PASSI VATI ON LAYER FOR SEM CONDUCTOR DEVI CE PACKAG NG FI ELD OF THE | NVENTI ON

[ 0001] The present invention relates generally to the fabrication of

sem conductor devices and, in particular, to nethods of renopving oxidation
from 5surfaces on sem conductor chips, package carriers, and/or sol der
bunps. BACKGROUND OF THE | NVENTI ON [0002] Integrated circuits, also known as
"I Cs" or mcrochips, are mniaturized electronic circuits that are used in
virtual ly evBRASSEVATIONMILAYHR/ FOR SEMECONEDEC TORDEVICE BACKCORENG UCt ed by
| ayering various materials (conductors and insulators) by 10i nagi ng,

deposition, and/or etching pRIEESSSF THEIN ERTEOHN typi cal ly constructed
fromsilicon. Devices of the IC are foinmed by front-end-of-line processing

and back- fline j 3 i . Fm. | evel s and
sl o daoiudl! | ne HAPER! Aol nitRits iRl T B R ANGR e o The wat er
such .as a . substrate, a

are commonly.mounted, on a_packa arrier 5

o routt oSt R G e haT pRRay BERaTR o Giethod® of BEE S DeBiek T Tons from
the die to the exterjor _of the package carrier. In one such packagi ng

ar r angeneftriesss PSSP RIS RS UM SRAS CHREs g/ orieldsabeman array of

el ectrically conductive contacts, known as bondi ng pads, that may

el ectrically connected bPBAGCKROBAND OFcFHEUYEENTI®N or r espondi ng array of
bond pads on a substrate, such as a package canel. Typically, 20the sol der

bunps ar e[008gi St er ethtwgrbied tcheuibgado pasksn an“IChe odinfcabkiborarshshhaka and
refl ow processes are applied to create electrical connections in the form

of sol der ¢jeoikdiiS ciPENRRN atdgscliievRRd Beers URSLERL %ev%@ %01&‘%13191?2 Sofl, flip

chip nounting results in a space or gap between the die an e substrate.
ICs are constructed by layering various materials (conductors and insulators) by

10 mmaging, deposition, and/or etching processes onto a wafer, typically constructed from
silicon. Devices of the 1C are formed by front-end-of-line processing and back-end-of-
Ime processing 1s used to form interconnect levels and passive devices in the
interconnect levels.
f0003] 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 balis or bumps to a
corresponding array of bond pads on a substrate, such as a package carrier. Typically,

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

or gap between the die and the substrate,



[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 alumnum Still, the use of copper has not been wi thout
difficulty because copper 5readily oxidizes at standard tenperature and
pressures. Areas of oxidized copper greatly reduce the reliability of the
el ectri call%€®hnect i o tanydifshesp chmgpnEionilanecchiconalupdoospmenld hat besme r emai ns
a need for fabrication nmethods that inprove the reliability of electrical
connect i onsedfiddominh tledppdmpasur Hageser coppenisconduty oordevides.beiOSEMVARY
OF THE I NVENTION [0006] I n a representative enbodi nent of the invention, a

net hod i s qneyiddathssdcitedd Rk @6l Ag tRcARBREFpdr &Y EhetRd cBnRMb:GiopduCt Or
device. A surface of the layer is cleaned by renpoving an oxidation |ayer

with a pl agiBnuA POLY RN usk BY 85presnd QI8 EePRithg a@%ﬁ%ﬁﬂfg L%H%J 8gp of the
| ayer using a plasna-enhanced "deposition process to p otec Re cl eaned
[ 0007] I n anot her

surface of the |ayer ai nst exposure to an oxidi zin S.

b estnt aH0S oSG RER R BT R nar st p S 0E T or
processi ng a sem conduct or_ . devi ce having a bondi ng pad, the bonding pad
havi ng a &rtlyeedues isredaaliyrofdspplestrica conpgciion byidisrmriingometenglipuad i s

cl eaned by renoving an oxidation |layer with a plasma. A polyner |ayer is
f ormed on{@MKeélcl eandtius, 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 layver 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 an 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 1s formed with the cleaned surface of the bonding pad.



20 surface of the bonding pad using a pl asma-enhanced deposition process to
protect the cleaned surface of the bonding pad agai nst exposure to an
oxidizing gas. An electrical connection is formed with the cl eaned surface
of the bonding pad. BRI EF DESCRI PTI ON OF THE FI GURES [ 0008] The

acconpanyi ng draw ngs, which are incorporated in and constitute a part of
this specification, illustrate various enbodi nents of the invention and,

t oget her. with a gener al RigEUF DES(GRFIGREOT HHENFIGURFIS/en above and the
detail ed description of 5the enbodi nents given below, serve to explain the

enbodi nent®00§] t he i Tiveskb@panyitOORYinds| Ghich drsindofhoRGERRMERI enititgwaof a
pl asma treatnent system for plasma processing a sem conductor device in

