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sem conduct or wafer, such as BIEi FORONIREBE@NDING Wwhich nultiple die have
been fornmed. Such die are typically packaged to protect themfrom
corrosion by 15 attaching_themto |ead frames using a sol der or epoxy. A

die is electrically conneBReBCRONRLE THE t FEVERBEONrame, and then the die

and the | ead hramgiarg ecapsil@teddiina plastic package. The | eads of the
| ead frame protrude from the package and termnate in pins that allow the
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adned Ve,  SUch ab R ANy FRas (Sr 83530 by baking. Ohce fhe epoxy has
cured, in stepdntegmited singuie HAdediko itshe |sead If davd.ce cut
from a semiconductor wafer, such as a silicon wafer, on
which multiple die have been formed. Such die are
typically packaged to protect them from corrosion by
15 attaching them to lead frames using a solder or epoxy. A
die is electrically connected to leads in the lead frame,
and then the die and the lead frame are encapsulated in a
plastic package. The leads of the lead frame protrude from
the package and terminate in pins that allow the die to be
20 electrically connected with other circuits, such as on a
printed circuit board.

Referring to Fig. 4, a conventional process for
packaging a die is shown. First, at step 40, a die is cut
or sawn from the wafer on which it has been formed. After

25 the die has been cut from the wafer, the back side of the
die is firmly attached to a carrier or lead frame in a die
bonding or die attach step 42. Typically, in the die
bonding step 42, the die is attached to the lead frame
using an organic adhesive, such as an epoxy and then cured

30 by baking. Once the epoxy has cured, in step 44 the die is

wire bonded to the lead frame.
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solid phase welding process where two metallic materials, a

very thin wire and a pad surface, are brought into contact.

Once the surfaces are in contact, a combination of heat,

15 pressure and/or ultrasonic energy is used to cause electron
sharing or inter-diffusion of atoms, resulting in the
formation of a wire bond.

Wire bonding is typically done using one of three
industry standard techniques: thermo-compression (T/C)

20 bonding, which uses a combination of pressure and elevated
temperature; thermo-sonic (T/S) bonding, which uses a
combination of pressure, elevated temperature, and
ultrasonic vibration bursts; and ultrasonic (U/S) bonding,
which uses a combination of pressure and ultrasonic

25 vibration bursts. These wire bonding techniques are well
known. The preferred bond wire material is gold, although
other materials are also used, such as silver,
aluminum/silicon, aluminum/magnesium, palladium, and
copper.

30 Referring again to Fig. 4, after the wire bonding step
44, the back side of the die is cleaned, typically by

ultraviolet-ozone (UVO) cleaning. In UVO cleaning, a UV-
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Unfortunately, copper tends to oxidize and corrode
fairly quickly. Corrosion can open one or both ends of the
wire bond completely, allowing the wire to move within the

15 package, thereby causing electrical short circuits. The
corrosion occurs in the presence of moisture and
contaminants. For example, the presence of chlorine or
bromine at the bonding area can cause the formation of
chlorides or bromides, leading to bond corrosion. Bond

20 corrosion also increases the electrical resistance of the
wire bond interconnect. Thus, forming a reliable copper-
to-copper bond can be difficult. Accordingly, it would be
advantageous to have a pad surface to which wires may be
bonded more reliably.

25

SUMMARY OF THE INVENTION

In order to provide more reliable wire bonds, the
present invention provides a method of preparing a
semiconductor wafer having a plurality of integrated

30 circuits formed thereon, the integrated circuits having
pads formed of copper. In the method, oxide is removed

from the copper pads and then the wafer is vacuum packed in
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about 90-95% Argon in an ultra low vacuum pressure of about
5-20 mTorr and then sputtering a wvery thin layer of oxide

15 passivation, such as aluminum on a surface of the copper
pads. The layer of oxide passivation has a thickness on
the order of about 1 to about 10 nanometers.

The present invention further provides a method of

electrically connecting a copper pad of an integrated

20 circuit with a pad of a lead frame with a copper wire,
including the steps of plasma cleaning the copper pad using
about 5-10% Hydrogen and about 90-95% Argon and then wire
bonding the wire to the cleaned copper pad and the lead
frame pad.

