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BY THE PROCESS Cross-Reference to Related Applications This aﬂGZOn
clainms the benefit of U S. provisional patent application no.

60/ 269500, filed on 16 February 2001, under . 119 (e). Background of the
Invention Field of the Invention The invention relates to a process of
manuf acturi ng a sem conductor integrated 15 circuit and, in particular, a
process of form ng an electrical connection between a netal wre and a

metal interconnect in the sem conductor circuit. Description of the Rel ated
Technol ogy Wre bondi ng has been the predom nate structure for connecting

of al1 leaded pariogres SLFORRGEELEY Susacks Gt intr Bl aifln. " ©

wel di ng process. As aBONDIRGND SEMICermcqmlwmekﬂmD CIROWIESti onal wire
bondi ng uses ultrasonic energy that is a t hr ough a bondi ng t ool
(called a Capillary or wedge) &W%FWTEREE(P%THE&?Q‘FE%S This energy

i ncreases the dislocation density of the wire and bond site, |lowering flow
stress 25 and nodul us of el asticit V\/mIe i ncreasing the rate of diffusion.
This causes the material to d t-Referauce iq RefatedApplicationgr st resses t han

woul d ot herw se be required. Presently, wi th the devel opment of copper chip
t echnol ogy by vari oudhis spplicetéardelaime theckenpfdmif d5S. nrovdsionsb pateritappliatdn no.

m cr opr oc ors, ﬁg\g)orl es, and ot her

sem condu?'?(sjr C|6r0?g?%dga}\;\}e ?’QE@’L""W&'&%@’S&@%&E% anced copper 30

i nterconnects. Wth INTEL's | aunch of the PENTIUM || m croprocessor, which
is code nanmed Copper M ne, other . .such as AVD and MOTOROLA,
have |aunched their own processore$RAiEd e e i
about new -1  Field of the Invention

@

The invention relates to a process of manufacturing a semiconductor integrated
15 circuit and, in particular, a process of forming an electrical connection between a metal

wire and a metal interconnect in the semiconductor circuit.

Description of the Related Technology

Wire bonding has been the predominate structure for connecting to a

20 semiconductor interconnects and it is used in a significant share of all leaded packages.

Briefly, a wire bonding is a low-temperature welding process. As an alternative

technique to welding, conventional wire bonding uses ultrasonic energy that is applied

through a bonding tool (called a capillary or wedge) to a wire and a bond site. This

energy increases the dislocation density of the wire and bond site, lowering flow stress

25 and modulus of elasticity while increasing the rate of diffusion. This causes the material
to deform easily at much lower stresses than would otherwise be required.

Presently, with the development of copper chip technology by various
semiconductor companies, the fabrication of microprocessors, digital signal processors,
memories, and other semiconductor circuits will be made by using advanced copper

30 interconnects. With INTEL's launch of the PENTIUM II microprocessor, which is code
named Copper Mine, other manufacturers, such as AMD and MOTOROLA, have

launched their own processors based on copper metal. This has brought about new
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chal | enges in the packagi ng of a copper chip using conventional wre
bondi ng technology. Wth conventional w re bondi ng technol ogy, when the
copper chip is nounted on the carrier substrate using a die bonding
process generally cured at a tenperature of 125 C and a subsequent wre
bondi ng process is perforned at 110 - 180 5 C, it causes oxidation of the
copper netallization and forns inproper ball bonding. The conventi onal
gol d/al um numw re bonding in such a case has a very | ow bond strength.

B e

purgi ng the bon gas, ppr I's nore conpl ex and
not cost effecttechmologh) WEthoraveaticmab wire bbndingpterhnnlogy Whencthe goppst kb livgy | .
an advanced copper . i.nterconnect tem (U.S.. P ) entitled
" Advanced Copper™JuRied o8 fhn S&Ter %S‘?%%%’n?s&%g{ei %@M%‘ﬁ%ﬁg?iﬁﬁg éon?iti%g
Technol ogy") i s térhpesshiré 8t 28 °Canda @bsequeht wite bading piticése istperfotinred a( YOI-d8M r e
not shown) is carried out by applying an alum numpad 13 15 %V?i’ .copper

i nterconnedts 17Cafiauseypxifation of Gie poppermetallization pd fEws FMaRFoRsH bal ?’Pbi“@on

wafer 10, throu Hﬁd?lial” F ' 16% veh®wn in
Figure 1, thi sglgég:??‘}i%ona %é%aﬁn@?%rﬂﬁﬁ?%ﬁﬁ(%%ﬁﬁﬁax%am process
enabl es el ect ri ctngthc ofwntiesr iapmreach ds oaisé o wine dopdingwith a pedctipn| amogphee by ot
shown) and the ¢ M i . C I ) The
syst em enabl es tpﬁpeg? n%oﬂﬁ%g%%%ﬁxgﬁ%%bﬁgs%gﬁgl g %@%h%%%@?o%%ﬁ%f oyed
on the copper i rfffeetivennects 12. However, the additional step of formng
the al um [}gm pad 13 involves a conplicated senm conductor fabrication
process such as a |ithography step and a chemi cal etching step, which

I ncr eases manuf act ur AR Gne Gxkmple of Ao avirek banding biechtiology, t anc intvamnpad copper

SRy 5 kst L o SRR St
circuit board a : g K :

copper thick filgyseh doQﬂaﬁ!ﬁH‘W‘itﬁ‘EQfsﬁnékﬁonaﬁ gefhnflogy™) RdihGated it Figw@l. lAayer on
a ceram c substrate 20. Then, a thick gald fil m{)aste 22 (Au condu ﬁor) S

screen printed @elddrrdonpding Geldwitsmet hawrigcasing optbyapplyys ag elpmipgmypad {3 | 055t
a part of jshe 3Qyth] Edtﬁ &Ghtekcbrinkdt PRI didlediSc PV CTheaP RS ddpbiifed bha sfidon

conductor 21. Thereaf gr, a silicon o o
wafer 10, through an opening formed on a passivation layer 14. As shown in Figure 1,

this additional cap metallization (aluminum pad 13) process enables electrical

connections to be formed between the gold wire (not shown) and the copper
interconnects 12 through the aluminum pad 13. The system enables the conventional
20 - ‘wire bonding techniques to be employed on the copper interconnects 12. However, the
additional step of forming the aluminum pad 13 involves a complicated semiconductor
fabrication process such as a lithography step and a chemical etching step, which

increases manufacturing cost.

25 Another known bonding technique is depicted in Figure 2 (U.S. Patent No.
6,020,048 entitled "Thick film circuit board and method of forming wire bonding
electrode thereon"). A copper thick film 21 (Cu conductor) is screen printed as a wiring
layer on a ceramic substrate 20. Then, a thick gold film paste 22 (Au conductor) is
screen printed at bonding locations on the substrate 20 such that at least a part of the

30 thick gold film paste 22 is overlapped with the Cu conductor 21. Thereafter, a silicon
chip 23 is bonded to the ceramic substrate 20 by an adhesive agent or die bond 24, and
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chip 23 is bonded to the ceram c substrate 20 by an adhesive agent or die
bond 24, and -2 the silicon chip 23 is bonded to the thick gold filmpaste
22 by a Au or Al wire 25. The structure shown in Figure 2 permts a

gol d/ al um num bondi ng by using conventional wre bonding. However, this
method is applicable to only the copper netallization in the substrate 20,
while the silicon chip 23 has conventional alumnumor gold wire 5
conpatible nmetallization. Secondly, it needs a nask and an additi onal

screen printing ess. ,ashd he f t hat Qi ng.i ng,,Qf. I
material is not thg%g%g @le‘%%%é;b?n\e?jgé %r %%:ch_goﬁﬁ%?ﬁ °r22k|¥oavf/;hu %rgcﬂd'f“r?%gt‘g’%ehni gue
i s di scl osed i nsthicfire Sovarii Fijare Hpénits 4 gldANehirinhBebding byHBing tbnvekiiaall SAL
(entitled "Lead Frane, hod fQr rtial noble plating of 1Q.said,|ead
frame and seni pwaﬁe%%%eag» ﬁ%ﬁfﬁ _ ds‘é?ﬂ’hl”géﬁuwfqng'ré‘” ?‘?Ppﬁé?‘%ﬁ‘mﬁ"aﬁ@“ o
Figure 3, a sithéaubsraiern, JBild thelRfiRun S8p 29 hafciRBitidhal | fiddndel 3FBo1d IvireA
silicon chip 33 is honded to a _die pad 36-by an adhesive agent 34 (die

) e 1d v ]
bond) and the sPYPRaHEPle astalization; Seqgpdlydimeeds af%ﬁtk agpl |ap @dditienab fresp PHYtNG wi r e

35 (wire bond). prbBgs, kilie/Som HRYRS thpriRficd B4IE nitehiglad AR D oMf-efdchife rovaRer | ead
frame 31 by providing a thin silver plating on the copper lead frame 31. 15

This silver layer 32 will enhance the nolding of the devices. However, this
process is restrict ﬂﬁp’éﬁ - ) duct or
device is considered to a\%bﬁrﬁ%%ﬁ%cg%xﬁgﬂgﬁfﬁ@ﬁ?ﬁx{l‘%’%ﬁﬁ@%ﬂ?@%ﬁ?&,ﬁf%
convent i onal AuSiagaporkl Pateotr8GG001 841 r(entitlSlihewd Eramé, nethot forpartiamehlie iplating’sfpect s
20 One aspect of,..the, present i.nventiqn.i s t.0 ptovi a,process of. formng
net al su? ac esmtl)&rlf?%é{1 reemﬁrﬁ?%{?onglﬁclt%%e 3‘3}?3% %’f&&?ﬂd%'?en’gl geég”gr%%’:ﬁfm’

i nterconnects f Brasiiderdayen32 B eravided os tapberdedd Fatmatde. Andlioah chip3sis n@@r ti on
of the metal intergon S is.exposed tao. the enyiraonnment. _[he, process
conpri ses appl yf"r?g‘ﬁ%p%%};bg e lﬁﬁe?tl‘?é (5‘8&’?‘?‘%?'“"0‘#“’ f‘ﬂ‘é"n %S?p%sl% nded 1)

i nterconnect antie gidvel BYEFH N By VERETS (Gite bBHI.C EESsilvErAkye 8215R%ents dxidéidn ¢ff the
25 noble netal to convert to a bondable |ayer conpatible with a wire

bondi ng. The pr g e¥wer ladfemecihby praidng s bip sifvenplainean the soppe dead lampahdabl e
ayer. Angdher PEpaRkr Rfersh i biaskind BuAL Pl Svicel BEAY L iR AERSS of

form ng.netal surfaces on a bare neta The metal chi'p ihcludes a
metal i nt er conni&giictediorheicoprerdeadfeamecnadng thssemigpnsiuetar deviga ds consifaedto a

por tion of the pEEkohRilite GRAMESon'tSHhE¥XBIERTEnd Ru and Al bonding wire.

Summary of Certain Inventive Aspects

20 One aspect of the present invention is to provide a process of forming metal
surfaces on a bare metal chip. The metal chip includes metal interconnects formed on a
semiconductor substrate and at least a portion of the metal interconnects is exposed to
the environment. The process comprises applying a noble metal on the portion of the
exposed metal interconnect and performing a chemical process that canses a layer of the

25 noble metal to convert to a bondable layer compatible with a wire bonding. The process
also comprises bonding a metal wire to the bondable layer.

