21 March 2007 METHOD OF MANUFACTURING DIFFERENT BOND

PADS ON THE SAME SUBSTRATE OF AN INTEGRATED CIRCUIT
PACKAGE BACKGROUND TECHNICAL FIELD The present inveni@ich 2007
relates generally to the fabrication of semiconductor integrated circuits, and

more specifically to bonding techniques used for integrated circuit packaging.
BACKGROUNBITAIOP\OH R{%%GEWB&F%?&EB%%WMQMm device
dimensions and iNPARSION TENICCADIEKSIUBRITRABRI € K¢ packaging of

semlcoqduqtor devic ?%MB%I&?@%FAE?@Q&(@”C& In the
electronics industry, the continuing goal has been 10 reduce the size of
electronic devices such as in digital cameras and camcorders. In the past,

integrated circuits were packag '&!g (ﬁ packages using wire bonds
using metal wires, but the packaging technology has been moving towards

TRelReed [ Pagkages using solder balls, which allow for a higher density of
connections. Because the marketplace is in the process of transition, it is

desirdBrePE ik BHRARr e 2Rt S5aRBIbn sty fABrisates Misyjraterrenienintegrated
chaskaged MofospatelyythermauirananisufanvdseanthathRanrdsdl ackaging.

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
BhEIOTHROBARNJARA (Sn) solder is typically used for the balls because it has a

high syiace lepsiaRicaierming Suall Balit.on SolHer BRRAR eI PALRing

copper (Cu), which is a very good soldering wettable material. The above
dexisgafhagiag deiitdshahe RICIZRMRS e P8rYsirs dofers Ardconiipddopatisin

ifpoRatcbondsndateitvnrtelyd flvigdessinat Poosh wall wwih © vheadiRadse of
and Sn ifﬁOIder does not pband well with Al bond éJadS. In the past, Al was
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ump metallurgy" (UBM). T eg M plays-a critical role as an adhesion layer
PisdRgeTrSIREpaldisT hrlp suldeh Hianper T8igeardiersibrRirerasrpids-in one

integratesh &ireihRACKPEB: MAHAMSprocess of transition, it is desirable to mix 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



1 21 March 2007 approaches have been attempted, but have had the
problems of requiring different masks to protect the Al pad in order to obtain

a desired UBM. Solutions to these problems have been long sough{ kut-5ie607
developments have not taught or suggested any solutions and, thus,

apRiAibes aveheesa prsbleied halvkaksniné dadoblrnsecdkitiedringdéfarent masks to
protdMMARY, SHFnTdided WVIBRH! OMN e pgent invention provides a method

for manufacturing an integrated circuit package with a substrate. First and
second'EBMtade SAE BIRPOREYE MTLYK A PHSRVAlioR iR ggts have not
tasighstratagdedicst metadlurgydayer ivfarsotdioverdhikestibsitddamsAsechnd eluded
t@%ﬁ%&xﬁxg%ﬁ fo_rmed over the fir_st metallurgy layer. The first metallurgy
ayer i1s removed while leaving a portion thereof over the second contact pad.
The second metallurgy layer is removed while leaving a portion thereof over

the second contact pad W}%ﬁv& %rl'ﬁ\é%wﬁgﬁver the first contact
Sflrs metall

pad while removing the urgy layer. Certain embodiments of the

invengipn have, oReLAAYARIAIES 17 addimiond o IRPIRESing" I8k erated circuit

mentioned above. The advantages will become apparent to those skilled in
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DRAWINGS FIG, 1 is a view of an integrated cjrcuit package in accordance .
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Second under bump metallurgy layers; FIG. 4 Is the structure of FIG. 3 after

lyyenidiisicdaepdediinBre prototesismmm thisfife Baiabiies BYMG. 4 in

accordange Mitd AR AMIIARIMARhES TR R 68RNhIVIMRIIR Maltariamevaldplace
the photoresist; FIG. 6 is the structure of FIG. 2 after de osg{on o]
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from a reading of the 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;



FIG. 7 is the structure of FIG. 6 after deposition and patterning with a
photoresist; 2 21 March 2007 FIG. 8 is the structure of FIG. 7 after

deposition and patterning of a photoresist over the first input/outpyf §ept&cioo7
pad; FIG. 9 is the structure of FIG. 8 after removal of the photoresist; and

FIG. FtGis%aislgw ehatuet ef Misthdaffor deneritieotanihgadarmeagrataeheipsentst over