25

BRIEF DESCRIPTION OF THE DRAWINGS
The foregoing summary, as well as the following

detailed description of preferred embodiments of the
invention, will be better understood when read in

30 conjunction with the appended drawings. For the purpose of
illustrating the invention, there is shown in the drawings

embodiments that are presently preferred. It should be
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accordance with a second embodiment of the invention;

Fig. 3 is a block diagram illustrating the steps
involved in the preparation of a semiconductor wafer having
one or more integrated circuits formed thereon in
accordance with a third embodiment of the invention;

Fig. 4 is a block diagram illustrating the
conventional steps involved in the preparation of an
integrated circuit device;

Fig. 5 is an enlarged cross-sectional view of a
packaged integrated circuit die; and

Fig. 6 is a block diagram illustrating the steps
involved in the preparation of an integrated circuit device

in accordance with a fourth embodiment of the invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
The detailed description set forth below in connection
with the appended drawings is intended as a description of
the presently preferred embodiments of the invention, and
is not intended to fepresent the only forms in which the
present invention may be practiced. The description sets
forth sequences of steps for performing the procedures in

connection with the illustrated embodiments. It is to be
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t he Copp&ram:aldaxofor thend Gamd s | @aef S .using gold and aluminum
wire materials, although copper and silver have also been
used. Bonding these wires to different pad materials
15 produces different metallurgical systems. Thus, for the
same reason that the IC is provided with copper pads, it is
preferable to use copper wire to connect the copper pad of
the IC to the lead frame.
Unfortunately, copper oxidizes very quickly, making it
20 more difficult to achieve a reliable wire bond. Thus, to
ensure bondability and reliability of the wire bond, one of
the critical conditions is that the bonding surface must be
free of any contaminants. Typically circuits are formed on
wafers at one place and then the wafers are transported to
25 another place where the circuits are cut from the wafer and
packaged. Since considerable time may pass between the
wafer fabrication and the packaging processes, oxidation of
the copper pads can occur during such time. Accordingly,
the present invention provides for cleaning the copper pads
30 of an integrated circuit after fabrication of the circuit
on a wafer, but before the wafer has been packed for

shipping to the packaging location.
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to remove unnecessary material, and further, preferably

after testing of each chip or die has been performed.

15 Typically, after testing is performed, the wafer is cleaned
‘again using solvents such as deionized water, isopropyl
alcohol, acetone, and methanol. The present invention is
directed to the cleaning performed after the wafer has
undergone testing and provides for removing oxides from the

20 copper pads and then vacuum packing the wafer.

More specifically, beginning at step 10, the wafer and
particularly the copper pads of each die are cleaned in
alkaline. Preferably, the wafer is cleaned with an
alkaline solution by dipping or immersing the wafer in an

25 alkaline bath for between about 1 to about 20 seconds at
room temperature. Alkaline solutions for removing oxides
are commonly used in manufacturing lead frames and are
known by those of ordinary skill in the art.

After the wafer is removed from the alkaline bath, an

30 acid neutralization step 12 is performed. The acid
neutralization step 12 preferably is performed by dipping

or immersing the wafer in an acid bath at room temperature
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Alternatively, the wafer may be dried using compressed air
or a gas, such as nitrogen. The drying time may vary from

15 a few seconds to a few minutes. However, it is preferred
that the wafer is not exposed to ambient air for an
extended period of time because that would allow the copper
pads to oxidize.

Once the wafer is sufficiently dry to undergo

20 packaging, the wafer is vacuum packed at step 16. The
vacuum packing may be performed using generally known
commercially available vacuum packing equipment.
Preferably the wafer is packed in a shock proof container
made of a non-reactive material.

25 When the die are ready to be packaged, the wafer is
unpacked from the container and the packaging process may
be started. In the packaging process, either ball bonding
or wedge bonding may be performed. Further, as is
understood by those of skill in the art, if polymer

30 material is used for die attach, the polymer should be

cured in an inert atmosphere to prevent oxidation.
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the acid bath for between about 2 to 20 seconds and
preferably, for about 10 seconds. Preferably, the acid
solution is either H,SO, or HNO;, however, other acids may be

15 used, such as phosphoric, hydrogen peroxide, hydrofluoric,
and hydrochloric, which are commercially available and
commonly used in semiconductor fabrication processes. The
water rinse step 22 is preferably performed for about 2
minutes using deionized water at about 21 degrees C.

