NETHCD FOR PURE | ON PLATI NG USI NG MAGNETI C FI ELDS TECHNI CAL FI ELD Thi's
invention relates to high energy level ion plating deposition of plating
4srat érial, and -nore particularly to an ion plating method utilizing 5

magnetic fields. 2 BACKGROUND ART Vacuum t echnol ogy has been used in &~
"vari ety of applications to provide an efficient and high quality netho é&p
the deposition of coating naterials onto a 5 variety of subs rates
the/application of coatings to substrates, vacuum evaporation &Eﬁ
sputtering,- and ion plating have been used in the past with varying ees
of success. In the early days, vacuum 10 1 systens deposited materials by

sinply evaporating the material and allomjng it to condense on the surface
of the substrate. Vacuun1evaporat|on provid position. rates, but

i gh
s he i sauyant aMETHED, EPRD BYRE] RRu” BEACRRR, USTg: HAGNERIE FIELEY noo

there is no 15 particle acceleration involved in the vapor deposition,
adhesi on can frequently be a problem The use of cathode bonbardnent in the
sputtering techniques overcones to some degree the line-of- sight" problem
and offers a wide variety of 20 materials and generally better adhesion
t han does vapor deposition. :

PECHNICAL FIELD
This invention relates to high energy level ion
plating deposition of plating méteriél, arid more
U/ particularly to an ion plating method utilizing
5 magnetic fields.



An additional plating approach is shown in U.S. Patent No. 3,329,601 issued
»to Matfox on July 4, 1967 and entitled "Apparatus for Coating a

pl as

I ly. 25 Bi ased Substrate from Pl asma of |onized Coating

whereby ions of plating maerial are formed in an inert gas

very high potential energy |level. The use of the Mattox nethod 30 :
results in good adhesion of the deposited material; however, the Mattox Sl
process doBACKGROWBPKARE| |" for plating insulators and resulted in argon

cont ani nat ed fi{yg6uum téchhbllbgiuhhBebeiean usled! iing aretahicetys afescri bed and

Znd extracted el ectro-. statically to arrive at the substrate at a

1980 and’

shown in U S. _Patept Re, 30,40 ' . ' '
entitled "Qﬁg}£é§t£8ﬂsP$3tPﬁ@”%&k?%ﬁsé%%ﬁ%3§£2£%§F§%gsggééﬂpﬁé'substrate 5
with both m&ched Bbrsthealeposikdowhiofe coatiogd pabeinias sc\anks et

i oni

condutt ors

tion

vggge?%g%%;?aggggggkgq.resulting in a systemto plate both

ors Wwth pure gas free films. A need stil

e

xXi sts for

an ion plating prothesapplicatien Rf| coasdngs MJSUPHETARPHf articles

whi ch are gééggHLgog

a snooth coatin sur?gce over sych irregulariti,es. A need further

for an i onPRRAEENGNAYE REEN, HEL bg'ncﬁﬁ(?ugt’&t H&%Z*r VRS eh as, 15
exanpl e, oakgreés! y€r saccespper Incthebeaddyodiaysd orrcsmdsst rates such as,
for ﬁfanp|EYS€2$gnhgposited materials by simply evaporating the
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material and allowing it to condense on the surface
of the substrate. Vacuum evaporation provides high
deposition.rates. but has the disadvahtage of being a
“liﬂe-of-sight” process. Further, since there is no.
particle acceleration involved in the vapor
deposition, adhesion can frequently be a problem.
The use of cathode bombardment in the sputtering
techniques overcomes to some degree the “"line-of-
sight" problem, and offers a wide variety of
materials and generally better adhesion than does
vapor deposition.

An additional plating approach is shown in U.S.
Patent No. 3,329,601 issued to Mattox on July 4, 1967
and entitled “"Apparatus for Coating a Cathodically
Biased Substrate from Plasma of Ionized Coating
Material®™ whereby ions of plating material are formed
in an inert gas plasma and extracted electro-
statically to arrive at the substrate at a very high
potential energy level. The use of the Mattox method
results in good adhesion of the deposited material;
however, the Mattox process does not work well for
plating insulators and resulted in argon contaminated
films. ' '
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substrates with such an intensity of energy that a | evel of adhesion is
obt ai ned -t hat makes an adheS|on layer of foreign material such as nickel or
Lhrom um 20 . - unnecessary. 4 An object, of the present invention is, tox
provide a nmethod for ion plating a substrate which substantially elim es
t he probl ens heretofore associated with ion plating nethods. 5 df:,/
According to the present invention there is a nethod for ion plating a

substrate within a cpagpei WehPegep! %h“ﬁlgﬁiﬁ‘?e ﬁegpiﬁsaggcwsﬁat eps of:

evacuati ng sai d chanber; vapori zing atTn eatin
material 10 ﬂn@héhevacﬁatgdschﬁﬁﬁéﬂt BPac?ﬁg49H FBH??HF@oﬁonﬂBhéﬁlsn1|n

