SYSTEM FOR DIFFERENT BOND PADS IN AN INTEGRATED CIRCUIT

PACKAGE BACKGROUND TECHNICAL FIELD The present invention

relates generally to the fabrication of semiconductor integrated circuits,

and more specifically to bonding techniques used for integrated circuit

packaging. BACKGROUND ART With continuously decreasing

semiconductSV&IMEM FORBIFEERIUNTCBRNDOP ABSdeNpaskaging

densities, the packagi Ico iC ontinued to gain

in importance. In mﬂ%@mﬁn{éﬁgﬁy@?&m goal has been to

reduce the size of electronic devices such as in digital cameras and

camcorders. In the past, integrated circuits were packaged in leadframe

packages using wire bonds U3iNgEt&IWA¥Es, but the packaging

technology has been moving towards ball bond packages using solder
TECHRAsA ow for a higher density of connections. Because the

mﬁ%%@%ﬁ iﬁxi@n%ﬁ@%§%&ﬁéf§ﬂ'§3iﬂ)‘?ﬂrei_tfit%ﬂ@ﬁi@plﬁ Rembo Rt Y WRtegrated

~and ball bonds in the same integrated circuit package. Unfortunately, the

circuitp G SREREP TR dA P ditbicabraAs iNesd AP PoFeekalghrarcuit packaging.

aluminum (Al) is typically used for the wires because it is a very easily

bent with little springback. Al bonds well to pads of Al. On the other hand,
BACIQQI%MRME typically used for the balls because it has a high surface

tesian Jondaraning smalihsis: IBnsRidrBRIWEl taiRRHSIHCORRE increasing
~ (Cu), which is a very good soldering wettable material. The above results

devicgrppekagiagifshuieso Am@ﬁ&gwgo%%ﬁﬁmw%ﬁag%w@h%ﬁe%%sdf@r gain in
imporRaltLONdshb eferttiate !y swirerdoesipfuRand e kWit Ul eegheadse size of

and Sn solder does not bond well with Al bond pads. In the past, Al was
electropigfifyiftss fid #hdtligHALCATIGHY e GAAISEATEREuit fabrication, and Cu
P&l ehw pERt MAde e dnindilm depephian QEmiha fi-Radp kA addilionate bonds

. step of evaporation or sputtering. The thin-film layers of Cu are referred to
using JBoh R BNiP nitanarkE NS B IHESY BISHREFS aeoNiRs! ieNasdsahall bond
packageih@signsiaver batwean Al Nres fandrseldeubuwnp s tommet difigrent metal

pads in one inte%rated circuit ﬁﬁackage, various_ 1 approaches have been

aRSAIRSENE AR SR Thid e BRATRS P FaganiteraéydrtaRigdo @ix both wire

and ball bonds in the same integrated circuit package.

Unfortunately, the requirements for wire and ball bonds are different. For example,
aluminum (Al) is typically used for the wires because it is a very easily bent with little
springback. Al bonds well to pads of Al. On the other hand, tin (Sn) solder is typically used
for the balls because it has a high surface tension for forming small balls. Sn solder bonds
well to pads of copper (Cu), which is a very good soldering wettable material.

The above results in the requirement for Al bond pads for wire bonds and Cu bond
pads for ball bonds. Unfortunately, Al wire does not bond well with Cu bond pads and Sn
solder does not bond well with Al bond pads.

In the past, Al was used in the final metal pads during integrated circuit fabrication,
and Cu pads were made by thin-film deposition over the Al pads by an additional step of
evaporation or sputtering. The thin-film layers of Cu are referred to as “under bump
metallurgy” (UBM). The UBM plays a critical role as an adhesion layer between Al pads

and solder bumps. To get different metal pads in one integrated circuit package, various



protect the Al pad in order to obtain a desired UBM. Solutions to these
problems have been long sought but prior developments have not taught
or suggested any solutions and, thus, solutions to these problems have
long eluded those skilled in the art. SUMMARY OF THE INVENTION The

approYRSE RSO BRMSE b MR domBBRINRAINHIG AR IRUIARENt masks to

circuit package with a substrate. First and second contact pads are

protect {he, 8d PIABURIHA ¥R AesdseBiMhe substrate. A first metallurgy
laystuisoly maed Qees iR BHAIG BrSRERNSLUDRIAN N JAVBTAFIHRAS have not

