PASS| VATI ON LAYER FOR SEM CONDUCTOR DEVI CE PACKAG NG FI ELD OF THE | NVENTI ON
[0001] The present invention relates generally to the fabr

seni conduct or devices and, in particular, to nethods of r m“m\“m\mt' on
from 5surfaces on seni conduct or chi ps, package carriers, 029

bunps. BACKGROUND OF THE | NVENTI ON [ 0002] I nt egr at ed m—rcmts# 'S0 Known as
"} Cs" or mcrochips, are mniaturized electronic circuits that are used in

ayer i ng’ vaPRSSEv ATiDN Bt HelE sERRC ORI TDRE B g R AGRNG, = ™

deposition, and/or etching processes onto a wafer, typically constructed
fromsilicon. Devices of theFVELRQF W&W‘@Wﬂ%t end- of -1i ne processing
and back-end-ofline processing is used to forminterconnect |evels and
passi ve dgi0ées i n Theprentmimantion telitey gdreral [yQ6 @3] fBbecatioh of r om t he waf er
are commonly mounted on a package carrier 15 (such as a substrate, a

circuit beafidonductor deeide ardYR) pdrii@ilarPioomtttieds & refbling dxida@pm et ons from
the die to the exterior of the package carrier. In one such packagi ng

ar'r aNGETEQLARal bt iob i ERIrRNFRUNCLAR ookl Al %h%g@mn array of

el ectrically conductive contact known as 'bon t hat may
electrically connected b F}ﬁf’ correspondl ng array of
bond pads on a substrat e%%%ﬁggegﬁpéﬂgg% ar *@!6 Typically, 20 the
sol der w)s are regrl istered with the bond pads on the di e and/ or substrate
and ref | olf/99Pbcesselntegrated spruitealse kepwn e Kise ot MicashipoArtaRIN®WZ9dn t he
formof solder joints between the die and the substrate. The process of
fl1ip chi pelepeni¢ pgeuitsdhdttage wsgdan vislieBy overyalectienindevice rnstiheteditnday he
substrate. 1

ICs are constructed by layering various materials (conductors and insulators) by

10  imaging, deposition, and/or etching processes onto a wafer, typically constructed from
silicon. Devices of the IC are formed by front-end-of-line processing and back-end-of-
line processing is used to form interconnect levels and passive devices in the
interconnect levels.

[0003] Die cut from the wafer are commonly mounted on a package carrier

15  (such as a substrate, a circuit board, or a leadframe) that provides electrical connections
from the die to the exterior of the package carrier. In one such packaging arrangement
called flip chip mounting, the die includes an array of electrically conductive contacts,
known as bonding pads, that may electrically connected by solder balls or bumps to a
corresponding array of bond pads on a substrate, such as a package carrier. Typically,

._ 20  the solder bumpe are registered with the bond pads on the die and/or substrate and
reflow processes are applied to create electrical connections in the form of solder joints
between the die and the substrate. The process of flip chip mounting results in a space

or gap between the die and the substrate.
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[0004] I n many of these conventional processes, alum numor gold has been
used,for formng the bond pads. However, copper is currently nore preval ent
because of the costs associated with gold and because copper is a better
conductor than alum num Still, the use of copper has not been wi thout
difficulty because copper 5readi|y oxi di zes at standard tenperature and
pr.essures. Areas of oxidized copper greatly reduce the reliability of the

el ectrical nection b upting curyrent ro 0005 here remains
a need fon[oqoé@rl cat ?‘bﬂ‘%ié?h%% TP nt?(ﬂ‘ﬁ{ 8“??% T“:‘;{Bl gwi’ﬁf E"éffnectri cal
connections nmade with copper surfaces in sem conductor devices. 10SUMVARY
OF THE | NvEsdTioORrramé band padsp HosesYernICPRRET shBtinHE more prevhlent bagarei on, a
met hod is provided for protecting a copper |ayer of a sem conductor devi ce.

A sur f ace obthetdosts lassperatddswich galdadd bycausnappagis arbetxi abatiuaor thayer with a
pl asma. A polyner |ayer is formed on the cleaned surface of the |ayer using

a pl asme- graneRd SHEPSSuké BNcdPperRs ot PedA iRt dﬁﬁ&th? Kdcaneed ﬁéﬂr face of
the layer against exposure to an oxidizing gas. [0007]In anot

represgnt %afdﬁ? oﬁ{m&g 'amgﬁda?é tetnﬁb%rz{t&\é%ﬂ& b%sur@s. r@xtelaggf dxidized copper

greatly reduce the reliability of the electrical connection by disrupting current flow.
[0005] Thus, there remains a need for fabrication methods that improve the
reliability of electrical connections made with copper surfaces in semiconductor
devices.
10 SUMMARY OF THE INVENTION
[0006] In a representative embodiment of the invention, a method is provided
for protecting a copper layer of a semiconductor device. A surface of the layer is
cleaned by removing an oxidation layer with a plasma. A polymer layer is formed on
the cleaned surface of the layer using a plasma-enhanced deposition process to protect
15  the cleaned surface of the layer against exposure to aﬁ oxidizing gas.
[0007] In another representative embodiment of the invention, a method is
provided for processing a semiconductor device having a bonding pad, the bonding pad
having a surface comprised of copper. A surface of the bonding pad is cleaned by
removing an oxidation layer with a plasma. A polymer layer is formed on the cleaned
20  surface of the bonding pad using a plasma-enhanced deposition process to protect the
cleaned surface of the bonding pad against exposure to an oxidizing gas. An electrical

connection is formed with the cleaned surface of the bonding pad.