:Ee f or m of ? n@QnSE @eﬁbéfdgadlgsﬂﬂin%h@?ﬁg9§éaawca§ge§f t@ntrapt .
ermonic el ec e hea apori ze mat eri a
source and to cégégiPﬂesgth cB gﬂﬂitFBeQBSfY fgﬁFsaﬁhefﬁgg gPEF a dense
i oni zat i org cr oseitlechboth DQ ahe RDrslqﬁahg.elEuerwmlseimeﬂhed magneti c
field adjacent %ngfﬁgﬁté ?Q?§51691?9§i6rvgh5 bQQEiS gxgggégggnatons

di scharged by t’he vapori ze erral source
appl yi ng a negafeselbing ba %h%Y%h%@t#@tEl§%¢ %9tma9@m®gcp@sstané i ons of

t he vaporized pigduldcdRE vl ch- pﬁbg §afstrabeeibyspe held by a fixture
within the chanber 3pd (0 JeiieCuRPes BBE' S5 105 SELLhG"BoslS
10 that will coat a wide variety of_a:ticles which are
irreqularly shaped with irregular depressions and
\UJ which provides a smooth coating surface over such
irregularities. A need further existc for an ion
plating process whereby conductor materials such as,
15 for example, gold, silver or copper, can be deposited
on sgpstrates such as, for example, ceramic
substrates with such an intensity of energy that a
level of adhesion is obtained that makes an adhesion
layer of foreign material such as nickel-or dhromxum

20 unnecessary.



of applying a radio frequency signal to the substrate -25 fixture for

gene \ng said negative bias as a negative self bias on the surface of the
for attracting positive ions of the vaporized plating-nateri al

he substrate i s nonconductive materials. The substrate nmay be a

cerantT nmaterial and the 30 pl ating material nmay be copper, gold or
silver. Alternatively the substrate may be silicon material and the _
substrate alumnium The nethod may al So”include the step of injecting o

~

argon gas having a partial pressure of lLe 5.« [k 5
mcrons into theABhgsﬁsF% °?'§§fEﬁr5%§Eﬁl%ﬁV%ﬁﬁgﬁgTﬁE gggbfﬁkgaég%ya nor e
conpl et e mednoat odi ignobplekéngr esenbstrasat Wohchngubstantiehdy advant ages:
ther eof, 'L§{51RACE ST $nBOW-BRYBnEOnERE thebkaaBEoPERRELCH B 1onDescription

taken in Aj.uncton "W t e acconpanying Drawings in which: FIGJRE 1 is a
schemat i cpdpsdngnmerth@dsrating structure for carrying out the nethod of the

o8 e SAseidains o norbRERn nenaion nass eog o
inyention?e%PGBR§°§.anaﬁaéﬁgggggdsVE?&*S%eawggbg rgfgh%ggfggggﬁﬁ%g a
printed car pliattihgamadtelriadt campmgstihg 1be stepst Bfd of the present
‘invention; and Fg@ggﬁa%ihi a3aheMBberdi agramillustrating
vaporizing plating material by heating the material .
10 in the evacuated chamber; o -
placing an ionization mechanism in the form of a KJ
magnetic field adjacent the substrate so as to trap
thermionic electrons emitted from the heated vaporized
plating materiél source and to cause these elecfrons fo
15 spiral and thus offer a dense ionization cross section
in the form of an electron saturated magnetic'field
adjacent the substrate so as to positively ionizé
evaporant atoms discharged by the vaporized plating -
material source; ‘and :
20 applying a negétive bias on the substrate for
| attracting positive ions of the vaporized plating material.
' The substrate may be held by a fixture within the .
chamber and the method may comprise the additional step
of applying a radio frequency signal to the substrate : o/
-25 fixture for éénorating said negative bias as a negative
self bias on the surface of the substrate for attracting
positive ions of the vaporized plating material wherein
the substrate is nonconductive materials.
The substrate may be a ceramic material and the
30 plating material may be copper, gold or silver.
Alternatively the substrate may be silicon material and
the substrate aluminium.
The method may also include the step of injectihg
argon gas having a partial pressure of less than
35 approximately 5 microns into the chamber.



