3083842 17 PROTECTI VE COATI NG MEANS FOR ARTI CLES SUCH AS GOLD- PLATED JEVELRY
AND VRl STWATCH COVPONENTS, AND METHOD OF FORM NG SUCH COATI NG MEANS Thi s

Iy ention generally relates to the art of protecting articles that have
exposed metal lic surfaces which are suscepti bl e to abrasi on damage or
corrosion, and has particular reference to protecting Iq’glated articles.
’ié% of. jewelry and exposed wristwatch conponents (suc 5Q§'ﬁ§ééklets and

ses) with a transparent coating of one or nore selected inert materials.
The invention al so provides nethods for coating such articles and
conponents with one or nore overlying protective filns that are transparent
10 and conposed of abrasion-resistant material. As is well known, many
articles of manufacture have netallic surfaces which on their accord becone
dull or tarnished in the environnent in which the article is used. For
exanple, hardware itens such as building- 15 I dentification plaques,
handrai |l s,. doorknobs, decorative door-knockers, etc. that are conposed of
brass or a sinmlar netal oxidize quite rapidly and abrade easily, and

requi re constant polishing and waxing to maintain a brilliant pleasing
appearance. Tarnishing is also an age old problem 20 mﬁth articles such
as flatware, trays, trophies, etc. that areinade of silver are silver

| at ed. Wil ticl h de f
Sol i d gol d or ﬁév'ngEE@%‘g*%%%% DSHEEE;E&E AT ER* i ot S not
present such a nalntenaﬁﬁg gysﬁéﬁaég Tgﬁ@ &gAﬁg soon

becone unsightly 2 en subjected to the constant abrasion and "rubbi ng

action” -encountered during nqwml iQNRNI 3N lmerasuryce:ﬂdﬂbs sté tnlaatalfteldf

soft material, it also wears away, gpife [ap!ql Y Mgl su8he¢etdi i sk saces

which are susceptible to abrasion damage or corrosion, and

has particular reference to protecting gold-plated articles
5 of jewelry and exposed wristwatch components (such as

bracelets and cases) with a transparent ccating of one or

more selected inert materials. The invention also provides

methods for coating such articles and components with one

or more overlying protective films that are transparent
10 and composed of abrasion-resistant.material,_:

As is well known, many articles of manufacture
have metallic surfaces which on their accord become dull
or tarnished in the environment in which the article is

- used. For example, hardware items such as building-

15 identification plaques, handrails, doorknobs, decorative
door-knockers, etc. that are composed of brass or a similar
metal oxidize quite rapidly and abrade easily, and require
constant poliShing and waxing to maintain a brilliant
pleasing appearance. Tarnishing is also an age old prqblem

20 with articles such as flatware, trays, trophies, etc. that

1

are made of silver or are silver plated.

While articles such as fine jewelry and the like
that are made from solid gold or have gold-plated surfaces
do not tarnish and thus do not present such a maintenance

25 problem, they scratch easily and soon become unsightly
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5 S of base met aI and i s gol d-coat ed this frequently exposes the base..

metal and creates an unsightly corroded appearance in the case of articlesy

(such as chains, rings, |ockets, watchbands, etc.) that are in:direct .
fRCct with the person's body. These consequences thus present serious 10

ms in the production and marketing of such itens as gol d-coated

'y and gol d-coat ed bracel ets and cas ngs for wistwatches. In order ”Lé

conpensate for the |oss.of qgald_that occurs dur,i ng use by the cu,st
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future, the usé'aeﬂdéﬁcH”‘ﬁéaﬁybgeFHe‘éo‘a?| Agchr ecedisienser i bliste oMo 20
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corrosion if th@pgerdncgau-nngnhasamr of 25ticlesolighrhwashobainat erindgéy
changing its ' Hakyedt, ua%haﬁaqasapaeerﬁ%tw%ed,uaC&pféHeﬁgécyntM Py be

very desir- able froma quality and narket| ng standpoi nt but would be very
advant ageous f 8 L TR T PBﬂYathﬁﬁgt CPRAGELPRRESt BAPoPRESENt SERRLous
protectivaomreapronehd ahsanke preduciqon unef lﬂaﬁﬁbtﬁfrﬁvw’ﬁ ig@hskidems as
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substanti ald y Ilmesschdadtid®0pB06his type to ensure that the article w11l
' retain its original pleasing appearance. However, in view
of the extremely high cost of gold and the likelihood that
it will become &ven more expensive in the future, the use
of such heavy gold coating presents a serious economic
20 problem in the watch and jewelry industries.

A practical and reliable means and method for
protecting gold coated articles such as wristwatch comp-
onents and the like from rapid wear and unsightly scratch-
ing (as well as corrosion if the gold coating has worn

25 through) without materially changing its "npatural" finish
or appearance would, accordingly, noﬁ_only be very desir-
able from a quality and marketing standpoint but would be
very advantageous from a production and cost reduction
standpoint. Such protective means would also be very

30 useful in preventing skin reactions and similar problems
that are sometimes encountered by certain individuals when
they wear a ring, chain or 51m11ar article that is made
from a particular metal or alloy.

' The invention consists in a protectively coated

35 article of jewelry such as a wristwatch component that is
composed of a base metal and is coated with a sputter
deposited layer comprising precious metal such as gold said
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An‘gstromsfand;i s protected from scratehes and abrasi on damage, when t

gg welry article is i'n use, by a thin adherent substantially transpar
tective filkmconpri- 5 .sing an inert non- metallic material tha

-.Knoop hardness in the range of from about 400 to about 2500 and is

sufficient hardness to be resistant fo both scratches and abrasion,

-fefractive index in the range.of fromabout 1.4 10 to about 2.8, said

, protective filmh
15, 000 to about 4
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the non-metallic inert material comprising said film
that the film, in addition to being substantially trans-
parent, 1is substantially devoid of discoloration due to

optical interference effects that otherwise would De proé

- duced by incident light rays and thus alter the natural

pleasing appearance of the underlying gold coated surface
of the jewelry article, '

_ said base metal and sputtered layer comprising
gold having a thermal eXpansion-coefchient greater than
that of said pfotective film,

said protective coated article of jewelry inclu-
ding at least one material-layer which is physically ir
contact with and in between said protective film and said
sputtered layer comprising golad,

said material-layer comprising a substantially
transparent material having a thermal expansion coefficient
greater than that of the protecti?e material and less than
that of said sputtered_laye; comprising gold, .

said material—layer acting as a buffer means o
reduce stresses caused by differences in thermal expansions
of said proteétive film'and said sputtered layer comprising
golad. ' '

The foregoing objectives are achieved herein by

coating the surface of a metallic article of manufacture



4 wth a thin substanti.ally transparent- and colorless filmof &a sel‘ected
inert "and non-metal lic material which tenacious- |y adheres to the surfacey
andf has sufficient "hardneS§s" to provide a very durabl e and v .
abr n-resistant protective 5 finish and covering. In accordaﬁce with
ap rred enbod- inment, the protective filmis conposed of a dialectric _
type material such as silicon dioxide, gpgnesiun1oxide, al um num oxi de, gé
titani um di oxide, spinel, silicon nitri silicon carbide and certain

types of gl asw&ﬁ&%hamﬁi&&&m;; &anmd&afahanceiob@éggegﬁm of
transparency and thernal, expansi_on characﬁzrlstlcs O her .dielectric type
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to formthe protective fil Reference w ||l now be nmade to

t he acCoﬁ%any?ﬁatGF&hWﬁwcoVﬁrWﬁ%ﬂPr as "buffer layers between the
protective films and the sputter ‘coated substrates to

compensate for differences in the thermal expansion
characteristics of the substrate material and protective
material. ' _

20 The pfotective film of seiected inert material is
preferably deposited by RF-sputtering techniques and the
film thickness is controlled depending on its refractive-
index to prevent undesirable discoloration of the article
by optidal interference effects produced by incident light

25 rays which enter the film. Such interference effects are
exhibited by transparent films when the optical thickness
(that is, the true thickness of the film multiplied by the
refractive index of the film material) is comparable to the
wavelength of light and thus falls within the range of from

30 about 3,000 to 8,000 Angstroms (the visible portion of the
spectrum). Since the refractive index for the various film
materials is different, the optimum thickness range will
also vary depending upon!the particular material used to
form the protective film.

