WO 03/ 074755 PCT/ PHO2/ 00003 1 METHOD FOR FORMATI ON OF TI TANI UM NI TRI DE
FILMS 5 FIELD OF THE I NVENTI ON The invention relates to a nethod of film
deposi ti owmo dm7ersparticularly, the invention relates to adi/k@niogesnitride
filmchem cal vapor deposition 10 pracess on netal substrate using a
magneti zed sheet plasma source. BACKGROUND OF THE | NVENTION I nterest in new
coatings and surface treatnent nmethods has been on the 15 upsurge during
the | ast decade of #imiob98ks Foreppecy aFl yrfaorud Nreasupenrimmst ride (Ti N),
gauging fromthe nunber of papers/patents published on this ceramc
material. Titaniumnitride filnms prepared on silicon are widely wused as
diffraction barrier layers in large-scale integrated circuits. ATIN film
is al 0 a remarkably hard and wear-resistant coating on tools since it 20
decr easesFIERR QhtTHDOINYBENA$PNe wear during the cutting process as well as
the chem cal interaction between the tool and the work piece , because of
its chemcal .inertness. TiNis a very stable conpound that enhances the

pi tting rERe fvamtiondelatan o aumeathad of flinedengsition Mese ranticylarveties.

several RCOIONCRISUEN 8% IR GA! (YPRR IFPOBLELAN. VB! Elooier 20

deposition, ‘1on plating, ion amassi s eposi tion, u rrng, and

hybri@ preeesssesnhaetal ke®strasedsing »heRpeizét NHeet Prasriaieolitdgrs produced

by these techni ques, however, often exhi bit poor adhesion to the
substrate. Coupled with this problemis the requirenment of a high

depositio ( he effective formation of the Ti N 30
filmand ?’ﬁg:?ﬁ%@f\%ﬁf f'éﬁgggﬁ\;ﬁp of tinme required for thin film
formation. In many of these techniques, the plasm dinensions, and

subsequently, the substrate size also limt the process of film deposition.
WO 03/ 074InserePCil PER2£06008s and surface treatment methods has been on the

15 upsurge during the last decade of the 1990s, especially for titanium
nitride (TiN), gauging from the number of papers/patents published on this
ceramic material. Titanium nitride films prepared on silicon are widely
used as diffraction barrier layers in large-scale integrated circuits. A TiN
film is also a remarkably hard and wear-resistant coating on tools since it

20 decreases the rate of abrasive wear during the cutting process as well as
the chemical interaction between the tool and the work piece because of
its chemical inertness. TiN is a very stable compound that enhances the
pitting resistance of many substrate materials in most environments.
Several techniques such as chemical vapor deposition, physical vapor

25 deposition, ion plating, ion beam-assisted deposition, sputtering, and
hybrid processes have been used to prepare TiN films. The films produced
by these techniques, however, often exhibit poor adhesion to the
substrate. Coupled with this problem is the requirement of a high
deposition temperature (> 500C) for the effective formation of the TiN

30 film and the relatively long duration of time required for thin film
formation. In many of these techniques, the plasma dimensions, and

subsequently, the substrate size also limit the process of film deposition.



2 SUWARY OF THE | NVENTI ON The present invention, in one broad sense, is
the discovery that titanium nitride film can be synthesized on netal
subst r at emgsisng4Bsmagneti zed 5 sheet plasma source. Ther edEPRo2e@d i n t he
art for a deposition process where a) 2there is no heating nmechani sm

i ntroduced, b) the synthesis of the filmis relatively short, and c) the

synt hesi i area of substrate 10 surface, w thout
sacrifi cﬁgwgﬁﬁgf_ﬁgl\!%vﬁh@@ﬁl m A nodified magneti zed sheet plasma
ion source (Plasma Sources Sci. Technol. 8(1996) pp.416- 423 and Rev. Sci.
Instrum 71 (2000) pp.3689-3695) is a suitable contribution to the art of
deposi ti o'Fhe)t)resie!mﬁhuelmmn,rihdené mrosed seneseid the disenveontisat tismjumg t he

f or egoi n %i/ ages | t hough .t he i nvent :I on 15 denonstrates the capacity
of synth eng My can; benSYNEesieed o Imetel substigte Using & MagRetigede ar ea

pl asng C%He@tﬁ;‘?és%‘né“%bb rQerve the coating of larger sanples. The relatively
short duration of coating the titaniumnitride film on netal substrate

wi t hout the use of heating nmechani sns makes this invention very prom sing
for nitriding of netals. 20 BRI EF DESCRI PTI ON OF THE DRAW NGS The detail ed
descri pt |Biﬁref'8ta1é19ieﬁv'@ntheoﬁrtc8ﬁ @éiefp@amqry PEQRRSECIVAeER Al ithetig iect i on

with the aceampandag.dh antigSeed NP 23nELS dr b dysehemaLiGeq aoram of

t he pl asnma sour ce used vapor ep03| ion Nfilmin
accor dancghott,t Bnd hg meeseﬁmwebwveahlw.dorﬁl Gver al wide Rir64 Al slibstrsy of the

gold colored TiN deposit on netal 30 substrate WO 03/074755 PCT/ PHO2/ 00003
3 10 surface, without sacrificing the quality of the film. A modified magnetized
sheet plasma ion source (Plasma Sources Sci. Technol. 8(1996) pp.416-
423 and Rev. Sci. Instrum.71 (2000) pp.3689-3695) is a suitable
contribution to the art of deposition of titanium nitride in the present
invention satisfying the foregoing advantages. Although the invention
15 demonstrates the capacity of synthesizing titanium nitride for small-sized
samples, the wide area plasma could very well serve the coating of larger
samples. The relatively short duration of coating the titanium nitride film

on metal substrate without the use of heating mechanisms makes this

invention very promising for nitriding of metals.-

20
BRIEF DESCRIPTION OF THE DRAWINGS
The detailed description of the invention can be readily appreciated in
conjunction with the accompanying drawings, in which

25

FIG.1 is a schematic diagram of the plasma source used in the chemical

vapor deposition of the TiN film in accordance with the present invention.

