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INTRODIICTION

Generation of thin pclymeric films and coatings co)ltaining a high

content of boron and nitrfgen may he accomplished in several different

bays. According to an ear’;y report subjecting borazine vapor to a

t’acliofrequencydischarqe formed monomeric HZBNH (among numerous
2

]ther products) which polymerized spontaneously between -196 and

-155°(..1 The product, an “inert white solid,” was believed to be

(H2NllH21nalttlouqh only its inrrared spectrum was reported. A

subs.cquent report from the same laboratory described the formation of,

prt>sunliibl,y,ttl~same procluct by the v~por phase pyrolysis of an entirely

different st.artinclmatprial, ?mmonia-hnrane (H3NRH7), but no.
2

i-!xl)crirncntaldetails of I.i)r preparation werp given.

We h~v~ (Ieveloprctan improved synthesis of poly(amrnonia-bc[”ane)by

l.tIPvapor

chardct.er

nit.roq[~l]
d .J

its l).yroly!lis pro(illct 5’() to d low Ilr(’ssur(’ N7 pliI:,III(I. Ilcrc, wv wish

tr) rrp~)rl.oIlttl(’low I)r[lssurepldsmd ([1)1)),lppro,lcllto high boron ,all(l

nitjroqcncent.f’tlt.films ilfl(l coatings.

FXPFRIMI’NIAI.—-

M,~l,(’rials—.. —

~fllnl,,~’t’(:ifll113N!]II{([:illl(~r.y[~tl(jltli(”i)l CO. ) i~ilS VIICIIIIIII and 2011[..

s’ll:linnl IItll.il III(’111(’lt.illtll)oin!.w[isr(lis[’dto 11!) 110’’(:.

Nitn!qvl] wits M,ll,hrsonIlitlhI)urit.y(9!J.!IIIx)!lr,~[l~),IIS(I(I(ISr[u:civ[~[t.
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Film Deposition

I-I-INBH=Films. H3NBH3 may be sublimed (at - 45°C) onto a glass

substrate as a uniform film only if done in a dyr’amic vacuum of at least

1(-1-5torr. In the so”lidstats, H3NRH3 is stable to at ieast 70°C

and TGA indic~tes significant decomposition st.urting at just above

lloOc.7 Typical film thicknesses varied between 1O-EJ7I:m.

U.#E&l#U& In the preparation uf the polymeric H2NBH2

films, measured amounts (0.0? to 0.1(]g) of H3NRH3 were placed

bottom section of a comnl~ri~d~ glass vacuum sublimnr which had

modifiecl h.y the acldit.ion of a 1 inch (dia.) x 6 inch test tube

in the

been

end to t.hc

bottom of l,h~apparatus directly below the cold finger. lhe apparatus

-3
was ev~culltrd to 1 x 1(I torr o; less and hack filled with dry

nit.rcqpn t.oa pr~ssurr of 7-3 torr. Thl’nitrog~n was necessary to

prvvt’lltrdpi(l ruhlimnt. ion of 111NI{113dnd 1.0fiicilitatc its thwrnal

flf?c(][ll~][lsil.inn.

w SUh5t~(11.(IS (lOt’ PX(WIPS Ivicroscf)p(’ cov~r ql~ss) t.a 1](’ CIIdt(’(1

w(’ro dtti]ch(’(1 10 t.h(I (:old fillqpr. I“orinl”rot’rd,annl,ysi:iNil(:lpl,lt.(’~ils

,ltI.{l(ll(’d1(1th(’~(llilfirl(l[>r’.“Iol~~”qinIhr (lrlr[~ll]ll(l<iti(~ll,th(’slll)lim~r

w(l~ clnsf’d ,Ir)flIII(’til:r-otlltlininrl113~1111.1illlmpryp(lin d st,irrrrtoi I
.

I),lltl,11.130-140(’(’.”Iiqlli(lrlit,ro!lf’nW(II; pl(Ir(IIl irlI;t)[’(1)1(1-fillq~’rof

th(’:;l]l)lim(’r,]stl{’(lt.in(lW(151)(’qut].Within i,()-!)[)srIcoIld\,i] rlll)i(l

f“r(~t.tlill[llll’(-[~llllj[)sil.iorlof ttl[’I“IIsII(II!:3NI{II.If’(WIIII(IHT1fI(l r(’l(~a’.ifl(l

II(JII( orlfl(’ll’l illl~’(III’;,lJr(II)IHIIt Il)l,y 11,~, ,IIKI (1(’~~(~sil.ir,f~ d wlI i ‘.t~ (:OIIL III(I 01}

III(’ mi,.l-o~((~l)(l (ov(’r (I I(IL. I; d~ wPl 1 d:, t.11(’ (’() 1(1 I irlrl:’r.
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The e solid product was allowed to form for up to five minutes

during whicl ime hydrogen was pumped away periodically, then the heating

bath was remove(] lnd the closed sublimer allowed to equilibrate

tnermally. The white solid was not apparently air sensitive or

hydroscopic.

The h.ydrol.yzablehydrogen content of the product was determined b.y

hydrolysis with aqueous HC1 at 120° for two weeks followed by

measurement of the hydrogen in a calibrated Toepler system. The b6ron

content was determined by Parr peroxide fusion followecl by titration of

the mannitol complex. Calcd. for FINH4: H, 37.6; H (hydridic) 7.00.

Found: II,37.9; H, [).97.