structure for carrying out f he nethod of the present invention. 6 A
system for carrying out the present ion plating nethod is illustr NN
FIGURE 1 which |I}ustrates_a vacuun1p|atin%k5ysten1 generally 5 EEE;;
identified by the nuneral 10. System 10 intludes an evaporant s 7
generally identified by the nuneral 20. The evaporant atons are ionized by
el ectron col lison when passing through a magnetic field, generally
identified by th ) H1h generally identified by
t he nuneral 40 fgﬁﬁggﬁégkﬁigPT?%gaﬁé?gﬁ%m 0 ggﬁﬁlated into substrate 40
into the plasma stateFo¥ @hmsmmmmn@m of the prlastas: a

chamber housing Avaukiddl GnkOlEol @urdhiag %a\o%%?ersh%@raof Chanber
housi ng 52 15 FgEéF e vertlcal hori zont al _ an be conprlsed of any

suitabl e materia eRgen S Wg‘“mlfﬂ Fhes forld: WWa%#Ml ng 52

i ncl udes & outle&saézpeabhok:h&dnby.nacmlguaci&omvﬁhhl ea@s to a punp (not
shown) for vacuuglevacuatlon %E chanber, ho SE% 52. 20 System 10 nay be
n

brought back to Fﬁ&mﬁﬁéfﬁegp §§&P§sb¢nbt Bvil g a valve 57. A fixture 58
is provided in chanbeFIBUBE|ﬂngZafsnhhmh&nngdaagram idles&ratdngs or

substrate 40 to Qg:%ﬁ%h?@ fo%“l?:'ig gahgomﬁzh%% OO lthe s t? 25
e rlca

substrate i.ntend use as an e circuit conponent mhlc 1S made -
of, for exanple, ipvastien:

10 FIGURE 2 is an enlarged diagram illustratzng a
substrate to be plated by the method of the present
(U L invention; | '

'FIGURE 3 is an enlarged view of a substrate
representing a printed circuit board illustrating the
15 method of the present invention; and
FIGURE 4 is a schematic diagram Lllustrating
structure for carrying out the method of the present
invention. ' ' '
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ceram c, ceramc coated netal or silicon materials. - As illustrated in

FI GURE substrate 40 conprises printed circuit boards 60. It being

under d that 30 the present nmethod can be utilized for coating any «
type fiticles and printed circuit boards 60 are utilized herein for

I 11 ust Ave purposes only. - 7 A power source 61 and an RF power

source 62 are provided and are.connected to fixture 58 for attracting
positive ions toward printed circuit boards 60.froma materi al vaporlzatldﬁf
source 20. 5 Vapori zation source 20 nay be of any suitable source that
may vaporize plating material, such as, for exanple, a refractory boat, an
el ectron beam gin s¥atemhfat i ER® PUY M IRE a8 t}R arc, or as -

i 11 ustrat eghyiat ilCrRENbA AW INLUBHrAtRIEG IFIGURE 1 fiarents 64 and 66
which are i.n turn connect ed t 0 pqwer, sources- 68 and 7 respectlvely

Plating matdri4d ARG i% Hing) S¥RFSHC I IRASTINY exanpl e gol d,
. coppes, Si |1\&Enu1rfiaid1rby‘1w’he Tumetath 14 am@mamﬁmmm are utilized

for the 15 e qﬁﬁ? durin
different e qap"‘e)a(r%lﬁllo ?Js%%ro y conch{%?éée W%{ SAc]'{“t)y a net egl ng
val ve 74 i 20on/Ge avqmr@fmmo%@mgimMr%ﬁmorgas may be

i nj ected i K G h 1P P Ml Y - thébugh Ranagiedidasiemy, be inert or other

gasses Condglegxlevrea]:tloy piJe]cn(%:rirEire% sbpyectllie CmImuenr%i % SUCh as, for
" 10 substrate, generally identified by the numeral 40 for
converting the material to be plated into substrate KJ
40 into the plasma state in the area of substrate 40.

System 10 includes a dhamber housing 52 suitable:

'for providing a vacuum therein. Chamber housing 52

15 may be vertical or horizontal and may be comprised of
any suitable material for maintaining vacuum
'pressure. Chamber housing $2 includes an outlet 54
controlled by a valve 56 Which leads to a pump (not
shown) for vacuum evaouation.of chamber housing 52.

20 System 10 may be hrought back to atmospheric pressure
by utiiizing a valve 57.

A fixture 58 is provided in chamber housing 52
for holding one or more articles or substrate 40 to
be coated. Substrate 40 may comprise, for example, a "/

25 substrate intended for use as an electrical circuit
component which is made of, for example, plastic,
ceramic, ceramic coated metal or silicon materials.
As illustrated in FIGURE 1, substrate 40 comprises
printed circuit boards 60. It being understood that

30 the present method can be utilized for coating any

' type of articles and printed circuit boards 60 are
utilized herein for illustrative purposes only.