over the first metallurgy layer. The first metallurgy layer is removed while
taughiend Mgaetiettitn thekdims attndee BBt pers. RiqBlsmiohgy e long cluded
those BRei@lurgdelaper is removed while leaving a portion thereof over the

second contact pad. A protective layer is formed over the first contact pad

while removing the second metallurgy layer. Certain embodiments of the

invention have othergxgl g%eysd'ﬂ: ' im%&rfﬂﬁ\llace of those

mentioned above. The advantages will become apparent to those skilled

The és&%%mngrgw@@s following Aesplgd dasaripy &{h%eg%&,a circuit
with reference to the accompanying drawings. BRIEF DESCRIPTION OF

packagﬂﬁ@%ﬂh&{@@F@St and gﬁ@mdf'mﬁmégﬂége@r@imnqudbaqgm a passivation
layer 3RCHINEEMIN the Hf&sﬁ{éttalﬂiég?“f&?ef 6 “fg‘dﬁe% Joseme gtﬁ)\g'tr(f&ft@ A second

portion of one of the structure in FIG. Tin an intermediate stage o .
metalwigufaxeure detoediny o the presenmttiieardayenG. This tist snefetliegpflayer is

remox’é@wl%l%ﬁ%q{? 9 ﬂ?ﬁbﬂﬁﬁ@&@f‘&véﬁ&%éﬂ?ﬁ%&%éﬁ?@ﬂgr&fwﬂ}i%%?tallurgy

IG. 4 is the structure of FIG. 3 after deposition and patterning of a

layer bh@mﬁefgétwhits.lgai\simgeasm&méh@f@@m ﬁ@c@ﬂ@%@@l@@ﬁhm A protective
layer SRRABHIGL NG RIESRAL [NERIAR éﬁ%ﬁ%@&%e@gﬁzﬁnmﬁ%gyﬂyer.

FIG. 6 is the structure of FIG. 2 after deposition of an input/outputcap
|dyertaghenipetigsa s sddhel oMt BubaprEiall afyytagsssinFdlitor per in place

of th0§gl1'ﬁéﬂfﬁ)1%d: 5@0\%.aftﬁ{edmﬁﬂggs%ﬁlwsm@%w%rﬁ' W%@%i{sﬂleg in the art
FIG. 8 is the structure of FIG. 7 after deposition and patterning of a
from gheretispbybe following detailed description when taken with reference to the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a view of an integrated circuit package in accordance with the present
invention;

FIG. 2 is a close-up view of a portion of one of the structure in FIG. 1 in an
intermediate stage of manufacture according to the present invention;

FIG. 3 is the structure of FIG. 2 after deposition of first and second under bump
metallurgy layers;

FIG. 4 is the structure of FIG. 3 after deposition and patterning of a photoresist;

FIG. 5 is the structure of FIG. 4 in accordance with one embodiment of the present
invention after removal of the photoresist;

FIG. 6 is the structure of FIG. 2 after deposition of an input/output cap layer, and first
and second under bump metallurgy layers;

FIG. 7 is the structure of FIG. 6 after deposition and patterning with a photoresist;
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the first input/output contact pad; FIG. 9 is the structure of FIG. 8 after
removal of the photoresist; and FIG. 10 is a flow chart of a method for
manufacturing an integrated circuit package in accordance with the
present invention. DETAILED DESCRIPTION OF THE INVENTION

Referring newsteubiEze brthrtemn éﬁ&h@é’ﬁﬂs@ﬁbmtﬁﬂf%%ﬁﬂﬁg' ibPAPRPEresist over

100 in accordance with the present invention. The integrated circuit
the firsbiapayeuippt KeatachBtkage substrate 102 with solder balls 104 on the

betiam, RRFca RN SERNGORdHEiaEievADEraRetPRo iR i akpttom

semiconductar die 106 is wire bonded by wire bonds 108 to the package

stibStrateis B3 F18E Of theBBR8 P sauSHdUt s Mdmeeatrd tdfpuit package in

accor&@IRiGRNAYEEgIreiest 1dnaiod. 112 that are ball bonded by ball bonds 114.
The bottom semiconductor die 106 and the top semiconductor dies 110

and 112 are encapsulated by an encapsulant 116 of a material such as

epoxy or plasﬁ%ﬁgﬁfgg %@%P@%QWWW?&#@ substrates
e iffe y diffe

and may be connected In rent combinations rent combinations

ORWHLE-A Rl '?8rﬁ%}‘.’"‘i‘)‘%@E&ﬁ”ﬁ@%ﬁ%‘&%%&%@gﬂf@@%&%t TSI 100 in
horizontal” as used herein Is defined as a plane parallel to the
accor¢mpeentibntic peasendrisvefdica.of the preRegedscibstrarndiorerdfartiiess pickage

