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. We, TEXAS INSTRUMENTS INCORPORATED,
a Corporation organised according to the laws
of the State of Delaware, United States of
America, of 13500 North Central Express-
way, = Dallas, Texas, ~United States of
America, do hereby declare the invention,
for which we pray that a patent may be
granted to us, and the method by which it
performed, to be particularly des-
cribed in and by the following statement:—
. The p invention relates to deposit-
ing a boron nitride film on a substrate and
also relates to articles, including electrical
devices, in manufacture of which its process
is used. Examples of such electrical devices
are single and multi-layere insulated conduc-
tors. and capacitors, in which the boron: nitride
film is used as a dielectric.” = .

Pure and densec boron nitride has out-

_-standing dielectric properties, is stable in. most

corrosive agents, is.

_ stable against oxidation
et high. temperatures, and is not wetted
by many molten materials. Therefore, boron
nitride is a highly useful product, especi-
ally if it can be prepared as u thin film
which is strongly adhered to the surface of
an object, and is uniferm, continuously dense
and flexible, For example, useful applications
of nitride films are in the field of di-

30 electrics, either as insulation for a conductor,
o  |yoliage protection device or as the dielectric
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in a capacitor. o o

It is well-known in the ant that capacit-
ance i directly proportional to the area of the
opposed electrodes and inversely proportional
to the thickness of the. dielectric between: the

electrodes, The voltage at which the capacitor

" may be operated is determined by the break-

down veltage of the dielectric. Since it is
desirable-to bave capacitors of minimum size,

: tPficf 4s, 6t

but ‘maximum capacitance and . maximum
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breakdown: voltage, attempts. have been mad‘e
to produce very. thin  dielectrics. for use’in

capacitors having -high insulation’ values. - .
. 'Due to the outstanding dielectric. proper-
ties of boron nitride, artempts have been
made to . construct. capacitors - using -

Dor nitide as the dielectric, Substantially

all of these attempts have involved “what
might be termed the “bulk” approach in that
the dielectric layer is constructed: by work-
ing a mass of boron nitride down to a.-thin
sheet. For example, solid boron nitride_ has
been successfully machined. down to a thick-
ness of about 25 mils and then placed between
suitable electrodes such as metal films painted
on the opposite surfaces of the thin sheet, Or
) ed boron nitride  has -been: combined
with _suitable: binding - material .and subjected
to high pressure and high temperature to
form a relatively thin pressed_dielectric sheet.

"In the first instance, the minimum thick-
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siess of the machined borom: nitride is limited

by the machining. process, except when using
jery costly machining techniques; to a’ mini-
thickness of about 25 mils as compared

mum
with an. optimum thickness of substantially

less than .ome mil. In the second case, the
intermixed binders and . other additives
appreciably. . decreased - the insulation .pro-
perties. of the boron nitride. Further, the
binders produce small zones . in  which
no boron. nitride is. present.
the sheet is pressed thinner, some areas be-
tween the electrodes do not have any boron:
nitride present and the capacitor shorts. out
or has a low breakdown voltage. .
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Therefore, as

4]

" Other attempts to construct veryﬂnn film

dielectrics for use in capacitors have entailed
the ‘production of a metal oxide: film or other
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metal - film on & metal subsn'aue
While these capacitors are suitable for some
purposes, metal dons must diffuse into the
metal oxide: dielectric being formed in order
to ca out the oxidation reaction. This
results in a metal ion: gradient throughout the

- fim which appreciably reduces the dielectric
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quality of the film.

More recently, it has been suggested that
boron nitride can be deposited -directly upon
a metal substrate by the ‘thermal decomposi-

tion of trichloroborazole and that the boron

nitride deposited in this manner could be used
for electrical capacitors. However, it has been

found' that boron nitride cannot be deposited
- directly upon’ a métal substrate to
a thin, continuously dense film which . ds. .-
novel methods for construcmng multilayer

produce

strongly adherent to the metal substrate so

~ as 10 be used to manufacture electrical devices,

and in particolar, the quality”and thickness

o the film codld ot e mfficently controlled

for commercial application.

In accordance with the boader aspects of the
prwent ‘invention, a device is constructed by
depomnngapm'eboronmmde fim on' to
a metallic, graphite; silicon or other substrate
anddeposmnganelecnodeﬁ]monteﬂxe
boron nitride film. The film preferably is
less than two mils in- thickness although

‘thicknesses can be used. The boron
nitride film is bonded to the substrate miterial
by an interlayer of miaterial formed on the
substrate ‘and preferably is either a boride or
a nitride of the substrate material. The deposi-
ted boron nitride film can be made thin, pure,
dense; and strongly adherent to-the metallic
substrate such that’ very small capacitors hav-
ing very high ‘capacitance values can be con-
stmdted'byuseofthxsmethod -

In one specific embodiment ‘of the inven-
tion, the interlayer is a boron ‘compound; of
the substrate metal so that the interlayer has
chemical “elethents ‘common to both ‘the ‘sub-
strate andthebomnmtndeﬁlm,andthcsub-
strate is taken from ' refractory nietals in
genml ‘and specifically from: the group con-
sisting of molydenum, tungsten, niobium; tan-
mlum and base alloys of of each, and ferrous
base alloys.

" This invention- also connemplates a pmcess
for adherently applying a thin film of boron
nitride to the surface of a metal other than
those mentioned, and in pamoular to
the surface of copper or copper alloys. The
process is comprised of first depositing a thin
film of a refractory metal on the surface of
the substrate metal, forming an interlayer
on - the ‘surface of the refractory meétal by
reacungareagenthﬂlmemetal,thendc-
positing a thin film of boron nitridé on the
interhayer to produce a novel article of manu-
facture” comprised of a conductive metal sub-
strate; 'a first” interlayer of refractory metal
bonded to the substrate, a second interlayer
bonded to the first metal interlayer, and a thin

film of boron mtrlde bonded to the inter-
layer. In accordence with a more specific
aspect of the invention, 4 thin’ film of molyb-
denum is deposited on a. coprer smface, then
the surface of the f film is borided
prior to the deposition of the thin film of
boron nitride. The resulting article is a-'cop-
per or .copper alloy conductor having good
electrical characteristics,” coated by .a- thin
film- of boron nitride -which - is ‘adherently
bonded, to the copper by firstand :second
interlayers: of molybdenum and- molybdenum
boride and which is a superior insulator, can

‘be made flexible, and has outstanding mecha-
nical, chéemical and thermal stability at tem- -
“petatures up to about 700°C.

