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USE OF PALLADI UM | MVERSI ON DEPGSI TI ON TO SELECTI VELY | NI TI ATE ELECTROLESS
PLATI NG ON Ti AND W ALLOYS FOR WAFER FABRI CATION 5 Technical Field
The present irwggt,)zﬁq,rel ates to electroless netal plating onpggiussenoens
surfaces and, 1n particular, to an electroless netal plating process
for formng netallic circuits on silicon wafers in which the wafers
have netallic circuit patterns thereon 10 conprising a netallic barrier

| ayer between the wafer substrate and t PESGRETIAON net al .

Background Art I'n the fabrication of integrated circuits on
silicon wafers a series of steps are used to nmake the finished wafer

product. In pa {MMERSFON DEFUSTSION 10" SELECTIVELYC INITIATD ELECTRALESS a
| ayer of sili cgl%E ﬁoﬁ#&iﬁm fg" ANDOW tALEOYS EDR WAFERD FABRICATRONC

dielectric is etched to formvias or circuit paths on the wafer which are
essentially

openings in the Si2 | ayer which extend-to the silicon
| ayer. The éircuit pat hs are then filled with a conductive netal to
formthe conpl eLahiCliFfdlgt- As is well known, integrated circuit

manuf acture i s=very exacting and difficult since the 20  process ltmst',be
hi ghl'y reliabl e andThe presens invgrsion relatesiig eleceless mefaj plating qrumeRiic surfaces

Present wafer metallizatjon sc ek IorB¥e8 FoR tienifk- etallic
al 1 oys over a fpf f'bl?@'l%ﬁ‘f.uga&p?? g@%é&%%ﬁ' éﬁlﬂ?%bqre %g_rri.er/ad esi on

layer in the circuiisnsili€or wafers in whithahewafes have owtgilie ciscuihpatterng thereon
Thi's technqloog&'eigreigi%gtas metallic barrier layer between the wafer substrate and the plated

metal.

Background Art -
In the fabrication of integrated circuits on silicon wafers a series of steps are
used to make the finished wafer product. In part of the fabrication process, the

15 wafer is coated with a layer of silicon dioxide (SiO;) and the 5iO; or suitable

dielectric is etched to form vias or circuit paths on the wafer which are essentially
openings in the SiO, layer which extend to the silicon layer. The circuit paths are

then filled with a conductive metal to form the completed circuit. As is well
known, integrated circuit manufacture is very exacting and difficult since the

20 process must be highly reliable and produce wafers having essentially zero defects.
Present wafer metallization schemes use sputtered or evaporated Al-Cu

alloys over a previousiy applied TiW or other suitable barrier/adhesion layer in the
opening to fill the opening and complete the circuit. This technology presents
some serious drawbacks in terms of its ability to produce circuitry less than 2-2.5

25 microns line width and to fill the via completely for vias having a height to width
aspect ratio greater than 1. At high aspect ratios seams and voids resulting from
poor filling not only yield electrical discontinuity and a high via resistance but also
invite entrapment of contaminates in subsequent processing steps that in turn often
lead to reliability problems. The present metallization schemes try to avoid these

30 problems and use chemical vapor deposition (CVD) or sputtered Al-Cu as the
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di nmensi ons an aspect rati os. I s desirable to use
nmetal s such ddghaspleet ratios.pr ef er abl y copper for nmetal | ization of the

waf er because of their, el ri.c rLi-fs [ brab r fori N
parti cul aerasucoppert]%é?/éieé"ﬁ%‘rbtgr a%ﬁ FHé‘sfaglg\/\/o%‘c sﬁpgﬂ%‘{gpa@egp?endgyng?g% di f fuse
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patterns and iC\Brisui¥ceoRAeE haye appm %&PY"%@%oE@% hggft%(?% ntg/) ifhse
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Accordingly, 1t 1s very useful to be able to enploy |o @ﬁerat%e -
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fabricati | ces by el ectrol ess copper 15 pl atip:g I S
shown in U. S.teRyperatives. AcBaEirgdE it s veey useful totbezable i amplayeloyy (EMRETVER o

entitled ” ELE\%R%oEessging ecph%li?qutt)elglzﬁ I& %%eﬂ%%bé @MQS%Which is relatively
economical and easy to use. '

A method for the fabrication of electronic devices by electroless copper

15 plating is shown in U.S. Pat. No. 5,308,796 to Feldman et al. and a related article

entitied "ELECTROLESS COPPER DEPOSITION ON METALS AND METAL

SILICIDES" by a co-inventor, Cecilia Mak, printed in MRS BULLETIN/August 1994,

Vol. XIX, No. 8, pages 55-62. Both the patent and publication are incorporated

herein by reference. Generally, a thin layer of catalytic material, in particular

20 palladium, is first deposited over a circuit pattern delineated by etched silicon

dioxide on a silicon wafer. Annealing converts the palladium -adjacent to the
silicon surface to Pd;Si but the Pd on the SiO; remains unreacted. A selective etch
is then used to remove the unreacted Pd, leaving behind only the Pd)Si at the
bottom of the via which overlies the silicon surface. The electroless copper
25 deposition that follows occurs only on the catalytic Pd9Si areas. Unfortunately, this
method has drawbacks because the whole wafer must be coated with the layer of
palladium which palladium must then be selectively etched from all but the desired
circuit areas which contain Pd,Si. This is a difficult task and remaining palladium
on the wafer on other than the desired areas may result in unwanted plating and

30 defective wafers caused by voiding in the vias and other plating problems. The