substrfRe QU8R d S B3I oziv%{tiﬁ@lﬁéﬁf)%,s 0% HERGHO Qe@%%ﬁﬁ%&‘fl&l?ﬁéq 06 on the

the horizontal as just defined. Terms, such as "on", "above”, "below",
top. "pottom", "top", "over", and "under", are defined with respect to the

hefizaiab Al A06:LB18G I8l MUNGFRSGHRIGH IS QHR: %%ﬁi;i(f&e{gitﬁfﬁ%ckage

given to provide a thorough understanding of the invention. However, it~
substrgftl Hpbafkamtenarittecihodptivsemmpisbicinadicdowatidap thrssis ety dies 110

and 1 PEIRNS /IO RNHSHAARVOIARTINIY fhe present invention, some

well-known system configurations and process steps are not disclosed in
ddiz bofkewisanipendrsiongs Sowing b beriipairensiugieridiesntibh ané 112 are

encapgﬁmkgiﬁﬂmm%uﬁﬂg ﬂ%t b scale.ARF st t:!&"%ﬁ&’y %?rﬁ'ﬁs?ifcth%ach of the dies

imensions are for the clarity of presentation and aré shown greatly
have gomaiggadarserimgierial GubsHaerdrishman & o pledetinsbdftean@ogreinations by

differdiSERBHANhIE PG REFADANG SRG IBARUIRS: RCAIMeR I ﬁ@ﬁﬂ%@fﬁb.

ease of illustration and description thereof, like features one to another
wilhergimariRpbecaCrisas witieTie iretelsaganumapgiparallel to the conventional

plane or surface of the package substrate 102, regardless of its orientation. The term
“vertical” refers to a direction perpendicular to the horizontal as just defined. Terms, such as

13 29 ¢¢ 99 <¢

on”, “above”, “below”, “bottom”, “top”, “over”, and “under”, are defined with respect to the
horizontal plane.

In the following description, numerous specific details are given to provide a
thorough understanding of the invention. However, it will apparent that the invention may be
practiced without these specific details. In order to avoid obscuring the present invention,
some well-known system configurations and process steps are not disclosed in detail.

Likewise, the drawings showing embodiments of the invention are semi-diagrammatic
and not to scale and, particularly, some of the dimensions are for the clarity of presentation
and are shown greatly exaggerated in the FIGs. In addition, where multiple embodiments are
disclosed and described having some features in common, for clarity and ease of illustration

and description thereof, like features one to another will ordinarily be described with like

reference numerals.



3 The term "processing" as used herein includes deposition of material or
photoresist, patterning, exposure, development, etching, cleaning, and/or
removal of the material or photoresist as required in forming a described

structure. The term "forming" as used herein includes processes such as

damesiting grevdaeh PulldingChaic aly Qb RiEisiteh Fh&lateFREeISEfotoresist,
for forming layers, films, and structures. Referring now to FIG. 2, therein is

Patterigyy P eRIEe - S NANBE-t S BINSotfbT AN RRVSF SEMREARICIbE diaaggrial or
photoRAFaEa &ilsiete Brafdpteadistal siaaert MaRuEstUrR AREIM0uded herein

the present invention. The semiconductor die could be the bottom

includgs RIOSRHGESY et ol POr iiRetor Sk ditlitas, GRE Y 8r b g tgeor other

procefRsKapHRSRIR A0B11R e emikadiment, the top of the bottom
semiconductor die 106 includes a portion generically described as a

SUELHATRSRY 10 KistfBfEeHbE AR Slegsshe arermi i/ msE O asy surface

of serRBIRRICRAAS 2O A0R20 2 HYRARE th U RRSSIMALIO 0 fayandBdure according
thereon. The first and second 1/0 contact pads 201 and 202 are generally

to the gl BHT Py et SeRIFELRMMTMNA PRIIOPatoamssBIcaRHFRInTie 106

or theSUR RS AdmitiedeaPPEY ¢AITD) orthe RrssMasigitayen @D4 is of a
dielectric material such as slg%on oxide (Si02) Referring now to Fl