20 After the wafer is rinsed in step 22, an anti-oxidant
activator is applied to the surface of the copper pads at
step 24. Any of the commercially available anti-oxidants
used in the semiconductor and lead-frame fabrication
processes may be used. Preferably, the wafer is dipped or

25 immersed in a bath of anti-oxidant activator. However, the
activator may be applied in other known ways, such as by
spraying.

After removing the wafer from the anti-oxidant bath,
the wafer is rinseg with water and dried. Preferably, the

30 wafer is rinsed using deionized water and then dried. The

wafer may be dried with either ambient or warm air.



el evated tenperature. The wafer is preferably dipped in the acid bath for
bet ween about 2 to 20 seconds and preferably, for about 10 seconds.

Pref erablwp oehesesari d solution is either H2SO4 or HNO3, heaExsn2/03svher

aci ds may be 15 used, such as phosphoric hydr ogen peroxide hydr of | uori c,

and hydr aghlgf q]p%grqg I n sed in
sem conduct or %abrl cati cﬁlrﬁ% ocesses. %ﬁ%{v% elfé)lﬂa S?I%Rggg ili/l%ref erably

per f or mecavfaoi 1 et tb ow rrir]m:es usi ng dei oni zed wat er at about 21 degrees C

20 After the wafer.js rinsed in, ste 2, an antI-OXI dant activator is
applied to th\«g}@1 ]fjabé'e TR P copRFr Gt 1pvEpidn theydeiedhe

commer ci aﬂl’a{ﬂ/eﬁVﬁé'\%JélﬁJr@'Balc]@ﬁdﬁmé cotseh Ady tﬁ}?atselrg GoRdECE oh1@nd
| ead-frame fabrication c?rocesses may be used. Preferably, the wafer is

di ppeél orSh%mﬂf@%eﬁm made aath mnaﬁﬂacmﬂmtwabat or. However, the

activator | as b rayi ng._ After
renovi ng the \Al%e%&p]? ﬂo?ilqﬁl‘"g ‘gér#lel%m Yant V\%th%d Cthq'éoqslva? rp‘?gp? Jh%goavm' th
wat er antahicshdiRrederaier Haieindt weiferaliscy idiBechisgrge&@i oni zed wat er

and then dried. The wafer rra be dried with either anbient or warmair. 9
VO 02/ 07 SEEF B lébré?%é@'ﬁe W 1 Nt IHLHREGY T b HrdGHREd using a

COMer Ci gialae avahdale Rgyedr vies ikl | Yi1&d %%Gfllfs@eéﬁ gy %fnclln whi ch

the dried wafer is vacuum packed in a contalner t I's prefera
shoc kO pr caoqghidnerieie. dfhen dih irech caridvad jresrely 8  prRefesralilng mmfd;m&ﬂg 3, a

{11 LB SRR 08 e SRS ol i1 o ol ural L of

More particularly, after testing, the oxide is removed
from the wafer at step 30. The oxide may be removed from
the wafer by performing the alkaline bath (step 10), acid

15 neutralization (step 12) and drying (step 14) shown in Fig.
1 or by performing the acid bath (step 20), water rinse
(step 22), anti-oxidant activator application (step 24) and
water rinse and dry (step 26) shown in Fig. 2. However,
the oxide removal step 30 may comprise molecular or plasma

20 cleaning.

Plasma cleaning uses a high power radio-frequency (RF)
source, microwave or direct current to convert gas into
plasma. The high velocity gas ions bombard the bonding
surface (i.e., the copper pads) and cleaning contaminants

25 off of the bonding surface by physically and chemically
breaking apart the contamination molecules. Plasma
cleaning of semiconductors and lead frames are understood
by those of skill in the art and machines for performing
such plasma cleaning are commercially available. However,

30 present plasma cleaning techniques do not adequately remove

oxide from copper.
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pads fornmed of copper, is shown. Like the first and second 10 enbodi nents,
the third enbodinent is preferably perforned after the die on the wafer
have beerwDegnexd87 More particularly, after testing, the oPCEaSNx03seToVed
fromthe wafer at step 30. The oxide may be renoved from the wafer by
performng th acid 15 neutraljzatio step 12)

| b 0
and dryi ng (s'?IeIglcik%é%ﬁtojﬁ/ﬁaﬁ%h(ﬁ%mél&o?a%ﬁp%ertf}b? Yy TRt 4AT d£%ath (step