éxanple, I nert gas ion bonbar dnent cl eani ng of printed circuit boards 60
or collision scattering of the evaporant 25

prior to-the plating process . . :
atons to enhance unif.ormty of coating three di nensional objects. R;EE&D

source 62 is provided for this latter purflose as RF sputtering gener N

cl eans better than the ‘cl eaning action of a DC source. Additionally,

I nput gas may be a netal 30 bearing gas plasne for producing high netal
) | f substrate heating is desired, "input gas rich in hydrogen,

such as ammoni a, wil|f BE| po¥erasangrechilr and thoRFapoweresohircef 62he hi gh
i oni zati on pot eakkabretiAkdr a8@Nare cdnkbktuactss siRcLydesgnegpets 76 and

78 whi ch ' f X | e, ,permanent magnets .or el ectro magnets
stabli shi nBEHEQRELRE PPELHLYS’ 4BRacEAMapd| RELOLES  BhFEukbar ds 00,

Evapor ant at onsbpasdsng0SfrokhaomghethaleleporBatibat seaecepnal i ng in

peré&tration.
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thod, the high ener evel. ion I'ng syste
Q!ﬁ&i?ﬂiE’%@Sﬂuﬁf%ﬂggﬁﬁoughéﬁﬁfiétGSQrI@raﬁguitable

illustrated in FIGURE 1, one or more elactric
filaments 64 and 66 which are in turn connected to
power sources 68 and 70, respectively. Plating
material vaporized by source 20'may include, for
example: gold, copper, silver or aluminum. Two such
filaments 64 and 66 may be utilized for the
deposition of different materials and deposition
during different time periods.

A gas supply conduit 72 controlled by a metering

valve 74 is corinected to chamber housing 52 whereby
input gas may be injected into chamber housing 52.

. The input gas may be inert or other gasses conducive

to performing specific functions such as, for
example, inert gas ion bombardment, cleaning of
printed circuit boards 60 prior to the plating

'process,or collision scattering of the evaporant

atoms to enhance uniformity of coating three
dimensional objects. RF source 62 is provided for
this latter purpose as RP sputtering generally cleans
better than the cleaning action of a DC source..
Additionally, the'input gas may be a metal
bearing gas plasma for producing high metal
penetration. If substrate heating is desired, input
gas rich in hydrogen, such as ammonia, will deliver a

high current flow as a result of the high ionization"

potential of hydrogen.

ollisjon with elecirons and are
éﬁgﬁgﬁéga?f#eﬁﬁo?gg?Pﬁlsﬁéﬁ%?ﬁ?eﬁ°ﬁ§°?he
negati ve chargetbﬁtEEB$OWEPOSba¢cplétin@jmatenﬁettisuehnadeBEorThe 10 y
interior of ch LIS yagg hr 9ugLy i t n_qQperation
gf t he presentaayﬁmpbg' AnﬂeEB%@QGr ?E' H'Qlégﬁgé& Bedn %uﬁflag
illustrated in



15 vacuum such as, for exanple, approximately 1 X 10-4 njlli

ten to\

neters of

If it is desired to have a cleaning procedure for printed circuit
)r chem cal or physical reasons, gas nmay be introduced into
sing 52 through conduit 78 for 20 exanpl e, at a pressure of
nty mcrons and a radio frequency plasma forned by the gas w |l

bonmbard the surface of printed circuit boards 60 advantageously to
ef fect uate cleaning. After cleaning, the gas wll be w thdrawn

evacuat ed chanh@ixteFrs 5§ 3ndudss maanats 4§ Apd HE Hiiah MRProcess. A
direct curegﬁbragggtma&lggam ﬂgy'paﬁﬁaﬂéhtihaghéisqdrﬂeléétfd0n1DC power

source 61
30 - posi
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powle gouirececi6dct r Al fauunddtd.mwwtt&&nsaum ng
interior of chamber housing 52 are made through
insulators 82.

' In operation of the present method, the high -
energy level ion plating system 10 illustrated in
FIGURE 1 is evacuated through outlet 54 to a suitable
vacuum, such as, for example, approximately 1 X 10'4
millimeters of ﬁercury. If it is desired to have a
cleaning procedure for printed circuit boards 60 for
chemical or physical reasons. gas may be lntroduced
into chamber housing 52 through conduit 72, for
example, at a pressure of ten to twenty microns and a
radio frequency plasma formed by the.gas will bombard
the surface of printed circuit boards 60
advantageously to effectuate cleaning. After

‘cleaning, the.gas will be withdrawn from the.

evacuated chamber housing 52 prior to initiating -the
plating process. :

A direct current negative bias, ﬁor example, 3
to 5 kilovolts from DC power source 61 may be applied
to fixture 58 which acts as a cathode to attract