Another aspect of the present invention is to provide a process of forming metal
surfaces on a bare metal chip. The metal chip includes a metal interconnect formed on a
semiconductor substrate and at least a portion of the metal interconnect is exposed to

30 the environment. The process comprises depositing a layer of a low melting point metal

whose melting temperature is relatively low on the portion of the exposed metal
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30 the environnent. The process conprises depositing a |layer of a |ow
melting point nmetal whose nelting tenperature is relatively |low on the
portion of the exposed netal -3 interconnect. The process al so includes
perform ng a chem cal process that causes the |ayer of the |ow nelting
point metal to convert into a bondable | ayer conpatible with a wire

bondi ng. The process al so conpri ses bonding a netal wire to the bondabl e

| ayer. 5 Another aspect of the present invention is to provide a process of
form ng netal [ re. n O L Bad S a
metal inter conniz‘%l:.rcfoﬁ"ger%t?ne:@.Ié %’cg& aggm%iélglﬁso‘%gﬂ? %’rmgag‘setmrfégfémg%%&gt& eegtglt% a
portion of the lagiraf the dvemelting paitt metal éxpasetintoe bondrbledayer campatible witlfhe

process further_coppri ses, depositing a.layer. o é% Lt a |l ow
el ti g poi nt - nEFaping. Do s (nisebegfindt pERL AR GRRTOMELEIAB  f of
exposed 10 netal interconnect. The process al so conprises converting the

| ayer of the solder A particles to a baondable | ayer, conpatibhle with Wre
bondi ng, ahd bondi nﬂ%&@t%$@rew WW@“%?\E?&%?‘%“? gess ‘%tf‘i’rfq’n ?ﬁher

aspect of the papGeRbn hB¥ERclaPihip. Thé el MY iluds PieGEBfercdfnebOfoiidd@n amet al
surfaces on a bare netal chip. The netal chip includes a nmetal interconnect

15 formed on a ¥@foRdnei sYhsiate akyt leatte Rorenf heaadal BIROPRE LY egposgdfg met al
i nterconnect i Stne4RASfHerk: OTRE PRoRB\rkHRP EGaPhises HEgosRA LS of S18d? BErtiQIEY AT | Ses
depositing a layer of solder articles of a noble netal or_ an alloy

t hereof on the plommatingpoinégiskukpseismpsratutes wlativahnewton therpertionof expesed| so

conpri ses;fonver il y €.1S0 . | e | ayer
conpat i bl v h’g‘g%ﬂtr"g&ﬁ%éﬁgi %"j QJ&%‘%? b%%d%g'g’;‘%&an%%eﬁn%ﬁpée%? ﬁéﬁ‘gg g‘%gér

bondabl e | ayer . padidlsfto Desulabletayarompatibleovibraovira tysdifg, god bontinga meta stimemat i ¢
view of a convetntﬂiEe r&aéqbygi r%rbondi ng system Figure 2 is a schematic view
of another convénti ona ¥& bondi ng system 25 Figure 3 is a schematic
view of still anot hétillaasthentpectnd]the/presenttiovediiongis so/proeide a placgss € fofmings a
schematic view of a manufactured copper, chip.. Ei.gure 4b is g .schematic view
2 Shown i n Fi e SPEEces, o &, i mstal CB G el A9 BT ¢ et dppspmect

i nterconnect  ackfhéd ddt deichitficiof @b&Rle dnd WEB4st HPortion of the metal intercommect is

exposed to the environment. The process further comprises depositing a layer of solder

particles of a noble metal or an alloy thereof on the portion of exposed metal

interconnect. The process also comprises converting the layer of the solder particles to

a bondable layer compatible with a wire bonding, and bonding a metal wire to the
20 bondable layer.

Brief Description of the Drawings
Figure 1 is a schematic view of a conventional wire bonding system.

Figure 2 is a schematic view of another conventional wire bonding system.
25 Figure 3 is a schematic view of still another conventional wire bonding system.
Figure 4a is a schematic view of a manufactured copper chip.
Figure 4b is a schematic view as shown in Figure 4a, but adding a bondable
layer to the copper interconnect according to the present invention.
Figure 5 is a schematic view of one embodiment according to the invention.
30 Figures 6a and 6b are schematic views of another embodiment according to the

invention.



Figure 5 is a schematic view of one enbodi nent according to the invention.
30 Figures 6a and 6b are schematic views of another enbodi nent according to
the invention. -4 Figures 7a and 7b are schematic views of another

enbodi ment according to the invention. Figures 8a and 8b are schematic
views of still another enbodi ment according to the invention. 5 Figure 9
Is a schematic view of a sem conductor circuit in which the enbodinent of
the invention can be inplenented. Figure IGa is a schematic view of a

manuf act ured copper chip., Figures 1LObh and 11 _are sch tic vie far
conparing a convent %ﬂ’é‘% 7\%*‘?‘2% B8 AR TP fﬁgé%‘?nga%cgﬁdg'?gﬁﬁ%s?ystem
according to thavedteenti on. 10 Detail ed Description of the Certain

| nventive Enbodi ments This inyention relates_tg a process. of form ng netal
surfaces in a senic r‘l%’t‘i"?f‘tgﬁr*m‘{1 il t’(ct’(‘%t"gftﬁ%W@P’c@ﬁﬁéﬁegtagﬁ’&ﬁ}‘% copper
(Cu) interconnegemvesidpper alloy, other possible conbination of copper

al l oys, and other nmetal interconnects, using 15 copventi onal, A‘%H%nglAl Wre
bond tool s* The i nveig¥r®? iap trhematis) Yiew efoa SemiconqueiQr jcxmut i wpch dhe

i nconpati bl e W L by ehehesEd i &a8 W ted By Using a suitable | ow cost

I nt er medi ate process, acco?g?ér?g to tbﬁi Invention, a bond pad, which is a
part of the Cu i nt digeni{iadsa shanabiz piowofia menufschredopppedelibnt , i s converted

to a bondabl e | ayer hat 0 . V. | I8, such
as an Au or Al w rePt’%(‘)s lg)ﬁo%\ﬂ%;ﬁ agaorgggeg‘eaﬁ“?iv%gg?% %&éﬁ%ﬁgﬁga Oréardmev&%J chip
with the Cu i nt bongdimgspstinsand Zhe(vire bondibgdybtim atdosling tatheinvertivd. a passi vati on

| ayer 45 ios shown. The Cu netallization |ayer 42 can be a single |ayer or
multiple Nayers and it may al so have a suitable barrier and adhesion

| ayers using the conventDaikd Desfiption of the Ceitfie hivaitive Embodirland damascene 25

rocess. Reference nunerals 41 and 44 refer, to a dielectr.ic |ayer,.
P ’Hn's inventsxon relates to a process o?‘ formglg metal sur?aces ma sen?izonductor

device with metal interconnects such as copper (Cu) interconnects, copper alloy, other
possible combination of copper alloys, and other metal intercommects, using
15 conventional Au and Al wire bond tools. The invention may be applied to metallization
which is incompatible with conventional wire bonding. By using a suitable low cost
intermediate process, according to this invention, a bond pad, which is a part of the Cu
interconmect and exposed to the environment, is converted to a bondable layer that can
be bonded to a conventional metal wire, such as an Au or Al wire (not shown).
20
Referring to Figure 4a, a bare Cu chip with the Cu interconnects 42 (Cu
metallization layer) and a passivation layer 45 is shown. The Cu metallization layer 42
can be a single layer or multiple layers and it may also have a suitable barrier and
adhesion layers using the conventional copper chip technology or dual damascene
25 process. Reference numerals 41 and 44 refer to a dielectric layer.

Since the present invention is applied to the manufactured chip illustrated in

Figure 4a, no additional process such as masking or etching is required at the front end

(chip manufacturing process). A very simple low cost and maskless additional step at

30 the aséembly back end (chip packaging process) will convert a bond pad 43 (exposed
copper interconnects) into a bondable surface with a bondable layer 46 as shown in
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Since the present inventton is applied to the manufactured chip illustrated
in Figure 4a, no additional process such as nmasking or etching is required
at the front end (chip manufacturing process). A very sinple | ow cost and
maskl ess additional step at 30 the assenbly back end (chip packagi ng
process) will convert a bond pad 43 (exposed copper interconnects) into a
bondabl e surface with a bondable | ayer 46 as showmn in -5 Figure 4b. After
t he bondable layer 46 is forned, a nmetal wire (not shown) such as an Au or

Al may be bonded.to th opdabl e | ayer A6_t hr pugh conventional . wire
bondi ng techni %@fe @0?’%&%9’&@“&2&@ 16r’3£°6’ﬁF°gagﬁePZw38E?f?%bfwn2mfché’? fosoni ¢
W re bondi ng, aAuw®lAlinagbe&bonded N boaddbllaten4s Bffugh b cdiventivdsl ivtiledioadingdr ocess

steps may conprise .one_of the foll owi ng nodes.. desgri bed .bel.ow: 1
Feforring Lo B SR, 1 DR Hovieops, G Ceiipet SRS R, ponding &

platinum Pt, 1GeRiaigondcatibiition thereat | Oy thereof, etc.) is applied to the
bond pad 43 (exposed Cu _interconnects), and the bond pad 43 is repl aced
with a nobPe netal | Hpepddifiongl,prosess steps mpynepmprise 1085 of By BUAYIRg doafet h a
Wi re bondi ng. Hak&ribed beloWP! € chem cal process such as an inmmersion silver
process, a dip silver process, an electroless silver process, etc., is
used to deposit the noble netal |ayer 51 on the bond pad 43. 15

Speci fically, \/\/gf(;%}glp.e noble netal is applied to the exposed Cu

I nt erconnects 4 y the above chenical process, a diffusion occurs on the
exposed Cu i nt er connkefersingt 8 Figwiei % nebls estalC(e. gt silver-44, gokbAwxplatimo-KEu

| nterconnegts 4 ]ﬁ? f the nohle. met 1 X W th ther and,
t hus, t he?ﬁobl' egma gﬁ%‘%@r@é’yt oa?ugeace’zﬁ%sa%ng’%{ﬁg %e%%%dc%aﬁnéég?%pﬁsgg (%n

i mer si on si | veintgconoessy, and theibend paletd ibyepiatddowith 4 moblehmetildhyentl whicR® apat ent
docunents. U.S. . Patent Nos. 5. 733,599 and.5, 935, 640, I ch,are incorporated
by ref er ence. _ALOTHERE B ERpRof At e oading e tipble St Ploges Fe
exchange of at OB® imM&tiYEsilver Picess RIS siBChrddebsy 84 eledtolbsd &ilVer proceds, kRY @ Of
silver deposit on the Cu netallization. After the noble netal is adhered

to the exposedutedtq dspesitthgnoblemactal fayer 51 on the bond pad 43.
15 Specifically, when the noble metal is applied to the exposed Cu interconnects 43

by the above chemical process, a diffusion occurs on the exposed Cu interconnects 43,
which causes Cu atoms of the exposed Cu interconnects 43 and atoms of the noble
metal to mix with one another and, thus, the noble metal adheres to the exposed Cu
interconnects 43. An immersion silver process is disclosed by others in the following
20 patent documents. U.S. Patent Nos. 5,733,599 and 5,935,640, which are incorporated
by reference. As described in the patents, the process results in an exchange of atoms
between the copper and silver resulting in a layer of silver deposit on the Cu
metallization.
After the noble metal is adhered to the exposed Cu interconnects 43,
25 conventional wire bonding is carried out on the metalization, and the quality of the wire
bond can be evaluated by shear strength. In one of the embodiments, the value of the
shear strength falls within the JEDEC qualifying limits. (JEDEC stands for “Joint
Electron Device Engineering Council”, and is the semiconductor engineering
standardization body of the Electronic Industries Alliance (EIA), a trade association that
30 represents all areas of the electronic industry.) This has been proven by experimentation
and the results thercof which are incorporated as Appendix A of this application.
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25 conventional wire bonding is carried out on the netalization, and the
quality of the wire bond can be evaluated by shear strength. In one of the
enbodi ments, the value of the shear strength falls within the JEDEC
qualifying limts. (JEDEC stands for "Joint Electron Device Engineering
Council", and is the sem conductor engineering standardization body of the
El ectronic Industries Alliance (EIA), a trade association that 30
represents all areas of the electronic industry.) This has been proven by
experinmentation and chGa AW ' rQr. pendi x
A of this applicati o’rrlw-ah Theﬂ)%ﬁeégmggbgfom&n \é@;}‘engs} ﬂ?refa mg%gn%rt?aggﬁgﬁ&hghdg?
processes that gesultsfAdse, ke noblsvretal may gbihprise Ahesar, mark ef the biher metila khowa in

conpri se one or [ e, t t her t shown in Appendi x B, besides Ag,
Au, Pt and Pd, ggéxgl?ﬂhﬁ"ggesg\?ogﬁ,ﬂ%@d;rocess is carried out on a bare
sem conductor chi p t Aatesciibell abova) theptyesdie earidiroutifiag bars Shicondebtdr iRip BapCeS S
af fects only the exposedq copper,. .injerconnects 43, and hence no nask is
required. The ng’ﬁ ég'f‘fé?gﬂeeq E'BP‘&WF{W@ % PRFRS rattects, oply the expesedpopper