provi ded for processing a senm conductor device having a bonding pad, the
bondi ng pad having a surface conprised of copper. A surface of the bonding
pad is cleaned by renoving an oxidation |ayer with a plasma. A pol yner

| ayer is forned on the cleaned 20 surface of the bonding pad using a

pl asma- enhanced deposition process to protect the cl eaned surface of the
bondi ng pad agai nst exposure to an oxidizing gas. An electrical connection

is formed with the cle ' BRI EF DESCRI PTI ON
OF THE FI GURES [ 0008] Tﬂﬁﬂgém%ﬁmw E&ﬁﬁgﬁi%re i ncorporated in
and constitute a art of this specification, illustrate various

enmbodi ment®081 t he Theeerompanging dravgaes, Marchre oarppssted Hi andesopptithtciion of
the invention given above and the detail ed description of 5the enbodi nents
gi ven bel pavt ofthisvgpetificetipl, dlustrates agoimoahvelihente bf tHeenventientindynogdtix®09] FI G
1 is a diagranmatic view of a plasnma treatnent system for plasm processing

a semn condlikt2dendY H&sripiiorP6CaE daBa o il En it eRhll it @tARdAesdriddiohByent i on.
[0010] FIGS. 2A, 2B and 2C are diagrammatic views illustrating a procedure

process | LI AF IR RE SRS S0t R RAEY 60 Apageor dance
an embodi FEREYof - RERPn B GBS I tbr At Eramert Saiem BRREEPEone w th
the plasma-treated sem conductor device. [0012]FIG 4 is a diagrammtic
vi ew of t REOCHISHERseHHeRIisor dewns Basardaese vithibgipsiaciplesprf the inreion; ng a
wetting agent | ayer deposited thereon. [0013]FIGS. 5A and 5B are
di agr ammal@@OVi ews &GS A 2dhaslold exstdiagratemiatie views illustrating a procedure
process flow for plasma processing a semicondugtor device in accordance with an
10  embodiment of the invention.
[0011] FIG. 3A is a flowchart illustrating plasma processing of a semiconductor
device in accordance with an embodiment of the invention and establishing electrical
connections with the plasma-treated semiconductor device.
[0012] FIG. 4 is a diagrammatic view of the plasma processed semiconductor
15  device of FIG. 2C having a wetting agent layer deposited thereon.
[0013] FIGS. 5A and 5B are diagrammatic views of the semiconductor device
undergoing a reflow process.
[0014] FIG. 5C is a diagrammatic view of the semiconductor device after the
reflow process of FIG. 5B with the copper-based solder bump passivated in accordance
20  with an embodiment of the invention.
[0015] FIGS. 6A-C are diagrammatic views similar to FIGS. 2A-C illustrating a

semiconductor device with a different type of copper layer cleaned and passivated in

accordance with an embodiment of the invention.



undergoing a reflow process. [0014]FIG 5C is a diagrammtic view of the
sem conduct or device after the reflom/process of FIG 5B with the
copper - based sol der bunp passivated in accordance 20 with an enbodi ment of
the invention. [0015]FIGS. 6A-C are diagramuatic views simlar to FlIGS.

2A-Cillustrating a sem conductor device with a different type of copper

| ayer cl eaned and passivated in accordance with an enbodi nent of the

i nvention. DETAILED DESCRI P '0, ' 'ence to the figures, and
particularly to FIG 1, a pl .k*aﬁiéﬁﬁﬁgéii #110 I s shown and i ncl udes

a treatnment chanber 12 canstituted by walls that enclose a processing space
14. Dburinf%40pI as m%Fw&gncettﬂ@qﬁ@a%ém patigHady toblG;15 a plasmag

fluid-tight fromthe surroundi ng anbi ent environnent, evacuated to a
suitabl e pamnkaﬂgm&nuﬂhﬁshadnau@hkh&ﬁswh@ﬂn&mtUﬁm@mrdaeomaneébygaﬁsthat is
appropriate for the intended plasma treatnment. A vacuum punp 16 is used to

evacuat e tHeeplrasibagsipssel4. Wuringe pliswal procdss,aharbamedlcanbetigh a
val ved vacuum port 18. The vacuum punp 16 rmay conpri se one or nore vacuum

punpi ng devdeeiRg M d-Helft Tt fle' sARbEndiRy BUBRLDEh GRS, @@@%@%\h 3gicholy
persons of ordinary Skill 1n the art of vacuum technol ogy.

partial vacuum, and supplied with at least one process gas that is appropriate for the
intended plasma treatment. A vacuum pump 16 is used to evacuate the processing
space 14 of the treatment chamber 12 through a valved vacuum port 18. The vacuum
pump 16 may comprise one or more vacuum pumping devices with controllable

10 | pumping speeds as recognized by persons of ordinary skill in the art of vacuum
technology.
[0017] One or more process gases are admitted at a regulated flow rate to the
processing space 14 from a process gas source 20 through an inlet gas port 22. The
flow of process gas from the process gas source 20 to the processing space 14 is

15  typically metered by a mass flow controller (not shown). The gas flow rate from the
process gas source 20 and the pumping rate of vacuum pump 16 are adjusted, as needed,
to create a plasma-processing pressure that is suitable for plasma generation and the
intended treatment process. In this way, fresh process gases are continuously supplied
to the processing space 14 when a plasma is present and any spent process gas and/or

20  volatile species removed from a substrate 24 on a substrate support 26 are eliminated.
[0018] A power supply 28 is electrically coupled with, and transfers electrical
power to, an electrode (referred to herein as an “antenna” 30) that is inside of the
chamber 12. Power transferred from the power supply 28 to the antenna 30 is effective

for forming a plasma 32 from the process gas confined within the processing space 14. |

4



[ 0017] One or nore process gases are admtted at a regulated flowrate to
the processing space 14 froma process gas source 20 through an inlet gas
port 22. The flow of process gas fromthe process gas source 20 to the
processing space 14 is 15typically netered by a mass fl ow controller (not
shown). The gas flow rate fromthe process gas source 20 and the punping
rate of vacuum punp 16 are adjusted, as needed, to create a

pl asma- processi ng pressure that is suitable for. plas eneration and the
"nt ended { RERYHEREPBYGRAReY alpyendipiae dlgecrodssfetpred bordides s
continuously supplied to the processing space 14 when a plasma is present
and any segleetrodsr ddbasogjated andy the sutpirateatppast 26 cRower trangisred fiopoiea
substrate 24 on a substrate support 26 are elimnated. [0018] A power supply

28 i s el eppwercapply 28au phectsiaseledtrodersd it efasiverfer @bartaliydadsingtive suthstratean
el ectrode (referred to herein as an "antenna" 30) that is inside of the

chanber 124 rdfaWRIto KR8 32 8hd profoting tRONEImEpRREXInED fitke dubstraBbenna 30 is
effective for formng a plasma 32 fromthe process gas confined within the

processi ngys Bﬁ\g?resﬂlﬁplgsiggﬁmggg\@ﬁe ?rqﬁ&leﬁ)ge" r g%f)li@é #3t g&ﬁrogid%lfreﬂr&tuﬁ'leﬁa rode