FIG. 2 is a pictorial view of the gold colored TiN deposit on metal

30 substrate



FIG 3 is a characteristic x-ray diffraction scan of a (200) phase TiN
deposited filmand a (220) phase of TO deposited filmon netal substrate.
5 FIG 4 wo®@/ckasacteristic Raman scan of the deposited THAYFHW2mDEON
sanple D) showi.ng the frequency shift3 at 267 cm'. FIG 5 1is a
characteristic Raman scan of the deposited TiN film (on sanmple H) show ng
the frequency shift at 267 cm'. 10 FIG 6 is a characteristic Raman scan

of the de i Ke i i : show h u shinft at 267
cm'. Fl dﬂ@% ?sgazm%%ﬂglg%rfé}& s of ?hfg] gggs#ée}g &FIEI ;2,% @%ggaﬂp e H by
15 ener gydépegiidsifim endaya A2A0)siphastiows npi,Nheeposiked ofilinespandigtgl t o t he
em ssion of TiKa radiation at 4.6 eV confirmng the presence of titanium
DETAI LED $¥SCRtPTI ON OF THE | NVENTI ON 20 The teachi ngs of the present
invention can be readily understood with reference to the acconpanying
figures, in which details of the preferred manner of practicing the

present aF(G.f & HRarddiBHstiAREPAH BOAY of RRE HePSsited TeMifiim (dh E&®ple
appropriate arts may nodify the disclosures of the present 25 invention but

still obt@ showing thefreguenceshift at d&keimbed herein. Since the plasna
source and its discharge characteristics are key to the deposition
process, a description of the sane is in order. Referring to Figure 1, the

pl asma SOHEE s S a CHAPRSEHsGE Ry SBAR op%%gepégit@@nﬁwnrﬁ h Qémptécti on

chanber, shown as Part Ai1n the diagram t irst and second plasm
| i miters,Hf shemimgl the fraguPacy shBt an®67, cme'spectively in the diagram the
mai n di scharge vacuum chanber, referred to as Part D in WO 03/074755
PCT/ Pb2/ 00003 4 the di agram and the anode or end target, referred to as

Part E i nFItd”.eS is a characteristic Raman scan of the deposited TiN film (on sample

I) showing the frequency shift at 267 cm™.

FIG. 7 is a microanalysis of the deposited TiN film (on sample H) by
15 energy dispersive x-ray analysis showing the peak corresponding to the -

emission of TiK, radiation at 4.6 eV confirming the presence of titanium.

DETAILED DESCRIPTION OF THE INVENTION
20
The teachings of the present invention can be readily understood with
reference to the accompanying figures, in which details of the preferred
manner of practicing the present art are described. Accordingly, persons
of skill in the appropriate arts may modify the disclosures of the present
25 invention but still obtain the favorable results described herein. Since the
plasma source and its discharge characteristics are key to the deposition

process, a description of the same is in order.

Referring to Figure 1, the plasma source is composed of five main parts
30 namely: the production chamber, shown as Part A in the diagram, the first
and second plasma limiters, referred to as Parts B and C, respectively in

the diagram, the main discharge vacuum chamber, referred to as Part D in



di agram Subsequent parts referring to Figure 1 are nunbered
correspondingly as the description proceeds. 5 In this particular source
used for wuoeosiotysati on, the production chanber conprises mfI/EH®RINEGE
tungsten wire connected to a chuck of 4el ectrical feedthrough rods (10) by
stainless steel screws. The filanent is used as the source of ionizing

el ectrons by therm onic em ssion when connected to a power supply V3 in
Figure 1. A stainless steel assenbly (20) 10 connects the el ectrical

f eedt r oughe tdiagtaen mand thedynode tdreepd adugdti arfercdthitbess PBie Bpirodbeti on
chanber al so conprises an encl osing chanber of cylindrical glass (30) to
provi de BEAXBM-pl ALRREAUSHE | RNt r%ef’}'f"gl ttRe FigkERiudt i 8F¢ cRafmRarednd

i nsul at or, Oprggiggrq&m@g;%4&39%%6&3}00&(1@0” in (20) conprises a | owleak

val ve for assenbly 15 (20) connecting the

el ectrical feedthroughs are water-cooled (at |east about 16C) to w thstand
thermal expansi on and protection of rubber O- rings connecting the glass
chanbér tb@OPadlmJWG@?UFCVh@S%d dor ithe IEW@tsfbfbnﬂtﬁ productigrgshembeat hode i s

h d. b di £ tion t the relat
betwoen CRETVIERECE! @1 SEEIOAL TGP S G CRRFT 20 B BRUGR HogioE R Fagnet i

field B apght P@u 'zrédls ghepw%&auﬁééé YEdcPORE! MHeChlantdntdsAibBasPL 1 _ 1

(1)) Dj 1+ ((r rce where co, i, ken and re are the
el ectron thqcsloolme)rmfainguireg efecegunsnby ,theghextic @mingionr aiheootdnrsatadt i e,

el ectron-neutral collisiop_mean_free path an eI ectron c I tr radi us,
respecti V8l §. p%%ﬁ‘ﬂﬁa §3P(‘f]'/ Hayy obods s tsﬁ%ecé@% %%:e’égen gas,

2 enjgnd hRRe8sE tHE! die bR 188 rough to the main body of the production

chamber. The production chamber also comprises an enclosing chamber
of cylindrical glass (30) to provide better plasma confinement within the
production chamber and insulator between parts (20) and (50). A port in
(20) comprises a low-leak valve for a gas feed (40). The steel assembly
15 (20) connecting the electrical feedthroughs are water-cooled (at least
about 16C) to withstand thermal expansion and protection of rubber O-

rings connecting the glass chamber to (20) and (50).

The electron emission of the tungsten cathode is characterized by a
20 diffusion equation that expresses the relation between the radial electron

diffusion coefficient D, across the magnetic field B and the axial electron

diffusion coefficient Dy along B,

DL 1 1
D = 3 (1)
LI 1+(cor) 1+[M—J

Vee

25 where o, 1, A, and r., are the electron cyclotron angular frequency,

electron-neutral collision time, electron-neutral collision mean free path

and electron cyclotron radius, respectively.



approxi mated by-the rel ations, ken =2.0x10-2/P, (2) 5 rCe3.4 TelB, (3)
where P, B and Te are the hydrogen gas pressure in Torr, nmagnetic field in
gauss andwe eaue tenperature in eV, respectively. The cadmwezpbasma 10
has el ectron tenperature of in the ramsge of about 0.5 eVto about 1.0 eV
from Langnuir probe neasurenents. Then the relation ((O)en = 10-2B/P is
obtained. (4) 15 Equation (4) inplies that the electron em ssion of the

cat hode decreases whep (w)en ) 1. According to Equation, (4), the

di schar geg‘brectgﬁe§asﬁng?a%}'%')°|98p 83t r by ﬁﬁanétd c? e‘f"ﬁﬁahéogﬁ”‘l Mbressure.
At the production chanber (Part A) the pressure is typically in the range
of about a*b?’é’x'fB?det%V 5'?)%5?'g§)°