i nterconnects 42Znteredimbets 43, BHeScedioMallols régGRel. THE GeHISRetal s R¥EDRMBAdhdrE&act i on
of atonms does not OCCﬁ% on the passivation |ayer 45. Even if nost of the

back end housed®Xr8 HefBREIQUSHE 4aoyep temasks e 7t 36wk beoastsr ampichange
equi prent  and Nagkson dfARmEUEY R 6%r G thd PRsilRYE BldrdB, iﬁﬁyﬁ&ibstc&%%&@““y

performed at either a front end or a bac end. After this process Is

conpl et ed, the §BheRusRs ascaenmally ngbequipped with phiotelithrguaphiseqiipotent anfh oasky, thnd t he

nobl e et ab | 2 foct@ Ry iR ifkRfiduts 6@ Edrthigity pbREAUOR Geis CORY SN iGNk, e
such as ultrasonic wre bonding, thernosont & wre bondrng, a weldi d‘or
conbi nati on t heredbAftepthis procEssNOREPRtedRbE bendingetweergald peal@aipum wWiss\(noe! t i ng

point netal is [ d | nt erconnects 43.. The | ow nelting
poi nt netal means sgﬁg%ﬁh%n%%ﬁ%ﬁg%\%w%%e cﬂﬂfytcgﬁ‘ﬁ%r"gﬁ k. ggg’ercé’f“écf”?)‘é{“; | ow
(bel ow 350C) suinagbéush fasr uliradonie r wing bpading) IkermBypnisawire fborkag P aveldidge of OW
mel ti ng point tal. conprise Tin (Sn), Indium (In), Bismuth (Bi), Lead
(Pb), and an al %n;a)bl{‘%g¥g’8 gB@‘f’c. A sinple chem cal process such as

el ectrol egs

MODE 2:
Referring to Figure 6a, a low melting point metal is applied to the exposed Cu
interconnects 43, The low melting point metal means solder materials whose
20 temperature is relatively low (below 350°C) suitable for soldering purpose. By way of
example, the low melting point metal may comprise Tin (Sn), Indium (In), Bismuth
(Bi), Lead (Pb), and an alloy thereof, etc. A simple chemical process such as electroless
tin, dip tin, electroless bismuth, etc. is used to replace a few mono layers of the exposed
Cu interconnects 43 with a thin layer of the low melting point metal 61. The electroless
25 tin process is disclosed in U.S. patent No. 3,917,486 and 4,027,055, which are
incorporated herein by reference. The simple chemical process also comprises any other
processes that satisfy the above results in addition to the electroless tin, dip tin, and
electroless bismuth, etc.
After depositing the layer of the low melting point metal 61 over the bond pad
30 43, a chemical reaction such as sintering and metal replacement, a heat treatment

(reflow process, soldering), or combination thereof may be additionally carried out to
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tin, dip tin, electroless bisnuth, etc. is used to replace a few nono

| ayers of the exposed Cu interconnects 43 with a thin |layer of the | ow
melting point nmetal 61. The electroless 25 tin process is disclosed in U S
patent No. 3,917,486 and 4, 027,055, which are incorporated herein by
reference. The sinple chem cal process al so conprises any other processes
that satisfy the above results in addition to the electroless tin, dip tin,
and electroless bismuth, etc. After depositing the layer of the | ow

mel ting point méﬁd?éas@#heoa\ﬂﬁ ioh 4 RO BGoh glo@%eﬂfﬁgr@in?%?hcﬂe 113%€ plotdds such
as sintering and netal replacenent, "a heat treatnment refl ow process,

sol dering), or denhsiingathe dwatt treatment, etenyenpzesadiali the dnelspldercpartiqlesgofothe lawp - 7

i ncrease the ad | Hfard [ . ' | bove
process incl udpﬁgﬁnﬁé’%{ggt tr@g@ﬁ@é}f&%?‘ﬁ@%ﬁﬂ&%@ﬁ%%{ﬁ?h Oﬁ}gﬁggl der
particl es of thenttroonnectedl. i Thg heatitredtment tngely comvert partisltycbr inlly thothin layet bf the coat
of material. over, the exposed pper .interconnecgts 43. e he t r.eat ment
may convert par tl?vélni’%rp“f’%lm‘%ﬂt 8 qnﬁpﬁn?e crgqyﬁabi%éay%r %-%Wlﬂ@fa“{’en Bi nt
metal into an ! &bﬂ{)eﬁ@dg_ﬁl %ﬁ&?:dhﬂﬂgabbxﬁﬁxhxﬁwg,rby%olﬁ@m&hﬂ bémwgﬂgtih?\l&r copper,
conventional wre bonding. For exanple, by c ing tin an owing it
over copper, Cf@sihs Whigh copstiges dhe ‘P‘G'F’Eéan%"}@mf”ﬂ{"é?ygﬁpal‘f‘ gy S’{T&BY‘E’ n}%Elyer
62, is formed, HOWEWRNTow RltingPbint Abtalk ABed! tAYheXE tfechtRientR@ipth fo¥RY thé Sona@aél t he
heat treatment step to formthe bondable |ayer 62. A thin |ayer of a netal

such as In or Bilayees?. iAothin layenefradeatl suchay bor i mAvform a bandable dyerythout use
treatment jgThe Q?fhb@ﬁbt'm%uﬁcii{ e%nhacbléJE‘ggl 0%s !?sg?_%ﬂqgonﬁingq Hetalvife Wt D

conventional w re bondi ng. wever, t ayer of metal, such as In or
Bi, which is apphventibnalf wier bontiing.s Howéver, tiedasierél ofimetal cmeh asciaror Bg whichdet | y
used for wire b | ' t. £ i I Qk- The
process in N@Eggﬂ#egg%%yst%’ %l? ?hZé%ch.{SRq&gﬁs, é&%tgrﬁg&g]%%&gg% uctbgrg&gﬁg%h ‘%’Eat
has al r eady beennylmatirattant wihggperfordedist rat ed i n Figures 6a and 6b, and the
process affects only the exposed copper interconnects 42, and hence no
mask is required. After this process is done, the bonding between gold or
al um num usres (not TFheopwdesssirMODE 2 ibalseladitiel hayri b semivoadusor bisp @asi | y

carried out in the conventional way, such as 2Q ultrasonic w.re bondi ng,
t her mosoni ¢ Wi r é’%@%ﬁ%g‘?&\%’l"ﬁ*ﬂﬁ@%ﬁs (‘:'g‘}ﬁ‘ftﬁ';’c‘ﬁ gures 63 é‘i‘ﬁfa’ and the process
affects only the exposed copper interconnects 42, and hence no mask is required. After

this process is done, the bonding between gold or aluminum wires (not shown) and the

bondable layer 62 can also be easily carried out in the conventional way, such as

20 ultrasonic wire bonding, thermosonic wire bonding, welding or combination thereof,
ete,
MODE 3:

25 As shown in Figure 7a, a tacky (sticky) layer 71 is provided on the exposed

copper interconnects 43 by known chemical processes. Solder particles formed from
low melting point metal are deposited on the tacky layer 71. The solder particles are
embedded into the tacky layer 71, thus a layer of the solder particles is formed on the
exposed copper interconnects 43. Since the solder particles have been embedded into

30 the tacky layer 71, the layer of the solder particles will also be designated as reference
numeral 71 in Figure 7a.



etc. MODE 3: 25 As shown in Figure 7a, a tacky (sticky) layer 71 is

provi ded on the exposed copper interconnects 43 by known chem cal
processes. Sol der particles forned from low nelting point nmetal are
deposited on the tacky |layer 71. The solder particles are enbedded into
the tacky layer 71, thus a layer of the solder particles is forned on the
exposed copper interconnects 43. Since the solder particles have been
enbedded into 30 the tacky layer 71, the layer of the solder particles wll

al so be designated agaLShelGRGE isdg%g%@én 31% nggﬂ e}Ea:dgﬁr Ecl?eﬂﬁ(ial ?eaé{ohe{]}é%{] e

| ayer 71 is deposited on the bon cal reaction, @

treat nent (refl| fptpeRiceeflow pocusr soldgling).oor comtiiation ithemeof mayebd additjonblly
additional ly cufib®HuQyt ' rgﬁgi i f.phe deposited |ayer
of the solder particl ets. lfmf)éoﬁga e&f éﬁ’?ﬁ%ﬁ\?ﬁ%ﬂgﬁpﬂ%@‘ﬁ%‘ %rfpﬁalr?%s't ﬁe above
process (heat t beadabledayer Thwhick his Wderganettheosbovepoedss (heats reatmentcHeimipay € 7b.

The bondabke | a s (2 ) S: far bandi a t.al i re wth conventj onal
wi re bondi %g. H%%ét\l/oe ?té.fﬁgl? ‘ﬁ’g‘ﬁ I@T(}E‘a@eg@nﬁ%ﬁ’éﬁq ’53&‘}%’ n&g&?@c ndi ng
before the heat wiresdthneenteniicnap@iré bérding. Hbweven 18y Ry 10 Gas 56 dirdbRY uhd for
performed by usin be%’iER f]UF TT %?cess, of = Showa Denko

(http:/ Avww. sdk "6 P15 W@]EEF?" AR 5PEERERY. of Harima Chemical 10 Inc.
(http://wwmv. hari ma. CTHefsbovifrodtkRS 859 be 9efdrinbe y LindBOEER JUSFR! H8ceas of NPl e
chem cal pr ocesg which can be carried out directly on the exposed copper
i nt er connects 43N IReske bRy Weesdk.coipheEPER prReswhof Harimlaihemicgla, a

tacky (stigky) hﬁy@ﬁp:%%hggg_ﬂgd on the exposed copper interconnects 43
by known chem cal processes. Fine particles of a noble netal or its alloy

are deposited on thelhe@rdegss|desprbeddn MODE3 isialso apsimplé chegcabprocessiivbidhicnt i nt o
the tacky |aye : B Lne partigles of a ngble nmetal or
its alloy is fo?en%#egtﬁn&%@%éﬁgé%g&%{%%%qm c&)sn‘ﬁé’e LS ce the fine

particles have been enbedded into 20 the tacky | ayer 81, the |layer of the
fine particles MdﬂE@l so. be designated as reference

15 As shown in Figure 8a, a tacky (sticky) layer 81 is provided on the exposed
copper interconnects 43 by known chemical processes. Fine particles of a noble metal
or its alloy are deposited on the tacky layer 81. The fine particles are embedded into the
tacky layer 81, thus a layer of the fine particles of 2 noble metal or its alloy is formed on
the exposed copper interconnects 43. Since the fine particles have been embedded into

20 the tacky layer 81, the layer of the fine particles will also be designated as reference
numeral 81 in Figure 8a.

After the layer 81 is deposited on the bond pad 43, a chemical reaction, a heat
treatment (reflow process, soldering), or combim\ztion thereof is carried out in order to
form 2 bondable layer 82 compatible with conventional wire bonding as shown in

25 Figure 8b. The layer 81 may comprise fine particles of any noble metals or their
combination which can be reduced and sintered into 2 bondable metal layer by a heat
treatment or a chemical reaction. The bondable layer 82 is used for bonding a metal
wire with conventional wire bonding.