'positive ions towards printed circuit boards 60 by-

attraction through a high voltage drop where printed-
circuit boards 60 are conductive. Where printed
circuit boards are insulators, RF source 62 provides

e



10 _these electrons to spiral and thus offer a dense ionization cross
sectiop to atons of evaporant material passing through-the cloud on the way
to printed circuit -boards 60. Thus, ionization is at a maximumin the
region of printed circuit boards 60 15 ‘®here the need is greatest. N
‘Either or both of the resistant electric filanents 64 or 66 may be uti

by varying the pomer I nput from power sources 68 and 70 to filanents

66T espectively plate_.one teria s,onto
printed circuit % el BaépassgﬁrcTngortEBSmPﬁﬁsﬁ8§eP°tg?dfh géaﬁfﬂ%n3|ona
coati ng capabi |l i begdins| stvepl aniengrpbotbsmaserdall e3ebtrios€éilamentd pl ating

material are eXtEﬂCB%dGBnhEQrﬁLXtE&O aapggﬁégraeﬁgglﬁiééegngugﬁnegrativer

25 short distance across t space I on iately
and unifornly suVPB&ﬁaFﬁgtbﬁePﬁéﬁ&?ﬂvEF&GEﬁaigedWBGSStfb%émeﬂhéréﬁpon t hey

arrive at tde suaﬁar 6%eai:éoﬁéaiﬁt£ﬁd§ehéa£86rsbhﬁeea, p@lnbwswlesgePr evi ous
nmet hods have i nv d a_chanb seen

that it is only é@ s§3f§eP8r 538&“P§§ﬂﬁt§uf5eﬂgv88Yﬁ5 ﬁ?ﬁgﬁﬁ gﬁ ?ﬂ regi on

innediate to the78ubdsr atélédsedhat thé .pl asma can send ions into the "dark
e b o “hore it o RAeL RO pbACSUBEURA magnd ORI (0,
shown thermonic electrons from the evaporant 0 causing
10 these electrons to spiral and thus offer a dense
ionization cross section to atoms of evaporant
Lj material passing through the cloud on the way to
printed circuit boards 60. Thus, ionization is at a
_ maximum in the region of printed circuit boards 60
15 where the need is greatest. Either or both of the
resistant electric filaments 64 or 66 may be utilized
by varying the power input from powet sources 68 and
70 to filaments 64 and 66, respectively. to plate one
or more material films or layers onto printed circuit
20 boards 60. _

The *"throwing power” or three dimensional
coating capability of low plating processes results
because ions of plating material are extracted

, uniformly from a plasma. accelerated a comparatively
~ 25 short distance across the Crooke's dark space, a
' region immediately and,unifofmly surrounding the ‘
negatively charged substrate, whereupon they arrive
at the substrate from a diffuse rather than a point
source. Previous methods have involved a chamber
30 filled with plasma. It can be seen that it is only
necessary for good results to have the plasma in the
region immediate to the substrate so that the plasma
can send ions into the “"dark space" for subsequent
plating of the substrate.



wherein fixture 58 is electrically biased by sources 61 or 62 (FIGURE 1).

Fi xture 58 supports a printed 5 circuit board 60 in the presence of
. magnetie<field 30 produced by nagneh 76. Atons 90 of evaporant material - .
- pass t h magnetic field 30 on t & r way to printed circuit board 60 and
are g ed by the evaporant source such as, for exanple, electric 10
filame 4 which may al so conprise an emtter of therm onic el ectrons.

The emitted el egt 149 :Tr,fa%en&?%'ts'ﬁ"%1§ofceéj ,Rgrépééaljfgdnagnet ic field 305;‘
0

where the el ecttons a |arge 1oni zation cross Sectron to evaporant
atoms and iliw:ntiiqp vhvihe present pltatingmethogobs tshewrons. The

posi tive L asAlf ¢iWEMddalsy Yisa@fé@éﬁi@li)ﬁ ﬁf@s&?@&{ | yShyc&dar ged i

cat hode, fixture 58, arriyvi t her eupon wi t iculate energy. |If

printed cifl@% GRAELSYRE & al%%f#%%ll%@o?%?mﬁ*ésb?a%?h@ @urce of RF

sourge 62 ca.Q-cuuﬁhsaazch B0 UWin |tlre bresdivd &f SrddnetikicEle @030 Ve bi as
wi ||l occur égi %L urface of élnted C|r$§|t board 60.. The sel f-i nduced

negative B~ FRgRRe B ecthiomes ¥ PHRRC O he negative hal f
cycle of urlaﬂ:eli‘ﬁ.aiycp&ssamhmgmmdgmrﬂ ffihjtd 3P tdre Qteir ywagiti ve hal f

cycl e. 0 being
separated ?ylnt%%{ﬁéc jyéﬁétﬁér?%ga t. sﬁd?ﬁ%é&# b%gh erstood that
printed cﬁWaﬂqrﬂ&ﬁﬂﬁﬂﬂﬂﬁP(ﬁﬂFﬁﬂ%ﬁ)I#Q?l##ﬁﬂ@kﬂfﬂ%ﬂ%ﬁ#%&%nt magnet 30
76, 18uch tfalanidn€ W4 WAL dH NG (1 &9t dorr 1€t | &tk deP g ds 60 and nagnet

