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-1 - NETHC5 AND APPARATUS FOR COATI NG MATERI ALS 2 123 441 BY | ON PLATI NG
BACKGROUND OF THE | NVENTION 1. Field of the Invention 5 Thi s

P . . . .

i nventi on relates to a nethod and apparatus for coating materials by.ion
plating. 2. Prior Art The follow ng process-has become known as ion - -«
.plating: a vapor of an evaporation material froma 10 vapor sour cg¢
a-gas introduced froma gas inlet are iondled by an ionizing neans, and.
fMmof a nmetal, alloy, conpound, etc. is deposited on a substrate surf
which is at a negati vgrPed®ninm! aFralraltue FoR coarIat WACERANDS ezmsg i3
Especial ly,- 15 t1Te process Where tne roni Zed vapor ol an

material reacts with an ionized ga8YailOds PLal@NGo form a conmpound is called
reactive ion plating. The technol ogy for producing a gold-colored titani um
nitride (TiN) |ayer onto the WW%@N& oipagézoml’glwlgﬂ part by this
process has been disc]losed, for_exanple, in U S Patent No. 4,226,082. In

t he process of 1onF%ﬁ%ﬂi9£Lt§?rﬁﬂ¥%ﬂ Ty bi ased substrate surface is al ways

bj ected t it i b t iyl t | Lth th
Coal ng mt ot al.  Accor S g vsuon e Ve ACRRYRoY  BER PpReythan the
bonbar ded and evapggat gd, 2gal Ny Ah QA oY q@hrpqggga'ye particles are
xce

deposited. As a result, a.coating having‘e ent. adherence and cl ose
packi ng can be proppees, adit the déposition rate

The following process has become kpown as ion
plating: a vapqr.of an eveporatiqn material from a
10 vapor source and a gas introduced from a gas
inlet are ienized by an lonizing means, and a film
of a metal, alloy; combound, etc., 1s deposilted on a

substrate surface which 1s at a negative potential

relative to that of the vapor source. Especially,

15 the process where the ionized?vapor of an evaporation
material.reacts with an ionized gas atmosphere to
form a compound is called reactive ion plating.

The technology for producing a gold-colored titanium -

nitride (TiN) layer ohto the surface of a decorative

20 part by this process has been disclosed, for example,
in U,S. Patenthd. 4,226,082, In the process of ion
_plating, a negstively biased substrate surface is elways
subjected to positive ion bombardment and simultaneously
deposited with the coating material. Accordingly,

25 poorly adhesive parﬁicles are bombarded and evaporated
again and only highly adhesive particles are deposited.
'As a result, a coating having -excellent adherence and

close packing can be produced, but the deposition rate



* -2-is slow, when conpared with usual evaporations. The close-pacKed ,
coating hardly rel axes a stress and increases the residual stress as the

coating gfows. This stress will cause destructive cracking. It is, N -
therefoye, difficult to 5 growa filmto an appropriate thickness. It has

"~ been osed, therefore, to use ion plating at the initial stage of a
coati rocess which requires adhesion and then to exchange it to a usual -
evapo i on process so as to grow thé coating (see Japanese Publi shed gl

Unexani nedisPstant whgpptompared witl) usoall 33g@gptioaswever, usual evaporati ons
have no neans t qpnd Qibe&phbled/ 80 ing nAR1F YRRAEA! h WL-BR @hisal . Therefore,

reactivity is not full enough to produce a coating of iIntended quality,
especi al | YOFFPasRE §h6r Fetidual SErRSBd e $9atARI FEOWR-heTHiSr 8trF8ual evapor a-
15 tions anelpauserdestrutties ciatigngyvelly id,gbherme€orsn adffdchionrs, thus

causi ngel e V. | S . L,ou ”|Q9g£ It is difficult to coat a film
wth a anigié?'n%a?%htl%ﬁe%gggﬁ{%ﬁ%% g?%l’es asn'd back of a substrate of
intricate shapelt3@eNVeRn CFOrPREd] RbereErop 20 use ion plainguathébe of the

i nvention jnStid) Stdddl Sl codtangdiveess oAl dD PESLidea HaREKDROdncONVeNt i onal
t echnol ogi Accordi ng to one aqsag_ect of this invention there is provided a
n

S.

met hod 1 orhEd A0 FEFTRRPREAFR oY= Fim S RRFR TG GIREFTS AR FE Fo¥ps of  (a)
provi di ng tha coatipd dsee Jappeseaburd ibized tgexanineinPateny Afplikerisnoper at ed

i ndepengenflysfRhgs potential of a-substrate; (b) at an initial stage,
ionizing a gas 1 ntroduced froma %a.s inl.et and a vapor of an evaporation
mat eri al from aHoWRYSE, SBURL EVARPRALLERE PR iNAGTRRNS L¥T AeRLZ8f théai d substrate
with a filuipef oFoarl eO¥miat &dr Mlterial. Therefore,: reactivity is not

full enough to produce a coating of intended quality, especially

in the formation of compound films. Furthermore, usual evapora-

15 tions are performed under relatively high vacuum conditions, thus
causing less vapor to disperse roundabout. It is difficult to
coat a film with a uniform thickness onto the sides and back of a
substrate of intricate shape.