% Torr and in the range of about 10-1 Torr to
10-3 20 Torr at the main discharge chanber (Part D). Wth these conditions,
the cot value is estimated as (cot) =10-2 Bzo (5) 25 where the z-axis is
taken to be along the Li ting the anode and the cathode.,yEquati on
(5) nmeans that V\hennf%ézxﬁgée}??gﬁ'fi eld BZ0 exceeds at 100 gauss(,Z)the
el ectron diffusion across BZo is suppressed effectively. Therefore, to
extract a high discharge current fromthe cathode, the axial magnetic
field applied exter pcglgl 3’-4{7@5”?6 bel ow 100 WO 03/ 074755 PCT/ PHOZ/390003 6
gauss. A pair of Helnholtz coils conprising of copper wire wound around a
bobbi n of fiber board provides the axial magnetic field Paschen's | aw
states that a m ninmum voltage of the pre-discharge nust 5 be found for a
pressur e Whanel PaBdand dpceedhbdtydeegen ges paesmde imddrr,anedeetit hietchins pl asma
source, two sub-conponents conprising of a
gauss and electron temperature in eV, respectively. The cathode plasma
10 has electron temperature of in the range of about 0.5 eVto about 1.0 eV

from Langmuir probe measurements. Then the relation
(01),, =1072B/P is obtained. (4)

15 Equation'(4) implies that the electron emission of the cathode decreases

when (o1),,)l. According to Equation (4), the discharge becomes

unstable for a strong magnetic field and a low pressure. At the

production chamber (Part A) the pressure is typically in the range of about

0.6 Torr to about 1.0 Torr and in the range of about 107! Torr to 1073
20  Torr at the main discharge chamber (Part D). With these conditions, the

ot value is estimated as
(o7) = 1072 B,, (5)

25  where the z-axis is taken to be along the line connecting the anode and

the cathode. Equation (b) means that when the magnetic field B,,
exceeds at 100 gauss, the electron diffusion across B,, is suppressed

effectively. Therefore, to extract a high discharge current from the

cathode, the axial magnetic field applied externally must be below 100



circular ferrite permanent nagnet (50) and a corel ess magnetic coil (60),
respectively, also act as internedi ate el ectrodes for the plasm

product i owo o3mi7eisal |y, the first internedi ate el ectrode (RaOWwPHB20000Bi gur e
1) 10 acts as the anode in the pre-di scharge at the cathode regi on. Here,
plasma is created with the breakdown of hydrogen gas usually at a high
initial gas filling pressure (at |east about 1.0 Torr). The gap between the

cat hode g;{s%sgheAf'aﬁr%f HeL ﬁwban@csmrstf 'cBpBbr wire WRRId Iaélifa hgl > cm

An insul aor separates t This ge try’ is c osen to sat aschen' s
| aw and enboiblginaofshithén oo @rdtpreoldesethefaxiainnagnegtic dleCt rons from t he cat hode
to be emtted into the nmain chanber. The second internedi ate el ectrode

(Part Cin Figure 1) is axially displ aced by at nost about 1.5 cmfromthe

L TR P00 S0 8 6 BTESIBN Pl oL 20

second i nternme uses

(60), st hayes ee@idl fbntaerweeb@bep eérfu:tar ER%andd IO beeheBR B aBtkyad lanary
el ectrode in the main chanber discharge after the pre-discharge

initiati @modBy clontthisi ptpsnh@e somrcel dvior sdbscatopsnentsngompirisingciafcal ar
ferrite nd a corel ess magnetig, coi,l ectively, th ion
sour ce becé'%r‘fgasr A Be%{ﬂa“%fhtsma@g%f‘%bf’ﬂ#cw ’ﬁ Sy aansic Wg(gabnbi nati on
ef fecti vebypd QfllpeS 4188 RANeld Cidfib@heuialy UBldtrdiRRr P i+AB pﬂh‘ﬁr‘h‘%nt
extraction eI ectrode. The circular ferrite permanent magnet which is

encl osed produtigort.i risitially0 that erstredieatnedadte celeottede hRartaBnwaRigdranBt er of

The corel ess gnetic coil ) enclosed in the second internediate
el ectlg]odeaqt§ Fmdbe ?'P?n);?% an Tr}‘?s@'%ﬂdés&?‘@ &t e catbade r@ﬁ'oé‘ br H&E:bobbi n

and oper jtggngt BacA QA3 (R H v b%;wd%wloq oggngtrﬁdl g o‘?gl@g rent of

at nost out giving rise to at nost A turns.
The magnéhitial Gaelfdlird) ptasishrd (arrisagy atsouti SleOtT(brﬂn abr upt decrease in the

The gap between the cathode and the first intermediate electrode is at
15 most about 1.5 cm. An insulator separates them. This geometry is chosen
to satisfy Paschen’s law and ensure a sufficient volume of ionizing
electrons from the cathode to be emitted into the main chamber. The
second intermediate electrode (Part C in Figure 1) is axially displaced by
at most about 1.5 cm from the first intermediate electrode. An insulator
20 also separate's the first and second intermediate electrodes. While it
houses the coreless magnetic coil (60), the second intermediate electrode
also serves as an auxiliary electrode in the main chamber discharge after
the pre-discharge initiation. By combining the two electrodes consisting
of a circular ferrite magnet and a coreless magnetic coil, respectively, the
25 ion source becomes stable and ensures uniform current density. The
combination effectively reduces the magnetic field abruptly near an ion

current extraction electrode.

The circular ferrite permanent magnet (50), which is enclosed in the first
30 intermediate electrode, has a mean diameter of 7.0 cm The coreless
magnetic coil (60) enclosed in the second intermediate electrode is made

from an insulated copper wire wound on a brass bobbin and operated at a



5 di scharge anode and increases in the first internediate electrode. In the
production region (Part A) a reversed magnetic field due to the

conbi nat i wo o37erspect ed. This reversed field is very usef ucTrH02084030de
protection from backstream ng ions. The apertures |l eading fromthe two

el ectrodes are covered with nol ybdenum for heat resistance and are 10
designed so as to cause a difference in pressure between the cathode and
mai n vacuum di scharge regions. The differential punping that ensures this
di f f er enawilaésiting dueedre dthet emdbdrosleoutTBO Apghdsgdiswmgnebi enbdtelhe
distribution due to the ferrite nmagnet and the nmagnetic coil has been

appr oxi meddvalenthef 1 BPOA tHH-currents. Using the Biot-Savart |aw, the 15
approxi mate equation for the conmposed nagnetic field B(Z) in gauss where Z
in cmis neasured fromthe center of the ferrite nagnet is given by B(2) -
787.6 - 4% Gnadrctl HBRRHMRAb(HidRs f9Z2H 20 29 AMpf detrddde? in [thet 0. 092
(Z- 3.9 ] (6) The first and second terns express the magnetic field of