SILICIDES" by a co-inventor, Cecilia Mak, printed in MRS BULLETI N August

1994, . Vol . XI' X, No. 8, pages 55-62. Both the patent and publication
are incorporated herein by reference. CGenerally, a thin |ayer of.
catalytic material, in particular 20 palladium is first deposited over a
circuit pattegpgesieligeated by etched silicon di oxi de onreT/EH96/1863A4

waf er. Annealing converts the pall adi um adj acent to the silicon
surface to Pd2Si but the Pd on the SiO2 rgmains unreacted. A selective etch
is then used to renove the unreacted Pd, I"eaving-behind only the Pd2Si at

t he bottom of the via which overlies the silicon surf .. The.

el ectrol ess cegphesol@ion deysbthen dre twhste gRIEGWIC SETRNES 'Z‘ﬁl Vaalﬁag’"t"ﬁeg'(':tgt zti‘?eyt iC

Pd2Si areas. Unfortunat el t i s. 49d has drawbacks because the
whol e waf er nif@vitahle PEAGES hwﬁ]ﬁ{sggsall g{/‘fe@éo pal | adi um whi.ch

pal | adi um nMust t heRndmes Pt sctemnesshownl inr the Mak Bticle, WIPER: SFEIEY O the
circuit areas which contain Pd2Si. Thjs | j ffi 4a jicom
el | adi um - seleaiver D ok pdrindinestenAins gk pefhelon of e i TheaBgosee S

Ssired areas may result in
unwant ed plaat Lng apGom Gf4Ré 844 retducas i depusited dugstero hexaflgoridettadupeden and
The

ot her platin roeﬁﬁems. WO 97/(22419

PCT/ USSG/ 196%4:Peta| which thin film serves both as a SEEJ ‘ayer f%r subseque[\g?‘eaf oless %Q[pgﬁ'
sol ution nust }hen.be t B idr QayeP C RV Inotét hpwelverd ithanthistgrocese has

i nevi tabl e pr 6’883@"%%@% ngfé%g@gﬁﬁﬁoﬁ ens. Aﬁngt hgr é)ssé { g)%r
scheme shown igRe toogsibilly af iormhiag wopmboledike | defe@s, unggrneat R§ JupglRD of
a thin tungsten filmat the bhottomao ' X PthRe Sblehyt @y Silicah
the bottom of duri@Bthg F%H&é‘%é’%é&%@ﬁ%gbt Fleys]'?ien hexaf | uorifie to
tungsten 44 TBAGkoAThEbé o pdrolsicise u diffustontbarderdayeed | ayer for

subsequent el ectrol ess copper 0sj.tion - dy i abh aRby kRwer .
it is noted howeverAt P[‘FF&E“'?M’%feﬂﬁggég%cah%%%mﬁ&?’ﬁz'%i(?;{gﬁ%iﬂpg of fo\r/m' ng

\év;)renhol e-1ike S?IEF’I %gt"w&(*%;i)%ﬁhh\ bhﬁtetﬁﬁlwt@olaﬁyla_b metallirerthe via HEN8&efPng
P and that tecl?nolggr]ygsbenr; plltjlcgsf gc;art];eghes%l\ﬁlfﬁmb%itil a|\ 'hoblk metal typically gold,
using CVD techniques with the gold layer serving as both an oxidation protectant
15 and a low ohmic contact for further interconnect metallization. This technique,
however, is not entirely satisfactory and it is desired to use more efficient
techniques for metallizing vias having a tungsten alloy or other metal barrier layer.

Electroless deposition is the chemical deposition of a metal or mixture of
metals over a catalytic surface by chemical reduction and compositions and

20 processes for electroless metal deposition are disclosed in U.S. Pat. No. 3,01 1,?20

incorporated herein by reference. If the substrate to be metal plated is inert — 1.e.,

“not catalytic to metal deposition, t!\e conventional process of plating comprises

pretreatment to promote cleanliness and adhesion, catalysis of the substrate prior to

deposition by treatment with a suitable plating catalyst that renders the surface

25 catalytic to electroless metal deposition followed by a step identified by the art as
acceleration. .

The catalyst most in commercial use for electroless plating processes
comprises the reaction product of a substantial molar excess of stannous tin with
palladium ions in a hydrochloric acid solution. The reaction product is believed to

30 be a tin palladium colloid. 1t is believed that the oxidized stannic tin in



10" reduction may be too porous to be a diffusion barrier |ayer.

Ati present, a preferred fabrication technology is to forma tungsten all oy
film such as TiWat the bottomof the via by CVD and to netallize the
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with an acid such as ﬂUI'ObOfIC or perchloric acid and electroless metal deposition.

The step of acceleration is known to activate the palladium catalyst, enhance the
15 initiation of the plating reaction and decrease the plating time for total coverage of
the part to be plated.

Unfortunately, conventionallprocesses for electroless plating cannot be used
for plating silicon wafers because of their lack of selectivity in that the catalysts will
catalyze the whole wafer and unless the catalyst is removed from unwanted areas,

20 unwanted plating will occur causing defective parts.

For convenience, the following description will be directed to silicon wafer
integrated circuits and tungsten based afloys.and in particular Tiw alloys used as
the metallization barrier layer to be electrolessly plated but it will be understood to
those skilled in the art that the invention is directed to sensitizing other metals and

25 metal alloys for electroless metal plating thereon which metals may be used in the
fabrication of integrated and other type circuits or products requiring metallization.
Aluminum, for example, is typically used as a conductor layer which is also
metalized to provide the finished product. One use for aluminum is for chip
connection pads such as controlled collapse chip connection pads known as C4

30 pads. The C4 pads represent the microsockets supporting the C4 solder balls
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type circuits or pradyel Spicsler thefhveRiioh i &apiovide a complisitionrfomsesdizing
exanple, is typi caﬁy useg as a conductor |ayer whi C(E i l%o for electroless
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connecti on pads Sfé&’g iogontrol | ed col | apse chip connection pads known as

C4 30 pads. i S tepresent the mcrosockets suppotrt i,nq J hefC4
sol der balis in another object of the invention integrated circuit fabricated waters are

provided having enhanced metal to metal adhesive and other properties.