SUMMARY OF THE INVENTION .

20. The purpose of the invention is to eliminate the above-

mentioned drawbacks of conventional technologies.
According to one aspect of this invention there is provided

a method for coating materials by ion plating comprising the steps
of: (a) providing' an ion plating apparatus having an ionizing

25 means operated independently of a potential of a substrate; (b) at -
an initial stage, ionizing a gas introduced from a gas inlet and a
vapor of an evaporation material from a vapor source, and ion
plating a surface of said substrate with a film of said evaporation
material or a compound of said evaporation material and said
jptroduced gas, said substrate being cathodically biased relative
to said vapor source; (c) at an int_ermediate stage, while driving
said ionizirg means, cbhtinuing ion plating with the potential of
said substrate left floating; and (d) at a final stage, while

_ drifring said ionizing means, continuing ion plating with the

35 potential of said substrate again made negative relative to that
of said vapor source.

According to another aspect of this invention there is



-

material or, a conpound of said evaporation material and said |Introduced
gas, said substrate being cathodically biased relative to said vapgr .
: sour€e; (c) at an internediate stage, while driving said ionizi r@ans,_
continuing ion plating with the potential of said substrate |eft at ng;
~and (d) at a final stage, while driving said ionizing means, continuing’ion
plating with the 35 potential of said suhsgrate again made negative
rélative to that of said vapor source, According.to, anot her aspect .of this
i nvention there Hrg"lded-%-meﬁg?ﬂlifﬂ’écfﬁtm RRPridts L8aorplatane B99i on
plating conpri sivhg $tepsséfepsaPbrovidingranvish platdngi appardtasi eyiag @ at us
havi ng an ioni zing.r e i n - Y. ent | al .
substrate; (b) aﬁ%‘%ﬁ'%ﬂ%al%glgs ggeed, Lﬁ%ﬁlg%&g oéc‘g‘é iﬁ r?? I?%lggcéefgaf.%bﬁ?ﬁatgeas 5
inlet and a vapd®)odt an nispak stagm benigingla gasodntroduerst fxemBacgas and i on
plating a surfacelef andi &l vaphs bE adrf eVhddralidnl kﬁ’&e?iaﬁ&‘t&n%Véﬁia%d&Qe,
L r
4L ot

terial d of .said ¢ | and sai d
gas.  sai 0 Subst PRECL PR DR T STIAR O AL SUDTIPES (HiEh (%) ¢ ST

aid
vapor source; (@vaperagmon matemialict e dpotusdjof satifdlevagoration materdialoni zi ng
means, repeatin I Nateebdt e i on 'tFEQr . . ROt Jd.al s of
said substrate Igag téﬁaoatl ng and t.'esfﬂtﬁgip}) at ?%%Bg#gpgﬁﬂgﬁlﬁégg%ﬁ%?l al of
sai d substrate rRedativegtR ithat of| $aid, ¥Ry $HEFe bl Atdan ipsermediate so as to

stack films; {gl)stagewhilabritingesaidhidrzing wkarg, Stérdading aliezhagelyeans,
cont UL 19 1 o0, ALk S RO B bl 28 e LRI
this invention tfleakingsanst the dod plating step with the potential of said '
substrate made negative relative to that of said vapor source so
‘as to stack films; (d) at a final stage, while driving said
15 icnizing means, continuing ion plating with the potential of
said substrate again made negative relative to that of said
vapor source.
According to a feature of this invention there is provided
an apparatus when used to perform the method of said one or said
20 another aépect, said apparatus comprising an ion plating apparatus

when used to perform the method, said apparatus comprising: (a) a
vapor source at ground potential; (b) a substrate holder located
above said vapor source; (c) a pair of anodes located on the side
of said vapor source with respect to said substrate holder and
25 the opposite side of said substrate holder; (d) one or more thermo-
electron emitting filaments located between said anodes; (e) a
vacuum chamber for accommodating said elements, said vacuum chamber
having a gas inlet and an evacuation system; (f) means for applying.
a negative potential relative to that of said vapor source to a
30 substrate supported by said substrate holder; and (g) means for
' removing said negative potential to leave the potential of said
substrate floating. ' '
BRIEF DESCRIPTION OF THE DRAWING
The invention will now be described by way of example with
35 reference to the accompanying drawings in which:-
Fig. 1 is a schematic sectional view illustrating the
structure of an ion plating apparaﬁus used in the coating method