(~N~li&~V_lms. For the deposition of (}IN13H)I)films the following—.

modifications t.othe above describcxl proc~?dur[?were introduced. 1II(?

s,ystwnW(7SPvflruatcd t.oP 1(1--+torr, hut was not.birckt illedwith dry

N2. Th~’film [l{~pnsilion W,ISdnnII ill(I,ynirmirvl]clim. Thv t.cst.t.111](’[In(l

!.[)tII(’Vdclllmlsublim{’r Wil!; Wr(ll]l)(’(lwittl two s(’llrarfl

ll(’lit.inqt.ill)f ’ rl(ls(’r tI) tllrrf)l(li ill(v~]”W,]Sk[’l~t,11

l)olt (MI h(’(lt inq t,ll)(” W, II; k(’1)1.,I!. w 1700(’.” It Ii\ I}(”tl

I.ow Pr[’’isllrt’ 1)111!.111,1“Ir’1’,ltlll(’111.. . . .. ..- .--. -—— ---------- . ..-.

“III(’ I PI) irl’;frllm(’111 tll(lt w’

“ 10 ]yl)i(,ll (11)1’t”,llill~lI)(”lot’!’m’’-”
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converting the white, opaque ammcmia-borane films into transpiirent,

qlass-like films were:

Initial pressure 10 m torr

Operating system pressure 400 m torr

N7 flow rate 100 seem

Current 4 n~A

Volta~e 305 v

T.ypica’

;)16 hours

films wer~

t.reat,mcnt. t.imcs (drpc+ndcnt upon the scmlple size) v~riecl from

Th~ t.hrectypes [113N131i~, +NHH+n , (HN13H)n]of

t.ransferrcd in open air to th~ plasnld chamber and were
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The use of low pressure plasma to generate boron nitride does not

seem to have been reported. Me have found now that low pressure nitrogen

plasma treatnlent of 12 to 24 ~m thick H3NBH3 films converts them into

(H2BNH2) and other compositions approaching BN dependilly upon the

length of the treatment time. For example, a N2 p“lasma (400 m torr, 80

seem, 4 mA, 3 hours) treatment of d 24 Pm thick H3NBH3 film gave a

hazy or translucent film that had an IR spectrum essentially identical to

that of a material obtained by pyrolysis5 (Table I). The translucent

film ciidhave several other bands that.the opaque (H2N9H2) film did

not possess and had strong characteristic absorptiGnCtypical of BN (1390,

810, 720 cm-l). The assignment of all the peaks is undergoing further

study. Furthermore, the spectra compared rather well with thGse reported

for a pol.ym~?ricamminoboranp prepared by a cc)mp’

1
rollt.~. lf the LPP treatm[?nt at.t.hcal)ov~concl

loflqcrtime (up to 16 hour-s) .,rar~rf gen~rdtecl

etely difierent

tions is continued for

plasmd at. power levels of
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Lit~rature reports the generation of transparent BN films by

pyrolysis of BC13 + NH3 mixtures at 800-1500°C13’14 and of

2,4,6-trichloroborazine.
15,16 In one approach molybdenum and tungsten

substrates were heated to 770-13000C to pyrolyze the trichloroborazine

16vapors. P,ttemperatures above 8000C vitreous, transparent BN films

were deOOSited. In the BC13 + NH3 approach products from gray-black

to yellow-brown to white-feathery to translucent to clear-glassy films

~,e~.eall possible d~pendinq upon the reactant ratio, their transport

rate, pyrolysis temperature (1300° to 170d°C), ,ind d~.position chamber

geowetry used. The two types of products that we have generated:

translucent and clear-glascly, fit into this range (Ifobserved products

(Fiqs. 1 and 7).

The density of the r~lmrtwi RN has been found to vary fi-om1.846 to

2.2’67g/cm depending upotlthe preparation conditions. The lower density

mat.~rials ar~ pr~sumrd 10 hilv~nucleated in the gas phase with the

microcrystdll it(-’growth cxcurillq in the !l~sphasr bcfort? thrir

drposit.i:)n. We find that compacting (74,000 psi at 1000C) materidl

(’t qrlvr d “pt”llt’i”dvnsil.y (Jt 1.23 q/cc. As our ttwllniqlie,

(lopsriot,invnlved qas ph,lsen[lcl[?atiorlth(~low d[’nsit.yi~

(Icl.iol]of t,ll(’(]llill” I.y of t,ll(?p(’’ll(?t.. While t.h(’113Nll113,lnd

violer;tly irlc(]rict’flt.r{lt.t?(lIICI
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We are using cptical emission spectroscopy to monitor the plasma

composition above the substrate during the treatment. process to elucidate

possible reactions mechanisms during tne treatment. These studies are

continuing and will be the subject of a future report.

CONCLUSION——

A new low temperature (essentially room temperature) synthesis

procedure for an essentially boron nitride composition has been

developed. The technique involves the use of low pressure N, plasma in..

the treatment of thin films of ammonia Lorane (H3RNH3) or its

pyrolyses products [(H2NBH2)n, (HNBH)n] and the generation of

compositions with empirical formula of 13NHn=.
(J.J
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TABLE I

INFRARED SPECTRAL BANDS OF POLY(AMINOBORANES)

Thermal Pyrolysis Lcw Pressure Plasma (H2NBH2);

-1 -1 -1
cm cm cm

3240-3300

2280-2400

156(7

1375-1400

1160-1200

1050-1080

-—.

——-

840

-—.

3250-33C0

2300-2400

1560,1620 sh

1340-1400

1175-1210

1050-1080

975

940

840

700

3280

2380

1560

1390

1180

1060-1090

970

----

840

---

am From !?ef. 1.



FIGURE CAPTIONS

1. HdNBH3 Film on Glass Slide

2. Translucent Film After LPP Treatment of H3NBH3 Film
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