. The above processes may be performed by using SUPER JUFFIT process of M/s

30 Showa Denko (http://www.sdk.co.jp) or SUPER SOLDER process of M/sHarima
Chbemical Inc. (hitp://www.harima.co jp).



nuneral 81 in Figure 8a. After the layer 81 is deposited on the bond pad
43, a chemcal reaction, a heat treatnent (reflow process, soldering), or
conbi nation thereof is carried out in order to forma bondable | ayer 82
conpati ble with conventional w re bonding as shown in 25 Figure 8b. The

| ayer 81- may conprise fine particles of any noble netals or their

conbi nati on which can be reduced and sintered into a bondable netal | ayer
by a heat treatnent or a chemi cal reaction. The bondable | ayer 82 is used
for bonding a netal |

processes may be per}%grﬂrngcgyy %&ngur%%%%gq%%%éﬁ Eﬁggi@gmgpcgsg%hﬁgo Showa
Denko (htt p./ Aviawasded eubdirastly en thetpsrd sqippHRtegemmeds43 withaw aanaskea  Cheni cal
Inc. (http://ww. harinma.co.jp). -9 The process described in MODE 4 is al so
a sinple chem cal process which can be carried out directly on the exposed
copper i nt er conMQDES H&Mmtydmtﬁnmﬁydm&& MODES | and 4 may be further

described. <5 Awre or ar .ch bac nd or

house issu2. In the Rg}r?ﬁ%or ora (%rgipelggb%gﬁ‘bmoﬁfe?% °B§fr’?slug‘d o‘g‘? in a
seni conduct or clpfigr 4rghkd pzﬂt:ds@ﬂoulth@hl?ébs ddﬂﬂe@ buwi‘hassem&ﬁaﬁdtdrﬁilupsﬁblﬁciaﬁéﬂ ng and
etching tool. T 2 r| r.art |nvo£ves ri ragrga @ m num | ayer_ on

copper, and thef® hgssue ot p?é‘ et enpriqre art valve p| y
houses for wi resﬂm&ehgnﬂ: aliﬂmmetayerloﬂ d‘oﬁfbr%e&&‘ditcah& gﬂﬁt 2 fabvatibh aRiTe

process is carried, oyt on bare Cu chlg i ch has already been sent to the
assembl y house. S‘F‘fhngét‘&a??ﬁ]ﬂb’@m@%fﬁfww ondinge Howarer.dn thegmesent invertina tex posed

copper | ayer i gin® froRdotikifedl AY 6h a BBy REDWililH ﬂ& eﬁre!ﬁr{ﬁ‘eel?%&ﬁ'tﬂ%és' ng

conventional Au and_ Al wre bonders. Furthernore, ocess according to

the invention caifealydoyse &@auatmapheyucalsroaﬁs@mheh Opmve&ﬁﬁles@ipm gerper or med
on the sem Condl&‘}ér%to%%ﬁ&abl%t@ep Bhudty) %"? witk %&%ﬁ&lﬂ{gr&gﬂeﬁn&g{ b Gy out.
orm

The structure includes any shdpe or hin roun squar e,
with via, etc.)Alwaebendersnd pad tae. Al so, |t i s not strlctly restricted to

conventional bond p e n additiqn, .the .structure |n
device surface on %ﬁh&lﬂ&% the process according to & igvention canalso 1t10n21ﬂ>/

15 applied to any stmcture formed on the semiconductor substrate on which the wire
bonding is carried out. The structure includes any shape or form (e.g. thick, thin, round,
square, with via, etc.) that a bond pad tae. Also, it is not strictly restricted to
conventional bond pads alone. In addition, the structure includes any device surface on

which the process provided by the process of the invention is applied.
20
MODE 5:
As illustrated in Figure 9, the above processes and methods described in MODE
1 to MODE 4 can also be implemented on multilayer advanced copper interconnects
with a low K dielectric 91 and a passivation layer 93. The low K dielectric 91 may be,
25 by way of example, comprises SiLK®, Black Diamond®, and Coral®. Also, the range of
the Jow K dielectric 91 may be between 0-3. Reference numeral 92 in Figure 9 indicates
a Cu interconnects.
Figures 10a-11 are drawings for comparing the prior art and the present
invention. Figure 10a illustrateé a conventional bare Cu chip. Figure 10b illustrates one
30 of the prior wire bonding techniques that use Al cap metallization. Figure 11 illustrates

a wire bonding technique according to the present invention.

-10-



whi ch the process provided by the process of the invention is applied. 20
MODE 5: As illustrated in Figure 9, the above processes and net hods
described in MODE | to MODE 4 can al so be inplenmented on nultilayer
advanced copper interconnects wth a low K dielectric 91 and a passivation
| ayer 93. The low K dielectric 91 may be, 25 by way of exanple, conprises
SILK(r), Black D anond(r), and Coral (r). Also, the range of the low K
dielectric 91 nay be between 0-3. Reference nuneral 92 in Figure 9

ndicates a QU | nt CRigRBIGE s Subsailfy e 30 of FighleSa TR MRS 106 WPE | N9

the prior art and the present invention. Figure 1 ( ustrates . a
convent i onal bawidgdicleptrip layeri 162 indFigurdiaichiraspandstoasilivor lay8 30 aid & dieeqtié or
wire bonding te ] t,hat al'é@gi . ElLqur 1
illustrates a vg\nﬁ]rqgcﬁgﬁ%iﬁhgg %ﬁrﬁ%@glgoggﬁ&ldinng o] ﬁ%ecoﬁjr g%‘r%t t%i H‘\?e%’t I on.
-10 Figure 10a irsereanbetsod2ishan in Fignee 4aane as Figure 4a. A silicon wafer 100

and an oxide/dielectric.layer 102 . ip Figure.10a corresponds.to Ll1icon
| ayer 40 and a di el E%F‘FH&%W%%E‘F%%Mrfgq‘éf‘fagﬁ‘faﬁ&ﬁm‘fgfﬁ%
Figure 10a corr Fippenidb chigespdis fom Alpe@ITRFIQGE §. A2 dSAYR Veford fehig tHea. S
Figure |l Qb is bstantjal]y the sane as I_:igur? 1. An Al cap netallization
104 in Figure R BF %ﬁd’g the, Cu metafhization mvolyes, arcogiplicated processfuch 43 ped

before, form nglihbgraphiiand cHemital cdhirgZ Rkl iR Dhibh BakfaciRing| doitzat i on i nvol ves
a conplicated process such as |ithography and chem cal "etching, resulting

in a high manufacturing cost. 10 Figure 1 | illustrates one enbodi nent of

the preseny i nventi ofiguds PAGAR Sod @Rkimelich e lIBH sntCARRARER Tl L N

present invention is Conpatl conventi o ndi ng echni que,
such as an ul t r Aklofermeedbiy the poesassiofithe prsenhinventisrois compatible vithredivegtional wivee| di ng

or conbi nation ém?-! [ “g nee he pra f _Figure

11 and the pro%%@gn%g |€§F&§ﬁl%g§jps ﬂ%ﬁﬁﬁh@ﬁ%ﬁ%éggémg?&ﬁ%?%n%f&&ses a

si nmpl e cheni cal welging oo cansténation thereofi {The mzinrdiffinteee betyern tHelfrocesdof Rigutrd

B e B O BAF e e R S Sl USRI PT 0005
15 process to form the bondable layer 111, while the process of Figure 10b uses a

complicated semiconductor fabrication process to form the Al cap metallization 104.

-RESULTS

Since the process of the present invention is performed on a processed chip, the
20 present invention has passivation followed by the metallization layet being converted
into a bondable layer by the process described in Modes 1-5.

The results of the wire bonding experiments carried out is documented in

Appendix A. Page 1/7 of Appendix-A illustrates wire bond process parameters. Page

25 2/7 of Appendix-A illustrates Pull-strength test results. Page 3/7 of Appendix-A
illustrates photographs showing Failure mode of page 2/7 test. Page 4/7 of Appendix-A
illustrates Pull-strength test results under 1 time and 4 times reflowing in an oven of 0-

260°C (5mins) Page 5/7 of Appendix-A illustrates photographs showing Failure mode

of page 4/7 test. Page 6/7 of Appendix-A illustrates shear strength test results under ¢))

30 time zero and (2) Thermal Cycle -40°C - 125°C, 15min, interval for 94 cycles. Page 7/7
of Appendix-A illustrates Pull-strength test results under 150°C for 1 hour, before gold

-11-



RESULTS Since the process of the present invention is perforned on a
processed chip, the 20 present invention has passivation foll owed by the
nmetal li zati on | ayer being converted into a bondable |ayer by the process
described in Mddes 1-5. The results of the wire bonding experinents carried
out is docunented in Appendix A Page in of Appendix-Aillustrates wre
bond process paraneters. Page 25 2/7 of Appendix-A illustrates

Pul | -strength test results. Page 3/7 of Appendix-A illustrates photographs
showi ng Failurey rates
Pul | -strength teg?%rg%@tﬁ ?ﬁg%r?gféorzmtl%ﬁorr?egg%g b%‘%néres r eﬁ?)g )Smb\ﬂ}en&%ynﬁoven of
0- 260C (5m ns) AppgdixcA FrebhseAppMOIELA i || ustrates photographs showi ng

Ctrength Cest resor t8 ey i eSSl vor puf AR Sk it O

-125C, 15mn, i hbmhngadf tho invertion | @sivalblitge the/ valueo bchiyypd byl Icmvéntlolnhlumtu’ ates

Pul | - st th t | t d -11 bal |
bondi ng. and 240 SRAHES Ak, SR R atet AoSlmEpPelybetitsare (Hnp desel o of
Appendi X- A are BasRemrRa. M{é&/ﬁomﬁpmywsmmvmaﬁdmnqﬁez&opulI

strength and shear stren wire_ bond ng}oof the invention are

t
equi val ent to t ke HE-Hiek &E’ﬁ?’%cﬁt?f?gedéﬁi‘?/@rft"i%ﬁq “Kﬁ) raBd €] B’Gﬁ’éﬂl@cem S0,

referring to pag@cﬂﬁs@‘ 1ﬁmﬁnﬂk§4®aektcs.ﬂ§m Aglagi on has
occurred. Page 2 ég@en i Xx-A shows Pul trength tes‘t’s under (1) Tine

Zero; (2) HIS H)g?nﬂfe 1043 ane (330568 go regesHTof éppmﬂh@mvs's)no whsiar(nsl)
Thermal Cygle:  geghliotion, uc firs rgﬂﬁ; L8 bdide @&dtg‘& t0hv e
aver age pul | streen th resu c %E ue515 %M% gﬁé §68 on page
2/ 7 of Appendi xwixe Oné?uslhbstantl al 10 degr adat i on. Hence th| S

techni que can be widely applied to carry out conventional wre bonding on
Cu-chi ps. CERTAI N ADVANTAGES OF THE | NVENTI ON The present invention is so
sinple, it can EER@ANWVWMOM‘HEMMOMS sem conduct or devices with
Cu metal |1 zation. | tnQeReral itetBss 3" gl &u® cadl ibil W RiREPSSCS

15 semiconductor devices with Cu metallization. It generally does not require any

additional processes in the front end.

The present process is so flexible that it can be easily incorporated either at
front-end or in the backend assembly

The present process is a simple method which can be carried out directly on the

20 finished die. No additional masks are required for the fabrication and this reduces the
cost drastically. '

The other main advantage of this process is that it can be carried out at a die or
wafer level. All other known prior art processes can only be carried out only on wafer
level.

25 The process is suitable for both mass scale production as well as small-scale
production,

The novelty of the process is such that it also allows the user to subject to all
other temperature applied to the real package assembly process, which may cause
oxidation of the copper metallization, such as die bonding process, reflow component

30 attach process, etc.