"an appar at us when used to performthe method of said one or said 20, anot her

aspeqta sai d apparatus conprising an ion plating apparatus when used to

per f he nethod, said apparatus conprising: (a) a vapor source at grodﬁd v .
. potemY\@ ; (b) a.substrate hol der | ocated above said vapor source; (c) a

pair or~”anodes | ocated on the side of said vapor source with respect to

said substrate holder and 25 the oppAasite side of said substrate hol der; -

(d) one or nore therno- electron emtting filaments |ocated between said St

anodes; (e) a vacuum chanber for accommpdating said el enents, said vacuum
chanber haadoagdinggta thal Bwveatignarandvacuat i on systerny (f) neans for applying

a negative pot e'ﬁﬂga'z ;8| Rlsk¥@idngl thak j‘)flu§t§c'a@1r¥g'iﬂﬂé steuteReldE @ 30
substrate sl‘}glported 4§VS id substrate ho neans for renoving

sai d negatf %aé\}ﬁgt“ﬁéh?ﬁbfaﬁ?ﬂﬁdém&f’ é‘% dEN5ERT-at e floating.
BRI EF DESCRI PTI O\I OF TDHTADIRAVPESCRIPEIONNQR THE ANVEWTIONNOwW be descri bed by way

of exanple wth 3a rafer tHqt e AL6R ich:- Fig. 1
is a schenatlc sec I on l'ﬁ'igflc‘gc\’/vl:?' I{}stratl %Eé itrgéaﬁt\&gre o* e{)\r%/nl on plating
appar at us tHFugtyse %@ncm PiRFiRgtanparatus. uyed jr dHP Faagind meHod nvent i on;

and Fi 9. Zadcdr@ir®eed itB8ainvéh€itnl | | ustrating the structure of a film
produced by the _coating nmetho ccording to the invention. DETAILED

DESCRI PTI ON OF ﬂiﬁ@wm%ﬁe& ot F%ga"n%‘ﬁ% CiongSYSEE™ here s
schemati cal lig pleged & Wepst soatcer ¢ whiiclarisi drivehaty agocaep appbls 3used | n the
coat i ng yfeiod: AGGET A B 48 kR h\RBUAPBorMEl N A-AEHLTGRANT ef

evacuat egE%y an evgcuatl on system
source 4, an evaporation material 5 is evaporated. Above the

vapor source 4 is positioned a rotary substrate holder 7 which

has many substrates 6 and is designed so that a negative potential

to ground is applied thereto through a power supply switch 8 and
15 a cathode power supply 9. As the vapor source 4, '



-

1 is placed a vapor source 4 which is driven by a power supply for
driving'it and is kept at ground potential. Fromthis.vapor source 4, dn.
.eVaporation material 5 is evaporated. Above the vapor source 4 is
positioned a rotary substrate holder 7 which has nmany substrates 6 and is
desi gned so that a negative potential to ground is applied thereto through
a power supply switch 8 and 15 a cathode ppwer supply 9. As the vapor

sefir ce 4, -4- besides the resistance heating vapor source shown in the
figure, a fil ambdsiidese thie relsistanaehbedatipgevapertsourdeashonwst timgheapor

source i s used, dependi ng upon the intended gurpose. 5 In the cl ose
vicinity of the fgste squifddamens §xpei Arehoildovscaperdel. t¥PHBiehirUdhodes

13 and 14 to which a i.tive potential is applied, by ap anode r supply
15 are | ocat ed quat“hé'Pe;'st&é‘gof"agﬁé'_ 58B8Fesiﬁrggeﬁ’mﬁi?#? Jparp Hhe,
substrates 6 an ' osite side of the substrates 6. The | ower
anode 13 is of g“ﬁ#ﬁgﬂgh%béngg'the upper anode 14 is of a disc shape

Between the gnodes 13aRgel413is@ WARAABEYEEEr OHe CWRpEF NGotibé@NENt S 12 Which
are driven by the respective filanment heating power supplies 11 and kept at

ground 15 potentd gtas |1hlleti L0apBabpentd.t ha pAerNoe! endden EFddd rph
filaments 12 and the pair of anodes 13 and 14 form an ionizing nmeans.
Exanpl e 1 Coat i rep ofhitdht anipositilvei gotemtARlussngpphbe@Coy ammnada us. shown
in FIG 1 wll be described by the :
power supply 15 gfe located on the_side of the vapor
sou?ce by with_rg;pect to the substrates 6 and on the
10 opposite éide of the_substrates 6. The lower anode 13
is of a ring shape and the upper anode 14 is of a disc
shape. Between the anodes 13 and 14 are thermoelectron
emitting filaments 12 which aré driven by the respective_
£1lament heating power supplies 11 and kept at ground
15 potential. In this apparatus, the thermoelectron
emitting filaments 12 and the pair of anodes 13 and
14 form an ionizing means.
| Example 1
Coating of titanium nitride (T£§5 ﬁsing the
20 | apparatus shown in FIG, 1 will be describéd by the
following examp;e of the invention:
- Titanium was placed as the evaporation material 5
on the vapor source 4 and watch cases made of
stainless steel were set as the-sﬁbstfates 6 on the
25  substrate holder 7. |
Within thg vacuum chaﬁber 2 evacuated to approximate-
ly 10'IS torr through the evacuation system 1, an argon

gas was introduced from the gas inlet 10, so that the

gas pressure was kept at approximately 10'3 torr.