20), wat e¥xyddi1se akgdhep i)roder | -B0% dant+ apds V@, Olora By eati ompgstep 24)
and water rinse and dry (step 26) shown in Fig. 2. However, the oxide
renoval Step 302 mEAEeiRR I /Aol BéarER Basppasaebeen vpedni nGheP| asma

€l eani Ng 442fsh ol Wa POWRL Ad I ARIE M d B dassllirfgy M Crovave of
direct current to convert gas into plasma. The high velocity gas ions
bonbafd tdwenkporek tons soff fges€s .dn ,neth eadappere pads)eandticd eavpdgr

tam ts 25 gff of the bondin urface by physically and chem cally
Ly e TR e
seni condustetsi i st G dh § rEumEEo B UNSBES L Hbmbnd H0se Of Skéht s the art

and machi nes for perfornmn such plasnma cl eaning are conmerci al |
avai | abl et 0¥dhedrrgen i £ 10ttt Argen ng Beohspesinenteot ddequat el y

renove | PRE 736 0 807 1In venti onal
pl asma c%a%?%égé,&ﬁ&e@gas I}eoéngczﬂe/é? ic%{%x%fggég% % %{rlll%'?“ r %geer?,eré%%?l}f%+ 20%
02, ap 8GH Gth ml20% Wow avwaddigressulR/dN? mpt@sinde sl @atger heesn used. The

i nvent ors__have o%te n%'aggect at these, gasses and 5 conbi nati ons of gasses do

not adequi®t P& IR OO HR TSR h Gt 3FR P Rent

inventi onlddiged! asMat is, the plasma cleaning preferably is

performed at an ultra low pressure of between about 5 to 20
mTorres and with microwave power of about 800-1000 mWatts.

15 Once the oxide has been removed from the wafer, a thin
layer of oxide passivation material, such as aluminum or
other organic/inbrganic coating is applied, preferably by
sputtering on the copper pads, step 32. Sputtering/PECVD
(Plasma Enhanced Chemical Vapor Deposition), also called

20 partial vacuum evaporation, is a physical process that
occurs in a vacuum chamber that contains a target, such as
a solid slab of the film material, which in this case is
preferably aluminum, and the wafers. Argon gas is
introduced in the chamber and ionized to a positive charge.

25 The positively charged argon atoms accelerate toward and
strike the aluminum, dislodging the aluminum atoms. The
dislodged atoms are deposited onto the wafer surface,
including the surface of the copper pads. Sputtering forms
a uniform thickness of the aluminum over the copper pads.

30 In accordance with the present invention, the sputtering is

performed for only about 2 to 3 seconds.
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cl eaning step is perforned using a conbination of about 5- 10% Hydrogen and
about 90-95% Argon. From experinents, it has been determ ned that the H2
gas usagewpuwsw7ise7 performed 10 at an ultra | ow vacuum pr ePSWUS0/G38pT ovi de a
| onger nean free path for the cleaning ions to reach the surface to be

cl eaned. That s, | asip i b i r at..an ultra
| ow pressure o leét \I;\S‘:Ceglsgbout e_L[q,g t%ge IC%’(m oﬁ%séﬁéfﬁ%énﬁoﬁc\?\%v%l% wer of
about 80G1AGRIhum &l Sorddy @rc rtdieernxi alel deasi digesudimvadr-drioimidie wafer, a

thin layer of oxide passivation materjal, such as al um numor other
or gani ¢/ iaﬁﬁ’b’aﬂﬂnﬂ: Cb‘b‘é%lﬁt?si STEHPIIRIE Priert 46ty WA i 14y on the
copper padsigsi@insZnhidRut t e NYREQA | (lassmedehangiihed qaded/apor

Deposition), also called 20 partial vacuum evaporation, is a physical
proce8s tARttIEAF/FPEG I tmanavidmmerovdring oft @insninunargetqtisch as  a

solid sl ' : js j.ch i.n thi i referably

al um num@%ﬁg%}{%%%%ﬂ;ﬁ r}iglgc{nel \égsgs?lgfa{{]lnr%d}l%@)ein}?sﬁer%a?hgﬁ%ae and

i oni zed torefepadhly mcharga.clResthe heditvelys chatged-argon at ons
accelerate toward and strike the alum num dislodging the alum num atons.