(referred to ras electr assoclated wt e substrate
support 2 wer transferred from ower_syppl 8 to the Dbias

ol bbtr ode(a) ESae phdPT s B GreaiBgy RN ipSP R fds diTefe™S
relative to the plasnma_ 32 and pronpting the plasma-processing of the

subst r at ebgtweemabys 40 kijerand apputyl 359 3B agloavepfevRbrapging Rerv s gprites t hat
control a direct current (DC) biasing and/or a radio-frequency (RF) power
suppl y opé0Gtt watts atd avofit Plenats db 40 Whlzrwr 300 wattd @ k30 watth aabd0d MBz56 MHz
and a power | evel rangi ng between about 4000 watts and about 8000 watts at

40 kHz or Q%K) aprobfiate FredbeHtidvaintl podier fadg&BmMialso 6k hsyd. appEOPf drdirary
frequenci es and power ranges nay al so be used. Those of ordinary 10skill in

the agh Wkil] iRBRY SCWAT SHprdddte Hat figTerdt: nlhBRLIBMmYEL abhgts ARShER% dray permit

or require different bias powers. A controller (not shown) ‘i's coupled to
the vari gfesqe.lﬁ'g eggr#g)slebsﬁ%)@éegsg ezg lcggt%letr r(r?oe%tsﬂgwnﬁ) 1%%31551% gbothé Qalfi(%%l litate

control
components of the plasma treatment system 10 to facilitate control of the plasma
processes.
[0019] The plasma treatment system 10 may assume different configurations
- 15 .understood by those of ordinary skill in the art and, therefore, is not limited to the
exemplary configuration described herein. For example, the plasma 32 may be
generated remote of the treatment chamber 12 and delivered to the processing space 14.
The plasma treatment system 10 is further understood to include components not shown
in FIG. 1 and which may be necessary for operation of the system 10, such as a gate
20  valve disposed between the processing space 14 and the vacuum pump 16.
[0020] FIG. 2A illustrates a semiconductor device 38 comprised of a substrate
40, such as a silicon die, having one or more bonding pads such as the representative

bonding pads 42a, 42b. The bonding pads 42a, 42 or an uppermost layer of the bonding

pads 42a, 42 are comprised of a layer of material, such as copper, that readily oxidizes

5



[ 0019] The pl asma treatnent system 10 may assune di fferent configurations
15under st ood by those of ordinary skill in the art and, therefore, is not
limited to the exenplary configuration described herein. For exanple, the
plasma 32 may be generated renote of the treatnent chanber 12 and delivered
to the processing space 14. The plasma treatnent system 10 is further
understood to include conponents not shown in FIG 1 and which may be

necessary for operation of {he system 10, su a e 20 val ve di sposed
bet ween t W&<h FoRsed fori Y8 RSP, C%w"%ee%?eu% %f}%bg ing PR Y1 B 2T9A
illustrates a sem conductor device 38 conprised of a substrate 40, such as
a si | i conexpased fraestablidhing dectried soprastipmgwpathe isigeratedcitchids prdwtbefent at i ve
bondi ng pads 42a, 42b. The bondi ng pads 42a, 42 or an uppernost |ayer of

t he bondi devipadd thPsemidéhdacter devipy 3& ethaodurfacksodBar 431 oftht Bondihg palscilaas
copper, that readily oxidizes when exposed to oxygen. Respective surfaces

43a, 43b app aQ beaiaNg cBRsed By @ passd 2808 1@&9@&%& PssRaticiPla&anday

el ectrical conhections'with the integrated circuits and other devices of

t he seén' ggggéﬁﬁgﬁdg’ﬁ\%%&cg@c&l %gﬁa%ﬂrsﬁ@ﬁ?%ﬁglﬁiﬁlﬂgb of the bondi ng pads 42a,

42b ma covere a passiva ayer 44. The passivation

| ayer 44 be conprised of an electyic | nsul at or ,.,su as pol yi m de.
[0021]Becﬁgég?the sEF4re §e Q%u% a04ﬁ1W@L%hﬂH#W%p%Eégaﬁggfmﬁkg"used f or
establishingbelectrical connections remain partially exposed after

passi vat i 6s{ablishing dleiriepd gprnsaenstremadararéalyappsed afighpassivatiggopsrethe

envi ronnent (not specifically shown, but nmay be simlar to the plasm

t r eat ment seysbedncld deficEB&is kmayse dronothe envirdranyent (nb4 spevifichlly shozsdut o

at nospheric conditions, the respective surfaces 43a, 43b of the bonding

pads 42a, nfkdtbersayilatte elicslagid gedtinent dysem 106 I OFtided to @tindlayérord 4@ f or ns
as a |layer on the bonding pads 42, 42b and, if not renoved, may interfere

with ypre e?%@{i ﬂgatﬁ{o_ls_ﬁ?écrﬂc%Wa@irﬁ_Qﬁ@ﬁl% ﬂa%%age g?gaégg 59 9ELEHE bz)pdigggmase

devi ce rel Ity. e oxidation 46 may in areas of oxidized copper

that, if Q%, 4’2%nrr?élyelgﬂde¥£)u4x(?dgt%g fom Eh%eexggslulrg bb;uldtaéfon 46 forms as a layer on

the bonding pads 42, 42b and, if not removed, may interfere with wire bonding or
reflow processing and may also operate to decrease device reliability. The oxidation 46
may include areas of oxidized copper that, if not removed, would reduce the reliability
15  of electrical connections with the bonding pads 42a, 42b by disrupting current flow.
[0022] With reference now to FIGS. 1 and 2A-2C and in accordance with an
embodiment of the invention, the semiconductor device 38 is processed to remove the
oxidation 46 from the bonding pads 42a, 42b and to prevent re-oxidation of the cleaned
surfaces 43a, 43b of the bonding pads 42a, 42b. The process may be used to clean and
20  protect other types of copper la&ers of the semiconductor device 38.
[0023] FIG. 3A is a flowchart 48 illustrating a process flow for plasma
processing the semiconductor device 38. The semiconductor device 38 is loaded into
the plasma treatment system 10 by placing the semiconductor device 38 onto the

substrate support 26 in the processing chamber 14 (block 50). The bonding pads 42a,
6