| exanple of the invention: Titaniumwas placed as the evaporat1on
p on the vapor source 4 and watch cases made of stainless steqL/
wer e as the substrates 6 on the 25 substrate holder 7. Wthin the
vacuu anber 2 evacuated to approximate- |y [err] torr through the
evacuation system 1, an argon gas was introduced fromthe gas inlet 10, so

that the gas pressure was kept at_approximately [err] torr. -5- f“'

Under.that condition, when the fhernoel ectron en1tt|ng filanments 12 and the”

pai r of,anod%zﬁlé_%a E%Fé4gm§&%6ghlvgnen Eggt mgg%gcgg%ﬁted fromthe

~filanments 12 the ano e electron 5 -

stream g b | hgrggd ARdes 008 zedld thus filling the
U M3t <039 bAdbend! pa aABde’s 013

vacuum c the di scharge gas plasma. Then, by closing the power

supply syidLlad i anRlctireasaweegaemietpat epbinathé oft bemenbstrates 6, the
10 substrate surfaces were bonbarded and cl eaned with positively charged
argon i axes.ardxdccealieenatiede biyntthedenedegad 3wepdsifit chBet eleet B@mon- ni t r ogen
m xed gas and the vapor source 4 was -driven to evapgrate titaniumas the

evapbr at§toreans allayes ithe %ﬂ%@“tﬁ?ﬁnFGnP?aSéPcéﬁﬁgﬁ?t?B@eﬁ°@%§eﬁere i oni zed
B e et R P
plasma.
Then, by closing the power supply switch 8 and
applying a negative potential to the substrates 6, the_'
10 substrate surfaces were bombarded and cleaned with
positively charged argon ions.
Next, When'the introduced gas was switched to an
argon-nitrogen mixed gas and the vapor source 4
was driven to evaporaté titanium as the evaporation
15 material, the titanium vapor and nitrogen gas were
ionized into an active state and formed a titanium
nitride compound, which was, in turn, depOSited on the
substrate surfaces.
At that stage, since the negative potential relative
20 to that of the vapor source 4 was applied to the sub-
strates 6, the substrate éﬁffaces were depoéited with
the titanium nitride compbund, while being bombarded
with the introduced gas lons and the titanium ions.
Therefore, a f1lm héving excellent adherence and close
25§ packing was formed at a deposition rate of about 0.0l u/min. -
After that operation.was continued for 10 minutes
to form an about 0.1 up thick fiim, the power supply

switch 8 was opened to make the potential of the



At that.stage, since the negative potential relative 20 to that of the
vapor source 4 was applied to the sub- strates 6, the substrate

wer e~deposited with the titaniumnitride compound, while being b
with the introduced gas ions and the titaniumions. Therefore, Rl
havi ng excel | ent adherence and cl ose 25 %ﬁcking was fornmed at
deposition rate of about 0.01 u/nmin. After~*™hat operation was continued for
10“m nutes to forman about ‘0.1 u thick film the power supply switch 8 was
opened to nmeke t heupiidd2l6 G olaReng, - 6- substrates 6 floating. At that
time, the ionizing neans conposed of the thernoelectron emtting filaments
12 and the anodes 13 aitd tihatneimepetieedondddpenaeannsycohpobed pof etiné al of
the 5 substrates 6. Therefore, there was little variation in ionization
efficiency, and i¥hermoelestorerbemiddingh£idapgnss132,and1he aaedes L3ear

the substrate holder 7, a uniformdensit |.as was mai ntai ned, On the
other hand, as th@$otbifas orgratied ehdeatyy; ﬂi‘léhehaoms‘amgoét%%

was substantiglly ﬁﬂﬁ t 3 nt | f a 0 -
substrates 6, tfmﬁ%ﬁ%%g' [ ?ﬁe gﬁfgggggﬁ’igﬁgﬁgng§%d§£€¥f%hygﬁ%&gﬁﬂ%trates
6. Therefore, at {hafoSiA08 0 eTH1llieheP. | ¥naCihvahed ﬁe@§§¢ Entitani um
nitride filmwas forﬁ%d effé%t!velf 15 gf éndeposit?pﬁagg?e 0 é%out-O.QS
[err]/min. After ghovdnuida T idnd anquitndc5ikgr hbabhtRK Subétweat&tes Task at e
stage, the substrates 6 were set at