The di sl odged &t rare® i1 RIR6- e Sieg @mbadimens s, istdRiditg the
surface afs tha CaRRal. Padihe SRUL terd ng- gy Pardk U Ry Jnh'rﬁzi%ié‘éé 9 the
ance wth the present

al um num over the copper pads. 30 in accor i nvention,
t he 3put Persihesk Prosdr fasnyked fesr tdwlty iabanefenadly seciEndst WO 02/ 073687

PCT/ US02/,Q38Q7% eV\yi’rHteexiitali S known in the art to cover copper pads with
al umi numin order 1o prevent oxidation, such conventional alum num

coverings ar e ThepineedHodsomielsher ibederaafvel Q2D sHAROSHT oMy d hilcks dre
ContraStHfgg%égfigp%fégg?yg(ggﬁﬁgispads of an integrated circuit
formed on a silicon wafer and vacuum packing the wafer so
15 that the copper pads do not oxidize prior to wire bonding.
Accordingly, more reliable wire bonds are formed using
wafers that undergo the above-described methods.
Referring now to Fig. 6, a method of assembling
semiconductors is shown that is similar to the conventional
20 method shown in Fig. 4 and discussed above. However, as
previously discussed, copper pads oxide very readily and so
in order to provide for more reliable wire bonds, more care
must be taken during assembly. Further, the inventors have
determined that ﬁerforming plasma cleaning (step 60) after
25 the die has been cut from the wafer (step 40) and bonded to
the die attach pad (step 42) and before wire bonding (step
44) will allow for more reliable wire bonds.
As discussed above with reference to Fig. 3, the
plasma cleaning step is performed using a combination of
30  about 5-10% Hydrogen and about 90-95% Argon. Further, the

plasma cleaning preferably is performed at an ultra low

12



5 sputtering/ PECVD to provide a covering of alum num or other

I nor gani ¢/ organi ¢ oxi de passivation /PECVD material that preferably has a
t hi cknesswofo2aisset 1-5 nanoneters. Finally, as with the pPETIUSIZ0ISOD
enbodi ments, step 16 is performed. That is, the dried wafer is vacuum

packed iR, &Qm@ﬁ@_ﬁ] k%)m ' &Q:at i f f._.non-
reactive na}ateri al. T engrre%o S cfgésrg%r%e a o%oe%(ﬁéﬁ;%%lv%s In ivglst-.‘ﬁf}S are
di r ect ed nticusivesare mepvomp e’ giadss 0L AT eqiestted circuit fornmed on a
silicon wafer d vacuum packi ng t he fer so 15 that, the copper pads do
not oxi di ze prz}atgl:reﬁ g‘&bﬁ ;Beleo&*ﬁjicﬁg?ane@ﬁﬁ&ﬁ?ﬁ TGI5e B e 5% f4i¥® bonds
are for nekridfiged Wl & o b NIRY Gorkhs alkave- desed Red Ry hods.

Referring now to Fig. 6, a nethod of assenbling sem conductors is shown
that Ps Shfannd.o $HRP &hvast ieanEPs PR tisichey stedwhinion Ritep 4&nd

di scussed abo . Vi di. ed, caopper. pads .oxi de very
readily and S\g\es iln@o erretrgé’p%gl\eﬁ &%Léfgoérhtm)l?lg}éﬁl:ﬁllda e d\l/%m”Tde SN ,O(fﬁ)re care

must ‘be takepmardmnassdidrsy hahdrichetie thHal Repiedr Pty esudletgidd ned t hat
performn I rraﬁgéileanin (step 60) after 25 the die has been cut fromthe
waf er (s 4%;1% UG LS GTE H8sh ToalS PeEFaEs arfdi®efore wire

bondi ng (wipgler 4HdNHdverllledy foari da¥ie Hdalig dhifie LY AP % scussed
e

above with reference to Fig. 3, the plasna cleaning step Is™p or med
usi n§?a EGROPRSIS o ds IPTEHaEl IBbieendisoge Than draseutt J0wa5EY%Argon.