150f el ectrical connections with the bonding pads 42a, 42b by disrupting
current flow [0022]Wth reference nowto FIGS. 1 and 2A-2C and in
accordance with an enbodi ment of the invention, the seniconductor device 38
i$ processed to renove the oxidation 46 from the bondi ng pads 42a, 42b and
to prevent re-oxidation of the cleaned surfaces 43a, 43b of the bonding
pads 42a, 42b The process may be used to clean and 20pr ot ect other types
of copper ayFrs of . th conduct or , devi ce 38. 023]FIG.(§

f I owchar t 4480 thegemicap ‘FF@O ggemcsééscew}%ﬂﬁ, CPBPergfryg At e ERELT \jldil

sem conductor device 38. The sem conductor device 38 is |oaded into the

pl asma t r eatdaten 46 gsthominiio FbG. HhadVheg thheemicpidustod devies 38 isdpeded3deont o t he
substrate support 26 in the processing chanber 14 (block 50). The bondi ng
pads 42a, vaérin pimp he esanuee fdouthmbedE/amiea B cesoad istintt@lucepims theayer s t hat
are covered wth oxidation 46 as shown in FIG 2A. Wen the sem conduct or

devi ce 38 piceebfiSfce H‘?rofﬁ?tﬁb'k!fﬂc@w@%s %&@éf@@%ﬂ@%éé@%@ﬂ@f@aﬁfstskﬂeand a
process gas 1s introduced into the proce53|ng space 14 fromthe process gas

sources 20, | n&&%‘tﬁe%&%{)h&xﬁ@ é@%{l’ﬁ}e Hﬁo%ﬂ@t% 'o?&‘er3$ malfiaif AGsRPUP 16

and the ga oduction | alrn a e5|re processi ng
pressure. ower ran from abou 0-about onR is
Clppl | ed’ PREFATHEMSOER. ‘LR BRERG %&gﬁﬁﬁﬁg’“ SRR ORI EE ¢ he
process gas within the proceSS|n %ace 14 into the plasma 32. [0024] Wil e
t he pl asmaumsieddromgHictnowver sply s apisnie I vdioensigipasitbe POEesE@2pover to
the bias electrode 34 to bias one or nore species of ions fromthe plasna
32 and t owathin tHegromessiig spmed 14 entd doeplasma?2.devi ce 38. The plasma 32 cl eans
the surfaces 43a, 43b of the bonding pads 42a, 42b by renoving the
oxi dat i on[dG24]bl ock VBRile the PIRARA 32 is ignited, the power supply 28 also supplies DC
10  power to the bias electrode 34 to bias one or more species of ions from the plasma 32
and toward the now biased semiconductor device 38. The plasma 32 cleans the surfaces
43a, 43b of the bonding pads 42a, 42b by removing the oxidation 46 (block 58). In one
embodiment, the process gas may be a mixture of argon (Ar) and hydrogen (H>) in
which Ar physically etches the oxidation 46 on the surfaces 43a, 43b by sputtering and
15  Hchemically reduces the oxidation 46 on the surfaces 43a, 43b. The cleaned surfaces
43a, 43b of the bonding pads 42a, 42b and the absence of the oxidation layer 46 are
depicted in FIG. 2B.
[0025] The oxygen-depleted environment of the chamber 12 preserves the
cleaned surfaces 43a, 43b against reoxidation while the device 10 resides inside the
20  chamber 12. A polymer layer 61 (FIG. 4) is formed on the cleaned surfaces 43a, 43b of
the bonding pads 42a, 42b as protection against reoxidation when device 10 is removed

from the chamber 12 and exposed to the ambient atmospheric environment that contains

oxygen (block 62). The polymer layer 61 is also formed on the passivation layer-44.



enbodi nent, the process gas may be a m xture of argon (Ar) and hydrogen
(H2) /in mhlch Ar physically etches the oxidation 46 on the surfaces 43a,
43b by sputtering and 15H chemically reduces the oxidation 46 on the
surfaces 43a, 43b. The cl eaned surfaces 43a, 43b of the bondi ng pads 42a,
42b and the absence of the oxidation |layer 46 are depicted in FIG 2B.

[ 0025] The oxygen-depl eted environnent of the chanber 12 preserves t he

cl eaned surfaces 43 43b agai nst reoxi dat | mhlle th 10 resides
i nsi de t h&"E8] chambdr en& BBP%’E?S gog flaw fl@iakelﬂ gmagy a Jé‘“FéF 87 on the

cl eaned surfaces 43a, 43b of the bondi pads 42a, 42b as protection

agai nst r ehatiggdt Forexanwle, tha/ingedudgiopof Fgrgﬁs/e@ybﬁét@ppﬁbammefpssgzs and
exposed to the anbi ent atnospheric environment that contains oxygen (bl ock
62). The poitableto fbay e @wlymer laya® | fmdansdinandided. Tas procass g nhaytera 44.

[ 0026] To that end, the process gas flow for the plasma is adjusted and/or

changed. Eﬂfnoﬁféagm Sich b§l1dxahéQURmt drRRentModiiterf astraidth Pidisiibared and a
process gas suitable to formthe polymer |layer 61 may be introduced. The

processg ﬂﬂ@é di nment
tetraneth$$T|S|Cpgane g 5Bﬁﬂ%&ﬁﬁy&ﬂﬁ%%gg)%%§8Egnﬁﬁgﬁgg8§ggg E%%%Iylng
l'iquid TMDSO i or at.i.o eC|f ally, but
ol uded vty EeBRetod SRR SRR R P R R B REE e e
processi ng space 14. Because the vapor pressure of TMDSO is 112.5 mlorr at
20C, once thatsyilyidispldy poupdesste the prosersmgjspaceslda diacapredhe nanogpraspiapbr 12,
TMDSO wi | | readily evaporate and enter the processing space 14 at flow 10
rat es thatTMBAR@as fi t dhmakouat 20°€cometagsuitbfa proc@Spressora is kstaldished insideat i ve
enbodi ment, a carrier gas may be used for transporting the nononer vapor to

t he procesihmBerSRATROISO asll iréadit®lehaforeaand entblhlfhéﬁr(ﬁfes@ﬁgjip&aé ¥4 akfldw in the
art and woul d be considered to be consistent with the enbodi nents of the

i nventlbon-ratlbﬁlap{aﬁg@%m%e&spg&rd 425 a%'aamb sbdn RY aPSitdtERvel iR dlrAGRE from
about 20 mlorr to abou miorr as the TMDSO i s

carrier gas may be used for transporting the monomer vapor to the processing space 14
as is well known to those of ordinary skill in the art and would be considered to be
consistent with the embodiments of the invention. The process pressure in chamber 12
may be kept in a range from about 20 mTorr to about 200 mTorr as the TMDSO is

15  introduced.
[0027] The TMDSO in plasma 32 forms the polymer layer 61 on the surfaces
43a, 43b of the semiconductor device 38. With deposition of the polymer layer 61
complete (film thickness ranging from about 10 nm to about 500 nm), the introduction
of the process gas is stopped, the plasma processing ends, and the semiconductor device

20 38 isremoved from the plasma treatment system 10 (block 64). The thickness and/or
composition of the material comprising the polymer layer 61 are selected to reduce and,
preferably function as a barrier to prevent, the diffusion of an oxidizing gas, such as
oxygen from the ambient atmospheric environment, to the cleaned surfaces 43a, 43b.