The invention also .contemplates several

7

capacitors on an economical mass production -

basis. One such method entails the simul-
taneous deposition of boron nitride films on
opposite sides of the substrate, then deposi-
tion of the metallic film electrodes on each
of the boron nitride films, This sequence of
steps ‘catt ‘be repeated as desired because an
interlayer compounded from the metallic film
material cah be formed to securely.bond: sub-
sequent boron - nitride ﬁlms to each metalhc
film - electrode. - '

Copper and many of 11:s alloys are gener-
ally considered to be the best and most econo-
mical elecmcal conductors. In nearly all cases
where ‘copper is ‘used ‘as an electrical ‘conduc-
tor, suitable insulition must be applied over

the surface of the copper to prevent shortiogh 100 &

Many: different organic arid inorganic materials
have been used as insulation- for copper con-
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ductors. In general, the organic materials are :

mechanically unsound and'deteriorate at rela-
tively low temperatures, paruculrarly if only
thin coats are used, The inorganic insulations
tend to ¢rack on’ bending, afe usually difficult
to prepare without pinholes and, ore,
usually imust. be coated with a seoomi material
to protect against moisture and: to redirce the
deleterious effects of cracking. ~ Sometimes
other metals are clad over copper to prevent
oxidation of the copper.and then the conven-
tional insulation materials apphed “Another
common technique consists of coating the cop-
per with a slurry comprised of an organic
enamel and ceramic or glass particles. . The
coating is then fired to sinter the pamcles
into a continuous insulating film. and: drive
off the organic portion. of the slurry.. Then
an organic coating, such as “Teflon” (Regis-
tered Trade Mark) is applied as an overcoat.
Another cominon ‘technique is to.coat the
copper ‘with aluminium, thén anodize the
aluminium to form a thin' msulastmg film of
alumina around the copper.-

- It is often desimable to use electncal con-
ductors - at temperatures substantially above
200°C., but prolonged use of most conduc-
torg at these temperatures results in damage
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to the insulation or oxidation of the copper.
It ig desirable for the insulating coats to be
thin so as to save space, particularly when
using the conductors for motor and trans-
former windings, or the like. Thin :boron
mitride films have excellent dielecn‘ic, “ther-
mal, mechanical and: chemical properties for
use as an electrical insulator and, if adherently
applied to a flexible - substrate, protect: the
substrate from oxidation .and are flexible.
However, it is extremely difficult to-adherently
apply a continuous, pin-hole-free filmi of dense
boron nitride 10 4 copper substrate because of
inherent -incompatibilities- in' the lattice struc-
tures and cients of thermal expansmn,
sand ‘various other reasons. - -

- In :general, ‘a. process of the:; present inven-
tion‘comprises the steps of forming an:inter-
layer on the surface of a substrate and then
depositing the boron nitride film on the inter-
Tayer in such-a manner that the interlayer
adheres; and preferably chemically bonds;. the
boron nitride film to the substrate. -

- I accordance. with- another aspect of the.

mvermon, a plurality of boron nitride films
of different thicknesses are deposited between
metallic film electrodes to produce 2 lnghly
versatxle capacitos,.

' As mentioned, very thin boron mtnde ﬁlms
can be formed such ‘that extremely small
capacitors having high capacitance values can
be constructed .in accordance with the present
invention. In order to overcome:the problem
of connecting electrical leads to the appro-
priate electrodes, - processes using selective
etching, masking. and abrasive etching can: be
used to make such connections to the capa-
citor electrodes, and in partxcular to the elec-
trodes of multilayer capacitors. -

Specifically, :the ' electrical connections can
be made after using selective etching: tech-
niques on the boron nitride and the metallic
substrate and electrodes. In- this connection,
boron nitride has heretofore been considered
as substantially stable in all acids and bases
and mixtures: theteof. However, we have dis-
overed that: boron nitride ‘can'be etched by
ot phosphoric acid, such that a novel selec-
tive etching process can be employed as here-
after described in greater ‘detail; this method
of etching is the subject of copending Appli~
cation No 4695/67 (Serial No. 1083523].

A process embodying the inventionkcan be
used to manufacture @ micro-circuit comprised
of a resistor and capacitor connected in series
and comprised of a thin metal film, an inter-
layer, a thin boron nitride dielectric film and
a counterelectrode. The thin metal. film can
be tantalum and serves as both a resistor and
an electrode for the capacitor. :

By way of example, embodiments of the
invention will be described in’ greater detail
with referencé to the accompanymg d;rawmga,
wherein: —

Fig. lisa schematic dra.wmg of an a

atus which may be used to practise’ the

method: of the present invention,

Fig. 2 is an enlarged, . schematic, partial
sectional view of an article of manufacture
constructed in accordance with this invention
which also serves to illustrate the method of
the present invention, . -

Fig. 3 is an enlarged;. pamal sectional view
of a capacitor constructed in accordance w1th
the present invention,

Fig. 4 is & somewhat schematic plan view
which serves to illustrate the manner in which
the results of ‘the method of the- preeent mven-
tion were tested,

‘Fig:5isa graph illustrating. an operatmg
characteristic of: three capacitors constmcted
in accordance with the present invention,

Fig. 6 is.a graph illustrating another- oper~
atmg characteristic of @ capacitor constructed
in accordance with the present invention, , ~

“ Fig. 7 is.a graph illustrating still another
operatmg characteristic of five capacitors con-
structed in: accordance with tbe prcsent mven-
tiom,

Fig. 8. is i graph ﬂlusu'aung yet another
operating characteristic of the five capacitors
constructed in accordance with the present
invention;

- Fig. 9 is an enlarged partlal seotlonsal view
of still another capacitor constructed in: accord~
ance with the present invention.-

 Fig. 10" is an enlarged partial secuonal
view of still another capacitor constructed in
accordance with the present invention,

- Fig. 11 is a broken, enlarged sectional view
illustrating the manner in which electrical con-
nections can be made to-the elecl:rodes of the
capacitor shown in Fig. 9,

Fig. 12'is a broken, enlarged sectnonal view

of another manner in which electrical con-
nections can be made to the electrodes of the
capacitor shown in Fig. 9, and" -
: Fig 13 is an enlarged, somewhat schematic
sectional view of still another capacitor con-
structed in caccordance with the present m-
vention,

In accordance” 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
reacting’ a reagent with the substrate to form
a boride, nitride, -oxide or other compound
of the substrate which will chemically bond
with a boron nitride film subsequently de-
posited on the interlayer. The novel process
is believed to be applicable to a wide variety
of substrate materials and in particular 1o
substantially all refractory metals which will
withstand: the temperatures used in the pro-
cess, and is specifically applicable to molyb-
denum, niobium, tantalum, tungsten and to
alloys comprlsed primarily of these msetals,
and to certain ferrous base alloys. :

Ina speclﬁc embodiment of the mventlon,
boron. is reacted with the metal substrate to
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produceamemlbmdemmrlayer The benen
may Jbe supplied reacting boren
tnd:londcwpourthh the surfaceoﬂa
heated substrate. .

Thebomnmmdeﬁknmybeformedby

the: reaction: of beren and. nitrogen. fromy any

suitable source reagents on' a heated -sabstrate

_ upon which mmhyerhasbem formed. In

a . specific - however, the. beron
mmdeﬁlmmdeposmdhythethamalde-
composition: of - Heta-trichleroberazole 6n a
fieated . substrate. Ortbebmonand'mtmgm
may ‘be: supplied by beron mdﬂmdeand
ammonia.

