
4      produce a metal boride interlayer. The boron  the system by the
vacuum pump 18. Next the      may be supplied by reacting boron  reaction
chamber 12 is backfilled with boron      trichloride vapour with the
surface of a  trichloride from the source 28 to the desired      heated
substrate.                             pressure, which is preferably
between about  5    The boron nitride film may be formed by  5 and about
500 microns of mercury, The  70      the reaction of boron and nitrogen
from any  substrate 22 is then resistively heated to a      suitable source
reagents on a heated substrate  temperature in the range from about
700[err]C      upon which an interlayer has been formed. In  to about
1700[err]C for a short period of time,      a specific embodiment, however,
the boron  usually from about 15 to about 60 seconds 10  nitride film is
deposited by the thermal de-  During this period the boride interlayer is
75                 composition of beta-chloroborazole on a    formed upon
the surface of the substrate 22         heated substrate Or the boron and
nitrogen  by the interactions of the metal and the boron      may be
supplied by boron trichloride and  from the boron trichloride vapour.
ammonia.                                        The reaction chanber 12 is
then evacuted 15  The fromation of the interlayer and the  to a low
pressure of about one micron of 80      deposition of the boron nitride
film are pre-  mercury in order to remove the remaining      ferably
accomplished in separate steps so that boron trichloride vapours and the
feed chlor-      a uniform interlayer is assured over the entire  ine. The
reaction chamber 12 is then back-      surface to be coated. A uniform
barons nitride  filled with beta-trichloroborazole vapours to 20  layer can
then be deposited and the thick      apressure between about 10 and 20
milli-     ness of the films rather precisely controlled.  meters of
mercury. Next the substrate 22 is     However, the two steps can be
accomplished  heated to a temperature between about 700C     simultaneously
by supplying a mixture of and about 1700[err]C until a film of boron
nitride     boron trichloride and trichloroborazole vapourss  of the
desired thickness achieved. A period 25  at the surface of a heated
substrate.     from about 1 to about 5 minutes is normal.  90        A
suitable apparatus for performing  the  The thickness of the film can be
rather pre-     process of the present invention is indicated  cisely
determined by controling the various     generally by the reference numeral
10 in Fig. parameters of pressure, temperature and con-     1. The
apparatus 10 comprises a reaction  tact time between the vapours and the
sub- 30  chamber 12 formed by a bell jar 14 and a base  strate. Boron
nitride films from 02 microns to  95      16. The reaction chamber 12 can
be evacu-  5 microns have been prepared. The film can      ated by a
suitable pump 18 A valve 20 is  be made so thin and of such uniform
thickness      provided for sealing the reaction chamber as to be
substantially one colour of the sub-      from the pump when desired. A
metal or other  strate is uniformly heated. 35  substrate 22 upon which the
boron nitride    Using the above described process, boron  100     film is
to be deposit is held by suitable  nitride films of various thicknesse were
de-     clamps 24 through which an electrical current posited upon
molybdenum wire having a dia-     can be passed to heat the substrate. A
valve  meter of 10 mills. The adherence of the film     26 controls the
introduction of boron tri-  to the wire substrate was determined by 40
chloride vapours into the reaction chamber 12  simple bending tests.
Although the precise 105     from a suitable boron trichloride source 28.
thiknesses of the films were not measured,     A similar valve 30 controls
the introduction  the thicknesses of the films are indicated by     of
trichloroborazole vapours to the reaction  the DC breakdown voltage
determined by     chamber 12 from a trichloroborazole source  using a
ball-shaped contact to apply the 45  32 which may conveniently  comprise  a
voltage to the boron nitride film. The per- 10     vacuum container in
which trichloroborazole  missible bend diameters and breakdown volt-
crystals can be heated and vaporised. In the  ages are tabulated below in
Table 1. As the     event boron trichloride and ammonia are used  thickness
of the boron nitride film increases,     for the deposition of the boron
nitride film, the  flexibility diminishes end the minimum per- 50 valve 30
can be used to control the intro-  missible bend, diameter and breakdown
vol-     duction of the ammonia or the vapour of the  age increase.
additim compound ammonia-boron trichlor-     ide which has bee previously
formed by a                      TABLE 1.     reaction  between  boron
trichlororide and Permissible Bend Diameter VS. Breakdown 55  ammonia to
the reaction chamber 12.                                   Voltage
When using the apparatus 10 to practice    1/8" bend diameter
150 volts   120     the process of the present invention, the sub-    1/4"
bend diameter      250 volts     strate 22 is preferably degreased by a
suitable   1/2" bend diameter     1100 volts     solvent prior to placement
in the reaction    1" bend diameter           1400 volts. 60  chamber 12.