7, 2 uniform density plasma was maintained. On the

other hand, as the potential of the substrates 6 in | -
10 the floating state was substantially the same as the -
potential of plasma around the substrates 6, there was
little effect of lon bombardment oﬁ the substrates 6.
Therefore, at that stage, a sufficiently activated and
reactive titanium nifyide film was formed effectively
15 at a deposition rate of about 0.05 u/min,
After growing the film about 0.5 u thick at the
intermediate stage, the substrates 6 were set at
negative potential again and a close-packed film was
formed to a thickness of about 0.1 u. At that final
20 stage, the negative potential applied to the substrates
6 was adjusted to control the luster and hue of the
deposit.
FIG. 2 is a schematic sectional view illustrating
the structure of the titanium nitride film produced. in
25 the above-mentioned exampie. A titanium nitride film
20 produced on the surface of a substraﬁe 60 comprises
three layers, in which a base coat layer 21 and a topcoat

layer 23 are relatively close-packed films formed with



negative potential again and a cl ose-packed filmwas forned to a thickness
of about -0.1 [err]. At that final 20 stage, the negative potential applied

to tfie\substrates 6 was adjusted to control the luster and hue of the No& * |
deposigAYFIG 2 is a schematic sectional view illustrating the structure.of

t he fumnitride filmproducedin 25 the above-nentioned exanple. A

titani nitride film 20 produced ofi=t he surface of a substrate 60 -

conprises three layers, in which a base coat |ayer 21 and a topcoat |ayer "

23 are rel gfivegl - qh%g;f' it R, S t 60 kept
at the negg%%viu%%géﬂﬁféﬁﬁan tﬁgiqgfiqﬁgﬁﬁﬁw%_?°fgpﬁ slnagﬁiéaﬁgss, i
respecti vehye #AWohtt®@/1gdi bi cthdi@iesy’, iresprdtidlelg rel atively |less

cl ose-packed filmforned with the substrate 60 5 kept at the floating
potential and iAnisntdrmédihte [lefydr i22 s eladesof bnrelatiiveagi um nitride
filmthus fornmed, the base ceat |ayer 21 assures sufficient adhesion at its

interface Weh ¢hesemrtked Lo fammead sty bhe- sphskeatenbrnedi ate | ayer
22 rel axes the stress and 10 gives the required thickness; and the

t opcoal | a§ePTt 08¢ Skt oatng Ratarnd i3 @dsdtadd @abaut 8sbskance and

o ove ¢ heyl Ugh Phcplgl e 21 iSSR0 A B C IRl od. gl coat i g 1
hi ckness heceaPtoedfy iy, 90 R licd R ratdnt suherBltl: ° T his
exanpl e, houevefiteRrddd atitH the substrate 60, the less close-
packed intermediate layer 22 relaxes the stress and
10 gives the required thickness; and the topcoat layer 23
assures the surface hardness and wear resistance and
allows the lusfer'and'hue'of the coating to be controlled.
Such coating is most useful for decorative parts and

tools requiring wear resistance.

15 When only the close-packed titanium nitride film 21
- 1s formed to a thickness-exceeding about 0,2 u, cracking
will often occur. In this example, however, a total of
0.7 u thick film of greater wear resistance has been h
obtained. |
20 Example 2

Cutting tools made of tungsten carbide (WC) were
set as the substrates 6 on the substrate holder 7.
An'argon-nitrogen;acetylene mixed gas was introduced,
and the proceSS'of_ion plating comprising three steps
25  was performed as in example 1. As a result, a total of -
1.2 u thick titanium carbonitride [T1i (C, N)] coating has
successfully been produced, gre;tly increasing the tool
1life. With this example, the intermediate layer is 0.9 u
in thickness.



0.7 [err] thick filmof greater wear resistance has been obtained. 20
Exanpl e '2 Cutting tools nade of tungsten carbide (WC) were set as th
.sUbstfates 6 on the substrate holder 7. An ar gon- ni trogen- acetyl en
gas was introduced, and the process of ion plating conprising thre
25 was performed as in exanple 1. As aresult, a total of 1.2 |
thick titaniumcarbonitride [Ti (C, N)] ce8&ting has successfully been
produced, greatly increasing the tool life. Wth this exanple, the
intermediate layer is 0.9 [err] in thiﬁgneSf. Exanple 3 The simlar
process as in exanple 2 was repeated tWe®PLehds producing a total of 2
[err] thick titanium garbonitcide filmon ti] f

coating conprises 5 .cﬁ\e\/é? 8Fs.pr°?ﬁasc%gs£¥p%%%g%igg%c%%{ a 1:ae-slggech(_%"acte’
| ayers are 0.1 [ . epr L okQ1t Qieckngs S ' Yoar¥h i T
[err] thick int efgrgedoﬁ g}g’#gég% %skfﬁtgér ggsgdsaég?%ge?ﬁg%ﬂ&iéﬁhf?af m haivﬂi}r_ligiela
thi ckness of 0.1 f1am Jontol tuB8snReeBoles@anaées. t hbtie tdvagide cUmprises
cutting tools thus 10 coated wth a thick hard filmis about ten tines

| onger than beforfiveEdayers.4 Bheekloseepaskedtsopovats and bagerevatere set
as the substrates 6 on the substrate holder 7, and chrom um 15 was used
as the evaporati devessergrgl 051 uAangr Qo YadnwbblekresuResrentd ey »

‘process of ion plating conprisin .
P pand f% a qET U t%ick intermediate layer is interposed

a close-packed film having a thickness of 0.1 p. It has
been recognized that the life of the cutting tools thus

10 coated with a thick hard film is about ten times longer
than before,

Example 4
Steel rotor shafts for small motors were set as
the substrates 6 on the substrate holder 7, and chromium

15 was used as the evaporation material 5., An argon gas
‘was introduced, énd the process of ion plating comprising
three steps was performed as in example 1. When chrbmium
is dep6sited by the 1lon plating process to a film exceed-
;ng 0.1 4 in thickness, cracking will often occur.