35 Reference will now be made to the accompanying
drawings, in which: |

Figure 1 is a plan view of a gold-plated band or



Figure 1 irs aplan view of a gol d-pl atted band or bracelet for a

wgi stwat ch whi ch has been protectively coated, the figure being given for
facilitating descrlptlon of .the invention. Fig. 2 is a fragnentary '
cross-sectional view, on 5 a greatly enlarged scale, through a por
the prior art watch bracelet shown in Fig. 1 and depicts t he manner
thich the thin plating of gold is protectedsby an overlying transpa
fTTmof inert abrasion-resistant material; 10 : - Fig. 3is a

simlar cross-segirheleti ¥rofa ayfpaa%tﬂcqﬂambhom@étb&@hcfp:bf@@@t@velgn
t he sane scale, and |Ilustrat es the nmuch thicke Sg ating c

enpl oyed in the GPRERdar £ Fof"lg‘ﬂlﬁﬁ et %’o'fﬁfbn%‘?é 39}%1 t&%’@ %@écé'fl\éf:ﬁ@n
protective coati g nhendndferitienpresent 15 invention; Fig. 4 is a simlar

- i | vi f
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an adhesi on- pronoting pri | ayer I ng~ coat sput
| ayer of gol & or 2t &3y &ml%m%dpﬁéﬁé@t'l \*Féeruai'htae(PmZ‘Dm? S ‘a\"goPBéPﬁg

in accordance wi faket he:artrdl'pfbrarcb,lelil @hown 9m HiAINERINE VMepiets- the! mandler

whorein a buf  or 6t TRARE (1 FAyBr RAestad 8k P Hfade frtaRaRBYE) Y "un

bet ween t he trans;yarelrnlrpgoteensp&'rent vEilml mfantheht ebxiasd wurfesksdhnt
the substrate to,cegpgay.sate for the difference in the thermal expansion
co- efficients o?nthe coated substrate and protective film and Fig. 6 is a
sinilar viekOf an alternafide Snidctlidehimidamittrssnssttionads ‘{’r%\‘ﬁsf’tfl én
Iaye[)s of S:O dlhi:foe:rveaﬁtﬂéﬁﬁqsmbe £fﬁ9|‘|ﬁaedh Ybakeltdts pheenatsam\eeetlaare,
can be used with_a e, to _protective k .Of
~having nmetallic §u%f gﬁe@"gfﬁg? t%%j ec‘fM %?&ar i sh‘?oé’de ?ngrlr% sion %Lgiﬁ
envi ronment in V\Aemom@ymrahesedlas agk| for such WatCh components ln the
absence of the protective coatlng means of the present

15 invention:; _ _ .

Fig. 4 is a similar cross-sectional view of an
article wherein the substrate is provided with an adhesion-
promoting primer layer before being coated with a sputtered
layer of gold or the like and then protectively coated,

20 this also being in accordance with the prior art; '

Fig. 5 is a fragmentary cross-sectional view on
an enlarged scale of an article in accordance with the
invention, wherein a buffer or transition layer of a
selected glass is employed between the transparent protect-

25 ive film and the coatéd surface of the substrate to compen-
sate for the difference in the thermal expansion co-
efficiehts of the coated substrate and protective film; and

Fig. 6 is a similar view of an alternative
embodiment in which two buffer or transition layers of

30 different glasses are employed.

While the present invention can be used with
advantage to protectively coat various kinds of articles
having metallic  surfaces that are subject to tarnishing or
corrosion by the environment in which they are used as well

35 as pieces of jewelry and the like that are coated with a
layer of a precious metal of a type which gets easily
scratched or rapidly worn away during normal use of the



35 as pieces of jewelry-and the |like thhat are coated with a | ayer ‘of a
precious netal of a type which gets easily scratched or rapidly, wor'n anay\o/
dugiingNpormal use of the °~ 6 jewelry, it is especially adapted for,use in =
cdnj ion with gold-coated articles such as bracel ets and cases for

wri syway ches and the like and it has acgordlngly been so illustrated and
wll DPeé so described. 5 rder to facilitate an understandi nk

Ol o oo PLeseied BYE! L 08 98851 é&%ﬁaa%a%ﬁg g e Y
Fig. 1 and cmtst@om—qwmwzrtmlesmu@hceapb@acednm endndasesui fel e

| at chi ng ”Entlﬁilé?‘éw(i't%?t{b@and\st}ké'llﬁkéaaﬁd 18 hhg- aacowqmg@qrrwtsso are
typically fabricated froma suitable base netal 12 (such as brass or

stainl ess st dehusffadtdande¥idd é’esﬁﬁ’stdreétcé’llb&d a plating 14 of gold, a
gold all @, or other prIex:lcmtserretal fabilitlette prroVini@s rshanddsig exf the

attractlvel h ol | t,
thin | ayer %gnlc e %Qn%ﬁé swtgg;&e@nét eﬁqﬂt g(fquogl %gtgéo% g sbu S-
trate beforeqwm-ng operation is perfornmed, by el ectrode-position or
other well known nmeans.p £ efempll Birly ¥latlWind oF (ﬁ:&[é&ﬂeiol@soﬁ
"strike" int eart and |s required to suret at theq:dsl f_rc]ng‘dslr‘l‘%bopds
properly to tHE® REAYT f%* &t SRR 41 1 B8 588538

produced0 f tiretsumbeupaed Hasnlasrbuglmdswfmetabweclleltdh;tng kmsfnb@n: brmass

substr at es ty&£§{>'¥ hayg tllﬁlsq;lggeé 1 ?ﬁ}] th% or, Qﬁ{h Oé%rgﬁéﬁefﬂ‘

(1,000 Angstrons vvever ess o such ers S
not critical %%Ybef%rllcé&eéc@é'rod‘i ﬁg%ttaﬁéegéﬁéecé‘&ﬁaﬁg 12¢ EF‘F nht s,

t he corrpOSltlms?dﬂduc@wltm%sofsttelambaaecﬁebakves as a substrate for a
plating 14 of gold, a gold alloy, or other precious metal

15 that provides the desired attractive lustrous finish. As

' is customary in the gold-coating art, a thin léyer'13 of
nickel or other suitable metal ié'depbsited on the subs-
trate before the coating operdtion is performed, by
electrode~-position or other well known means. Such an

20 initial layer is referred to as a "strike" ih the art and
is required to insure that'the-gold coating bonds properly
to the substrate and that a smooth lustrous gold finish is
produced if the substrate has a rough surface. Nickel
“strikes" on brass substrates typically have a thickness in

25 the order of 0.10 micron (1,000 Angstroms) or so. However,
the thickness of such bonding_layers is not critical and
can be varied according to the gold coating réqui:ements,
the composition and condition of the base metal.
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7 The thicknegs of the gold coating 14 is drastic- ally reduced and the .
coated surface of the watch bracelet 10 (or other article) is protected
~f,rom scratchihg and abrasion by a film 16 of a selected inert non-netz
5 mat erital that tenaciously adheres to the gold-coated sur- face of
substrate 12. In order to provide adequate7long-tern1protection fo
~thin "soft" coating 14 of gold without altering its appearance, the
Sprotective film 16 mist be g Nih SR JBLALL aho Ml &dbd shgMah (U -
than 10 gold and is substantially transparent and substantially colorless
in thin filmforntlsgnEefced and whecroaeeed ﬁPFfBFetﬁés%h?éﬁ%??%-bﬁéﬁﬁéet
~and are thus suitabl gcfrOrodiser as-piotegt iie gid t@ctéed ageamdaga vd¢hhnghand

invention are siligon_di oxide (S , 115 _-alumnumoxide [err] titanium,
i oxi de. (T, o) sPEFRGACR (14 ¢b 1617 LRagrodl TR BATHES( WBOFC St scaiic
(MyCe3. 5A1203p, @skrrhglGthss NenacdeOslyoddheras d@radde, ICddricegtedassr-

No. 7070, Corni Bgcd 8%S tn¥0-subcidlat d PYREX ghagshe rand, Y4V e Gha85uNRe
7059 (these are Trade Marks and nunbers). 5 vari ous

3 n ” Th'e
properties of thes@AaFRFPaPECHRFEHPHakRF t Himn 141 aSPELf ofodfskndhd4 of gold
protective_cpating&uuuunuautéfnm@eiiﬂveppbanaaheﬂiaﬂsubﬂdt&a$ieelfbehOW5
For conpar - I son, m%'s%C‘oreoﬁa%%Q 9%@ Qa%ltaace'?l%pA%ﬁ”?%sm%hahé?%{déﬁo A1,
the thermal expansion coefficients Tor stainless steel 10 ~"and brass are
173 and 169 XO[ er gpldespecilisveypstyBiial lpr sremspperent and substantially

Thermal Expansi onc698k188s in thiddideSform. Refractive

[Cg(ra”l cient Mter| (;”41 égnrxlgomai_eﬁéals wmg:%)( m(eryt all8 ﬁfertrl']eéeerrre]qu]i?:e—
1370 _ 1mé8ts and are thus suiBafkberfor use as prot@Ef@ive films in
2.71

accord@nce with the invention are silicon dioxide ('sioz).
15 aluminum oxide (A1203), titanium dioxide (Tioz), silicon
nitride (Si;N4), magnesium oxide (Mg0), spinel



gLr] 2500 ; 1.87 . . 45 [err] & ) .
1.69 120 20  Spi nel 1140 ° W/

_ 59 Cofning G ass 400 ., 1.512v .
92 0080 (approx.) Corning d ass 418 1.469 .
32 7070 (approx.) 25 Cor ni ng (@ ass 418 1.474 o
33 No. 7740 Corning d ass 424 1.53. 46 No. \é

7059 The hardn ss ta giVv n i Tabl e i.s_the K 30 m.crohardness
for bulk ma TS b dairs CRPOUMEeb oRn Niai CORRor e e S A -
resi stance of ¢dsusnmaq| Glsss Iﬁbrrat?@r’foal sCarmingeidlass | be tb74p® ot(e’aﬁw)ﬂwe
underlying pl f d her egqisou |