t he férridigchage regpdlet andiecrehsed in ehenfespirdevvsdiabe ehegfnedd.c Ifithled of t he

magnetic coil. .As an.indicatign of the validity of the approxi mati ons nade,
exper i merfrafuctian | Eegige t”ﬁ%rtmfgné’li Eeveres H]agslé‘ref'ﬁutffegﬁjls dE'Sr Phdferrite
per manentc JXRGRgto que%ﬁ%@i‘@a.i CTRIQ! leVWRLdy FilLidMART (RePAM AIretdtholiRe
appr oxi mat i ons anla WO 03/ 074755 PCT/v%ﬁ)ZI 0%00:‘% V%ﬁ?he act uarl rregsurements
of the mpgotddtionf frehd bdckdtrédmingoivhsar Eheeaperturksdeadipgriromutiar twoat poi nt's
out si de of the magnets. i )
electrodes are covered with molybdenum for heat resistance and are
10 designed so as to cause a difference in pressure between the cathode and
main vacuum discharge regions. The differential pumping that ensures
this difference also protects the cathode. The composed magnetic field
distribution due to the ferrite magnet and the magnetic coil has been
approximated using three ring currents. Using the Biot-Savart law, the
15 approximate equation for the composed magnetic field B(Z) in gauss

where Z in cm is measured from the center of the ferrite magnet is given

by

787.6 437.6

B(Z) = -
1+0.1622)32  (1+0.049 22)3/?

20

240.4
[1+0.092(Z —3.9)21%/2

(6)

The first and second terms express the magnetic field of the ferrite

25 magnet. The third term expresses the magnetic field of the magnetic coil.

As an indication of the validity of the approximations made, experimental
values of the magnetic field distributions for the ferrite permanent magnet

and magnetic coil were determined separately. The approximations and



Usi ng Equations (2) and (3), the following relation is obtained: 5 12
,'en = 3.4 x 10-51 2 B . (7)) Yce TeP At the main discharge chanber the
pressure Wom3ld7413e typically of the order of 10-2 Torr amtime2eb@ctron
tenperature will not exceed 9eV for a8 10 hydrogen plasma. These val ues
reduce Equation (7) to 2 (den 0.15B2 . (8) Yce This relation provides an
upper Iimt for the radial conponent of the 15 magnetic field that would

Thoct %2 AhECCEN R SHEONARARS. Yr Y SodBRRR. A" b DRI 5] bty o301 "2

about 2.6 ¢ the 1Ton current densi unlfor

radi al rr&gagﬁ Ipiérfrb@“a@lyFHtQicblhfs Bufside of thélmagwm ned fer rl te permanent
magnet and corel ess magnetic coil were simlarly obtained at the

extraction region and was found to be I ess no 20 nore than 1.0 gauss. The
radi al netic fi.eld ri Butions are relative at the extraction
el ect roggg? '8Yi t'\?ﬂféﬂ* édgg ﬁ@ ftsogolé’d'ﬁ%tr? hog 'S\ﬂqt?'nﬁhve a uniformion
current density radl ally. The mai n vacuum di scharge chanber (Part D in
Figure 1) is conposed of 25 a T-sectioned glass cylindrical chanber (90)
one end of of whic Anected to e econd plasma |imter (60), while the
other end is conn c?t‘féd t:o3uh<eloaﬁE %/130). The cylinder conpriggs further
Top

an accessible port\ {2 | eadi ng cuum punps and anot her port where
the substrate hol der (100) is connected. WD 03/074755 PCT/ PHO2/ 00003 9

At the main discharge chamber the pressure P will be typically of the

order of 1072 Torr and the electron temperature will not exceed 9eV for a

10  hydrogen plasma. These values reduce Equation (7) to

2
(MJ =0.1582. (8)

rce

This relation provides an upper limit for the radial component of the
15 magnetic field that would give a uniform electron density. This means
that for values of B less than about 2.6 gauss, the ion current density
becomes radially uniform. The radial magnetic field profile B, (r) of the
combined ferrite permanent magnet and coreless magnetic coil were
similarly obtained at the extraction region and was found to be less no
20 more than 1.0 gauss. The radial magnetic field distributions are relatively
weak at the extraction electrode region, which according to Equation 8

will give a uniform ion current density radially.

The main vacuum discharge chamber (Part D in Figure 1) is composed of
25 a T-sectioned glass cylindrical chamber (90) one end of of which
connected to the second plasma limiter (60), while the other end is
connected to the anode (130). The cylinder comprises further an
accessible port (140) leading to vacuum pumps and another port where

the substrate holder (100) is connected.



The di ffusion-punped vacuum systemis connected to the main chanber (Part
D). It consists of a rotary punp as roughi ng punp, a nechanical punp and
an oil di Wousioosrspunp. To isol ate the vacuum chanbers fromd/mrie/on®shani cal
vibration due to the punp, a netal beldlows is connected between the main
di scharge chanber and the punp. The attai nment of high vacuum of at | east
about 10-6 Torr served as base pressure for the chanbers before gas is fed
at the production chanber (Part A). Hydrogen or argon gas is fed t hrough a

| ow- | eak Wﬁtf?ué@h‘b%nhﬁbd %c&@rﬁwh%eﬂrplsaééﬁﬁ@éﬁéd“w b WhgnT hye gas

(usuall'y nitrogen) i's fed by a simlar |ow |eak needle valv 110) at the
mai n di sdRartgB®) chtasbesistBedaasetary pirep aS)rrsthhrrtg pnn'gxaoamheyharacall rcul ar
aperture in the Ilmters di,aneter at_nmost, 1.0 cmcreates a pressure

gr adi ent ww AR &Y ﬁ%enoqmer ?HP@'ﬁ'te 5h§swn&rmﬁﬂmrséﬁ@mt he mai n
di SCh%rg ﬁén.gbg ﬁ%ﬁe i‘étﬁ%‘ 2 %taﬁ @J%Wé}?secbﬂng&%%sures In
art art or er

chambér s is a nos anodé or the end

target (Rsgtiveeni thdzlngajheduﬁechagevasambeupIaaanmdogamp dURp atélnimend of
wat er - cool ed stainless steel hollow cylinder (130). A 20 titaniumtarget
(120) is high aceeam oftateleanb @boutding THC Revedrag base Preseurectesnivte

b cat ect 51 SRR o8 B af B prad B RS BRI B TR Par e
i ndi ca e da gener ar
by ther mgniafgiN i 08 R4 Qhﬁjuf@g.l @ owilBaRSHESH I VAvESIMEha dabddc pover

pply (V4 in Figure 1). The | ament potential varied in the range of
aboutl014\ﬂStS©fTﬂ1b‘¢)M/hIl%m%re@tlvcogﬁ%wvn@t@lenblﬂ féch by hee simaitagelowi- about

20A to ahout 23 sten fil ame IS ne el y _bi ased h respect
fo the odeshaeei dafiesl b8 o dhe rBaE Bischirdk SRomberLBaaaRsa P W2 suppi es
the pot erdgr@hrdchidndgedbtry 2BAGr R ardbiiturdQy %dlnﬂheﬁét diffhbteflt tr’rl?@‘st
production chanber at a current in the range of about 3A to about 4A. The
pot ent i al1.Oncinhereateg@ pessatrogtadier@bhemeermtibatcathb0&/ chtantlier g chanber
(fromthe Iimter 60 : ,
pressure chamber) and the main discharge chamber (low-pressure
15 chamber. The difference in pressures in chambers Part A and Part D is a

most an order of two.