Lastly, this inventive process is not labor intensive,

-12-



The present process is so flexible that it can be easily incorporated
either at front-end or in the backend assenbly The present process is a

si npl e met hod which can be carried out directly on the 20 finished die. No
addi tional masks are required for the fabrication and this reduces the

cost drastically. The other main advantage of this process is that it can
be carried out at a die or wafer level. Al other known prior art
processes can only be carried out only on wafer |evel. 25 The process is

suitable for both nmagg,.s ﬁaﬁf89#§ ' @@% = PHgfyct i on
The novelty of the p?%ucs’etgglal it ﬁ%%ﬁ%@?@ﬁ% ws s%ﬁg%g-lsmg?e't 0 sﬂbj ect
to all other tdhppefatred entmdiphantdf the invemion dad bepm shompye appesetihmgnypchenges s

whi ch may cause Xi ion of the c er.metal lization. such as die. bondi ng
process, refl owaggr%%ﬁlé"ﬁ?‘msébaya % E@ﬁgmg’@w&‘%‘.’%ﬁ‘%&? PP HvBht i ve
process is not limkedton ITfi8@Fprettated, thivdfold) tat thé Bpefded aRinoRerdag alid Abgicla new
w re bonding process and srructure. ile.  th referred enbodi ne of the
i nvention Has bé’gﬂlgg%ﬂ%ﬁ?"%ﬁﬁ?"érﬁ%? td@ﬁﬁ%@% e tma spEtiemd 989 Qr)&lrfge may be
made therein w tinefiondeparting fromthe scope of the invention. It is
appreci ated, therefore, that the appended cl ains cover any and all such 5
changes and nodi ficati ons which do not depart fromthe true spirit and
scope of the invention. -13 APPEND X -A Equi pnent : ESEC 3 018 Materi al

@Qul Tech BGA Substrate, Copper chip plated with silver, @QVW581, 1.0mls
gold wire. Bonding sequence: Chip to lead frane |ead Equipnent paraneters:

13-



Bal | bond force : 400nmN Bail bond tinme :
Wedge bond force :
Heater tenperature :
power : 14.1% Ball
Ball delay force to US on :
power : 18.0%

VWedge delay force to US on :
4: engi neerl NEquk ntaem@ml(g 960 Bal |

180 degree Cel sius

2.0 Pre US

| ength : erse
hei ght 2 : iﬁ%@ oop 'ﬁ?ch ngf? (Fg
auto Wre dianeter QM@ i, 1.0mils gol w1re

700mMN  Wedge bond tine :

Wedge US power conpensati on:
2.0ns  ARRENDEX afret er s:
security height :

B Sourdibbides Bubiilve

20ms  Bal |

0.00 Ball
wedge power :

Bonding sequence: Chip to lead frame lead

Equipment parameters:

Ball bond force

Ball bond time

Ball US Power

Wedge bond force

Wedge bond time

Wedge US power

Heater temperature

Pre US ball power

Ball US power

Ball US power compensation
Ball US profile

Ball delay force to US on

Pre US wedge power

Wedge US power :
Wedge US power compensation:
Wedge US profile :
Wedge delay force to US on

Loop parameters:
Loop Mode

Loop factor A

Ball security height
Reverse length
Reverse height
Reverse length 2
Reverse height 2
Loop height

EFO parameters:

Efo parameter select
Wire diameter

Free air ball diameter

Note: wire length is around 4mm.

-14-

400mN
20ms
14.1%
700mN
20ms
18.0%

180 degree Celsius
0% |
14.1%
0.00
Square
2.0ms
0.0%
18.0%
0.40
Square
2.0ms

4:engineering
0.960

0.200

0.150

0.200

0.150

0.150

300um

auto
25um
60um

US Power : .
20ms  Wedge US power
Pre US ball
US power conpensation :

power :
US profile :
0.0% Wedge US
0.40 Wedge US profile :
Loop Mbde :

0. 200 Reverse
Fleverse
o sel ect



Free air ball diameter : 60um Note: wire length is around 4mm -14 Sanpl e
1/2/3 : Copper chip (plated with silver) nounted on BGA substrate using
QVL518 Curing profile : 150 degrees Celsius for | hr. Bonding equipnent:
ESEC 3018 Wre Bonder Tine Zero HTS T/C (-40/125 deg C 15 mini ( 150
degrees for 240hr) Interval for 94 cycles) Pull strength Failure Pul
strength Failure Pull strength Failure ( granms) Mde ( grans) Mdde (
grams) Mode 9.502 1 7.962 1 8.889 1 10.254 1 9.007 1 9.105 1 10.382 1

8.486 1 9.S&dlellf28. 575 1czp9&&m &te'alvélnﬁlsuvleg fited b BGA shbdirald4 1 9. 485
1 9.109 1 9.391 1 9.935udin 1 9.522 1 '9.676 1 9.749 1 9.07 1 10.00
1 9.673 1 Quih %ﬁkﬂeg 771150 @ ?ul 9.833 1 9.027 1 8.668 1 9.647
1 8.727 1Eﬂm§ e mpﬁm E%E 9.796 1 9.341 1 9.953 1 9.743
1 9.325 ool 10.183.1 9 425 1 9 812 1_9.619
1 9 496 1 9 362 ime Zero T/C (-40/125 deg C 15 mins
(150 degrees for 240hr ) | Interval for 94 cycles)
Pull strength | Failure Pull strength { Failure Pull strength | Failure
( grams ) Mode ( grams) Mode ( grams ) Mode
9.502 1 7.962 1 8.889 1
10.254 1 9.007 1 9.105 1
10.382 1 8.486 1 9.734 1
9.575 1 8.948 1 9.314 1
10.050 1 8.574 1 9.104 1
9.485 1 9.109 I 9.391 1
9.935 1 10.015 1 9.522 1
9.676 1 9.749 | 9.07 1
10.00 1 9.673 1 9.799 1
9.771 1 9.961 1 10.027 1
9.833 1 9.027 1 8.668 1
9.647 1 8.727 1 9.756 1
9.613 1 8.624 1 10.182 1
9.796 1 9.341 1 9.953 1
9.743 1 9.325 1 9.641 1
9.429 1 9.880 1 9.178 1
10.183 1 9.425 1 9.812 1
9.619 1 9.496 1 9.362 1
10.105 1 8.477 1 9.958 1
9.349 1 8.707 1 9.908 1
8.252 1 8.702 1 9.035 1
9.079 1 8.901 1 9.833 1
8.990 1 8.773 1 9.032 1
9.648 1 8.808 1 9.339 1
9.479 1 8.658 1 9.445 1
9.447 1 9.845 1 10.048 1
9.444 1 8.799 1 9.835 1
8.723 1 8.470 1 10.336 1
8.718 1 8.805 1 9.791 1
9.229 1 8.592 1 9.96 1
8.847 1 8.011 1
8.668 1 8.549 1
Average Average Average
= 9,515 =9.015 =9.568

Failure Mode : ] — break at neck (First Bond)
4 — break at heel (Second Bond)
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10.105 1 8.477 1 9.958 1 9.349 1 8.707 1 9.908 1. 8.252 1 8.702 1 9.035 1
9.079 1 8.901 1 9.833 1 8.99018.773 19.032 1 9.648 1 8.808 1 9.339 1
9.479 1 8.658 1 9.445 1 9.447 1 9.845 1 10.048 1 9.444 1 8.799 1 9.835 1
8.723 1 8.470 1 10.336 1 8.718 1 8.805 1 9.791 1 9.229 1 8.592 1 9.96 1
8.847 1 8.011 1 8.668 1 8.549 1 Average Average Average = 9.515 =9.015
=9.568 Failure _Mde : 1 - break at. neck (First Bond) 4 - break at heel
(Second Bond) Gaafse ST R ime zero pull test -
breaks at firs copper HTS (150 degrees
Cel si us) 240hr -16 Sanple 4/ 5 Copper
chip (plated using QM 518 Curi ng
profile : 1SO I prent: ESEC 3018 Wre
Bonder | x refl)

iure I: Silver ple oe o ltet - breaks at first ball
bond.

Figure 2: Silver plated copper HTS (150 egrees Celsius)240hr pull test -
breaks at first ball bond.
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. 950
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. 037
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. 725
. 031
. 843
. 222

strength Failure Pull strength Failure (granms) Mdde ( grans) Mde
19.112 1 9.298 1 9.338 1 9.139 1 8.910 1 9.721 1 9.007 1
1 8.641 1 9.100 1 9.245 1 9.118 1 9.818 1 9.434 1 9.390 1
19.708 1 9.773 18.742 1 9.795 1 9.249 1 9.697 1 8.597 1
1 9.290 1 9.164 1 8.984 1 9.448 1 9.346 1 8.109 1 9.583 1
19.396 1 9.704 1 9.163 1 8.265 1 8.474 1 9.003 1 8.950 1
1 9.029 19.375 1 9.144 1 8.729 1 9.0751 8.83 1 9.312 1
Sample 4/5 Copper chip (plated with silver) mounted on BGA substrate
using QMI518
Curing profile : 150 degrees Celsius for 1hr.
Bonding equipment: ESEC 3018 Wire Bonder
1 x reflow 4x reflow
Pull strength | Failure Pull strength | Failure
( grams ) Mode ( grams ) Mode
9.257 1 9.112 1
9.298 1 9.338 1
9.139 1 8.910 1
9.721 1 9.007 1
9.037 1 8.897 1
8.641 1 9.100 1
9.245 1 9.118 1
9.818 1 9.434 1
9.390 1 9.164 1
9.195 1 9.708 1
9.773 1 8.742 1
9.795 1 9.249 I
9.697 1 8.597 1
9.725 1 9.026 1
9.290 1 9.164 1
8.984 1 9.448 1
9.346 1 8.109 1
9.583 1 9.031 1
9.456 1 9.396 |
9.704 1 9.163 1
8.265 1 8.474 1
9.003 1 8.950 1
8.843 1 8.950 1
9.029 1 9.375 1
9.144 1 - 8.729 1
9.075 1 8.836 1
9.312 1 8.222 1
9.349 1 9.181 1
9.679 1 9.361 1
9.653 1 8.973 1
9.087 1 9.298 1
9.385 1 9.158 1
Average Average
=9310 =9.038
Failure Mode: 1 — break at neck (First Bond)

4 — break at heel (Second Bond)

-17-
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9.349 1 9.181 1 9.679 1 9.361 1 9.653 18.973 1 9.087.1 9.298 1 9.385 1
9.158 1 Average Average = 9310 = 9.038 Failure Mdde: | - break at neck
(First Bond) 4 - break at heel (Second Bond) -17 PFf it Figure 3: Silver
pl ated copper |xreflow pull test - breaks at first ball bond. ISBN gil
Figure 4. Silver plated copper 4xreflow pull test - breaks at first bal
bond. -is Sanple 6/7 Copper chip (plated with silver) nounted on BGA
substrate u i us for I|hr.
Bondi ng equi pi 0/ 125 deg C 15
mns Interv hear Failure
grans) Mode ( 1 31.60 1 27.80
1

Flgure 3 Sllver plated copper lxreﬂow pull test ‘breaks at first ball
bond

Fi gure 4: Silver plateopper 4rw p test - bt first ball
bond.

-18-



29.70 1 30.10 1 31.50 1 36.20 .

Curing profile :
Bonding equipment: ESEC 3018 Wire Bonder

using QMI518

150 degrees Celsius for 1hr.

Time Zero T/C (-40/125 deg C 15 mins
Interval for 94 cycles)
Ball Shear ( | Failure Ball Shear | Failure
grams ) Mode ( grams ) Mode
27.10 1 34.80 1
33.00 1 32.00 1
31.60 1 27.80 1
29.70 1 30.10 1
31.50 1 36.20 1
35.50 1 30.10 1
36.70 1 28.40 1
30.20 1 34.30 1
36.50 1 27.30 1
33.00 1 27.90 1
34.70 1 28.50 1
29.00 1 28.50 1
36.60 1 29.10 1
35.70 1 33.10 1
36.20 1 33.00 1
33.20 1 30.10 1
36.00 1 33.10 1
37.20 1 33.40 |
37.20 1 29.00 1
35.60 1 31.00 I
27.30 1 36.40 1
32.80 1 35.70 1
32.20 1 29.90 |
33.40 I 35.30 1
34.70 1 32.60 1
29.60 1 35.90 1
33.60 1 35.00 1
34.00 1 35.70 1
27.09 1 31.20 1
32.20 1 33.10 1
Average Average
= 33.10 = 31.95
Failure Mode : 1 — Shear with Ball Lifted

-19-

1 35.50 1 30.101 36.70 1.-28.40 1 30.20
134.301 36.50127.301 33.001 27.901 34.70 1 28.50 1 29.00 1 28.50
1 36.60 1 29.101 35.70 1 33.101 36.20 1 33.00 1 33.20 I
36.00 1 33.10 1 37.20 1 33.40 1 37.20 1 29.001 35.601 31.001 27.30 1
36.40 1 32.80 1 35.70 1 32.20 1 29.90 1 33.40 1 35.301 34.70 1 32.60 1
29.60 1 35.90 1 33.60 1 35.001 34.00 1 35.701 27.09 1 31.201 32.201
33.10 1 Aver &gwplaét age = 3Gopier chip Iplafed with silver) mounted on BGA substrate

