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.COMPLETE ·SPECIFICATION · = • 

• .. B~n .Nitride :Thin Fi~m De~ce and Proc~ss f~ M~~ing Same · . 

We; T~ INSTBXrJMmfS .INCORP.ORATm, ~:maximum eapaci~ce _and . m~~ 
a. Corporation ~ised according to the_ laws break.dawn voltage, attempts .have been mad~ 

of the Star,e of Delaware; l]mted: States of to produce very . thin, :dielectrk:s. for : µse ·. in 

i\mellica,. ~ 13500 Notth <ntral E~ eapacltors having ·high · insiilationi ~ties. ·. · 

5 .way, Dallas, Texas, United Staites of . · Dite to the out-standing diele<#ic : proper- 45 

America, do b~ declare the invention, ties of boron nitride-, attempts have been 

for which we· pray dmt a. patent ma.y be :inade :to construct. capacitors · using pure 

granted: to us,, !aDd the. method by which it boron nitride as the dielectric. Substantfaliy 

is to ,be performed,. to 1be partiCularly & ali of the$e attempts ha.ve ·involyed: . what 

cribed Io and ·by the following statement:- might ~ termed the "built" approach in that 50 

. . The present invention relates to d,eposit- the dielectric layer is construetm by work-

ing a .bo.ton nittid:e film on. a substmte and ing a mass of boron nitride d~ ~ a:thin 

also relates· to ai:£icles, including electrical sheet. For example,• solid , oorori ·nitride .. hes 

devices, in manufacture of which its process been su~cessfully ma;chizwd doVll1i to a .thidt; 

is used. Examples . of such electrical devices ness of about 25 mils an-cJ; then p~ ~ 55 

~ single and! mtlti..JaJa insti~d conduc- suitable electrodes such ~ metal :tilnls pain~d 
tm:s and cap.acitors, in· whim the boron nitride on the opposite surfaCes of the thin· slieet. ·Or · · · 

film is Used aS a dielectric. powdered. boron nitride ·'has .been· combin~ 
·.. Pure and. de:nsei boron° nitride has 01111- w~th. suitable .binding material :and SU'l:>j~ 

20 . -~g dielect:ric yrOperties, ~s :stabte ~-~ to high pressure . and tigh temperature . to 60 

cotl'OSlve agents, is stable agaiDSt 0X11d:atton f<mn a relatively thin pressed_ dielectric sheet. 

even at high, tempeni.tures,. •int is not~ .. ·In .the first. instance,. the minimum· thick-

by. many molten ma~als. ·nie:ref0re, .·boron· -ness o.f the machined boron: nitride is litnited 

nitride is a highly · useful product, · especi.; by the machining process, except when using 

ally if. it. can -be. ~d ~~ a. thin film very OOstly .miaChining techniques; to a· mini- 65 

wlHch. is· ~ly ,adhered · tQ the surlace of mum thiclmess of about 25 mils as compal"ed 

an.. obf.eet, aDd -is- unifelm, continllously denlie with an optimum thickness of SU"bstantially 

and• flexible. Far example, useful applications less than .. one .mil. In . the ~d . case, $e 

of. boron riitride fiknis ere· in the field. of di- intemMx.ed · binders and ·orher· · additive-; 

30 electrics, either as insulati!>D, for :a: ·conductor, appreciably. . decreased ·the µisulation pr<r 70 

·.r..· f>..,,. ~yoltage ~on device. or as the diClectrk petties. of. the }Joron nitride .. Further,, the 

ma ce.paator. binders produce 'smlall i~ .. in . whkh '· ~ 

.-::::· 

·.-;.··. 

.. 

It is Well-Jmown in the . att that . caipacit-: no· boron nitride is present. Therefore,. as 

ance is directly p.OOportioilal.to the area· Of the the .sheet is pressed thinner, some areas be-

3S opposed electrodes 'llnd inve:rsely proportione.1 tween the eleottodes do not have any boron 75 

to the tbicbe8s of the. , dielectnc between the nitride present and the ca.pacitor shQ!'ltS out 

electrOdCs. Tbe_voltage u·which the capacitor or has a low breakdown voltage. .. . 

ma.y be operated is. ~ by the break- . Other attempts to constru.ct very 1hin: film 

do.wn veltage of the d!ielec:tric. Since it is dielectrics for use :in capacitors have: en~-led 

40 desfrable to 118.ve· capacitors of. mhlimum size, the production of a iDetal oxide: film .or ()tber 80 

{PriC# 4s. ~] 
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-~ 
meta-1 compound film on a metal -StJbstrate. film of :boron nitride bonded to the inter­
While these capacitors are suitabJe for some fayer. In accordance with a _ more :;pedfk 
purposes, metal ions must -diffuse into the aspect of the invention, .a !bi_n ·film· Of_ molyb­
metal oxide: dielectric ·being foaned! in order denQm is deposited on: a. cop!per :smiface, then . J--· 10.r;;;t-:.., 5 to cat!)' out the oxidation_ reaction. This the surface of the .9eii, MeaH$' film :iS botided 
results m a metal ion gradient throughout the .prfor to the de.position of_ the thin . film of 
film which ~ly -reduces the dielectric boron nitride. The n$1ltil)'g . articlei ·1s _a -cop­
quality of the film. · · · - per or _copper alloy icon-4uOU>i" ·a•ving good 

More recently, it has ·been 8uggesred that electrical Ch.ai8.Cteristics,-. ~ted bY .:a:- thiri 
10 ·boron nitride can. be deposited -directly upon film· of boroJ,1. nitride :_w~h- iS -~~ly 75 

a metal substrate by the 'therlnal dceomPQSi- bonded. iro the oopper by~- fi.r$t. ari4 ':.secand 
tion of t:richlorobo:mzole and that the boron· interlayCni of molybdenum and•: ,nl.Oly-bdcnum 
nitride deposited in this manner could be used: boride and which is a superior insulator, can 
fot -electrical mpacitors. However, it has _been be made :flexible, and has outstanding mecha-

15 . f oUnd that boron- nitride. calinot: be deposited ni-cal, · chemical and thermal stability a-t tem- 80-. 
. directly :upon· a metal substmte to produce pemtures up to aoout 700°C. 
a dlln, continuously dense film which. is· The ·invention: Qlso -contemplates several 
strongly adherent to the metal substrate so novel method's .fot C01l9tl'UCting multilayer. 
as to be used to manufacture electrical devices, capacitors on 'an economical mass production·· 

0 . and in particular, me quality~ and thicktress basis. - One such method entails the simul- 85 
, "~ .r:: ,,, .r of the film could not be sufficiently controlled taneous deposition of boroo nitride films on 

'J.'.:j 'f! fot commercial apPlimtion. opposite sides of- the wbstrate, then deposi-
0 F F , ~ In accordance with the boader aspects of the tion of the metallic film electrodes on each 

preSen.t ·mventiOn:, a: device is _co.nstrutteµ- by of the boron nitride films;· •This sequence of 
25 depOsi • a pure "boron nitride film oJi to steps Cari. be repea:tecf as desired because an 9C 

frl a. meta~, graphite; siliCOn or .Other subStrate interlayer !COlDP~ded '.fri>m the metaUic film 
-I and depositing ian eleCtrod.C' film on te- 'the material cii.h be .forined to securely. •bond sub­

boron· nitride film. The film preferably is sequent boron · nitride. films to eacli metallic 
~ess than• 1WO mils in - thickrie_ss althotigh film electrode. · · · · 