7 n th i f fixtur
6 on t et aerzrremsén%.% Oelectrtol{ase. 58’1‘he emitted electrons are

caught and forced to spiral in magnetic field 30 )
where the elestrons offer a large ionization crbss '
‘section to evaporant atoms and in so doing convert

-

15 ‘these atoms to positive ions. The positive ions are
immediately accelerated to thefnegatively charged
cathéde. fixture 58, arriving thereupon with high
particulate energy. If printed circuit boards 60 are
also insulators, the biasingfsource of RF'sourqé"Gz

20 should be utilized so that a self induced negative -
bias will occur_on the surface of printed circuit.
board 60. The self-induced negative bias occurs
because electrons are trapped on the negative half
cycle of the RF cycle and cannot flow off during the

25 positive half cycle. '

Although.FIGURE 2 illustrates a printed circuit
board 60 being separated from magnet 76 by fixture
58, it should also be understood that printed circuit
boards 60 can also lie immediately adjacent magnet

30 76, such that fixture 58 supports both printed
circuzt boards 60 and magnet 76 on the same side of
fixture 58. '

o
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Referrlng now FI GURE 3, wherein like nunerals are utilized for |ike and
correspondi ng conponent s, previously i dentified with respect to FI GURES
.and.2, the present process is further illustrated for use in depositi 57
of a pattern 92 for creating a printed circuit board 60. In Fl GURE 3,
magnet 76 al so functions as the electrically biased fixture (fixture 58 of
FIGURES 1 and 2). Printed circuit board 60 1i1s -secured in tight contact by a
skadow nask 94 of KOVAR, (Registered Trade Mark), steel or L0 other
magnetically attractive material to reveal pattern 92 on printed circuit
goarg gg t hftlt will lIGbﬁHzFﬁi&ik nbe nm‘m;im]g Wﬁeiémn 19keOhupeiraigdager cui t
oar Wi at at_the end o eposi tion _p
deposi ti on proc'ggifﬁggp J%@E%§¥} fﬂﬁﬁﬁﬁﬁqgl °ﬁ&P8P8P6Fep§8H§P3FIH
using etching cldantifiizad wiftlpmespet tcitoc MIGURES d @Dd £,ndhecpmdsentve,

the elec- tric | n d 62
(FIGURE 1). I é@é)reeg%sn?@net (#can au:st(;:rb;.gte'lflf?y:}ghg%f 3Bytd§8§9?iﬁﬁgl e

pl ating of Shol & 9B RAItEFRP2 FaR aneadige & Priadesd cdackitoRrPardo60.-The
adhesi on and elBftFIGURE @ialndghedf 181easoleR@witiens asmEhel bQchtQﬁcally

Several m1 G, Auhed Aol A il RY R FROPREET dc it 20or SB17EAR yi ng

out the nethod affradic qu mseraac@trelds in [tightacedtatiieby ar ehadow

appl i cations wher& ida rgry Yeetled @MU MaIRINCL L1 dprect |y to a

substrate 40 as | ustrate I n FIGU igure 4 'us- trates the-
syst em of Wwp@*@%@%ﬂq%@mﬂ%%%ié{ﬁematerial o' revesl pattern

\; 92 on printed circuit board 60 that will be plated. The
remaining portion 96 of printed circuit board 60 will
remain unplated at the end of the deposition process.

The deposition process thereby deposits a pattern
15 heretofore generated using etching chemicals. If
| printed circuit board'eo is not conductive, the elec-
trical bias applied to magriet 76 is applied by RF
source 62 (FIGURE 1). The present method can also be
-utilized for through hole platiﬁg of holes 98 which
20 pass through printed circuit board 60. The adhesion
and electrical quality of these deposited films allow for
subsequent plating by ordinary Wétplating techniques to
‘thickness of several mils. '
A Referring now to FIGURE 4, further structufe for
25 carrying out the method of the present invention-is
illustrated. There afe'applications where if may not be
practical to mount magnet 76 directly to a substrate
40 as illustrated in FIGURES 1 and 2. Figure 4 illus-
trates the system of FIGURE 1 wherein like numerals are
30 utilized for like and correspoﬁding components
identified in FIGURE 1 for ion plating of a

D)