.3, )
thErQRFISBRONATAE SHulaR Rl SPERSIORREMURAISLLISh GF f% Hifqudes a portion

generRaNQnitdenied hympubeialiurgy. (FBMyusyere 300 Badolankhe&sat WPt/ output
layer 300 js of a material which is processed or etched by an etchant
(/0) %*@ﬁtxﬁﬁfléﬁgmé‘&laésgo‘%?ﬁﬁw AR St RFA Y SERBnd 1/0

camtact-pagisd28toand/2020e for padstinnl psatechiveatryesnwhinh willwire-bond pad
revent further etching. of the firsf and . second 1/0 contacts pads 201 and

materBSUED 4 AL L e B P O AR o 1 VU A g (AICw).
The pesyiNaitindaiitr thefisss faB lkevtat 300U thtleafsitiaoilioride) Sidvgh is

etched with hydrofluori¢ acid (HF). The HE would react wj toforma ..

R AL TN SRR IALE SR B0 He g eion of
first afdueieativedayeuiop thetalenegi(denef HeAl30hensed@md UBM layer 302

is.of aumaterial which honds well to the first UBM layer 300. For Ti, the

SISO YLy BYSt03 L eeratT GhHS (AoY B Red g chan
whichNiMlaihd iRidaplp videbgaod sk ite ring svialtablaoatate dats safohdll aboaeistact pads 201

rein is Shfbvéi% he structe%Jre of FIG..3 af

and 2 S EEEA I Al 255, i PGPt fhe st and
seconpdit@ voachtod| pudBD DY prdAO2sivgvill be further explained later. For example, for I/O
contact pads containing Al, the first UBM layer 300 could be of titanium (Ti), which is
etched with hydrofluoric acid (HF). The HF would react with Al to form a very thin
aluminum fluoride (AIF) layer, less than 100 A thick, that acts as a protective layer for the
remainder of the Al.

The second UBM layer 302 is of a material which bonds well to the first UBM layer
300. For Ti, the second UBM layer 302 can be nickel vanadium (NiV) or copper (Cu). Both
NiV and Cu provide good soldering wettable materials for ball bonds.

Referring now to FIG. 4, therein is shown the structure of FIG. 3 after deposition and
patterning of a photoresist 400. The photoresist 400 is patterned followed by processing or
etching removal of the first and second UBM layers 300 and 302 from all areas except over
the second I/O contact pad 202. The etchant used for the first UBM layer 300 is one that
forms a protective layer 402 over the first I/O contact pad 201.

4



etching removal of the first and second UBM layers 300 and 302 from all
areas except over the second 1/0 contact pad 202. The etchant used for
the first UBM layer 300 is one that forms a protective layer 402 over the
first 1/0 contact pad 20 1. 4 Referring now to FIG. 5, therein is shown the

toaReaf e hRste M JEmicongdeinl diehdRf imaespreankepyitbAemiconductor die
embodiment of the present invention after removal of the photoresist 400

106 ippRcerdanceondty i pykediment g b RRsHrdiratite altet Frmoval of the

photofRaed0Rsh2 e wWhisl could eLT3Hh. PToRGea R hR RIARGHKEIRY SO contact
402 and the second 1/0 contact pad 202 having the second UMB layer

pad 28howhisikieaddiPee b b uPRERFINY NN R5atEss, Il bl threond T/O

conta&tpaatore ahtil(z. tReaftessiepogiionof 380, Mhicar bayeb600 ca first UBM
ﬁer 602 and a second UBM layer 604. The 1/0 cap layer 600 is a

eleoing pay ieatdfialtsdhscedy SabowBihhat ek ol e il lpppsition of
an 1/CBESONE /G000 IAG! RASIS 20 ABOYANRsBESREIBNN R fasier MAarO! cap layer

. for wire bondin%pads, such as Cu. For example, the 1/Q cap layer 600

600 isca vHe BeptiReAmaARER! stlarsthbessiayndbreBtatiglmddbe Wi i firgend VO

conta@Py BeCond ok/00consast pads Lads ipewianefz] anehia-dh fidst d RN |ayes as Cu.
602. Th ﬁ{:?t UBM layer 602 is of a material V\@ich is etched hy an etchant
P

