gPROCESS’EOR MANUFACTURI NG ORNAMENTAL PARTS BY | ON PLATI NG APPARATUS 1.
Eﬁﬁ'd of the Invention 5 This sinvention relates to a p dFF F;a
ufacturing ornanental parts having a color simlar to tha ZP d ghd
'offerlng excel | ent resistance to. corrosion and wear. 2. Background of
Invention Wien a wear-resistant filmis coated on surfaces of 10
ornamental parts such as watch cases and-netal spectacle frames, a
process. of ion plating has been used, instead of a wet process of
eleft rocheni cal- pl ati ng. The ion plat|n§ rocess permits coating not only
metals such as Ni, Pd and Au but al so conpounds such as carbide and 15
nitride. Especially, a titaniumnitride film coated by ion plating
exhi bits a sinul at eARYGESS cRA D MANMUFASTIRINENORYSNENEA Ly PARTE wear
resistance. Therefore, it hag B&gNedArMdIasPaRaTds @ process for
manuf acturi ng ornanmental parts. The inprovenents thereon is described in
United 20 States Patent No. 4, 226,082. However, the titaniumnitride
filmexhibits pale yellow or pale ocher, which is not a necessarily
preferable color for ornanental parts. -2- It is, therefore, proposed to
avercoat an extrenely thin gold filmon the surface of the titaniumnitride
filmso as ta.pFbeldeof she/iThwemtdionas a whole (see United Klngdoanatent

No. 2,000,812B). In this
5 This invention relates to a process for manufacturing

ornamental parts having a color similar to that of gold -

and offering excellent resistance to corrosion and wear.

2. Background of the Invention
When a wear-resistant film is coated on surfaces of
10 ornamental parts such as watch cases and metal spectacle frames,
a dry proeess of ion plet;ng has 9een'used, instead of
a wet process of electrocheﬁical piating. The ion
plating process permits coating not only metals such as
Mi, Pd and Au but also compounds such as carbide and
15 nitride. . Eepecially, a titanium-nitride film coated by
ion plating exhibits a eimulated gold color and excellent
corrosion and wear resistance. Therefore, it has been
in wide use for a process for manufacturing ornamentel
parts. The improvemenCs.thereoniis described in United
20 - States Patent No; 4,226,082, However, the titanium
nitride film ekhib;ts pale yellow or pale oeher, which
is not a necessarily preferable coler for ornamental

parts.




di sclosure, the affinity at the interface between the tltanlun1n|tr|de 5 )
filmand the gold film and the color reproducibility are of i nportance foQ“/
the manufacturing technol ogi es. But, the conventional processes are ° .
unsagéiksfactory in these respects. SUMMARY OF THE INVENTION It is an obj ect
of i nvention to provide a process and 10 apparatus for produci ng

coa s that exhibit a vivid gold-color .and offer excellent corrosion and
wear~Tesi stance, on surfaces of ornamentdl parts such as watch cases, netal,
spectacle franmes, lighters, and pen caps. According to this invention t here®

"is provided a DVOQESJ.% f @ferd fordp rt@@v@fbaﬁé%@fﬁr@m]@%ﬁnﬁ@@ﬁ esin0:
POV i 09 MU Rt U SROTRCE b el ool o B SEShLe £l oPher e
i ncl udi ng ni r r
el ectron beamlmlatsmgholaqa(bseesdumeé ngdm/&pwatMgZIOQOaalmm atndtmse Qr '
fmor e SpUtteﬁlg&o‘ééP@rtﬁé"A?Eﬁﬁa QY M%&é&%@h&vﬁ%ﬁt&% 8!

an electric part and sal d

establishin bet ween sal d ornanent

el ectron b%%ﬂ"fh?l"?l% RlGof 118w Adethe) cRiF FRFodugiPatity o RE dreeHarge

t her ebet weerfor ethaptinafadtyr it technblddgigst h@ut) theicohvértithial ploress«y awe 25
di scharge tq ggﬁ Ld tnly %ggggsed of titaniumnitride on a surface
of said ornanen tzgfﬁ'&par !E“g?‘%ﬁe nal stage of this process, applying a
negative voltage to one or nore targets of said one or nore sputtering

vapor sources and at the sane tisumMARUOP ik gvirerogol d vapor to forma
transition layer 30 including both titaniumnitride and gold; and while
continuing to supply the gold vapor, gradually stopping the evaporation of
the titaniumto cttisaan iobpeasi of¢he iawentivoposoRrovidg ér process and

10 apparatus for producing coatings that exhibit a vivid gold-color and
offer excellent corrosion' and wear resistance, on surfaces of ornamental
parts such as watch cases, metal spectacle frames, lighters, and pen
caps. '

~ According to this invention there is provided a process for
15 manufacturing an ornamental part comprising:
providing within a vacuum chamber filled with a low-pressure gas
atmosphere including hitrogen gas, the ornamental part as a work to be
treated, an electron beam melting vapor source for evaporating titanium,
and one or more sputtering vapor sources for supplying at least a gold
20 vapor; '
establishing an electric field between said ornamental part and
said electron beam melting vapor source to produce a plasma glow
discharge therebetween:
evaporating and ifonizing the titanium in the plasma glow
25 dlscharqe to coat a film mainly composed of tltam.um nitride on a surface
of said ornamental part:
at the final stage of this 'proce_ss.' applying a negative voltage to
one or more targets of said one or more sputtering vapor sources and at
the same time, supplying the gold vapor to form a transition layer
30 including both titanium nitride and gold:; and. .
while continuing to supply the gold vapor, gradually stopping the
evaporation of the titanium to coat a film of gold as a topcoat layer.