20 However, the method of the invention has successfully
produced a total of 0.5 u thick-chrbmium.film without
ecracking. In this case, the close-packed base coat
layer and top coat layer are 0.05 u in thickness,
respectively, and the intermediate. layer is 0.4 u

25 in thickness. The'rotor shafts thus ilon plated with
chromium exhibit excellent wear resistance.

As will appear from the.abébe-mentioned examples,

the coating method according to_the invention permits



three steps was perfornmed as in exanple 1. Wien chromumis deposited by
the ion plating process to a filmexceed- ing 0.1 [err] in thickness, ° .
cracki wi |l often occur. 20 However, the method of the invention hash’
succe |y produced a total of 0.5 [err] thick chromumfilmw thout
cracki In this case, the close-pa8ked base coat |ayer and top coat |ayer

are 0.05 [err] in thickness, respectively, and the internediate |ayer is —.

0.4 [err] 25hand, fiAmcihdsch. 1sTRRtr bpoprcoumpriate hysrestdyrhtdreish
chrom um exhi bit excel | ent wear resi stanc ] ear frgmthe

above- nent itth&¢ é’)?&'l’Fﬁdeé‘f‘itfﬁEm&Ba?Fﬂngrg?ﬁwe %\é\%é’%?]ggyt%wﬁe&?envent ion .
permts -%— a har fLInlmhich Is apt to accunmul ate a residual stress to
be forned Jﬁﬁﬁﬁ}n1y g relatively thickly over the entire surface. The

coating method @%etQ%akﬁﬁgncheggEZofnéﬁePfﬁé&ﬁtfbnff% M Aduedd f 1| ms onto

parts of intricate. shape Su ecorative parts includi ng watch cases and

frames df gpechroldasingUriing b6AObSpasts dbNoistricars Hapedwr cal parts,
and the like. In the coating nmethod according to the invention, 10 it is
necessary ta@ derbratdvepeaatsngnthedingi eatgh nemsss cared Sveares he potenti al
of substrates 6 is left floating. For this purpose, the, ionizing neans is
requi red t @fosdestaciledepentithngytorlsheshbdbmgisurdicemheoBubstrate. As

such ioni zing_ neans, besides 15 ~a conbination of thernoelectron enitting
filaments mechanical parts, and the like.

In the coating method according to the invention,
10 it 1is nécessary to continue operating the ionizing
means even when the potentiél of substrates 6 is left
flqating. For this purpose, the‘iénizing means 1is
required to operate independently of the potential
of the substrate. As such ioﬁizing means, besides
15 a combination of thermoelectron emitting filaments
and anodes mentioned above, an RF excitation type has
- been known, and either means can be used in the coating
method of the invention. The following types of -
apparatus are known as the former examples: a type in.
20 which anodes are located above the vapor source
(Japanese Unexamined Patent Application 52-24990)
and a type in which anodes are located at the rear of
the substrate (Japanese Unexamined Patent Application
55-48107).
25 The apparatus of the invention illustrated in
FIG. 1 has been improved on the above apparatus. As T
already stated above, the apparatus of the invention
has an lonizing means composed ;f a pair of anodes

13 and 14 on the opposite sides with respect to the

-



and anodes nenti oned above, an RF excitation type has been known,
ei ther nmeans -can be used in the coating nethod of the invention. z

£ 01 e ng types of apparatus are known as the forner exanples: a type«&m 20
whi ch anodes are | ocated above the vapor: source (Japanese Unexam ned Patent
Appl i cation 52-24990) and a type in which anodes are | ocated at the rear of
t he substrate (Japanese Unexam ned Pat ent.18ppl i cation 55-48107). 25

The apparatus of the |nvent|on illustrated in FIG. 1 has been |nproved on

t he above appar at us. al r tate ve, appar at us of t

‘invention has an§ .ﬁaﬁﬁs an g%ﬁ *t%. h%ﬁ)Qéiﬁﬁﬁf %ﬁiftfﬁgbn

the opposite sid %&E%tr Begﬁ 58 %p en substrates 6, and a plurality of
Rt 12 kherdhstiinen, -

t her noel ectron e i Ng anmen erebetween. Wth the above

structure, the plasmayiear theeasabété@{»@ét@r@eoa@spmx&@m‘eawtciﬁns'ty, and
when the 5 Substrates 6 are le | oati ng, the potential of the

substrates 6 becmt&ﬁtesaﬁebaaoixéstuﬂiféhﬁ Ph aGeves L thheraddnhenvitilee t he
hi gh ionization effect is maintained, the bonbardnent effect on the

substrates 6 Tan sefistriases $ beecdeftofleating,. the potRretimiparfattie havi ng
such functions accordgﬁg to the.invention is useful especially for the
pur pose of coati igbstreEes i b ﬁﬁowﬁsnﬁ?@ sgmetditeRatyrofy theolaama of