For exgpipjs ResAR X COANAR BT M ke brhan et AReEseisd to bond

well tdGheanichziterfesbvadthio gsatestivailayer winich wibpieyesttfierthet UBM layer
etching of the 1/0 contacts pads 201 and 202 as will be further explained
602. later. For example, it has been discovered that for 1/0 contact pads

cam@ifteg VB Nheiestc0IBM dayenhgieDulbible of cichadieh is eichest withich will
HE The HF would react with Al tq form a very thin AIF_layer of less than .
chemify pCHB At e 8 S BriNeCh RS2 750 P QPHEPOFATE R form a thin
protediividrigythieveiaiingi Dfghe ditanivme e ledd Fo eteB and havngdtlessddhanilind 202 as
... . HE The second UBM layer 604 is then of a material which bonds well to
will befurgher @er}géj #802. For Ti, the second UBM layer 604 can be NiV or
ChoBatinipi, anta€ baeiodidengoadl thatder ngveiiakiepmiteoalsifioidall, the first

o R R A SN, IR RIS A1 v
form FlGry thherall imghowiithe slinictote otk dafterdepasiiorand layer for the
e T R SO0 T BB 00 e A 1,
HF. BecacusmofliiBMoupatiofdofsathen of a material which bonds well to the first UBM
layer 602. For Ti, the second UBM layer 604 can be NiV or Cu. Both NiV and Cu provide
good soldering wettable materials for ball bonds. This embodiment of the present invention
allows a single mask to be used to obtain the UMB and protect the Al bond pad.

Referring now to FIG. 7, therein is shown the structure of FIG. 6 after deposition and
patterning with a photoresist 700. The photoresist 700 is used during the processing or
etching of the first and second UBM layers 602 and 604. Because of the formation of a
protective layer 702 on the I/O cap layer 600 by the etchant used for the first UBM layer 602,
the I/O cap layer 600 is not etched.

Referring now to FIG. 8, therein is shown the structure of FIG. 7 after deposition and
patterning of a photoresist 800 over the first I/O contact pad 201 and the I/O cap layer 600.
The photoresist 800 for the first I/O contact pad 201 and the first and second UBM layers 300



protective layer 702 on the 1/0 cap layer 600 by the etchant used for the
first UBM layer 602, the 1/0 cap layer 600 is not etched. Referring now to
FIG. 8, therein is shown the structure of FIG. 7 after deposition and
patterning of a photoresist 800 over the first 1/0 contact pad 201 and the

and 33206 iay@6ROQ0 TR Rboaesist KA danibesfitt thiOrentaahpad &@hing of the
and the first and second UBM layers 300 5 and 302 for the second 1/0

VO capdaysef9d 202 act as masks for the processing or etching of the 1/0 cap
layer-690: Refersimracoyy defle i OsHbRieidsehame Brerstustire Ofcil&mad of the

after removal of the photoresist 400 therein. The 1/0 cap layer 600 over

photogeRisfi 490 fhcEeiRtadtpd e darrnéPdovenihie HshH Psardpd ad 2R cap act as a

wire Hay@padGnAnddheicabansksaoondidBid iaverm@Q2-and 6BMaaias 802 and 604
UBM pad for over the second 1/0 contact pad 202. Referring now to FIG.

act as adJHMrBRd {OsAYEHAS Fretdd/ tori it witht¥acturing an integrated
CiRMErRAckae id Jucprdancreydth IheieseAt EadonodbhdMeiRdacturing an

. 1000 includes; a step 1002 wherein a substrate has first and second 1/0

integralGih KL 8RB IR AGHIBIAGRCI PRI ATBIT TA/RY Y SRp 1004 where a

firshdJBMhleya0® faumassovasiépel pazkagaanbstipiaraskr iR nheseond 1/0
a second UBML{jager is formed over the first UBM layer; a step 100

8 )
contactpafls GEPATSE (FERK SR & PRSPERIVR dtvin g Ehh b ian thete df TBve IR layer is

formeges@nthd/Pacatacipadatd; ieRA 000oweie thesaedUBMBM éayefdsmed over the
removed while I?§ving a portion over the second 1/0 contact pad; and a

first LM lpys5 G iishe 19t SBGHR A RafJEst i O RYET S P s EAYanedhpectip dhereof
over thhecsRm 0 ONgh g speaNsl g M ayerhWhile: the sadeBon hasdieedmoved while