‘- 3- Preferably said filmmainly conposed of titaniumnitride is f lto
10 ‘m crons jn thickness, the filmcontaining gold is fromO0.1 tg i
‘Ha t-hi ckness, and the transition layer is 10 to 90% of the latt
thlckness 5 The process of this invention nmay be appli ed _
.case, a netal spectacle.-frame, a lighter, -or a pen cap. This i nventign
Wi Il now be expl ained by way of exanple w gh.reference to the draw ngs..

- BRI EF DESCRI PTION OF THE DRAWNGS Fig. -1 is a sectional view of an ion
phatlng apparatus 5for use in this invention; Fig. 2 is a sectional view of
a conventional fil amt‘érampesaeaeﬁnmmlhgaﬁufwsbamj umaaimsaﬂmeetﬁedmm t he

ion plating a |nv ctional view
of a conventlgﬁg#ﬁnagng§ﬁ %%1%§%% spu 3%??%5“&3%6? urce usedgﬁhh?ﬁé i on
'pl ati ng appar BEERR{ ¥y thmewv@m om trangition ilayer is ik thPR afhthe Agtter
vapor supplyi pg vhas&gest. Ti and Au obtained in the manufacturing process of

this invention; 15 ~ Fig. 5is a profile showi ng the atomc conposition
of a coatlng f|In1produced in the manufacturing process
N The process of this invention may be appl:.ed to a watch case, a

metal spectacle frame, a lighter, or a pen cap.




of this invention; Fig. 6 is a sectional view of another ian plating’

appar atus which nay be used for this invention; and 20 Fig. «7 is a

antional hol | ow cat hode type el ectron beam nmelting vapor source used in «
pl ati ng apparatus for this invention. DETAI LED DESCRI PTI ON OF THE

ON The invention wll now be explained by the follow ng 25 exanpl es

¢f erence to the draw ngs: Exanple | Referring to Fig. 1, there is
showrman ion plating apparatus 100 used for this invention. Wthin a vacuu
chanber 101 having a gas inlet pipe 1903 5 and an evacuation duct 102, theréd
are arranged a rotary work hol der 104 rotated around a vertical axis, a
filament type el ectron beam nelting vapor .source 120, and a sputtering

vapor source 130. .ki.Q. i Dy detail il t. .ty el ect 0 beam
mel ti ng vapor sou@églééygpg%v\ﬂi gﬁgg ‘?(I&Y agréﬁﬁ;dl 'I%SQ ?l%a‘{)aéﬁ Aofye/ eéga%l%llérrent
power sourcewibB referenss gir fdpatdnAyingstage is applied thereto by an '
el ectron beam power source 124. An el ectron beam 127 emtted fromthe
filament 122 is then d@RIEEt BESCRIBTI®N QR iTHE iDHAWINGSest abl i shed by a

magnet 126, and nelts and vaporizes a nmelting mate.rial 121 |loaded in a
hearth 125. In tHig.cdsés sheeghperakupty iy amtlendepetidngonrparatus

tenperatureéfor use in this invention;

.

| Fig. 2 is a sectional view of a conventional filamenc
tgpe electron beam melting vapor source used in the ion -
plating apparatus used for this invention;
Fig. 3 1is a_gectional view of a conventional magnetron
10 type sputtering vapor source used in the ion plating_ |
apparatus for this inQention} .
Pig. U 1s a time chart showing a vapor supplying
rate of Ti and Au obtained in the manufacturing process
of this invention; |
15 Fig. 5 is a profile showing the atomiﬁ composifion
of a coating film produced in the manufacturing process
of this invention;
Fig. 6 is a sectional view of another ion plating
apparatus which may be used for this invention; and
20 - Fig. T is a conVentional hollow cathode type electron
beam melting vapor source used'ih the ion plaﬁing
apparatus for this invention.
DETAILED DESCRIPT:ON OF THE INVENTION
The invention Qill now be explained by the following

25 examples with reference to the drawings:



of nDIten material, .Fig. 3 shows in detail the sputtering vapor source 20
13% in which a target_131 IS nounted on a cooling box 133 havi ng nagnets
1 internally. The cooling box 133 is protected by a grounded cover 134.
Ref erence nunber 135 denotes an i nsul ator. Wen a negative voltage is |
applied to the target 131 by means of the 25 sputtering povier source 136,
positively charged gas ions in the vacuun1chanber collide with the target
131, and atons of the target materi al g%sputtered i n vaporized form
~havng high kinetic energy. The sputtéri -6- vapor. source shown in
Fig. 3 is called a magnetron type one and prOV|des hi gh sputtering
efficiency by the action of the nagn@ﬁPEPiPeFd est abl i shed by the magnets