30.10 1




Failure Mode : 1 - Shear wth Bal-l Lifted -19 Sanple 8/ 9 : Copper chip
(plated with silver) nounted on BGA substrate using QML518 Curing profile
: 150 degrees Celsius for | hr. Bonding equipnment: ESEC 3018 Wre Bonder
Hi ght Tenp. Storage Hi ght Tenp. Storage (at 150 deg C for 1 H) (at 150
deg Cfor | H) Before Gold Ball Bondi ng Bef ore Wedge Bondi ng Pul |
Strength Fai I ure Pull Strength Fai lure ( grams) Mdde ( grans) Mde 9.922
17.924 1 . 518 1 8.51 0.510 7 0.470 1
8.428 1 10 %18’% 041 15 BPQS& lpipléteédé‘ Sl"’ié GE%B‘%‘gg Sﬁ'}%@%ﬁ 1 8.361
10.303 1 8.309 1 10. 4908 QMIY$7 1 10.439 1 7.464 1 9.578 1 8.430 1
9.667 1 8.28uwring pofilgs 1 slé@deaeesglemfmr Brie2 1 9.580 1 8.110 1 9.176 1
8.428 1 Bonding equipment: ESEC 3018 Wire Bonder

Hight Temp. Storage Hight Temp. Storage
(at 150 deg C for 1 Hr) (at 150 deg C for 1 Hr)
Before Gold Ball Bonding | Before Wedge Bonding
Pull Strength | Failure Pull Strength | Failure
( grams) Mode ( grams ) Mode
9.922 1 7.924 1
10.285 1 7.518 1
9.962 1 8.512 1
10.510 1 ~ 8.087 1
10.470 1 8.428 1
10.059 1 8.041 1
10.541 1 8.605 1
10.169 1 8.265 1
9.980 1 8.361 1
10.303 1 8.309 1
10.450 1 7.797 1
10.439 1 7.464 1
9.578 1 8.430 1
9.667 1 8.291 1
9.734 1 8.004 1
- 0.768 1 8.162 1
9.580 1 8.110 1
9.176 1 8.428 1
10.112 1 8.152 1
9.896 1 8.391 1
10.583 1 7.353 I
9.920 1 7.897 1
9.410 1 7.774 1
10.055 1 7.816 1
9.991 1 8.128 1
10.763 1 8.248 1
10.806 1 8.240 1
10.938 1 8.537 1
10.358 1 8.204 1
10.965 1 8.169 1
Average Average
=10.146 =8.121

Failure Mode : 1 — Break at the Ball Neck (for gold bond)
1 - Break at the 1st bond Heel ( for wedge bond)
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10.112 1 8.152 1 9.896 1 8.391 1 10.583 1 7.353 9.920 1 #897 1 9.410 1
7.774 1 10.055 1 7.816 1 9.991 1 8.128 1 10.763 1 8.248 1 10.806 1
8.240 1 10.938 1 8.537 1 10.358 1 8.204 1 10.965 1 8.159 1 Average
Average = 10.146 = 8.121 Failure Mode : 1 - Break at the Ball Neck (for
gold bond) | - Break at the 1st bond Heel ( for wedge bond) -20 APPENDI X B
-21 APPENDI X C RELATED PATENTS AND PUBLI CATION 5 1. US Patent No:
Us6034422, "Lead Frane, nethod for partial noble plating of said |ead
frame and sem conductor device having said | ead frame" 2. Singapore Patent
No: SQ060018Al, "Lead Frane, nethod for partial noble plating of said | ead
frame and sem conduct or deviceA%%ﬁh id lead franme" 3. US Patent No:
US6020048, "Thick filmcircuit oar met hod of formng wire 10 bonding
el ectrode thereon” 4. US Patent No: U85785236, "Advanced copper

I nterconnects systemthat is conpatible with existing IC wire bondi ng

t echnol ogy"
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5. US Patent No. US6046507,"El ectrophoretic Coating nethodol ogy to inprove
i nternal package delam ntion and wire bond reliability" 15 6. US Patent No.
US5530284, " Seni conduct or | eadf rame structure conpatible with differing
bond wire materials" 7. German Patent No. DE19827521," Al um ni um wi re bonded
to a substrate have a bondable netallic coating”" 8. US Patent No.
US7333599, "Met hod for enhancing the solderability of a surface" 20 9. US
Pat ent No. US5715989, "M croel ectronic wire bonding using friction welding
process” 10. US Patent No.US5935640, " Met hod for enhancing the solderability
of a surface" 11. US Patent No. USABBENDIX'Gead fane for a sem conductor
device" 12. US Patent No. US4883774,"Silver flashing process on

sem conductor |ead frames" 25 13. US Patent No. US 5955141, "Process for

si | ver pl aREDATED PATPNES AND PUBLIOAFION nanufacture” 14. US Patent No. US
5989992," Met hod of making a sem conductor device" 15. US Patent No.

6069066, "Met hod of form ng bondi ng pad -22 16. Japanese Patent No.

JP3244138, ;' Met opper lead franme used therel n" 17.

Ger m&n Pat knt Rﬁg Pﬂéﬂ%99g86§32gl ﬁ-ﬁa@\ﬁf@edi“?eél&dl rP@“é]o?ﬁbé‘?;P afing ef said t er

| aser renoval »18. European Patent
ek %ﬁﬁ{,?xﬁi sebfiGdhaBb A oy AR D Wik 1B T _

No. EP0288776, W re connec copper doped al um num

sem conduc2.or cSingapote Pmeﬁtrmmmomnonehmma,dﬁ théd forpaniendhie gﬁﬂn "Wre
bonding in Mcraoel ectronics Materials, Process, Reliability and el d"
Second edi ti on,ofseidread frame andsemiganductes devicahawing saif lead framepr ocess of

| onet "one et a1 EREFENGUR0008s TR AR Breed et g mfiCer SRERI 0O
10 bonding electrode thereon”
4, US Patent No: US5785236, "Advanced copper interconnects system that is
compatible with existing IC wire bonding technology”
5. US Patent No. US6046507,"Electrophoretic Coating methodology to improve
internal package delamintion and wire bond reliability"
15 6. US Patent No. US5530284,"Semiconductor leadframe structure compatible with
differing bond wire materials”
7. German Patent No. DE19827521," Aluminium wire bonded to a substrate have a
bondable metallic coating”
8. US Patent No. US7333599,"Method for enhancing the solderability of a surface"
20 9. US Patent No. US5715989,"Microelectronic wire bonding using friction welding
process”
10.  US Patent No.US5935640,"Method for enhancing the solderability of a surface”
1. US Patent No. US4894752,"Lead frame for a semiconductor device”
12. US Patent No. US4883774,"Silver flashing process on semiconductor lead frames”
25 13. US Patent No. US 5955141,"Process for silver plating in printed circuit board
manufacture” | |
14.  US Patent No. US 5989992,"Method of making a semiconductor device”
15. US Patent No. 6069066,"Method of forming bonding pad"
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at least a portion of the netal interconnect being exposed to the
environnment, the 5 process conprising: applying a netal on the exposed
portion of the metal interconnect; performng a nasldess chem cal process
that converts a layer of the netal into a bondable | ayer conpatible with a
wi re bondi ng; and bonding a netal wire to the bondable |ayer. 10 2. The
process of CQaim1l, wherein the at |east one netal interconnect is
substantially copper. 3. The process of Claim1, wherein the netal wire
conprises alum pum or old o tal alloy 4. The process of CGlajiml,
wherei n t hgé'bo nGW&S? %’a%@fr f‘ifar ﬁ@ﬁﬂ&%ﬁdeﬁ@ of wirg honding\gnd coppgideadyfrae

t hernosonic W rg Mﬂﬂg a welding or conbination thereof. 5. The process
of Claim1, wherern the sem conductor substrate is selected fromthe group
consi stinglnf: GeimanatentaRS DEAOUINB,"Bondins viky difeRE$ t&@ borfthaifiBel aftgERl N
the process is additionally applied to 20 any structure fornmed on the

seni conduct or sigBValafsontact fptecrriderpad wperitisshdi ng is carried out.

7. A
procegss of . orm tal fa ware tal chip, .the nmetal chi
Conpt oi ngtht 1 e oB Eeiel S RO b ol BT ke GAnbetime Grue: el
substrate,  at AighShnPecifédrdafionlisdultin@Rbaeckil 84 b being exposed to
the environnent, the 25 process conprising: applyl a noble netal on the

exposed pold.i onGedrge Harma, AWitertioadingrin dfitroclepteorficr Miategialz, Ploesss CREliapflpgess
that causes a |aygr. of {he nohle petal to convert into a bondable |ayer

conpati bl e V\ntharé%ﬂdea %’5%‘{] tiory gb%’hgillhg.a metal wire to the bondabl e

|l ayer. -24 Itp /111// S
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8. The process of Caim?7, wherein the chem cal process causes atons of

the noble netal to be diffused and m xed with netal atons of the netal

i nterconnect. 9. The process of Caim8, wherein the chem cal process
conprises one of 5 the following: an i mrersion process, a dip process or
an el ectrol ess process. 10. The process of Caim7, wherein the noble netal
substantially conprises Ag, Au, Pd, Pt, Ru, Rh, Re, Gs, Ir or any alloy
thereof. 11. The process of Caim7, wherein the at |east one metal

I nt erconnect i 2 | lI ' copper. 10 12. The process of Claim7,
wherein the ne #ses alum numor gold or netal alloy. 13 The
process of C ai m7,1.whemnsprbcebs T soritgintGal bﬁfa@@romrba&dnd@m CHiP, thémbtalbhPNi C wire
bondi ng, a t her nosoni ¢ wire bondi ng, a weldin conbi nati on thereof. 15
14. The process of @m@mﬁlgratl%ﬁém@mﬁtalln@msmldg G@vaﬁﬂ@mw%ﬁ%b%esa ect ed
fromthe group ConsdtﬁaétQQc)ﬁBn§fd1éﬁ&51’1nt§@&§xect@aggéx'ﬁgsed:{éﬁ)e&hﬂ'oﬂﬁ&@%%s of
Caim?7, V\/nerel n the process is additionally applied to any structure
formed ondthe seni CROBPREERCOBPriERMStrate on which the wire bonding is carried
out. 20 16. A process Ofyihdl Helalhillexiiibd AR R et fiferilithdl, chip. the
nmetal chip conprising a1 east one met I'nterconnect formed 6n a

sem conduct or subst r at e perfaaningemumskiesy cepiicsh potess Higt reatveits iankysr ebtireect
bei ng exposed to t r t t he CEeSS GCOnpr n dep05|t|ng a

| ayer of a noble ne Ct%q tb %@%e}?(% a@fﬂ? etﬁawflret%ﬁ dl F‘rﬂﬁ

i nt erconnect; converti ngmdngalmemm:etomhmmwmyeﬂet al to a bondabl e | ayer

conpatib wth a w reﬁondi n a chem cal cess bondi n a nmet al
wire to b e bondabl® | a 7?”?%?9?&@”& gt‘éégémbfhe e\tﬁﬁ
chemi cal process cosbstinGaihy capper.

3. The process of Claim 1, wherein the metal wire comprises aluminum or

gold of metal alloy.
4 The process of Claim 1, wherein the boriding is performed by an
15 ultrasonic wire bonding, a thermosonic wire bonding, a welding or combination
thereof.
5. The process of Claim 1, wherein the semiconductor substrate is selected
from the group consisting of: silicon, GaAs, and InP. |
6. The process of Claim 1, wherein the process is additionally applied to
20 any structure formed on the semiconductor substrate on which the wire i)onding
is carried out.
7. A process of forming metal surfaces on a bare metal chip, the metal chip
cornprising at least one metal interconnect formed on a semiconductor'substrate,
at least a portion of the metal interconnect being exposed to the environment, the
25 process comprising: .
applying a noble metal on the exposed portion of the metal interconnect;
performing a chemical process that causes a layer of the noble metal to
convert into a bondable layer compatible with a wire bonding; and

bonding a metal wire to the bondable layer.
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30 i mrersion process, a dip silver process and an el ectrol ess process. -25
ey 1222222 vyt rrkig 10 1l ¢ L 18. The process of Caim 16,
wherein the at | east one netal interconnect is substantially copper. 19.
The process of Claim 16, wherein the nmetal wire conprises al um num or

gold. 5 20. The process of Claim 16, wherein the bonding is performed by an
ultrasonic wire bonding, a thernosonic wire bonding, a welding or

conbi nation thereof. 21. The process of Caim 16, wherein the

sem conduct or substrate i . r LSt i 1icon,
Cas. and InP. 10 225 The® BP%?%E?%%@@#%@W%’?@?W&% éﬁ'?%%%é’?s L

addi ti onal |y appl i edhe moblarmetalt touket diffesefl omdrevixeth with engalnatoron ofi theometal
substrate on which tig&c\gzlimregt bonding is carried out. 23. A process of

form ng netal surfaces on a bare netal chip, the metal chip conprising at
| east one netal inted.coniTheprobas afClaians,avhsrin thocldtidaDproceshintphiked one 46 at

| east a pogtion of ttFe lﬂetal_ I Nt erconnect bea%fnﬂg exposeq to, the environnent,
the proceds conpri sPHPIOYVEE; AN gmersion propess, @ dip AIORGSS AL AR PIFFYrOlssh BPCesfet al  whose
mel ting tenperature 10.S Tat lobesSoHCILANY, MRerkii SheoPlR tthl BfYstahtilly Qémpries et al

I nt erconnect; converting the |layer of the low nelting point netal into a
bondabl e | ayer 20 M%&M%R&%F@%’ﬁavm -a chemnical process;

and bonding a netal MireThepibQs BOOREPEwhaR the af foast [UAE nii? GR&SonRbet 6 @l M
23, wherein the chem cal process conprises an electroless tin process, a

dip tin process and sibstantialstqoppesss b snuth process. 25. The process of
G ai m 23, ygherein the at theadleOBrolR 7 whkRinthe ARRRGTe dohprieet AMARLAGL T 2l 1Y

copper.
gold or metal alloy.
13.  The process of Claim 7, wherein the bonding is performed by an
ultrasonic wire bonding, a thermosonic wire bonding, a welding or combination
thereof,

15 14. The process of Claim 7, wherein the semiconductor substrate is selected
from the group consisting of: silicon, GaAs, and InP.