accor dance, 6f’1hfs@?eo?ﬂiéaﬁ%h RligSr0f vidi8is RS Rinh Qs offtQQ&RJen@_ t%l?’ and 2C

are diagrammtic views illustrating a procedure process asrra

proce55|n sem conduct i ce |n accord nce nbod of the
i nventi on. %6??‘}%‘ &% SC?R%O% BN & gf/? gﬁ t&?& daﬁaﬂg SSSPB | ng of a
sem conduc g %}ce in ag ﬁ{dance mnt an enbodi ment of the invention and
establ?shﬁ QETREHVEFREe ﬁ@ﬁﬁéoﬁﬂiﬁmﬁﬁ%@§P%§ﬁ§3§F@§F§BV§€WPConductor
devi ce. [0012 FIG 4 is a diagrammatic view of the plasma processed
seni condudP@i9l15devifde. bfs Figrap@ dwwiery oda phtstiarigaagantystay éor deposi t ed
thereon. [0013]FIGS. 5A and 5B are diagrammtic views of the sem conductor
devi ce ungesg@eiinga eniiebldustopiocies & adcORbAP I 15GriiAedifags averidc Vi ew of
t he sem conductor device after the

[0010] F1GS. 2A, 2B and 2C are diagrammatic views illustrating a procedure

process flow for plasma processing a semiconductor device in accordance with an
10 embodiment of the invention.
[0011] FIG. 3A is a flowchart illustrating plasma processing of a semiconductor
device m accordance with an embediment of the invention and establishing electrical
connections with the plasma-treated semiconductor device.
[00127 FIG. 4 is a diagrammatic view of the plasma processed semiconductor
15 device of FIG. 2C having & weftting agent layver 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.

10015] 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.



reflow process of FIG 5B with the copper-based sol der bunp passivated in
accordance 20 with an enbodi nent of the invention. [0015]FIGS. 6A-C are
diagrammatic views simlar to FIGS. 2A-Cillustrating a sem conductor
device with a different type of copper |ayer cleaned and passivated in
accordance wth an enbodi nent of the invention. DETAILED DESCRI PTI ON

[0016]Wth reference to the figures, and particularly to FIG 1, a plasm
treatment system 10 i s shown BETARANDFESERIPEEINent chanber 12
constituted by walls that enclose a processing space 14. During a plasma

process, tfe16y eat "EWithGBRADGE toliBe Fiores ealdashrhidutid; ol bt 1f § pryhbe

surroundi ng anbi ent environnent, evacuated to a suitable partial vacuum

and suppl i f&ﬂ%ﬁt@\{&&mhﬁ% gho%,r}fearﬁr@aﬁ&e% agﬁéaéﬁlgﬁ‘ttchiaﬁlggxfpi 909{5531&?% ﬁﬁaéﬁshe

i ntended plasma treatnent. vacuum punp 16 1s use 0 evacuate
processin% ﬁpacg 14 of the treaf t.chan@gr 12 thrggsg a v%lﬁed vaguum
bort 16, THE VACHLAPBIRD ESTRE C ORI oD Gra® 8TocHDy By e U SURPITg 2devi ces
W th controllable_lOpunginq speeds as recogni zed by persons of ordinary
skill Pn tipecatgd gg-tighicliomthesrirapregy 2 b@@g PRORI L RyperaRieasitgle es” ar e
admtted at a regulated flowrate to the processing space 14 froma process
gas sour cepaft(rl viauoug hndsuniphké tvithas lgaefrane2oceThgesfthavis afprppage §s tgas from
the process gas source 20 to the processing space 14 is 15typically netered
by a nass ifitt@dgoahiaatdaahedtnat vaeiowhumpl heisgasd fd @ackad @ielpreugsdife
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.
100177 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 1s present and any spent process gas and/or
20 wvolatile 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



process gas source 20 and the punping rate of vacuum punp 16 are adjusted,
as needed, to create a plasma-processing pressure that is suitable for

pl asma generation and the intended treatnent process. In this way, fresh
process gases are continuously supplied to the processing space 14 when a
plasma i s present and any spent process gas and/or 20vol atil e species
renoved froma substrate 24 on a substrate support 26 are elim nated.

[ 0018] A polferpsupplnp! 288 nstyelecnrictzsl dyelatwde éatfenradto hareh ¢ afisdser s

el ectrical power to, an electrode (referred to herein as an "antenna" 30)
that is ingé@edof 34 hescehaaberth ik subawer suphansice Moedr basfether@awes supply
28 to the antenna 30 is effective for formng a plasna 32 fromthe process

gas confi ;b%%%& 24 REHLPHOGSRSHDG: SPRGEr e form_%f&%{fﬁia%ugmeysu%ﬂ@y al so
energi ze an el ectrode (referred to herein as a "bias el ectrode"” 34)

associated wWith t supstrate suppor Power_transferred fro he power
Supoly 26 oyt g PORLE R Sl ORI oo dhs wR Gt SR ELOE R AT 2 s g
the substrate 24 rel?tive to the plasma 32 an .pronotinq &QF .