Furt her, | eani_n fer abl is perforned at .an .ultra low 12 WO
02/ 073687 %ﬁ%l/ Lﬁggg/ dg‘éj??] av%‘?%@%dgr%fg%reé’a&fgnﬁetw SEh&HVES 1% nirorres
and w t hwa thmcoppeay egimveturdhoabid BRO-cHIMgIWAL b ocess that

reduces oxidation on the copper pads so that wire bonding

of the pads yields more reliable bonds. As will be

15 appreciated, the present invention is directed to preparing
copper pads for wire bonding. The present invention is not
limited to using copper wires for the wire bonding, as
other wires could be used, such as gold or aluminum.
Further, although the present invention has been performed

20 using ball bonding, it is not limited to ball bonding, and
may be practiced with wedge bonding.

The description of the preferred embodiments of the
bresent invention have been presented for purposes of
illustration and description, but are not intended to be

25 exhaustive or to limit the invention to the forms
disclosed. It will be appreciated by those skilled in the
art that changes could be made to the embodiments described
above without departing from the broad inventive concept
thereof. It is under§tood, therefore, that this invention

30 is not limited to the particular embodiments disclosed, but
covers modifications within the spirit and scope of the

Present invention as defined by the appended claims.
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After the die is cleaned, the wire bonding step 44 is perforned, followed
by the conventional steps of WO 5 cleaning, step 46 and encapsul ati ng or
nol di ng, WOep/0ZA887 As i s apparent, the present invention proTiuter0aser hods
for preparing wafers having die with copper pads such that when the die on
the wafers are ready to be packaged, the, fepper pads have |ess oxidation
and thus wire bonding of 10 the pads yleﬁas nore reliable bonds. The
present invention further provides a nethod of preparing a wafer having
die wth copper pads durjng the die packagi ng process that reduces

oxi dation on the %ﬁﬁ‘beetﬂ“%%ad% Qf?ﬂ?d:t”% e %d??d?‘ﬁtjiuca?oﬁ e iR 37 Erds nor e
reliabl e DondsalAscyidd 06 cbrARRY eGldtfths G RIESedrddyentdon is
directed to preparing copper pads for wre bonding. The present invention
is noP Iinhagtes wingpideppaving @adsorfqumedviafe depmmg,thes ot her wires
coul d be S .40 qr ) n  Further, although the present

i nvention glgjdbzdé)g&pxglﬁlg}%&lezogaéfé@ng%@al | bonding, it is not limted to
bal | bondi ng, rmvimay dd de dridne etheMddppsdgadiondingy. The description of
the preferred enbodi nents of the present invention have been presented for
purposes of VAT RIFHhFrFed&ESHi on, but are not intended to be 25
exhaustive or to limt the invention to the forns disclosed. It wll be
appreciated by those skilled in the art that changes could be made to the
enbod? ment s deéscr il mefthwde ofi Heum depavhsnsgrf rddva tchal dir cahavivent | ve
concept r eof t_ is understood, therefore, that this invention 30 is
not Iinif%%ikggﬁﬁghﬁﬁ%ficular enbodi nents di scl osed, but covers

modi fi cati ons cliddiiimdg thes piafdr andhseepaldalite Jgy¥lesamn; nvention as

defined by the alpéoended claims. 13 _ )
performing acid neutralization on the wafer; and

drying the wafer.

15
3. The method of claim 2, wherein the cleaning step
comprises dipping the wafer in an alkaline bath for about 1
to about 10 seconds.
20 4. The method of claim 3, wherein the acid

neutralization step comprises dipping the wafer in an acid

solution for about 1 to about 10 seconds.

5. The method of claim 1, wherein the vacuum packing
25 step comprises vacuum packing the wafer in a shock proof

container.

6. The method of claim 1, wherein the oxide removing
step comprises:
30 cleaning the wafer with an acid solution; and

rinsing the acid cleaned wafer with water.

14



WO 02/ 073687 PCT/ US02/ 03807 CLAIMS 1. A nethod of preparing a

sem conduct or wafer having a plurality of integrated circuits forned

t her eon, wba@287368t egrated circuits having pads forned of ®@cpESn2/03I8he

met hod conprising the steps of: renoving oxide fromthe copper pads; and
vacuum packi ng the wafer. 1 he hod of .claim 1,. wherein the oxide
renovi ng ste% ‘co ?s“éest:hoc‘fé%]i%ga%ngé'wa“f FSuTt AR $5P sol uti on:
per f or m e itdr Wi idatien Wwirdhanaferi,sandsotnyisg. t he wafer. 15 3.
The met hod of claim2, wherein the cleaning step conprises dipping the
wafer in an al kaline bath for about 1 to about 10 seconds. 20 4. The