30 greatei- thicknesses can be usect The bOron .. O>pper arid many of its alloys are gener­
nitride film is bonded to the substrate ma.teria.1 ally oonsidCred- to· be the best and miost econo­
by an inteil-ayer of materW. formed on .the mica! electrical condu~. ·1n-~rly all cases 
substrate_ ·and preferably is· either a ~de or where c0pper ls .-Used : as an _:C.lectriCal · conduc­
a nitride of the substrate :materiiat The depOsi- tor, suitable insul'ition must be· applied over 

35 ted -boron riittide·fi:tm can be made thin, pure, the sudace of the copper to prevent shortir.g/..100 
dense; and stIV.ngly adherent to ·the mettallic Many, cliffe.n:in.t 0rganic8ii_d inotgani~ .materials 
substrate· SiidJ that very small capacitors he.v- have -been used as 'insulatioo ·for copper con.; . 
ing very high.~capacitance val'iies can be c~ ductors. In general, the organic materialS are 
sauCted by.:use of this "method. -. - - ' -- mecha.,.ically umound and deterioi'ate,a.t rela-

40 • In 0ne sJ>ecific embodiment of ·the iilvem- tively fow reniperatures, particularly if olllly IOS 
clan, · the iritefhlyer is a .- boron compound ··_of t~in c~ts are used, ~ · i!lorganiC · irisuJ.ations 
the sabStnlte metal so that thC irttei'layer bas tend to ¥ ~ beild~~, are usually ctifi.i8lk 
chemical'' d~rs ·- oommon tO both the ·mb.. to prepare without piiiholes .· aild~ therefore, 
~te arid tQe boron nitride film; and the sub- usually must be coated with a secood ~terial 

4S ~te _ is taken from · refractory -nretals in to protect against riloistllre and. to red:Uce tit~ 110 
general, arid SpecificaHy from the group con- deleteriolis effects of cracking. Sometimes 
sisting of molydenum,' tiln:gsten, niObiutn; 'tan- other metals are dad over copper to pr~ai.t ·" 
~lum arid: base alloys ·of each; :aD.d·-ferrous oxida:tiOn: of the copper.and-then:_ tlie conv.en-
base alloys. · · · tional insWatioo materials -applied. i\nother 

SO · This inventioo also contemplates a process common technique consiSts- of coating.the cpP- 115 
for -adherently applying -a thin film of boron -per with a slurry comprised of ~ organic 
nitride to the SUlTa~ of a m¢tal other than enamel and ceminic or· glass partic;les. . The 
thoSe mentioned, and - in pattioular ·- to coating _is then• fired to s-intet" ~e particles 
the . surl'ace of rnnnP1' or rnhnPr alloys.· 11le into a co.n.tinucius insulatmg" film . and drive 

55 process i& comprl:ed-of :fi~~ting a.thin off the organic portion. of the. sl:urry. _Then. 120 
fihn of a refractory :metal on the _ Stirfaee of an organic coating, such as "Teflon'' (Regis-
the ~te metal, forIIJ-ing an· interlayer tered T:mde Mark) is applied as an overcoat. 
on tile . mace of the ~tactory metal by Another common teChnique is to . coat the 
reactirig a. reagent with the metal, then· . de- eopper with. -aluminium, then anodize the 

60 pqsjting. a thin' film of boron nitride on the aluminium1 to form a thin·. insrrlating film -of 125 
jii'l;erlayCr to _produce a novel amde of- menu- alurllina around the copper. -- ' -
faqture: cQIDprised· of a conductive metal si:tb- It is of:te.o: -deSimible to use electricitl con­
stra'IC, •• a -first~ iilterhlye:r ' Of :refractory metal ductors -at temperatures su'b&tantially • a.hove 
bonded- to the substrate, a second interlayer 200°C, but prolonged use of most conduc-

6S bonded to the .first metal interlayer, and a thin tQ'll !it these temperatures results in damage 130 
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to -the -insulation ·or oxidation of ·the copper. 
It is: desh:able for the insulating coats to be 
thin· so a5 ·to save space, particularly when 

v; using the corid:qctors for motor and trans-
:i · 5 former windings, or the like. Thdn ·boron 

.;: 

.:ii. 

-i: 

-~ 

J:· 

111itride filmS have excellent dielectric, · ther­
ma.l, mechanical and chemical properties for 
use as ·Wl electrical i,nsulator and, if adherently 
applied to a flexible •· wbstrate,. protect• the 

10 substmte from oxidation and are flexible. 
However, it· is ·extremely difficult to ·adherently 
apply a continuous; pin-hole-free film of ~ 
boron nitride :to a copper substrate because of 
inherent incoinpadbilities m· the lattice .stritc-

15 tu.res Md coefficients of thermal expansion, 
land'· various· Other· reasons. · · . 
·· · Iri :-g'enerat, ·a. process of the: present inven­
tim·•cornpnses ·the· steps of forming ati··•inter­
layer on the· surfa~ of a sU'bstra.te and then 

20 dePositing the bOron mtride film On the inter­
myer in -suclt a l1MU111ei' thJat the interlayer 
adheres; and preferably chemically bonds;. the 
boron nitride film tO the substrate. · . 
: In· accotdanee with another aspect of the 

25 invention, a plurality of boron nitride films 
of different thicknesses· are deposited between 
metallic film electrodes to produce a· highly 
versatile capacit~. ·· · 

· As mentioned, very thin boron nitri~ films 
30 aan be forlil.ed such -that e:Xtremely small 

caipacitors having .high capacitwice values can 
be constructed in accordance with the present 
invention. In onrer to overcome ·the problem 
of connecting electrical leads · to the · !ll:ppro-

. 35 priate electrodes,. processes · usiti:g . selective 
etclting, masking. and abrasive etching can be 
usect '1:0 make SU.ch coruiectio'ns to the capa­
citor electrodes,. and! in pa·rticiilar ·to the elec-
trodes of multifayer capacitOl's. 

• 40 Specifically,·· the : electrical connectio.ns can 
be made after using selective etching teeh­
niques on the boron nitride and the metallic 
substrate · 1and electrodes. In· this ·eonnection, 
boron nitride has heretOfore been considered 

45 as substantially stable in all acids and bases 
""\ ::: ~-· arid mixtures thereof. However, we have dis-

:c .Q. c}.-.;t ovemt that·~bOfO!l nitride ·can·be ~bed _by 

0 u:,,;;'~ t · ph~honc acid, such• that a novel· .selec­
F f \ti tlve er.cJllng process CaD be employed· 8S here­

after described in greater detail; this merhOd 
of etching is the subject of copending Ap.pli-

..r:. 