~The formation.. of  the’ merlayerandﬂw
depmonofthzboronmmdcﬁhmarepre-

ferably accomplished in: sepazate steps so-that

a uniforny interlayer is ussured: over: the entire
sarface: to be: coated. A imiforin-berom nitride
layer. can - then: be:- deposited and. - the- thick-
ness: of the fidin. vather precisely-‘controied.
However, the. two' steps. can be: atcomplished
simultaneously - by - - -mixtare of
boron trichloride and n'w}ﬂoroborazole vapouts
at the: surface of ‘@ licated substrate:’ thc

-perf
pmemofthepresent:menﬂonmmdacated
generally by the reference numeral 16-in Fig:
1. The apparatus. 10 conmiprises a reaction
chamherlZfom‘xed:bya.beH;arMandabase
16. The reaction chamber 12 can be evacu-
ated by @ suitable pi 18. A valve 20 is
provided for sealing the ‘reactich . chamber
fromthepumpwhmdesmed A metal or other

substrate 22 upen- which ‘the borofr nitride

film is to. be ‘deposited: is held: by suitable
clamps. 24 through which an: electrical current
can be passed to.heat. the substrate.- A valve
26 controls - the intreduction of :boron tri-
chioride vapours into the reaction chamber 12
from -a suitable boron wichloride source. 28.
A similar valve. 30 controls the intreduction
of trichloroborazele wvapours- to the ‘reaction
chamber: 12. from a. trichioreborazole source
32 :which may. comtmmﬂy comprise - 2
vc:yc:gln oomz:ne;w in which tnchlomborazol ﬂie

s can ted and- vaporised. In the
event boron trichloride and ammionja are used
for-the deposition: of the boron nitride: filin, the
valve: 3@ can be used te controf the intro-
duemomoftheammemaarthevapcmofthe

addition: ‘ammenia—boron ; trichior--

xdewhchlmsbmmuslyfmmedbya
reactionr - between trichloride and
ammonwmthe&remmchmbgrlz
When: using eapparamsl to: practisé
the process of the. invention, the sub-
degreased: by: a suitable
solventy prior to ent in the reaction
crmnherlz Next the reaction chamber 12

mevacuawd -the pumpr 18. to- & very low
pressure,..- bly less than about ome
micron: of "Fhe substrate 22 may

mefeury.
then be heated in the vacuum :te sublinate
all volatile impurities which are purged from

tbesystembythewcmnupump 18. Next the
reagtion: chamber 12 is backfilledk with. béron
mdﬂondefnwthesom'ce%tothedmmd
pressure, which is preferably. between about
5 and about 500 microns of mercury, The
substrate 22 is then: resistively heated to a
temperature- mtheme'fmmabaut 700°C
to abeut 1700°C fora short period. of time;
mualiyﬁromabont 15 tor about 60 seconds.
Prring: this period: the. beride  interlayer is
formed upen the ‘surface of the substrate 22
byﬂ:emeracnmofthemtalandtheboron
fmmthebamnmchlmde vapours. i
Themonclamhu-lz:sﬁmemcuamd
w @ low pressure of about  ene micron :of
mercury in order to:- remove:'the: rémmining
boron: trichlerile vapours and the' freed: chlor-
ine; The reaction chamber 12 -is them back-
filled with ‘béetartrichloroborazole: .vapeurs: to
& pressure bétween ‘about. 10 and 20 milli-
meters of mercury. Next: the substrate 22 is
heated o a between about 700°C

temperature: |
_and about 1700°C until a film of boron nitride
of the desired thickness-ig achieved. A:period

from. about' 1 to about 5 minutes is normal
'I‘hethxcknessoftheﬁlmcmbemherpm—
cisely determiined by controlling the virieus
parameters of pressure, temperature and con-
tact. time the vapours end the sub-
strate. Eoronmmdzﬁhnsfromﬂlnncmsm
5 microns have been: ! ' ‘Fhe film can
be-madeso thin and of such uniform thickness
astobembssanuallyonecolwrd—themb-
scmemumfomlyﬁeated
- Using the above described process, boren
nitride filins .of various thicknesses ‘were' de-
posited: upen molybdenum wire having a dia-
meter -of .10 mils. - The adherence of the film
to the wire substrate was. détermined. by
simple bending tests. Although the precise
thicknesses .of the films were not measured,
the thicknesses of the: films ate indicated by
the DC- &m voltage dt:terxmnec'l1 g
using & ‘contact ' to apply
voltage to thie: boron nitride film. The per-
missible bend diameters and breakdown volt-
ages are tabulated below in Table 1. As.the
thickness of the boron nitride film increases,
fexibility dmlmshesanddaennmmnpn-
nnsmble bend dmmeﬂer and: breakdown volt-

Penmsslble Bend Baammer VS Bwakdawn

: 1/8" bend: diam 150 voliis
1/4” bend diameter: 250 volts: .

1/2" bend diameter 1100 volts -
Y’ bend diameter . - .1400- volts: -

The boron nitride films are: chemically
stable it a wide variety of corresive. media.
Specifically; -the boron nitride films: are in-
solble in O, HCt (dilute and concentrate);
HNO, (dikte and concentrate), H,S)D-
(dilote end concentrate), aqua regia,. NwOH,
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KOH (dilute and concentrate); cryolite - mix-
tures, and HF (dilute and concentrate). -The
boron pitride . filmg.are stable in nir up to
700°C,: but are. umstable above: 800°C -after
30 :minutes. Negligible loss of beron nitride
by -evaporation :occurred ‘when ‘the film was
held -at 900°C in a vacuum of 0.01 microns
of mercury. From the above data relating .to
the flexibility, insulative properties and chemi-
cal stability at: elevated temperatures,. it will
be evident that the strongly adherent,. thin
boron ‘nitride- films are highly useful as in-
sulation in various. adverse environments.
The -boron nitride films also exhibit the pro-
perty of not being wetted by some molten
metals including silver; gold, zinc, and: some
molten glasses including borosilicates. Accord-
ingly, the boron nitride films prepared by the
above process. should be useﬁﬂ in protecting
vessels- and other eqmpment used m ‘handling
these. molten materials.

-However, we have dlscovered dmt the bor(n
nitride films are subject to rapid attack by
H,PO, at about 295°C. This unique feature
pezmlts selective etching of the boron nitride
to facilitate the construction of a capacitor as
will hereafter be described in greater detail.
In a specific example, w strip of molybdenum
coatedwmhaboronmmdeﬁlmdepﬁsmdm
accordance . with the present invention-and -+
second weighed : strip: of molybdenum were

placed in a-solution of H,PO, ﬂaathadbem
bolled until bubbles had quit coming up and
which was ‘at a’ temperature of approximately

'~ 295°C, The strips were held in the H,PO,

solution - for about five minutes before being
removed and washed. The boron nitride film
had been removed from: the molybdenum strip
and electrical : conductance ‘by point. contact
to the strip was. good.- The. other - weighed
strip. of molybdenum expetienced o weight
loss indicating: that molybdenum 1s stable m
the hot H,PO,.

In accordance” with another aspect o the
present - invention, & novel and highly: useful
electrical “capacitor ‘is manufactured by: de-
positing a very thin. boron mitride film:on
a. metal ‘substrate ' using. the interlayer :to
chemically bond the film to. the substrate as
above: described; and then depositing a4 metal-
lic ‘countetelectrode on the d:elecmc boron
nitride film, .