nmet hod of cl aign 3, i i.d ut I i S rd di ppi ng
the wafer in asrr}1 ac'I|‘ %Ii%ﬁlhél g% ?Cglr%a (r)gel}t ng?%foglgi)oﬁé 1?%%%%%3%]?% The
nmet hod ofcondpaiimels dihygsieign titee wedtaminmrpackimNg,; 2blsttdpnconpri ses vacuum
packi ng the wafer in a shock proof container. 6. The nethod of claim1,
wherein the oxide renoving step conprises: 30 cleaning the wafer with an
aci d sol utionig andrd imsinl td¥e AG G o cangs Wit efonhatis Wad &fhe 1 M0

02/ 073687 PCT/ US02/ 03807 7. The nethod of claim6, wherein cleani ng step
conpr i sedigns g nh ameanrijoxigenp SOEisg iy grp the surface of the

copper pads.

10
10. The method of claim 9, further comprising the
steps of rinsing the wafer with water after the application
of the anti-oxidant activator and drying the water rinsed
wafer.
15
11. The method of claim 1, further comprising the
step of forming a very thin passivation layer on the
surface of the copper pads.
20 12. The method of claim 11, wherein the step of

forming a passivation layer comprises sputtering a

passivation material on the surface of the copper pads.

13. The method of claim 12; wherein the sputtered

25 passivation layer is about 1-5 nanometers thick.

14. The method of claim 13, wherein the passivation

material comprises aluminum.

30 15. The method of claim 11, wherein the oxide

removing step comprises plasma cleaning the copper pads.

15



8. The nmethod of claim®6, wherein the cleaning step 5 conprises dipping
the wafer in an HNO3 solution. 9. The nethod of claim6, further conprising
t he st ep wofo2zapeByi ng an anti - oxi dant activator to the surPCaasoné3sthe
copper pads. 10 10. The nethod of claim9, further conprising the steps of
rinsing the wafger w - pl.i ' ti-oxidant
activator an\é\@'d@;yi Y]%ﬁ%]hﬁt{a@%ﬁdefgér iecglsatelg@ 1\;\%/;? e"\lfl'?é'llésl 11?}9%?%1}%% od of claim1,
further cdanigiang s heer Sompedfudiorgriapwt Very0% Hydpassi waid abdayer on

t he surfg%c_c;r%@‘ t he copper pads. 20 12. The nethod of claim 11, wherein the
step of “fo %&%%’ssivati on | ayer conprises sputtering a passivation
material on the surface of the copper pads. 13. The nethod of claim 12,
wherein the sputtered 25 passivation |ayer is about 1-5 nanoneters thick.
14. The nethod’of kg rﬁlqté}o@w@réﬂﬁltmel%ag@hemimrthmkasm conpri ses

al um nume13Q 155 T }E@Im% ' erein t oxi renmovi ng step
conprises pl gsm;‘JI cllr% ning t éegcagépgi(g{rnu:)i;t samd’l"g %%ﬁ%%%%%@/ 03807
16. The metoudd Sofca| 20 mdx;raderein the plasma cleaning is perforned using

about 5-10% Hydrogen and about 90-95% Argon. 5 17. The nethod of claim 16,
wherein the plasma cleaning is perfornmed at an ultra | ow pressure of

between aboutigh t orid) WBKHIEDE claim 17, wherein the plasma
10 cleaning is performed using a power of about 800-1000

miWatts.

19. The method of claim 1, wherein the oxide removing

step comprises plasma cleaning the copper pads.

15
20. The method of claim 19, wherein the plasma
cleaning is performed using about 5-10% Hydrogen and about
90-95% Argon.

20 21. A method of preparing a semiconductor wafer
having a plurality of integrated circuits formed thereon,
the integrated circuits having pads formed of copper, the
method comprising the steps of:

cleaning the wafer in an alkaline solution;
25 performing acid neutralization on the cleaned wafer;

drying the wafer; and

vacuum packing the wafer in a shock proof container.