- '- cation No. 4695/67 (Serial No. 10835.23). 
fM.U A process embodying·· me inventioni.can be 

.. used to manufacture a niicro-citcuit· comprised 

... -

.l 

55 of a. r~stor and capacit<>r · connectecb in series 
and ·comprised of a thin metal film, an inter­
layer, a thin boron nitrid~ dielectric .film and 
a counterelectrode. The thin· metal . film can 
be timtalum · and serves· as both a resistor and 

60 an electrode f ot the oapacitor. 
By way of enmple, embodiments of the 

invention will be described in· greater ddllil 
with reference to the accompanying draWirigs, 
wherein:_,. . · · · ·· .· · · 

65 · Fig. 1 is a schematic· drawing of an appar-

'll·tus · which may bC used to pmctise .. the 
method; of th.e present invention, 

Fig .. 2 is an e:nl.arged, . schema.tic, partial 
sectional view of an article of manufacture 
constructed :in accordance with ·this· invention 70 
which also serves to illustrate the method of 
the present . invention, 

Fig. 3 is an enlarged;· partial sectiooal ·view 
of a capacitor· constructed m accordance with 
the present invention, · · ·· 75 

Fig. ·4 is :ao somewhat· schematiC plan .view 
which serves ·to illustrate the manner in' which 
the results of 'the metliod. of the present inven-
tion were tested, · 

•Fig; 5 is a gra.ph. illuStra.ting an operating 80 
characteristic of. three capacitors . constructed 
in accordance with· the present invention:, · · 

Fig. 6 is . a graph illustrating another oper­
ating chamcieristic of a capacitor constructed 
in accordance with the present inventlon, · 85 
. : Fig. 7 is· a graph illustrating still another 
Operating characteristic of five capadtors con;. 
str.ucted in accordance with ·the present inven­
tion, 

Fig. 8 is .a; graph illu.strating yet another 90 
opemtiiig characteristic of the five capacitors 
construci:ed in accordance with the present 
invention; . 

Fig. 9 is an enlarged. partial sectional view 
of still another capacitor constructed in: accord- 95 
ance with the present invention.· 
· Fig. 10 · is an enlarged partioal sectional 

view of still another capacitor constructed in 
accordance with the present invention~ · 

. F.ig. 11 is a btoken, enla:riged· sectional view 100 
illustrating the manner in which electrical con­
nections can be made oto ·the electrodes of the 
capacitor shown in Fig. 9, 

Fig. 12 •is a broken, enlarged sectional view 
of anOther · manner in whfoh electrical OOn.- 105 
necti0ns. can• be made to the electrOdes pf the 
capacitor shown in Fig. 9, and · · · 
: Fig. 13 is an enlat'ged) somewhat schematic 
sectional view of Btill another capacitor .con­
structed in ~ccordance with the present in.:. HO 
vention; · · 

In· aceordance· with ·the broader aspects of 
the present invention, an interlayer is used 
to adhere a ·thin film. of boron nitride to a. 
substrate. The interlayer can be formed by 115 
reacting a reagerit with .the substrate to form 
a boride, nitride,· oxide or other compound 
of the substrate which ·will chemicdly bond 
with a ,boron nitride film subsequently de­
posited on the interlayer. The novel process 120 
is believed: to be iapplicable to a wide variety 
of substrate materials and in parl!icular ·10 

substantially all refractory metals which will 
withstand! the temperatures used in the pro-
cess, and is specifically applicable ·to molyb- 125 
deilum, niobium, itan.talum~ tungsten and to 
alloys c0mprised primarily of :these metals, 
and to certain ferrous base alloys. · 

In ia; specific embodiment of the· invention, 
boron is reacted with the metal substrate to f3o 



thc.·.ssiatein by the:vecilum,pump 1&. Next the 
reamoat chamber · 12. is: bacldillcdL With: beron. 
trichloriCle from the suarce- 28 to the desired 
pressa1e, which is prefc::rtalbly, between abollt 
5, •-and: lll!bolit Sf10 microns of mercury, The 
substt* 22 ~ 1iheni resistively heated to a 
tempemtum '21' the: i:ange from about 70&°C 
ta abm:tt 170<Y'C k-1t mart period. of timts 
umally .6rom ··a~ 1:5 1l>. about 60 seconds. 
Darini tms period: :the-_ ·b0ride · interlayer -is 
f0mned: upon .the 81irlaEe of the' S1.tbstra~ 22 
by· 1be intCli8.ction of• the: metal. em the ~ 
from the· beilrm: trichlcmi4e vapours; ; - : .. : 
. ·The· reacm01t; chamber' .-12 is that evacuaCied 
tD- ·a~ low. ~- et abolit ·me micron: -:of 
merCtiry in -order ~ -remover; the-. nmaining 
beroni ·aahl.erHe- :vapetJQ: and 'lhe' freed!. chlor­
ine>. The l'ei:ction chamber 12 is.· tJhen_ .bu~ 
filled . with bef.ai.,trichtorohommle . :w-peu:rs. ·to 
& pressure betWeen :about. 10 aJid 20: milli­
~ of metcury.. Next. the: sm.r&m 22 iS 
heiu:ect .:ro:_a ~-'bet:weeri, about· '7-00°C 
and about 1 'Z00-°C unlit a film ef b0roiJ: nitride 
of tlie demed 11hiekius·'iSiach:iemt A:pericd 
from .. a00ut:··-1 ·t.o- abOOt 5: ·minutes is liormal: 
The 1:hickneS&. -m the rum can :be nther' pre­
cidy detemiined by controlling the va.rieus 
parameters of presstire, teq>eliatu:re- and con.­
tut. time between the vapouiis· and the sub­
stm1e. Beron mt'rid.e films :&om 0;2 microns: to 
S microos have been prepared.• The film can 
be-made-:80 thin and-of such uniferm thicknesli 
as· tO he sobslmttially one colour* the sub-
strate· .is uniformly fteBted~ __ 
- :Using the· above described proceSs, boron 

nitride films . ef . wriotts thicknesilea -were de­
~ted: u.pcm molyb&:num wire having e: dia­
merer of -.10 mil& The adherence of -the fihn 
1k> the wire substrate . W81S. dete.mlined by 
simple beading irests; Although the precise 
thiclmessei -of the -films . were 1l'Ot measu~ 
the thicknesses of . the' films- ate: indicated by 
the· DC- breatdo\Vn ·voltage determined by 
using a ha~ · COJitact - to apply the 
voltage: to tlie: boron: nitride fib.> The per­
miSsible bend diameters and breakdown vok­
ages are tabulatedi be1oW' m Table 1. As . the 
tb:icknesS' of the boron nitride film inci'eases, 
flexibility. diminiabe& end ·the milrlmam pe!"' 
i;Dis'si.ble bend, :·diamettr mdl -breakdown volt­
age. iilcrease~ 
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KOH (dilute and ~centrate); cryolite mix­
tures, . '8Ild •HF {dilute and concentmte). . The 
lbortm. :nitride . ·n.m.. are stable. in ·air .up to 
700° C,: but are. IUDSblble above. 800° C ·after 
30 minutes.· Negligible loss of OOron. nitride 
by -evapmiatitm . obcui.red when :die fibn. wasi 
held at 900°C in a wcuum of tun microns 
of mercm:v .. From the above data relating .ro 
the Hexibiiity, insula:ti.ve properrie»and cheini­
oal · sta'bility 'at el~ 1mllpe:l'a>tnres, · if will 
be evident that the strongly adherent, thin 
~ nitride . fiims a..-e highly useful as in-. 
sulation in wrious adverse environments. 
The . boron nitride films also exhibit lthe pro­
perty of. not being· wetted by· so.me molten 
metals including silver; gold~ .Zinc, a.nd some 
molten glasses including borosilicates.. A-ccord:.. 
fugly, the boron nitride films preptared by the 
above ·process . should be useful in ·protecting 
ve8sels. and other equipment u9ed m··handling 
these moltm ma.terials. · 