0080 is a sod:&jﬁpgn%j)m ??%a’?g%f/%g 31355 ﬂ?at Sildsgétug(e%’I In t e %ectrl C

i ndustry for 52nd|aRP&FAs and the |ike. Such glasses typically cont a| n
60 to 75%4by w.) SiQ2, TﬁethiB%zNaBEprrtDe§3%EC&Qe@é Ma@elr@alad RingldH €
t hereof) and m nor munts. o bg dkct’lonal gaterl suﬁ_‘chma&l A1203 and K20.
A specific exa%’f% 1 %‘1’%1 3 onposﬂfl on ofpﬁch pe 1S e%sf‘% oIH B3T3, 6%
[err] 10 16% ¢ eth¢ Bnesadp@n Sre% Gadd 18 /511821013 ahd:ﬂcsﬁ/o[é‘rorr] @Iy
G ass Nos. 7070s5hd Zféé’t@sslpoé@sa;éi&%sty%&é@aﬁa&%ﬁé@é &ﬂq@aw- rﬁ%ﬂr

amounts of Si Q2 and 8203 and_vari ous. mi nor constituents. Q ass . IS
nar ket ed by Co?’h‘?nbh%n*ﬂ}é?r‘f‘ﬁé SXRRRS HRReC O8N F tsdenft mkor %&:as’ﬁé](ﬁsfsl (,Stﬁl
exanpl e ofoa Nend BrHkd wpe DVasthd 36@sxf abl Opsc, e fPedthiwedy,) Si O2, 12. 9%
[err] 2.2% A1203, and 0.4% [err] A specific exanple of a No. 7070 type

gI ass conposition is as follows: 70% (by w.) Si @, 28% [err] 1.2%[err]

1.1%([err], 0.2%[err] and O. 1%CaO_E¥lE___ Corning G ass No. 7059
is an al um noborosilicate . _ :
Protective o Thermal Expansion
Coating Hardness Refractive Coefficient -
Material (Knoop) ' _Index (n) - (x10‘7/°CJ
15 SiO2 741 1.46 8
.A1203 1370 ' 1.78 _ 73
Ti0, 879 2.71 9
Si3N4 - 2500 1.87 45
MgO 692 1.69 120
20 Spinel 1140 1.73 ' 59
Corning Glass 400 1.512 92
No. 0080 {approx.)
Corning Glass 418 1.469 32
No. 7070 (approx.)
25 Corning Glass 418 1.474 33
No. 7740 :
Corning Glass 424 1.53 46
No. 7059

The hardness data given in Table I is the Knoop
30 microhardness for bulk materials and thus provides an
indication of the abrasion resistance of the various



Wi.)[err]-25. 1% BaO, 13. 0% [err] 10.7%[err] and 0.4%[err] O her
~di®lectric type materials that are suitable 25 for use as protec
“films in accordance with the inven- tion are silicon carbide (SO

has a Knoop hardness of 2500, tantalum ox:M%e (Ta205), niobium oxide [err]
/4?9 germani um oxi de [err]. Another gl ass i ch has al so been found suitable

; a hi gh-1| ead- I has X
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t'ype gl ass whi:ch typically has the foll owing conpositi-on; 50.2% (by )
%l ch

pr oduce
example of a No. 7740 type glass is as follows: 80.5% (by

wt.) Si0,, 12.9% B,03, 2.2% Al,03, and 0.4% K,0.

A specific example of a No. 7070 type glass
composition is as follows: 70% (by wt.) SiO,, 28% B,04,
1.2% Lajy0, 1.1% Al,04, 0.2% K50 and 0.1% CaoO.

20 - Corning Glass No. 7059 is an alumlnoborOSLllcate
type glass which typically has the following composition;
50.2% (by wt.) SiO,, 25.1% BaO, 13.0% B,03, 10.7% Al,03 and
0.4% Al,03. | .

Other dielectric type materials that are suitable

25 . for use as protective films in accordance with the inven-
tion are silicon carbide (Si0) which has a Knoop hardness
of 2500, tantalum oxide (Ta,Og), niobium oxide (Naj0g) and
germanium oxide (Geoz). Another glass which has also been
found suitable is a high-lead-dontent solder glass which

30 has a thermal expansion coefficient of 117 x 10‘7/°C and

"typically contains 85% (by wt.) BbO, 7.5% B,03, and 7.5%
510, . | . |

Any non-metallic material'that is inert and has a

refractive index in the range of from about 1.4 to about

35 2.8 and has a Knodp hardness of from about 400 to about
2,500, and has the ability to be deposited in thin adherent
films that are of controlled thickness and is also



) | oration due to optical interferenceor so-called "Newton ring" effects _
n the optical thickness (the product of 20 the true or nechani’cal W/
ckness and the refracti Ve index) of the filmis roughly of the same s

or der- of magni tude as the wavel ength of thht (from about 3,000 to°8, 000
Angstrons). The filmthickness range whi Ch enables incident light rays to

produce such i oLl SXENCH! £ A QnPhrRGkS ahAUSo23r Le HEPEAMSLAP Uh idhResses Wi
refractive index of the coating raterial and generally |ies between 0. 05
mcron (500 Ang3RrBAs)s&Ad2F F Tkl 25, 806 RIGHTTMEYS feP2EhaInat 8 al s
which are |isteftirvEadl |1aef gfcar ned/dws o heidige sUhi abkcaldenast ba
order to avoid sugh_ undesirable discalgr astei#)r{__oofcc;t he 30 . 90l d-goated .
surface of the'#&fchBand I_ﬂ) (a(;r otner article which 15 being profectively
coated), the thhekmatsespanhtops oPbctheecdrt mdclawst and hdve mrdtesd iviean

about 500 Angstl@pE O¢aghsdlet ybRanoabeouta oy P99 sARIALLATR s (RS as

materials. 35 Sjnce film with thickpesses |ess than 500 .

Angstronms woul BRBe Q5 a3fif (3P bidUi 462858qGERE MRy Y TmahpPEBRA[ 10

protection, probectfivbehts nenfar rapprioxdmaitize thatabér eveitlosedymdler ifalrs

nmust have t hi CléQSxf(%’f? t hat, are %@aﬁ%]d.t han about 15, 000 Angstrons.
Af’are 't 00 thrck,

Protective filns 0 owever, nust also be avoi ded since
they willlPend to crack Bhipecthawnrtedhi A shirfleeanspackopnediqe thiz | m

thi ckness aboyg.WMaiaCh @RldLdle I N1®) @1 LNEE CRILA A | O Phd LRES c2RE tRQIN
di scernible varies i nverseIY W t h tq%refractlve index . of the film
material, a thPRABr SVAPRTBF LA™ HYh MY V@ROTaSePRELELPYl SR HRves.

enpl oyed. Thi sdéposle_siombbg'RFegpatmmﬁgac;sjrlbr@Ee;tmmméqﬁus_sa' nEputk@ red
shorter Ti1mdgpoxd) aih Uit | o fifis PO LE0) 20HLPEELLAYY, | b RCaense

i nhibited. The ow ng materials are preferred in this respect since
t hey havelfi ghapddifzae ofre@f PAOMGR {shRuPY LA padritiexI BTy . SBPELERLES)
[err] (2.24), 13¢0Bagd, 2ahd havé Ghd Droher sE@Dchdokleranyd Si3N4 (1.87).
The 15 refractive | nd_l gseslgl vyee{]l Igng@rp,l etr.g'anhsegaexler]nq;efﬂrl%sarweilolnla/roduce
coloration due to optical interference or so-called "New:ton
ring"” effects when the optical thickness (the product of
20 the true or mechanical thickness and the refractive index)
of the film is roughly of the same order of magnitude as
the wavelength of light (from about 3,000 to 8,000
Angstroms). The film thickness range which enables incident
light rays to produce such interference color effects thus
25 depends upon the refractive index of the coatihg material
‘and generally'lies between 0.05 micron (500 Angstroms) and
1.5 microns (lS,OOO Angstroms) for the maéerials which are
listed in Table I or referred to as being suitable. Hence,
in order to avoid such undesirable discoldration of the
‘30 gold-coated surface of the watchband 10 (or othér article
which is being protectively coated), the thickness of the
protective film 16 must either be less than about 500
Angstroms or greater than about 15,000 Angstroms for these
materials.
35 Since films with thicknesses less than 500
Angstroms would be too thin to provide adequate "long term"”
abrasion protection, protective films formed from the
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15 refractive indices given in table 1 hereinbefore are only
certain examples; the range of refractive indices is from
1.4 to 2.8.
The sputtering yield provides.a relative indic-
ation of how easily a given material can be sputtered from _
20 a target.and, hence, how rapidly a protective film of that
material can be formed by sputter-deposition. This is an
important consideration when coating in mass-production
quantities is involved. 1In general, the ideal material for
the protective coating from both a quality and manufactur-
25 ing standpoint is thus a material which has high values of
hardness, refractive indgx, and sputtering yield. '
' TEST DATA AND SPECIFIC EXAMPLES
~Preliminary tests performed on small stainless-
steel plates which were coated with a 2.5 microns (25,000
30 Angstroms) thick electroplated layer of 24 K gold have
| indicated that protective coatings of SiO,, Al,03, Tioz,
. _ © 8i3N, and SiC which were formed by RF-sputtering exhibited
' excellent adhesion and protection of the substrates against
. ' abrasion. A portion of each of the.gold-plated test plates
35 was masked during deposition of the protective film to
provide an uncoated "gold reference" surface for evalu-
ation. Film adhesion was checked by a so-called "tape