HRagkagioasEPLdaREEWIth the present invention. DETAILED
DESCRIPTION OF THE INVENTION Referring now to FIG. 1, therein is

showhGn it Stel iRt i cR e Tem ALl dBr R siith 1A present
inveniigh. I0he dntegreiad ditcuit ot kagaahih hasme packagatesidigiiatpadie in

with, solder. ?11'5 104 on the gottom, and a bottom semiconductor die 106 on

d t t ) : e ,
“the ?36.6 The bottom semicondtctor die 106 is wire bonded by wire bonds

108 to the package substrate 102. On top of the bottom semiconductor die

106 are top semj ' t ded by ball
b_onds 114. The ggt?(gr?]ﬁg?mglg?n uc?ﬁﬁtﬁeﬁj@%ﬁmB&nmiconduptor
dies 110.a0 Lieais mocapsplated Ry apanearsidlant L Giola maera! 100 in

such as epoxy or plastic. Each of the dies have semiconductor material
agqdirsfey dhdhmatrsetcanpriited ihhaiffseeiitcbriisiHanariess | Ofbiedt package
seamhinasongn{onise rand talldaandsoiihintae nieeratesticisuit Paakags baGhe
tOThe term "horizontal" as used herein is defined as a plane parallel to the

¢onventional plane or surface of the package substrate 102, regardless of its

orientéteootiine sienmoriderticalierédérs toim diredtibbypenpdnditul 88 to the package
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, ‘over", and "under"”, are defined with respect to the horizontal plane. In

apdd FS1IBitTg brasbepdrsD i érods Llskcific details are given to provide a

thoropgh sidarsandingidhaiinyestian dravwe vanhiowdlldecemne appasent2 are
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The term “horizontal” as used herein is defined as a plane parallel 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
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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 become 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.



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 80M&ch 2007
features in common, for clarity and ease of illustration and description
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includes deposition of material or photoresist, patterning, exposure, )
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combining, or otfier” précesses for forming layers, films, and structures.
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wire-bond pad material such as aluminum (Al), or an alloy of aluminum such
as aldRirif/2epperndidt) coptis prrdsiZd ftagRr a4 aRdIdtRdond pad
ninaialishcueh Asnsiican AKide (BiR): Refeimingmouwckaf Kundniheteipds (AICu).
hown.the structu f FIG. fter deposition of first and sec nder
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202 to form a thin protective layer which will prevent further etching of the first

and $8edHH VBN JavscaOpate sonurirbubick iwnress sdecsshietn sigient
whihexaropaifan Védntomaatipad sreantalomngoAlrdhendirsitc b M dayei30Pads 201

C e of titanjum (Ti), which is_etched wijth hydrofluoric acid (HE). The HF
<R T A AT bt R R B R o
sl LODcANthitkpidaatmad e prordttivéuaherearatned later. For example, for /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.



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 g®p81arch 2007
soldering wettable materials for ball bonds. Referring now to FIG. 4, therein is
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6892 not being the desired material for wire bonding pads, such as Cu. For
example, the VO cap layer 600 can be of pure Al, AlCu, or another allo
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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 UBM 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 602
and 604 for the second I/O contact pad 202 act as masks for the processing or etching of the

1/O cap layer 600.



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 usegitech 2007
obtain the UBM and protect the Al bond pad. Referring now to FIG. 7, therein
is shd&efeiheegtpvictord Gf | Besiafteshdapobitioriame: paliérnfnyteritamoval of the

p%@Mﬁ§@O7@&eyjemQQ@rt%?ﬁng%@ HWME@QIIBQ:&{%%&E% Ptan act as a
etchin%oof the first and second UBM layers 602 and 604. Because of the
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circuit package in accordance with the present invention. The method 100
forprskRST Sreddiyi?ddsntierand &bl arastalsifitHENa¥Hd VO contact

pads wWpleskeitiveatigh i passivaiionblayrr cenfiegiddodthvihesecHilinstsUbdde, it is

layer is, formed over the package substrate: a step 1006 where.g second
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portion over the second VO contact pad; and a step 1012 where a protective
sqaperishoiftduetelims first Vestaneit BEb M RnMBRIRY e dircomRanying
diayaigdihile thairyprttanhasiDeamaeassitbeshinspmgration with a specific
best mode, it is to be understood that many alternatives, modifications, and
variations will be apparent to those skilled in the art in light of the aforegoing
description. Accordingly, it is intended to



embrace all such alternatives, modifications, and variations which fall within
the spirit and scope of the included claims. All matters set forth herein or
shown in the accompanying drawings are to be interpreted in an llysativeoo7
and non-limiting sense. 6 21 March 2007 THE INVENTION CLAIMED IS: 1.