However,. we have discovered that the boron. 
nitride films are subject to mpid e..ttack by 
H.3PO;.. ;at about 29S°C This unique feature 
pehnit.s selective etching of the boron· nitride 
tO · facilitate the construction of a ca.pacitDr as 
will hereafttt be described in greater detail. 
In a specific emmple, a strip of m0lybderium 
coatQ! with a boron nitride film deposited in 
accordance.with the··.~ invention-and~ 
second. Weighed •. $trip . of molybdenum were 
placed in a -so1uition of H3P04 tbat bad' been: 
boiled. until bubbles had quiit coming up and 
which was at a· temperature of appiroXimu.telY· 
29S<!C.1b:e strips were held in the 11:,PO_ 
s0futiori . for about five minutes before being 
removed and waShed.· ·The boron nitride fihn 
had been ·remcwed::from the moly:bdenum strip 
and electrical = oonductJan<:'e by point coma.ct 
to me ·strip was .. good. The other weigbed 
strip of molybdenum experienced no . Weight 
Ia. :ind.it'a.ting· thai molybdenumds stable iD 
the hot ·11aro ~- ' . , · · 
·-In acrordance with another aspect .of the 
present · invention,. ia novel and higbly. useful 
electriaal 'odl.pac.itor ·is maniufactaredi ··by,- de­
po'siting a. "Very thin boron nitride film ' on 
a~: meml. substrate . using' the interlayer to 
cltemiOally 'bond the film to the substnrte ·as 
above· -destribed; and then depositinig a metal.; 
lie criuntettlectrode on the dielettric borOn 
nitride. film.. 
· In order to. :test the cmtinuity' =a.ltd:· uni• 
fonnity ~:·a bOron . iiitride film and te> am­
stl'Uct a capacitor, :a molybdenum foil: su'b­
stra~ · 40: {Fig.· 3) was ·placed in the reaction 
cl:ladle:r 12; A molybdenum boridei inter-. 
la.yer 42 iand a ·boron nitride film 44 were 
then depoSited on 1he molybdenum substrate 
using the : process described above. A series 
of randomly-placed aluminium electrodes 46 
of progressively increasing diameters as illus­
trated in Fig. 4 Were then vacuum:-mpomted 
on to the .surfil.ce. of the boron. nitride film 
using conventional techniques. The a:lumnium 

fiJm electrodes 46 liad .su.ccessively i.naeas-
ing .'llmlS up ·· to 1.208 · . squ.aft:. .inches. 'Tibe 
breakdown vol11age df the boro.a .aitcide film 
between each. of the electrodes 46 ud a 
metal substra:re .. was uniformly ·about 500 v9lts 70 
DC. This- . indicates · that .the bo1'00 nittit!e 
is vety uniform and con.tinuous.J.y ~ -over 
the entite . substrate. beatuse any defect in the 
boron nitride film under any -electrode wtmld 
result in a decrease in the bteakdown v•- iS 
age, 

FUJ,'ther tests of capacitors c:on.Struet:ed in 
accordance with the present invem:ioil. .indicated 
that ta: 0.5 micron thick boron nittide film. 
has a dielectric strength . of 5000 DC volts· 80 
pet' mil (.2 x l-06 DC volts per centime<er) .and 
a dielectric constant of 4.4.. Thus a bomn 
·nitride film one micron thick can be ex.petted 
to haiVe a breakdown vol'llage of 200 DC volts 
arid till capacitance of 25,000 micro micro farads 8S 
per square inch. The DC voltage lmakc:lewn 
tests referred tO ·above. correspond 1D Method 
301 of the procedures outlined in Milstd-202 
of the United States Govemment and ~ 
sent the ability of the boron nitride fib& t.o" 90 
withstand an.. Unpressed DC voltage~ -over .a . 
period in excess of one miDUte. By utilising the · 
breakdown chamct:eristic of this device, a wlt-
age overl~d· protection circuit arrangement 
can be mamta.med. . · · 95 

s 

The variations in breakdown voltlage tor 
three sepai:a.te oa,pacitars CbRS~d Hit 
accordance .. with the present ittvention: are: 
represent:ed. :by .t:he curves SO, 52 and,. 54 on 
the graph. of Fig. 5. The boron nitride. filmr of 
the·caipacitor .represented· by the rurve 52 1Va$ 

thicker than the boron. ni'tride coating <)If ·the 
cllipacitor :represented ·by the curve .so, 'and me 
boron nitri<h: fi~ of the capacitor. il"Cp1'C9ented 
by .the curve .54 was still ti.ticker. . '.The volt­
age measurements were, made in a dry nitro­
gen oambient a;btlospihere by making. a. point 
contact of the wminium · filmi ·elect'l'llKk -de­
posi4ed: o.n: the boron· nitride film. O:msi~ 
ing so.me .. inaccuracies in· the breakdawn volt· 
age measurements, it will be evidettt that· no 
la •. cha1nge&: in the/ .-.'IC of d!cgm.dation . of 

100 

the. breakctown V(>l1Bges· with ttmperattR 
occurs with decreasing fihni· thidnesses up to 
about· 1so0 e where the bre'ilkd!Ow.n volui.ge of 
the! capacitor ha"Ving ·the thiimtst: baron nitride 
film represented. · by curve SO begins to ttc­
CRaSC• at a grea.ttt ~te. In other words, the 
slopes of . the a.uves SO, 52 and 54 ·ue sub-­
stilntially the same constant mUe except for 
the cu.rVe 50 -above lSO"C. ~ering some 
maccurilcies in '!!he test meiasu:rement, this 
indicates that die m1?: of degntdation .for. the' 
thinnest boron nitride film might. increa~ 
more rapidly above 150°C, wheteias no ·chmge 
is apparent in . the thicm borO.iJ. nitride &hns 
represen~ by the ourv'es 52 and ·54. -

Referring· now to Fig. 6, the curve 60 
represents the percentage change in capacit­
ance with respect to temperatilre bf five 

105 
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mndomly .. &elected capacitor· 'ass:einlblies' setec,.; 
ted ifron{:a. :grt:i'Up ·conStructec:l by encapsut.t.:. 
ing a siindwicll . or . ~lybdenuml substi'ate; 
metal ooride -. intetlayer, boron ·•. n~tride film 

5 and aluminitni.t film elect:rode in tralisistor cans 
or m •glaS&-'in ·eonventional manner: . The 
assemblies•· rather .1JllifonDJ.y had -capa~tance 
w~ues of 320 micro micro farad& and 200 volts 
breakdoWn.. The temperature- OOefficients C'al .. 

10 clilarted frOmi the curve 60 are .,...:..25 ppm/°C 
at -ss0 c, +17 ppmf°C at +85°C, 
+10 P?.Jl=f°C at +125°C, and +16 ppm/ 
0 c ·at +250°C. 111C overall accuracy of the 
capacitance· measurements are -·approxi .. 

15 niately ·.± 0.2 micro micro· farads or 
±5-'-10 ppm/°C. No change : in capa.­
citaliee ·· was detecblble -between · + 200 
and i+ 250<>C. · From ithe above • data, it 
will •be evident to those skilled in the art that 

20 capadmrs ·• or othtr deVices constructed -in 
acoordance with .tlJe present invention have an 
ex;ceptiOnal ·1empemture: stability. .- . 
· The dissipation factors of a •:mndom .group 
of · 13 · capaciwr · assemiblies were: mfiasured· to 

25 be in the. -range -of 0.01 % at l ke/s. The 
s-boron nitride· capacitors which wer;- mrefully 
encapmla.ted in glass . envelopes · did not ex..., 
bibit any change in the cfis,,ipation factor with 
temperatilre in the ·range measured, which was 

30 up -to 175 ° C. Other ca.pacit<Yts encapsulated 
in 'tmnsistor cans· exhibited;._a..~ight .. :i~se 
.in· the ·dissipadon factor, bu!t·e,itiett 1these com .. 
pared very favourably with clect;rostatic pre-· 
cision' units presently on the nr8irket; ..• ,, . 