Next the reaction chamber 12    The boron nitride films are chemically
is evacuated by the pump 18 to a very low  stable in a wide variety of
corrosive media. 125             pressure, preferably less than about one
Specifically, the boron nitride films are in-     micron of mercury. The
substrate 22 may  soluble in H[err]O, HCl (dilute and concentrate,
their be heated in the vacauum to sublimate  HNO[err]  (dilute and
concentrate), H[err]SO[err] 65  all volatile impurities which are purged
from  (dilute and concentrate), aqua regia, N[err]OH,
1,083,522                                           5            KOH
(dilute and concentrate), cryolite mix-  film  electrodes 46 had
successively increas-           tures, and HF (dilute and concentrate). The
ing arms up to 1.208 square inches. The           boron nitride films are
stable in air up to  breakdown voltage of the boron nitride film
700[err]C, but are able above 800[err]C after  between each of the
electrodes 46 and a       5  30 minutes Neligible loss of boron nitride
metal substrate was uniformly about 500 volts  70           by exaporated
occured when the film was  DC  This indicates that the boron nitride
held at 900[err]C in a vacuum of 0.01 microns  is very uniform and
continuously dense over           of mercury. From the above data relating
to  the entire substrate because any detect in the           the
flexibility, insulative properties and chemi- boron nitride film under any
electrode would       10 cal stability at elevated temperatures, it will
result in a decrease in the breakdown volt-           be evident that the
strongly adherent, thin  age.           boron nitride films are highly
useful as in-   Further tests of capacitors constructed in
sulation in various adverse environments.  accordance with the present
invention indicated           The boron nitride films also exhibit the pro-
that a 0.5 micron thick boron nitride film       15 perty of not being
wetted by some molten  has a dielectric strength of 5000 DC volts 80
metals including silver, golds, zinc, and some  per mil (2 x 10[err] DC
volts per centimeter) and           mole glasses including borosilicates.
Accord-  a dielectric constant of 4.4. Thus a boron           ingly, the
boron nitride films prepared by the  nitride film one micron thick can be
expected           above process should be useful in protecting  to have a
breakdown voltage of 200 DC volts       20  vessels and other equipment
used in handling  and a capacitance of 25,000 micro micro farads 85
these molten materials.                     per square inch. The DC voltage
breakdown However, we have discovered that the boron  tests referred to
above correspond to method           nitride films are subject to rapid
attack by  301 of the procedures outlined in Milstd-202
H[err]PO[err] at about 295[err]C. This unique feature  of the United States
Government and repre-       25 permits selective etching of the boron
nitride  sent the ability of the boron nitride film to  90           to
facilitate the construction of a capacitor as withstand an impressed DC
voltage over a           will hereafter be described in greater detail.
period in excess of one minute. By utilising the           In a specific
example, a strip of molybdenum  breakdown characteristic of this device, a
volt-           coated with a boron nitride film deposited in  age overload
protection circuit arrangement       30  accordance with the present
invention and can be maintained.                     95     second weighed
strip of molybdenum were    The variations in breakdown voltage for
placed in a solution of H[err]PO[err] that had been  three  separate
capacitors constructed  in           boiled until bubbles had quit coming
up and  accordance with the present invention are           which was at a
temperature of approximately  represented by the curves 50, 52 and 54 on
295[err]C. The strips were held in the H[err]PO  the graph of Fig. 5. The
boron nitride fim of 100 solution for about five minutes before being  the
capacitor represented by the curve 52 was           removed and washed. The
boron nitride film  thicker than the boron nitride coating of the
had been removed from the molybdemum strip  capacitor represented by the
curve 50, and the           and electrical conductance by point contact
boron nitride film of the capacitor represent       40  to the strip was
good. The other weighed  by the curve 54 was still thicker. The volt- 105
strip of molybdenum experienced no weight age measurements were made in a
dry nitro-           loss indicating that molybdenum is stable in  gen
ambient atmosphere by making a point           the hot H[err]PO[err].
contact of the aluminium film eletrode de-           In acoordance with
another aspect of the  posited on the boron nitride film. Consider-
45  present invention, a novel and highly useful ing some inaccuracies in
the breakdown volt- 110           electical capacitor is manufactured by
de- age measurements, it will be evident that no           positing a very
thin boron nitride film on  large changes in the rate of degradation of
a metal substrate using the interlayer to  the breakdown  voltages with
temperature           chemically bond the film to the substrate  as occurs
with decreasing film thickness up to       50  above described and then
depositing a metal- about 150[err]C where the breakdown voltage of 115
lic counterelectrode on the dielectric boron  the capacitor having the
thinnest boron nitride           nitride film.