132. The vapor suppl rat e |ne he sp utterin source
i s used does not depeh gg‘lrp‘d}‘Fttﬁe gt’wpgﬁﬁﬁr Tu?ré Bu2y 49 g‘ef’ggﬁf‘ﬂsd by
the applied negghhyeatipd tiafe pgbsztt Vs ressure. Returning now
to Fig. 1, the g%bodlnent w il be expﬁgpﬁéggﬁfbgqog Wat ch cases 105 nmade
of stainless streth{fHlvaridin whambeRUIbEdheRAGE rEisAma1eer k1Bel dgg 104.
On the electron beam nelting vapor source 120 was | oaded pure titanium as

the melting nmétand aan levacuatdoon dugs 3p84t therg amp@ETrangede al3otaag set a

pure gold plate
work holder 1ou rotated around a vertical axls, a

filament type electron beam melting vapor source 120,

’

and a sputtering vapor source 130.

Fig. 2 shows in detail the f;lament.type electron
10 beam melting vapor source 120, in which a filament 122
is heated by a filament power soﬁrce-123, and a high -
negative voltage 1is applied'thereto ty an electron béam
power source 124, An electron beam 127 emitted from
the flilament 122 is then deflected in a magnetic fleld
15 established by a magnet 126, and melts and. vaporizes
a melting maferial 121 loaded in alhearth 125. In this
case,_the'vapor_supplying rate depends on the temperature
of molten material.
.Fig. 3 shows in detail the sputtering vapor source

20 130, in which a target 131 1s mounted on a cooling
box 133 having magnets 132 internally. The cooling

box 133 is protected by a grounded cover_L}ﬂ. Reference

number 135 denotes an insulator. When a negative
voltage is_applied to the taréet 131 by means of_the_

25'sputteriﬁg nower source 136; positivély'charged gas
ions in the vacuum chamber collide with thé target 131,
and atoms of the target material are sputtered in

vaporized. form having high kinetic energy. - The sputtering



15 as the target 131. Wiile the vacuum chanber 101 was evacuated thnough

i ntroduced fromthe gas inlet pipe 103 to a pressure of 8 x 10 Tor'r.

when a voltage of -1 kV was 20 applied by neans of a discharge power
106 t hrough the rotary work hol der 104, the vacuum chanber 101 was

i tth a viol aceous gl ow di scharge plasma. Under these conditions, by
t'He filanment power source 123, the filanent 122 is heated, and §%
furt 25 by driving the electron bgaglgomer source 124, the nelting o
material 121 of titaniumnelted and the titani umvapor was supplied from
the el ectron beam -7- melting vapor source 120. Then, the titani um vapor

was ionized in the plasma and further reacted_ wth ni t r ogen |§ The
resul tant ti VaRPONSARFEE d%h"(‘”ﬂ NP Bedan 3 dSa6pdirt Bn'"?ﬂéé"s’lﬂ"f JB€ of the

105. Next 5 t I f th
e o Ory Dane: BcPeRy faf TR SR BT ROBLAEY By aPS oF Lhe
suppl i ed by aee&eﬁrbggun@nﬁagmlaqﬁ@ﬁdl e@eamghs@awdtm the TIN | ayers

of the surfaces o e cases 105. Fig. 4 shows schematically the supplying
rates of 10 phgABtYM32d gphel weamar Suppliyiegabave ebbathedntherOf the
coating period of 25 mnutes in total, for the first 20 mnutes, the
titani um vapshewapustpplngdvagar fsgurce is used does not depend

upon the target temperature but is determined by the
applied negative vdltage and positive gas ion preséuré. _ -
Returning now to Fig. 1, the embodiment will be

exolained |

10 _ Watch cases 105 made of stalnless steel (AISI 304)
were mounted on the rotary work holder 104, 'On the
alectron beam melting vapor source 120 was loaded
pure titéniuh as the melt;hg material 121, and on the
sputtering vapor soufce 130 was set a pure gold plate

15 as the target 131. While the vacuum chamber 101 was
evacuated through the evacuation duct 102, a mixed
gas of nitrogen and argon (10% N2 + 90% Ar) was -
introduced from the gas inlet pipe 103 to é pressure
of 8 x lp'u Torr. Next, when a voltage of -1 kV was

20 applied by means of.a discharge power source 106.
through the rotary'wdrk holder 104, the vacuum chamber
101 was filled with a violaceous glow discharge plasma.
Undef these conditiéns, by driving the'filamént power
source 123, the filament 122 is heated, and further

25 by driving the electron beam pbwer source 124, the
melting material 121 of titanium helted and the

titanium vapor was suppllied from the electron beam

R

t he evacuation duct 102, a mixed gas of nitrogen ‘and argon [err] :was .

