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. ··coMPLETE SPECIFICATION 

Processe·s·for Etching· Boron"N-itride' 
. ~,, TEus,·INSTRUMSNTS INQORPORATED, 

a v®or.poratian organised: according ·m the -la.ws 
ofl .the'.' .State;·, Of Delaware;. United. Sitates. 

·: · of;America, .. of 13.500:NOrth:CentraI.Express-
5 W.ay;·:Dallas, Texas, United States of America, 

der .·:hereby declare the invention, for which 
we- pay· ;thliti a ·patent may: be' granted 11:0 us, 

. and: the.- methocL by which it is iliO be per-

. ' fomied, to;;,be: particularly·· described in and 
10 bY-''the ·following-statement:~ .. . 

: ;'FhiS iilv'eill:i.on rcl'81tes· to. ·proeesses lfor etch­
i~- i bor<»i nitrides :and : in patticula1" iliO a 
methOd'.: Of selectively· etching·: a;,. boron nitride 

~·· :.: fihn; o'terlying, a .. substrate. . .·. 
15 '·The specification· Of· c0pending Application 

No. 50621/64· (S~l N~. 1083522) ~escrfbes 
a·;:prooess' for: bonding thin boron mtnde fihns 
to substrates in a strongly adherent manner. 

·:'• i Sum :films' are chemically sta:ble :h1: a wide 
20 variety ofa:orro8ive· media. Specifically, boron 

nitrido;films:are insoluble in H~O, HCl (dilute 
and aoricent~te);· HN03 (dilute. and con~­

.. _, ~e), H!SO;;. (dilute ~d concentrate), aqua· 
'' ·. : regiay NaOH, ·KOH (dilute. and. con~), 
25 cryolite·~·mi*tures, 8nd. HF. (dilute. and con-

centrate);' Such, boron nitride films are stable 
in·, aiJ.'.r'.up .to ·:700°C, bUt arc: unstable above 
800!'G after. :30 minutes;: Negligible· toss of 

':· ~ boron nitride•· by- evaporation. occurred when 
30 such> a;:'filriJ. was held ·a1t' 900°C in a· vacuum 

of: 0.01; miaons of · Inelx:ury. F~, such 
boron nitride: filins ha"Ve been found to be:· 

. .. flexible,· po&sess.: desirable: electrically insulat'-; 
'· '.: ing;projlerties and:being.:chemkally «able at· 
3S eievatecHte.riiperatures· are· very useful as in'-

sulatfon :m l\78!rious-adverse: en.Vironmcnts. How'"· 
~:·.in· cettain' applica.ti0ns as in. the manu­
facture·· ·or· electriall. · compmients; e.g. micro-

. circUits and .. capacitors, employing bol'Qn 
40 nitride· films bonded , to a· substrate, . it :is· de.­

sfrablc to be: able t.o ' rei:nove seleored regions 
of''.the: boroD: nitride, fihn, · ' 

;~'. ' [ffic/fs. ~.J.. .. , : .. 

' . : ~ :" '..: . : : . 

. The. pre~t, lll.vention is. based, upon. the, 
~very~. that. despi:te· the chemi.cal stabilky · 
of boron~ nitride .in various. corrosive· m~ 
as. outlined 1ab9vef it can .be, etche4 away using, 
h01: ph06J>horic: acict In a· particular, appli- 4S 
cation: of. the invention to etching. a. boron 
nitride film overlying a- substmte;, hot ph~­
pooric. add :is applied, to selected . portions of. 
ithe fihn · to . temove those pottions · of the­
film and,- ex-pose- selected portions. of the- SO 
substrate. . 
. By .. :way. of ~ample, the invention· will be 

described; l.n . ~ter, detail with· reference. to. 
the accompanying_ drawings, -in. which.:..;._ 

Figs; 1. and 3 are ~ pattial. sec- SS 
tions ot · capacitor-s, incorporwting boron 
n,itride films, and : . . . , . 

Figs. 2 and 4 -are. schematic.· sectional views 
illustrating. il:he. use Of the ·present· inven-, 
tion. in making' el~c:al connections: to 60 
the electrodes of. the cap.acitms. illus­
trated· in Figs. l and _3, .. respectively • 

, Despite•· the · chemi-cal ·· .stability. of· . boron . 
nitride·· -in a J,'ange of .. ~ive media,. we 
have discovered that. it is •. -subject •to rapid. 
attack-. by hot phosphodc acid. In. a. pattiru­