film represented by curve 50 begins to de-           In order to test the
continuity and uni- crease at a greater rate. In other words the
formity of a boron niride film and to con- slopes f the curves 50, 52 and
54 are sub-       struct a capacitor, a molybdenum foil sub-  stantially
the same constant value except for 120           strate 40 (Fig. 3) was
placed in the action  the curve 50 shove 150[err]C. Considering some
chamber 12. A  molybdenum  boride inter-  inaccuracies in  the rest
measurement, this           layer 42 and a boron nitride film 44 were
indicates that the rate of degradation for the           then deposited on
the molybdenum substrate  thinnest boron nitride film  might increase 60
using the process described above. A series more rapidly above 150[err]C,
whereas no change           of randomly-placed aluminium electrodes 46  is
apparent in the thicker boron nitride films           of progressively
increasing diameters as illus- represented by the curves 52 and 54.
trated in Fig. 4 were then vacuum-evarapored   Referring now to Fig. 6, the
curve 60 on to the surface of the boron nitride film  represents the
percentage change in capacit-       65 using conventional techniques. The
alumnium  ance with respect to temperature of five 130             67
1,083,522            randomly-selected capacitor assemblies selec-
invention is illustrated by the novel capaci-           ted from a group
constructed by encapsulat-  tor construction indicated generally by the
ing a sandwich of molybdenum  substrate,  reference numeral 90 in Fig. 9. A
metal foil           metal boride interlayer, boron nitride film  substrate
91 is placed in a reaction chamber       5  and aluminium film electrode in
transistor cans  such as the chamber 12, and suitable inter- 70
or in glass in conventional manner. The  layers 92 and 94 are
simultaneously formed           assemblies  rather uniformly had
capacitance  on the opposite surfaces of the foil using the
values of 320 micro micro farads and 200 volts  process heretofore
described. In the particular           breakdown. The temperature
coefficients cal-  embodiment illustrated the substrate 91 is       10
culated from the curve 60 are -25 ppm/[err]C  molybdenum and the bonding
interlays are  75           at  -55[err]C,  +17  ppmn/[err]C  at
+85[err]C,  molybdenum boride. Boron nitride films 96           +10
ppm/[err]C at +125[err]C, and +16 ppm/  and 98 are then simultaneously
deposited upon           [err]C at +250[err]C. The overall accuracy of the
the metal boride interlayers 92 and 94, respec-           capacitance
measurements  are  approxi-  tively, using the process heretofore
described.       15  mately  0.2  micro  micro  farads  or  Metallic film
electrodes 100 and 102 are then  80            +5-10  ppm/[err]C. No
change  in  capa-  deposited on the boron nitride films by any
chance  was  detectable  between   +200  suitable technique, but preferably
by vapour            and +250[err]C. From  the  above data, it condensation
to produce the multilayer capa-            will be evident to those skilled
in the art that citor 90. The metallic films are preferably       20
capacitors or other devices constructed  in  of a metal different from the
substrate 91, 85           accordance with the present invention have an
such as gold, so that the two metals can be           exceptional
temperature stability.           selectively etched as will hereafter be
des-             The dissipation factors of a random group  cribed.
Electrical contact can be made with           of 13 capacitor assemblies
were measured to  the electrodes individually and thereby pro-       25  be
in the range of 0.01%  at 1 kc/s The  duce two separate capacitors, or the
metal film  90          boron nitride capacitors which were carefully
electrodes 100 and 102 can be electrically          encapsulated in glass
envelopes did not ex-  interconnected to provide a single capacitor
hibit any change in the dissipation factor with  having twice the
capacitance for a given area          temperature in the range measured,
which was  of substrate.       30  up to 175[err]C  Other capacitors
encapsulated    It will be appreciated that the capacitor 95           in
transistor cans exhibited a slight increase  construction 90 is paper thin
and that mak-           in the dissipation factor, but even these com- ing
separate electrical contact with the elec-           pared very favourably
with electrostatic pre-  trodes creates a considerable problem. The
cision units presently on the market      electrical connections to the
multilayer capa-       35    Five capacitors constructed in accordance
citor 90 can be made by either of two methods, 100           with the
present invention were tested over  the first of which is illustrated in
Fig. 11.           extended periods of time to determine the  The metal
foil substrate 91 is cut up into           percentage change in capacitance
of each and  small pieces having the desired area. This           the
percentage change in the dissipation fac-  leaves a sandwich construction
having rela-       40 tor of each. The changes in the capacitance of tively
square peripheral edges. As previously 105  each of the units are presented
by one of the mentioned, when the etching techique is to curves indicated
collectively by the reference  be employed, the metal film electrodes 100
numeral 70 in the graph of Fig. 7.  The  and 102 will usually be a metal
different from           changes in the dissipation factors of the cor-
the metal foil substrate 91. For example, the       45  responding
capacitors are represented by the  substrate 91 may be molybdenum  and the
110           curves indicated collectively by the reference  metal film
electrodes 100 and 102 gold so           numeral 80 in the graph of Fig. 8.