The anode or the end target (Part E in Figure 1) serves as plasma beam
dump and is a water-cooled stainless steel hollow cylinder (130). A

20  titanium target (120) is attached to the anode.

Going back to Figure 1 the schematic diagram indicating the circuit used

in generating the plasma is also indicated. The plasma is generated inside

the production chamber (Part A) by thermionic emission of a single

25 tungsten wire using a 150V dc power supply (V4 in Figure 1). The
filament potential varied in the range of about 14V to about 18V at a
corresponding current in the range of about 20A to about 23A. The
tungsten filament is negatively biased with respect to the second
~intermediate electrode (limiter E2 in Figure 1). V2 supplies the potential (in
30 the range of about 60V and about 70V) at the production chamber at a
current in the range of about 3A to about 4A. The potential in the range

of about 125V and about 150V at the main chamber (from the limiter 60



WO 03/ 074755 PCT/ PHO2/ 00003 10 to anode 130) is supplied by the source V1
giving rise to a corresponding current in the range of about 0.8A to about
1. 5A. A swid@h7egssequence from S2 to S1 conpl etes the circauwHo2fon@m t he
cathode to the anode. Steady-state at@on plasma is normally produced in
the main chanber 5 using this process. The plasma formis cylindrical has a
di aneter of at |east about 1.5 cmand at |east about 30 cmlong fromthe
limters to the anode/end target 10 The transformation of the cylindrical

|l asma is.d [T j re ar. s n er manen nets (at
Feast abgat g'?&%gﬁ@&slggghaﬁc}ewsﬂ%fs?@gggyﬂ é‘;‘)’b@ﬁ?g t§iadg§rr§§5?r@9%l asma
col um aguplaawin itRe ragyge ®flabdB0).8ATHE aboaxis6iAs A akpificihgkquBAce! asma
colum, the y-axis perpendicular to the permanent magnets and the x-axis

paral | el ftant§d 16 Seranmipletesrahactiscuinh frdro thesmtbede i tonthé arfrelepl asna
vol une. e ma%[qets are ZEt at. nost a]Pout 7.0 mavyfélg/ from E_|60 . _The

per manent> CARGAEE &80, PLISTRHSANRIPH \HPéPﬁju?‘r%cgriBtF gBREY COPTRE shown i n
Figure 1us(r%0)thisvﬁlxo|3e§s§.eTH@9ﬁl%E§1&1‘ ForPh 3€ Gy liAdRER gﬁgr‘?tdi&nﬁfb?pof lggl d with
conmponents B, By, BZ along the x-axis, y-axis, and z-axis, respectively, is
20 added l¢asttabeut ri.biah amebattdast fabelit 3BZom g fiBonctnp bmétets tartke neant to
expand the plasma columm along the x-direction and the By conponents
cancel o@POPR/@HakI8t pl ane. The direction of the initial magnetic field
BZo is taken to increase the field intensity towards the discharge anode
(130) and to decrease it towards the second internedi ate el ectrode (60).
The 25 conbi ned magnetic field distribution, due to BZo and the two

per manent_ nmagnets with conponents (BX, B,,, B), effects the change of the
cyl i AAri d&e peastaimation af stheetyindiiaad. plagmadjsudeneny i #ran@ngi We of t he

St P! bl e Dol Bl BB BT e o o
surface) on opposite sides of the plasma column as shown in Figure 1
(80). The z-axis is taken along the plasma column, the vy-axis
perpendicular to the permanent magnets and the x-axis parallel to the

15 permanent magnets in the cross-section of the plasma volume. The
magnets are set at most about 7.0 cm away from (60). The permanent
magnets are positioned with their magnetic polarity as shown in Figure 1
(60). With the magnets in place, a new magnetic cusp field with
components B,, B,, B, along the x-axis, y-axis, and z-axis, respectively, is

20 added to the initial magnetic field B,,. The B, components are meant to
expand the plasma column along the x-direction and the B, components
cancel out in the x-y plane. The direction of the initial magnetic field B,,
is taken to increase the field intensity towards the discharge anode (130)
and to decrease it towards the second intermediate electrode (60). The

25 combined magnetic field distribution, due to B,, and the two permanent
magnets with components (B,, B, B,), effects the change of the
cylindrical plasma into a sheet plasma. An adjustment in the width of the
sheet plasma is effected through a relation between B, and (B,, + B,).

Similarly, an adjustment of the thickness of the sheet plasma if effected

30  through a relation between B, and (B,, + B,).



30 through a rel ation between By and (BZo + BZ). WD 03/ 074755
PCT/ PHO2/ 00003 11 In carrying out the invention, several procedures were
conduct edwigw3tdierssoper ati on of the magneti zed sheet pl asnmeeEURHOQ®0003
Evacuati on of the chanber was done with a preferably a 500-1/m back-up 5
rotary punp coupled to preferably a 10.16 cmoil diffusion punp. Pressures
wer e noni tored rtw)é ionjzation and Pira

t

B N
' the. olBcia Ding Ol R GoYB PREIN Ssa e AL dhghea ol ow

| eak neegdy AR dNRAEHIARR BAIN While a simlar |ow | eak
needl e valp\%é{%ﬂ%(tﬁg%%évg th eg; eacﬁo:'I ve %gs téc?qbe fed in the 10 deposition

chanber. Because of the constructl on geonetry, a circular aperture of
di anet er at nost about Ocminthe linmters creates a aressure gr adi ent

bet ween tHY@cpAtaRQlitHE @m@r wes ety a rseferpblyna SO0 bagk aepos. tion
chamber (}f, Pa'.\*yph‘aﬁ@; & e ?grefkﬁab@es?pﬁés%”eén%qf Hr0E0H 'b%

pressures in position chanbe he 'vacuum sensors were |brat ed

for nitrcgessurébavpreeamotinreean) ihizavsh 88 RIe eplugdsl Basé hﬁegﬁi‘re
sensitivity factor for argon. The sheet {)I asma formincludes fast electrons

wi t hi n t sag gisuayashdhefordep abwaér igashi 1.0xheX eﬂ@fhné\f@@mﬁﬂ dndfedt | east

bout 21..10x13. 40¢n® d b diff | | t th
o bhar ATt} Aostot 1BAEAERAIN TR (O i 2t IR AR Be 8 NEBIT B ng
t enper at WiglaPlovitleakBsédIaRRNUe 2O1E) ANVRE @h@%&qt@d%@ywwmdan&h@gl e