65 

far, example; a first strip of molybdenum 
coated. w.ith. a boron nitride film and a 
second, . weighed;. strip: of uncoated. molyb-· 
denum;~ were pl11ced in a solution. of ortho-· 7fi 
ph~horic. acid (H.,PO,) which· had, been· 
b'oiled:. jmtil. bubbles cea,sed . to. cmne up,. and. 
which ,was all: a: temperature: of. approJdinately! 
29'5°C.; The two strips were. held.· in the 
H~PO~. solution for about: five minutes .. end 75 
then, removed and. washed. The boron nitride. 
filin. was-removed.from the first,molybcJen.um, 
sJ:l!ip and.electrical conductance:by.poin~ con-· 
tact ti> the strip was good. The second, 
weighed, strip of unaie.ted. molybdenum CX:•. 80 
perienc::ed · no . loss in: weight indicating: that 
molybdenum .. is ;stable• in hot: H.,P04,. 
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This selective etching of boron nitride by nitride . ®Vering the edge C1f the subst:mte 
hot phQsphoric . acid c-an be usefully em- 13 ensures that the clip 38 does not con-

{ :ployeq: fu 1*; · ~ufacture of eleotrical de- itact the substrate. The · capacit9,r., then 
··· vic;:es, ·e.g.· ·capacitors, as will be described. be encapsulated in a s~.£-W&li:;;' · ~ 

s g:\~~~~~J,~~-,~~ 
10 ing deposited on the mtqlaye,s 12 and J4, . 40 is manufaotured by R1acl.ngf j./nj#31'\e,g.l 75~ 

respeotivel.J, which serve to'.sttO:ngly· adhere mc>lybdenutn~ foil substrate· •1J).'.Alf:: · .· s:·· · 
the boron nitride films 16 and 18 . to :the tion ·· chainber ·and successivety~:;:;d . · ··· · · '"'a 
substrate 11. 'I_'his process is described in metal boride interlayer 42 and a~de 
greater detail in the specification of co- film 44 on the substrate, as described in the 

15 pending Application No; 50621/64 (Serial specification of copen~g Appli~t;ion :No. 80 
No. 1083522). Metallic, e.g. gold film elec- 50621/64 (Serial· No. · 1083522).' A mera1 '; 
trodes 20 and 22 are deposited, as by vapour film electrode 46 is tl:ben depOsited . on· the .. :. 
condensation, op. ithe boro~ mt:tjd.~ , ~ to .. surface . a( . 'tl:ie -~on nitride film 44 prefer .. 
form the multilayer oapaator 10. . . ably by' eoriveritfunal vacuuin-evapol81tion and 

20 It will be appreciat~· .~t;. )~; ~pii.ci_.,. . ·condensatioµ iteclmiqµes-. The metal film e1ec- 85 
tor .. construc:tlon .10. is paper. thin and tha'.1: · ·trode 46. should· be so chosen that boron 
ma~.ing· ~sepanire: ele~riciil ''Contact With · :the . will' react: With the' -metal~ to form.' a mete! 
ele¢ttodes · create$' a ' •·considerable: : probkb.n; OOtide:.:.interlayet; • &Uitably ·molybdenum. may · 
the; solutioif of wbidi: ¢an be. assisted' by ·use ·be u8ed .·for the electtode ·film. : Then a 

:is ()f:: the .. present . fu.vention, ~as· /·\WU · be : de&" . second meJ:al bOiide: .futertayer 48, ;.a sC'CQnd 90 
' cribed>with· reference to Fig; 2:·,whicli shows. boron nitride .film ,50 and 11 SecoJid. metal· 

the,.•ea.ipacit<>r With :eJeOtiodes littache(I th~ film: . electrode·· S2. are successivCly cJeposited . 
to( The eapaclror shown' in· Fig., ~ fucllldes upon the· metal fihn.>electrode 46. Thia se-. 
a.•·~: piece ·of. the tX>mposite· material· des" quence• of steps •may; be ~eated any. num-. 

30 cripe(( with··refetence to Fig;•.1; (like refeielices lier" -of times to . produce ·additional die:lec~ . 9S 
beirig ·used: in Fig. ·2) cilt to ·have aL desired ttic and electrode . films sudi ', as·•• ·a thi1d · 
ar'1l .and r~atively ~uare peripheral·;edg~ metal• boride::>interlayer 54, .& . tbUd baroii 
O.iie : edgej·L24 · far :_example,·· is then dipped nitride fil.in · 56, .and: a' thhd.1ilietU film. eJec..: 
!Iito ~tf': Stii~ble ~chant~:havmg_::~a:. high 'con- itrOde: 58; 'Tlie.:seoond metal :film .eteotrode 

35 centr~~il' i~ HOI..-:. The : •i'ela:tlvely 'thin go~d 52 may a!so be molybdenum,•: ·as: illust111.:. 100 
film : ~ect:t()des: '20 "&:.!id 22;' are rapidly ei:dled ted,- · in · which · case the:. interlayer ·.54, would 
away<rellitive to: th~ ra~e·· at whicli thtH~dge be riioIYl?denum)bOride; However;·•Jt: Will be 
of -~e 'molybdenum s,u~stmte• is atmeked !Uld appreciated: .. that other sUitable ' "refractory· 
are· ·et!=hed baclt · tOi the points 26 and 28. metals can be 'iilied; .. . · · , . . · .... : . . ... 