These prelimnary tests verified that very thin filnms of the tested

e(ials in a thickness range below 15 . what is required to avoi d optlcau
ference effects (that'is, |ess than about 0.05 micron or 500 |, s
roms) woul d not provide adequate "long ternt abrasion protection of

t he~gol d- coat ed substrates. The sputtered filnms of SiC had a '

yel | ow sh-brown tint and altered the nat@ral gold 20 col or of the sanpleg;
to a certain degree Such filnms would, accordingly, be satisfactory only
where a slightesh'scwhdcay i oncensilssasoR BdE4artli ePEOgSd Nige 3 opérgeed®f or

m ght even bes@e‘ibﬁabb@snd%aheyﬂhetlaepspehn-.er ad ﬁmlnmscéa‘teﬁ %mrcﬁl of
colorless and_(due to refractiv wer e %?ﬁld of any

optical interfs &fEEF &L)Llag.le;tapgn beons ﬁbﬁ@ﬁn‘ahe}?emb?%e oAFSY1. 5" MTrths or
15, 000 Angst rvcemy ideraEnd iy testh sieiceaanyv e atedda lofwhilghs imatneyt af i mwelsed

the fil mgsurf %etaooimerﬁreughahemgg gbt ghm&ﬂswggsdwm%e#ee ol d

col or of the substrate a ﬁ ts appear ance e Al203
sputtered verfF ¥R ok § %Hﬁfﬂ\ﬁﬁl‘ﬂhﬁﬁuﬁxhﬁrﬁﬁ By VifotaRend S 8$S1HPRSA FARY -

producti on op@iras$ioAnfesE¥RANIERISS dRtte tmdheat B¢ ¢Ib§6rb|&%1§1plttd}:ﬂ:l’1rf@

yi el d of [err‘i]hgelsc rabj e to th of ,Si Op ul 5 er ion at
K Tovol {1 P eAHTLGaY Araardl mRs e O (thel ket 4o
sel ecti ons f grenwidt emaseen yango dthierg wiothd- mledde@bet r‘mesapwxamtcmg

times ang COSlhy ¥fted pbrtibhs H&CEAESp1dEss QQE%@M@&Q@&' Wé@aﬁ%}i I ms
of varying thickness on gol d-coated stainless steel Jr:_’rgble | at es, have

shown that prt¥as &% |dllr?§°&Prlaﬁr1§’nnﬁtf§FF5F Pﬁa’t‘n@é?e apbresi et y
1.4 mcrons GhelhadiiyaAngsiloem® £ thek gold tplalttl.a@ pal e p| nk and green
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films of [err] 5 mcrons or ngs r 58 Shi'EK were
gol d- coat ed stHinihe @Gbshﬂatesteﬂh@mlmlgs ckla@ed\mﬂslnées rﬁhskzeberlmm t he

substraties dughde RO efUu£Se8StBl @3 Hd optical interference effects

(that is, less than about 0.05 micron or 500 Angstrcms)

would not provide adequate "long term" abrasion protection

of the gold-coated substrates. The sputtered films of SiC

had a yellowish-brown tint and altered the natural gold

20 color of.the,samples'to a certain degree. Such films

would, accordingly, be satisfactory only where a slight

discoloration of the coated surface could be tolerated (or

might even be desirable). Although the sputtered films of

' TiO, were colorless and (due to their high refractive

25 index) were devoid of any optical interference coloration

even though they were only 1.5 microns or 15,000 Angstroms

"thick, thé high refractive index of this material caused

the film surface to have a high reflectivity which tended

to mute the gold color of the substrate and slightly modify

30 its appearance. The Al,0; sputtered very slowly and would

thus probably not lend itself to mass production oper-
ations. .

Experiments have indicated that the sputtering

yield of SiyN4 is comparable to that of Siop (0.13 molecule

35 per ion at 1 kilovolt target veltage) and these two mater-

‘ials are thus good selections for proteetively coeting

gold-coated substrates where coating times and costs are
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W|th|n t he thigk fI|ITB [err] fI|ITB 3L4 m crons (34 000 Angstroms) t hi ck
ahderes well to the gol d-coated substrat es and al so had excel |l ent abrasi on .
resistance, on.the basis of the "eraser and steel wool" test. The col
t he coated: 15 pl ates was i ndi stingui shable fromthe original gold-
substrate. Pursuant to these experimental ,data, the optinmum thi
1range for [err] protective filnms on gold- coated articles is accordingly
WYhin the range Oofr PO 1 1f§c{¢9r@bout 4 m crons (that is, from about

15, 000 to about 20 40, 000 m cr ons%’| |.ar tests conduct £d on

gol d-coated watch bracel et s %5 ofd&hd P%‘él WHREPEO21 it F rAfdvVRRELRI
foregoing early tesiidaiesolimigotd-epapkdt etsbnpees. stlaes esatisli ¢ | giradest dave

al so reveal ed that gl ganl, 'h%ets%xf&-réé'&% £i9H - &Pa&?? qugﬁ:téﬁ?eﬁ ﬁ‘lé?rw&?e

deposition of the protec- tive mIsS quite 1 nportan
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coating on their sytkacesaysi cﬂmyamyegbeem ap@heeokéwehae N@HUE Gt WL ch

Thi s contam nation, oduce t ai ns en

T oot am nat | on, B RGeS s ARl 0 vagt PR RLELYS, e ff.s40;
coating problens wersisobuedobys8il)EcAngrrdwes vﬂtﬁlbamdlset@egos:imlmg such
procedure which C%‘é%al%%a%f dboéaHQg el RS ISehB 2ol tr?gblgfackeg and

detergent, rinsing’themin e| oni zed water and met hyl 31'coho
then drying th8m i BLAKPdaETAT e 1T T FRESaddiet itohd i Hers ke pFepepFgsent

also indicated  &4thha tthhae &mdmﬂimbcknsse Off:IlQH] 3D¢0&1Q6Eb\ﬁ% flismeoo
was somewhat | ess or the

vvatchb than for .the GO
test bl anks of net ‘g'ﬁﬁe SOt Yea ﬁ'd%’? gFﬁ g?i)ﬂsc?ﬁg?: ‘ﬁ%’é"&qeg
flake fromthe wat@h@aﬂblso Hhad aaﬂeidetmdegraabbe reséstaneaceon oty basfisc o

were produced if tpgeftdFasbickngsse ¥@E b8t fedpan 'arpé’léoljof‘&? ¢h@soathe
opti mum t hi ckngss for protective filnms of [err]_iIn th

plates was indistinguishable from tne original gold-coated

substrate. Pursuant to these experimental data, the
optimum thickness range for SiQ, protective films on gold-
coated articles is accordingly within the range of about
1.5 to about 4 microns (that is, from about 15,000 to about
20 40,000 microns). |

Similar tests conducted on gold-coated watch
bracelets 10 of the type shown in Fig. 1 confirmed the
foregoing early test data obtained on plate samples. These
additional tests also revealed that cleanliness of the

[\S)
wn

gold-coated substrates prior to deposition of the protec-
tive film is quite important. Some 0of the commerciaily
available sample watchbands apparently had an organic film
or coating on their surfaces which may have been applied by
the manufacturer. This contamination produced undesirable
30 brown stains when $i0, protective films were aéplied and
' also caused flaking of the films. These coating problems
were solved by subjecting the watchbands'to a cleaning
procedure which consisted of boiling the components in a
. . suitable detefgent, rinsing them in deionized water and
| 35 methyl alcohol, and then drying them in air at around
120°. |

The additional series of tests also indicated.
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case of gol d-coated wat chbands of the kind shown in Fig. 1 is accordingly ..
W N the range of fromabout 1.5 to about 10 2 microns (that is, frog
a 15,000 to about 20,000 Angstroms). The differences in the observed '
[ erence effects for [err] filns deposited on the test bl anks bf
go coated netal and on the gol d-coat %_matchbands may 15 have been due

v -

to the snooth surface finish of the te bl anks and the fact that the Nt

wat chbands hagag LRX! Wead Sih! 269 ki) o & SE5Y JUBOLLATL ARANSYGag

af forded by the present 1nvention froma cos dpornt i s the
wist- 20 Serewhpradesst Foandhst A LRaFdeehtwatehbandse tarhéer (abewel |

as ;/firi OUfs agf:iaL;e%ﬁQfeté ijmfsi aat(@&.ﬁu; 6anmlaea|1r.]9vbciezshhsmﬂéhf¢§u09bbhitnﬂer
coating of go out detractipg, in.any, wa om.t he quali r

appear ance o?ngh‘)g‘l%&rb%ﬁ%ﬂ?s%?cgr'f?ﬁfigg §Pn%éa{<ﬁefﬁ8f‘hg'g‘le éi’p%‘eé?%ﬁ%%sof
t he gol d5coadndgn@sundesimrberirgtetfendreed rarisrardfiechtis| werke protleceidve
mater- ial. Jhi | e I rel redh 0,,C tho A e
description 5? éﬁé@%i%maﬁ ;gﬁﬁﬁfgﬁaﬁgféﬁé t %?b?%§3n§8?§§e%ffdﬁﬁ%ggkgﬁowm
in Figs. 1 ah@e20Phippmythdicknggsc fiodnPrRFectiyeoffiding ¢fiafi?y hBvrhRE a
SL ai nl isgogti&e Subsébﬂﬁ_GcigtMi Qﬁtéﬁbﬁﬁﬁygdﬁdtlﬂét ia.li.ﬂd nhﬁ?eh ;iﬁt Fiﬂge" 113
about 1, ngstromg.thick and.t coated with a |layer 0

