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Ind& s woceptatice: —B6' TAGA

ot QL:—C2361/00-. .~ . S
AT " "COMPLETE _SPECIFICA‘TI_ON .

- Processes for Etching Boron Nitride- - |

' . The. present. invention is. based. upon.. the-

discovery. that despite- the chemical stability-

of -boron: nitride in various. corrosive- media,
as:outlined iabove;: it can be. etched away using.
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30 film: ovérlying. a. substrate.

. We; TEXAS, INSTRUMENTS . INGORPORATED,

avEorperation: 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,
dohereby declare. the invention, for which

we pray .that!a patent may: be’ granted to-us,

. and: the: method: by which- it is to' be. per-
~: fornied; to:.be particularly- described in and .

by: 'the -following - statement: —

:“Thi§ invention relates to. processes for etch-

ingziboros nitrides and: in; perticular to a
meéthod:of seléctively-etching: a. boron nitride

*'Ther spécification: of - o
No. 50621/64- (Serial No. 1083522) describes
aiprocess: for: bonding thin- boron nitride films
to substrates in a strongly adherént manner:

“ i Such :films:are chemically stable in a wide

variety: of ccorrosive media. Specifically, boron
nitride/films: are insoluble in H;O, HCl (dilute
and . concentrate),, AINQ, (dilute. and concen-
trat¢), H;:SO;. (dilute and concentrate), aqua

! regiay NaOH, KOH :(dilute. and concentrate),

cryolite :mixtures, -and. HF . (dilute. and con-
centrate). ‘Such:boron nifride films are stable

in: airrup to -700°C, but are: unstable above-

800°C. after.'30 minutes: Negligible loss of

" boron nitride: by evaporation. occurred when-

such' a: film was held at-900°C in a vacuum

of - 0.01: microns of mercury. Further, such-
bororr nitfide: filins have been: found to be:
- flexible,” pessess: desirablé: electrically. insulat-
- ing:propertics and:being: chemically stable at-

elevated ! teriperatures are’ very useful as in-

sulation in various-adversé environments. How--

ever:.in: centain: applications: as in. the manu-

facture of electrical comporients, e.g. mricro-.
- circnits and capacitors, employing  boron.

nitride films bonded: to & substrate, it is de-
sirable to be: able:to. remove selected regions
of“thie boron- nitride- film. oo

ding’ 'App].icaﬁoh'-

hot phosphoric: acid; In a- particular. appli-
cation: of - the invention to etching a.boron

nitride. film overlying. a- substrate; hot -p_hos_--'

phoric. acid: is applied. to selected . portions of
the film-to remove those pertions of the
film and- expose selected portions. of the
substrate. - ; '

_By. way. of example, the invention will .be
described; in -greater: detail with reference. to-

the accompanying drawings, in which:~~
Figs: 1.and 3 are enlarged. partial. sec-
tions of " capacitors. incorporating boron

nitride films, and: :

. Figs. 2 and 4.are schematic,-séi:ﬁoﬁa;l: views

illustrating. the use of the -present: inven-

tion. in making- electrical connections. to.

the electrodes of the capacitors. illus-
trated in- Figs. ‘1. and 3. respectively.

. Despite: the' chemical - stability. of boron.

nitride . in ‘a2 range of corrosive media,. we
have discovered that. it is. subject to rapid.
attack: by hot phosphoric acid. In.a particu-
lar- example; a. first strip of molybdenum

.coated: with a- boron mnitride film and a
second, weighed,. strip: of uncoated. molyb--

denum: were placed in a. solution of ortho-

_phosphoric, acid' (H,PO,) which: had been-
boiled. until. bubbles ceased .to' come up, and.
which:was at a: temperature: of approximately:

295°C.; The two. strips were. held: in the

H,PO; - solution for about: five minutes. and.
then removed and:washed. The. boron: nitride.
filmy was removed from the first. molybdenum.

stnip and electrical conductance 'by.point con-
tact t0. the strip was good. The second,

weighed, strip of uncoated molybdenum ex--
perienced- no- loss in: weight indicating: that:

molybdenum- is. stable: in. hot: H,PO,.
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etchant

