30 to 90 wn 41. The met hod of claim 32, wherein the
patterned cover |ayer opening has a wdth of fromabout 30 to 60 wn 42.
The nethod of claim 32, wherein the nmetal cap layer is formed by
sputtering. 43. The nethod of claim32, including the step of reflow ng the
sol der bup02e0%or m a rounded sol der bunp. 44. The nethod of claim 32,
wherein: 16 the el ectroless nickel layer has a thickness of from about
4.8 to 5.2 um and the imrersion gold |ayer having a thickness of from
about 0.09 to 0.11 wn 45. The nmethod of claim 32, wherein: the electrol ess
ni ckel | ayer has a thickness of about 5.0 um and the inmersion gold |ayer
havi ng a thilHermsthoof ofadlaint 10ingiding tsstep of shibjerting e sketalchplaer to a
conprising: a structure; a netal bond pad on the structure; a patterned
cover |lay pullg @inqafen Preeass e form:he patterned cover |ayer 5 including an

ni ng exposin ortion of .the netal bond pad; th atterned cover | ayer
openi ng i nol ud? ARG RN REPP ALY P AEe 0n i BEG 6&F 13Tt east ¢ he exposed
portion of the, M3l RONGRAT AL B8 RAULIELRERi GOV at W e b dg vl | s; 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 pm.

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 pm; 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.
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a sol der bunmp over the netal cap layer to formthe sol der bunp structure.
47. The structure of claim46, wherein the structure is a sem conductor

waf er. 48. The structure of claim46, wherein the structure is conprised of
silicon or germanium 49. The structure of claim46, wherein the netal bond
pad is conprised of alum numor Al Si; the patterned cover |ayer is
conprised of a polyimde/benzocycl obutene stack; the netal cap |layer is
conpri sed®d2-dl78m num 17 or 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). 50. The structure of claim46, wherein
the nmetal bond pad is conprised of alum num the patterned cover |ayer is
conprised of a polyimde/ benzocycl obutene stack; the nmetal cap |ayer is
conpri sedlf methudnffpraimyg 4 frddesobadop, temprisingdbeptepsetl of a tin silver
copper alloy (SnAgCu). 51. The structure of claim46, wherein the netal
bond pad and tHevViHERGR sEdEtUrEyer are each conprised of the sane netal. 52.

The structure of claim 48§, erein the nmetal bond pad has a thickness of
from about O.BFOFBEﬂ%HWFﬁbP\ﬁg ?Ibﬁ}?esﬁnif%k’f& | ayer has a thickness of from
about 5.0 to 0. t he | about
0.5 10 1,0 mOE3rErhp AT TSP Byl Pl AR A B o e LR o
has a4 hi ﬁ%ﬁﬁﬁﬁ%%ix &%&H}@togl?gs%gga ortidloftfhe Batal EHdi'l@dpiE&,Vﬁ{e Af&hedas a

t hi ckness of ftrom about 5’ and the netal cap | ayer has a

t hi cknesscaifer fdy@ropboint iRcl8ding sid@®wafls; 54. The structure of claim 46,
wherein the patterned cover |ayer opening has a wwdth of fromabout 30 to

90 wn 55. Thefosminga uretalahpdbawirmve at lehsirtbe experediirtion wé thaoetal bbager
openi ng has_a _
pad and the patterned cover layer side walls;
subjecting the metal cap layer to a double zincation process; and

10 forming a solder bump over the metal cap 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 (SnCuy).

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



wi dth of fromabout 30 to 60 wn 56. The structure of claim46, whereWthe
nmetal cap layer is fornmed by sputtering. 18 57. The structure of claim
46, wherein the nmetal cap layer is subjected to a double zincation process.
58. The structure of claim46, including: a double zincation activated
surface on the netal cap layer; a electroless nickel |ayer on the double
zincation activated surface; and an i nmmersion gold |l ayer on the el ectrol ess
ni ckel layer. 59. The structure of claim46, including: a double zincation
activated surface on the netal cap |layer; a electroless nickel |ayer on the
doubl e zincation activated surface; the electrol ess nickel |layer having a

t hi cknessnatalfaapringdroltcotBised df aluminuranghdithd soléesbanpdelcdmipaised ofa t he

el ectrol ess nickel layer; the imersion gold | ayer having a thickness of

f r om aboutinGiloer ecapper aliowthn g u)The structure of claim46, including: a
doubl e zincation activated surface on the nmetal cap |layer; a electroless

ni ckel Iayer on the double zincation activated surface' the el ectrol ess

Maver on mfﬁeﬁé%&%gﬁoéic 1y P aiereipahe Hord Hemiiad it 85 hEREG BRadfig a
t hi ckness ég é% %fﬁthghn§£gogl'e structure of claim 46, mhereln t he

sol der bunp I'S der bunp structure, conprising: 19

23. The method of claim 17, 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.

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 pm.