The graphs  that the two metals will not be attacked by include only data
obtained over 450 hours, the same etchants. Then the edge 104, for ex-
but the units exhibited no further change in  ample, of the sandwich
construction is dipped       50  capacitance over the period tested which
was  in a suitable etchant such as a solution of 115           in excess of
1000 hours. It will be noted. that HCl-HNO[err] having a high concentration
of           the average capacitance change is appoxi-  HCl. The relatively
thin gold film electrodes           mately the same at Ovolts DC as at 75
volts  100 and 102 will be rapidly etched away rela-           DC, which
indicates that no deterioration is  tive to the rate at which the edge of
the       55  caused by voltage stress. It will be noted in  molybdenum
substrate 91 will be attacked. 120           Fig. 8 that an appreciable
change in the dissi-  The gold film electrodes will be etched back
pation factor occurred during the first 24  to the points 106 and 108 for
example. The           hours, but a definite tendency towards stabi-  boron
nitride films 96 and 98 may then be           lisation was subsequently
exhibited. It is be- etched back to the points 110 and 112, for       60
lieved that this initial effect was caused pri- example, by a solution of
hot H[err]PO[err] as pre- 125           marily small quantities of moisture
remain-  viously described. A clip 114 can then be           ing in the
encapsulation ambient which sub-  connected to the exposed edge of the sub-
sequently dissipateds or may have been caused  strate 91 by conventional
welding techniques.           by electrode deterioration.
Another edge of the sandwich is then im-       65   Another important
aspect of the present mersed in a suitable etchant which will selec- 130
1,083,522              tively attack the molybdenum  substrate 91  by
placing a metal foil substrate 141, such             but will not affect
the boron nitride films 96  as molybdenum, in the reaction chamber and
or 98 or the gold film electrodes 100 and  successively depositing a metal
boride inter-             102 so that the substrate 91 is removed back
layer 142 and a boron nitride film  144 on the          5  to point 116.
For example, a solution of  substrate using the process steps heretofore
70             HCl-HNO[err] having a very low concentra-  described. A
metal film electrode 146 is then             tion of HCl will attack the
molybdenum at a  deposited on the surface of the boron nitride
much greater rate then the gold and will not film 144 preferably by
conventional vacuum-             attack the boron nitride. The electrodes
100  evaporation and condensation techniques. The         10  and 102 will
tend to hold the otherwise fragile  metal film electrode 146 should be
chosen so  75             boron nitride films 96 and 98 intact and  that
boron will react with the metal to form a             the free edges of the
films will tend to come  metal boride interlayer by the above des-
together as illustrated in Fig. 10 to cover the  cribed techniques.
Molybdenum may be used             edge of the substrate. Then a clip 118
can  for the electrode film. Then a second metal         15  be crimped
over the edge of the sandwich  boride interlayer 148, a second boron
nitride  80             and preferably welded to the metal films 100  film
150 and a second metal film electrode             and 102. The boron
nitride covering the edge  152 are successively deposited upon the metal
of the substrate 91 ensures that the clip 118  film electrode 146. This
sequence of steps             does not contact the substrate. The capacitor
may be repeated any number of times to pro-         20  can then be
encapsulated in a suitable insulat-  duce additional dielectric and
electrode films  85             ing material.          such as a third
metal boride interlayer 154,               An alternative technique for
making con-  a third boron nitride film  156 and a third             tact
with the electrodes of the multilayer metal film electrode 158. The second
metal             capacitor construction 90 is illustrated in Fig. film
electrode 152 may also be molybdenum,         25  12. When using this
technique, an aperture  as illustrated, in which case the interlayer 90
indicated generally by the reference numeral  154 would be molybdenum
boride. However,             120 is punched in the metal foil substrate 91
it will be appreciated that any one of the             prior to deposition
of the various layers. The refractory metals heretofore specified can be
metal boride interlayers 92 and 94, the boron  used in accordance with the
broader aspects         30  nitride films 96 and 98 will come together  of
the invention.                            95             and cover the edge
of the subsate 91 around   An important aspect of the capacitor 140 is
the edge of the aperture 120. Then when the  that the boron nitride
dielectrics 144, 150 and             metal film electrodes 100 and 102 are
deposi-  156 can each be made very thin yet can be             terd, a film
122 will also coat the edge of the  made of different thickneses toas to
provide a         35  aperture and provide electrical contact be-  variety
of capacitances in the same device. 100             tween the two
electrodes 100 and 102. A suit-  For example, the boron nitride film 144
might             able metal tack 124 may then be inserted  have  the least
thickness,  the  boron             through the aperture 120 and welded by
con-  nitride  film  150  a  greater thickness,             ventional
techniques to the metal film elec-  and  the  boron  nitride  film  156
the         40  trode 100. If for some reason the metal film  greatest
thickness The thicknesses of the 105             around the periphiery of
the aperture 120 does  boron nitride films can be controlled  with