®



t he second 10 m nutes; the gold vapor was supplied. Thus, the first and
second suppl yi ng perlods partly overlap. 15 The atomi c conposition t'us
eoated was anal yzed by Auger el ectron spectroscopy. The result is
a profitle of Fig..5. Of a coating about 1 u thick, the | oner | ayq
base material was mainly conposed of titanium 20 nitride and the
Iayer was mai nly conposed of gold. At the interface therebetween, a

sition |ayer- of about 65 nu was presenty in which the conposition
con |nuously varied. In this invention it is the presence of this 25
transition layer which increases the affinity at the I nterface and enhances
the coating durability Exanple 1l As in Exanple |, titaniumnitride in
t hi cknesses of ngltténgo VGPMSSE%‘&Q%&% t hehedur ftzE’Ge§16P"nF?‘r5i’9°‘bo‘ﬁsshed

sanpl es of stainl s &S thelr utface 5 con |t|o Wer e observed.
The result is tl EPE ﬂ%l%n‘i ﬁur‘ﬁe, T ReR6 ed o nwfer

g hgcknesg (u) ﬁwnfsacemenébsupaa&c titanium nit?ride (TIN) bbgEhefokept 2

deposit on the surfaces of the cases 105. Next, when
5 a negative voltage'was applied by means of the'sputterlng
power source 136 to the target 131 of gold plate; gold

vapor was supplied by Sputtering, and then gold films were .

4

cocated on the TiN layers of the surfaces of the cases 105.
Fig. 4 shows scheoatically the supplying rates of’
10 titanium and gold vapors in the above embodiment. of
the coating period of 2% minutes in total, for the -
first 20 nminutes, the titanium vapor was supplied and for
the second 10 minutes; the gold vapor was supplied. Thus,
the first and second supplying.periods partly overlap.
15 The atomio composition thus coated was analyzed by
Auger electron spectroscooy. The result is shown in
a profile of Fig. 5.
Of a coating aboutll u thick, the lower layer
on the base material was mainly composed of titanium
20 nitride and the upper layer was mainly composed of gold.
At tne interface therebetween, a transition layer of
about 65 muy was present, in which the composition
continuously varlied. | |
In this invention it is the presence of this
25 transition layer which increases the affinity at the

interface and enhances the coating durability.



&

“4 10 15 5 12 Luster |ost .6 15 7

18 20 20 Fromthe result of Table 1, it is noted-:that.when the: "
coat ickness of TiN layer is within 10 u the base luster is kept. ° '\Ji
-9- w th the layer including TiN kept 5 u in thickness, gold.layers

wer axeld in.thicknesses of 0.1 to 2 U, as in Exanple I.. In this exanple,

t he \hi ckyesses of transient |ayers ver e variously changed. 5Col ors of

t hese les and the result of a wear- Tésistant test are shown in Table - .

2. As the testing machine for the wear-resistant test, the Mdel 503 of o
TELEDYNE TABER, U.S. A was used, in which the wheel (CS-100) was rotated
ten tinmes under a |load of 5009 to IEaupale It scratches were present. Table
2 Base Layer including Ti N materi al Transiti- on |ayer

Layer incl uding AuA&5in Example I, titanium nitride in thicknesses

of 3 to 20 u was coated on the surfaces of mirror-
polished samples of stainless steel, and their surface

5 conditions were observed. The result is shown in’

Table 1.
Table 1
- —1 TiN fiim ' —
o Sample No. thickness (u) Surface condition
1 | 3 | Luster kept
2 5 " . .
.3 _8 | R
4 10 "
15 5 ) 12' . Luster lost
6 15 "
7 18 "
8 20 L
20

From the result of Table 1, it 1s noted that when
the coating thickness of TIN layer is within 10 u,

the base luster is kept.



9 - .',.
Transiti'-

. . Layer Col or Wear Sanpl e Layer
esistant No. ‘including on layer including Color resis- N Ti M
el Au (mu) tone* tant* 11 5 .0
" b z 12 " 20 100 b x 20 13
65 100 C x 14 -9 - 0 300 a
15 50 360 a x 16 - 250
300 c x 17 50 . 500 a x 25 18
209 500 a x 19 400 : 590.
x 20 Negt, withlgng)layeréinclug}ng Tijokepg 5 u in
_ 51988 1888 thick%xe%%, go}gl layers wer_eS%gGﬁed 1n19gg65nesseé’i %‘f xy2§
25 ' 4 5 ' : 1000
2000 a ?;hz$% 2 u, ad®8R Exagpad 1. th $1g examole, tne 1000
10 b ... gajri cknesseBab€U®rénsient layers were variously changed.

gol d.

5Colors of these samples and the result of a wear-
resistant test are shown in'Tablé 2. As the testing

machine for the wear-resistant test, the Model 503

of TELEDYNE TABER, U.S.A. was used, in which the wheel
(CS=100) was rotated ten times under a load of 500g to

10check 1f scratches were present.