40 The;HGl ~: does' nOt: attack' •the boron ,;Electtical conuct. can be made widi; the 105 
nitride . : films . 16 and 18 which are selec- electrodes : of the: device 40 in: .the Dwmer 
tively' etched ·back to points 30 ·and 32 using illUSt:rated in the transverse '.crosHedlion of 
a s0li.itiQn>OO' ·. 'h<)t phOsphoric acid · prepared Fig; 4 · by· using sClective 'etching•· techniques 
as · prevfously" 4escribed. · A · clip · 34 is ··then and · utilising'·· the Present'. ittveniion. The 

45 ~necled''-to.:the' exposed edge· of the sub- metal, film ·eie<:trodes'are::made of a me:W, 110 
stfa~e n as by welding •. ' ·.: '·.. .· sucli0 ·as'' molybdeniiril., :that, :Will'" not .be 
·A~er edge· of ~ san~wich is then· im-. attacked :by ithe HaPO,. etclJant lor ,boron 

mersecFii>. ' a suitable : etchant, which selec;-; nitride, but which will be ,.atifackt:d ,,by, an 
tively attacks thC ~olybden~ sribstrate 13 etchant in which ·.·the · bo1'0n nitride ·is st'able, 

~ but d00$ 'not. a1fect the: boron: nitride 'films suclt ail• a• solutiori., C1f HC1-HN01•• 115 
16 ; or· 18 ~t' .the g<>ld film elec(rOd~ , 20 and . Tue thkd 'Jrietal:: filDi electrode 58 is first 
22 so that the· substrate 13 is-temo'Yed back eiclied away.by. HC1..-HN08 to expose the 
tc(' poiQ.t · 36. for· · eX:ample,; ·. ·a, ' solooon of · third boron ,nitride JiJni 56 .. in both areas 
HCl..;;;,.'.fl~O~ haVing . a:. very Iow coilCeDtra- 60 and. 62: During• this steJ): the third boron 

''. doo Of HQr will attack' the mo~yb_dentim at niti;fde,lilyc£ 54 will ptatett.the seCond metal 120 
a:::muPh greater ~te: than the· gold and will film electrode 52; -Next).:tbe .third~ boron 
not: :attadC lf:he boron: nitride. . The . :elec- nitride :film 5 6 in: . the afeasi ·60 and . 62 is 
trooes:·.;20' and ·22 :\vill tend itO hold-:: the· etclie~: a\Vay 1ising'00t··H,PO,.:prepare11 in 
o1;hci'W.is~'-:fragil~ btiro.D.: nitrlcte filriis: 16~aiid the' ~er previously descil'bed~ Then .the 

60 U ·,iii.fact · ran.d the.' free edges ~ th~ films thifd m~ml boride interlayer S4 is etdled 125 
will; teni:J ·tif C¢tie_: itogether as illuiltrated, in away in : the· ~eas : 60 and 62 to expose me 
Fig:: 2>to~, ¢i>v~ ~e ·~c1ge of ~ wbSt:rate. second:• metal · fihn · eleotrode: ;s2 0ver bOth 
Then a· :clip ~ 38· ea1F be' Crimped : over: the areas. 'The second metakfilni·: eleotrOde S2 
edge of the sandwich and preferably welded and the second boron nitride , film 50 can 

6, to the metal films 20 a.nd 22. The . boron then be successively etched . away iii me area . 130 
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\_.,, .. · 60 .to apose the first metal film electrode 

46. The leads 64, 66, 68 and 70 am then 
'be connected by some conventional technique 
such as welding and the capacitor encapsula-

lying a substrate selettivdy to remove those 
portions of the film and expose the under- .IS 
lying po!ltions, al the substrate. 

...... 

5 ted if desired by a suitable insulating material. 

WHAT WE CLAIM IS:-

3. A method acrtOl'ding to claim 1 Oil' 
claim 2, in which the temperature of the 
phosphoric acid is about 295°C. 

I. A method of etching boron nitride by ABEJ. & IMRAY, 
applying hot phosphoric acid to the boron Chartered Patem: Agents, 

10 nitride. . Quality House, 
2. A method of seleotively C't'Ching boron Quality Comt, ,.\& · 

nitride by applying hot phosphoric add to Chancery Lane, '-f' 
·seleoted portions of a boron nitride.film. over- ~' W.c.2. 

------~-------------~--.Lumlqton Spa: Printed for Her .Mai_,..11. Statimla7 Oflot by die Courier Pre&-1,67. 
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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. 

lying a substrate selecti~y to remove those 
.portions of the film and expose the under.. 15 
lying pomons, 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. 

WHAT WE CLAIM IS:-
1. A method of etching boron nitride by ABEl- & IMRAY, 

applying hot phosphoric acid to the boron Chattered Patent Agents, 
10 nitride. Quality House, 

2. A method of selectively etching boron Quality Court, 
nitride by applying hot phosphoric acid to Chancery Lane, 
seleoted portions of a boron nitride film over- ~ W.C.2. 
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