“In order t0- test the continuity and i
fnnnityofaboron -nitride film and to con-
struct @ capacitor, a molybdenmn foil: sub-
strate 40 (Fig 3) was placed in the reaction
chamber A molybdenum boride inter-
hayer 42|anda boron nitride filmy 44 were
then deposited on the molybdenum substrate
using the process described above. A series
of randomiy-placed aluminium electrodes 46
of progressively increasing diameters as illus-
trated in Fig. 4 were t:hm vacuum-évaporated
on to the surface. of the boron nitride film
using conventional techniques. The aluminium

film electrodes 46 had successively increas-
ing areas up to 1.208 square inches. ‘The
breakdown voltage of the boron nitride film
between each. of the  electrodes 46 and a
metal substrate was uniformly about 500 volts
DC. This indicates that the boron nitride
is very uniformy and continuously dense ever
the entire substrate because any defect in the
boron pitride film under any -electroede would
result in a decrease in the breakdown volt-

Further tests of capacitors consmxcted in
accordance with the present invention indicated
that & 0.5 micron thick boron nitride film

has a dielectric strength of 5000 DC volts’

per mil (2X 10° DC volts per centimeter) and
a- dielectric constant of 4.4. Thus a boren

‘nitride filny one micron thick can be expected

to have a breakdown voltage of 200 DC volts
and & capacitance of 25,000 micro micre farads
per square inch. The DC voltage breakdown
tests referred to-above correspond to Method
301 of the procedures outlined in Milstd-202
of the United States Government and repre-
sent the ability of the boron nitride film o

withstand an . impressed DC voltage over a
period in excess of one mimte. By utilising the

breakdown chamacteristic of this device, a volt-
age overload protection c:rcuxt “arrangement
can be maintained.

The variations in breakdown voltage lor
three separate oapacztm's constructed - im
accordance. with the - t - ifivention - are
represented. by the curves 50, 52 and. 54 on
the graph of Fig. 5. The boron nitride filmy of
the- itor represenited by the curve 52 was
thicker than the boron nitride. coating of -the
capacitor represented by the curve 50, and the
boron nitride film of the capacitor represented
by the curve 54 was still thicker, The volt-
agemeaslmnenwwevemademadrymtm-
gen ambient atmosphere by making a point
contact of the aluminium film elettrode de~
posited on the boron mn'tdeﬁhn Consider
ing some inaccuracies in the breakdown volt-
age measureinents, it will be ievident that ne
laigechangesm'themmofdmﬂmonof
the  breakdown volfages' with temperature
occurs with decréasing filin thicknesses up to
about 150°C where the breakdown volrige of
the cipacitor having the thihnest baron nitride
film represented by curve 50 begins to de-
crease at 2 greater rate. In other words, the
stopes of .the curves 50, 52 and 54 are sub~
stantially the same constant value except for
the cm've 50 wbove 150°C. Considering some
inaccuracies in the test measurement, this
indicates. that the rate of degrddation for the
thinnést boron 'nitride film might increass
more rapidly above 150°C, wheteas no change
is apparent in the thicker boron nitride &lms
represented by the curves 52 and 54.

Referring now to Fig. 6, the curve 60
represents the percentage change in capacit-
-ance with respect to temperature of five
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randormly-selected capacitor -‘assemblies - selec
ted: from 4 ‘group ‘constructed: by - encapsulat-
ing' a ‘sandwich of molybdenum - substrate,
metal  boride " interlayer, boron : nitride film
angd: aIummmm filin electrode in. u'ansmtor cans
or-'in’ glass in “conventional manmer.  The
assemblies: rather. umfonnly had capacn'ance
values of 320 micro micro farads and 200 volts
breakdown, ‘The temperature. coefficients cal-
culated fromi the curve 60 are —25 ppm/°C
at —55°C, +17 ppm/°C a +85°C,
+10 ppm/°C at +125°C, and +16 ppm/
°C at +250°C The overall accuracy. of the
capacitance’ . measurements afe - &pproxi-
mately - +02 micro micro: farads “or
+5—10 ‘ppm/°C. No change "in capa-
citanice ~ was  detectable - between - 4200
and +250°C.” From the above: data, it
will ‘be evidént to those ‘skilled: in the art that
capacitors or other devices: comstructed -in
acoordarnice with the present invention have an
exceptlonal temperature: stability. '

The dissipation factors of a random group'
of :13- capacitor- assemblies were. measured to
be in the. range-of 0.01%: at 1-ke/s. The
ghoron. nitride capacitors which were «carefully
enoapsulamed in . glass envelopes did not ex-
hibit any change in the dissipation factor with
temperatire-in' the range measured, which was
up to 175°C. Other capacitors encapstﬂated
in transistor cans' exhibited. a.slight - increase
ir the dissipation: factor, bt evéi ithese com-

pared very favourably with- electmstaug pre~

cision units presently on the market.
 Five - capacitors ‘constiucted in’accordance
w1th ‘the present invention were. tested over
extended ‘periods ‘of ‘time . to determine:ithe
percenmge change in capacitance of each' and
the 1 “change: in the dissipation fac-

- tor of each. The changes in the capacitance of

each of the units are presented by one.of the
curves mdrcated: collectively by the -reference
numeral 70 in the. ‘graph. of Fig. 7. ‘The
changes: in the dissipation factors of: the. cor-

45 responding capecitors are. represénted: by the
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curves: indicated collectively by :the  reference

numeral 80.in-the graph of Fig. 8. The graphs.

include: only data obtained ‘over 4560 hours,
but the: imits" exhibited no: further- change in
capammnee over-the period tested which was
in excess-of 1000 hours. I1: will be noted: that
the average. capacitance change'is approxi-
mately: the same at ¢ volts DC as at 75f:volts
DC; which: indicates that no: deterioration is
causeds by voltage stress. It will-be noted in
Fig. 8.that ‘an’appreciable change in the dissi-
pation factor: occurred during the first 24
hours, but ‘a ‘definite. tendency . towards - stabi-
lisation:-was. subsequently exhibited. It is be-
lieved thatthis initial effect was caused .pri-
marily by small quantities of moisture remain-
ing in the encapsulation ambient which sub-
sequently dissipated, or may have been ca.used
by ‘electrode deterioration, -

- Another important aspect ‘of * the present

invention is ﬂlusrrated by the novel ‘capaci-
tor' comnstruction . indicated. - y.-by- the
reference numeral 90 in-Fig. 9. A metal foil
substrate 91: is placed ina reaction chamber
such ‘a5 the chamber 12, and suitable inter-
layers :93 and 94 are simultancously formed
on the. opposite surfaces of the foil using the
process heretofore described. In the particular
embodiment illustrated, the substrate 91 is
molybdenum and the” “pondin interlays are
molybdepum boride. Boron mitride films 96
and 98 are then simultaneously deposited upon
the metal boride interlayers 92 and 94, respec-
tively, using’ the pri

deposited on .the boron nitride films by any
suitable techmque, but preferably by vapour
condensation, to produce the multilayer capa-
citor 90 The metallic films are preferably
of a metal different from the substrate 91,
such as gold, so that the two muetals can be
selectively etched us well hereafter be des-
cribed. Electrical contact can .be made with
the électrodes individually and thereby pro-
duce two separate capacitors, or the metal film
electrodes 100 and 102 can be. electrically
interconnected 1o provide a single capacitor
having twice the capacmnce for a ngen area
of substrate, -