Langmuir probe for a 3.5 A plasma current. Under the same conditions,
negatllve depositwh mamh%{niliﬂnalwaei of) thencenstrgétésn tgedseetay, reostrcatasut 20. 0

\Y bt ai d tial t t.at | .
3 ean nocereinset Hiadefirt Bt aPREhaRalE” o0 i) Eadhe aoiere sdet Yo 05 o
wer e USedrbirBe GaRReRS: batldiAiOthd N liRtlord! BR4RbEI AIBhGNEset Make it

possi bl e for wder area applications. The substrate is placed
chamber) and the deposition chamber (low-pressure chamber).

15 Gas pressures quoted here refer to pressures in the deposition chamber.
The vacuum sensors were calibrated for nitrogen. The pressure reading

was not corrected for the gas sensitivity factor for argon.

The sheet plasma form includes fast electrons within the core plasma of
20 several millimeters and dimensions at least about 21.10x13.40cm?
accompanied by cold diffused plasma electrons at the periphery. Energetic
electrons at the center of the sheet plasma having temperatures of at
most about 25.0 eV are detected by using a single Langmuir probe for a
3.5 A plasma current. Under the same conditions, negative ions of
25 titanium having ion energies to be at most about 20.0 eV are obtained

using a potential-type electrostatic energy analyzer.

Clean metal substrates with dimensions of at least about 1.1x1.1x0.05
cm® were used in the process, although the sheet plasma dimensions
30 make it possible for wider area applications. The substrate is placed on a
water-cooled holder (preferable of temperature of at most about 10C)

which is connected to an adjustable bellows enabling the sample to be



wat er - cool ed hol der (preferable of tenperature of at nost about 10C) which
I's connected to an adj ustable bell ows enabling the sanple to be WD

03/ 074755we0B/0RP¥GR/ 00003 12 positioned anywhere from t he roarEHm@fo0odde sheet
plasma to its outer periphery (100).13t was determ ned that deposition
could easily be conducted if the substrates wer e innersed in the core of

t he sheet The substratge is pla such that i ts i aral |l el
to the pl%%sgtrgn%%i "‘lrﬁ’é""%‘?{&e? aﬁtﬁa ?/'egl‘ sheety LEE % sing the
substrat eperrd‘ﬂéw heroa. S&hawge aéRAMINEY Oﬂ(hatth@eEHgﬁbﬁatc%uY@Seég?Ne den pure
argon plasma for a few mnutes. Several sanples were prepared under

varyi ng cmttﬂttqtedtsrfotﬁtedrssbht{agis vi€re( pnefeesablin the tdueer ahgheobhedtout 2A to
about 3A IasrraJﬁurr and deposition tines referabllg in the range of

at | east R@Smendfessy e?ﬁ%d? plaggdsugh daat itg plangis rarafikimihe) plase
i mer sed wtﬁé‘esh%%eprfitém%hebrﬁbr%%n i A58 akt 9P B%Qﬁu@ugrf/e "@%ts

preferably about mliorr whil e Itrogen constituted ot al gas

filling pFasiser disthaage nelstniagootf fife 4Adbslrate . wAkt dondepogiure oardone sanpl es
are carefully extracted and stored for exam nation by X-ray diffraction
(XRD), RaMapmagererieyeopputasd ener gy- di spersive X-ray enission (EDX)
spectroscopy. The color of the deposit is initially used as indicator of
the presence or 20 absence of Ti N deposit on the substrate. TiN has a

char act erggfdral @ahtblesOhvere pheparedexaaet eva?g ifgh@ ofERASst ioPNdisdRargeanpl es
identified as D, Hand | seened |ikely ave TiN filmdeposits. These

sanpllés etenefisratdd inhthe cargactfeabayt é’Pyeol ahewoBéd olisona shotent) mndi gure 2.
Sampl e D obt ai ned u the foll owi n diti Ias current of at
least abothPosiie] e%afeﬁga%b'tsdr‘ettﬁ CAnGEnal QLSRR 1 OnmiTHES 3P dboufost 15
mnutes. 2&3ARUEed] NI@QaHEﬁ?eJ 9 AW ERNFHhEARY hofhedEH@SH ti shédtasma
current of at |east about bi as potential of at nobst about 250V and
deposi ti gplasma. Argon pressure Was set at preferably about 30 mTorr while

nitrogen constituted 25% of the total gas filling pressure of at most about

15 40 mTorr. After deposition the samples are carefully extracted and stored
for examination by X-ray diffraction (XRD), Raman spectroscopy and

energy-dispersive X-ray emission (EDX) spectroscopy.

The color of the deposit is initially used as indicator of the presence or
20 absence of TiN deposit on the substrate. TiN has a characteristic gold
color. As an example of the deposition run, samples identified as D, H and
| seemed likely to have TiN film deposits. These samples exhibited the
characteristic yellow-gold color shown in Figure 2. Sample D was
obtained under the following conditions: plasma current of at least about
25 3.0A, no bias potential and deposition time of at most 15 minutes.
Sample H had the following conditions for deposition: plasma current of at
least about 3.0A, bias potential of at most about 250V and deposition
time of at most 15 minutes. Sample | had the following conditions:
plasma current of at least about 3.0A, target bias potential of at most
30 about -250V, and deposition time of at most about 20 minutes. The film
color for this sample was gray. The titanium target potential did not seem

to have any effect on the color of the deposited film. Without the bias



time of at nost 15 mnutes. Sanple | had the follow ng conditions: plasm
current of at |east about 3. 0A, target bias potential of at nost 30 about
- 250V, anwaleposissi on tinme of at nost about 20 m nutes. ThecTPHomooes! or for
this sanple was gray. The titaniumtaiyet potential did not seem to have
any effect on the color of the deposited film Wthout the bias W