15. The process of Claim 7, wherein the process is additionally applied to
any structure formed on the semiconductor substrate on which the wire bonding
is carried out.

20 16. A process of forming metal surfaces on a bare metal chip, the metal chip
comprising at least one metal interconnect formed on a semiconductor substrate,
at least a portion of the metal interconnect being exposed to the environment,
the process comprising: .

depositing a layer of a noble metal on the exposed portion of the metal
25 interconnect;
converting the layer of the noble metal to a bondable layer compatible
with a wire bonding by a chemical process; and
bonding a metal wire to the bondable layer.
17.  The process of Claim 16, wherein the chemical process comprises an

30 . immersion process, a dip silver process and an electroless process.

-25-
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26. The process of Claim23, wherein the netal wire conaprises alum num or
gold. 27. The process of C aim 23, wherein the bonding is perfornmed by an
ultrasonic wire bonding, a thernosonic wire bonding, a welding or
conbination 30 thereof.. -26 11~1~1CIflll(11~~~~I1~h~I11li N s 28. The
process of Claim 23, further conprising performng a chemcal reaction, a
heat treatnment or conbination thereof on the bondable |ayer in order to

i ncrease the adhesi on of the bondable |ayer on the exposed portion of the

metal interconnect. g 29.ThiBRcRS QEEHSN 76, wHerinthe 3t leadhleShélatliitercblibdt i)Y
tenperature is below 350C. 30. The process of C aim 23, wherein the

sem conduct or subst r abgaytiglly eoppesct ed from the group consisting of. silicon,
GaAs, and I nP. 31. Thge pr &ﬁi . rej J
additionally appli edmt?o @8913:?1?9&{ ruc ﬁ%ﬁ?%%ﬁﬂnwﬁrﬁ%@@n con%iu%ltlgrr
substrate on which tgddwire bonding is carried out. 32. A process of
formng an_electric connection ween, a tal, wre.and | east one
netal intefconnect stppor 8&”?§ﬁssa&§émgﬁrdﬁig¥8? %%W%‘é,pef%@eggt}yo%ss
conprising: 15 form ilgasofie wive bbsdsy a HiafndiBiiaviré Ponaing 0eldihg 6combhation

sem conduct or substgate' depositing a passivation |ayer on the netal
I nterconnect, at |ea ?f'portion of the nmetal interconnect being exposed

to the environment troughhépraeséMQlaint Q6,TRMer6lR thé QeriRGuMa! bdBrd@yer; 20
applying a low nelti n%ﬁggl nt metal whose nelting tenperature is relatively
| ow on the exposed p¥ietedfomfhegrupsersisting oft diceniinds and nP

10 22. The process of Claim 16, wherein the process is additionally applied to
any structure formed on the semiconductor substrate on which the wire bonding
is carried out.

23. A process of forming metal surfaces on a bare metal chip, the metal chip
comprising at least one metal intercormect formed on a semiconductor substrate,

15 at least a portion of the metal interconnect being exposed to the environment, the
process comprising:

forming a layer of a low melting point metal whose melting temperature
is relatively low on the exposed portion of the metal interconnect;

converting the layer of the low melting point metal into a bondable layer

20 compatible with a wire bonding by a chemical process; and

bonding a metal wire to the bondable layer.
24.  The process of Claim 23, wherein the chemical process comprises an
electroless tin process, a dip tin process and an electroless bismuth process.
25.  The process of Claim 23, wherein the at least one metal interconnect is

25 substantially copper.

26.  The process of Claim 23, wherein the metal wire comprises aluminum or
gold.

27.  The process of Claim 23, wherein the bonding is performed by an
ultrasonic wire bonding, a thermosonic wire bonding, a welding or combination

30 thereof .
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converting a layer of the low nelting point netal into a bondable | ayer
conpatible with a wire bonding on the exposed portion of the netal

i nterconnect; and 25 bonding a netal wire to the bondable |ayer. 33. The
process of Claim 32, wherein the at | east one netal interconnect is
substantially copper. 34. The process of Caim32, wherein the netal wre
conprises alumnumor gold or netal alloy. -27 1 LLILLe D FEreer rrear il
1 111 ¢ 4 35. The process of Claim 32, wherein the bonding is perforned

by an wultrasonic w,e b %Ph %\e ég r]ghfg,g] g or
conbi nation thereo §. ?ﬂerhgges? %gtgs]gﬁlg%}s al Jf%grt er c%rr\é@%xgﬂlcﬁg
perform ng a heat trrmwmnﬂleat&ealmamhecdmhmam&erledwarthabvndalﬂmhydxmwrd@rr ease
t he adhesi on of the bgndabl osed partion,o t al

i nterconnect. 37. THR'F8E {i‘ga s’@ﬁ' 8?%3’?’,‘ a&ﬁg?yg{ e xg%sﬁ?é%lﬁl ucfm%
substrate is sel ect egttal irt@eonhét€ group consi sting of. silicon, and
InP. 38. The process of Claim 32, wherein the, roml ) addl ti.,on

applied to 10 any 2Pructpf Bopess RE&1am 23y hetein; the, &Fmg"lﬁ?f‘é"f’rlﬁlbgbﬂn whi ch

the wire bonding issgqrried out. 39. A process of form ng nmetal surfaces

on a bare netal chip, the nmetal chip ri sing at | east one net al
i nterconnect formed38n a E@W@%ﬂ&ét@ﬂms svhergin the sgmigqpdugior sub¥tate; §n of

the netal 'nterCO“n%@l&a&eﬁ-&hgth‘é‘éﬁﬁfé‘dis&tﬂxgto?%xlﬁéﬁfG’ARB'ZE‘J‘EP 15 the process
conprising. formng a layer o articles of a |ow nelting point

metal whose terrpera%tlure'ﬁhsprﬁe%apfﬁ?bmyg,thﬂ@mtbmo@ﬁﬁ)'émhmﬂxmhe@ t he

metal intgg ;gpnect, an SRERFE foftbalol o BhRbndErof ABstRf! HSFnidARL vtk Bohalnt © 2

is carried out.
32. A process of forming an electrical connection between a metal wire and
at least one metal interconnect supported on a semiconductor substrate, the
process comprising:
15 forming the at least one metal interconnect on the semiconductor
substrate;
depositing a passivation layer on the metal interconnect, at least a portion
of the metal interconnect being exposed to the environment through an opening
formed on the passivation layer;
20 _ applying a low melting point metal whose | melting temperature is
relatively low on the exposed portion of the metal interconnect;
converting a layer of the low melting point metal into a bondable layer
compatible with a wire bonding on the exposed portion of the metal
interconnect; and
25 bonding a metal wire to the bondable layer.
33.  The process of Claim 32, wherein the at least one metal interconnect is
substantially copl;er.
34.  The process of Claim 32, wherein the metal wire comprises aluminum or

gold or metal alloy.
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conpatibte wwth a wire bonding; and 20 bonding a netal wire to the bondabl e
| ayer. 40. The process of Caim39, wherein the at | east one netal

i nterconnect is substantially copper. 41. The process of Caim 39, wherein
the netal wire conprises alum numor gold. 25 42. The process of C aim 39,
wherein the bonding is performed by an wultrasonic wire bonding, a

t hernosonic wire bonding, a welding or conbination thereof. 43. The
process of Claim 39, further conprising performng a chemcal reaction, a

heat treatnment or c i nat | her, . on, the apl e. | [ d r.gde 30 to
I ncrease the adhesi gjépof ﬁ%gnﬁc%ﬁc%gﬁéml gé%ievph%e?no{'}geegoél% 2%3"’8%‘9??0"3{%% t he
met al interconnect. uli2feni¢ ire boriding] a thertosondcdwirelbording,coedding br doibinati@o,
wherein the sem con&ggtoﬁr substrate is selected fromthe group consisting
of silicon, GaAs, art®™fHP. 45. The process of Caim 39, wherein the process

i s additionally appliged trRe proceys GHOlAHAY! Rrthe? comsHsiE peffetmufyE KeatEba@dent
substrate on which the wire bonding 5 1s carried out. 46. The process of

Cl ai m 39, %herein t @ thobanishle lavsriyorde do ingreaso ithei adhesionof thepondeble daygion he
exposed portion of ttﬂ@ex?&g@boﬁgﬁﬁfmg%&mm applying the sol der
| ng

particles of the |ow nelt point metal on _the tacky 10 |ayer, thus
form ng the |ayer of37 he Thopreress qf &aim 3P chereiprthe senyigopductos sehstrateis selerdednet al

' rising at |east one

surfaces on a bare Nihfihe pfdbPeonbiifg SR sfikcort; BaRs

metal interconnect forned on a sem conductor su strét_e, at |least a portion
of the netal i ntercdnectThogracess ok B2, mheteinsheprotaspisradditionally epplipd cess

conpri sin o any structure formed on the semiconductor substrate on which the wire bonding
is carried out.
39. A process of forming metal surfaces on a bare metal chip, the metal chip
comprising at least one metal interconnect formed on a semiconductor substrate,
at least a portion of the metal interconnect being exposed to the environment,
15 the process corprising:
forming a layer of solder particles of a low melting point metal whose
temperature is relatively low on the exposed portion of the metal interconnect;
converting the layer of the solder particles into a bondable layer
compatible with a wire bonding; and
20 bonding a metal wire to the bondable layer.
40.  The process of Claim 39, wherein the at least one metal interconnect is
substantially copber.
41.  The process of Claim 39, wherein the metal wire comprises aluminum or
gold, ’
25 42.  The process of Claim 39, wherein the bonding is performed by an
. ultrasonic wire bonding, a thermosonic wire bonding, a welding or combination
thereof. '
43.  The process of Claim 39, further comprising performing a chemical
reaction, a heat treatment or combination thereof on the bondable layer in order
30 to increase the adhesion of the bondable layer on the exposed portion of the

metal interconnect,
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15 formng a layer of fine partieles of a noble netal or an alloy thereof

on the exposed portion of the netal interconnect; converting the |ayer of
the solder particles into a bondable | ayer conpatible with a wire bonding
on the exposed portion of the netal interconnect by perform ng a chem cal
reaction, a heat treatnment or conbination thereof on 20 the |ayer of fine
particles; and bonding a netal wire to the bondable | ayer. 48. The process
of Claim47, wherein the at |east one netal interconnect is substantially

copper. 49. The procgess erei.n .t he pet al e Cco ses

al umi numor 25 gol g‘? Cﬂeﬂf’&esﬁntgé?? of”“él"‘alt?ﬁsﬂ’?m"%ﬁ?&‘f’é"r"h "%&ﬁm ng is
performed by an ul kbasEréupWohsRtROSIEE Rdn, GaAsh@dmasoni ¢ Wi re bondi ng, a
wel di ng or conbination thereof. 51. The process of Claim47, wherein the