In still another object of the invention aluminum and other metal pads, such
as C4 pads, may be catalyzed for electroless metal plating as part of a C4 bonding
process whereby a C4 solder bump is attached to the pad with an intermediate

20 metal layer such as electroless nickel.
Still other objects and advantages of the invention will in part be obvious and

will in part be apparent from the specification.

Disclosure of invention
25 " 1t has now been discovered that the objects and advantages of the present

invention for the selective electroless metal plating of metals and metal alloys and
in particular the plating of tungsten and tungsten based alloys used as
barrier/adhesion layers in the fabrication of integrated circuit wafers and other

electronic devices wherein the metal is plated on the de_sired barrier metal layers
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connecting the chip to a substrate: such as a thin filmsubstrate. Typically
C4 pads are shown in U S. Patent No. 5,243,140 incorporated herein by
ref erence. Bearing in mind the problems and deficiencies of the
prior art, it NS ¥etore an obj ect of the present inveRETYH%13624
provi de a process for catalyzing tungsten and 5 tungsten based all oys and
other netals and netal alloys for el ectrol-éss netal deposition thereon
and in particular nickel and el ectrol ess copper plating. It is a

further obj eclyigf ﬁ&%usﬁwtsén@mmg QRdIP Plafikig dén cothBit akddsZaf itR@ device
process for electrol ess nmetal plating such as copper on tungsten based

al I oys and comprisest netal s and metal alloys for integrated circuit wafer

fabrication which is hi : i ' ' ' hect s
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enhanced netal to netal adhesive and ot her proper till

anot her obj ect of f%@%%%‘ﬁ?ﬁe&ﬁ”‘é’l‘mﬁﬁﬁhﬁ%ﬂ@?‘ﬂt?@rprﬁﬁ%hlyﬁﬁﬂ@'”ss%E'Pant'“g as
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Still ot heir0| obj ect's andgg‘qéﬁmﬁgﬁﬁgﬁ %E{Lﬁe w”a\féarn i ca%M Jehsd.BnBanspBEeBQm ous

and | in part b Speci
Di scl osure of | nvesdlution 2hich displdces Hmnero\layheemeﬂl gmivee;dalceshat withethe

obj ects and advanta s of the presen pv ent i for Itxe sre'J ra%lii Ve,
el ectrol ess netal tizipg Jet ﬁ@t%"épfasms e CARVAC 8]?23 afgmpiex, preigradly
particul ar the pl ahlkﬂﬂn@baﬂmﬁtrﬂfh-ﬁﬁ%dnﬁmﬂﬁrbgén lkampibxahlconfplesing agent for
barrier/adhesion layers in the fabrication of integrated circuit wafers and
ot her forming a complex with dissolved metal resulting from the contacting to
15 catalyze the metal to be plated and preferably a chelating agent such as
EDTA to chelate metal contaminants such as iron, nickel, copper and the
like;
rinsing the sensitized wafer; and .
electrolessly plating the wafer usmg an electroless metal platmg bath,
20 preferably copper.

The activating solution for tungsten and titanium and their alloys is
preferably a fluoride containing solution having an alkaline pH. For a barrier or
other metal layer such as aluminum, an acidic etchant containing HF and/or HCl is
preferred. It is an important feature of the invention that the sensitizing

25 displacement solution preferably comprises a catalytic metal such as palladium in
the form of a non-ammonia nitrogen complex, e.g., palladium and ethylene
diamine complex, and that the pH of the solution for Ti and W and their alloys be
controlled in a range of about 9 to 13, and in a preferred range of 10 to 12 since
enhanced substrate sensitization and selective plating are obtained. For aluminum

30 metal substrates a pH range of 10.5-11 is highly preferred.
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activation solution conpri ses a conpl exi ng agent which forms a
conplex with the etched netal and preferably contains a chel ating

agent such as ethylene diamne tetraacetic acid (EDTA) to chelate netal
contani nants s f ! he 90 and the like; 10
contacting the acti yabaglictnl Kaferd ipheferabBn fietdl ety adtasgingctenthet process of the

sol ution which displaces barrier layer netal and replaces.it,Wwth
sensi ti zi ng netiaventionpeenapiise a silieqq WP%‘%?‘&Y'"@Oﬁp&é n BF":%‘I'%erW%I?}B%ﬁ such
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Slr Sfc; gLFingpﬁgr@WHB%é ﬂér»ir\edfcﬁ%miofghamggmed tintld;ssilafﬁet al plating bath, 20

titaniumand t ﬁ_ei . mhpévgopévafers%ngﬁéé é}gg%‘%fi'%ﬁt&ﬁ%?c‘fe&@oﬁ%?# ﬁ%@%’m on

having an ahkalijnfe i ardtP bre2getitraliyedesefibed in VLS! Fabrication Principles (Silicon and
Gallium Arsenide) by Sorab K. Ghandhi, John Wiley & Sons, 1983.

In general, the silicon wafer has deposited thereon a layer of silicon dioxide
about 1-5 microns thick which layer is etched to provide the desired circuit pattern
in the form of vias or other openings which extend through the silicon dioxide

15 layer to the silicon layer. A metal layer typically a tungsten based alloy serves as a
diffusion, barrier and/or adhesion layer and is deposited at the bottom of the circuit
opening (via) on the silicon layer by techniques such as chemical vapor deposition
(CVD). The thickness of the tungsten based alloy is generally about 200A° to
1000A° but may vary widely. Exemplary metals and/or alloys which may be used

20 as the barrier/adhesion layer include Tiw, W, Cr, Al, and Ta.

It is an important feature of the invention that the thickness of the barrier
layer not be significantly affected, e.g., reduced, during the metallization process or
the barrier properties of the metal will be diminished resulting in, for example, the
later eiectroless metal coating diffusing through the barrier layer into the silicoh and

25 causing a defective wafer.