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 structure; a netal bond pad on the structure; a patterned cover |ayer
over the structure; the patterned cover layer 5 including an opening
exposing a portion of the nmetal bond pad; the patterned cover |ayer opening
including side walls; a nmetal cap |layer over at |east the exposed portion
of the metal bond pad and the patterned cover |layer side walls; the netal
cap layer including a double zincation activated upper surface; 10 a
el ectrol ess nickel |ayer over the double zincation activated upper surface
of the metal cap layer; an imrersion gold |ayer over the el ectrol ess nickel
| ayer; and a sol der bunp over the inmersion gold layer to formthe sol der
bunp si r uct ur exn iBEmerkivn géldusyation ok efdcaiobess Ajckehkyei.n the sttucture is a
sem conductor wafer. 64. The structure of claim62, ~~herein the structure
is conprised of silicon or germanium '65. The structure of claim 62,
wherein the nmetal bond pad is_conprised of _al um num or Aggi; t.he patterned
cover | ayd The mesnd séclam 47 puhgrain dBr SERESEYR 1V HHE dnetad CaRKaY§ThE fet al
cap | ayer iﬂ)co ri.sed of alum numor Al Si; and the solder bunp is
conpri sedi¥fble ZIMCAUPR RIOEFT Y ™ESnPb) , a tin sffver copper alloy (SnAgCu), a
tin silver allp nA | . The structure of

a éf%&lg%ﬁ zg'}caﬁém %B%{rr]s{(}e% ggﬂlg e ér?&%eta? 9%1% Iagfgr, .

claim 62, wherei e e S conpri sed ['um num the

patterned coveyr, L.ayehidss HAMLP&doATHE POIDIE Mide/RanZamMePRYIRAE Back;
the netal cap layer is conprised of alum num and the solder bunp is

conpr i sedeleétrdledd Mickdl ¥ Haeo thadligs 65AAgGIHout@ B toBepst; endt ure of claim
62, wherein the netal bond pad and the netal cap | ayer
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.

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 pm.

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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are each conprised of the sane netal. 68. The structure of claim62,
wherein the netal bond pad has a thickness of fromabout 0.5 to 1.5 wn the
patterned cover |ayer has a thickness of fromabout 5.0 to 10.0 Vim and
the netal cap layer has a thickness of fromabout 0.5 to 1.0 wn 69. The
structure of claim62, wherein the netal bond pad has a thickness of from
about 1.0 1.5 wn the patterned cover |ayer has a thickness of from
about5.0 to 6.0 wnn and the netal cap |ayer has a thickness of from about
0.8 to 1.0 wm 70. The structure of claim62, wherein the patterned cover
| ayer opening has a wdth of fromabout 30 to 90 wn 71. The structure of
cl ai m 62, wherfeimirtghe ppatinedredechyer ovaythe sameniragthhgstarvdditdyepiayer om
about 30 to 60 wn 72. The structure of claim®62, wherein_ the netal cap

| ayer 5 s iholuding oy eperingrexpgsing3a prkos tof (ke upnetabbomdapidicthe pR&TaRd the
sol der bunmp is ronded. 21 74. The sﬁructure of claim62, wherein the

el ectrol e@eﬁi%@épp@wsﬁmﬂaé%%? s of fromabout 4.8 to 5.2 wn and

t he i nmrersion gold la%’x}ﬁt%hcgéllg avtg?l %ﬁ%&@?&f oarBBH ﬁieoﬁ%eia?bg 41 wm

75. The struct SS Nl c as a

t hi cknessggglﬁq%n%p%&equ%\@%%}%\@%ﬁgl on gol d I ayer having a thickness

of about
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 over the immersion gold 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 AISi; 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
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um; 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 um.

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

of from about 30 to 60 um.
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:

16



10908 ()- 10*r 10*r 10*r:10%r& ()- -/012dxnbC3!m 10%0& ()- 100 100

100 10908 () - PLO%O8 () - | Z10%0&' () -

MLO%OE () - d=XdEnbC3! mepl0%0& () - | SZ10%08 () - WLOY%O&' () -

10908 () - 6! 10908 () -

i v10%0& () - M VAENDC3! mr! 10908 () - (! 10%0& () - | & WLO%& () - #

10908 () -1 10%0& () - | wLO%O& () - V9; <=>dYNC3! m 100 100 100,

S10%08 ()-5! 10%08 () - | 3wL0%0&' () - CO10%0& () -, } 10%08' () - >8h} A<YNC3! ! Y94 10%$|
$1 & ()-SI =101 & ()- 109! & ()-1] S 1098! $1 & ()-!mi ! 109! $1 & () -p

1 10981 & ()-hnpgrs<~_@!!i!109%l & ()- C v10%l & ()- 109l & ()- 10$l 10$l
10$! 0: s1098| & thi-eldcGolekd Whlke] 1Ryé) hats tHickn@s bABEMR ot 4€40 5.2 pm; and

10961 & () - pv109%l & ()- 109l & ()-! 1098l & () - SL0%I &'(b-> dE~ @!!1) 109! & (
)- & 11098l & ()thedemaegion gojd Hycodbrring)a thi & fgm about .09 to

* 1098 & ()-& xmbC3!! Cv109%l & ()- 1081 108l

10$! : 109884 - 21 10981 & () -| COZ10%8I & () - , 10%Bl & () -

<dErr/2C3! | YODL098! & () - p#v10%l & ()- 109l & ()- 1098l & ()- " SY1098l & () -

1 10981 & () -

) L e
S TR fane 1o 0o £ -Gt 0o

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

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

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

and the solder bump is comprised of a tin silver copper alloy (SnAgCu).

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 um; 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.

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

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

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

width of from about 30 to 90 um.

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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58. 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; and

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

62. A solder bump structure, comprising:
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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; 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 over the immersion gold 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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polyimide/benzocyclobutene stack; the metal cap layer is comprised of aluminum;

and the solder bump is comprised of a tin silver copper alloy (SnAgCu).

67. The structure of claim 62, wherein the 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 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.

69. The structure of claim 62, 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.

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

width of from about 30 to 90 um.

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

width of from about 30 to 60 um.
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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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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