. described in conjunction with a specific best mode, it is tqQ be understood )
leaving AR A OB BTGP S A LA EREG AT Laver i
formethoser skdllgekin/hecnthon pghioli khe:aieoregoingsdesadiptipm. 1ageordingly, it

is}%ﬁndﬁad.to embr%ce all such alterpatives, modifications, ancb:q/ riationsd .
wiCHFARSNARERR SRS RS eé&&‘é% o T, O R SPRGH I Attt node, 1t 1s
to be sgidiatioditain aasloririnathegoeodifanying, drdwingstie taidebe apparent to
int eted in an.illustrative, and.non-limiting sense. 6 THE [NVENTION
those GHHTAENEAT R 0O 16 HARBPARATRG S o SEdT AR AEAkgaded to
embrac@MAPrisicly alpioMidvieg, ansdb&ttaienbaxingviaisiting sadondatbatabipddsspirit and
scopetg?rt%(emmec)ig esc? g:lgi]rrr?sl.)glxﬁ matters set forth herein or shown in the accompanying

drawings are to be interpreted in an illustrative and non-limiting sense.



passivation layer thereon; forming a first metallurgy layer over the
substrate; forming a second metallurgy layer over the first metallurgy
layer; removing the first metallurgy layer while leaving a portion thereof
over the second contact pad; removing the second metallurgy layer while

THE IS34o@aa@Qrtion ikergofpver the second contact pad; and forming a
protective layer over the first contact pad while removing the second

m]etallur éj{lz?ﬁ%r. 3 The mfthod as claimed in claim.| wherein: remaving

the first Py LIS UERLU TR (MR RE B RS SUCHHPRERSiRYTRES NE:
secondimetadibgyatayiervige sian £i¢ kg mi coass wthlarmhetehask poaéd through a
reacts with the first cont:ﬁl:t Fpad to form the protective layer. 3. The method

as claimBa T AL FYSHITSHS

COMmprising: forming a cap layer over the
sdbstrale afice nibalfusiymeyal okgy fayeubsandywherein: removing the first

metallurgy layer forms the protective layer.over the cap layer; and
R A D S e P AR VS et an
secondimgpriiadipadstdliding methachids dairimedarpetaivn tiartéb€rover the second
comprisinc?[i wire tgpnding a wire-bond pad semiconductor die or package

substraté ot%ﬁepﬁrSt contact pad; ball bonding a bump pad semiconductor

dieap pagkhgesuinstrateattuthe Byeomdiladtaillimgy [ayepovkethd seaothd second

contact %%gfa ?ngrl}(?ca'ﬂlr}p the substrate to a semiconductor die or package
substrate; and ‘encapsulating the substrate. 5. The method as claimed in

claimingherpintgotoxddimgethevsulibtrafiesprovities ahibadiibnecaidhmgirgie second
and seccr)rrfc{ (ﬁ)gtacltaﬁards using aluminum, an alloy thereof, or a
compound3 f f Fo'rming the first metallurgy layer uses titanium, an

alioy thergaf, ofa SOMARHAL: i1 claim 1 wherein:

removing the first metallurgy layer uses an etching process; and
removing the second metallurgy layer uses an etching process with an etchant that

reacts with the first contact pad to form the protective layer.

3. The method as claimed in claim 1 further comprising:

forming a cap layer over the substrate under the first metallurgy layer;

and wherein:

removing the first metallurgy layer forms the protective layer over the cap layer; and
removing the cap layer while leaving a portion thereof over the first and second

contact pads.

4. The method as claimed in claim 1 further comprising:

wire bonding a wire-bond pad semiconductor die or package substrate to the first
contact pad;

ball bonding a bump pad semiconductor die or package substrate to the second
metallurgy layer over the second contact pad;

connecting the substrate to a semiconductor die or package substrate; and

encapsulating the substrate.

5. The method as claimed in claim 1 wherein:
providing the substrate provides at least one of the first and second contact pads using

aluminum, an alloy thereof, or a compound thereof;
7



thereof; forming the second metallurgy layer uses at least one of nickel,
vanadium, copper, an alloy thereof and a compound thereof; removing
the first metallurgy layer uses an etching process using fluorine; removing
the second metallurgy layer uses an etching process using fluorine; and

fofgning she Pretactivedayes faims thePiatective Aylel alkkRiBEMr a compound
fluoride. 6. A method for manutacturing an integrated circuit package

comprisifi§repfoviding a substrate having first and second contact pads

theieanexRosed il auaNa gpassiralien dayalstheresnnfoksnnamdiish, copper, an
under bump metallurgy layer on thgﬂtg sswatlon layer; formlng a second

under by rstsat i R gereoenthasiFdtunder bump metallurgy layer;
reravingethie fiTsl wndenbugpyeetaly iy RIATHeRAME ARSTHON