" The initial step in the present process is to activate the metal barrier layer
when necessary depending on the metal to be plated. Activation is highly
preferred regardless of the metal barrier layer and this step is necessary for alloys
such as TiW which form an oxide or other film on the surface and may not be

30 required for other alloys depending on their physical and/or chemical



other metal layer such as alumnum an acidic etchant containing HF and/or
HCl is preferred. It is an inportant feature of the invention that

the sensitizing 25 displacenent solution preferably conprises a catalytic
metal such as palladiumin the formof a non-amoni a nitrogen conpl ex,
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integrated circuit wafer. he silic n jsng  Of
i nt egrat ed @sRigh ¢n @Hiﬂ?o‘é'?teof\/\%qq‘_‘tlgn%\-k-ﬂ%l o '@ﬂeév@rwe%g g?@ggeagg‘rwgpgy
described i NnMeshisFAGQUHE Aiintdhilin 4 soldasm GBlodriden Aamakid etchathiriay wontain,
Arseni de) by Sorab K. Ghandhi, John WI e?éf& Sons

general , thdoesexarople, Wi o HBEs Hdpalspired "ﬁgrt@@l’fi%\%ﬁgf@ﬂagpgsaigf*?'c%h&soxi de
about 1y M5 PA% b ek utftb Bolt 81 of Righte: Othet ehaliivg Sigerkdvhagldeistiedied
pattern In the form vias or other openings which extend
t hr ough t he feorhiawidelvavictylef materials such as latic acid, malic acid and those containing
anions such as acetate, citrate, glycollate, pyrophosphate and the like. The
activation solution is generally used at a temperature of about up to about 80°C or
higher and for aluminum preferably 25 to 50°C for 10 to 60 seconds or more.

15 It is preferred not to rinse the wafer after the activating step and the activated
wafer is transferred directly from the activating step to the palladium sensitizing
displacement complex solution. |

The sensitizing solution is generally described as a displacement solution
and may contain any catalytic metal such as palladium and nickel and is preferably

20 palladium. The catalytic metal such as palladium is theori;ed to be in the form of a
complex and it is preferred that the complex be a nitrogen complex (other than an
ammonia complex} such as the highly preferred ethylene diamine palladium
complex as shown in "Precious Metals Science and Technology" edition Benner,
Suzuki, Meyuro and Tanaka, Pub!. International Precious Metals Inst. 1991, which

25 publication is incorporated herein by reference. The complex is shown chemically
as PdCl5(C,HgN>) and may be prepared as'shown therein by mixing K,PdCl, with
ethylene diamine (ED) and warming the solution. In general, the preferred molar
ratio of ED to Pd for the sensitizing solution is above about 4:1, e.g., about 5 to 1

and may be higher although it is preferred to maintain low free ED in the



15' layer to the silicon layer. A metal layer typically a tungsten based

alloy-serves as a di ffusion, barrier and/or adhesion |layer and is
deposited at the bottomof the circuit opening (via) on the silicon
| ayer by techni ques such as chem cal vapor deposition (CVD). The

t hi ckness of ‘]vgg_”;ﬂmgsten based alloy is generally about 20@afraised/ 190
1000A[ err] but " nay vary w dely. Exenplary netals -and/or alloys which nay be

used 20 as the barrier/adhesion layer inglude TiW W G, A, and Ta.
It is an inportant feature of the inventi®dn that the thickness of the

barrier | ayer not be significantly affected; e.g., redu&&d, dﬁi Iil\g t he
met al | i zat i onsepEiRgiAgSoftion. Antdetsbafr catalyti metarafi aboUb .1 k. 1y Ar€ 1Y e
di m nished resulting.in, for exanple, th . ; | ess net al
coating diff U&PAG 3y 88%%‘*1&5’&%?@’(91“8&3?‘%'?1?%’%& é"%guqi‘? ﬁc‘fy’ﬁ and 25
causing a def ect Vig,eWghifidium sensitizing solfion also trireferably: gontainst: csr@i@ﬂ't‘g
process is to activate the nmetal barrier | r i
dependi ng on agest suchuas tfluoride gpag vch a3 ¢4 \’@%?‘Hﬁ' iof ,ﬁ'fﬁaﬁ{‘fﬂﬁxi&?g{eg Ielrogéd
regardl ess_of t [l ANAmictihG Mibg Naiyswitdebewithramownts &t | oys
such as Ti \?\/vﬁﬁ"@%epg'&@n\l‘éﬁg&%‘ eoiéby%?ﬁ‘gr filmon ?hf_e surfl rc]tg,éiand rri%{&pt be
30 required faourtihte 5% preferableyp teliahgutoh waighty phgis hpiea W CORERChl

\F/%—? 6/832/4%8621“3 solution also preferably contains further complexing agents such as EDTA and

characteristi prel@ingd4 tichsas fhbsadiscloaed ahoves far ausgiindhe efohant,seliiaR B
solution is broadly a sol ution which w e 1 | A)RlirgH)d/ or
di ssol ve (et cAyouRk of up igeabqut i g/ S“ﬁeé?u’:k'g%ee %‘:‘%ﬂ%@ngﬁgﬁsugn?go&i de

free. The 130! Hidk@MardBdogper.2ci d or al kaline with al kaline solutions
bei ng pref@rrggﬂ ?or S éﬁ

layer and acid sol Ut iSthP*‘;.ggstigﬁ%Jz#qlﬁ;J %P)&?Vl\ﬁ"g{’é I '%8%%2?’3 IhéXV Bﬁﬁé ' ik

ot Csuon - Pre@fedEDInidbles Bh TR AROTbRE e T higher by el ght.
Qther activating PACl, +THW — Pdo+Ti+2+W+2

It is an important feature of the invention that the pH of immersion plating

15 solution be specially controlied especially in the range of about 9 to 13 preferably

10 to 12 and an acid such as dilute HCI or base such as NaOH is normally used to

adjust the pH to the desired level. For sensitizing aluminum, a pH range of 10.5 to

11 is highly preferred. It has been found that the pH of the sensitizing solution is

important for controlling the displacement reaction with values outside the range

20 not providing the reliability needed for integrated circuit manufacture.