[T cate shape. EOuEELy | 0158 hOTnTE S PLad 15 UL oL 'Sadiatnea,

the bombardment éeffect on the substrates 6 can efficiently
be controlled.

10 ' The apparatus having such functions according to
the invention is useful especially for the purpose of
coating uniform films on many substrates or a substrate
of intricate shépe. However, the coating méthbd of
the invention is not limited to the one usiné the

15 apparatus shown in FIG. 1.



15 aQpar atus shown in FIG 1. CLAI M5: 1. A nmet hod for coating.
nét“’a‘ ising the steps of: (a) providing an ioh . s
pl a pparli‘ﬂ!ﬂmg ﬂllﬂa’m})m zi ng neans operated i ndependently of a o/ >
pot e s(by at an initial stage, ionizing a gas

I ntroduced- froma gas inlet and a vapor of an evaporation material froma
vapor source, and ion plating 10 <=11= a surface of said substrate with a

filmof said evaporation material or a conpound of said evaporation et
mat eri al - | d introduced gas, said substrate being cathodically biased
relative to saird vapor source; 15 (c) at an internediate stage, while

driving sajd ioni g fgeB@Nfor CULI D HhveddAlsbydoH phathagpotential of
sai d substrate |eft oating; and ( at an final stage, e driving said

i oni zing 20 comprisifigatite $sPs FNg i on plating with the potential of
sai d substrate again nade negative relative to that of said vapor source.
2. A net kad pooviding nan nkerernkdtliy appanatas g vdogordi ng to claim 1
wherein said filmconprises a 25 hard materjal _apt to accurul ate a
residudl stress.ignizl nsmmfhowemt%émd@ ity @R i on pI ating

according to clai sal material is
9 g%en@@ a s ra ey _

(b) at an initial stage, ionizing a gas introduced-
from a gas inlet and a vapor of an evaporation
material from a vapor source, and ion plating

10 a surface of said substrate with a film of said
- evaporation material or a compound of said
evaporation material and said introduced gas,
salid substrate being cathodically biased relative
to said vapor source;
15 (c) at an intermediate stage, while driving said
ionizing means, continuing ion plating with
the potential of said substrate left floating;
and
(d) at an final stage, while driving said ionizing
20 ‘means, continuing ion plating with.the potential
of said substrate again made negative relative
to that of saild vapor source.
2. A method for coating materials by ion plating
according to claim 1 wherein said film comprises a
25 hard material apt to accumulate a residual stress. 2
3. A method for coating materials by ion plating

according to claim 2 wherein said hard material is

titanium nitride.



titaniumnitride. -12- 4. A nethod for coatlng mat eri al
platlng accordlng to claim2 wherein said ar
carbenitride. . A nmethod for coating m ﬂm‘j@ﬁ)
according to cla|n12 wherein said hard mater1 ale 1's c

nmethod for coating materials by ion plating conprising the steps of : (a)
providing an ion plating apparatus havingl2s 10 I oni zi ng neans
oberated i ndependently of a potential of a substrate; (b) at an initial
stage, ionizing a gas introduced froma ga3|rﬂeﬂ %fd a vapor_ _of

evapor ati on mat efd+al frénﬂ&tbaﬂof°§oﬁ?§E ng Rl itihg platie a - .
f f d st rat f t |
surface of sai¢ Su%ﬁﬁ%a an% %?#mnbo gégnqy Ig%ce 49%5T3f1%§”

conmpound of said e sald gas,” Sa

substrate being cathedndam ¥abbanetrigbative to that of said vapor source;
20 (c) at an internedi ate stage, while driving said ionizing neans,

repeating alternaely theme8hoRl #brNgoat thgWnite el P entdrilplaft 19ad d
substrate left floating and the ion plating step with the potential of said
substrate madé negacopedisigatiovelasm 2 wherein satd hdrdaaterd@d isource so
as to stack films; @ﬂ) %t an flnal stage, while driving said ionizing
6. " A method for coating materials by ion platihg-
comprising the'steps of:
(a) providing an ion plating appératus having an
10 ionizing means operated independently of a
potential of a substrate;
(b) at an initial stage, ionizing a gas introduced
from a gas inlet and a vapor of an evaporation.
material from a. vapor source, and ion plating
15 a surface 6f sald substrate with a film of said
evaporation material or a compound of said

evaporation material and said introduced gas,

said substrate being cathodically biased relative

—— ———— e ————— .