THEAMEN TAPMEAEGIERAY: an integrated circuit package comprising:
providing a substrate having first and second contact pads thereon exposed
through a passivaiidfolayeluthaietg; doinnagedicatcoeiatiirgydayiprioner the
substrate.; forming a second metallurgy layer over the first metallur er;
ool e Ly s S e e i e o
second correst\ptan teyaothiergaiie second metallurgy layer while leaving a

portiog {hereotirverdha e e, 6O Ragk-apd forming a protective layer
over the first contact pad while removinl%the first metallurgy layer. 2. The

methSYBE & faiFreadineial Y WHEF S ambUing b it MiEtaliurgy layer
uses ametolingepfiogesstdnckyemeyingitb ecacegnd pueial digy dayeeugrSsecond
etching process (\:/yitg Cfm etchant that reacts with the first contact pad to form
the protectiveqayeP. . The method as claimed in claim 1 further comprising:
formirmga\dap the/sacond mitel kudstpacs whideethenfirsparacal lbeggefayer; tharsdcond
wherein: reqQyipgihe fifgt metallurgy layer forms the protective layer over

the cap layer; and removing the cap layer while leaving a portion thereof
over fHEMRE AnBrasedif 1Rt hdbs. f&?“rﬁ@%&&rﬁi’d?a‘@élaiﬁ?&ﬂ’miéléﬁﬁ irst
further compiésangiowirgaonding a wire-bond pad semiconductor die or
package substrate to the first contact pad; ball bonding a bump pad
semiconductor dietlrdpachage$ubsiratel tahtereisecond

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



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 piayigesoo7
at least one of the first and second contact pads using aluminum, an alloy
therebfromg Senipsunmgtiibirapnflay e upaicar?ooy afopthisghitie dirsemicealingind
layer uses tiiapiym, an alloy thereof, or a compound thereof; forming the
second metallurgy layer uses at least one of nickel, vanadium, copper, an
alloy tAEPEY GRS RGsEERhBYEEFe MG h e ofi e Kb eRfGy TayapPer: an
uses an etchileg proceSmdsingnifwarideherasnoving the second metallurgy

layer uses an %tc:cﬁ'rg%rt%ﬁgss S|ngu1glgonnq and formin .thefpr()(%}gg;tlve layer

formsﬁﬁlgvﬁlr]gtectlve layer of Aluminum fuoride. BXA method for
manufaeeyregherseacad raesd lhniitysacken coipe sirgesprovigifgoane; and
substrgteihavieg. kst @rd SeeencheatariPads Iharedn RRasRARBRMIh a

passivation layer thereon; forming a first under bump metallurgy layer on the
passigation layethbdrfoingausecontundet pared dnaialhaugydayempmeinghe

frst upder bumn etallurd, et temoving the fIstunder bump metaliuray,, .
Iayerli)/v%lfe f aving a portion thereof over the $&Eond contact pad; removin

the second prdertumipyendteltoryy layer while leaving a portion thereof over

the S@&%qgca)ﬂmlaﬁgbmdmﬁmﬁam@tﬁ%ygdwmwam fifstcontact pad
er

while removing the first un ump metallurgy layer; and connecting the
substitBifts AdaRBHANSSHEARE B I Yitar Aty 8ot SRtSELpRAgTeallurey

The methodasr¢laimed in claim 6 wherein: providing the substrate provides
:Egrfel%s%n%%?rgg%g %gstu Eﬁggr%hjnmgnrﬁggdlﬁrr]gz}%lPayertr\}v r1 eofégzqr?g %Olgl(”l) 1%%'} ereof over
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 first 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:



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 angiaviarch 2007
compound thereof. 8. The method as claimed in claim 6 further comprising:
formirgne \dap by érbvadindwubsiretid] vigt dp bielfirstsuhe erderi penorilitieythe
layer, the cap I@y@rr; Usgs at least one of aluminum, copper, an alloy thereof,
and a compound thereof; and wherein: 8 21 March 2007 removing the first
undef B BEAMEPgYYSY SIS R pr SRt syt oV&r the W fagerecond
and removirgniae: pagislayer while leaving a portion thereof over the first and
second contact pads. 9. The method as claimed in claim 6 wherein:
connécting the sundate dhaohades: adne barddikga wire bond pad

semicopRileEar gliesapRackagrgibstrate to the first contact pad; and ball
bonding a bump pad semiconductor die or. pa%ka e substrate to the second

under bumpetandigy myde frad irrd seedrrduieadioaaradkashahidtinde the

as claimed in claimitwhiesieipadcandecting the substrate includes: connecting

the substrate 1o a package substrate. wire bond; connectin further
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adding solder ballgndetiaupackeigdusgibktreteved the second contact pad.

10. The method as claimed in claim 6 wherein:

connecting 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.