pl asna” pr JCESFRYS PN HomaliBS PPAPeM 9% POSYCFRAPRIRERat Sef ¢ BEChayreBe one or
nore power sugpljes that control a direct current (DC) biasing and/or

ar adi o- f r éBGe heying REY opavdio-digppingy OPEr REVHGUAPl Y@ PETEgEehefrepenaeen about
40 kHz and about 13.56 MHz and a power | evel rangi ng between about 4000

wat t s and bahauh aBA0G0kRIAmdabod0 3kid2Mblz B00Q watdr $evieDra @ beatdes abbutl3. 56
MHz. O her appropriate frequencies and power ranges may al so be used. Those

of ordi napyoil@ski ddd dbBut foandisk kb KAPRE 800 alads thasoodidifsen enle tyrgat ment
chanber designs nay permt or require different bias powers. A controller

(not sho i % Qertd YA NMITISN %gg ot t:h reat ment
systen1136%%ﬁ%%%§$$1§g§ﬁg%ﬁ$$é¥ E? the % as%i p?B%E%?é?ﬁB‘%®%gf¥ﬁ pl asma
treatpent system 10 ass di.f.ferent configurations 1l5understood by
Lhosel b SR N RSk PP A Db RO A REP et e S RSE D ERA (o ¢ he
exenpl ary configuration described herein. For exanple, the plasma 32 may be
gener at edregeipeidiesnt biis POREE: rfeprntolshBel shovmrg cerpledtertkrivarens he
processi ng space 14. The plasma treatnent system 10 is further understood
t o i ncl udengsnponefitls Mot shoawneitrsyieG. 1 0o dndliwtd @ntmbyf thepheovessary for
operation of the system 10, such as a gate 20val ve di sposed between the
processi ngosfa&e 14 and the vacuum punp 16.
[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. I 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 42z, 42 or an uppermost laver of the bonding

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

5



[0020]FIG 2A illustrates a sem conductor device 38 conprised of a
substrate 40, such as a silicon die, having one or nore bondi ng pads such
as the representative bondi ng pads 42a, 42b. The bondi ng pads 42a, 42 or an
uppernost |ayer of the bonding pads 42a, 42 are conprised of a |ayer of
material, such as copper, that readily oxidizes when exposed to oxygen.
Respective surfaces 43a, 43b of the bonding pads 42a, 42 are exposed for

est abl i shi RgepbREIsEd ERbxyPOANREITCONE: St fabest 43, 438 OMhabesdik gﬁd&l 4% anghcot her
devi ces of the sem conductor device 38. The surfaces 43a, 43b of the

bondi ng _pags, 2 for42ln B DB Ll GRCREh PN BRAPSIAAL hATohEY ST 44,

The passivation [ayer y e conprised of an electri I'nsul’at or, such

as a polyinide. 021] Because the f.aces 43a, ,43h_.of .the bandin ads

PR EIR il g e R e e et e R ogfen R R i S R
exposed after passivation, once the sem conductor device 38 is renoved from
the envir ofriolEY PRBEITEPNE P YrediPY YPERTWRON bver frky Thepassivitien lavey 44v8aypl asma
treatnment system 10 of FIG é) used to formlayer 44 and 10exposed to

at nosphfer i be comtisell ohey clehisicalaspiaior, vechsanrd padesnid@a, 43b of the bonding
pads 42a, 42b may undergo oxidation fromthe exposure. Oxidation 46 forns
as a |ayer[00p1] t he bbagiupgthpadsact? 43420balthe bhdnditgt padeapy eds way ok nterfere
with wire bonding or reflow processing and may al so operate to decrease

devi ce rel ialiikhihy eley?féapélQQQ%ﬂoﬁQ réha il BYtia 16 Yol LSSy .I)ivz%gng 2)1%@%|dthg opper

that, if not renoved, would reduce the reliability 150f electrica
connecti o it h di gﬁ§§ %%%1b di srupting..current flow
[0022] W ¢ nePErERsbEE AR Do PAE e sk Bn R R sl 88 R
enbodi nent_ of the.%gve tifn, t he sem cond étg%ggevice 38.is processed to
remove t héB%PUHMIBhI4EeP aé%ﬁﬂ*?@'fﬂbﬂ&h%#@ﬂg G& Fioal) moptosfhem gyepreeht re- ox
dation of the cleaned surfaces 43a, 43b of the bonding pads 42a, 42b. The
proces$ mesrppeediie ednaesphenieemndgivgs.20e pspedive serfaess 4Bg.ped odthcopgag Hadyer s of
t he sem conductor device 38,

42a, 42b may undergo oxidation from the exposure. Oxidation 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 ofelectrical 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 lavers 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