35 :, Five capacitors constructed 'fa",aa:ordance 
with the present invention were tie&tEd over 
extended: periods •of time to detennine>the 
percentage. change in capacimnce of each· and 
ithe percentage change· in the dissipation fac~· 
tor of eacll .. The cliariges in the' capacitance ofi 
each of the, units are presented by one of the 
curves md.icia:tedl collectively by the-· 'reference 
numeral 70 in· the graph Of Fig. 7. The 
cbaDges · in .the dissipation factors· of· the. cor .. 
responding ·capacitcits are. represdltetf:·- by the. 
curves: indieaied collectivefy by :the ·ref~ 
'11U1l1eritl 80. hi ·.the graph of Fig. 8; .The' graphs 

J.f 't{ 0 include· only d.9ta obtained over ~ ,hours; 
but· the: units: ~hibited: no further· change in 

50' Caipaci1lllnce over ·the Period tested whiCh was 
iri ex:cess· of 1000 :hours. It: wiM be.riotedr.that 
the average Ca.pacittance change : is a.pproxi..: 
mately: the same at o·volts DC as at 75· volts 
DC, which~: indicates that · no -deterioration is 

55· aau~ ;by vol~ stress. · It will ·be nrit:Cd in 
Fig. 8 that 'art appreciable change in the dissi .. 
p&:i:ion ·factor- occurred during the · first -24 
hOUrs, but a de.6,nite tendency. towards sm.bi;.; 
lisa.tlon: . was. subsequently eX:hibited. It is be-' 

·oo. lieved th9.t this initial effect was C:allsed pri .. 
marily by Small quantities of moiSture remain..: 
ing in the encapsulation ambient which sub..; 
sequently dissipated&, or may have been cauSed 
by electrode debioration. · · · 

·6S. . An~er impO.r.t?ant aspect of the present 

invention is illustrated by the novel . capaci-
tor· ·construction . indicated:. -genmlly . 'by · t:he 
ref~ce numeral 90 in:Fig; 9. A metal foil 
subStrate 911s placed :in: a reaction chamber 
Stieb: ; ias the chamber' 12i' aD.d Suit111ble inter~ 70 
layers·.·~ and 94 a:re ·simultaneously' farmed q 2. 
on 'the opposite sudaces of the foil using the 
proce8s. b.eretof<>re -described. In the particular 
embodiment illustntted; the substrate 91 is 
molybdenum and the· bondin~ interlays are 7S 
molybdenum ·boride. Boron nitride films 96 
and 98 are then_ Simultaneously deposited upon 
the metal borlde interlayers 92 and 94, respec .. 
tively; using: the ptOcess heretofore described; 
Metallic film electrodes 100 mtd 102 a·re then 80 
deposited on . the.- boron nitride fihm by any 
suitable technique, but preferably by vapour 
condensation; 'IX> produce the multilayer aaipa .. 
citor 90. The .metallic films are prefembly 
of. a. metal different f.rom the substra.te 91, SS 

.'/ 

-~ 

.., _,. 

such as gold:, so .that the . two metals can be _ .. All 
selecdvely etched as , well- hereafter be ~.. 4J1)L :" 
cribed. .Electrical COD·tact can . be· made with 
the electrodes individually and thereby pi'<>-' 
duce two sepamte capacitors, or the metal film 90 
electrodes .100 •and 102 can bi; .. eled:rically 
interconnected 10 provide a single capacitor 
having twice the oapaci:talice for a given a.rea 
of substrate. · · · · 
· It will he !appl"CCiated that the capacitor 95· 
construction 90 is paper thin and that mak .. 
ing Separate electrical contact with the elec­
trodes.· creates a con·siderable. problem. The 
elect:riatl c~ions to the muJ:tila.yer capa-
citor 90 can be made by either of two methods> 100 · -
the first of which .is illustrated m Fig. 11. 
The metal foil -substrate· 91 is cut ~P into 
small pieces - bl'Ying . the desired area. This 
leaves a. sandwich c-onst:r.Uction ·having . rela-. 
tive:ty ·square. peripheral- ~ges. -As: previously 105 
Dllen,tioned, whe:n; .the etching .technique- is : to 
be employed, the ~. film, electrodes 100 
and 102 will U&Ually be a metal different from 
the riletal foil substra1te 91. For ~1lmple, the 
substmte 91 may be molybdenum and the no 
metal. ·film electrodes 100 ,and 102 gold so 
that the two metials will not be .attacked by 
the same et:chan.ts; Then: the edge' 104; for ex .. 
ample; of the. sandwich construction is dippeJ 
in a suitable etchant such as a solution of US 
HQ..-..HN03' ·having a high coneentmtim of 
HCl. The relatively thin gold film electtodel! 
100 iUld: 102 ·will be rapidly etched away rela-
tive to the mte ia.t which ,the edge of the 
molybdetmmi substrate 91 will be attlaeked. 120· 
The gold film elect:rodes will be etched back 
to .the points 106 and 108 for example. The 
boron nitride films :96 and 98 may then. be 
etched back to the points 110 and 112, for 
example, by :a: solution of hot HaPO, as pre.. 125 
viously described. A clip 114 am then be 
-connected to the exposed: edge Of the sul>­
strate 91 by conventional' welding techniques. 

•Another edge of 'the sandwich i1> then im­
mersect in a su-ttable etchant which will ·Se.lee., 130 

.';-

•r 

~: 



.,; 

_,. 

v 
.,; 

_, 

-!..: 

;}~ 

,;;: 

~ 

J: 

... 

.J:.. 

:. 

·~ 

1,083,522 

5 

10 

15 

tively attack the '0molybdenum substrate 91 
bu:t will not affect the boron nitride films · 96. 
or ,:.98 or. the gold film electrodes 100 llnd 
102·-:so that the substmte 91 is removed: back 
to -Point ·116.: :Far example, a solution of 
HQ_,..Hij'O~ · having· a very .low concentra­
tion of HCI will attack the molybdenum at a 
much -greater_ rate then the gold and will not 
attack the -boron nitride. The electrodes 100 
and 102 wHl ~d to hold the otherwise fragile 
boron nitride filmiS 96 and 98 intact and 
the ' :free edges of ·the films will tend' to come 
toget!he:r as illustrated in: Fig. -10 to cover the 
e~ of _the SU.bstrate. 1ben a- clip .118 can 
be,- crimped over the edge of- the sandwich 
and preferably -welded to the metal filins 100 
and 102. The boron. nitride covering the edge 
of ·the substrate 91 ensures that the clip 118 
does not conr.act the substrate. Tiie capacitor 

20 can then be cncapsul'Med in a 'Sll.itable insulat­
ing material. 

All! alternative technique for making con­
tact with the electrodes. of the multilayer 
capacitor construction _ 90 is illustrated in Fig. 

25 12. When using this technique, llil apertu-re 
:indicated_ genemlly_ by the refe:rqice nwneral 
120 is punched in the metal foil substrate 91 
prior to deposition of the various layen. The 
metal ·OOride in-terlayers' 92 and 94, the boron 

30 nitride films 96 and -98 will come together 
and.cover the edge of the substmte 91 around 
the. edge of the aperture' 120. Then- when the 
metal. film eleottodes. 100 and 102 a:re depQsi­
terd, -a film. 122 will also coat the edge of the 

35 aperture and provide electrical oonmict ·. be­
tween the two electrodes 100 anct 102. A suit­
able :met1tl -teck 124 may thCn be .inseilted 
through the aperture_ 120 and welded by con­
ventional techniques to the metlLl: film elec-

40: trode 100. If for some reas<m the metal film 
·around· the_ periphery of the ape;rblre 120 does 
not provide sufficient eleetrical · contact be­tween the two electrodes -100, and -102, the 
other end 126 ·or. the : tiaclc 124 can abio bei. 