03/ 074755 PCT/.FiHOZ/ 00003 | 13 Roten;[i al g ergleti c el ectrons sput her t he

tit ani umPCAPYEe!: goefqeticselgREonE FRUtigh Jhe EBP % itai9et\Rf: 1t ABRUMSEJEEi ve bi as,
however, N.g8MNhRR%IaP PHifHEthd RBgativd BULMIREGEL -ardBR iBNSHptdler Mgakdown of
the filmat prolonged deposition tinmes may be a résult of sputtering. 5
The depogitaedinfii targenerkhd | ewdntoainfbreakdiowy XRD.th&hdilkRRts paalohged sanpl e |
is showmn in Figure 3. The peak at 430 in Figure 4 corresponds to the (200)
phase of 9FPRSItiRRetigSIRAY e A&S Y BhSREHErag- 44. 68 is attributed to the
a- Fe(% 10) phase of the substrate. The broad peak is 10 attributed to the

| attice m smatch of the deposited TiN filmand the steel substrate. The

ot her si gmid idepBkite¢akinidaveappiestr coafirh8@d9byi RRE.gWRhe KRDce@eaASfyINds to
the (220) phase of Ti2N. This sanple is exposed to the plasma for a
rel ati velspm@adds shomen iMhiguie Sosihecpeak Rt K7 dnduawre 4icosmspandd tby

sputteri a hen recopbined-to farmthis additional, 1 s -SUCh
formati p?iﬂﬁagﬂ% erPQk?BSengEWoT%'E ﬁ@*a@ef' vBr I%rofTBPePBnage?M%éEne's

deposi ti etribtied P tRatdFetm for lphB@e Ut 196 edibsarzré € ThE) bt pebkeis peak
having the sane as that of sanple H at 20 = 43 associated with the Ti N
(2001 0phagwii@edhe Renktticpecismately mfcthle dépcdten €8N BilmHarahdhé saeedd shown in
Figures 4, 5 and_6 respectively. The frequency shjft , 267 cm' is very
pr onounc &Y bstrgte ¢ ﬁB%eOtz‘Sﬁﬁf@'ﬁq%f%peﬁ‘FF §b@ﬁ8§¥'tsoa'f ﬁeq-gél dy FgWE Yal ue for

ﬁfgﬁs“ C&orrAPBRAY RCAd §800 ph3be BOTER OFFRL 'ddmdleNs difofiLI6MRE Of the
plasma for a relatively longer time. The deposited TiN have been
dissociated by sputtering and then recombined to form this additional
15 phase. Such formation has been observed to be more favorable for longer
time deposition. The XRD pattern for the unbiased sample (D) has a the
peak having the same as that of sample H at 26 = 43° associated with

the TiN (200) phase

20 The Raman spectra typical of samples D, H and | are shown in Figures 4,
5 and 6 respectively. The frequency shift at 267 cm™ is very pronounced
for these sample. This corresponds to the calculated value for acoustical
phonon scattering for stoichiometric TiN. The presence of the high
frequency shift (at optical range) at about 370 cm™ for sample | (Figure 6)

25  confirms the nonstoichiometric nature of the TiN film for this sample. For
this sample, the relatively longer deposition time results to other TiN
phases. In this case, TiN, 4. The absence of the high frequency shift at
370 cm™ for samples D (Figure 4) and H (Figure 5) is an indication of the
stoichiometric nature of the produced TiN film on steel under the

30 conditions of the experiment..



frequency shift (at optical range) at about 370 cm' for sanple | (Figure
6) 25 confirnms the nonstoichionetric nature of the TiNfilmfor this

sanpl e. Fwoostdiesssanpl e, the relatively | onger depositiorpdi/rmzroessl ts to
other TiN phases. In this case, Ti NO1©95 The absence of the high frequency
shift at 370 cm' for sanples D (Figure 4) and H (Figure 5) is an

i ndication of the stoichionetric nature of the produced TiN fil mon steel
under th 30 _condi.tions, of the e iment. . W0O-03/ 074755 PCT/ / 00003
12 Resul BESHRS i PUGRaNauRl HSeGEBR. S NG TRUERS 8 5aMBIE Shnpl e Hi
The peak T¢r heaRBHedpdrRiind'&ce e drRiBsidh oF KAKLAdadEtiBR & 4466k&eV
confirnms the presence of Ti. OQther dom nant peaks in the figures are those
associ at ednirrnh Ha gsesercedoé Tio Ottial doovsdntt peaks iof tHehdigubes udvst r at e.

El ectron m crographs of sanple H shows sheet-like structures indicative of
a nore unlPRH nPISACAtEEr Meith oBMistiPRE fHe tasEelpl LonstitHeats (3fpdhsf  growth
10 ICL magneti zed sheet plasnma source designed for

vol ﬁp%ghgglﬂégn of negative hydrogen ions has been slightly nodified by
placing a titanium 15 di sk as target placed at the anode. Argon has been
enpl oyed as sputtering gas for the titaniumtarget. N trogen introduced as
react i ve Egegron micregraahs ofhsamele &k shewieshasntylikesssrocturae indicatise t ot al

filli fo about. 40 nTorr. Rel atjvely |Low pl
ur rent s e 490 Qi gt 1SR QRRNKE I Cons e SR RS RICT T on of

Ti N in thgowehpl asma-enhanced chem cal vapor deposition process. At these
currents, nore argon ions are produced to sputter the titaniumtarget
therdBy increasing the probability of producing the TiNfilm The results

of the  ~sncLusiON

A magnetized sheet plasma source designed for volume-production of
negative hydrogen ions has been slightly modified by placing a titanium

15 disk as target placed at the anode. Argon has been employed as
sputtering gas for the titanium target. Nitrogen introduced as reactive gas
in the main chamber at preferably 25% of the initial total gas filling
pressure of at most about 40 mTorr. Relatively low plasma currents of at
least about 3.0A were found suitable for the production of TiN in the

20 plasma-enhanced chemical vapor deposition process. At these currents,
more argon ions are produced to sputter the titanium target thereby
increasing the probability of producing the TiN film. The results of the
XRD and Raman scans confirm the synthesized TiN films under these
conditions.

25

30



XRD and Raman scans confirmthe synthesized TiN filns under these
conditions. 25 30 WO 03/074755 PCT/PHO2/ 00003 15 Clains That which is
cl ai med i wo &/dr475A nmet hod of processing a nmetal substrate mompmo220Ng t he
step of putting in the chanber contaifhing the substrate a rare earth netal
target, a discharge gas, a reactive gas, and producing a m xed species
sheet pl SR causi ng the chem cal vapor deposition of a filmon the
substrate”?B*2. The nethod of claim1, wherein said rare earth netal
target is titanium 3. The nethod of claim1, wherein said discharge gas
is preferably 15 argon. 4. The nethod of claim1, wherein said reactive
gas i s nifthaigehich is.cldiheechst hod of claim 1, wherein said filmis titanium
nitride. 20 6. The nethod of claim 1, wherein said netal substrate is
selected fromthe group of stainless steel and copper 7. The method of

clai mel, wher ej LSedi Ut 1.0 i r, of
bace Bt essur o maHin oAbl O REH L BsFhte COnBIRFUAHRE e ot o
pressure of atpdteiagtinatteuth@Bbei edbntaiBingTiie sBbwateoh rataicarth, mushgr ei n
argon plasma is ignited by thermonic emssion in a cathode assenbly
conprising a ttarddt eh diseharpe a9mt aseackivehgas pengnpreduding thenigdge of
about 14V to %%%%Fes sheet plasma causing the chemical vapor deposition of a
film on the substrate.