‘This selective etching of boron mtnde by
hot phosphonc acid can be usefully em-

£ ployédin the" manufacture of eleotrical de-
~vices, e.g. capacitors, as will be described.
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Fig. 1. shows a capacitor. .construction 10

having a metal, e.g. molybdenum, foil sub-
strate 11 on ‘opposite- faces of which are

- formed molybdenum ‘boride interlayers 12 .
and 14, boron nitride films 16 and 18- be-..
ing deposited on the interlayers 12 and 14, .
respectively, which serve to" strongly” adhere

the boron nitride films 16 and .18 to the
substrate 11, This process is described in
greater detail in the specification of co-
pending Application No. 50621/64 (Serial
No. 1083522). Metallic, e.g. gold film elec~

trodes 20 and 22 are deposited, as by vapour

condensation, on the boron nitride. ﬁhus to

form the multilayer capacitor ‘10,
It will be appreciated . that.the . capaci-
tor_ construction 10 is paper thin and that

making- ‘separate’ electrical  ‘contact ‘with -the

eléctrodes creédtés’ a 'considerable ' problem,
the''solution” of which :can be assisted: by ‘use

> of ‘the. .present- - mvention, ‘ag /wwill - be' des=< -
" cribed- with: referénce ‘to Fig: 2-which shows

the':capacitor ‘with electrodes attached theré-

to: The: ‘capacitor shown:in" Fig. 2 ‘incliades

a 'small: ‘piece ‘of the composite material des-
cribed: with- reference to' Fig:-1' (like references

- being used:in Fig. -2) cut.tohave adesired
area and relatively square peripheral* ‘edges.-

Otie edge, 24 for example, is then-dipped
inito “a”* siitable. ‘etchant - having 4 --high ‘con-
centration: ‘of 'HCL: The ‘relatively * thin -gold

L+ filmeleéctrodes: 220" and 22:are Fapidly erched

aiviy- reliitive ‘to: the rife at’ which the - -edge
of the ‘molybdenum substrate’ is attacked  and
arettchied - back' 10 “the points 26 and- 28.
The HCl- eoitent - does® riot “attack'‘the boron

" pitride  filriis 16 ' and ~18 * which ‘are selec-

tively etched back to points 30 and 32 using
a solition-of *hot phosphoric” acid - prepared
a8 previously’ described. - A clip ‘34 is then
connectéd: :to. the’ exposed edge of the sub-

© strate 11 ds.by welding. ¢ - :

Another edge ‘of the sandw:ch is then nn-_
mersed-4n- a suitable  etchant: which selec-’
tively -attacks the molybdenum substrate 13
but does -not affect the boron' nitride ‘films:

16or: 18 of" the gold film: electrodes 20-and
2250 that the substrate 13 is- removed back

to’ point -36. For - example, &' solution of:
HCI<HNO; - having ‘2 very low . concentra-"

tion of HCl -will attack the molybdenurm at

oﬂlermse'-'fragﬂe boron nitride -filnis 16 "and
18 “intact -and -the ' free- edges of the films
will tend “to come; ‘together as ‘illustrated: in
Fig:- 2:to, coyer-the edge of the substrate.

Then a-:clip '38 -cari be’ crimped - over: the-

edge of the sandwich and preferably welded
to the metal films 20 and 22. The -boron

a-much greater rate’ than the gold and will
ot attack " the - boron' nitride. - The' ‘elec--
Fodés 20 and 22 ‘will fend ' ¢o - hold: the:

.mtnde _covering the edge of the substrate

13 ensures that the clip 38 does not con-
tact the substrate. The capacitor..can then
be encapsulated in a sum!b

Another mululayer capaci
struction’ of which the .pre_.
utilised 'is " indicated '
ence numeral 40 in Fig."
40 is manufactured by pla
molybdenum ‘foil substrate 4
tion’ chamber “and -successively: ting a
metal boride interlayer 42 and a’] hitride
film 44 on the substrate, as described in the
specification of copent

50621/64 (Serial No. '1083522).