With the respective exposed surfaces 43a, 43b of the bonding pads 42a, 42b now clean
8



15i ntroduced. [0027] The TMDSO i n plasma 32 forns the pol yner |ayer 61 on
t he surfaces 43a, 43b of the sem conductor device 38. Wth deposition of
the polyner layer 61 conplete (filmthickness ranging fromabout 10 nmto
about 500 nm, the introduction of the process gas is stopped, the plasna
processi ng ends, and the sem conductor device 20 38 is renoved fromthe
pl.asma treatnent system 10 (block 64). The thickness and/ or conposition of

the material .conprising.the polymer | ayer. 61 are select to reduce and,

pr ef er abl gwjf e PO B ?Yei'rastpasw%ﬁéw t,JﬁetPﬂ DL b BT ai 7! ng
gas, such as oxygen fromthe anbient atnospheric environment, to the

cl eaned sgqequa@@tgloutslaser&mﬂpe Pie to etidizedeqpper prowided e the deanpdswdacesa, 43b of
t he bondi ng pads 42a, 42b now clean and free of copper oxides as well as
passi vat ed3)y3b hee protegred aghiayteroxidatidno ritherpglynmeyr loee 61 covdringuthe tlearexdf er ence
due to oxidized copper provided that the cleaned surfaces 43a, 43b are

pr ot ect eds @@k s3a, u8P$F BRlboAding Pa&s 1, YPBIs dppXieht 8FIGOYEr i ng the cl eaned
surfaces 43a, 43b of the bonding pads 42a, b is apparent in FIG 2C

5[ 0028§ Tufdy now i g ¥ r.enc FLG 3A, a
mettin% agg%?970nayﬁggﬁ%%%%gr%g '5%%%@?ﬁgQ§h# agéég%ﬁfﬁg)%%'gﬁ%% | ayer 61
in preparatjon of ot her processi ste bl.ock 66). Ho er, the contact
anghe br PRETRAEFCIIRD HedBbBSED RaRE s P M PR eB R GE 0 'yi ol d
uni form deposition of a particular wetting agent |ayer onto the

seni conduBterraiey PERNOSEET PTORSFBnGHED (ti190ka6§et}%“ff‘g311@§‘g‘@ﬁf%°t aigeobder | ux, is
desired ("Yes" branch of block 66), then the surface of the polyner |ayer
61 may be surfatiefof ¢ nodyrderdayasd najebatontarge tayiglda ritorm depagiomdf mbout 80 to
about 90) and prepare the surface for the wetting agent 70. Wil e not

speci fi Caﬁhdﬁcﬁlﬁﬂ%ttingmgsmfl@dirf)hﬁ)&hi: SdinidByduRas deviby 38 Thasfore aNharting
process ere the surface of the polyner |ayer is oxidized. According to

one eppodi gt RENRK QS 8STred RSy &5k BYunch o BRIRKE), AnUAL 6HtREGFBle Changed.
SpecificalTy, the adjustnment or change in the process gas flow may include

halting the._ introd ion.,of T noner....and |ntr ci ng_oxygen ) for

the. pur podtBit SEREEL iR s m it A RS pe POflac BERTISH MRV ARIL 0T e

exposed surface of the polyper | ayer 61 and | owers the contact _angle
her b eV e

wi t hout r &n#RAUAE0DRB pEIPGIFERC PURAck Terithe weliiigsiesp) F Ralcwscifgdl!ly 43b to
be exposed. The wetting agent 20 70 nmay then be deposited onto the surface
of the pokhowst, thiayeadifcation mayloce®)by aplesme-cnhangedproness Phenathcsurfakegdsi t ed
by a liquid dispensing unit such as the one described in U S. Patent No.
7, 441, 568 thd mayeaer layerGebobiized 28 ccatig tande embodilnet, tikegrbedsg gadilew B spensi ng
Head, " the disclosure of which is incorporated herein by reference, inits
15  again adjusted and/or changed. Specifically, the adjustment or change in the process
gas flow may include halting the introduction of TMDSO monomer, and introducing
oxygen (O,) for the purpose of generating a plasma that at least partially oxidizes the
exposed surface of the polymer layer 61 and lowers the contact angle without removing
the polymer layer 61 or causing the surfaces 43a, 43b to be exposed. The wetting agent
20 70 may then be deposited onto the surface of the polymer layer 61 (block 68). The
wetting agent 70 may be deposited by a liquid dispensing unit such as the one described

in U.S. Patent No. 7,441,568, issued on October 28, 2008 and entitled “Rechargeable

Dispensing Head,” the disclosure of which is incorporated herein by reference, in its



entirety. If the wetting agent 70 is not required or desired, then the
process may continue w thout the deposition step ("No" branch of bl ock 66).
[ 0029] The semi conductor device 38 is then ready for an attachnment process,
as desired, that provides electrical connections that extend through the
pol ymer |ayer 61 to 5the cleaned surfaces 43a, 43b. Accordingly, a type of
attach process is determned (block 72 in FIG 3A). For purposes of
illustration onl aflip chip type of. attachment process is described and
Shown | b EORFGGL (e WGHETE FEeET0 tsAOLFrguied oF I8 hEHOE PrOSERIRY 2 | n FI G
3A). Flip chip attachnent processes include, but are not limted to, a

t her mo- coegitiaygs wothopiohe derpsprovcéeps(“Die” frangk ofblock8hbi ng process. In any

event, as 10 shown a nold tray (not shown) carrying sol der bunps 76a, 76b
i s alignefoadi h t heThesnthicgnqeds déRiae 38 20then emfe dér anedttpchniére psaleske ns bunps
76a, 76b are registered wwth the bondi ng pads 42a, 42b and advanced onto
the sem cgagheatmst piovideSelddridd cohMondthil &xterRhrodkh hespblifrh&d 189dr Aartessur e

and tenperature, which is contingent on the wetting agent conposition but

typically u 0 . 0] - nt 70
R e L S P,
deconpose 1 sQl.der. bunps 76 76h.refl ow t.0 contact.w th the
respect i v@dl%(gﬁn& WQﬁSaSAgz ot Os(eﬁpﬁgll?s'[f%o,n A ﬁh%ﬁﬁpﬂyﬁ ?ﬁ%g}m t.{c ause
|l ayer is absent, the reliability of the electrical connection between the
sol der buRfsseseaadespgbediang shewnyp semnegtiomuith £3GS. Hbnd By Aabrapckhahanced.
20[ 0030] Al ternatively, a w rebondi ng process may proceed ("B" branch of