30 utilized for like and corresponding conponents identified in FI GURE 1

- for.i fating of a 12 substrate in which the magnet cannot be directly
mount hereto. FIGURE 4 illustrates the use of the present nethod for
pl ati e inside of a pipe coupli& 100. Pipe coupling 100 is negatively
bi ased by DC source 61. The e g%orant source 20 directs atons of

evaporant 102 into a magnetic field 104 generated by magnet 106. To further
assist in the acceleration of ions for adherent plating, a power supply 108¢

may be “Seﬂxﬁ%mé‘tfﬁ wl@&s%ﬁévrﬁa&aaé 88nAdt benagps&ti.pfi The use of

t he positive bias on nmagnet |1shes a field gradient to direct
positive impunted thepefR. cofiFFVRE 40bllnstratas: Eheinae PR £he foregoing

descrlptl%}éﬁeﬁ@%ﬁmsmrrplaasngsmeqﬁnéedetefbs pipaent for 15

i oni zati on. o there are |nitanc§§8 ere g %o figl

uni f or m t YCRRA 9%r£ 91 r BHPRr CQUPEARESIHBKER Pﬁga 1¢:2]] 1F8egdd a slight
anourgt of Byene gurderslhe vwepesapofanateouateszatdnreogsto further film

uni formty. shou e h his a nert gas such as
for exanpl%FAéﬁ %?’éfEQSrggésg?% gﬁfém#tﬂgéﬁeei ?ifbd 8 %1cron pressure
needed fcwgennnekgddhyloag@mﬁehQGQh ﬁ@tf?ébeVe$§%i§ta}ﬁe§bef|In1propert|es

by i ncl usw&&ief&@l&ﬁsof Nibh§ #6P0saheLeht! Plaking, a powkk therefore can
be seen1ﬂ§§p$r§efres may be used to maintain a posxtzve blas on

10 magnet 106. The use of the p031t1ve bxas_on_megnet
106 establishes a field gradient to direct positive Q_/
ions 102 to pipe coupling 100. _ '

It is noted that in the foregoxng descrlptlon of

the process, no gas is required to be present for

15 ionization. However, there erelinstances where the
need for film unxformity over very irregular surfaces
makes it des;rable to add a slight amount of inert
gas for the purpose of mater1a1 scattering to further
film uniformity. It should be noted that this use of

20 an inert gas such as for'example} argon at a preseure.
below the typical 10-20 micron pressure needed for
ionization is low enough not to adversely affect film
properties by inciusion of the gas in the deposiﬁed .
£ilm. . o U

25 - It therefore can be seen that the present
invention provides for an ion plating process that
will coat a Qide variety of articles which are
irregularly shaped with irregular depressions to
provide a smooth coating surface over such

30 irregularities. The present method further can be
utilized for deposition of plating materzal to create
a printed circuit ‘board prev1ously generated through
chemical etching procedures.

-



i nvention provides for an ion plating that will coat a wide variety
of articles which are irregularly shapgmai@@”"meﬂmum depr essi (s\\o _
:provide a snooth coating surface over arities. ( %@E
present method further can be utilized for dep03|t|on *of plating eri al

to create.a printed circuit board previously generated through chem ca

et ¢chi ng procedures. -13 - CLAIMS: - . 1. A-neBhed for ion plating a
sUbstrate within a chanber with a plating material conprising the steps of:
evacuating said chanber; vaporizing plating material by heating the 5

mat erial in thELAYMEuat ed chanber; placing an ionization mechanismin the

formof a ”Hgth'CAfh@kﬂoédf69eﬂéntﬁﬁaéﬂﬁétéaé§b§9b§€et&&%ﬁfﬁ’é*EHéH&gyc
electrons emtted fromthe heated vapori zed g ating material source and to

cause these el ¥éthoAsPigting BaFeafalngonRnd b$$th%.§E§E§39%ﬂlzatlon Cross
section in the forn1ofe&acahemhgosasatumamsdrﬂagnet|c field adjacent the

substrate so as to pos Ly.Lonj dIS har ged by the
vapori zed plating mat e{r’lgg%;gs%alﬁge#f%ﬁgxg ﬂbggo?%gl?ﬁ? Jen%g§§ on the
substrat esf or mgteraadr ot Ehg QbstuaVed|©hsmb¢rthe vapori zed plating
material. 2. The ”Ethoﬁlﬁélﬁgahﬁ1%o%@?é@i&ntﬂgcﬁﬁﬂf§ﬁ'fhftﬁ%fkdéhFHfWQdEd

by a permanent magnet . claim1 wherein the nagnetic field
i s _ magnetic fIEld adjacent the substrate so as to trap

thermionic electrons emitted from the heated vaporized
plating material source and to cause these electrons to

-

\J 10 spiral and thus offer a dense ionization cross section in
the form of an electron saturated magnetic field adjacent
the substrate so as to positively ionize evaporant atoms
discharged by the vaporized plating material source; and

applying'a negative bias on the substrate for
1% attracting positive ions of the vaporized plating material.
2. The method of claim 1 wherein the magnetic field
is provided by a permanent magnet, . _
3. The method of claim 1 wherein the magnetic field is
provided by an electromagnet. _
20 4., The method of any of claims 1 to 3 wherein the step
of applying a negative bias on the substrate includes:
applying é direct current negative bias on the
A substrate, wherein the substrate is conductive material.
5.' The method of any of claims 1 to 3 wheréin the
25 substrate is held by a fixture within the chamber and
further including the step of: |
applying a radio frequency signal to the substrate
fixture for generating said negative bias as a negative