Base ﬁgyer including TiN
‘material Transiti-
n _layer
aver including Au
15 _ - ' 1
Sample Layer |Transiti-|Layer Color gzgis-
gg includingjon layer (including tone#* |tant
* |TAN (n) | (mn) Au (mu) test#®
11 5 0 100 b z
12 " 20 100 b b4
20 13 " - 65 100 c X
14 " 0 300 a z
15 " 50 300 a x
16 " 250 300 e - X
17 " 50 500 a x
25 18 " 200 500 - a X
19 " 400 500 b x
20 . " ' 0 1000 a ¥, 2




-

X ... scratch observed y . no scratch observed 15 . Z .
peeling occurred The result shown in Table 2 leads to the follomhng . U
conclusion: (1) Were the transient layer is not substantially 20
present (Sanpl e Nos. 11, 14 and 20), peeling occurs, but where the
eny | ayer occupies 10 to 90% of the thickness of the layer including
peeling occurs. (2) Even-if the layer including gold is only 100

des of 300 mu or nore, a vivid gold color is produced. - 11 -

the layer including gold exceeds 1000 mu, i.e. 1 u, it is easy to
scratch. Exanple |1l Watch cases made of brass electroplated with nickel 5
and chrone were used as works to be treated (105 in Fig. 1). UWtilizing the

ion plating aagaratus hown in. ig 1, a ayer including TiN and a |ayer
i ncl udi ng Au re Edth,roug $0 rzfceq |a2 E}xa lejfl. In this
Exanple 111, g tit al loy (80% 10po 0 and 10 ) was used as a
mel ting materilal (5@1 n Fing. 1}, |ggbead Qflmnﬁeatatapanlxand an Au all oy

23 " z 900 1000 b x

24 " 1000 1500 | a y

5/ 25 " 1400 1500. | b v
26 - " i 1000 2000 | =a ¥
27 " 1500 | 2000 a ¥

10 % a'..f viy;d gold -
b ... gold
| c ..; pale. gold
X ... scratch observed
Y ... 00 scratch observed
15 z.f.. peeling occurred
The result shown in Table 2 ieads to the following
coﬁclusion: '
(1) Where the transient layer is not substantially
20 present (Sample Nos, 11, 14 and 20), peeling
occurs, but where the transient layer occupiee
10 to 90% of the thickness of the layer including
gold, no peeling occurs.
(2) Even if the layer including gold 1s only 100 mu
25 thick, a gold color is produced, but when it is
coated in thicknesses of 300 mu or more, a vivid

gold color is produced.

thick, a gold color_is producel but when it is coated in 'ﬁé .



plate (84% Au, 10%-Pd, and 6% Cu) was used as .a sputtering target (131 in_
ig’ 1), instead of a pure gold plate. 15 . The resul tant 3u-thick aye‘

| udi ng Ti N wasconposed of a conplex nitride |ayer including TiN, 0
Hf N, . and the 300 nu-thick |ayer including gold was conposed of an A ‘5’
.aIon havi ng the substantially sanme conposition as that of the targe 13
in Fig. 1). The 20 thickness of the transi ait -l ayer was about 100 nu. The
complex nitride layer is superier in the affinity with the base to a sinple
Tiw | ayer, where the base is conposed of brass el ectroplated with nickel
and brass. Also, the | ayer conposed of an Au-Pd-Cu all oy exhibited an 25

el egant col or, gerior dhep thel daver ningbiding gadse eysPads 10092muExanple |V
Anot her enmbodi ment or. an i.on pl ating faratus dinthis invention is
shown in Fig. 6. In thi®s &pﬁar&?u§SZﬁﬁP\ﬁQfﬁﬁTq *vacuum chanber 201
having 5 a gas inlet pipe 203 and an evacuati on duct 202, there are

arranged a rotary work hol der 204 rotEﬁQmPkﬂ(iiﬂd a horlzontal axi.s by

rollers 206, a holl ow, cat hode t d:béron bea mel ti ng vapor. source 220,
and a plurality of sp&?ﬁéplﬁ@SG cﬁﬁﬁﬁﬁz ecsrgpifgedsyythplckel

e o011y AR e gL O B LU b O L1 00LBEFL 681 110 vapor

source 220.
Fig. 1). Utilizing the ion plating apparatus shown in

Fig. 1, a layer including TiN and a layer 1ncludinglku
were coated through the same process as in Example I.
In this Example III, a titanium alloy (80% Ti, 10% Z2r,
.10 and 10% Hf) was used as a ﬁelting material (121 in

Figz. i), instead of pure titanium, and an Au alloy
plate (84% Au, 10% Pd, and 6% Cu) was used as a
sputtering target (131 in Fig. 1), instead of a pure
gold plate.