bl ock 72 blockl’Gin BK}. 3atFligpadbep attichmehtypragessestindudss butdre got limitebtonps 76a,
76b. Wiile not specifically shown, the bonding of wires onto the bonding

pads 42a, tifZhioBmpeseidh bbididg PRITBSY ortathérniat bgedifg prdcyssk iowhly &vent,ose of
ordinary skill in the art and in a manner that is consistent wth the above

descri@ti QihviPh Bkd 88y (ot Eilden)3DryingReef b&dbd ¥6a, Y88 ishEi@hed with the

bonding pads 42a, 42b, respectively. The solder bumps 76a, 76b are registered with the
bonding pads 42a, 42b and advanced onto the semiconductor device 38 as shown in
FIG. 5A. With sufficient pressure and temperature, which is contingent on the wetting
agent composition but typically ranges from about 200°C to about 300°C, the wetting

15  agent 70 dissipates at the area of the bonding pads 42a, 42b, the polymer layer 61
décomposes, and the solder bumps 76a, 76b reflow to contact with the respective
bonding pad 42a, 42b (block 74), as shown in FIG. 5B. Because layer is absent, the
reliability of the electrical connection between the solder bumps 76a, 76b and the
bonding pads 42a, 42b is greatly enhanced.

20 {0030] Alternatively, a wirebonding process may proceed (“B” branch of block
72in F IG. 3A) that does not rely upon the use of solder bumps 76a, 76b. While not
specifically shown, the bonding of wires onto the bonding pads 42a, 42b may occur in a
manner that is generally known to those of ordinary skill in the art and in a manner that

is consistent with the above description (block 80 in FIG. 3A). Specifically, the heat
10



and pressure associated wth the soldering or welding process causes the
pol ynmer, | ayer 61 to deconpose at the area of contact formation. [0031]In
sone enbodi nents, the sol der bunps 76a, 76b may be conprised of copper or a
copper alloy. Thus, the exposed surfaces 77a, 77b of the sol der bunps 76a,
576b nmay be oxidized in a manner simlar to the oxidation of the bonding
pads 42a, 42b (FIG 2A) that was descri bed above. Thus, the sem conductor
device 38 of FIG 5B nmy. be phasqg rocess d to reane-tEe ﬁxid i on and
apply a polRRETSUrsRecitthd dithelin &l deming or el UBR SrUEEiauddst R BHEMST 12X e
enbodi nents of the present invention. For exanple, the sem conductor device
38 may be6| tndrsemipascatiirargh afeantadt éemeEAR. syst em 1010 (FIG 1) and

pl asma-treated to renove the oxidation and clean the surfaces 77a, 77b of

t he sol defodBuips 768 sontdbembadimentsgdibp eslder unsescCivad7homyyrbe compyrdsed®? ont o
the surfaces 77a, 77b of the solder bunps 76a, 76b, as shown in FIG 5C

The secon%ﬁﬁ% YR EoppRY SlloyB 2T i S8 Rk foseld SurtRe9 774 3t7b 0P tiRfsoldeEbiRpPREH, | Ve
surfaces 77a, 77b of the “sol der bunps 76a, 76b after renmoval fromthe

h
pl asmes tr @ be SURAAN i AMAPURIGH 658 bl HROpbdinObadsN9a Spkder
bunpga%6a,&%gﬁyuﬁt¥ﬁﬁ%ﬂpt%er p?oéessfng 78 ge§fre&. F%%%?? (%Iea1 e
represent ativ dinment is,directed tp a die after, fro -Ffﬁﬁ f-1ine and
back. ond- 011G PA Y SasBeinb e fe Bl b frletufelieorue SorERE °B cani ng
and passivation process may be used to clean and_passjvate copper |ayers or
copper boRWy kg Plasas rspcegsadrte raIRe v b oKidation dikanphvam PRYAGT Kyehidds 42a, 42b
or to clean and 20 passivate copper |ayers or copper bonding pads on
di f f er ent mappershatfis s@rsistann ciithtame od @vire embodimentstod theepresohthventom. devi ce 38
illustrated in FIGS. 2A-C. [0033] The die constituting sem conductor device
38 is typegahply, thekdridonductoralevice 38 may be loaded into the plasma treatment system
10 10 (FIG. 1) and plasma-treated to remove the oxidation and clean the surfaces 77a, 77b
of the solder bumps 76a, 76b, and to deposit a second polymer layer 82 onto the
surfaces 77a, 77b of the solder bumps 76a, 76b, as shown in FIG. 5C. The second
polymer layer 82 prevents the re-oxidation of the respective surfaces 77a, 77b of the
solder bumps 76a, 76b after removal from the plasma treatment system 10 and preserves
15  the integrity of the solder bumps 76a, 76b until further processing is desired.
[0032] While the representative embodiment is directed to a die after front-end-
of-line and back-end-of-line processing as the semiconductor device 38, the cleaning
and passivation process may be used to clean and passivate copper layers or copper
bonding pads of different constructions than bonding pads 42a, 42b or to clean and
20  passivate copper layers or copper bonding pads on different types of semiconductor
devices than the semiconductor device 38 illustrated in FIGS. 2A-C.
[0033] The die constituting semiconductor device 38 is typically joined with a

substrate, such as a lead frame or a ball grid arrays (BGA), that may also have copper

layers on bonding pads complementary to the bonding pads 42a, 42b of the die. The
11



substrate, such as a lead frame or a ball grid arrays (BGA), that may al so
have copper |ayers on bondi ng pads conplenentary to the bondi ng pads 42a,
42b of the die. The cleaning and passivation process described herein for
dévice 38 may al so be used to clean and passivate copper |ayers or copper
bondi ng pads on the substrate. Alternative, only the copper |ayers or
copper bondi ng pads on the substrate nay be cl eaned and passivated as

descri bed herein for device 38. 5[0034] The sol der nps 76a, 76b may be
appl i ed oﬂﬁm%ale%ea%ﬂb%w Prl"éi?ﬁétdé%ﬂ?’e%ﬁr&}“n r faidee BHBR el s USEhiCy to the
copper layers or bonding pads on the substrate, or to both the copper

| ayers or cleghandrpspiaats copparieyes & wrpertieadimgmady on tgsubstigie. phldnayepads on
the substrate. In each instance, the sol der bunps 76a, 76b nmay be cl eaned
and passi valtyelke afptper laggslor caprieohotding palsadindhandswate ey teuldshedtrd as