_ self bias on the surface of the substrate for attracting

30 positive ions of the vaporizéd plating material wherein

the substrate is nonconductive material. '

* 6. The method of any preceding claim wherein the magnetic
field attracts a depdsition mask for securing the
substrate during the plating process as well as

35 generating a pattern on the substrate.



provided hy an el ectromagnet. 20 4. The nethod—of—any of clains 1 to 3
wher ei @ step of applying a negative bias on the substrate includes:
“appl yi gli rect current negatlve bi as on the sub
substrahe_¥s conductive material. 5. The net hod of Mﬂl’l"’ﬁ%ﬂ"’to 3
wherein the 25 substrate is held by a fixture within®tHe ¢h ef and
further including the step of: applylhg'a radi o frequency signal to the
substrate fixture for generating said negatiye blas as a negative self bi as~
on the surface of the substrate for attracting positive ions of the
vapori zed %+at|ﬁ@en%fEP?%I°§h%?¥|ﬂr?ﬁ%déﬁﬁs?}%}% V%eﬁ%h%oﬁ@%ctlve mat eri al .
g. The nﬁimﬂiﬁ?tandorﬁpﬁﬂedsne pfanﬂwheiﬁd(:jmthsoaﬁ@neltl c field attracts &«
ep03|t|o S or_s uhstr at u t he i ng, process as
wel | as 3 ge%%?a??ﬁ%g gtéggﬁa 7 Yﬂ%rgﬁ%sg ?% arepggiesTﬂg net hod of
any precedtme @ia¢u1mhb¢er@.thbesa@thﬁdténcbu@imseth@.@temteﬂ circuit
boar 8. aim?7 wherein there are holes in the circuit
boargs thep]h%?ﬁnge%%g?u}g{)}l%the step of plating said holes. - 15.- 9.

The met hod of any preceding claimand further including the step of
applying a positive charge to in _

Y



the area of the electron saturated magnetic fierdtodrrect—the—f | ow of

positive ions. 5 10. The nethod of any prec cl airm wher ei n the
subdthate is ceranmic.material and the plating lm"lllﬁu m @
nmet hod of any of claims 1 to 9 wherein the sub nater

and the plating material 10 is gold. 12. The net hod of any of clains 1 to 9
wherein-the substrate is ceramc naterlallﬁnﬂ the plating material is

sid¥er. 13. Thegnet o] of oC eln t he.15  substrate is
silicon material an Qgﬁ Re?§¥dngf P? %C%glg wgf % fUREe et hod of
any preceding cFEFﬁPéhGSfﬁhﬁhéﬁepnefuaDDQYLhe etzgsiﬂ1v¢rqhnrgemﬁqugmn gas
having a parti akhgr aseur Sfotzngo 1 888 rbhasa fRP Sgd nto the
chanber. 15. A thog ﬁ% gE 8 e% raﬁsu%str%€§amntéﬁéki%r%#éégl
substantially a HEF Bf SERWpAFt Pe8LEAYS HeReribed and as illustrated in
Figs. 1 and$2 oi0theThecmephoyi af dnpvpngsed g dihim/hﬁﬁﬁémﬁiﬁﬁel on

plali ng a substuabgehtth BaooChaRbE nabbRl a1 AR) I bAS NELEL DT OIS ) 1

particularly descrlb as | stra ed’in
drawi ngs. 17. ACRBPREd of ion plating a substrate mnthln a chanber

substanti al | y as1berehabméensdpart asy! 8f | ¥1468671 bed RnthedQ 35 drd Ustrated
In Flg 4 Of the gg%rgg nYéngeg£§¥é gaterlal and the plating material '
10 1is gold.
12. The method of any of claims 1 to 9 wherein the
R,} ' substrate is ceramic material and the plating material is
silver.

13. The method of any of claims 1 to 9 wherein the

15 substrate is silicon material and the plating material is .
aluminium.,
14. The method of any preceding claim and further
including the step of: |

injecting argon gas having a partial pressure of

20 1less than apprqximgtely & microns into the chamber.
15. A method of ion plating a substrate within-a chamber
substantially as hereinbefore particularly described and
as illustrated in Figs. 1 and 2 of the accompanying’

. 'drawings. _

o/ 25 16.- A method of ion plating a substrate within a chamber
substantially as hereinbefore particularly described and
as illustrated in Fig. 3 of the accompanying drawings.
17. A method of ion plating a substrate within a chamber
substantially as hereinbefore particularly described and

30 as illustrated in Fig. 4 of the accompanying drawings.