[0023]FIG 3Ais a flowhart 48 illustrating a process flow for plasna
processi ng the sem conductor device 38. The sem conductor device 38 is

| oaded into the plasna treatnment system 10 by placi ng the sem conduct or
device 38 onto the substrate support 26 in the processing chanber 14 (bl ock
50). The bondi ng pads 42a, 42b of the sem conductor device 38 constitute
copper layers that are covered with oxidation 46 as shown in FIG 2A. Wen

t he sem co#tluefithe saavdkcB8 desict dadeadtintth eopae liyersidiard 6o@vacwat es t he
chanber 12 and a process gas is introduced into the processing space 14

from the proagsam MAS sBOWHE GEFRD M0 Waeh B CARtIRILRF aadiisd & 1bRRddaper ation
of the vacuum punp 16 and the gas introduction in order to mai ntain a

desi red ProLERRlNhPIERAUSe: FE RO 15209 'aq)goéersfgg R Bitfod- QA GOE 9

about 0.6 suppli e power “supp e antenna 30,

whi ch energi zes. t he as mnthln t he roc ce 14 into the

Pl nsrta 35 PIpEODAE R Tha HaeHas s B Ul G A e T HOE SHTply 28 al o
supplies DC 10power to the bias electrode 34 to bias one or nore species of
i ons f Pom AKELEN &6 he VIguwh dunpvidreddiresaronr o ursion i evdet brideistadr 2 desifede 38.
The plasma 32 cleans the surfaces 43a, 43b of the bonding pads 42a, 42b by
renovi ng Uhexmﬂhgam$@m34%F@b%@nkmgﬂgiﬂmmaneOléﬁﬁﬁdhnmnmpumhésﬁﬁa&éﬁs gas
may be a m xture of argon (Ar) and hydrogen (H2) in which Ar physically

et ches t heupyiddatdng the4hwen sty 381k MEQBLABR30, %Mclbyn&%iiéi Bk iphetegNehs 15H
chem cal ly reduces the oxidation 46 on the surfaces 43a, 43b. The cl eaned

surfaces 43ghin Al Qfesd eJalo)] 442z, 42b and the absence of the
oxidation%ﬁaf%r 3“ g?ém%égicte %. ZB [ 0025] The oxygen-depl et ed

e ronmeni . he ShamReC 2o raselugso e Sl snid, Stk 455

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 F1G. 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 1s also formed on the passivation layer 44.



70 chanber 12. A polyner layer 61 (FIG 4) is fornmed on the cleaned
surfaces 43a, 43b of the bonding pads 42a, 42b as protection agai nst

reoxi dati on when device 10 is renoved fromthe chanber 12 and exposed to

t he anbi ent at nospheric environnent that contains oxygen (block 62). The
pol ymer layer 61 is also fornmed on the passivation |ayer 44. [0026] To that
end, the process gas flow for the plasma is adjusted and/or changed. For
exanpl e, ti@2ént r odutd ihenerok thdbrgass gayflbe fetthppedmandadupedoelss gas
suitable to formthe polyner |ayer 61 nay be introduced. The process gas
may be a n@RepRl @asx B, 188 irfHddAXNES, 19! gasinfa st§ Hnf®Hrocess gas
tetranethyldig§{oxane§g@("TNDSO'). TNDSC)%ay 6gﬁ?ntg%%ucedq%y su%plying

liquid T 1 tioni.ck i.fically, but
el uded vy R EERRE AU e eY RROr O bl bR e "By OB APER P e
processi ng_space 14. Because the vapor pressure of T 1S 112.5 niforr at
D00, Conce ORI 451 S5 ro Sheenr s TR TEOGLDaD: CHBE RGP IS Bhanber 12
TMDSO wi | | readily evaporate and enter the processing space 14 at flow
10rates t HATMINHGE. TEM QBB beLnSEateE &Y ABBUY MEGOBIGE MRS i arFpatater nat | ve
enbodi nent, a can er gas may be used for transporting the nononer vapor to
t he processipgaspadembdr @st skweedpecikinaiyn btbincholsé wofhrothdigaasorrskd| in the
art and woul d be considered to be consistent with the enbodi nents of the

i nvent i on.thakheflpdReRs Soupl@SsUhEproBesshanpade 2. MBytabe: kepbpdrhrasiange from
about 20 niforr to about 200 mlorr as the TMDSO i s 15i ntroduced. [0027] The

TVMDSO i n phasa® 3215 9Lt He0PO! YR, LAYSE plike rﬁﬁﬁrﬁ% Ee&%ﬁsﬁed f}éﬁg 143b of

t he sem conductor device 38. Wth deposition of the polyner Tayer

conmpl ete i1 m t.hi r.angi from.about 10.nmto about 5 t he
introduct%%%n%rI?hgﬁgﬁgzgggﬁ%gggﬁgm% %gﬁ%ﬁ?ﬁFﬁgeSF&?%@“@%@@%@%Wﬁgk%nds, and
t he senicondu%tor devi ce 2038 is regpve éronlthe pl asma treatnent system
10 ( bFSck r8%y thatyrpse g phedd St 18 r0eYny88 resmnlpan dlianative sRbafimeshdr i si ng
the polyner |layer 61 are selected to reduce and, preferably function as a
barrier teapregenmay iehsedifdrfiipsspmtiog thermencngi aianer tgdls progeskingspoxyden from
t he anbi ent atnospheric environnent, to the cleaned surfaces 43a, 43b. Wth
t he respeat iswelldxposead tlgue bAceisnadBakill4Bkheafrt drdewbdd G ronpadst $2a, 42b now
cl ean