15 .The resultant 3u-thick layer including TA1N was composed
of a complex nitride layer including TiN, ZrN and HfN,
and the 300 mu-thick layer including gold was composed
of an Au-Pd-Cu alloy having the substantially same
composition as that of the target (131 in Fig. 1). The

20 thickness of the transient layer was about 100 mu. The
complex nitride layer is superior in the affinity with the.
base to a simple TiN layer, where the base 1s composed
~of brass electroplé;ed with nickel and brass. Also,
the layer composed of an Au-Pd-Cu alloy exhibited an

25 elegant color, generally called pink gold or rose gold.



source, a snmall amount of argon gas was introduced into t-he holl ow eat hode..
- 222 made of refractory netal through a gas inlet pipe 221. By neans ,of a ;,
cat hode power. 15 source 225, a high negative vol tage overlapping an’rf
vol t agg<~uas applied. Wthin the holl ow cat hode 222, the argon gas was in
/33 condition. As the top of the cathode 222 was heated, an el ectron
beam pZgPwas emtted toward a hearth 223. A nelting material 224, 20 whi.ch
was spdl/ed continuously fromthe bet@@m~of the hearth 223, nelted at its
top by Teans of the electron beam thus produci ng vapor. This el ectron bé?ﬁ
source has been recently devel oped and is known to provide very high
efficiency.- - 13 - Returning ngy '15iqv 6, this enbodinment will be
expl ai ned: On the rotary work hol der 4, wat ch cases 205 made of stainless
steel were nounted Aﬁoﬁﬁéi‘sexﬁlﬁbd)ﬂnér{b?%tieﬁn 3on blatheghappeavames heel t ype

el ectron beam nel ti ng vapor source 220, pure titaniumwas | oaded as a

mel ting materi 3n Bhas invemkiqnnkaeahq“y @apBiSsoérce§n28@18240 and 250, a
gold plate, a paIIadlun1g and a_co ate were_set, respectively as

targets 231, 1@PPazajus, withdn ﬁ”B(g(pﬁﬁPé‘ chamber 20hHRAYFEHE) t he vacuum
chanber 201 thiough mfegvﬁ'fé’@téﬁ" N an?Qeachbloh"Guct 202, there

are arranged a rotary work holder 204 rotated around a

horizontal axis by rollers 206, a hollow cathode type
electron beam melting vapor source 220, and a plurallty
of sputtering vapor sources (230, 240 and 250).

"10 Fig.'?.shows in detail the hollow cathode type
elecfron beam melting vapor source 220. In this-?apor
source, a.small amount of argon gas was introduced into
.the hollow cathode 222 made of refractory metal through
a gas inlet pipe 221. By means of a cathode péwer

15 source.ézs, a high negative voltage overlappring an rf
voltage was applied. Within the hollow cathode 222,
the argon gas was in the plasma condition. As the top
of the cathode 222 was heated, an electron'beah 226 was
emitted toward a hearth 223. A mélting material 224,

20 which was supplied cont;nuously from the bottom of
the hearth 223, melted at its top by means of the
electron beam; thus producing vapor. This electron
beam source hés been recentlj developed and 1is known‘

to provide very high efficiency.:



gas inlef pipe 203, .a nmixed gas of nitrogen and argon was introduced and
f.rom the gas.inlet pipe 221, an 15 argon gas was introduced to a pres e
d?’[érr] Torr. Next, a voltage of -800V was applied to the works 205 zggga
“nmeans of a di scharge power supply 261 through a sliding brush 207 and
rotary work holder 204. As a result, the vacuum chanber 201 was filled with
20 a viol aceous gl ow di scharge pl asna= lBneer these conditions, by -
driving the cathode power source 262, a negative voltage was applied to the
holow cat hode 222. Then, by the electron beamenitted fromthe cathode
222, the titani um netetYRPiFR SoMato2BiBwad, nEnieEmRdimsnteyapdrBeed. This

titani um vapor was %fnkﬁpd in the plasma and reacted with nitrogen ions in
t he pl asna. Thee¥%§ T%ht titaniumnitride was deposited on the surfaces of

h 205. - - ' L¥i A9 o 63,
264 and 265, negat i Vo VA ASSE el o ApR Lol | B R et ap3 Hai8 e

tages were applied to the targe

251. Then, the #ftaifXksH1GtEelVaRPeSmBBACE PAS 1R E tNbeAdrRdLod . al | Oy
| ayers were coated together 5 with TIN on the surfaces of the cases. In

this final prockssthéyhadjassicathotbet ppgatleet nal thepes nedpliingdvapor he
plurality of targets 231, 241 an 25%, each of Efe Auh Pd d Cu vapor
suppl yi ng rat ess°g"aﬁfe| r’r%ép RHé'ﬁtht%‘é %n‘f?%llf?d{. 9rRgs | EE&EEEﬁng
' material 224, In the spuﬁtering vapor sources 230,
240 and-zso; a gold plate, a paliadium élate, and a -
copper plate were set, respectively as targets 231,
10 241 and 251. |
As in Example I, while exhausting the vacuum
chamber 201 through the evacuation duct 202, from thé'
gas inlet pipe 203, a mixed gas of nitrogen and argon
was introduced and from the gas inlec pipe 221, an
15 argon gas was introdﬁced to a pressure of 2 x 10-3 Tdrr.
Jext, a voltage of -800V was applied to the works 205
by means of a discharge power supply'261 through a
sliding brush 207 and ﬁhe rotary work holder 204._
As a resdlt, the vacuum chamber 201 was filled with
20 a violaceoﬁs glow discharge plaSma. Under these
conditions, by.driving tﬁe cathodg power source 262,
a negativé voltage was aﬁplied to the hollow cathode
222. Then, by the electron beam emitted from the cathode
222, the titanium melting'material 224 was melted and |
25 evaporated. This titahium'vépor was ionized in the .
plasma aﬁd réacted with nitrogen 1ons.1n the plasma.
The resultant titanium nitride was deposited on the