- It will ‘be apprecmted that thc -capacitor
construction 90-1s paper thin and that mak-
ing - separate ‘electrical contact with the elec-
trodes .creates a considerable. problem. The
electrical connections to the multilayer capa-
citor 90 can be made by either of two miethods,
the -first of which is illustrated in Fig. 11.
The metal foil substrate 91 is cut up . into
small pieces having - the desired area.. This
leaves ‘a sandwich construction having rela-
tively square -peripheral- edges. -As’ prevmusly
micritioned, when the etching technique: is'to
be employed, -the metal film: electrodes 100
and 102 will usually be a metal different from
the metal foil substrate 91. For example, the
substrate: 91 may be molybdénum and the
metal. film electrodes. 100 .and- 102 gold so
that ‘the two metals will not be attacked by
the same etchants. Then: the edge’ 104, for ex-
ample; of the sandwich- construction. is dipped
in a suitable etchant such as a solution of
HGI—HNO; baving a high concentration of
HCL The relanvely thin gold film electrodes
100 and 102 will be rapidly etched away rela~
tive. to the rate ut which the edge of the
molybdenumi substrate 91 will be attacked.
The gold film electrodes 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 2z solution of hot H,PO, as pre-
viously described. A clip 114 can then be
conniected” 10 the exposed edge of the sub-
strate 91 by conventional welding techniques.

-Another edge of the sandwich is then im-
mersed in a suitable etchant which will seléc-

process heretofore described.
Metallic film electrodes 100 and 102 are then
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- tively attack the -molybdenum substrate 91

but will not affect the boron nitride films 96
or .98 or the gold filmy electrodes 100 and
102:s0 that the substrate 91 is. remvoved back
to point 116.: :For example, a solution of
HCI—HNO; having a very. low concentra-
tion: of HCI will attack the molybdenum at a
much greater: rate than the gold and will not
attack the boron nitride. The electrodes 100
and: 102 will tend to hold the otherwise fragile
boron. nitride films 96 and 98 intact and
the free edges of the films will tend to come
together as illustrated in: Fig. 10 to cover the
edge of the substrate. Then g clip 118 can
be: crimped over the edge of the sandwich
and preferably welded to the metal films 100
and 102. The boron nitride covering the edge
of the substrate 91 ensures that the clip 118
does not contact the substrate. The capacitor
can then be encapsulated in a suitable insulat-
ing material, - S
~An alternative technique for making con-
tact with the electrodes. of the multilayer
capacitor construction 90 is illustrated in Fig.
12, When using this technique, sn aperture
indicated generally by the reference numeral
120 is punched in the metal foil substrate 91
prior to-deposition of the various layers. The
metal boride intérlayers 92 and 94, the boron
nitride films 96 and 98 will come together
angd:cover the edge of the substrate 91 around
the edge of the aperture 120. Then when the
metal film electrodes, 100 and 102 are deposi-
terd, a film. 122 will also coat the edge of the
aperture and provide electrical contact . be-
tween the two electrodes 100 and 102. A sujt-
able meta] tack 124 may then be inserted
through the aperture 120 and welded by con-
ventional techniques to the metal film elec~
trode 100. If for some reason the metal film
around the periphery of the aperture 120 does
not provide sufficient electrical contact be-
tween the. two electrodes:100.and 102, ‘the
other end 126 ‘of the tack 124 can also be
welded or otherwise connected to the metal
film electrode 102. A suitable. lead wire 128
can then be welded to.the fack 124. - - .
- Electrical connection is made to the -sub-
strate 91 by.means of a second: tack 130. The

- metal film electrodes 100 and 102 are either

etched. awdy in. the ‘areas 132 and 134 or the
areas are masked prior to deposition of the
electrodes to ensure that the tack 130 does
not make contact with either. Then the tack
130 is ‘merely coated with suitable weld

‘miaterial, pressed through the metal: foil sub-

strate in the boron. nitride films 96 and 98,
and the device is heated to fuse the weld
material and ‘weld the tack 130. to the sub-
strate 91. A suitable lead wire 136 can then
be welded to the tack 130. - -
- Another multilayer capacitor constructed in
accordance with the present invention is indi-
cated -generally by the reference numeral 140
in Fig. 10. The capacitor 140 is manufactured

by placing a metal foil substrate 141, such
as molybdenum, in the reaction chamber and
successively  depositing .a metal boride: inter-
layer 142 gnd: a boron nitride film 144 on: the
substrate using the process steps
described. A metal feil- electrode 146 is then
deposited on the surface of the boron nitride
film - 144 preferably by conventional - vacuum-
evaporation and condensation techniques. The
metal film electrode 146 should be chosen so
that boron will react with the metal to form a
metal boride interlayer by the above des-
cribed ‘techniques, Molybdenum may be used
for the electrode filmi. Then a second metal
boride interlayer 148, a second boron nitride
film 150 and a second metal film electrode

152 are successively deposited upon the metal

film electrode 146. This sequence of steps
may be repeated any number of times to pro-
duce additional dielectric and electrode films

such as a third metal boride interlayer 154,

a:third boron nitride film 156 und a third
metal film electrode 158. The second metal
film electrode 152 may also be molybdenum,
as . illustrated, in which case the interlayer
154 would be molybdenum boride. Howeveg,
it will be dppreciated that any one of the
refractory metals heretofore specified can be
used in accordance with the broader.aspects
of the invention. : -

An important aspect of the c'apacitor.l46 is-

that the-boron nitride dielectrics 144, 150 and
156 can each be made very thin yet can be

heretofore -

8 -

95

made of different thicknesses to'as to provide a

variety of capacitances in the same  device.

For example, the: boron nitride film 144 might

have - the  least thickness, the - boron
nitride film 150 a greater thickness,

and the boron nitride film 156 . the
greatest . thickness. The thicknesses of the
boron -nitride - films can- be controlled . with
considerable. . accuracy as previously - men-
tioned, and .the total thickness of the. films
deposited on the substrate might be less than
- In accordance with -another aspect of the
present - invention, a thin film of dense, pin-
hole-free boron nitride is adherently ‘bonded
to the surface of a substrate metal to. which it
otherwise could not .be bonded by direct
application, This is accomplished by first de-
positing a thin interlayer of a refractory metal
as heretofore described, but preferably molyb-
denum, tungsten, niobium, or tantalum, form-~
ing a second interlayer by reacting a reagent
with the first metal interlayer as heretofore
described so as to ‘provide o means for bond-
ing the boron nitride to the refractory metal.