descri bed herein. 10[ 0035]As an exanple of a change in construction and

Wi th ref epgiratedas deseribbdhedelicfobasdtazg.pads 42a, 42b may be shaped as
pillars wmth surfaces 43a, 43b that are cleaned as described herein. The

cl eaned pidgsajs seryhp ?olﬁér lg%: @af%gﬁaﬁl?@a%pﬁ%@ &F@)étﬁ glge g(%gkxeﬂyé’i‘:s bh a

pol ynmer | ayer 61, as also d rein. passi vat ed

bondi ng pads,.42a,,42 y b sed to form an .assenbl y in.whi he

conpl erenpatyna Bids bR AE Pay Ya BB SRR s PP Bt o1 e
bunps. Alternatively, solder bupnps 76a, 76b nay be applied to the cleaned
and passi tth thsgappaiglaysrs et hondingipads ga thg,digand thepppperdpyerspidoddingaces 77a,
77b of the solder bunps 76a, 76b may be cl eaned and passivated as al so
descri bedpidsran the auhtrats. dhgogh instamieGthegaldef DOBEY 7ae 7¢temay hoklsgyedandd her ei n
is for the purpose of describing particular 20enbodi nents only and is not

i ntended passbatddidfiet hfidicafiod focthé dieentiop the shbstigesk dwtibead hetdie. si ngul ar

forms "a", "an" and "the" are intended to include the plural fornms as well,

unl esgo t hepaant ext  AlseardimbRAUrGaheRzAhRBhMRBon hid With kefb@nbdiotrner
understood that the ternms "Conprises”™ and/or "conprising,” when used in

(1L SPeCk, R g ALY 505 PAEE0RR S bIFL A LA o HraR >
cleaned as described herein. The cleaned pillars serving as bonding pads 42a, 42b may
be coated with a polymer layer 61, as also described herein. The cleaned and passivated
bonding pads 42a, 42b may be used to form an assembly in which the complementary

15  semiconductor device (e.g., a lead frame) carries solder bumps. Alternatively, solder
bumps 76a, 76b may be applied to the cleaned and passivated bonding pads 42a, 42b as
shown in FIG. 6B. The surfaces 77a, 77b of the solder bumps 76a, 76b may be cleaned
and passivated as also described herein and as shown in FIG. 6C.

[0036] The terminology used herein is for the purpose of describing particular

20  embodiments only and is not intended to be limiting of the invention. As used herein,
the singular forms "a", "an" and "the" are intended to include the plural forms as well,
uniess the context clearly iﬁdicates otherwise. It will be further understood that the

terms "comprises" and/or "comprising," when used in this specification, specify the

presence of stated features, integers, steps, operations, elements, and/or components, but

12



do not preclude the presence or addition of one or nore other features,
integers, steps, operations, elenments, conponents, and/or groups thereof.

Furthernore, to the extent that the ternms "includes", "having", "has",

"W th", "conposed of", or variants thereof are used in either the detail ed
description or the clains, such terns are intended to be 5inclusive in a
manner simlar to the term"conprising." [0037]1t wll be understood that

when an el enent is described as gﬁing "connected” or "coupled" to or with
anot her oRaRERpTeclide thepreseneh grad itign O ARG et BaTedth e dERiriEs IELE RSt Sher

el ement or, instead, one or nore intervening el enents may be present. In
cont r ast , opgrefonsnelemenisgom pongets.canidios greups badreny. Fuitherarorg te therrxéanéd” or
10"directly coupled” to another elenent, there are no intervening el enents
present. Waertheaarnsd ‘@iatudes?’,S‘hadeag?,i“hed, asitlit rognpaisadbf eot Vatianentheedfd” or
"indirectly coupled" to another elenent, there is at |east one intervening

el ement pLRSABY in &M HcRRIAE AEREiIphSK 61 the RIS 0B &HANaRSnieH&Ed bRl *
"horizontal", etc. are nade by way of exanple, and not by way of

lim tagi o?hclésg)‘%eqﬁtaqpéﬂ'ngpsi ’lfaF ARe pé‘mr.% ﬁbﬁ&ﬁgm It is 15 understood that

vari ous othe ranes of reference nmay be enpfoyed without departing from

(1 2P B SRS RGBS e AT S aRgeT 1o Deen

enbodi ments have been described in considerable detajl, it is not the
i nt ent i on "efmneeted appicperied” to@r padiranphier gemient, Hppn ke diresthi qonpeedeiope of t he
20 appended clains to such detail. Additional advantages and nodifications

wi | | readicbyplepiwethe other elamsat arkinkicad] onp ot twraintervefimgselembetsimmaydst i on in its
broader aspects is therefore not limted to the specific details,
represent akdsed. afppPatdst) vhah dn RRAhteatis eBdibel labinat divertl9xanidcteds bewn and

descri bed.

10 "directly coupled"” to another element, there are no intervening elements present. When
an element is described as being "indirectly connected" or "indirectly coupled” to
another element, there is at least one intervening element present.

[0038] References herein to terms such as "vertical", "horizontal", etc. are made
by way of example, and not by way of limitation, to establish a frame of reference. It is

15  understood that various other frames of reference may be employed without departing
from the spirit and scope of the invention.

[0039] While the invention has been illustrated by a description of various
embodiments and while these embodiments have been described in considerable detail,
it is not the intention of the applicant to restrict or in any way limit the scope of the

20  appended claims to such detail. Additional advantages and modifications will readily
appear to those skilled in the art. Thus, the invention in its broader aspects is therefore
not limited to the specific details, representative apparatus and method, and illustrative

example shown and described.
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CLAIMS 1. A method of protecting a copper |ayer of a sem conductor device,
conprising: cleaning a surface of the |ayer by renoving an oxidation |ayer
with a pl'asma; 5 and form ng a polynmer |ayer on the cl eaned surface
of the layer using a plasnma-enhanced deposition process to protect the

cl eaned surface of the | ayer agai nst exposure to an oxidizing gas. 102. The
nmet hod of claim1 further conprising: after the surface is cl eaned and
before the_polynoer layer is forned, maintaining the cleaned surface in an
oxygen-de environment to prevent oxidation of the cleaned surface.
153. The nmethod of claim2 wherein the polyner layer is fornmed using a

sil oxane nononer in the plasnma-enhanced deposition process. 4. The nethod of
claim 3 wherein the siloxane nonomer is tetranethyldisiloxane. 20 5. The
met hod of 1cl ai & @ethbéobeprotdchieg aicbppa ieyerohasanicosdigtipEeiiee @mpaisingow r at e
rangi ng fromabout 1 sccmto about 1000 sccm and a process pressure for

t _T_e pl asma- enhapagidg ARSI fIRe [PEARSrefloVMARVKIda4Bn THRF WithQ RSN, 200
mrorr.
5 and
forming a polymer layer on the cleaned surface of the layer using a plasma-

enhanced deposition process to protect the cleaned surface of the layer against exposure

to an oxidizing gas.