A ‘meétal

7

ding. Appheauon No, 80 .

film electrode 46 is then deposited on the .» -:

_surface .of the boron nitride film 44 _prefer-

“ably by convertional vacuum-evaporation and

_condénsation techniques. The metal film elec- 85
trode 46 should be so chosen that boron

will' react. ‘with the:métal:to form a metal
boride -interlayer; * suitably - molybdenum may.--
be: used for the . electrode ‘film.: Then &
second inetal ‘boride: interlayer 48,:a second-. 90
boron nitride film .50 and- & second metal: °
film: electrode - 52 are successively deposited .
upon - the  métal - film ‘electrode 46.. This se-.
quence: of ‘steps ‘may: be. repeated any. num-.
ber:--of : times - to. produee ‘additiona} dielec-. 95
tric and electrode “films such.as:a thind:
métal borideinterlayer. 54, a: th:md boron
pitride fillm-56 and a'third :meta} film:elec-:
trode: : 58, The : second . metal: film eleotrode.
52 may also be molybdenum,as: illustra-
téd, i~ which'* case - the interlayer - 54: would
be molybdenum ‘boride; However; it will be:

" appreciated - that other smt-able refracnory

metals can be tsed. .. .- .

~Electrical ‘contact . can -be msade wm.’n the-
clectrodes : of the: device 40 in: the manner
illustrated in ‘the transverse 'cross-section of
Fig: 4 by usmg selecnve ‘etching . techniques
and “utilising-the present. invention. The
metalﬁhnelectmdesaremdeofamml,
such: as: molybdemidh, . that :-will - not - be
attacked by the H,PO,. etchant for .boron

105

‘nitride, “but - which will be' meked by an

etchant . i, -which ‘the ' boron ‘nitride is smble,
siich” 'as "' solution.. of HCI—HNO,.. .
ThethndmetalﬁlmelecuodeSS:sﬁm'
etched away by. HCI—HNO, to expose the
third “boron: .pitride .film 56 in both areas
60-and 62. During this :step: the third -boron
nitride ‘layer 54 will protect the second metal
film “electrode - 52. -Next,:the third  boron.
n1tndeﬁ1m56mﬂ:eareas§0and6213
etched : away wusing:hot “H,PO, prepared  in
the fmanner previously. described: Then the
third ‘metal boride interlayer. 54.is etched
away. in the ‘areas 60 and 62 to expose the
second* metal “filin “electrode 52 over - both
areas. The second “metal: film: electrode 52
and the second boron nitride film 50 can.
then be successively etched away in the area -
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1~" 60 to expose the first metal film electrode
46. The leads 64, 66, 68 and 70 can then

“be connected by some ’ conventional technique

such as welding and the capacitor encapsula-

5 ted if desired by a suitable insulating material.

WHAT WE CLAIM 1S:—
1. A method of etching boron nitride by
applying hot phosphoric acid to the boron
10 nitride.
© 2. A method of selectively etchmg boron
nitride by applying hot phosphoric acid to
seleoted portions of a boron nitride film over-

lying a substrate selectwely to remove those
portions of the film and expose the under- 15
lymg Komons of the substrate,

method according to claim 1 or
claun 2, in which the temperature of the
phosphoric acid is about 295°C.

ABEL & IMRAY,
Chartered Patmt Agents,

Q“ahty ouse:
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gs, London, W.C.2, from which copies may be obtained.



1,083,523

R

’ 60 ;o expose the first metal film electrode

las ¥4}

"be connected by some conventional technique
such as welding and the capacitor encapsula-
5 ted if desired by a suitable insulating material.

WHAT WE CLAIM IS:—
1. A method of etching boron nitride by
applying hot phosphoric acid to the boron
10 nitride.
2. A method of selectively etching boron
nitride by applying hot phosphoric acid to
selected portions of a boron nitride film over-

. lying a substrate selectively to remove those
46. The leads 64, 66, 68 and 70 can then portions of the film and expose the under- 15
lying portions, of the substrate. :

3, A method according to claim 1 or

claim 2, in which the temperature of the

phosphoric

acid is about 295°C.
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