not provide sufficient electrical contact be-  considerable accuracy  as
previously  men- tween the two electrodes 100 and 102, the  tioned, and the
total thickness of the films             other end 126 of the tack 124 can
also be  deposited on the substrate might be less than         45  welded
or otherwise connected to the metal one mil.                110 film
electrode 102. A suitable lead wire 128   In accordance with another aspect
of the             can then be welded to the tack 124.       present
invention, a thin film of dense, pin-               Electrical connection
is made to the sub- hole-free boron nitride is adherently bonded
state 91 by means of a second tack 130. The  to the surface of a substrate
metal to which it        50 metal film electrodes 100 and 102 are either
otherwise could not be bonded by direct 115             etched away in the
areas 132 and 134 or the  application. This is accomplished by first de-
areas are masked prior to deposition of the  positing a thin interlayer of
a refractory metal             electrodes to ensure that the tack 130 does
as heretofore described, but preferably molyb-             not make contact
with either. Then the tack  denum, tungsten, niobium, or tantalum, form-
55  130 is merely coated with suitable weld  ing a second interlayer by
reacting a reagent 120            material, pressed through the metal foil
sub-  with the first metal interlayer as heretofore            state in the
boron nitride films 96 and 98, described so as to provide a means for bond-
and the device is heated to fuse the weld  ing the boron nitride to the
refractory metal.            material and weld the tack 130 to the sub-
More specifically, the substrate may be        60  strate 91. A suitable
lead wire 136 can then  copper or substantially any alloy of copper 125
be welded to the tack 130.                  particularly  suited  for high
temperature             Another multilayer capacitor constructed in
application as an  electrical conductor, of             accordance with the
present invention is indi- which there are many. The first interlayer is
cated generally by the reference numeral 140  preferbly molybdenum applied
to the sub-        .65  in Fig. 10. The capacitor 140 is manufactured
strate by any suitable conventional technique. 130             8
l,083,522           The second interlayer is preferably molyb- trated in
Fig. 1. However, since the sub-          denum boride formed by reacting
boron with  strate is copper, the temperature must be          the
molybdenum interlayer, and boron nitride  rather closely controlled so as
not to exceed          is preferably deposited by pyrolysis of a  the
temperature limits of the copper or copper      boron and nitrogen bearing
compound or com-  alloy. A temperature from about 700[err]C to  70
pounds on the heated substrate, as heretofore  about 1050[err]C is
preferred because pure cop-          described.                         per
melts at 1083[err]C.             The thin film of refractory metal may be
The novel article manufactured by the pro-          deposited on the
surface of a copper or cop- cess is comprised of a body of electrically-
10 per alloy substrate using any suitable cont- conductive metal, preferbly
copper or cop-   75          ventional technique. For example, a moblyb-
per alloy, the surface of which is coated by          denum film may be
deposited on the substrate  a very thin film of refractory metal, prefer-
by conventional and well-known evaporation  able molybdenum, to which a
thin film of          techniques wherein the substrate is positioned  boron
nitride is bonded by an interlayer, pre-      15 in a vacuum chamber and
the molybdnum   ferably a metal boride. The novel article may
heated until vaporised into the chamber. The  be fabricated from copper
which is recognised          substrate is maintained at a relatively low
tem-  as the best electrical conductor for general          perature such
that the molybdenum vapour        use because of its high conductivity,
abund-          will condense or the substrate and form a uni-  ance and
relatively low cost among other rea-      20  form, dense, thn film of
molybdenum. The  sons. Certain copper alloys have been deve-          film
of molybdenum should be relatively thin  loped, and are well-known, which
may be          and preferably less than about 2.0 microns in  used at
temperatures substantially above the          thickness, and more
particularly may be as  maximum useful temperature of pure copper
thin aa from 100 to 200 angstroms. It is be-  because of higher strength,
yet have conduc-      25  lieved that a thin film is desirable because the
tivities approaching that of pure copper. These           coefficients of
thermal expansion of molyb-  include dispersion-hardened forms of copper
denum and copper are not particularly well       and copper alloys.
matched and a thick film would be more in-    Electrical contact can be
made with the           clined to rupture during thermal cycling.
electrodes of the device 140 in the manner      30    The interlayer film
of molybdenum may illustrated in the transverse cross section of 95
also be deposited on the metal susbstrate by a  Fig. 13 by using either
masking or selective           suitable conventional chemical deposition
tech- etching techniques. When using the masking           nique such as,
for example, the hydrogen re-  technique, a relatively long strip of metal
duction of molybdenum chloride or other foil 141 may be used as the
substrate placed      35  halide or metal organic compound vapour.  in the
reaction chamber for deposition of 100           The molybdenum film may
also be applied by the first interlayer 142, the first boron nitride
conventional sputtering or eletrochemical de- film 144 and the first metal
film electrode 146.           position techniques.