More specifically, the substrate may be
copper or substantially any alloy of copper
particularly = suited for high “temperatuse
application as mn electrical conductor, . of
which: there are many. The first interlayer is
preferably molybdenum applied to the sub-
strate by any suitable conventional technique.
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The. second. interlaer. s preferably. miolyb-

the :molybdenuny interlayer, and boron ‘nitride
is'prefetably. - deposited : by ' pyrolysis  of - &
‘boron and nitrogen bearing compound or. coi-
pounds on ‘the heatedsubstrate,. as héretofore
d.escﬁhd‘. i'irl R TR Y S L
- The: thin- film -of refractory .metal :may. be
deposited on the surface -of a copper: or:cop-
per alloy sibstrate: using . any -suitable ‘cop-
ventional technique. For example; a -mblyb-
denum film may be deposited on the substrate
techniques wherein the substrate is positioned
in & vacuum chamber and the molybdenum
heated until : v
‘substrate is maintained at a relatively low. tem-~
perature such that the. miolybdenum vapour
will ‘condense on the substrate and forma uni-
form, ‘dense, thin - filmy of molybdenum. The
filmi of molybdenum should be relatively thin

pod preferably less. than: about 20 microns in_

thickness; -and . more particularly - may be as
thin as from: 100 to. 200 angstroms, It is be-
lieved that @ thin film is desirablé because the
denum and copper are. not particularly - well
matched 2ad o thick film would be mere. in-
clined: to ruptute during thermal cycling. - -

The interlayer film of molybdenuin may

aliso' be deposited: on the metal substrate by a
suitable: conventional chemical deposition: tech-

nique- such: as,: for: example; the hydrogen 1e-
duction. .of -molybdenum . -chloride or--other
halide:. or - metal -organic ound: - vapour.
The molybdenim film may-also.beapplied by
p(”iﬁm techniqw. B o ) i . RN
_The'"second .-interlayer between the first

. metal dnterlayer. film -afid the boron nitride
gh;ormed by reactitig a reagent with-the metal’
flim:to

form: W boride, nitride;: oxide or:other
compound of the meétal which will:chemically:
bond with the ‘boron. nitride film-which: isto
specifically may be: formed-by. redcting:bofon

wiih the metal filmy to produce-u metal boride

juteriager. The: metal boride may. be: ormed
by heating the substrate in the. presence: of

" boron trichloride. vapour - as ‘heretofore. :des-

by the reaction: of boronknitrogen from: suit-
“able : source ‘¢ ‘on-a heated: substrate
upon’ which  the first and second interlayers
described. For. ‘example, the boron. nitride
film may :be. deposited by the thermal deposi-

tion: -of “betastrichlorobordzole on -a heated .

trated : in Fig, .1.. However;:: sinde-. the -sub-
stinte: s -coppety: the: temperature -mast be
father closely -controlled soias not to exceed
the tes . Jintits of ‘the: copper or coppeér
alloy. :A:. temperature -frony :about 700°C to
about 1050°C is:preferred because: pure cop~
per melts at 1083°C. .o o Pt e
- Thenovel article manufactured by:the pro-
cess is' comprised of a body: of . electrically-
conductive metal, preferably copper or.a:cop-
per alloy, the surface of which is coated. by
a very ‘thin film .of refractory metal, prefer-
able molybdenum; to :which- @ thin filin.-of
baoron: nitride- is bonded by an. interlayer, pre-
ferably a metal boride. The novel article may
be fabricated from‘copper which is recognised
as the best -electrical conductor for genenal
use because of its. high conductivity, - abund-
ance and relatively: low. cost- among; other zea-
sons. Certain.:copper “alloys have been deve-
loped, and are well-known, which nmy be
used at:temperatures  substantially -above the
because ‘of highei strength, yet have vonduc-
tivities approaching that of pure copper. These
include dispersion-hardened :forms of copper

.. ‘Blectrical -contact  can -be .made ‘with- the
electrodes of ithe :device 140 -in the manner
fllustrated in'the: transverse cross :section ‘of
Fig::.13 by using: eithér “masking - or  selective
eching techniques. ‘When msing: the masking
technique, -a relatively ! long : strip .of - metal
foil 141 may ‘be: used-ds tlie siibstrate placed
in *the - reaction!:chamber for. deposition of
the- first . interlayer ‘142; the-first boron nitride
film 144 and the first metal Tilih eledtrode 146,
Then the -area 160. is covered: by @ suitable
mask extending :along the -entire length: of the
substrate 141; ‘Then the second interlayer
148, the second: boron nitride: film 150.and
the second: métal: filr electrode 152-are de-
posited. Thie aiéd’ 162.is then covered by addi-
tional ‘masking-before the third interlayer 154;
the third’ boron nitride film 156 and the third
metal: filmi electrode: 158" ané  deposited. Then
the masking can..be removed' and. the -elon-
gated strip of foil 141 cut transverstly into the
desired’ number:of ‘capatitor sandwich' units.

. The ‘conductors: 164, 166, 168 -and 179 cam

then -be- welded to the substtate 141 and the
first, ‘seconid, and third .metal: film: electrodes

T N

85
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115

146, 152 and 1158 respectively.. The:elges of
’ Tl s e

the. caplicitor ¢an be eleared-by .
ing - material: to. Temove:- metals - ‘which heive
tend  to: short .out the. capacitor. The :capaci«

tor can then be encapsulated in-.a suitable

msulatmg mafuemlma conventional munnu',

formed from boron trichloride and ammonia.  &f . desired.

The process of: forming the second: interlayer
on the first metal interlayer and depositing the
‘boron - nitride: filmon the. second : interlayer
can :be cartied out.in a conventional vacuum
reaction chamber of the.type generally illus-

The alternative process -for attaching:-the
leads to the: various electrodes: of the capa-
citor 140 involves the successive and - selective
etching: of the various layers. When using such
- technique, - the.: metal - film electrodes- are
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preferably of a metal, such as molybdenum,
that will not be attacked by the H,PO,
etchant for boron nitride, but which will be
attacked by an etchant in which the boron
nitride is stable, such as a solution of HCl—
HNO,.

The third metal film electrode 158 is first
etched away by HCl—HNO, to expose the
third boron nitride film 156 in both areas 160
and 162, Deuring 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 and 162 is
etched away by hot H,PO,. Then the third
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-
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 convendonal technique
such as welding and the capacitor encap-
sulated if desired by a suirable insulating
material,

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

and a capacitor connected in series can be

constructed in accordance with the present
invention merely by controlling the thickness
and properties of the metallic film electrode.
For example, the electrode film 46 in Fig. 3
could be a high resistance metal such as tan-
talum rather then aluminium, The thickness
of the metal film can be accurately controlled
by controlling the parameters of the vapour
phase deposition process so that a resistance
of the desired value can be atrained. The
capacitor formed by the substrate 40, the
boron nitride film dielectric 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 arr that a novel

and highly useful process for manufacturing
electrical capacitors has been described. A
novel capacitor not heretofore available has
also been described which is cempesed of a
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
process has been described for manufacturing
multilayer capacitors of a size, quality, and
character heretofore unobtainable. The boron