to that of said vapor source;
20 (c) at an intermediate Stage,.while driving said
ionizing means, repeating alternately the ion -
Plating step with the potential of said substrate
left floating and the ion_plating step with éhe
potential of said substrate made negative relative
25 to that of said vapor source so as to stack films;
(d) at an final stage, while driving said ionizing
means, continuing ion plating with the potential
- of said substrate again made negative relative to

that of said vapor source.



neans

made ﬁ%?
netho&

said f conpry se 4
A nethod for coating material®s by ion plating S

wherein said hard material is titag-umnitride. 9.

pl ati ng according to claim7 wherein said hard materi al
An ion pl atad¢h miaes adis Meien susedriednperidr Milhecorphose 9faclaim 1l or 6,

accordi

contfgarﬁaﬁ7577ﬂ7ﬁﬁﬁuyﬂMtr1the potential of said substrate again

3- 7. AL

rial apt to accunul ate a residual stress.

Qtive to that of said vapor source. -1
‘9 0043 m&mguﬂ”m ion plating according to claim®6 wherein \_J

ng to claim?7

L) Y

8.

A nethod for coating
materials by ion plating according to claim7 wherein said hard materi al

titani umgarbonigf ridigodlForl @oat tng A mARERed150byCOBAI PapBiLr i al s by ion

is chromum 11

sai d apparatus conprising: 15 (a) a vapor source at ground potential;
(b) a substhand matiaiiall cedt §¢ Alssuaudated rapesidvalcefréssy. a pair of

anodes | ocated on the side of said vapor source with resgec
substrateB20 A methes Jor £R3tiRE BBSESiReSsPYelor Rh

d | ect 1 L1 fil ts |
nbded: () BTt Th AR for Mo NG Eard

titanium nitride.

BEFLRent

t to said

et ween sai d

g,

9. A method for coating materials by ion plating

according to claim 7 wherein said hard material is

titanium carbonitride.

10 30, - A method for coating materials by ion plating

according to claim 7 wherein said hard material is

chromiumnm.

11. An ion plating apparatus when used to perform the method

of claim 1 or 6, said apparatus comprising:

‘15 (2) a vapor source at ground potential;

(5) a substrate holder located above said vapor

source;

(¢) a pair of anodeé located on the side of said

vapor source with-respect to said substrate

20 holder and the opposite side of said substrate

holder;

(d) one or more thermoelectron emitting filaments

located between said anodes;

(e) a vacuum chamber for accommodating said elements,

25 ~ said vacuum chamber having a gas inlet and an

evacuation system;

(f) means for applying a negative potential relative

to that of said vapor source to a substrate

sUpported by said substrate holder; and

| S ™

iggibstrat e hol der
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.for remving said negative potential to | eave t

.o
3

2b; - " -, wsaid vacuum chanmber having a gas inlet and an evacuation system

(f) qeans for applying a negative potential rel afi f said vaps
source to a substrate supported by said substraig"ﬂmgl" E"Ef (9) » 3
h s

sai d
substrate floating. 12. An ion plating apparatus according to cla

erein said plurality of thernoelectron enmtting 5 filaments are | oc
symmetrically with respect to a center axis of said chanber near the
substrate within said chanber. 13. _fw_ion plating apparatus according
to claim 11 wherein the anode | ocated on the side of said vapor 10

source with respect to said substrate holder is of a rigg shape and the
anode | ocated of @hacapposPrerePRLing htd WARLLR PATGNTLRLi E°0f a disc

h . 14, A t ed t ( d th t hod Qf im1. 15.
,SA gggt ed substrat gogfgdﬁzgggb{}gﬁ%%&jﬁ%g %%%CI sauﬁ)rﬁ é'.ahl‘%S f%@faglglgm A net hod
for Coat'ng,”%E@r'alSAnyibﬂn?ﬁgéih89a§b§¥ﬁéﬁ§'éﬂéd&&%ﬁg??%ehQQQRXiﬁ,

described with reference to e acconpanyi nhg draw ng. n ion
pl ati ng appar at yse2e 16l sa@dpiirsl ptyndf eHekmddisdtionalemtt8inier ei nbef ore
described wth reference to the 20 acconpanyi ng draw ng.

5 filaments are located symmetrically with respect to

It ed

a center axis of said chamber near the substrate within
said chamber.
13. An 1ion placing apparatus according to claim 1l
wherein the anode located on the side of éaid vapor
10 source with respect to said substrate holder is of

a ring shape and the anode located on the opposite

side of said substrate holder is of a disc shape.

14. A coatéd substrate ptoduced by the method of Claim 1.
1s. A coated substrate produced by the method of Claim 6.
15 16. A method for coating materials by ion plating

substantially as hereinbefore described with reference
to the accompanying drawing.

17. An ion plating apparatus as claimed in claim 11 and
substantially as hereinbefore described with reference to the
20 accompanying drawing. '