The metallized wafer which has previously been activated if necessary, is
now contacted with the above palladium catalyst complex sensitizer solution to
catalyze the metallic barrier layer. In general, the palladium complex solution is
used at a temperature of about 25 to 80°C for Ti/W alloys and 25 to 60°C for

25 aluminum at 10 to 60 seconds, preferably 10 to 30 seconds.

it is an important benefit of the invention that no further treatment of the
metallized wafer is required after immersion in the palladium complex solution,
such as the prior art conventional reduction of the palladium ion to palladium
metal using a reducer solution. After the wafer is catalyzed the wafer is rinsed and

30 ready for electroless metal deposition. As is well known, electroless metal plating



maferi al s i ncl ude amoni um and sodi um bi fl uori de. An acid etchant may

cont ai-n, for exanple, HF or HBF[err]. It is also preferred to enploy a
chel ating agent such as 10 EDTA at a level up to about 1 g/l or higher.
O her chel ating agents may be sel ected froma wide variety of

material s sucp, a5 |f%i c acid, malic acid and those containi n% ani ons
such as aceta@?@#ate, glycollate, pyrophosphate and the [RGTASIE}624
activation solution is generally used at a tenperature of about up to about
80[err] C or hi gher and for al uni num-p@eferably 25 to 50[err]C for 10
to 60 seconds or nore. 15 It is preferred not to rinse the wafer
after the actprgaiddd ryiefily2ise L4 kafiliydt Vabi@ibn contdihg! PUSI,IgnaisHEI T &tlich
directly fromthe activating step to the palladium sensitizing .

“di spl acement catalyt grovidesmetgHic palladium on the syréaceda betnlated gluedpibe Fducing
general |y desgt.i be d 1,0, : : iBh RS
catal ytic metH 105 uégr{ﬁgstﬁibaﬁégd%%%c%ﬁ&vye lzﬁikr?g 'Psthg&&%?'ggﬁ&ﬁ&'ghm

pal | adi um Thheie aimityd i aperatingl ramged velsich atduseli manufsctutieg rieliabilityo poablems.t he

formof a conplex and it s, preferred tha ‘ex he LLrogen
conpl ex (ot hethese Dathsare em%ﬂi'ﬁ%%agx'fosémq}ﬁmhﬁi I?ﬁﬁrg‘fatleﬁ%ed
et hyl ene di ardigslachértdiotfiplex solGROP! Richags IROVED-PY cothpleix0 proviliésalas high
Sci ence and Techno] o%" edi tion Benner _Sﬂzukl_, [¥§%uro and .Tan keh,
Publ . I nt er naelestiuity ppe seesitizing the smetal dlayer gwithoyl, signifisant semsitizing j ofnthes

I ncor por at ed ' e X silicor [AfyMide ' S
PACI 2( czHsNz)'J‘l'giﬁ‘ﬁ*dr?ﬁ'fa3’\f Bﬁgé'?é%g@gcf‘_’aﬁgﬁbs'ﬁo“%‘?hé’r"g?ﬁ Y m'Wgﬁ%v%éa['grgre?
Wwith et hypeeatingliviinidoe WEBYe dmenevsioni timeshand deonpeatures nmgynbe avariedhe
preferred | ar .. ratio of ED to Pd for. fhe s L] 7] |yt 1,98 d
above aboh&oﬁ'@'f'@"&y , ngg'fft NG Iva%s V%;l'ﬁé aﬁgy&é@éth{egh@rﬁuaﬁqﬂ ulg{';hé t% i s
preferred to urvaited ardasof theeontgonent.t he WO 97/ 22419

PCT/ US96/ 19624 - '

Electroless copper baths are very well known in the iﬁgﬁstry and any
electroless copper bath may be used in the process of the invention. While
electroless copper is the preferred metal, other electroless baths such as electroless

15 nickel, Ni-Co, Co and the like may be used. For convenience, the following

| description will be directed to electroless copper. plating baths.

Broadly stated, the electroless copper bath contains: 1) a source of copper
ions, 2) a reducing agent such as formaldehyde, 3) an acid or hydroxide pH
adjuster to provide the required pH and 4) a complexing agent for metal ions

20 sufficient to prevent their precipitation in the solution. Compositions for depositing
electroless copper are described in U.S. Pat. No. 4,171,225, which patent is hereby
incorporated by reference. '

If it is desired to use electroless nickel baths, exemplary baths are described
in U.S. Pat. Nos.: 2,690,401; 2,690,402; 2,762,723; 2,935,425; and 3,338,726.

25 Other useful compositions for depositing copper and nickel are disclosed in the
63rd Guide Book and Directory Issue of the Metal Finishing for January 19, 1995,
Vol. 93, No. 1A, Elsevier Science, Inc., page 402. The foregoing patents and
publication are included hereby reference. '

Depending on whether electroless copper or electroless nickel is used to

30 plate the metallized layer of the wafer, the conditions may vary depending on the



sensitizing solution. Amounts of catalytic metal of about 0.1 to 10%
preferably 0.5 to 3% by weight are generally enployed in sensitizing
sol ution. : ' The pal |l adium sensitizing solution also preferably
contai ns a conpl exi ng agent such as fluoride ions such as in the form

of- NaF to CO[Wég%kf qﬁt al ions 5 renoved fromthe netal/oxi deckRxsdesAmount s
may vary w de ¥ anount's of about 1 to 5% preferably 2 to about 4

wei ght % NaF typically bei ng enpl oyed. The solution also preferably
contains further conpl exi ng agents such 2d-EDTA and chel ati ng agents
such as those disclosed above for use in the etchant solution in .
anounts of upaieCofaleputition @hd type ofuleposivdesiretlafer eleawrelgssrcoppRyUTnsan a6ty as

iron, 10 nickel and copper. [t J-So ' ;

fol l owing r eah,mm.@qtegmegﬁgf%méf?%?%& lpqut 7 @@%&?ﬁggﬁg@ mhg{oegrrgllsgi“yon a
Ti7Wall oy b%i&ﬁd A¥MRlites will usually be used. For an eleBrisiedsenickel Thathy either