45· welded or. otherwise -COnrieCt'ed .to the metal 
film el.ectrOde 102. A- suitable lead wire 128 
can then: be WC°lded.- to ·the ta.ck 124. 

SO· 

,55 

(;0' 

.65 

Electrical connection is made ro •the -sub­
strate 91 ,by-means of a second: tack 130. The 
metal film electrodes 100 and 102 are either 
etched_ away in, the 'areas 132 bd 134 0r the 
areas ere masked prior m deposition of the 
electrodes- to ensure ·that the taek 130 &es 
not make <:ontaCt with -either. Then the tacit 
130 is merely coated with suitable weld 

· J.111ate:rial, pressecH:h-rOugli the metld, foil sub­
strate in the boron. nitride films 96 and 98, 
and the device is heated to fuse· the weld 
:nmterial andi ·weld the tack 130 to the sub­
Strate 91. A suitable lead wire 136 cail then 
be. welded to the tack 130. 
- Another multilayer _capacitor oonstructed. in 
aa:ordane'e with -the present inventi<>n is indi-. 
cated -genezaHy. by the reference numeral 140 
in Fig. 10. The capacitor 140 is manufactured 

by placing a metaJ. foil substrate 141, such 
as molybdenum, in the :reactioo chamber. and 
socce&Sively' depositing . a metal boride:. mter­
layer 142 laiDd: a boron nitride filmi 144 :on die 
substrate_ using the process steps heretofore · 70 J iJw.. 
desCribed. A metal. ieil- .electrOde 146 is then b' 
deposited! oo the suriace of the boron nitride 
film· 144 .prefembly by conventional vacuum­
ewipora:tion •nd condensation_ techniques. The 
metal film electrode 146 should be chosen so 75 
th!ait boron will react with the metal to form a 
metal boride interlayer _by the above _de&-
cri:bed -teclmiques. Molybdenum may be used 
for the electrode filmi. Then a second metal 
ibor.ide interlayer 148, a second boron nitride 8Q 
film 150 and a second metal film electrode 
152 are successively deposited. upon die met!a!l_ 
film electrode 146. This sequence of steps 
may be repeated any number of times to pro-
duce additional dielectric and electrode films ~5 
such •s a third! metal boride interlayer 154~ 
a , third· boron nitride film 156 and a third 
metal film electrode 158. The second metal 
film electrode 152 may also be molybdenum, 
as . illustmted, in which case the interlayer 90 
154 would be molybdenum boride. Howev~ 
it -will be appreciated that any one of the 
ref.ractory metals heretofore specified. can; be 
used in accordance with the broader &SpeCts 
of . the invention. _ 9S, 

An imporomt aspect of the capacitor 140 is· 
that the bOron nitride dielectrics 14.4, 150 _and 
156 can ea¢ be made very thin yet can be 
made of different thickncmes to-as to provide a 
variety of capacinmces _ in the same device. 100 
-l'"or example, the: boron nitride film 144 might 
flave · the -- •least · .thickness, the boron 
nitride film 150 a greater_ thickness, 
md !the boron nitride .film 156 . the 
gtea.test thickness. The thicknesses of the_ 10$ 
boron -nitride · films can -be . controlled _ with 
considerable_ . iaccuracy as previously -men­
tioned, and . the· tont1 thickness of the films 
depOsited on -the substmte might ·be less :thm 
one mil. - _ .. _ - _ , HO 

_In accordance w.ith •ariother aspeCi: of- the 
ptesent · invention, a :thin film of· dense, pin-, 
hole-free ~ nitride is adherently bonded 
to the suriace .of a substrate .mebd. to which it 
otherwise; could not be bonded by direct 1J5 
appliaadon. This is &CC'omplished -by first de-, 
pOsiting a thin interlayer of a refraotory metal 
as :heretofore . described, but_ preferably molyb­
denum, 1:Ungsten, niobium, or tantalum, form-
ing a second interlayer by reacting a reagent 120 
with the first metal interlayer as heretofore 
described so as to provide ia means for bond-
ing the boron nitride to the refmctory metal. 

More specifically, the substrate Dlla\Y be 
copper or substantially any alloy of copper 125 
paI'ticularly suited for high temperature 
application as ian electtical · conductor, of 
which there are many. The first interlayer is 
prefembly _molybdenum applied to the sub­
strate i?Y any suitable eonventiooail! technique. 130 
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preferably of a metalJ such as molybdenumJ 
that will not be attacked by the H 3P04 

etchant for boron ni:trideJ but which will be 
attacked by an etchant in which the boron 

5 nitride is 81.lable, such as a solution of HO­
HN03. 

The third metal film electrode 158 is first 
etched away by HO-HN03 to expose the 
third boron nitride .fHm 156 in both areas 160 

10 and 162. During this step the third boron 
nitride layer 154 will protect the second metal 
film electrode 152. Next the third boron 
nitride film 156 in the areas 160 alid 162 is 
etched awiaiy by hot H3 PO ... Then the third 

15 metal boride interlayer 154 is etched away in 
the areas 160 and 162 to expose the second 
metal film electrode 152 over both areas. The 
second metal film. electrode 152 and the 
second boron nitride film 150 can then be suc-

20 cessively etched away in the area 160 to ex­
pose the first metal film electrode 146. The 
leads 164, 166, 168 and 170 can then be 
connected by some conventional technique 
such as welding ia-nd the capacitor encap-

25 sulated if desired by a suitable insulating 
material. 

Another imporant aspect of the invention 
is that a micro-circuit comprised of a resistor 

. end a capacitor connected in series can be 
30 constructed in accordance with the present 

invention merely by controlling the thickness 
and properties of the metallic film electrode. 
For e"i:ample, the electrode: film 46 in Fig. 3 
could be a high resistance metal such as ta.n-

35 talum rather than aluminium. The thickness 
of the metal film can be accurately controlled 
by controlling the parameters o.f the vapour 
phase deposition process so that a resistance 
of the desired value can be attained. The 

40 capacitor formed ·by the substrate 40, the 
boron nitride film dielearic 44 and the elec­
trode film 46 is then connected in series with 
the resistor formed by ·the metal film. 

From the above description, it will be evi".' 
dent to those skilled in the art that a novel 
and highly useful process for manufacturing 
electrical capacitors 'has been described. A 

. . · . j novel capllcitor not heretofore avail'8.ble has 
C-1;-Wf'vt.LJ · also been described which is eemfJese& of a 

50 dense, continuous, pure and flexible dielectric 
layer which is strongly adherent to a metal 
foil substrate. The boron nitride is a material 
which has not heretofore been available in this 
form and in such thin films. Further, ·a novel 

55 process has ·been described for manufacturing 
multilayer capacitors of a size, quality, and 
chamaer heretofore unobtainable. The boron 
nitride dielectric films of the novel capacitors 
of this invention ranged in thickness :from 0.2 
to 5 microns in thickness. The boron nitride 
films are very uniform· and are continuously 
bonded to the substrate by the interlayer. 
Boron nitride films 0.5 micron thick depo­
sited upon a 10 mW- molybdenum and tan­
tla!lum wire did not crack when bent at a 

1J083J522 

radius of 1/8 inch. The boron nitride films 
e..xhibited a dielearic strength of 200 volts 
DC per micron of thi.ckness and 5000 vol-a; 
DC per mil thickness at room tempexature. 
A calculated capacitance of 50,000 micro 70 
micro farads per squiare inch for a O.S micron 
thick boron nitride film was exhibited. The 
boron nitride films are stable in air up to 
800° C and can protect the substrate metal 
iagainst oxidation. The ·boron n£tride film is 75 
stable in most acids and alkalis including aqua 
regia, HF-HN03 and NaOH. Therefore, the 
novel capacitors ain be used in high tempera­
tures even ·in the presence or otherwise dele-
terious ambients. However, we have dis- 80 
covered that hot HaP04 will attack the boron 
nitride film at a rapid rate such that novel 
selective etching techniques oan be used in 
the construction of capacitors. Novel multi­
layer capacitors have also been described 85 
which are highly versatile and . which permit 
very small devices to have very high oa.pacit­
ance w.lues. 