thereof over the second contact pad; removing the second under bum

miSTRMYIRS s arsrmd aneial g al pEibir i e IB%é’F?ﬁéséé‘éH‘r%cﬂéHﬁ‘%%tan

PESENHAKBNG R RERIBELING dRYemay ek th gt eontrstaratwhile eraeNing
the second under bump metallurgy layer; and connecting the substrate to

additiona\ suhbtates byrthdisianshsacgnaedoiroinrdkage. cth)m@Od
as claimed in claim 6 wherei viding the substrate provides the fir
COIRAL BB SUIRG i Tt 0 ERBGGTT6F SR Grirege throueh a
formlng diivationderebtineonetallurgy layer uses titanium, an alloy
hereaf, or? com nd thereoh and form| ng second under bump

é’f&‘i’ll‘ﬂ%% EyEPIEJ 8{1183%?8 B HHRED T ARBHN EBbBEF an alloy
thiereahardsacoathpoaderchihepeatt8luie mpthodeaasialdimedndeclaimp metallurgy
further cp rlsing: forming a cap layer over the substrate under the first
under bu ?Wé)metallurgy layer, the cap layer uses at least one of

ahemining, tepfisit, anlallbyriipeneoillangydagampailmttikarealpartibn thereof over

wherein:
the second contact pad;

removing the second under bump metallurgy layer while leaving a portion thereof
over the second contact pad;

forming a protective layer over the first contact pad while removing the second under
bump metallurgy layer; and

connecting the substrate to additional substrates by the first and second contact pads.

7. The method as claimed in claim 6 wherein:

providing the substrate provides the first contact pad using aluminum, an alloy
thereof, or a compound thereof;

forming the first under bump metallurgy layer uses titanium, an alloy thereof, or a
compound thereof; and

forming the second under bump metallurgy layer uses at least one of nickel,

vanadium, copper, an alloy thereof and a compound thereof.

8. The method as claimed in claim 6 further comprising:

forming a cap layer over the substrate under the first under bump metallurgy layer, the
cap layer uses at least one of aluminum, copper, an alloy thereof, and a
compound thereof;

and wherein:



8 removing the first under bump metallurgy layer forms the protective
layer over the cap layer; and removing the cap layer while leaving a
portion thereof over the first and second contact pads. 9. The method as
claimed in claim 6 wherein: connecting the substrate includes: wire

begdingn WikeendrioRe SENHCRARGURIYJIS,/CF RASKAAR SHORIEAR AR over the
first contact pad; and ball bonding a bump pad semiconductor die or
package“éh AYFLi18 the second under bump metallurgy layer over the

seeppdiseniactcRadal: WneiinR ka8 plaied RISy EWARIGHst and second

connecting the substrate includes: connecting the substrate to a package
substratéoé’@aﬁ WASbond: connecting a further substrate to the substrate

a ball hond; enga s Iatln the sub trj}? and adding solder balls to the
p ckage' 31%?&% LMy iy S rdsikckage comprising: a

substiedanpavingubsstaanthsedesnd contact pads thereon exposed through a

passivation layer thereon; a first m taIIur rover the second contact
B oAt A BB T BB P o CRB TR (o the

metallurgy Iayeﬁfsvebﬂﬁ&flpaﬂmtallurgy layer over the second contact

pad an edf mthes bstrate; rotectiv er over the first
Contact DA 5 RHR A4 A AT 1 2O GhER S B ot accond
layer is a compondid biiap sicladotgolnensrt kastednditvihetpaterial of

the first contact pad. 13. The method as claimed in claim | | further
cafmprisihbe mathpdayetaowved thecfaish &ndhsesond contact pads; and

Wpoer{&iag’.[ing the substrate includes:
connecting the substrate to a package substrate by a wire bond;
connecting a further substrate to the substrate by a ball bond;
encapsulating the substrate; and

adding solder balls to the package substrate.

1. An integrated circuit package comprising:

a substrate having first and second contact pads thereon exposed through a passivation
layer thereon;

a first metallurgy layer over the second contact pad separated from the substrate by
the passivation layer;

a second metallurgy layer over the first metallurgy layer over the second contact pad
and separated from the substrate; and

a protective layer over the first contact pad.

12. The method as claimed in claim 11 wherein:
the protective layer is a compound of an etchant component reacted with the material

of the first contact pad.