2por oxi mt el Y5 0SEERPR bt vhsb RecRhRE Pl drlrumbes dnS £F- pheus
accordi hgl y Pemimiomy ptbasctiswel frem akoati iF.00D ttonabayer 20,900d
with a filmiB.0f-bf55] (or simlar transparent material) that is

approxi matel y ?our tines as thick as the gold coating - that is, a
protective 15 fi| moReSEE LR RR e Ratidt ytP enidh Hhsy 8t Z&W%ﬁgf’?om
t hi ck. The reEabbustﬁdmk&BeEeSiahsr&eg@bﬁteaawuuxhéheebanﬁnxnkayef or
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.15 have been due to the smooth surface finish of the test
blanks and the fact that the watchbands had a textured
surface finish.
A very important advantage afforded by the present
invention from a cost standpoint is the fact that wrist-
20 watch bracelets and other components for fine watches (as
well as various articles of fine jewelry) can be provided
with a much thinner coating of gold without detracting in
any way from the quality or appearance of the components or '
articles since the natural appearanée of the gold coating.
25 is preserved by the transparent film of protective mater-
ial. This will be made clear hereinafter in connection
with the description of Figs. 5 and 6 which relate the
présent invention. _ '
As shown in Figs. 1 and 2, a prior art watchband
30 10 of high quality having a stainléss steel substrate 12
which is provided with a nickel "strike" 13 about 1,000
Angstroms thick and then coated with a layer 14 of gold
approximétely 0.5 micron or 5,000 Angstroms thick
(dimension "tl") can accordingly be made by protectively
35 coating the thin layer of gold with a film 16 of Si0, (or
similar transparent material) that is approximately four
times as thick as the gold coating - that is, a protective



5 14 is.only one-fourth as thi¢k as.the protective film 16, and the
nickel "strike" 13, in turn, is only one-fifth as thick as the gold
codting. If the article or substrate is such that it can be coated
thi nner layer of gold which still retains 10 the natural appeara
color of solid gold, then gold coatings in the order or about 0.2 or—0U.3
/ngron (about 2,000 or 3,000 Angstrons) calSe used in conbination with the
protecti've film _In contrast, conventional watch bracelets 11 15 (shown
in Fig. 3) of gobdlBufEi £ OnadPRF oK arlYuBsPLEFER S §T0R 03090, PESS iR
whi ch : is pLi med builagni ka; felzgi;kﬁ'é thiehodssle HYE Asllgﬁl 1tg<ﬂ_ns ddd €kng, the
general |y have Q R in that, Ls, appr.o te m.crons .Qr.

100, 000 Angstroﬁ%g?ﬁf'gﬁ %%gﬁsf) n "¢ ke’ taﬁ{a% n‘?}ée %\ﬁé’%teyc?*%%sfiém are
t hi cker than gol substanniplly asisjownabn Biay e2dr Hencer t bhe sgakdscabting
that the rel gtivest Pickpegssaelieciian Wa GNitkiC QR il phoBdee 20ei ilm 16,
accurately shown_ and appar ent fgon1the‘pr%yﬁn . . The thickness of égf ol d
coatings enpl oye¥P8ntbs NickeR {BHELRR chIcotPolidits d&n oFd % SRR tha?s
| east 95% (5, 000tKWbget asnBhegegesld d68tDAY. Angstrons) and up to 98% or so
(2,000 Angstroms versus 100 OﬁgeAQ.QéEr‘i'éB)or‘Ms%saucé’{' {%?ﬁé‘ﬂ'@ﬂa&eﬁlz‘c&éﬁn
I n the manufacturing cost of & Warches. °F PARAew of e hrgh cost ™ of
gold and ot her 3be cpatedowitheratbinper tagersafi agldswharh styhlf retpins
and constitypes 8Rel ARCLEAN! apPUMHd Ay CaRdV@di 89C0 £N961 98] Yol 8, tEReWAGE DA
i ndustry but in the rmanufacture of fine emg%rg a§d 5|n1la% articles that
are conposed of S°B4dE9Feit HR8 BFS\?Fdéch\ﬂ P heled RBaPrigRiGT Pt at3Rget
of a precious 352,006tak 3p0Qp0eArgserives ¥ cappee ased iRucbhdrinasisnonith
protective fiInsé$grpggﬁgéggaée€ifﬁticIes such as watch bracel ets have

shown that an ad fTonal Teduction in their manufacturing cost can
be real - - In contrast, conventional watch bracelets 11

15 (shown in Fig. 3) of good quality having similar substrates
18 of stainless steel which is primed by a nickel "strike"
19 about 1,000 Angstroms thick generally have a gold
plating 20 that is approximately 10 microns or 100,000
Angstroms thick (dimension “ty") -- that is, twenty times
20 thicker than gold coating 14. Figs 2 and 3 are drawn to
the same scale so that the relative thickneéSes of the two
) gold coatings 14 and 20 is accurately shown and apparent .

' from the drawing. '
| The thickness of the gold coatings employed on
- 25 such fine watch components can be reduced by at least 95%
' (5,000 Angstroms versus 100,000 Angstroms) and up to 98% or
so (2,000 Angstroms versus 100,000 Angstroms) with-a cor-
responding reduction in the manufacturing cost of the
. watches. In view of the high cost of gold and other
30 : precious metals, the cost saving is very significant and
constitutes an important competitive advantage, not only in
v . the watch industry but in the manufacture of fine jewelry
and similar articles that are_composed of a base metal and
B prdvided with heévy coatings or platings of a precious

35 metal to preserve their appearance. )

Further tests on protective films for gold-coated
articles such as watch bracelets have shown that an addi-
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i zed by depositing the.gold |ayer on the wat.ch bracelets by sputterlng -
iques (rather than electroplating) so that both the gold- coat i’ ng and_/
;tive-coating opera- 5 tions can be performed sequentially within -«
vacuum chanmber of the RF-sputtering apparatus. Experinents con- firmed
this could be achieved quite readi8y by pro- viding one target of gold
and another target of [err] (or other material fromwhich the protective (*
filmis to betignal fyg ien tin nthekr varewhr eHariRd apdtt Aan g"ﬁmﬂ%ﬂ‘

operat- ing tigedppit erelﬁ&tﬁawaéw csuavmafiétfsﬁelaI»err%Q%thmzcat&elets

sel ectively honbard a S st .depogsi t | ayer
sputtered gol oﬁPBE RELREL &?%S’ﬁdgu Q qﬁﬁp ?h%(’ﬁ ?ﬁéﬁg él?gt‘ﬁg so’
resul ti ng goltthzabethswhfeaceolid-coatiing aahd| protespiveecedtiagr joteha-

requi red 4 hi ckpgses el gg 0&%@1&5@%@ BARRELLI S9Nt L oLALY Ghe LA

voltage power |nput and sputte Ing .o eration In ea
node. A furtr@pam-aneﬁgé'-h&r f&ﬂmwrm% FRRIFAFWHT- 2§xperiments con-

sequenti al | y-eDahédOtMAE th@sabbhuaybteo aS:@iiTeRi%l& ttet hﬁe&@ipﬁbapd%wi h a
| ayer of 24K d i nstea f the i1 onvep]tgl onal l% i .t he

el ectropl at i n‘gl %%egg‘e Euter® | 3Y2ra*t ht8 RS d«?é&ar (é’ﬁd

ri cher gold c@tlmr(maeemaﬂ-hefrmrrghénq}ul @Heomme)CManfeumtasZSto be

wat chbangs w f&:ﬂ@é;ﬂ @t@ﬁtﬁoehat ¢dcagat Icm%me%V%&é tt@ﬁgt]w&g; g&raeéi gol d

| ayers were much thinner and used |ess gold. During t hese
experinents, Jr‘Egv\b%e FROC LR SR R BB T ALES bb’f‘htt’ﬁedééﬁéFQFi&em&ﬁ&sdﬁ‘F’d-ﬁh ity
of 30 " thfa swléetfdeggal dadumatﬁ)dags chal Chél&;élﬁmreued'lh&sﬁjgﬂ@ﬁbhtlbﬁ?xea
very thin layer t T t ess, st substrate.be
sputter- deposf?ér?l %%eagé’?? I(c’aifl efE &]ﬁ%ezeeu%eg?) daggﬁﬁttet edwfifgfﬁa)’f’d?l %fbout
200 Angstronsbase clke'sel nénd etlhanl o9zt Wie sprAuldriow @ if{carachanrf g e3s

m cron tgck @tﬂoq AROEH | 0B )sgut sl 14D "taeset e—s_t;ulfrea a&h%‘iér%ses'%uch

a prelimnary. ayer of Ji accordin enabl es uttered ol d
IaSers appr OX]P l[.t |5£ta1ned Lyyproperly controll:gng the tarce vol t.aae,g

power input and the length of the sputter1ng operation in
each mode.
A further advantage afforded >y this method of
20 segquentially-coating was the ability to sputter-coat the
watchbands with a layer of'24K gold instead of the 14K
'gold conventionally used in the elect'roplating process.
The sputtered-gold layers thus had a deeper and richer
gbld color (due to the higher gold conteht) compared to
25 watchbands with gold-electroplated coatings--even though
the sputtered-gold layers were much thinner and used less
gold. | o
During the course of these expe_riments, it was
also discovered that both the adherence and durability of
30 the sputtered-gold coatings could be improved by deposit-
ing a very thin layer of titanium (Ti) on the stainless
steel substrate before 'sput'te'r-depos_iti.ng the gold layer.
The use of a sputtered film of Ti about 200 Angstroms
thick permitted a layer of sput:_tered gold less than 0.5
35  micron thidk (5,000 Angstroms) to pass the "tape test" for
adhesion. Such a preliminary or "primer" 1layer of T
accordingly enables sputtered gold layers apprqximately