Then the area 160 is covered by a suitable           The second interlayer
between the first   mask extending along the entire length of the       40
metal interlayer film and the boron nitride  substrate 141. Then the second
in interlayer 105           is formed by reacting a reagent with the metal
148 the second boron nitride film 150 and           film to form a boride,
nitride, oxide or other the second metal film electrode 152 are de-
compound of the metall which chemically  posited. The area 162 is then
covered by addi-           bond with the boron nitride film which is to
tional masking before the third interlayer 154,      be subsequently
deposited thereon, and more  the third boron nitride film 156 and the third
110           specifically may be formed by reacting boron   metal film
electrode 158 are deposited. Then     with the metal film to produce a
metal boride  the masking can be removed and the elon- interlayer. The
metal boride may be formed  gated strip of foil 141 cut transversely into
the           by heating the substrate in the presence of desired number of
capitor sandwich units.       boron trichloride vapour as heretofore des-
The conductors 164, 166, 168 and 179 can           cribed. The boron
nitride film may be formed   then be welded to the substrate 141 and the by
the reaction of boron and nitrogen from suit- first, second, and third
metal film electrodes           able source reagents on a heated substrate
146, 152 and 158 respectively. The edges of           upon which the first
and second interlayers  the capacitor can be cleaned by suiyable etch-
have been formed using the process heretofore  ing material to material to
remove metals which have 120           described. For example, the boron
nitride  wiped over the cut edges and would otherwise           film may be
deposited by the thermal deposi-   tend to short out the capacitor. The
capaci-           tion of beta-trichloroborazole on a heated  tor can then
be encapsulated is a suitable           substrate. Or the boron and
nitrogen may be  insulating material in a conventional manner,       formed
from boron trichloride and ammonia   if desired.           The process of
forming the second interlayer    The alternative process attaching the
on the first metal interlayer and depositing the  leads to the various
electrodes of the capa-           boron nitride film on the second
interlayer citor 140 involves the successive and selective           can be
carried out in a conventional vacuum     etching of the various layers.
When using such       reaction chamber of the type generally illus-  a
technique, the metal film electrodes are 130
1,083,522                                         9           preferably of
a metal, such as molybdenum, radius of 1/8 inch. The boron nitride films
that will not be attacked by the H[err]PO[err]  exhibited a dielectric
strength of 200 volts          etchant for boron nitride, but which will be
DC per micron of thickness and 5000 volts          attacked by an etchant
in which the boron  DC per mil thickness at room temperature.      5
nitride is stable, such as a solution of HCl-  A  calculated capacitance of
50,000 micro  70          HNO[err].
micro farads per square inch for a 0.5 micron            The third metal
film electrode 158 is first  thick boron nitride film was exhibited. The
etched away by HCl-HNO[err] to expose the  boron nitride films are stable
in air up to          third boron nitride film 156 in both areas 160
800[err]C and can protect the substrate metal      10  and 162. During this
step the third boron  against oxidation. The boron nitride film is 75
nitride layer 154 will protect the second metal  stable in most acids and
alkalis including aqua          film  electrode 152. Next the third boron
regia, HF-HNO[err] and NaOH. Therefore, the          nitride film 156 in
the areas 160 and 162 is  novel capacitors can be used in high tempera-
etched away by hot H[err]PO[err]. Then the third  tures even in the
presence or otherwise dele-      15  metal boride interlayer 154 is etched
away in  terious ambients.  However, we have dis- 80          the areas 160
and 162 to expose the second  covered that hot H[err]PO[err] will attack
the boron          metal film electrode 152 over both areas. The  nitride
film at a rapid rate such that novel          second metal film electrode
152 and the  selective etching techniques can be used in          second
boron nitride film 150 can then be suc-  the construction of capacitors.