Pd[ err] +Ti +2+ It

' tant feat f the,i tqy

that the pH cikalimecrsicish apiimvmergion dmesel ahaus,10pe Oraides prelerdhly 57"
especially.in_the r pef d. 10 to 12 and an
ai!od !s.uchyals 'H%W“S‘%Sea?agﬁmgé’aggggté‘z% t%g;talggae-llf'g&ﬁ{:?‘ Vnaltlls? used ;o

adj ust the pH to tiheillieeiappiediated by those skilled inj the agt ﬁﬁahifhen'iﬁtﬁo elegrolessie of
10.5 t 1.is highl. f f h
sensi i zi ng SRR Y Re mnBEEe B FHany) hrigfinbRAibe B dftRé plaRgRbluion) he
reacti on w t hpyabs@sratibsi e thideedutnge, 2G) teoiperatwei df e tiating bathyi | ft y

needed for integrated ciycuit manufacture. y i waf er
whi ch has pre@@ﬁ@?@"%@%”j@'f’m d §)fra 8(9&'5%?’9',”"1%“ batf o %‘\;Ng}cégn‘?g%? ed
with the g OV@gfe%H@bmt@aF@ha@s SHITP) DreseRns iof wettingsagents and/oagitation,

e a

catalyze t Ic barrier layer. In general, .the palladiumc

solution is and thaighe above pasametess: Aecoly RIG¥IGed 18 ¥'§e %P?ﬁfﬁ&"ﬁ’@?‘t’% W
al l oys and 25 ta. . 25 alumnumat 10 to 60 seconds, preferably
10 to 30 seco?n@gt.'g%ﬂw']"gertt%n'lt is an inportant benefit of the invention
that no further tris ommpositioni hed process ntthel presenge iavestion Will.Row ReMere o

i mrersion in {he palladjumconplex s y . A o t
convent i onal @Qad@??‘m#ﬂ'}?egﬁm%?‘{?ﬁmﬁ‘.‘:%‘ai“g "*Ba’?’ Tlgﬁ%ﬁbm%Sﬁﬂﬁle%tﬁn usi ng
a reducer 130! Wai, Biitivé with alliperyentages by vsghlapd demperatures ierdegeees icRBYrade d

30 ready for el ectroless rretet?l deposition. As is well known, electroless
net al pl at i ngunless otherwise notea. .

EXAMPLE |
A silicon ‘wafer measuring 6 inches in diameter and containing a number of

20 individual chips, has a coating of silicon dioxide thereon which was etched to form
the desired circuit patterns as vias. The wafer was metallized by CVD with a TiW
metallization layer of about S00A° at the bottom of the etched vias. The TiW of the '
wafer was activated by immersion inal10 g/l NaF solution at 80°C for 40 seconds.
The activated wafer was not rinsed and transferred directly to a palladium catalyst

25  sensitizer solution containing 5 g/l palladium the palladium being in the form of an
ED/palladium complex having a molar ratio of ED/Pd of about 4:1, NaF at 20 g/l
and EDTA at 1 g/l. The pH of the solution was maintained between about 10.5 to
11 and the wafer was immersed in the solution for 30 seconds at 80°C. After
immersion the wafer was thoroughly rinsed in deionized water and plated using a

30 commercial alkaline electroless nickel bath. The wafer was plated by immersion in
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processes typically use a catalyst solution containing '
PdCl[err]-SnCl [err]-HC which catal yst provides netallic pall adl um on

t he surface Ly Q) gilgt ed due to the reducing action of tp%?ﬂjsjs&%ﬁ“(:h
t i i err

sol utions cann sed in the present invention due to 'r'mted

operating ranges whi ch cause manuf act uri ng{rel iability problenms. 5 These

bat hs are exenplified in U S. Pat. 920. The use of a catalytic

di spl acenent conpl ex sol ution such as the ED-Pd conpl ex provides a high

selectivity feae tsidol 40 matbeamsed: dndyprodu'ctedh(nmmmérg:iﬁllyi acreptabde wvaferzi ng

of the r emai nder, of the el ectraonic QRO Iico i xi.gde,

and provi des Rlated peducts aam@qﬁg“mﬁ&@wmsﬁg Fﬂ?ﬁéﬁg ??ééh g %}&C%

tenperat ures ggy aBkediGH e@ld mm&ﬂmlwamwéﬂbbtw&maﬂm thake bbtaitidc h

are defective because 0 ating on unwant ed areas of the conponent.