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 poiymer 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 38isremoved 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
g



and free of copper oxides as well as passivated by the polyner |ayer 61,
bondi ng may occur without interference due to oxidi zed copper provided that
the cl eaned surfaces 43a, 43b are protected agai nst reoxidation. The

pol yner |ayer 61 covering the cleaned surfaces 43a, 43b of the bondi ng pads
42a, 42b is apparent in FIG 2C. 5[0028] Turning nowto FIG 4, and with
continued reference to FIG 3A, a wetting agent 70may be deposited onto the
surface of artdnfeeepefl cppear olkaleers 6l ian pprsepaaddtyi tha polinenbivhes |, poadiag sid3g st ep
(bl ock 66). However, the contact angle of the surface of the polyner |ayer

61 may be $Qar WAhGR ihier Wil o @&f&i@&gp@?rbﬁaéﬂ fht BeRREDALCH ALt TiNg
agent |l ayer onto the sem conductor device 38. Therefore, if a wetting

iﬁ?lfgié“e’ 05*5%23?%%%%?“%%%?%%5%%3 %S?r%%i?@?%%f Bedkiortsbhd Pﬁ:eﬁ%%ﬁf A h
80,. ,
WL ng. SGUFECPOOAVIY § oo SRR i 47 BB R BNt 11 oot i oy occur

by a pl asnma- enhanced process where the surface of the polyner |ayer is
oxi di z&d. AEEYr di ng TwniggeorRrBédr nbrind Wiecptiseebisigarcefty 5 A %agai n
adj usted and/or changed. Specifically, the adjustnment or change in the
process gasetfitpagenbyimachudepokigdd dmg thehlrariaet olotlupolvorr 6fyeTWMDSO nononer, and
i ntroduci ng oxygen (02) for the purpose of generating a plasnma that. at

| east par tprgdatationxirdhabs: grbeessixpospdbiatlk bac b etchehdediimintiayemeél and
| owers the contact angle w thout renoving the polymer |ayer 61 or causing

h f théh Cer e i hen b
0 2 SSBR atah 1 5 ppart g U g, BB R

deposited onto the surtace” of the pol yner e wetting
agent 70 nmy. be deposited by a liquid dispensing ugit.such as.the one
deseri bed et g e Fni e sn o REEHR 8 Ay SBERsE I bGuing
entitled "Rechargeahl e D spensing, Head, " %EF di scl osure of which is
i ncor por aPERLHEFR AR it BFwird AceSS” iPRch of Dlogk P b ilen the syrfrse géthei ng agent 70
is not required or desired, then the process nmay continue wthout the
deposi t i opoiyimep layeNo!' mpy &asivdofieddbglekres®)the FOO29 hiTgle (Seniacondiaboor Sifevi ce
38 is then ready for an attachnent process, as desired, that provides
el ectri cato stonnedt aodprephatthexirtnd fdrhhoughinkheeaily Wehild ayepedficdlly 5t he
cl eaned surfaces 43a, 43b. Accordingly, a type of attach process is
det er m neghown, this modification may occur by a plasma-enhanced process where the surface of
the polymer layer is oxidized. According to one embodiment, the process gas flow is
15 again adjusted and/or changed. Specifically, the adjustment or change in the process
gas flow may include halting the introduction of TMDSQ 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 Iowers 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, 1ssued on October 28, 2008 and entitled “Rechargeable

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



(block 72 in FIG 3A). For purposes of illustration only, a flip chip type
of attachnent process is described and shown in connection with FIGS. 5A
and 5B ("A" branch of block 72 in FIG 3A). Flip chip attachnent processes
i nclude, but are not limted to, a therno-conpression bonding process or a
t hermal bondi ng process. In any event, as 10shown a nold tray (not shown)
carrying sol der bunps 76a, 76b is aligned with the bondi ng pads 42a, 42b,
respect i vebntireffhéf the vaetingdorgepis7 076 apt 2Ghiret er dagidtiesretic prddast ey bondi ng
pads 42a, 42b and advanced onto the sem conductor device 38 as shown in

FIG 5A Wddhingdbhtheh@ant dgioesionkepardot Bipek at ioek 6®hi ch is contingent on
the wetting agent conposition but typically ranges from about 200C to about

300C, the [‘tﬁ%t)é%“g 15¢ %12&@?1&1‘3?5&%@358 ?stthéﬂ‘% ?%% Bt J%ér}l%%&%ﬁ!cg%é pads