Novel multi-     20  cessively etched away in the area 160 to ex-  layer
capacitors have also been described  85          pose the first metal film
electrode 146. The  which are highly versatile and which permit
leads 164, 166, 168 and 170 can then be  very small devices to have very
high capacit-          connected by some conventional technique  ance
values.          such as welding and the capacitor encap-    The boron
nitride insulation films pre-     25  sulated if desired by a suitable
insulating  pared by the above process have superior dec- 90
material.                                    trical characteristics, such
as dielectric strength            Another imporant aspect of the invention
end resistivity, even at high temperature. The          is that a
micro-circuit comprised of a resistor  films are also strongly adherent to
the sub-          end a capacitor connected in series can be  strate and
are sufficiently flexible that coated     30  constructed in accordance
with the present wire may be used for substantially all con-  95
invention merely by controlling the thickness  ventional purposes. The
substrate is chemic-          and properties of the metallic film
electrode.  ally stable in a wide variety of corrosive          For
example, the electrode film 46 in Fig. 3  media when  coated by the boron
nitride.          could be a high resistance metal such as tan-
Specifically, the boron nitride films are in-     35  talum rather then
aluminium. The thickness  soluble in and protect the substrate in the 160
of the metal film can be accurately controlled  presence of H[err]O[err]
HCl (dilute and concentrate,          by controlling the parameters of the
vapour  HNO[err]  (dilute  and  concentrate), H[err]SO[err]          phase
deposition process so that a resistance  (dilute and concentrate), aqua
regia, N[err]OH,          of the desired value can be attained.  The  KOH
(dilute and concentrate), cryolite mix-     40  capacitor formed by the
substrate 40, the  tures, and HF (dilute and concentrate). The 105
boron nitride film dielectric 44 and the elec-  boron nitride film are
stable in air up to          trode film 46 is then connected in series with
about 700[err]C and protect the copper substrate the resistor formed by the
metal film.     from oxidation, but are unstable above about
From the above description, it will be evi-  800[err]C after 30 minutes.
Negligible loss of     dent to those skilled in the art that a novel boron
nitride by evaporation occurs when the 110          and highly useful
process for manufacturing  film is held at 900[err]C in a vacuum of 0.01
electrical capacitors has been described. A  microns of mercury. From  the
above data        novel capacitor not heretofore available has  relating to
the flexibility, insulative proper-          also been described which is
comprised of a  ties and chemical stability at elevated tem-     50  dense,
continuous, pure and flexible dielectric  peratures, it will be evident
that the strongly 115          layer which is strongly adherent to a metal
adherent, thin boron nitride films are highly          foil substrate. The
boron nitride is a material useful in insulation in various adverse
environ-          which has not heretofore been available in this  ments,
and the thin insulation films result          form and in such thin films.
Further, a novel in significant savings in the space required     55
process has been described for manufacturing  for windings in motors,
transformers and the 120          multilayer capacitors of a size, quality,
and  like.  character heretofore unobtainable. The boron          nitride
dielectric films of the novel capacitors    WHAT WE CLAIM  IS:-        of
this invention ranged in thickness from 0.2    1. A process for
manufacturing an electrical   to 5 microns in thickness. The boron nitride
device including the steps of depositing a          films are very uniform
and are continuously  pure boron nitride film on a substrate and  125
bonded to the substrate by the interlayer.  adhering  it thereto  by  an
interlayer of          Boron nitride films 0.5 micron thick depo-  material
formed on the substrate and deposit- sited upon a 10 mil molybdenum and
tan-  ing an electrode film on the boron nitride      65  talum  wire did
not crack when bent at a  film.    [err]                  1,083,522
2. A process for manufacturing an electrical  and an electrical lead to the
metallic electrode           capacitor including the steps of forming a
film.           metal boride interlayer on a metal electrode    8. A
process for manufacturing a multi-           by reacting boron with the
metal electrode,  layer electrical capacitor including the steps        5
depositing a boron nitride film on the inter-  defined in claim 7 wherin
the metal foil is  70           layer, and depositing an electrode film on
the  molybdenum, and the boron nitride films are           boron nitride
film.                          removed by hot phospohric acid.
3. A process for manufacturing an electrical    9. An electrical device
having a metal           capacitor including the steps defined in claim
electrode, a boron  nitride film chemically       10  2, wherein, the metal
boride interlayer is  bonded to the metal electrode by a metal 75
formed by heating the metal to a temperature  boride interlayer, and a
metal film electrode           in the range of about 700-1700[err]C  in the
attached to the boron nitride film.           presence of a boron halide,
the boron nitride  10. An electrical device including at least
film is deposited by heating the metal to a  a substrate an interlayer and
an electrode       15  temperature in the range of about 700-  bonded
together wherein, the electrode is     1700[err]C in the presence of
reagents contain-  comprised of a refractory metal base foil and
ing boron and nitrogen, and the electrode film  the interlayer is
essentially a refractory metal           is deposited by vapour phase
condensation.   boride.              4. A  process for manufacturing an
elec-    11. A  process for depositing a strongly        trical capacitor
including the steps of, masking  adherent, dense boron nitride film on a
sub-  85           an area of a metal electrode, forming a metal strate
including the steps of, producing an           boride interlayer on the
unmasked area of the  interlayer on the surface of the substrate by metal
electrode by reacting boron with the  reacting a reagent with the
substrate, deposit- metal electrode, depositing a boron nitride film ing a
film of boron, nitride on the interlayer           on the interlayer,
depositing a metallic elec-  whereby  the  interlayer bonds the  boron  90
trode film  on the boron nitride film, and  nitride film to the substrate.