10

2. The method of claim 1, wherein said rare earth metal target is

titanium.

3. The method of claim 1, wherein said discharge gas is preferably

15 argon.
4. The method of claim 1, wherein said reactive gas is nitrogen.

5. The method of claim 1, wherein said film is titanium nitride.
20
6. The method of claim 1, wherein said metal substrate is selected

from the group of stainless steel and copper

7. The method of claim 1, wherein argon gas is introduced in an
25 evacuated chamber, of base pressure of at least about 10° Torr,

through a low leak valve at a pressure of at least about 30 mTorr.

8. The method of claim 7, wherein argon plasma is ignited by
thermionic emission in a cathode assembly comprising a tungsten
30 filament set with a potential in the range of about 14V to about
18V and filament current set in the range of about 20A to about

23A.



1 8V and filanment current set in the range of about 20A to about 23A WO
03/ 074755 PCT/ PHO2/ 00003 16 9. The nethod of claim8, wherein argon plasm
i s ignitewo os/a475pr oducti on chamber conprising an inter med@EyeEa®RlIe@Br ode
and the cathode assenbly when a potemdial in the range of about 60V to 5
about 70V and current in the range of about 3A to about 4A is supplied
between the tungsten filanent and the internediate electrode. 10. The

met hod of claim9, wherein a sequential switching 10 process ignites argon

Sma in a maign Thaethod BWClANB alvhdrBine argeHh aﬁl%sﬁiae% rigfRed PR NQ
ports, substrate holder, anode and titaniumend target h., +he application

of a potenti alpnodut:henrdmmbaf conatpuisingl aRShiteonedhibtéd elegtrodé andi thee current s
in the range of ahout A to about 1.5A hetween the internediate

el ectrode 15 G#thO ﬁ(ﬂfée"l y when r?ePHB"d‘tlﬁ Ip| thenfange gfahaut §Q¥ to
cylindrical plgsnm 9byv dh ”aﬁr?énto é @beH&ufé?x G8 5t Eﬂgish of at

| east about 38.0 cmin't maln c a s converted into a sh

configuration mppﬁ@ddiummennshsevmgxitem filareher 8nd httek , indérnhetisate about
10.0 cmwi de and at |east about 20.0 cmlong when a pair of strong Sm Co
per manent magrRieetre@e. at | east about 1.5kG on the surface) are placed with
opposing fields and separated by a distance of at |east about 10.0 cm
outside the chanber wall just after the internediate 25 electrode. 12. The

nmet hod of cha.m 2, Thergiethsdi 6F tdldiani 9MUBEERN & SseGudhtiRr SR itBMirdy gon
pl asma. 30 13. The method of claim 10, wherein a substrate hol der
10 process ignites argon , sma in a main chamber, comprising an
intermediate electrode, pumping ports, substrate holder, anode and
titanium end target b the application of a potential in the range of
about 125V to abuu. 1uuV ar ing currents in the range
of about O0.8A to about 1.5A between the intermediate electrode

15 and anode.

11. The method of claim 10, wherein the cylindrical plasma of
diameter of at least about 3.0 cm and length of at least about 38.0
cm in the main chamber is converted into a sheet configuration of

20 dimensions several millimeters thick, at least about 10.0 cm wide
and at least about 20.0 cm long when a pair of strong Sm-Co
permanent magnets (of at least about 1.5kG on the surface) are
placed with opposing fields and separated by a distance of at Ieaét
about 10.0 cm outside the chamber wall just after the intermediate

25 electrode.

12. The method of claim 2, wherein said titanium target is

sputtered by argon plasma.

30 13. The method of claim 10, wherein a substrate holder
comprising a metal substrate, provision for electrical connectivity

for positive or negative biasing and substrate water-cooling to at



conprising a netal substrate, provision for electrical connectivity for
positive or negative biasing and substrate water-cooling to at WO 03/ 074755
PCT/ PHO2/ 0@D@A7476% | east about 10 C is connected to an adjraverni2eo@ms| | ows
enabling the holder to nove perpendi ¢ular to the plane of the sheet plasna
core to outer periphery. 5 14. The nethod of claim 13, wherein clean netal
substrate of dinensions of at |east about 1.1 x 1.1x0.05 cnB is placed on
the substrate holder and i mersed in the core of the sheet plasma. 15. The

met hod of ¢ 14ea¢hgk&it 10N r RABSHhNECBH {PURNad)@Stable beflohRt &Rbiggd to the
chanber at a ratio of preferably one part to three parts argon in a t'+l

"A' 4t al gas fitheiimgder s s00ee perpgndicdst taltbetpldOe aofifiver sheldd. plabmanet hod of
claim 15, wherein the substrate is exposed to 15 the m xed plasma for a
period in the G4RJE YCLBEURNAY: ni nutes to about 20 minutes. 17. The

met hod of claim 16, wherein a filmis synthesized by plasma enhanced

chem cal vapor deposition on the netal substrate. 20 18. The net hod of

clai ms1l7, whérein sehd nmiéthodhes cldiem 18hawhetddi deae retdl amgelate asfl or and
is confirmed by X-ray diffraction, Ranman sg}goct roscqopy and energ
di spersive X- rdifpensifinsspbatsipast pberbpls 14 . be0 4% gm uim Rlacedden 19. The

filmof clai ms%%’stra%gho]r&? a}cnidI imr%fers%ldaiinrQh]eSCore?’(% the sheet plasma.

15. The method of ¢.. . 14, wherein the reactive nitrogen gas is
10 introduced to the chamber at a ratio of preferably one part to three
parts argon in a t~t=l initig| gas filling pressure of at least about 40

mTorr.

16. The method of claim 15, wherein the substrate is exposed to
15 the mixed plasma for a period in the range of about 10 minutes to

about 20 minutes.

17. The method of claim 16, wherein a film is synthesized by

plasma enhanced chemical vapor deposition on the metal substrate.

20
18. The method of claim 17, wherein said film has the
characteristic yellow-gold color and is confirmed by X-ray
diffraction, Raman spectroscopy and energy dispersive X-ray
emission spectroscopy to be titanium nitride.
25
19. The film of claim 17.
20. The film of claim 18.

30