17 0.25 or. 0.3 micron thick (2,000 or 3,000 Angstrons) to be enploye n.-
substrates - thus providing a correspondlng further reduction in co y -
a materi al tost without detracting fromthe appearance of the fin
article as regards its natural 5 gold "finish" and appearance. A wat
bracel et 10a (or other article) having a sub- strate 12a of a base netal

_4such as stainless steel or the like) th is provided with the conposite
Sputtered coating is shown.in Fig. 4. This bracelet .is not in accordance

W th the 104l gyendd og, ?Uh dzIQ:n 4th§.c@:‘ VD, dob assi o, o%dosgﬁﬁgm&dﬂyﬂxerééaaé
~ing of the inventiaon. be noted, the supstrate 12a

t hi mer
| ayer 21 of %RWWSBE’PFEEtBﬁ Tt £hUS PEREL I 3 R RF SIRONHRSS g‘le
Isaégr 22 01;1 reduictdoad igolcdasiingh andn matrex,ials cosat ecittdcbury datfrlalcmnea fobm

| or othen suyit I | tLal S e
does not notq"lhce%f’é%buea%?e;@{ ﬁ{e}{%a ura h%%péeg{r)g‘trzlgg %fg #g?nggﬁgo %hggégQQl
| ayer. Thé fadld t'iﬂl@l%ﬁ@ssa@ﬂ BpPeaFRESeon- pronot i ng primer-layer 21 of

titaniumis not egapged@thYvehikilcd Y P Heher Ghe icrge mviﬁgnhahaut-
50 to 400 Angstrons. Sui tabl thlnfl|§5(0f Oother alss

‘chr omi um ni atgdl RRcRfode R3{R BFPF3 %?é? ess, s DefSor the
adhesi on- pr anke) nghattf det prawidledo wichu i cmwmtcﬂmde cplaltdyng dise

wel | known ighdie f4leagd A1 GeOimosede obraluh ROYH Wedizdaiehgh ciNdne

about 20% chrom um manufacture o bracel et 1'Ca or ot her 25
article W9 |inyessime o IFhoat i 39 ‘Ih‘ée’br*r%s?’a%fers‘ﬂs‘?ﬁ“%tt HAFRY G-
other netal)idg ¥ UHeErirfRRRgIdned m 416 1S WS tncdded, 1 2hel rsmeutemei alza has

fashion with the overlying |aye ol d andpotectlv t
conmmon vaculm % gl %tp frmg%“ﬁa%ld‘l%né Ot S Iée% FRIJ—A sput{;erl ng
appar at us. 3romote the faﬁhesoioncoﬁpeslltaerepr @Reotfi \ﬁ@%@&rﬁﬁggpéd ydlighe odired

wat ch compongpts, agd E'rfadeaétédtw'ss UL %@Qréengﬁo U}tgﬁ@fesarﬂtable
|nvent|on IS S ovvn [ 3eve (6] to ovérc an adher ence

probl em eifc RAkT il dﬁﬁtnd-st ﬁPQPtF&ﬁéaGQYngrgniP%H%'f i %‘Hd Ik (RS ARP
system whi chaiperalitat athe3hdtyHaldapiridramte are€inibanogptheegohd layer.

protective fil WBTQI E%f%% thickness of the adhesion-promoting primer-layer

21 of titanium is not especially critical and can be in the

range of from about 50 to 400 Angstroms. Suitable thin films of

20 other metals such as.chromium nickel and Nichrome type alloys

that have a similar adhes1on—promot1ng effect can also be used.

Nlchromgzgkﬁor;;e?re well known in the art and are composed of
about 80% (by wt.) nickel and about 20% chromium.

The manufacture of the watch bracelet 10a or other

25 article will also be facilitated if the primer layer 21 of

titanium (or other metal) is sputter-deposited on the substrate

. 12a in sequential fashion with the overlying layers of gold and

protective material in a co:ﬁmon vacuum chamber of a properly
modified and controlled RF4sputtering apparatus.

30 A form of composite protective coating for gold-coated

~ watch components and ;imilar“afticles, in accordance with the

présent invention, is shown in Fig. 5 and was developed to

overcome an adherence problem encountered during trial runs

- using a production tYpe sputtering system.which operated at

35 high deposition rates. When sputtering protective films of SiO,

onto gold-coated stainless steel
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| d- coat ed stainl ess steel 18 wat chbands using such a system 7T =%
Ngcovered that the protective filns sonetines flaked fromthe
wakchbdnds upon renoval fromthe sputtering apparatus. Wile the exact S
of this problemis unknown, it is believed that it 5 nmay be.due to ?
excessi ve heating of the watchbands produced by the high rate at which the
sputtered material was deposited -- in cohBi nation with the subsequent \; _
cooling and a tdetdrdadansi fjcjent msmatch between the SiQ2 film v
and stainless steel subst?‘gﬁeﬁn\/\hﬁiaﬁ! i%nagd%rel‘aems'_tr’e%s‘é%s 19s<qYenede thigtmghei t h
resul tant flakifig -9t \WEs SRSFFd SeRst imess f;iiaédeldemromultaeb@a&Qhﬁﬁﬁdeugégg
an additional toemsyateltomayere afpwdt 8kt al! ta Jd al Jhetween the S
filmand the gald;£08f£q,stinl es]z1 st eel S.Bb-g?%ir% L{/ém ck&ﬁ]\é\?t%ﬁaﬂ?ﬁ?er
is conposed of a 15  materidl” that"hi8 Y tReWal ldxpansicii coedftichentt
bet ween t hat off3¥erly que xtol FHa®)s sdive thlmtti(mfg.s:tfaitlaleea,gt%th%glnd(slggoéufe "
ayer

[err]). The addiyt i omal nligwer-{Hys s5er S buffer or "transitfon
t hat conpensat %]%Pff)%ritta e@ex Lémsi Or?%m' gﬁgfgh t%le? WBBHELR& S R Earé adnavas
Slte

protective [err o 07" W't ABPIPAELPR evitly tihe hsuthe alainki t¥olhinghgndi | m
to protect andaprasgmad texpamativhalcoRFFARLAREE 3 | d.coating. The
1 dlS&J%Eﬁygéiw%iﬁﬂéE%'%H%Er

-soda-line silicata tawe & rketed by the Corning G ass
t he tradeﬁgesi natj on_Cor n]ﬁﬁg'egsassgtﬁé | 735} e ieh Tandeced ssrasses

material partié® 58 filmp| yishi reabhbtdor fhexisg.such a buffer |ayer since
it has a thermal expansipg &9&fddh&niy ) r]. (about. m dway between
that of stainl g§§n§t gel aéjd 1E_errl)‘_an(‘flqaﬁis t?‘%%g%g%&ﬁf“ ﬁﬁ(‘fléoPSr#%ggeql ¥ he
thi cknesses required: TAFE1H38: c6ApBSPRFORt alspehasfan iswdeeandt mate-

refraction of 353l heSyzemdthe Knapp tiarmessd ofn ahayi 3 409,254 pdicated in

the Table. Howeyeei 30Y% @f e ql s.listed in Table | ?as wel"fa,lg SSi¥e
aforement%gned sol der glsasrsai);tréc'a(’r%J e usaeé 4513341 f aY eFaler Fampoisesk ofthay

2l have er naf Eﬁbﬁ%sFBﬂt has a thermal expansion coefficient between
e : -7 ' "
nat—gfcfloz (8 x 10 /°C).and that of stainless steel (173
x 1077/ C). The addltional layer thus serves as a buffer

or “"transition® layer that compensates for the expansion

mismatch between the substrate and protective sio, film
20 without interfering with the ability of the film to protect

and preserve the natural appearance of the gold coaélng.

| | The soda-lime silicate type glass marketed by the
Corning Glass Company under the trade designation Corning

) Glass No. 0080-(listéd:in Table I) is a material partic-
25 ularly suitable for use as such a dbuffar layer since it has
a thermal expansion coefficient of 92 x 10"7/°C_(about

midway between that of stainless steel and Sioz) and is

transparent and colorless in the thicknesses required

This glass composition also has an index of refraction of
30 | 1.512 and a Knoop harness of about 400 as indicated in the
Table. However, any of the giasses iisted in Table I (as
well as the aforementioned solder'glass) can
buffer material since they al .