surfaces of the cases 205,



1
10 to this exanple, the color of the Au-Pd-Cu alloy surface was . _—
successful Iy modul ated arbitrarily fromlight pink cold to deep pink gold._,
with gegd~weproducibility. One of the features of the manufacturing process »
[ ionis that the vapor of titanium15 is supplied fromthe
electrtgﬂ§§a mel ti ng vapor source, while-the vapor of gold is supplied
fromths Spyttering vapor source. In order to evaporate high nelting point
titani um e el ectron beam nelting vapor source has been used 20 fromthe;
past. On the other hand, as a vapor saufge.of gold which easily nelts, an®
el ectron beam nelting vapor source, a resistance heat nelting vapor source
using a tungsten board, or an rf induction nelting vapor source has

general 1y been usededf, 4 nkNEoNt E5EDhe 200l SUdAR L1263, 2

sputtering'vapor_sourﬁe' ing a ativ ow vapor supplying rate.

-15 - Such a sputteringeapar $YLCeolasgt Dend Al | NG dvarhagearybes used
in this invent%%ﬁraiéiéﬁéc{ﬁégaigu%te?inggvapor.séﬁ%%e depends for F?E :
suppl yi ng rat e2gppn2&éheame @l ve Theint,agbeappli Bd snd Cu haanansgerergnd t he
positive gas ion pressure, and does not.depend upon the tenperature of
nol t en mat er i aspastéred heantk|Au-fd-Cipalapot aEBaF ceeraiRaiest &o&efibevapor

suppl ying rate can be changed with a goaqd '
PP Y1 Ng 5 with TiN on é%e surHLCesgo%athe cases. _

In this'final procesé; by adjﬁsting the negative
voltages appliéd_to'the plurality of.targets 231, 241 -
and 251, each of the Au, Pd and Cu vapor supplying
fates can independently be cbntrolled. Thus; according

10 to this example, ﬁhe color of the Au-Pd-Cﬁ alloy surface
- was succéssfﬁily modulated arbitrarily from light pink
gold.to deep pink géld with gobd reproducibilitﬁ.
| One of the features of the manufacturing process

of the invention is that the vapor of titanium

15 ——1s supplied frbm the electron beam melting vapor

source,'while Ehe vapor of gold is supplied
from the sputtering vapor soufce.
| In order to evaporate high melting point titanium,
the electron beam.melting vapor source has been used
20 from the past. On.the other hand, as a vapor soﬁrce.of
gold whiéh easlily melts, #n electron beam mélting vapor
source, a resistance heat meiting vapor source using a
tungsﬁen board, or an rf induction mglting vapor source
has generally been used. In distinétion, the present
25_inven£ion uses a sputtering vapor.source having a

relatively low vapor supplying rate.



respaqnse. .10 Secondly, when an alloy of a plurality of elenents is
ewagpor.ated, t-he vapor conposition does not shift by the difference anong
the vapor pressure of particular element in thermal equilibrium as in the
nmelting type vapor source. Therefore, it is possible to supply the 15 A&

~The sputtering vapor source having the above features is essential_ i
to.control the thickness O the trangsent |ayer and further to modul ate

col 20 of the gold based topcoat ftImw th good reproducibility in the
manuf act uri ng process of the invention. - 16 - 1. ~ A process for

- manuf acturi ng an or$esterd aputaketriagpPrapdbAgsowr &y i Kid G na tflailrioqi)‘acuum
chanber filled with a I'ow pressure gas at nosphere including nitrogen gas,

t he or nanent al 2p¥@ntages; whenk usedbént thas etihvent idrect ron beam nel ting vapor
source for evaporat%gg éit nium 5 and.one or nore sputtering vapor sources
for supplying at |easts4’ gott IBHHeT & NPeahsAYTan derends o el d bet ween
sai d ornament ak¢pga i tro e Ltin apor source to produce
a pl asna g|OM/gf§cﬁg?€£9%ﬁ€f€&£§ (gé t %gkg%ivgvg%%? T APRIHES  oni zi ng
the titaniungi not bReptasg@t iV thes GRA1ES k0 g8Qa% oA éiééﬂm Nl hqconPosed: of
titaniumnitride on a surface of said ornanmental part; ? o g

: does not depend upon the temperature of molten material

as in the mgltiqg type vépor source. Therefore, the
vapor supplying rate can be changed with a good
response. '_.

ld Secdndly,.when an allqy of a.pluraiity of elements
is evapq?ated, the vapor coﬁposition does not shift by'
the difference among the vapor pressure of parﬁicular
element in thermal.eqqilibrium, as in the'melcing type
vapor source, Thereforé, it is possible to supply the

15 vapor of the substantially same éompoéition'as'the alloy

" which forms the tabget.