42a, 42D, olyner ayer econposes, an e sol 76b

reflow to cont respective b in d 42a bl.ock .74

Chown 1 n°riated e i SR S 3 B Ao DBt 1 o

el ectri_cal connectlon bet ween the sol der bunps 76a, 76b and the bondi ng
pads 47a, thoplcpredggiaegsd én%%c"é&ord?ﬁlﬁo%b?ﬂdoﬁt BHARIT USRS dgtepmislondi ng
process may proceed ("B" branch of block 72 in FIG 3A) that does not rely
upon the usechfi2soFter3 Hurfps pTgasespbllusatibeonlot a Sgedilp hpealdf yttstiowns t he
bondi ng of wires onto the bondi ng pads 42a, 42b may occur in a manner that
i s gener algrycdsnpwsdribet! RAG ehoddn Bradhfatynskid FIGY shhedadl (“anthrhmchaofmanner
that is consistent with the above description (block 80 in FIG 3A).

Speci fi calyjyok 1@ F1gas, A) anch ﬁlﬁ%@éﬂhﬁueﬁﬁﬁ&%ééﬁﬁcwé ok B RQ1idEIRG O
wel di ng process causes the polyner |ayer 61 to deconpose at the ar'ea of

cont act f(%lr TRl on SSIOO%]QOHH}n%g)g‘rOECCgﬁm‘Oal%IG néll.%()ﬁ& glg%&cleg \Sr’e t6a 76b may

be conprlsédmbﬁmngbper or ‘a hus pose YSiftates 77a,
{he ok dachot st S p oI rBZeg%y%%éoPd%g iy 660 260 SRR dBScr | bed
above. Thus, the senlconductor device 38 of FIG 5B
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
decomposes, 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
72 in FIG. 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 & manner that

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



may be plasma processed to renove the oxidation and apply a pol yner |ayer
in a manner that is consistent with one or nore enbodi nents of the present

i nvention. For exanple, the sem conductor device 38 may be | oaded into the
pl asma treatment system 1010 (FIG 1) and plasnma-treated to renove the

oxi dation and clean the surfaces 77a, 77b of the sol der bunps 76a, 76b, and
to deposit a second polyner |ayer 82 onto the surfaces 77a, 77b of the

sol der bunps rTéayreZ8fvciahs! whbthe sohlefhGor BEldiThprosecantsep dheymeymbaiyesr 82
prevents the re-oxidation of the respective surfaces 77a, 77b of the sol der
bunps 76a,s170hkicabhedse hemeviada Jiconmttferphtasima treat nent system 10 and
preserves 15the integrity of the solder bunps 76a, 76b until further

processi ngphsidesi r ad. i . i i b sed
rected tongﬁge aftggsg%ggggtﬁg%hgf&Fﬁﬁg&g2§§%22§%gﬁg-o -Iiﬁ%ﬁg%g%ggsing as

the sem conduct or. devi ¢ 8. C i d ssivatj on.,process y be
used to cl€8n~ an 08 §gﬁv3‘eT@%gggfgﬁggg%gﬁ%%ﬂéﬁng?”%gh%?ﬂ ﬁ%§8§$ggg

di fferent constructions than bondin ads 42a, 42h or to clean_and_ 20pass
vate coppelPiRfydies 12%196@31516%8%“% %afg@ oSt o Herdonggpadygla, 425

sem conductor devices than the sem conductor device 38 illustrated in FIGS
2A- C. [ 003BIGrR& ) dhas wedstaribad phrycs diivs dhe srmispndimiirclevieg 38 of Fpi Tl | y
joined with a substrate, such as a lead franme or a ball grid arrays (B&),

t hat may alsbehdmmmagoppesed tayansvahe beowdiiogapdas!eamplvere ityarin 4 0 t he
bondi ng pads 42a, 42b of the die, The cleaning and passivation process

descri bed /h@h& tRatfiOEordRYdnE &iBSnEBY nRkSOMBEIIHAL drohhedn: adiRassiqrat e
.copper |l ayers or copper bonding pads on the substrate. Alternative, only

and SSEE?%%%%%@%E@ %émﬁifﬂﬁl%ff ASTEh ﬁ%%?“*%é@%%é%@?@?@%@%ﬁ%&%ﬁg&%ﬁﬁ%
76a, i ; [

e, Bhry TEUEh A7 Bl ein Plisded Bbmbet Aicn (st 6 CLoHE TEBERER 22 G 1 o0 bot h
t he copper | ayers or bondi ng pads on the die and the copper |ayers or

bondi ng p@ﬂéeé@id@wnmﬁ’éﬁfﬁveandw @aeﬁtaﬁ@paﬁ@eim%@y%%emoﬁhmps 76a, 76b

may be cl eaned and passivated after application to the die and/or the
subst r at eswSiceetr V Hed thesdiler. bumps 76a, 76b, as shown in FIG. 5C. The second

polymer layer 82 prevents the re~oxidation of the respective surfaces 77z, 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