El ectrol ess cwpheonmmagwléﬂ%ry wel | known in the |ndustry and any

el ectrol ess coppe n r % ile
PP e Whik i Bresdift hodilior s/ el Rfic ondy dblfibed B taGncrith

el ectrol ess copper erred netal, ess baths such as
el ectrol ess Iwithna cﬁﬁc;ﬁd\llpréfawedloerabddmmt,l utkes revjdens thaedmapy alternatives,

conveni ence, the, follow des i on ess
copper platin® 035 guons et variation$ ﬁc%p W%Wmtédhgi%h%ﬁe ecrf %%??g%{og
bat h cont ai nsghelbregofifpd€seripiior.OPOR! thereforel @mmanateu theat! tioe agpagkadtclamsh as
f or mal dehyde, 3? an acid or hydrOX| de pH 46Wier to rov%ﬂe thei

requi red pH awill ambraceoany wichmtespativess Bodification vagati Hig W in
prevent thgirgan nposi tions for depositing

el ectrol egg cg%p'g%%?%éé‘é@g‘?'r glell“?r?w%em Irﬂ'@ntl&QNo. 4,171, 225, which patent

i s hereby i nC'B'llpDha\tlagideﬂplbed theinwention, what is claimedtisi t | s desired to
use el ectrol ess nickel baths, exenplary baths are descri bed in U. S
Pat. Nos.: 2,690, 401; 2,690, 402; 2,762,723; 2,935,425; and 3, 338,726. 25

O her useful conpositions for depositing copper and nickel are disclosed in
t he 63rd Gui de Book and Directory Issue of the Metal Finishing for
January 19, 1995, Vol . 93, No. 1A, Elsevier Science, Inc., page 402.
The foregoi ng patents and publication are included hereby reference.



Dependi ng on whet her el ectrol ess copper or el ectrol ess nickel

plate the netallized | ayer of the wafer, the conditions may VHWIIFEIHEI“WWI““I
on the WD 97/ 22419 '

PCT/ US96/ 19624 - 11- rat e
of depositionwodsMupe of deposit desired. For eI ectrol ess coHoAISISIDETYY an
aci d bath, a tenperature of about 50 to about 70[err]C for up to about
60 m nutes usually 20 to 40 m nutes W44 usually be used. For an

el ectrol ess nickel bath, either al kaline or acid, an imersion time of
about 10 to 60 mnutes preferably 15 to 25 5 mnutes at a tenperature of
about 60 to 85[err]Cis normally used. It will be appreciated by
those skilled in the art that the rate of GAIES; o] ess pl ati ng may be

i nfluenced by many factors including 1) pH of the plati ng soI ution,

concentration of the reductant, 3) tenperature of the !ﬂng t)ath él{)
concentration Tof sa! pisicesshior glectrgbessrmetad)péﬁlmgﬁé a, by ﬁM'eT' Vi AUIPHD 9 ea

plated, 10 S)BLSRGAT UG hBLE 1AEP TRLETT AR aicbR 6 Fehedaiicuiowatient s

and/ or agitati lH“nu ove paraneters are only provided to
gi ve general Qdnprizagg:for pract | ci ng the I nvention. The

conposition and ocess .of th resence | nti 0 AN

fully illustrat engt'f'&@q Wﬁag(ﬁgﬁgwgﬁéeiaﬁﬁﬁ'&?éﬂ&tgg %‘?g\tﬁé@r&éé%%&ls!ta?’gt i ve
and in no 15 way | igliddsVhdrér! étciés theemernsadae bh:chei@ivhtlmdomopés zitheres
in degrees centigrade unl ess otherw se n

A silicon wafer nedsitehykalinenebcomprises 2R cie’éfﬂﬁ a&%’ﬁt'ﬁlfﬂ"ﬂj‘ %’Wﬁb&"%f
20 i ndividual chi BRenf\Rfich hiQPhé AnGeduring@he S¢tivatid® steper eon whi ch was

etched to form ' B -
contacting the activated wafer with an alkaline composition comprising a

sensitizing metal non-ammonia nitrogen complex to sensitize the metal

10 layer; and
electrolessly metal plating the catalyzed wafer.

2. The process of claim 1 wherein the metal is Ti, W, or a T/W alloy.

3. The process ‘of claim 2 wherein the activation solution also contains a

chelating agent to chelate metal contaminants such as iron, nickel and copper.
15 4. The process of claim 3 wherein the activation solution is alkaline.

5. The process of claim 4 wherein the activation solution contains fluoride ions

as the complexing agent.

6. The process of claim 5 wherein the sensitizing metal is palladium.
7. The process of claim 6 wherein the sensitizing solution h;s a pH of about 10
20 to1l2.
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the, desired circuit patterns as vias. The wafer was rretallized”by C/D with

Gt ched vias. The TiWof the wafel was activated by i mmer 3Illill|i|ﬂlﬂ1|£<ﬂllsl Il

g/l NaF solution at 80[err]C for 40 seconds. " The activated wifel whs °
“not rinsed a ferred directly to a pall adi um catal yst : Liizer
sol ution con?&aii’sn-llr/zgg%S g/l palladiumthe palladiumbeing int "f%&%# an
ED/ pal | adi um conpl ex having a nolar ratiq of EDPd of about 4:1, NaF at 20
o/l and EDTA at 1 g/l. The pH of t htd4sol uti on was mai nt ai ned between
about 10.5 to 11 and the wafer was imersed in the solution for 30
seconds at 8@[errThe pkbtess of claimniremdiersint the wvarhplexwis at palladigihlethylens ed

i n deionized water and,plated using a 30 comrerci al al kaline el ectrol ess
ni ckel bat h. d*ﬂ'i‘@"?v&?@\p'%as plated by imersion in WO 97/ 22419
PCT/ US96/ 19624 -12- t he
bath for 40 m nutes at 85[err] C and produced commercially acceptabl e wafer
pl ated produ8ts hiNE REOGRSHEF ElimR vwhergin mmaﬂéatseiqfsp%dw;sa eng
scotch t : ' tesis.1 The nor phol ogy of the deposits were simlar
to those obt g?ﬁgggmw#hﬁ%osﬁb'enti onal plating. 5 Wil e the
present invention has been particularly described, in conjunction wth

a specifig preferred enbodi t. i} is evident tha n lternativ
nodi fi cat ?’onéﬁand{'&ﬂrgﬁ’sﬁr{g‘s &H’T‘ tewi?fﬁﬁ'r &fﬁ "t’%g"t Pﬂyg 'éla?ﬁ'mgﬁ‘"? r?'\cﬁzheart
in light of activatibe sblatiegas agdidescription. It is therefore contenpl ated

that the appended cl ai ns wi Il enbrace any such alternatives,
nodi fications and variations as falling within 10 the true scope and spirit

of the preseny, i NnYR&Opideess of claim 10 wherBinsthe Raiditifing @dfipobiadntif8 panydidhi on,
what is clained is:
non-ammonia nitrogen complex.