10 2. The method of claim 1 further comprising:
after the surface is cleaned and before the polymer layer is formed, maintaining
the cleaned surface in an oxygen-depleted environment to prevent oxidation of the

cleaned surface.

15 3. The method of claim 2 wherein the polymer layer is formed using a siloxane

monomer in the plasma-enhanced deposition process.

4. The method of claim 3 wherein the siloxane monomer is tetramethyldisiloxane.

20 5. The method of claim 3 wherein the siloxane monomer is supplied at a flow rate

ranging from about 1 scecm to about 1000 sccm, and a process pressure for the plasma-

enhanced deposition ranges from about 20 mTorr to about 200 mTorr.

14



6. A method of processing a_sem conductor device having a bonding pad, the
bondi ng pad having a surface conprised of copper, conprising:

cl eaning a surface of the bonding pad by renoving an oxidation layer with a
pl asma; 5form ng a polyner |ayer on the cleaned surface of the bonding pad
usi ng a plasma-enhanced deposition process to protect the cleaned surface
of the bondi ng pad agai nst exposure to an oxidizing gas; and form ng an

el ectrical connection with the cleaned surface of .the bondin ad. 10 7. The
met hod of Ocl ai MBEPOH PhRIOCESSHSA SEPHEen FOE A\ prohaying & bencie pile Mondi ng pad
is cleaned and before the polynmer layer is fornmed, nmaintaining the cleaned
surface obondieg pahltiving psuttace cemposedyreonegyl eameRiiseityi r onnent to prevent

oxi dation of the cleaned surface. 158. The nmethod of claim7 wherein the

pol ynmer | ayer tkaiiopasdrias ofghabaidigxpaidchynmemorirg danroxidueiopllagmaditarrhanced
deposition process. 9.The nethod of claim8 wherein the sil oxane nononer is
t et ranet hyldingi | oxane. 2010. The nmethod of claim 8 wherein the siloxane
nmononer is supplied at a flow rate ranging fromabout 1 sccmto about 1000

sccm and a proc [ f e n LtL.op . ranges from
about >0 niforr ??rgﬁrz%g B?%B%ﬁ{ﬁ% érll’ {hré clc%lgé MRl %@&%%%nﬂﬁ@%ﬁh 55192 a
plasma-enhanced deposition process to protect the cleaned surface of the bonding pad

against exposure to an oxidizing gas; and

forming an electrical connection with the cleaned surface of the bonding pad.

10 7. The method of claim 6 further comprising:
after the surface of the bonding pad is cleaned and before the polymer layer is
formed, maintaining the cleaned surface of the bonding pad in an oxygen-depleted

environment to prevent oxidation of the cleaned surface.

15 8. The method of claim 7 wherein the polymer layer is formed using a siloxane

monomer in the plasma-enhanced deposition process.
9. The method of claim 8 wherein the siloxane monomer is tetramethyldisiloxane.
20 10.  The method of claim 8 wherein the siloxane monomer is supplied at a flow rate

ranging from about 1 sccm to about 1000 sccm, and a process pressure for the plasma-

enhanced deposition ranges from about 20 mTorr to about 200 mTorr.

15



11. The nethod of claim6 wherein formng the electrical connection with the
copperscontaini ng bondi ng pad conprises: attaching a solder bunp conprising
copper to the bondi ng pad; cl eaning an exterior surface of the

sol der bunmp by renoving an oxidation layer 5 with a plasm; and

formng a polyner |ayer on a cleaned exterior surface of the solder bunp
usi ng a pl asma- enhanced deposition process to protect the cleaned exterior
surface of, the. sol der b .agai nst. the exposure .tq an oxi di zj gas.

1m0 The kbt hodtgmegiog ShRAR Bk BEMBENSS HrriscBaPHed wfhdfs 07 sur f ace
of the solder bunmp is cleaned and before the polynmer layer is formed on the
cl eaned eRerPer-epntaigineoadsiE nad€oBPrgRs bunp, mai ntai ning the cl eaned
exterior surface of the solder bunmp in an oxygen-depl eted environnent to
prevent oxi dat htachofg ¢ sodder beapednguisingceppdrio 18, bdndinggtadipd of cl aim 12
wherein the polynmer layer is fornmed on the cleaned exterior surface of the

sol der bunp usiRgnifg Sh kRKABEsUIROE BEIheisbldehBurip B§ féin @RaAC g datendaydri on
process. 2014. The net hod of claim 13 wherein the siloxane nononer is

t et rangt hyldi d%&é@qﬁm.15.The met hod of claim 13 wherein the sil oxane
mononer is supplied at a flowrate

forming a polymer layer on a cleaned exterior surface of the solder bump using a
plasma-enhanced deposition process to protect the cleaned exterior surface of the solder

bump against the exposure to an oxidizing gas.

10 12.  The method of claim 11 further comprising:
after the exterior surface of the solder bump is cleaned and before the polymer
layer is formed on the cleaned exterior surface of the solder bump, maintaining the
cleaned exterior surface of the solder bump in an oxygen-depleted environment to

prevent oxidation of the cleaned surface.

15
13. The method of claim 12 wherein the polymer layer is formed on the cleaned
exterior surface of the solder bump using a siloxane monomer in the plasma-enhanced
deposition process.

20 14. The method of claim 13 wherein the siloxane monomer is tetramethyldisiloxane.

15. The method of claim 13 wherein the siloxane monomer is supplied at a flow rate
ranging from about 1 sccm to about 1000 scem, and a process pressure for the plasma-

enhanced deposition ranges from about 20 mTorr to about 200 mTorr.

16



rangi ng fromabout 1 seemto about 1000 sccm and a process pressure for

t he pl asma-enhanced deposition ranges fromabout 20 niforr to about 200
mrorr. 16. The nethod of claim6 wherein the electrical connection extends
t hrough the polymer layer to the cleaned surface of the bonding pad.

16. The method of claim 6 wherein the electrical connection extends through the

polymer layer to the cleaned surface of the bonding pad.
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