Thg sputtering vapor source having the above
features 1is essential in order to control the thickness
of the transient layer and further to modulate the color

20 of the gold based topcoat film with good reproducibility

in the manufacturing process of the invention.



.at the final stage—of—this—preecess—applying a 'negative voltage to oﬁe or__;

nore targets of said one or nore sputtering vapor sources and at 45 the N

same tine, supplyi r]ﬂ“ﬁ or to forma transition layer including
both titaniymnitr Mﬂ] Jm“nd while continuing to supply the gold
A |y st eppingtt h® evaporation of the titaniumto coat a film of

gol d -as a oat layer. 2. A process as clainmed in claim1l, wherein
said titaN conprises 20 pure titanium, 3. A process as clained in .
claim1l, wherein said titaniumconprises Titaniumalloy with zirconium g
‘and haf ni um 4. A process as clained in any preceding claim wherein
"sai d sputtegiagstar get comi)ri ses a gold alloy with palladiumand copper. 25
5. A process as clained in any of clains 1 to 3, wherein one of said
plurality of targets conprises gold. 6. A process as clained in any

- preceding cllaim aiproeess sat dammtmmiaganrmgaenﬂammantsmpnismggen and

ar gon. - 17 - |iBEk | mﬁé&!sghﬁ? film
mai nl y ccposed ofgﬁv%%m uﬁ%ﬁﬁ%gg‘ﬁ? 'Tq{rom 15?%%10 mcrons 1Tnt ness, -
the film coRtTREIRE 4BFAIT PLERATEN P e RTAIRNtRh RANE AS B IPTR HPE he -
transition lpased] Shnlélécﬁr&i)%&ﬁ mbrdnly akaipof sonré&tfsi(maporaﬁuﬁ; t:.tam&mr ocess

vat o case R AR ¥ RS LA SLAT Loty 3cF SLRIRE A (BB e ©F 2

process as &REMted in any pr ecedl ng claim wherein said eI ect ron beam
nel ting vapor SOUgS@bl fehitha Anf é1RERTY £idlACpetween said ornamental part and

said electron beam melting vapor source to produce a plasna glow N
discharge therebetween; _ )

10 evaporating and.lfcnizing the titanium in the plasma glw
discharge to coat a film nairily conmposed of titanium nitride on a surface
of said ornamental part; ' . _

at the final stage of this process, applying a negative voltage to
one or more targets of said cne or more sputtering vapor sources and at

15 the same time, supplyi'ng the gold vapor to form a transition layer
including both titanium nitride and gold': and

while continuing to supply the gold vapor, gradually stopping the
evaporation of the titanium to coat a film of gold as a topcoat layer.:

2. A process as claimed in claim 1, wherein said titanium comprises
20 pure titanium.

'3. A process as claimed in claim 1, wherein said titanium comprises a
titanium alloy with zircoriimn and hafnium.

4. A process as claimed in any preceding claim, wherein said

sputtering target comprises a gold alloy with palladium and copper.

25 5, A process as claimed in any of claims 1 to 3, wherein one of said

plurality of targets conprises gold.

6. A process as claimed in any preceding claim, wherein said -low-
pressure gas conprises nitrogen and argon.

K



'10 10. * A process as clained in any of claims_1-to 8, wherein said
‘el edtron’beam rel ti ng vapor source is of a hollow cathode type. 11.

Drocess as clained in any preceding claim wherei

source or sources are of a magnetron type. 12. ”“lmgﬂua. mrﬂl
any preceding claim wherein the work to 15 be treated s wmunte on a
‘rotary work holder having a vertically pkvbted rotation-axis. A
process as claimed in any of claim 1 to 11, wherein the work to be treated
i sxorounted on a work hol der having a horizontally pivoted rotation axis. 20
14. A manuf &ct ur Anprosess @ssclaibed antdlalihnyl, avhdreirispididd tm impdelybemposed
reference 10 gd;ihilsh lniet{dal £ ebdn 1NEo A6GRPARY LAGNIE@WsEI%he Ffilm |

contaJ.m.ng gold is from 0.1 to 1 micron in thickness, and the transition
layer is 10 to 90% of the latter in thickness.

5 8. A process as claimed in any preceding claim, wherein said
ornamental part is one of a watch case, a metal spectacle frame, a
lighter, or a pen cap. '

9. ~ A process as claimed in any preceding claim, wherein said electron ' .
beam melting vapor source is of a filament type.

10 10. A process as claimed in a.ny of claims 1 to 8, wherein said
electron beam melting vapor source is of a hollow cathode type.

11. A process as claimed in any precedirig claim, wherein said
sputtering vapor source or sources are of a magnetron type.

12. A process as claimed in ény preceding claim, wherein the work to
15 be treated is mounted on a rotary work holder having a vertically pivoted
rotation axis.

13. A process as claimed in any of claims 1 to 11, wherein the work to
be treated is mounted on a work holder having a horlzontally p:Lvoted
© rotation axis.

20 14. - A manufacturing process éﬁbstantially as herein described with
~ reference to and as illustrated in the accompanying drawings.