22. A method of preparing a semiconductor wafer
30 having a plurality of integrated circuits formed thereon,
the integrated circuits having pads formed of copper, the

method comprising the steps of:

16



18. The method of claim 17, wherein the plasma 10 cleaning is perforned
using a power of about 800-1000 nMatts. 19. The nethod of claim1, wherein
t he oxi dewpenwvieBy step conprises plasma cl eani ng the coppa&ruspzaso7 15 20.
The met hod of claim 19, wherein the plasma cleaning is performed using

about 5-10% r.oqel -.95% Ar_go, 1. A method of preparin
0 Hydrg {héngbé*%%%ersw{é§5£4x%§§hir#ﬁé%l n; prep 9

a sem conductor wa aving a plurali egrated circuits forned

t hereon, the dintseigiqttdte cdaiolidiedimd ng fmdseifth mett&f; copper, the nethod
conprising the steps of: cleaning the wafer in an al kaline solution; 25
perform ng aci®® %1 3% Ao VR4 Anerf Aartd  thersunkpeneiaf er; and
vacuum pagld R ddie- Wl gk, in a shock proof container. 22. A nethod of
preparing a sem conductor wafer 30 having a plurality of integrated
circubts formednsict@ome walker ntidgr atadewiafthen schen\dpml jpsadsi drorated of
copper, e t.hod .c rising the steps of: 16 WO 02/ 073687 PCT/ US02/ 03807
cl eani ngtt?’r?e e lero}flﬁ@?%anacatclg’c?tsodﬁ'uti on; rinsing the acid cl eaned wafer
with water; appyidy tHe afd te0Xxidaidd atifiierat aind o t he surface of the
copper pads; 5 rinsing the wafer with water after the application of the
ant i - oxi dant YAGWHR kAT rid'e K fRk e @ harkdeaot AantaidiRim packi ng

the wafer in a shock proof container.

10 23. The method of claim 22, wherein cleaning step

comprises dipping the wafer in an H,S0, solution.

24. The method of claim 22, wherein the cleaning step
comprises dipping the wafer in an HNO; solution.
15
25. A method of preparing a semiconductor wafer
having a plurality of integrated circuits formed thereon,
the integrated circuits having pads formed of copper, the
method comprising the steps of:
20 plasma cleaning the copper pads using about 5-10%
Hydrogen and about 90-95% Argon;
sputtering a very thin layer of a passivation material
on a surface of the copper pads, said passivation layer
having a thickness of about 1-5 nanometers; and

25 vacuum packing the wafer in a shock proof container.

26. A method of electrically connecting a copper pad
of an integrated circuit with a pad of a lead frame with a
copper wire, comprising:
30 plasma cleaning the copper pad using about 5-10%

Hydrogen and about 90-95% Argon; and

17



10 23. The nethod of claim 22, wherein cleaning step conprises dipping the
wafer in an H2SO4 sol ution. 24. The nmethod of claim 22, wherein the

cl eani ng wWoep/0738MTpri ses di pping the wafer in an HNO3 sol BCirarnsn2/a’Bo25. A
met hod of preparing a sem conductor wafer having a plurality of integrated
circuits forned_thereon, the integrat ci rcuits, having pads foynmed of
copper, the F?@Trﬁeogmé'b(#ﬁ}q stil‘h’?g ‘”flﬁfgﬁoe%g“eofqlefﬁlﬁﬂ SRP é?f@rﬂj“{ he copper
pads usi rheal@ald Fr¥ dadr ogen and about 90-95% Argon; sputtering a very
thin | ayer of a passivation material on a surface of the copper pads, said
passivation |layer having a thickness of about 1-5 nanoneters; and 25
vacuum packi ngthe el Gfedib @ Gk B 90, GAILANEhe 3§ met hod of

el ectrically connecting a copper pad’ of 'an |ntegr§ied circult with a pad
of a beadlieeanmonitsh wer omeel atd ey wdmer il giraSBydasim adeanimg t he
copper pad i%%‘about 5-10% Hydrogen and about 90-95% Argon; and 17 WO
02/ 073687F°PCT USE2 55807 wire bonding the wire to the cleaned copper pad
and the lead frame pad. 27. The method of claim 26, wherein the plasna 5

cleaning is performed at an ultra | ow pressure of about 5 to 20 niorres.
28. The net hod8f &g memhodvedr sileihe 6pl adrereis! ddvs mgassnaper f or med usi ng

a power %&e%%&%b'q%Qﬁ%%%%rﬁ&ﬁQ%ﬁ&k?a g%wer of about 800-1000

10 mWatts.
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