\ nitride dielectric films of the novel capacitors

of this invention ranged in thickness from 0.2
1o 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 mil} molybdenum and tan-
valum wire did not crack when bent at a

radius of 1/8 inch. The boron nitride films
exhibited a dielectric strength of 200 vols
DC per micron of thickness and 5000 volts
DC per mil thickness at rooms temperature.
A calculated capacitance of 50,000 micro
micro farads per square inch for a 0.5 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
egainst oxidation. The boron nitride film is
stable in most acids and alkalis including aqua
regia, HF—HNO, and NaOH. Therefore, the
novel capacitors can be used in high tempera-
tures even in the presence or otherwise dele-
terious ambients. However, we have dis-
covered that hot H,PO, will attack the boron
nitride film at a rapid rate such that novel
selective etching techniques can be used in
the construction of capacitors, Novel multi-
layer capacitors have also been described
which are highly versatile and which permit
very small devices to have very high capacit-
ance values. _

The boron nitride insulation films pre-
pared by the above process have superior elec-
trical characteristics, such as dielectric strength
and 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 substantially all con-
ventional p . The substrate is chemic-
ally stable in a wide variety of corrosive
media when coated by the boron nitride.
Specifically, the boron nitride films are in-
soluble in and protect the substmate in the
presence of H,0, HCl (dilute and concentrate,
HNO, (dilute and concentrate), H.SO,
{dilute and concentrate), aqua regia, NaOH,
KOH (dilute and concentrate), ceylolite mix-
tures, and HF (dilute and concentrate). The
boron nitride films are stable in air up 10
about 700°C and protect the copper substrate
from oxidation, but are unstable above about
800°C after 30 minutes. Negligible loss of
boron nitride by evaporation occurs when the
film is held ar 900°C in a vacuum of 0.01
microns of mercury. From the above dara
relating to the flexibility, insulative proper-
ties and chemical stability at elevated tem-
peratures, it will be evident that the strongly
adherent, thin boron nitride films are highly
useful in insulation in various adverse environ-
ments, and the thin insulation films result
in significant savings in the space required
'{5;; windings in motors, transformers and the
ike,

WHAT WE CLAIM IS:—

1. A process for manufacturing an electrical
device including the steps ofi.depositing a
pure boron nitride film on a substrate and
adhering it thereto by an interlayer of
material formed on the substrate and deposit-
gll;gn an electrode film on the boron nitride
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€ preferably of a mmal, such as molybdenuny,
that will not be attacked by the HsPOh
etchant :for boron nitride, but which will. be
attacked by: an -etchant. in- which the. boron
nﬁlt?ge msmblc sudlasa so!unomnf HGI—
The ﬂurd mel:al filmy electrode 158 is first
etched .away by HCI—HNQ, to.expose the
third. beton nitride: film 156.in both arees 160
i0

i

film electrode 152. . Next the third---boron
nitride filn-156 in the areas 160.and 1
etched away by hot H,PO,. ‘Then the rd
‘metil boride interlayer 154 is. éiched away-in
the areas 160 and 162 fo expose.ﬂae_second
metal film electrede 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-~
peose -the: first metal film. electrode 146. The
leads 164, 166, 168 and 170 can then be
connected by.. some conventional technique
such - as' welding -and: the ..capacitor | encap-
sulated if desired by a: sumble msulanng
mtmal
-+ Another 1maporant aspect of the mvtmnon
is-that g micro-cincuit comprised of a.: resistor
and a: capacitor -comnected in series -can -be
constructed; -in: accordance with the  present
invention ‘ merely by controlling the thickness
- and properties -of the metallic film electrede.
‘For example, the electrode film-46 in: Fig. 3
could be. 2 high resistance metal such as-tan-
taluniy -rather then aluminium, The thickness
of the:metal: film can be gecurately controlled
by centrolling ‘the parameters-of the. vapour
phase deposition: process-so- that :4 resistance
of the desired velue can- be ‘attained. - ;The
capacitor - fermed by the substrate’ 40, the
boron nitride film: dielectric 44 and the elec-
trode film 46 is then-connected.in: series with
themstorformedbythememmm r
- From -the above: description, it will be evi-
dmbmthmeshﬂedmmemthatanovel
‘angd. highly useful process for manufacturing
electrical capamtm's ’has beenr described.. A
novel.-capacitor - aot -heretofore. available has
alse been described which is cempesed: of a
30 dense;-centinneus,. pure and flexible: dielectric
layer which -is' stmonglyadhcnmt 40--a : metal
foil substrate. The boron: nitride is a-miaterial
which has not- heretofore been available in- this
form and. in such: thin: films. Fusther, & -novel
mﬂmlaag:s af pes uality, amgi
m@amms 3. -size, @
chamecter heretofore unobtainable. -The boron
nitride, dielectric. films of the novel -capaciters
of this invention. ranged, in. thickness from 0.2
to.§ microns: in .thickness. - The boron: nitride
films.. are- very uniform:-:and. are . sontingously
bonded to the substrate:, by the interlayer.
Boron nitride films. 0.5 micron thick depo-
sited. upen a : 30, @il mo : and. tan-
05 mlummred:dnotcmckwhenbentata
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Pa)

[ 4]

o
E3

v

¥

radius of 1/8 ‘inch. Theboronnmdeﬁlms
exhibited a:dielectric strength. of 200 volts
DC per micron: of -thickness: and 5000 volts
BDC per mil thickness at room temperative.
A : caleulated - capacitance of 50,000 micre
micro farads per square inch: for-a 0.5 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
against oxidation.. The boron nitride film is
swblemmmtamdsmdalkahsmx:ludingaqua
regia, HF—FINO, and NaOH. Therefore, the
novel capacitors .oan.be-used: in high tempera-
tures .even in the presence or. otherwise dele-
terious ambients. . - However,.. we . have dis-
coveredthathotH,PO' will attack. the: boron
nitride film :at a rapid mate such thet. novel
selective.etching wzhmques can be.used in
the:- construction of capacitors, Novel..multi-
layer : capacitors .have -also- been. .described
which -are. highty: versatile and. which permit
very- small devices to have. veryh:gh oapamt-
ance values.. -

-The boron mtnde mzsulamon ﬁlms pl!e-
paredbytheaboyepmcesshmwpmorelec—

ical characteristics, such as dielectric strength

and 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. subsuamaﬂy all: .con-
ventienal The. substrate is chemic-
ally stable in-a wide variety of - corrosive
medis. when coated: by the. boron. mitride.
Spscxﬁcally, the boron- nitride films are ‘it~
soluble: in and the - substrate. . in - the
presence of. H,0, HCI (dilute and.concentrate,
HNO, . (dilute - and :: vcommtrate) H,SO
(dllute and. concentrate), aqua. regia, NaOH,
KOH (dilute . and- concentrate),  crylolite :mx—
tures, and HF .(dilute .and concentrate). The
bm:onmmdeﬁln:saresmblemmruprto
about 700°C and protect the copper substrate
from oxidation, but are unsmble above about
800°C after 30 minutes. -Negligible loss of
boron nitride by evaporation occurs when: the
Blm is held at 900°C..in. a. vicoum of 0.01
microns. of mercury. - From. the. above dam
relating to -the flexibility, insulative
ties .and.. chemical " stability. at .elevated:: tem-
peratures, it will be evident that the’stronsly
adherent, thinboron nitride filis -aze - highly
useful in insulation’ in various:edverse  environ-
ments,: and' ‘the. thin:. insulation - filing. Fesitlt
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WHATWECLAIM IS
de; Asprocess: mck:dmfgor thn::mnnfa:t:tu on electrical

ce : steps:
pure boron nitride film on- a -subsitate and
adhering it -thereto--by an interlayer of
material formed on the substrate:and-deposit-
ﬁg;nan elecubdeﬁlmonthebommmde

depositing 'a
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2. A process for manu:fastunng an electrical
capacitof including the steps ofh forming a
mietal boride : interlayer on a metal electrode
by reacting boron with the -metal electrode,
depositing a boron nitride film ‘on-the inter-
layer, and depositing an electrode ﬁlm o the
boron: nitride film. .