be used as a e
| 1 have thermal exXpansion
coefficients that are much higher than that of Sio

) . . 2+ Since *
35 materials such as Tioz and Al

‘ 203 have high coefficients of -
thermal expansion, they are also especially suitable for
use as a buffer material. | ' ‘



doefficients t.hat are much higher thap that of [err]. -Since 35 material s
such as [err] "and [err] have high coefficients of thermal expansion, the
are al so especially suitable for use as a buffer material. 19 Tests @
Shown t hat: stainl ess steel watchbands provided with a sputtered gold Ia“%
approximately 5,000 Angstrons thick can be provided with a sputtered
conposite transparent protective coating tha exhibits excellent 5

dohesi on and durability and consists of a |ayer of Corni ng No. 7059 G ass

about 1.5 nicrons thick (D900 hanstshowh that shaivbees estegl awpkrhPapds
Si Q2 appr oxi mat %¥091§e%!%Eﬂﬂxgﬁéﬂﬂkéﬁﬁﬁéréwﬂdtba kr gB@rUWﬁﬁdﬂ@&y 5,000

t hi cknesses of the transition or buffer

are 10 not cribpgsrrems ERACHaF§RcBRSPHR éﬂ?@ V%Bﬁ1ﬁh§P§Fg?£8§;%?ﬂ8851 r
exanple, the fi |ﬂ‘t‘hh's@h&@&&ﬁ$pﬁétebe1her rdoxainge thiatthi exh hieitangxadlfeom

about 0.2 n1gron§%§%% éd”?SLQQ§ Oggdtgzgglggg é@g tiQQ?% BQdCEPﬁln§

buf fer | ayer~of ronla crons
40, 000 Angst r onmsyo. P@ﬁev@las?hébéﬁﬁb#nédeﬁF@Wﬁb§§@§”bf 15000 dngstrems

opt cal i ﬁ?feﬁfererLﬁ%ﬁr"’fg?sé‘?bg’é"”‘f’*c*eﬂ“"‘%a[ appr ey s ohiceon
ects an ired.co

surface of the af?f%? AQEStr°m U "As W?ugéfikggeoghﬁaié%féggqgkeghe

wat chband | Ob ortohheuﬁmdn(dnaunfﬁnstbaxéraoguwbasaten42§hef53@g|ﬁib@sare

stecl (or offer Rage IALald) dpnst LakE'say DOBHR ARy 120! cHeketatha

the like, hi n""coa her precious netal) t hat
protectlvely shlEhaéesfroﬁ??SexaﬁEFatcﬁhﬁgféﬁB GPHEFnﬁaﬁﬁ§e°5the 8102 can

subst 3][112 lally t {B%Z'%fm“ 26le CPhAYLCHT TuEIOSABOUEOAL2 Ng Lofricrh wprmbeas Of
or other sui t)altbl 5"'&5?&??62 ¢§ £ é% 3@,9%%1[%@) tamg%h%ggg%r%@
MULTI PLE "BUFFERgEAﬂE?cdﬁMﬂINﬁEmm @Fb@t @) to 4 microns thick (10,000 to
15 40,000 Angstroms). However, the combined thlcknesses of
the protective film and buffer layer must be sufficient to
prevent the occurrence of optical interference effects and
undesired coloration of the gold-ceated surface of the

article. | . o
20 | As illustrated in Fig. 5, a watchband 10b or
other article consists of a substrate 12b of stainless
steel (or other base metal), a "strike" or bonding layer
13b of nickel or the like, a thin coating 14b of gold (or
other precious metal) that is protectively shielded from
25 scratching and other damage by a substantially transparent
and colorless composite coating which consists of the
buffer layer 24 of a.selected glass and a much thinner
layer 25 of SlOz or other sultable abrasion-resistant

material. _

30 ALTERNATIVE MUUTIPLE “BUFFER-LAYER" EMBODIMENT (FIG. 6)
The invention is not limited to the use of a

- single layer of a buffef material to correct the mismatch
of the thermal expanslon and contractlon characteristics of
°. : the gold-coated substrate and the protective film but
35 1ncludes_w1th1n its scope the use of two or more buffer
layers for this purpose. A multiple buffer-layer embodi-

ment 10c is shown in Fig. 6. '



The invention is not limted to the use of a single | ayer of a:ibuffer

ial to correct the msmatch of the thernal
‘BActeristics of the gol'd-coated substrate and the
Yydes within its scope the use of two or nore buffer layers for’this
pOse. A nultiple buffer-layer enbodpg nment |Oc is shown in Fig. 6.

20 As illustrated, this enbodi nent conprises a substrate 12c of a base

nmetal, the usual

i ke, a gold _coa |n redyced thickne ers 26.,, 27 of
two 5 di f f &FEnt r?u ﬁgﬁ ?‘yg%?sngﬁgag §'§8| 3?1‘32 V?rﬁYe h s "T'H:a]t enave
t her mal  expamsi benddatd |1@m g 3shiccth nprodmld@mt'hte/véléqeep'a Bp&ﬂscpa@nm‘q om

the high expanw eF s-aafufdera i nd b8, pi@&egu.?!'g%tﬁ.ﬁg%rjszgst02t7h%fmé%
| ower expansi_an %‘ﬁt ransgar ent, pr otective fil

t he case ~of glsft
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expansi on and contraction
protective filmbut 35
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rraterlals since the rovi
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coefficients
t hi ckne of
be thi niz)n

Angstrons or
their rel atl
coefficients

tple th@nspSReak Yeorakeival gilmt 28Ling with the substrate).

ssps theyenapdbe prospetivai tkhesof &l wa fibrstgbu@)fenr
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articul ar nater ovi de an

of stress fof&eLnd h\héfss 1aVﬁtrePffa€v§’rd¥“191é“%ub'éQ$%t%1ﬁﬁ§ wp@tlécthe/ea
film Howeveood ncEmmf‘attﬂﬁxtetaibutmé:ﬂ(nﬂa&e&flam sihust eyl gemesite

coatlng that |s uffe.r | aAvers 27 and th rot Fve
ovi bafd i 43

20

25

30

35

nced transl lon to 92 to 46 to 8
(1n terms of the expansion coeff1c1ents of the respectlve
materials, starting with the substrate).

The thickness of the buffer layers is not critic-
al but they obviously should be thin enough to maintain the
composite coating below about 40,000 Angstroms or so. They
may be of equal thickness (as shown in Flg. 6) or their
relative thlckness can be varied and correlated with the

expansion coefficients of the particular materials to

provide an optimum "gradation" of stress forces at the

interface of the substrate and protective film. However,
in Fig. 6 the total thickness of the illustrated composite
coating (that is, buffer layers 26, 27 and the protective
film 28) is the same as the thickness of the composite
coating used in the Singie-buffer layer embodiment shown in
Fig. .5. This is preferred since it would reduce the
sputter-coating times to a minimum.

SPECIFIC EXAMPLE OF SPUTTER-COATING PROCESS

Following is a specifid example of thé manner in

which the substantially transparent abrasion-resistant
films or coatings of the present inventioh,are applied to
articles of substrates by sputter-deposition using experi-
mental apparatus. '

al anced"

The

the buffer | t t but b |y ,shoul d
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film 28) s the same as the thickness.of the conposite coating used inA

SL?fgI e-buffer 'l ayer enbodi ment shown in 30 Fig. 5. This is prefg
givice it would reduce the sputter-coating tinmes to a mninum SPECI Kl
EXAMPLE OF SPUTTER- COATI NG PROCESS Fol'l owing is a specific exanple o e
manner in which the substantially transpargnt abrasion-resistant 35 filns
gr .coatings of the present invention are agg'l ied to articles of substrates
By sput ter -deposi L on usi i X ) JIPUAI MUYaALYS are 182adlesRELT GhoRPO!
substrates are | oaded into an -~ Sputtering apparatuS along w a
suitable target BPUtherddieoRmR Vs Rl ABFeVish, 2a581kal itaRaes ke
of Si fO][ egan@égec@@ éé&kgrixﬁjnﬁw%@{fﬁmﬁega 'éﬁlﬁm d@.\é&@tfttref[ia}r@e% %f $i0,
pressure of abou X [er r.an ille appr.ox-.i mate X
[eri] Torr of a tﬁ‘?&t%ﬁf%"‘%ﬂ% A FRYERSE L %%W&@ﬁp el 8Re§e?‘\78§“3§e?h8° a
sputtering gas. pneRButrar gef atwbdotgd »f 1030 Tolrs drsd thehlegphiied tapphex-
target so that tig,pQ 1'.Qth1b5?af89F3o%OQ Hakitre D oDRUEAIIA%IE 108

- appar atus was operated for approxi mate 0 hours under these conditions
and filns of Si RXKISPNY T Ihiteneee 38 FhenfRubteFing gy o RE OIS

20, 000 Angstr onmsyoyedige d8POFE0 edoDEs t e ﬁngﬁtappmedfta am@duﬁfg@ﬂ §ypPehat
magnetron RF-spuiiering apparatus were use t ti requi to .
deposit [err] fif’#h? (ﬁoqgﬁ hﬁ%%né?se%r%'ﬁﬁ?d%go r‘e’ngcif'gd to'fgpe)prs xuljtrSTta %}?gl
or 2 hours.1®s wappabe tapprers aperayethdos dppdatinatehy 40t hqurs under
operating parametgbgeOkold SfbHd Al 0s PR BLUSIGY I A Wil diness of
accordance with the sputteri ng) yirelds 20, et e _various coatin
materials so thafTPM AsSofotded t

"H‘é’kﬂﬁ§sé§5r‘gﬁgi gf@dzgo?oeaﬁﬂgaﬁr%) “were
descri bed enbodi aepbsiced e tiadkidpstrutef f iId@ anprpddepdsnt edpe magnetron
RF-sputtering apparatus were used, the time required to
15 deposit 8102 films of such thicknesses could be reduced to

" approximately 1 or 2.hours.