12. The process of claim 11 wherein the pH of the sensitizing solution is about
10 10.5 to 11 and the complex is a palladium - ethylene diamine complex.

13.  Anintegrated circuit wafer made by the process of claim 1.
14.  An integrated circuit wafer made by the process of claim 7.
15.  An integrated circuit wafer made by the process of claim 9.

16.  An integrated circuit wafer made by the process of claim 12.

This Sheet Has Been Reilaced




e 962
CPjLCZ IL\J/S9 6'-/ 19(13.2-4 A process for the sel JMHMHIIMWHIIIMHHL met !PEM(%%%DCT ]9(

Ti,, W Ti/W all oy, al uni num or! al*untnuk a'l oy metal l'ayer used in
the fabrication of a silicon/integrated circuit wafer coated with a
|l ayer of a dielectric material conprisings formng a desired

circuit pattern in the dielectric |ayer on the wafer in the form of 5
vias or other openings which extend through the dielectric layer to the

silicon | ayer; mng the metal |ayer on the
silicon layer in the via or in the ot ing; activating the
Z?;f Gt on ai ch AT Foncr e, Seaile. %9%?%;&5'@ b8 % W 2l
alal i ne BT Gintm Slloy e Tavertnsl e igEaion o » ficon Bisapates
with nmetal which y be renoved during the activation step;
sensi ti zi rfafctq'fewag?m@tﬁddw:haéayer of adielectrinenateriarcamprising:act i ng t he waf er
wth an forming a desired circuit pattern in the dielectric layer on the wafer in the form of
5 vias or other openings which extend through the dielectric layer to the silicon .
layer; |
depositing the metal layer on the silicon layer in the via or in the other openi.ng;
activating the metal layer of the wafer by contacting the wafer with an activation
solution which solution removes metal layer oxides and/or etches the metal
10 layer surface which activatibn solution is either acid or alkaline and comprises
a complexing agent to form a complex with metal which may be removed
during the activation step;
sensitizing the activated metal layer of the wafer by contacting the wafer with an
::: alkaline sensitizing solution cbmposition comprising a sensitizing metal .n'on-
15 | ammonia nitrogen complex .to sensitize the metal layer; and
electrolessly metal platiﬁg thé sensitized metal layer of the wafer by contacting the
wafer with an electroless metal plating solution wherein the metal is plated on

the sensitized metal layer with no substantial plating on other areas of the

wafer.

20 2. The process of claim 1 wherein the metal layer to be plated is Ti, W, or a Ti'W

alloy."
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a\ainese'nsi i zi ng sol ution conposi sen ]9 62
nLE-l 157 t am%onl la ﬁn t rogenrrpcom“ll Hlﬂ"igﬂ'l' MI t hefm/ﬁ @ﬂjT 199

el.ectrolessly netal plating the sen5|t|*ze ayer of the wafer

contacting the wafer with an el ectrol ess net aI pl ati ng
solution wherein the netal is plated on the sensitized netal
| ayer with no substantial plating on ot htt areas of the ' waf er .
20 2. The prT%cess of ? i.m 1 wherein the nmetal |ayer to be plated is Ti,
W or a T|3/- W € proeesspi ¢ aim 2 wherein the actlvatlon solution also contains a chelating
PCT/ US96/ 19624 14 3.
The proce@gemiftocﬂhalai& memlmoatamiﬂaatsawth\aaﬁnonnnmkélland)comeso contains a
chel ating - _ agent to chel ate nmetal contam nants such as iron, nickel
and copper. : The process of claim 3 wherein the activation
solution is alkaline. The process of claim4 wherein the

act.i vati oft sol Jﬁ?(ﬂﬁoeﬁiﬁpﬂh@ﬂ whereir thesagtivation solution is alkaline.

5. The process of claim 4 wherein the activation solution contains fluoride ions as

5 the complexing agent.

R

) 6. The process of claim 5 wherein the sensitizing metal is palladium.

7. The process of claim 6 wherein the sensitizing solution has a pH of about 10 to

12,

8. The process of claim 7 wherein the complex is a palladium-et'hYIene diamine

10 complex.

-

o 9. The process of claim 8 wherein the molar ratio of palladium to ethylene

diamine in the complex is about 4:1 to 5:1.

10.  The process of claim 1 wherein the metal layer to be plated is aluminum and

the activation solution is acidic.

15 11.. The process of claim 10 wherein the sensitizing solution composition is a

palladium non-ammonia nitrogen complex.
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process of claim7 wherein the conplex is a palladi umethyl ene di am ne
conpl ex. 9. The process of clai n|14%,v\,herei n the nmolar ratio of
pal | adium to ethyl ene diamne in the conplex is about 4:1 to 5:1.

10. The prypocess of claim 1 wherein the metal |ayer to be plated is-
al unmi num gr%g The {)rf?gegsc{;% gam ol ¥‘g\eﬁ?'f‘o§'?ei @"aﬁ?fi csensitizing salutiontis aboutess
of claim J]??O%\/Peﬁrﬁ‘ign tne sensitizing solution conposition is a
pal | adi um 10,1 and the complrsnis _ ladium-ethylene diamine complex.
13.  Anintegrated circuit wafer made by the process of cléim 1.
14.  An integrated circuit wafer made by the process of claim 7-

5 15. An int_egrated circuit wafer made by the process of claim 9.

o 16.  An integrated circuit wafer made by the process of claim 12,
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