10[ 0035] As an exanple of a change in construction and with reference to
FI G 6A, the bonding pads 42a, 42b may be shaped as pillars with surfaces
43a, 43b that are cleaned as described herein The cleaned pillars serving
as bondi ng pads 42a, 42b nmay be coated with a polyner |ayer 61, as al so
descri bed herein. The cl eaned and pass vated bondi ng pads 42a, 42b may be
used to forman assenbly in hich the conplenentary 15sem conductor device
(e.g., a |ldeadifgmdeppstartiongsosel dseriimdnpsein Abt davinat I18viehy alss bt dex! thunps 76a,
76b may be applied to the cleaned and passivated bonding pads 42a, 42b as

shown i n Hi&n 8Bpaskhetssiphacserd 6acophéPbeidihhBa®IrdBE siiime. A8armafioh may be
cl eaned and paSS|vated as al so described herein and as shown in FIG 6C

[ 0036] The g;reﬁh@e;h&ﬁw ﬁ}é&e&c@ Siblnlifg s L @eR Ryp Pﬁ@m%%b?‘éﬁaﬁﬁédbdnﬁg

particul ar ts only and is” |nten imting of the

i nvention. t he.si,ngul fornms " ", "an" and "the" are

i nt ended tpgsﬁlwgﬁ(ﬁﬁe ef(f{é e&*‘ﬁ?"é‘? fqlrgp%g gé well, unless the context clearly
i ndicates otherwise. It will be furt understood that the tern's

" conpr P sed9034nd/ or TEEAPHESHRPS T6ihé %ééelaﬂplﬂffﬁ YUY HebE CORREE 14YRTS Bpeci fy
the presence of stated features, integers, steps, operations, elenents,

and/ or cofrpodieppeds dpuhe diedonlyoe Thyrogppfud@yqrher mreis@wsom tldibstroe awf one or
nore other features, integers, steps, operations, elenents, conponents,

and/ or gr eupsh t}tbafo@pér. lafats bhenmiaieepadt ontthediexhe e ddpatr uai?@s bedmling
"includes", "having", "has", "with", "conposed of", or variants thereof are

used in eFQJ&% M@M&ﬁ@ |1@Qadﬁ%§§%£ﬂo@tﬂh9@0@61 bihs @b@! M8l Y68 clBhdBar@ €
intended to be 5inclusive in a manner simlar ?o the term "conpri sing"

,[, 0037] I't ﬁébswagﬁ aﬂnpzfpg dl&&?oql &Rl d;‘é@ﬁ@/oﬁpﬁ%hgﬁaté esgl%%e IC?GGE d as bei ng

connecte W th anot her e can be directly
connectedﬁﬁ _coupled to the ot

el enent or, |nst e or
i nt er Yeni &l enent &9 ﬁ‘éﬁxﬁ’éplﬁtoggé}mnge i CRSHRIP Ut ancﬁ)ﬁgh %fn Gg?ﬁ‘etﬁgﬁ@ is
descri bed as bel(g "dlrectlégﬁgnnected" or 10"directly coupl ed" to another
el enent, %hehebardngpadsitler ﬁygbw@ﬁé@ﬁ%mﬁuﬁ@s@m suriiiven®en 43 Gueae i s
descri bed as being "indirectly connected" or "indirectly coupled" to
anot her eflenedts d¢shebal hacat Theakhnaheg!lantserwenanigneirenmadt 4P, d3e ptay
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 F1G. 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
26 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,
unless the context clearly indicates 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



[ 0038] Ref erences herein to terns such as "vertical", "horizontal", etc. are
made by way of exanple, and not by way of limtation, to establish a
frame of reference. It is 15understood that various other franmes of
reference may be enpl oyed w thout departing fromthe spirit and scope of
the invention. [0039]While the invention has been illustrated by a
description of various enbodi nents and whil e these enbodi nents have been
descri bed domet presivde tiadopresatet af 4dditian dfoneet mdre oihiet &aturem inoégerhastepppl | cant
to restrict or n any way limt the scope of the 20 appended clains to such

detai |l . AdgetatioRalelcatnantaggsneandarst drogat thonst Wilrthet8a@d] lothappear to
those skilled in the art. Thus, the invention in its broader aspects is

ther ef or e fQtnd dfhi dclh@ed Na1a5P8E1 hhS d@rﬁtﬁi’,'“%oﬁq‘f,_@£e%5c§ﬁ,tc§t»ja%§nt§@1@?cro§t us and
met hod, and illustrative exanpl € shown and described. = MCSLLP CLAIMS 1. A

met hod of processi.ng. a sem. ductor dewice.having.a bondi . the
bond ng. pdtt B Ehg i T P AR P U B B AR 9B b ng ¢ he
surface of the bonding pad by renoving an oxidation |ayer fromthe copper

with a5pl§§Wﬁﬁm”na‘“”“@%?ﬁ?ﬁ@“5%BHF9 PIPESEL-on the cl eaned surface of the

bondi ng pad using a pl asma-enhanced deposition process to protect the
cl eaned sli®dce of {ftheillJunuidagtoeadhagaionsn ctomped iy desebedrmsdringi zi ng gas:

"connected" or "coupled” to or with another element, it can be directly connected or
coupled to the other element or, instead, one or more ntervening elements may be
present. In contrast, when an clement is described as being "directly connected" or

10 “directly coupled” to another element, there are no interveniﬁg elements present. When
an element is described as being "indirectly connected" or "indirectly coupled” to
another element, thefe 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 imited to the specific details, representative apparatus and method, and iltustrative

exampie shown and described.
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10attachi ng a sol der bunp conprising copper to the bonding pad to form an
el ectrical connection with the cl eaned surface of the bondi ng pad;

cl eaning an exterior surface of the solder bunp by renoving an oxidation

| ayer with a plasm; and form ng a pol ynmer |ayeriogiarcl eaned
exterior surface of the solder bunp using a | Splasma-enhanced deposition
process to protect the cleaned exterior surface of the sol der bunp agai nst
t he exposudfleAlMSan oxi dizing gas. 2. The nethod of claim1 further

conpri si ng: after the surface of the bonding pad is cleaned and
before the polyner layer is 20 fornmed, maintaining the cleaned surface of
the bondi ng pad in an oxygen-depl eted environnment to prevent oxidation of

the cl eangd surf aetod o3 proth&ines hegcafduelalimi wheseh Boddigs pol yiner |ayer is
formed using a siloxane nononer in the plasnma-enhanced deposition process.

MGS L L %oﬂ?igggﬁ%ﬂg\é@%ﬁ&ffacglc@}n ioe%d’\é}ecro fgn&géﬁﬁpﬁéié )xane nononer is te

ramet hyl di si e net ho cla ereih the sil oxane nononer
5 oUPBl 120 2 R ok AL MR ST R
about 20 rg‘(l)’lg)gerr “}ﬂ% aap gs%agzoo mrorr.
forming a polymer layer on the cleaned 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;
10 attaching a solder bump comprising copper to the bonding pad to form an
electrical connection with the cleaned surface of the bonding pad;
cleaning an exterior surface of the solder bump by removing an oxidation layer
with a plasma; and
forming a polymer layer on a cleaned exterior surface of the solder bump using a

15 plasma-enhanced deposition process to protect the cleaned exterior surface of the solder

bump against the exposure to an oxidizing gas.

2. The method of claim 1 further comprising:
after the surface of the bonding pad is cleaned and before the polymer layer is
20 formed, maintaining the cleaned surface of the bonding pad in an oxygen-depleted

environment to prevent oxidation of the cleaned surface.

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

monomer in the plasma-enhanced deposition process.

14



6. The nethod of claim1 further conprising: after the exterior surface of
the solder bunp is cleaned and before the polyner 10 layer is fornmed on
the cl eaned exterior surface of the solder bunp, maintaining the cleaned
exterior surface of the solder bunp in an oxygen-depl eted envidGim@nt to
prevent oxidation of the cleaned surface. 7. The nethod of claim6 wherein
the polyner layer is formed on the cleaned 15exterior surface of the sol der
bunmp using a sil oxane nonomer in the plasma-enhanced deposition process.
8The nethod of claim 7 wherein the siloxane nononer is tetranethyldis

| oxane. 208. TheTwmhbadd of clainap Mhérai efesilbxdnBensidnt ane tEBORERTsilosasuppl i ed
at a flowrate ranging fromabout 1 sccmto about 1000 sccm and a process
pressure for the plasma-enhanced deposition ranges from about 20 mlorr to
about 200 mrorr. 10. The method of claim 1l wherein the electrical

connect i or ext eNAsuLAROUBNLLNS ARLAIBI. HBYEL AGle el saned. sHifacs; of the

bondi ng pad. of clarm urther conpri he

exteriqr surface of .the, solder bunp.is cleaned and before th | ymer | ayer
s forned GRETREOR LRHEH et Brat8i LUITSER BR 4 HE“SOPaEr B Rfhe REFHEal ni ng
the cl eaned _exterior surface of the solder bunp in an_oxygen-depl eted

envi r onmerfNbied deRHIONgR N &Rt UM abut £H ¢ re Rl us G mé err

6. The method of claim 1 further comprising:
after the exterior surface of the solder bump is cleaned and before the polymer
10 layeris 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.
7. The method of claim 6 wherein the polymer layer is formed on the cleaned
15 exterior surface of the solder bump using a siloxane monomer in the plasma-enhanced
deposition process.
8. The method of claim 7 wherein the siloxane monomer is tetramethyldisiloxane,
200 9. The method of claim 7 wherein the siloxane monomer is supplied at a flow rate

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

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

15



MOSLLP

10. The method of claim 1 wherein the electrical connection extends through the

polymer layer to the cleaned surface of the bonding pad.

11. The method of claim 2 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.
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