removing the masking to make electrical con- 12. A process for depositing a
strongly           tact with the metal eletrode.                adherent,
denses boron nitride film on a sub-              5. A process for
manufacturig an electical  strate as claimed in claim 11 wherein the sub-
30  capacitor including the steps of chemically   strate includes a
refractory metal and the  95           bonding a boron nitride film to the
surface  interlayer includes a refractory metal boride.           of a
metal foil by an interlayer, removing   13. A  process for depositing a
strongly           a portion of the boron nitride by applying hot
adherent, dense boron nitride film on a sub-           phosphoric acid to
permit electrical contact  strate as claimed in claim 11 wherein the
35  to be made with the metal foil, and deposit-  substrate includes
molybdenum and the inter- 100            ing an electrode film on the boron
nitride film  layer includes a boride of molybdenum.            6. A
process for manufacturing an electrical    14. A  process for depositing a
strongly            capacitor including the steps of forming a first
adherent, dense boron nitride film on a metal            interlayer on a
first metal electrode by react-  substrate as claimed in claim  11 wherein:
40  ing a reagent with the metal, adherently de- the metal substrate is a
ferrous base alloy and  105           positing a first boron nitride film
on the first  the interlayer is a boride of at least one of the
interlayer, adherenty  depositing a  second  constituents of the alloy.
metal electrode film on the first  boron    15. A  process for depositing a
strongly           nitride film, forming a second interlayer on  adherent,
dense boron nitride film on a metal       45  the second metal electrode
film by reacting a  substrate including the steps of: producing an  110
reagent with the metal of the electrode film,  interlayer on the surface of
the metal sub-            adherently depositing a second boron nitride
strate by reacting boron with the metal to            film on the second
interlayer, and depositing  produce a metal boride interlayer, and de-
a third metal electrode film on the second  positing a film of boron
nitride on the inter-       50  boron nitride film.
layer by vapour phase deposition whereby the 115              7. A process
for manufacturing a multilayer  interlayer bonds the boron nitride to the
metal           electrical capacitor including the steps of,  substrate.
forming an interlayer on both sides of a metal    16. A  process for
depositing a strongly           foil substrate by reacting a reagent  with
the  adherent, dense boron nitride film on a metal       55  metal at a
high temperature, depositig a  substrate including the steps of: forming a
120            boron nitride film on each of the interlayers,  metal boride
interlayer on the metal by heat-            depositing metallic electrode
films on each of ing the metal substrate in a low pressure            the
boron nitride films, selectively removing  atmosphere in the presence of
boron trichlor-            a portion of the edge of the metal foil such
ide, and forming a boron nitride film on the       60  that the edges of
the boron nitride films extend  interlayer by heating the metal substrate
in a 125           beyond the edges of the metla foil, selectively  low
pressure atmosphere in the presence of           removing a portion of the
edges of the boron  beta-trichloroborazole.           nitride and metal
electrode film to expose a   17. A  process for depositing a strongly
portion of the edge of the metal foil, and  adherent, dense boron nitride
film on a metal       65  attaching an electrical lead to the metal foil
substrate including the steps of: placing the  110
1,083,522                                        11           metal
substrate in a reaction chamber and    18. An article of manufacture
including a  20          evacuting the chamber to a low pressure on  metal
article having a film of dense boron          the order of one micron of
mercury, filling  nitride bonded to a selected portion of the          the
chamber with a boron halide vapour to a  surface of the metal article by an
interlayer       5  pressure in the range from about 5 microns  of metal
boride.          to about 500 microns of mercury and heating   19. An
article of manufacture including a  25          the substrate to a
temperature in the range  metal article having a film of dense boron from
about 700C to about 1700[err]C for a  nitride bonded to a selected portion
of the          short period of time to form a metal boride  surface of the
metal article by an interlayer      10 interlayer, evacuating the chamber
to a low  of a compound of said metal.          pressure of about one
micron of mercury,          filling the chamber with beta-trichloroborazole
vapours to a pressure in the range from about          10 microns to about
20 milimeteres of mer-              ABEL & IMRAY,      15  cury and heating
the substrate to a tempera-       Chartered Patent Agents,           ture
in the range from about 700C to about               Quality House,
1700C until a film of boron nitride of the               Quality Court,
desired thickness is deposited on the inter-           Chancery Lane,
layer.                                                   London, W.C.2.
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