The boron nitride insulation films Pre­
pared by the above process have superior elec- 90 
trical characteristics, such as dielectric strength 
end resistivity, even at 'high temperature. The 
films are also strongly adherent to the sub­
strate and are sufficiently flexible that coated 
wire may be used for subsvantially all con.- ts 
ventional purposes. The substrate is ·chemic-

9 

ally stable in a wide variety of corrosive / 
media when coated by the boron nitride. i , ,a 
Specifically, the boron nitride films are in-
soluble in and protect the subsnia.te in rhe 100· 
presence of H20, Ha (dilute and concentrate, 
HNO,, (dilute and concentrate), H~so~, 
{dilute and concentrate), aqua regia, NaOH, C..M/·dJ;_ 
KOH {dilute and concentmte), ~mix-
turesJ and HF (dilute and concentrate). The 105 
•boron nitride films at"e ·stable in air up to 
iabout 700° C and protect: the copper substrate 
from oxidation, but are uns~:ble above about 
800°C e.fter 30 minutes. Negligible loss of 
boron nitride by evaporation occurs when the 110 
film is held at 900°C in a vacuum of 0.01 
microns of mercury. From the above data 
relait:ing to the flexibility, in-sulat:ive proper-
ties and chemical stability at elevated tem-
peratures, it will be evident that the strongly 115 
adherent, thin boron nitride films are highly 
useful iin insulation in various iadverse environ-
ments, and the thin insulation films result i ·. Yi 
in significant savings in the space required 

12
.i.. 

for windings in motors, transformers and the u 
like. 

WHAT WE CLAIM IS:-
1. A ·process for manufacturing an electrical ~ 

device including the steps of/...depositing a J 
pure boron ilitride film on a substrate and 125 
adhering it thereto by an interlayer of 
ma.terial fonned on the subsnwte and deposit-
ing an electrode film on the boron nitride 
film. 
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radius of 1/8 inch. The ~ nitride films 
exhibited a,. dielectric stMDgth of 200 ~ 
·DC per. micron. of <rlickness.0.and ·SOOO- ~elm 
.DC .per mil ·thkkness a.t m feQ!q lf'Dtlll.l;e. 
·A • ailmtated · capaeitame of. 50,Q90 -.nllicm 7.0 
.micro fal'ads pet squere ~cltfor:a. 6.5 ·~ 
thick boron nitride film was· eUit"1'ited. ... The 
boron: nitride filnis are stable, in, =*-. up- to 
8~°C :~·~.protect 1he 'StI~ .~ 
iagam~ OXJ.datl.OIL. The ;boron .. n:iotride film ,lS 75 · 
:Stable in moot aciCls and ~liS: inclu_ding .. aqua 
regia; HF ...... .HN<>s ·and NaOH. Th.emf~ the 
nOvel capacitars.oan.be·used;in .high tempem-
tures .even· ·in !the pmence or. otherwise dele­
terious ambients. .. However, .. we.· have ... di&- 80 
covei:ed: that. hot HaPO, . .will attack~ it!hicJ boron 
mtride ·film :at a ·r.apid .~te such tbat .. 11(Jf.el 
selective· etclJing ~ques Ol\l1 he . used in 
·the , coostrualion of capacitol's,. No.vel ... multi-
lay.e:r : caipaclitors . have · &!so· bee.a, .. clescribed ti 
which are. highly: verse.tile and. which permit 
very·· small devilres to hure .. very_ high capacit-
ance values.. . . · . . -· . . 

'.The boron nitride inaula:tion films Pre-
pared by the, a~ process Jaue, superior elee;.. 90 
meal dmacteristics, such as dielectric "strength 
and: resisti:vity, .evm at •high:tempemture .. The 
films are also stoongly adherent.~ .die sub-
strate and .a:i;e sufficiently ftexi'blc .. that . coated 
Wire Dlllf be ~ !for .. subsllmDally ·all' -COD- ts 
.ventiooal purpo6m 1be substrate is ~e-­
aily .stable ·in a: wide ~ety of .. corrosi~ 
medi&: ·W~ coated; :by the. boron- :ilitrid.e. 
Speclfica.lly., :the: boron nitride. films·-• '-in­

9 

soluble. in and protBCt the : SU'bstJiate .. !hi ~ 'ltte 1--~---­
ipresence of. HaO,-·HC {dilote and.concentrate, 
~03 (di-lute · :and: conceiitra.te),' ~so, ~­
(dilute and. ooncem;rate:),. aqua. .regm,· -NaOH, 
KOH (dilute ,atJd. con<."CDtmre):.· wylelitie·mix:-
tu.res, and HF (dilute -and <:0ncentrate) ... The 105 
OOton:. nitri~ films. a:e stable in air Up;. to 
.iaboot: 100°c azid; :protect ·the oopper substrate 
.!from oxidation,; but are· unslllible ~ .300u.t 
800°:C iafter 30- minutes.- :Negligible kiss of 
bOroll nitride by evaporation: OCC1.1:1'8 ·When the no 
Jilm iS' held at ·900°C. In. a. vacuum of 0.01 
microns of .Irietcury. F.rom. the. above -da.ta 
reltading to ·the -flexibility,. insulatiive pi:opCr­
illies.-and.-.chemical ·stability- at ~elevafElii.:tem-
pemtures, it will be evident= .diat.tlJc'~ it'.5 
adibei'ent,~ rhin: .. bol'G nitride: ,films·~· ~~y 
useful, !in insulaJtioni m varlous~enviten­
mems,. and' the: thin:. i1lStlbrlon-~films-·i;esult 
in, significant: sa.ving1dn die-space· requftee 
for ~ in JDCJlOl'S, MLnsformers-and d'Je 
like; .. ,. :--: ...... . 
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2. A ,process for manufa.Cturing an electrical 
capacitOt !including the steps oft. forming · a 
metal lbOride : interlayer on a metal electrode 
!by :rea'Cting boron with the metal electrode, 

5 depositing a 'bO.ro.n nitride film : o.n: -the in'ttt­
Iaye:t, .·~_depositing an electrode fihri o<i the 
boron mtnde film. : · · ' .. - . • 

3. A iproccss for manufactwiing; an electrical 
oapacitor i:including the steps define(t :in claim 

10 2, : whereiil:, the. 111Ctal' boride mterlayei" is 
formed by heating the metal to a temperature 
in the: .re.nge of :aboUt 7~1700°0 in rlle 
presence of : a heron ·halide, die ·boron nitride 
film is deposited 0by heating, the me1Jatl to a 