3. A process for: manufacnmng en electncal
capacitor including the: steps defined:in. claim
2, - wheréin, the metal = boride interlayer is
formed by heatmg the metal to a-temperature
in the:'range of ‘about ‘700:~1700°C in.the
presence of -a boron halide, the -boron nitride
film is deposltedbyheatmgthemmallma

. tefnperature’. in the range of about 700—

1700°C: in’ the presence of reagents contain-
ing borot and nitrogen; and the electrode film
1s deposited by vapour phase condensation:

' 4.. A process .for manufacturing an -elec-
tncal capacitor including the steps of, masking
an: area of a metal electrode, formmg a-metal
boride inteilayer on thé unmasked area of the
metal electrode by reacting boron with' the
metal electrode, depositing a boron nitride film:
on the interlayer, depositing 4 metallic' elec-
trodeﬁ]montheboronmtndeﬁlm,and
removing - the masking to make elecmcal con-
tact with the metal electrode. :

5. A process for manufacturing an electncal
capacitor including the steps off, chemically

bonding a boron nitride film to the surface

of a metal foil by mn’ interlayer, removing
a ‘portion of .the boron nitride by applying. hot
phosphoric - acid to permit electrical contact
to be made with the metal foil, and deposit-
mg an electrode filmi or: the boron nitride film,

‘6. A process for manufacturing an electrical
capacitor including the steps ofkforining a first
interlayer on a first metal electrode by react-
ing a reagent with the metal, adherentlyde-
positing & first boron nitride. film on the first
interlayer, -adherently depositing a - second
metal - electrode .. film on the first boron
nitride film, forning a second intérlayer -on
the second metal electrode filmi by reacting 4
reagent with the metal of the electrode filmi,

adherently depositing a second boron aitride

filmr on the second interlayer, and depositing
athrdnmalelectrodeﬁlmonthesecmd
boron nitride-film. -

- 7. A procesg. for manufactunng a multllayer
elecrncal ‘eapacitor. including the *steps . of,
forming an: intetlayer on: both sides of a metal
foil subsmate 'by. reacting 4 reagent with the
metal -at- & high temperature, depositing 4
boron nitride film on each. of the interlayers,
depositing metallic electrode films on each of
the boron nitride films, ‘selectively ‘rémoving
apormonof‘l!heedgeofthemetalfoﬂ such
that the edges of the boron nitride films extend
beyond the edges of the metal foil, selectively
removing aporuonoftheedgwoftheboron
mmdeandnmldmde Ailmi to’ exposea
portion -of the édge: of the ‘metal’ foil, and
attaching an electrical lead to the metal. foil

and: an electncal lead, to the meva\lllc electtodc
ﬁlms. :

'8 A process for manufacnmng a: multi-
layer: electrical - -capacitor- including the steps
defined in claim 7 wherein the metal foil is
molybdenum, and the boron nitride films are
removed by -hot phospohric acid.” :

'9.: An electrical device having a . metal
electrode, a boron -nitride film chemically
bonded to the metal -electrode by a mietad
boride interlayer, and ‘a.metal film electrode
amched to the boron nitfide film, . ..

- 10, An electrical device including at least
a ‘substrate, an intérlayer and an electrode
bonded together, -wherein, the electrode is
comprised of a refractory metal base foil and
the interlayer is essentlally a refractory meral
boride. .

11.- A prooess for deposmng & strongly
adherent, dense boron nitride film on a sub-
strate including the steps of, producing an
interlayer on the surface of the substrate by
reacting a reagent wih the substrate, deposit-
ing & filmy of boron: nitride on the interlayer
whereby the interlayer bonds the boron
mtrxde film to the substrate.

12. A process. for depositing a strongly
adherent, dense boron nitride film on a sub-
strate as claimed in claim 11 wherein the sub-
strate includes @ refmictory metal and the
mterlayer includes a refractory metal boride,

13..'A process for depositing ‘a. strongly
adherent, dense boron mitride film on a sub-
strate ' as claimed in chaim 11 wherein the
substrate includes molybdenum and the inter-
layie: mA:ludes a b(;mde of molybdenum,

process for dépositing ‘a strongly
adherent, dense boron: nitride film on a metal
substrate @s claimed in claimy 11 wherein:
the metal substrate is a ferrous base alloy and
the mtu'layer i5 a boride of at least one of the
constituents of the alloy, ' :

15. A process for depositing w strongly
w, dﬂl::;:l bomnhe numdeofﬁhn on a metal

te including the steps producing an
interlayer on the surface’ of the metal sub-
strate by reacting boron: with the metal to
produce a metal boride interlayer, and de-
positing’ a film of boron nitride on the inter-
fayer by vapour phase deposition whereby the
interlayer bonds the 'boron mmde to the meml
"R proces srong

process’ for depositing a ]
adherent,d@sebomnmtndeﬁhmonameta%
substrate mcludmg the' steps' of: forming a
metal boride interlayer on the tetal by heat-
ing . ‘the metal ‘substrate ‘in a low pressure
atmosphere in the presence of boron trichlor-
ide, and forming e ‘boron nitride filmy on the
interlayer by heating the’ meuall substrate-in a
ow pressure atmosphere m the’ ce of
bem-.u'n 1Rhlorobomzo:lgh present
process  for deposmn 4 stron

adherént, dense: boron: nitride ﬁlgm ona megti}l,
substrate including the steps of: placing the
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metal substrate in a reaction chamber and
evacuting the chamber to a low pressure on
meorderofonenncmnofnmcury,ﬁllmg
the chamber with a boron halide vapour to a
pressure in the range from about 5§ microns
to about 500 microns of mercury and heating
the substrate to a ture in the range
from about 700°C to about 1700°C for a
short period of time to form a metal boride
interlayer, evacueting the chamber to a low
pressure of about ome micron of mercury,
filling the chamber with beta-trichloroborazole
vapours t0 a pressure in the range from about
10 microns to about 20 millimeteres of mer-
cury and heating the substrate to a t T3~
ture in the range from about 700°C to about
1700°C until a film of boron nitride of the
lt:eslred thickness is deposited on the inter~
yer

11

r—

18, An article of manufacture including a 20

metal article having a film of dense boron
nitride bonded to 2 selected portion of the
surface of the metal article by an interlayer
of metal boride.

19, An article of manufacture including a 25

metal article having a film of dense boron
nitride bonded to a selected portion of the
surface of the metal article by an interlayer
of g compound of said metal,
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