As will be appreciated by those skilled in the
art, the operating parameters of the sputtering apparatus
can be adjusted in accordance with the sputtering yields

20 etc., of the various coating materials so that films of the
thicknesses required for.each of the described embodiments
can be readily and efficiently_deposited. '
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. I—Aprotectively coated article of jewelry such as a wistwatch  _,
'.-nt f a base nmetal and is coated with a sputter

J ||“ﬂ“mmﬁm|g precious netal such as gold, sai-d |ayer \/»

£LKieess substantially |ess thap AP0, 000 Angstrons and i g

protected from scratches and abrasi on dasfage:™ when the jewelry artic- le is.
In use, by a thin adherent substantially transparent protective film o
conpri sing an gfiRtls hon- netallic material 10 that has; a Knoop hardness ~
in the range of fronlab ﬁg Qut .2500 g g LS thxs o; suffjcient
har dness to be re5|stant g créf@ﬁgécgﬁ bPAELOA® R rLFY ety viiFthdex
in the range oasfaowrabbuat¢h4caﬁpon20tabb@t 258¢om9¢sh¢wqﬁeanbaﬁ¢fﬂéﬁﬁl
having a thickgggs; ﬁh%a'éea niPg Lag ﬁtherf rﬁp@@w&alﬁa%@ Wing
40, 000 Angstronms and is also so correfated relative to the re ra tive |ndex
of the non5netaFFFt°VﬁeFFtﬁﬁtEPFBIanﬁﬁi¢5|ﬁglgaFEYFFlh?EB“G ThERiIFHRESS I m
in addition tosipsegnci@Bl@NLeds | ynananee, WGNﬁgstﬁorﬁtlehdnls aptyt élevad d
of discoloratiqn due_ to optical. interfere c%aeffec s t'h theﬁi/,vlse youl d
be prod- uced §°mn8Fﬁéﬁf FF ghtS RS 3NE CAUSSat &Y Ph SR
appear ance of ﬂheland@rMﬁﬁngbgoﬁdt@G&t@dh@uﬁh&CQUDstanbialhr Freap$pyrent
article, said BaseeARigL RDUmSRUERI8I kA% GV i Hdilth S04 th NAVE e Rial
t her nmal ansion coefficient greater than that of said protective film
sai d protéBtlvé hababd8iarticle of jewelry inclu- 30 ding at |east one
materi al -1 ayer which is ah&ﬁbﬁplhyrdha@&ﬂh&ﬁ&ﬂutﬂaﬁﬁﬁidﬂ1ﬂnﬁmM§5b&Mﬂ4b0
protective f|| an ttere risd a9
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naterlal-layer actin % g buffer neans to
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said protectlve film having a thickness that is
in the range of from about 15,000 to about 40,000 Angstroms
and is also so correlated relative to the refractive index
of the non-metallic inert material comprising said film
20 that the film, in addition to being substantially trans-
parent, is substantially devoid of discoloration due to
optical interference effects that otherwise would be prod-
uced by incident light rays and thus alter the natural
pleasing appearance of the underlylng gold coated sur face
25 of the jewelry article,
said base metal and sputtered layer comprising
gold having a thermal expansion coefficient greater than
that of said protective film,
said protective coated article of jewelry inclu-
30 ding at least one material-layer which is physically in
contact with and in between said protective film and said
sputtered layer comprising gold,
said material-layer comprising a substantially
transparent material having a thermal expansion coefficient
35 greater than that of the protective material and less than
that of said sputtered layer comprising gold,

said material-layer acting as a buffer means to



reduce stresses caused by differences.in thermal expansions of said
{\gt ective filmand said sputtered | ayer conprising gold. 2. The /
prdtectivel y-goated article as in daiml 5 -wherei
conprising said filmis a dialectric type er| al QI“HHJJMIHHMIHHIIW oup
consisting essential- ly of [err] [err], d spi nel .
rotectively-coated article as in Gaim1l 10 wher ei n the mat eri al
stituting sai ﬁleatul:a.m SOPDE4 68 oA dHATY fdlca’eetm@ersoua eaeem%il egp9£s1ons

soda- | ime S|I|cat osilicate 0 bqrosilicate_a | ead_so
Cype gl asses. 4 SFHERHS RARRIGRINE. BIIFL AT APOfe SRULERL A AYST 180RPELS 0
wherein the protgoldve filmconprises a sputter- deposited |ayer of said

dielectric type materials or 5¥H%1égd%%ﬂ%iv%§§ﬂ%65kﬁﬁe¥rt§clzh§S in Claim 1

protectivel y-coated article as | elnt rotective mteri al
conprises Si®p, WASFR§Nathe matieriadhicomRidsing 3ald o# s t AedifbArEbbat
15, oolo Angst rorc’rjstypeahaﬂén?ﬁl Owlé@qedd fem the Yiouy Copetilsteny- ﬁlﬁahﬁﬂial-
article as in erein S S plural ity o

| ayers of stress‘ﬂ’e&ucﬁg‘S erl%ldl % i 3 4th %erl 6i’ neiéga@h }5539&' 2'%52
having a differelbp20herand %Rp'aﬂsq on coefficient. 7. The

protectively-coated articlg, agfd ﬁ&é@t@v‘@i%%bﬁt&é‘ Qr@&!Eﬁ.SraQ‘?%SClalm 1
conprises two layers of stress- reduci ng*% ass-1jke materiials that provide

a graded trafls- PhedRin dhe MRAtRELAL © érfs"r‘b"rﬁ'&ﬁa?%&?efi‘%t“i EGtPY hée8o2
coat ed substrat eglasshairari the graiwystcorsisitiing. oﬂ'hsaoq)aetle.mte Vel yicaaeed

article as in O ghmgheeln LHERLlGKSR3cA 1S RIS TBANSLoadr eUBL

than that of the Fve m an C|ent |n conjunctron wt
filmthickness, géapsegent undeS| rable 35 col_or ati on of the coat ed

article by optical interfegenegthe protectively-coated article as in Claim 2
15 or 3 wherein the protective film comprises a sputter-

deposited layer of said dielectric type materials or said
glasses respecti&ely.

'5. The protectively-coated article as in Claim 1
wherein the protective material comprises SiO,, having a

20 film thickness in the range of the from about 15,000_
Angstroms to about 20,000 Angstroms.

6. The protectively-coated article as in Claim 1
whefein said buffer means comprises a plurality of layers.
of stress-reducing material with the material in each layer

25 having a different thermal expansion coefficient.

7. The protectively-coated article as in Claim 6
wherein said buffer means comprises two layers of stress-
reducing glass-like materials.that provide a graded trans-

- ition from the thermal expension characteristic of the
30 coated substrate to that of the protective film.

8. The protectively~coated'article as in Claim 6
wherein the thickness of the buffer means is greater than
that of the protective film and is sufficient, in

. conjunction with the film thickness, to prevent undesirable
35 coloration of the coated article by optical interference
effects frdm incident light rays.

9. The protectively-coated article as in Claim 8



wherein a |layer of an adhesi on- enhancing material is dis- poseq/

xu“nmlmmmrmlmrate and the coating of precious netal,. said

-e ing a thickness that is |ess than that “of the

_ 4 neFaICS L chatsing. 10. The proteﬁlively coated article as in claim_
9 wherein the coating of precious netal ‘onpri ses a |layer of gold and sald‘d
adhesi on-enhanci ng | ayer conprises a bonding |ayer of nickel. 10 -

11. The protwgéretn yacoayed oF tdrc|airssion-cmiandd nghaipieridlheisoaisng of -
preci ous netal [ ute: * t r I r 0 0 and
t he adhesi on- %%%aﬁ??eé %gsier%ge basesg's%%l %%Stogl%gg Eﬁ‘& tﬁ%%%agtﬂ% dt
titani um CMRW#QH?Uﬁlﬂaﬂabr aamﬁc%ﬂheﬁ#QMEeahaawlng layer having a

thickness that is less than that of the precious-metal

3.

effects fromincident Light rays. 9. The protectlvely coat ed artlcle as in_§-
[]

k

L

5 coating. _ :

10. The protectively-coated article as in claim 9
wherein the coating of precious metal comprises a layer of
gold and said adhesion-enhancing layer comprises a bonding
layer of nickel. '

10 1l1. The protectively-coated article as in claim
9 wherein; :
the coating of precious metal comprises a sput-
tered layer of gold or a gold alloy, and
_ "the'adhesion-enhancing layer comprises a primer
15 layer of one of titanium, chromium, nickel or a nickel
. chrome alloy. '