15 tempera1:Ure·. in the range af about .700-
17000C in' the presence of reagen.'tS oonta:in­
mg boron arid nitrogen;: and the electrode film 
is deposited by vapc>tir phase cOndensa.tion~ 
-·' 4, A pi<>CC$S fur mmufatturing an elec.:. 
trical capacitor::including the steps of, masking 
an area of a metal electrode, fomiing a mcla:l 
beride · inteda.yer on the unmasked area of the 
metal electrode by reacting boron With the 
metal electrode, depositing a boron nitride film 
on the interlayer, depositing ·a metallic elec­
trode film on the boron mtride film, end 
removing. the masking to :tnake electrical con-
tBct with the metal electrode. ·· · 

S. A process for manufacturing an electrical 
30 capacitor including the steps ofl chemically 

bondmg a boron· nitride film. to the surlace 
of a metal foil by l!llD: · interlayer, removing 
a portion: of the boron ratride •by apPlyitig hot 
phosphoric acid to permit el'C'ctrica.l Contact 

35 to· be made with the metal foil, and ®posit­
ing an electri>de film on the ooron nitride film, 

· 6. A process for manufacturing· an electrieal 
capacitor including ·tthe steps .ofl.fOlrtnling a fitst 
int'el'layer•on a fust metal electrode:by react:.:. 
:ing a 'l'eagent with the metal, adherently de:­
.positing ia; first ;boron· .nitride. film 0n the ·,:finit 
:interlayer, · adheremly depd&itin:g a· - second 
metal electrode film ·on ·the first boron 
nitride film, ·forming a ilecond interlayer -on 

45 the second metal electrode film by reacting a 
reagent with the ·metal· Of die electrode filni:, 
a.dherendy depositing a second boron. nitride 
film on the second interlayer, and depo&iting 
a third metal'. e1ecttode fihn: on the· second 

50 1bo~;n. nilitide film. . 
- 7: A ·pto<,;ess.· for manufacturing a multilaY'er 
el~cal c:epacitor inclllding the · steps of; 
formjng a.if interlayer on· OOth sides of a· metal 
f~: su,bst;mte iby: reacting a :reagent with the 

" metal: -at ~ higb:. temperature,: depOs.iting a 
boron nitride film on each of the interlayerii, 
depositing metallic electrode films on each of 
the boron nitride '.·1i:bm~ -'sekcti'vcly' 'removing 
a. por.tfon.· of 1!he edge. of the metal foil sl1ch 

60 thact die~ of the boron' nitride filnis extend 
'beyOQd the,edges iof the ·metalifoil; selectively 
'l'e111Q\'ing. a portion of· the . edges of the -boron 
~l:r.ide ~nd: :metBl eleotrode. film ·to : ezj>os'e · a 
P!<tti<>n of the edge· of the metal: foil, and 

65 attaching an electrica:l lead to the metal..· foil 

and an electrical lead tO the met8illic electrode 
fitnls; . -

· 8J : A proce6S for. rilaitufacturing a · multi­
layer electrical capacitor. including the -steps 
defin:CU. · in· cla:im 7 wherein the met1ail foil is 
molybdenum, and the boron· nitride films are 
remoVed by hot .pihospohric acid. · 

· 9. : An electrical device· ha'V!ing a . metal 
electrdde, a boron nitride film chemically 
ibon&d. to the metal -electrode :by a lliebll 
boride interlayer, and a . met&l film electrode 
attached to the boton'. nitride film. 
·•·. 10. An electrical device including at least 
a . subst:nite, an iriterlayer and e.n eleotiode 
bonded together.,. . wherein; the electrode is 
comprised of a fefractoty mebll. base foi'l arid 
the interlayer is essentially a refractory metal 
OOride. 
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11. A process for d~ting ·a strongly 
llldherent, dense boron nitride· film on a sub- 85 
Strate :including the steps of, producing an 
interle.yer Oii! the siida<:e of the substrate by 
reacting a reagent wih the subst!ra-te, deprosit-
:ing 1111 film of boron: nitride on t'he interlayer 
whereby the interlayer bonds the boron 90 
nitride film to the substrate. 

·12. A process for depomting a strongly 
adherent, den6e -boron· nitride film on a: sub­
strate as claimed iin daim 11 wherein the sub­
strate includes a ref111ietory meta:l and the 95 
in~layer includes a refractory metal boride. 
· 13. A iprQCess for depositing a strongly 
adherent, dense boron n·itride· film on a sub­
strate as cl.a.llned in claiim 11 wherein · the 
substrate includes molybdenum ill1d the inter:. ioo 
la:Yer ·includes a boride of molybdenum. 

14 .. A .pi'OCesSi for depositing a strongly 
adherent, dense borol'i- nitride film o.n· a metal 
'Sllbstrate as claimed in cla:im 11 wherein~ 
the metal Slibsti:ue ·iS a !ferrous baSe a;lloy C!lld 
the interlayer is a boride of a:t least one of t'he 
C'OilSlituents of the alloy. 

105 

111> 

lS. A process for depositing 1111 strongly 
adherent, den6e boron niitride film OJl' a metal 
Sllbstrate including the steps of: producing an 
interlayer on the surface. of the mietal sub­
strate by reacting boron with the metal to 
iprOduce a :menal ;bcJa:ide ·interlayer, and: &­
positing a film of boron nitride on the inter;. 
:layer lby vapour phase ®po&ition. whereby the US 
in:iterlayer bonds the 'boron mtride to the metal 
slibsi:rate 
. - 16. A Process; if(ir ~ting a strongly 
adherent, dmse •boron: nitride film· ori ·a meta.I 
substmte :including the ·steps' of: forming a i20 
metal bori~ .interlayer on tfie ·metal bjr' heat-
ing · the metal oSUbStrate · i~ a low pR:s:Sure 
a'.1:ln0Sphere in the presence :of bo1'.on- trieblor;. 
ide, end foiming a boron mtri9,e film, ori the 
interlayer by heat;ing the mew substrate. in a 125 
low ·~ atmosphere in· the- presence· of 
bebi;.ttichloroboraZole. - · 

·17; A process:·foi depoSiting a strongiy 
adherent, dense ;boirOit nitrid!e film on a metal 
substrate including the steps of: placing the 1• 
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metal substmte m a reaction chamber and 
evacutdng the chamber to a low pressure on 
'l!he Ol1'der of one micron of mercury, :filling 
ithe chamber with a boron halide vapour to a 

s pressure m the nnge ftoml about 5 microns 
to about. 500 microns of mercury l!lilld heating 
the substmte to a temperature :in the range 
from about 700°C ro about 1700°C for a 
short period' of time -to form a metal boride 

10 inta"layer, evaCUl!ld:ing the chamber to a low 
pressure of about one micron: of mercury, 
:filling the chamber with beta-trichlor()borazole 
vs.pours ro a pressure in ·the range rfrom about 
10 microns to about 20 millimeteres of mer-

15 cury and. heaiting · die substrate to a tempera­
ture in the range f.rom about 700°C to about 
l 700°C until a film of boron nitride of the 
desired thickness is deposited on the in'tel"­
layer. 

lit An article of manufacture iincluding a 20 
metal article ha.ving a film of dense boron 
nitride. bonded to a "Selected portion of the 
smftice of the metal article by an interlayer 
of metal boride. 

19. An article of :mmu&cture including a 25 
~l article having a film of. dense boron 
nitti:ide ·bonded to a selected portion of the 
surface of the metal article by an inter•r 
of a compound of said metal. 
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