formng conprises: 30 p r 646 &IPS of Glaimud?, Whejein theprecess ieagsiiomallyappliqddn of t he
netal interconnect; any%ﬂﬂctur%%rﬁx@@bly h@gelél%dﬁdt%u%@oﬁl“g&h%heﬁf%oﬁ% giagy

| ayer, thus form ng the layer of the fine particles conduct or
integrated circuit tsfcargpdpuh 47, wherein the seniconductor substrate is

sel ected fromthe ghpup ﬁgﬁl?&céstsof'@!aﬂ}c39%v{1&g’8&ef%@%cgm%n&gd |np. 53 A

sem conductor integrate rcult, conpfi Si em conductor chip
conprising; a sem condugrondisgdbstkydiyer orahde@osmmaﬂtioh of &e epth@eicofumetred on
t he- sem conduct or sybstrate, at 10 |east a portion of the netal
i nt erconnect being exposed to the environnent;

applying the solder particles of the low melting point metal on the tacky

10 layer, thus forming the layer of the solder particles.
47. A process of forming metal surfaces on a bare metal chip, the metal chip
comprising at least one metal interconnect formed on a semiconductor substrate,
at least a portion of the metal interconnect being exposed to the environment, the
process comprising:
15 forming a layer of fine particles of a noble metal or an alloy thereof on
the exposed portion of the metal interconnect;
converting the layer of the solder particles into a bondable layer
compatible with a wire bonding on the exposed portion of the metal interconnect
by performing a chemical reaction, a heat treatment or combination thereof on
20 the layer of fine particles; and
bonding a metal wire to the bondable layer.
48.  The process of Claim 47, wherein the at least one metal interconnect is
substantially copper.
49.  The process of Claim 47, wherein the metal wire comprises aluminum or
25 gold.
50.  The process of Claim 47, wherein the bonding is performed by an
ultrasonic wire bonding, a thermosonic wire bonding, a welding or combination
thereof.
51.  The process of Claim 47, wherein the forming comprises:
30 providing a tacky layer on the exposed portion of the metal interconnect;
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a layer of a noble netal formed on the portion of the netal interconnect,
and conpatible with a wre bonding; and a netal wire bonded to the | ayer of
the noble netal. 15 54. The seniconductor integrated circuit of C aimb53,
wherein the noble netal substantially conprises Ag, Au, Pd, Pt, Ru, Rh,

Re, Gs, Ir or any alloy thereof. 55. The sem conductor integrated circuit
of Claim53, wherein the netal interconnect conprises a copper. 20 56. The
sem conductor integrated circuit of Caimb53, wherein the netal wre

conprises an al um num w rely%ﬁ}g? gg?pa&cesong%e &\';ilf){alaye? t{“?syfo%s%ﬂw?a do-l;h

sem conductor integrated R erei’n uct or
substrate is sel ectehbﬁxre(pmﬁt:he group consisting of silicon, Ga and | nP.

As,
25 58. A sem conduct rated circuit ri.si
seni conductor chip © rrp i-ﬁ%gfemﬁ"%d@ﬁ?rcm‘fdog}}%b ?ggf“g‘ 4 ﬂdv‘iﬁr%lﬂ’e?l
i nt erconnect f or ned sghicotiRctsfibiRaRds slofed FoRIhd b coﬁ&xshnh%ﬂ%ﬁxcéh IQEAEI on of
the netal interconnect_being exposed to the 30 environnent; -30 El

EEEE | El f SEEE11E L ®PA¥P111 a layer of a |ow melting point netal forned on

the exposed portionsgf tRQemilGidabior ileSMEPARER omPidhgtonpatible with a wire
bonding, a nelting tenperature ? the |ow nelting point metal being

relatively low, and a netbdre simicondnstenchip eanprisiagil ayer of the |ow nel ting
point nmetal. 5 59. The sem C%@Q&iﬁ&&%ctb%ﬁs%ﬁélfﬂ circuit of O aim 58,
a

wherein the low nelting net conpri ses Bi, Pb and an all oy

t hereof 60. The seni conductora mﬂﬂaghmbmﬁctdbn;mdlm thé salicindwdE@, subdtratecitn t he

et al 10 least a portion of the metal interconnect being exposed to the

environment;

a Jayer of a noble metal formed on the portion of the metal interconnect,
and compatible with a wire bonding; and

a metal wire bonded to the layer of the noble metal.

15 54.  The semiconductor integrated circuit of Claim 53, wherein the noble
metal substantially comprises Ag, Au, Pd, Pt, Ru, Rh, Re, Os, Ir or any alloy
thereof.

55.  The semiconductor integrated circuit of Claim 53, wherein the metal
interconnect comprises a copper.

20 56.  The semiconductor integrated circuit of Claim 53, wherein the metal
wire comprises an aIuminuxﬁ wire or a gold wire or metal alloy wire.

57. The semiconductor integrated circuit of Claim 53, wherein the
semiconductor substrate is selected from the group ;consisting of: silicon, GaAs,
and InP,

25 58. A semiconductor integrated circuit, comprising:

' a bare semiconductor chip comprising;
a semiconductor substrate; and

a metal interconnect formed on the semiconductor substrate, at

least a portion of the metal interconnect being exposed to the

30 environment;
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I nt erconnect cofprises a copper. 61. The sem conductor integrated circuit
of Claimb58, wherein the nmetal 10 wire conprises an alumnumwre or a
gold wire. 62. The sem conductor integrated circuit of C aim58, wherein
the melting tenperature is below 350C. 63. The sem conductor integrated
circuit of Claimb58, wherein the sem conductor substrate is selected from
the group consisting of silicon, GaAs, 15 and InP. 64. A sem conductor
integrated circuit, conprising: a bare sem conductor chip conprising; a

seni conductor substrate; z{)‘rgr%@ﬁ%@é@%ﬁogng%{%p&%%@ﬁtgg%@?%E’&%‘m°fth°

sem conduct or substrate, on o I nt er connect
bei ng exposed to themetfritercompeind campatibier witf a wivé bardingaa wmielting semplerabire ow

melting point nmetal formed op.the  exposed rtion of. the netal
i nt er connect, and C&MWE‘BW&PWPW%W@?’@"%%V%@W’ 89 51ting tenperature of
the |ow nelting point mebaetdd®irdBorided Rithei@eyof tiatow aitiling poiat wethlal Wi re

bonded to the layer of solder particles. 65. The sem’_conguc or, itgtgo rat ed
circuit of 50 ai m 64,5%hebe semisendugies intgeratednejropibiof (Clatm 8, E’Eﬁ?ﬂ’i eO%n, |In,

B, Po_and an all oy ke Ghr QprlaSy BBOATNES floyiaiiadgy at ed cirouit of

Claim 64, wherein the ne I nterconnect conprise$S a copper. 30 67 The
seni conduct or i nt egré® ed Tb¢ seraicondugtorOintegrsted sircuihel Elaim She Wheein) the gefeb

conprises an alumn ] . gc‘!gm'rre. riazartitrittrarrryrr 68. The
sem conductor int egﬁg%tegaﬁ%f%ﬁ’??&g% fai m 64, wherein the nmelting
tenperature is bel ov61350Che Bemicaridactereimegrated et of Glaiy 58t whereiprthe metabf

Cl ai m 64, erein the. seni.conductor substra LS selected fromthe group
consi st i nd of silicofe ,scsanglcummmnmreo ag&lﬁvﬁr@.
62.  The semiconductor integrated circuit of Claim 58, wherein the melting

temperature is below 350°C.
63. The semiconductor integrated circuit of Claim 58, wherein the
semiconductor substrate is selected from the group consisting of: silicon, GaAs,
15 and InP.
64. A semiconductor integrated circuit, comprising:
a bare semiconductor chip comprising;
a semiconductor substrate; and
a metal interconnect formed on the semiconductor substrate, at
20 least a portion of the metal intercomnect being exposed to the
environment;
a layer of solder particles of a low melting point metal formed on the
exposed portion of the metal interconnect, and compatible with a wire bonding,
a melting temperature of the low melting point metal being relatively low; and
25 a metal wire bonded to the layer of solder particles.
65. The semiconductor integrated circuit of Claim 64, wherein the low
melting point metal comprises Sn, In, Bi, Pb and an alloy timreof.
66. The semiconductor integrated circuit of Claim 64, wherein the metal
interconnect comprises a copper.
- 30 67 The semiconductor integrated circuit of Claim 64, wherein the metal

wire comprises an aluminum wire or a gold wire.

_
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5 and InP. 70. A sem conductor integrated circuit, conprising: a bare
sem conduct or chip conprising; a sem conductor substrate; and a netal
i nterconnect formed on the sem conductor substrate, at 10 |east a portion
of the metal interconnect being exposed to the environnent; a |ayer of
particles of a noble netal or an alloy thereof fornmed on the exposed
portion of the nmetal interconnect and conpatible with a wire bonding; and
15 a netal wire bonded to the |layer of solder particles. 71. The
sem conduct or devi ce of ai m.70,. wher ei a Iy
conprises Ag, An, P %ﬁﬁm%’dmﬁé mtf%rgte& c:%cuﬂ%?ﬁfmﬁ(ﬁ% g’gerﬁagg%%uct o?
integrated circuit W:Momfel n the netal interconnect conprises a
copper. 20 73. The s duct or integr CI rc ANgs ein
ﬁns“&}“iﬁ’ﬁé"f‘ﬁ?ﬁl 8 Zo %I(Elalg ), ‘.Z}%ﬁ]e :

the netal wre corrp%se Wre.

seni conduct or i nt egr @ikbnictos ibstrad ls@hadtemﬂdam thelg@ug consisthey ofsemonp@aMt or
substrate is selected fromthe group consisting of silicon, GaAs, and InP.
25 75. A sémiconduct®dtegrated circuit, conprising: a bar e

sem conductor chip cgpr |§§eﬂgcon&c§,§me%9mtéﬁm ghg:ate; and a netal
ctor

I nterconnect fornmed on the sem cond substrate, at |east a portion of
the metal interconnect beaibaty semigensucionchiptcR@prisi®) environnent; -32 11~ 11 |
(T T A A Y N a semiconductor substrate; and
a metal interconnect formed on the semiconductor substrate, at
10 least a portion of the metai interconnect being exposed to the
environment;

a layer of particles of a noble metal or an alloy thereof formed on the
exposed portion of the metal interconnect and compatible with a wire bonding;
and

15 a metal wire bonded to the layer of solder particles.
71.  The semiconductor device of Claim 70, wherein the noble metal
substantially comprises Ag, Au, Pd, Pt, Ru, Rh, Re, Os or Ir.
72.  The semiconductor integrated circuit of Claim 70, wherein the metal
interconnect comprises a copper.
20 73.  The semiconductor integrated circuit of Claim 70, wherein the metal
wire comprises an aluminum wire or a gold wire.
74. The semiconductor integrated circuit of Claim 70, wherein the
semiconductor substrate is selected from the group consisting of: silicon, GaAs, and
InP.
25 75. A semiconductor integrated circuit, comprising:
a bare semiconductor chip comprising;
a semiconductor substrate; and
a metal interconnect formed on the semiconductor substrate, at
least a portion of the metal interconnect being exposed to the

30 environment;
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s* a layer of a netal forned on the portion of the nmetal interconmect by a
maskl ess chem cal process, and conpatible with a wire bonding; and a netal
wire bonded to the layer of the metal. 76. The sem conductor integrated
circuit of daim75, wherein the nmetal 5 interconnect conprises a copper.
77. The sem conductor integrated circuit of Caim?75, wherein the netal
wWre conprises an alumnumwre or a gold wire or netal alloy wwre. 78. The
sem conductor integrated circuit of Claim?75, wherein the sem conductor

lSﬁg.Stfgg_e :_Smsg' ected TropmLdGs 4P raBP btk Pokibh of thb bR intéBifect by @ 2Nd

maskless chemical process, and compatible with a wire bonding; and
a metal wire bonded to the layer of the metal.
76.  The semiconductor integrated circuit of Claim 75, wherein the metal
5 interconnect comprises a copper.
77.  The semiconductor integrated circuit of Claim 75, wherein the metal
wire comprises an aluminum wire or a gold wire or metal alloy wire.
78.  The semiconductor integrated circuit of Claim 75, wherein the
semiconductor substrate is selected from the group consisting of: silicon, GaAs,
10 and InP. | |

-
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