13. The method as claimed in claim 11 further comprising:

a cap layer over the first and second contact pads;

and wherein:

the protective layer is a compound of an etchant component with the material of the

first contact pad.



the protective layer is a compound of an etchant component with the
material of the first contact pad. 9 14. The method as claimed in claim I |
further comprising: a wire-bond pad semiconductor die or package
substrate wire-bonded to the first contact pad; a bump pad semiconductor

digjor parkaaR $dasiiataibril heosed ta thetsecandpmetallurgy layer over

the second contact pad; a semiconductor die or package substrate
cOnNEELAE sl SRSRIFARduSIRY iR nssasmERbRESs UG dehdpathe first
portion oidhacspagirate. 15. The method as claimed in claim | | wherein:

the substrate comprises at least one of the first and second contact pads

Ui AR RAHUPRTEEP A B e o b PAaR T SHRRIT e rEBl: fRfrs: t6 the second

metallurgyelaperdysiasditaniv e 38catidydiese0ha@ a compound thereof;
the second metallurgy layer uses at least one of mckel, vanadium, copper,

afl SR AMIEISF ifos RaskprsURR tHBte srnafd et o RSl sy @ dises
alununeipstllatidecalRuniptadeated piruhrACkagesamprising: a
substrate having first and second contact pads thereon exposed through a
passivatiDie taydothey eimadiistliiaer bwipeatnetallurgy layer over the
second contact pad g?Fe%g)arat d from the_ subsirate by the sivation

o8 SH OB URBES 5L AT RSt A0 o1 A08r doby ARG AP R pads using
metallurgiulajremanth sépatiaias fromtbengidusidateresttl a protective layer

over ﬁhet first Z{‘ﬁ)ntac]%gad; and. additional bst[lates fconnected to € reof:
USSR B A i S DR KB R ORP e SRR Ad thereo
Claiened incClaemlorghéredn e aubsisaienearmprides, thenfiBticoriagiqpadn alloy
using all%ﬁninuin, ﬁ: all%/ ther(?%, or a compound thereof; the first under
bump me %FL?rg%/n %P S anFﬁ?r?, ’aanngllloy thereof, or a compound
thiaremiotaative layer uses aluminum fluoride.
16. An integrated circuit package comprising:
a substrate having first and second contact pads thereon exposed through a passivation
layer thereon;
a first under bump metallurgy layer over the second contact pad separated from the
substrate by the passivation layer;
a second under bump metallurgy layer over the first under bump metallurgy layer and
separated from the substrate; and

a protective layer over the first contact pad; and

additional substrates connected to the substrate by the first and second contact pads.

17. The method as claimed in claim 16 wherein:

the substrate comprises the first contact pad using aluminum, an alloy thereof, or a
compound thereof;

the first under bump metallurgy layer uses titanium, an alloy thereof, or a compound
thereof; and

the second under bump metallurgy layer uses at least one of nickel, vanadium, copper,

an alloy thereof and a compound thereof.
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the second under bump metallurgy layer uses at least one of nickel,
vanadium, copper, an alloy thereof and a compound thereof. 10 18. The
method as claimed in claim 16 further comprising: a cap layer over the
substrate under the first under bump metallurgy layer, the cap layer uses

afj lpast qnR aicaldmMRWRIGeARE bl AhAIL e nrdiagompound
thereof; and wherein: the protective layer is a compound of fluorine and

aRuSRUAY ST 9V oF HRG WIS el ifrsiaindles Rumwr &g talergy diishathe cap

substrates,6PIBSIae et 8rRNth RAGh SN icopsCr £i8iRaASRERd a compound
substrate wire bonded to the first contact pad; and bump pad

semicont§&E8F die or package substrate ball bonded to the second under
bumpwhRetalrgy layer over the second contact pad. 20. The method as
claimed in claim 16 wherein: the additional substrates comprise: package

SUBBRENE Cbia¥eEdtd SABIRRBLh At By ViR BYHBI WiRther substrate
o apeu A BFRSH A G 14 SO B 4G Boider ballson the package
stifsti@déionhl substrates comprise:
a wire bond pad semiconductor die or package substrate wire bonded to the
first contact pad; and
a bump pad semiconductor die or package substrate ball bonded to the second

under bump metallurgy layer over the second contact pad.

20. The method as claimed in claim 16 wherein:
the additional substrates comprise:

a package substrate connected to the substrate by a wire bond,

a further substrate connected to the substrate by a ball bond; and
further comprising:

an encapsulant encapsulating the substrate; and

solder balls on the package substrate.
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