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This limitation prompted the present investigation as it

was thought that the use of an extended source would provide

multiple angles of incidence present at. the substrate = ,_=:mul-

tancously. Thus ,—.—.—._. inst.cad of a time dependent a~gle of il. dent

1“1ux , as with [he electron beam gun vapor source, the small

Irdction of grazing inci’ flux is always trmpered with a

m<l.jority of normal in(’i(lcnI flux, In ad(ii[ ion, it was of

interest. to know if ilnotll~’1- b;irrit’r m;ltcrinl , such iis AIN would

providr ~h~ s;~m(’ prop~:rtir:i :IS ihc ~:iid(!. ‘!-hc l)roduct ion of

II , !i
t ht. nit ri~!~” ])}’ sput 1 t:ri rl~ i :; vt: ry (“,l:;i ly (Iollc . lbwuve r ,

s i ncc Ltl(’ rl i I t-o~;(”n df)c:i not Cl)c’mi sorb I)n ;Illlmilll]m ,It r!)om t em-

p(’rtitur(! in t h(’ (’1(1(:[ ron bt’.lm ~un !+(Jurc’f , i I is ~)nl’j ~:~lll\:Cll-

i(’nt ly mild(’ u:iinj+ f h (’ !;pul t (’7” t f’(:tlni(lu(: , }:01. (nnvrnl ional

:;pII[ t vring mot hods ! ht. mr,ln I“r-c(: ]~a[ h of t hr sp~t! tcro(i at cms is

% 1 cm f)r l(I:+s, I ht’r(’hy , maki ng the’ de’posi tud atoms rs’;t:llt ial ly

t h~’rm;ll i Y.c(I. ‘1.hi s m,lk(’s I htI P(.)r.(li [ ions of (’(~rl(ll~ns,qt ion simi l(~r

I () t hi’ uni ,Ixiill [ I UN :; OIII” III wi t II t 11(,v;lri ;It il~n t h;lt rlo (11(’mrnt

[)1 I:;U 1.s1 I-; ll(’ ;]~.(.;l (.!..ql]. “:;,.,.:;” :1 (Ii r(,(”ti(]ll,l 1 !;,,~l[.,,(~ .



given run. The typical operating parameters were ~ 100 V and

7-8 A used for t.hc plasma current. The target was operated at

*J 600 V with currents w 1.3 A. The gun is shown schematically

in Fig. 1. The condensation distribution of the source was

measured at 10 cm from the ftont of the gun. The observed

distribution is shown in Fig. 2. The uniformity of the deposit

over this area shows the desired property of the cxt.ended

solircc.



~ 100 mm with nitrogen. The difference in surface roughness is

dramatic. Figure 3C shows the growing surface of 30 pm thick

pulsed film. Note that this growing surface is still smooth

after eight hours of deposition! Figure 3d shows an SEM cross

sr.ction of a fracture of the 30 pm specimen. The essential

structure of this coaling is l.amellar rather than columnar.

Auger Electron Sp~cLroscopy ancl cicpt.h profiling arc seen in

Fix. 4, The pcri(l(ii,:i[y (Jf the n~LriClf2 is well maintained and

th(s ril]g(’(! l);l[tc?r[~:j r(’mir is(:cnt of thr c;lr-lier work with the

1
(Jxid~ .



unchanged. The I:esult for the pulsed cyl. inclcrs are also

plo LLcd in Fig. 5. ~(~L(! that these results .indicatc that there

.i.s no degradation in the mechanical properLics as observed on

curved surfaces in the uniaxial flux case.

An addiLiona] specu]aLion about the high flow stress of

the unpulsecl material Wils thilL the t.~rgel contaire(i some unex-

pected impurity. A simpl(” check was made by t.hcrmally evapor-

ating a small piece of t.h c Lilr~C[ onL() a glass sut)stratr.

Auger and Srconc.lary lon Mass !;pcrtroscopy (SIMS) aricllysis

!;}l(JWCd no high 10VCI imp’]rily in (.ithcr th(” film Or the! r(imairl-

i ng mate ritll , Thr (IVap OrCII ion W’(I!i don(” t n di S1 i 11 :Incl OOn-

(’(’n[ ralr hi(;ll(’r ,ir, fi low vilpor l)r~’ssllr(~ mill (Iri:il:, for” (’ll!:(’ of

id(’111 ifi,:. it if]n. ‘1”11~.I!“i IIII:; K{”I.01 ,1] :., ) ,.]1(,(.I{!I(I f“(tr. I-l,si,l(i;ll :ll-gf)ll

(’ni 1“.1[)11!(’1)[ tIv (Ii’p[h I)I”I)! i ] ill): Wi Itl ;iI’. ‘1’]1,, ,ll.I;IIII ~“f)nlvrll W;l:l

f“ou[l(! to tJf’ l~”!!;!+ [ ]Iilll i~.”’ ,1[’;,,. di:, .: l, ’!, ti!t , [!II Ili};ll 1 lIW

st r(’s:: hi(l:; l I)(s :1 I.(ISIII t (~! I !If ’ )It”.lill I.I’I ill(”m’’lll ,lil~l l-l’!~lll I illx

!; t I-tlf. I u I“c’ os I Ill’ [“i III] ;IIIII 1111[ IIUIC It) :;(IIIII’ ,I! ](,~illj: t.lt’mf’111 ,

1
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long as a distributed source is used, Iilasking is unnecessary

for the angle of incidence deposits. The addition of the

pulsing to the curved cylinder deposits increases the strength

without any degradation.

The

ings ❑ay

masking.

invertcci

significance of this work is that high quality coat-

be ma(.e on arbitrary geometries without the use of

A possiblo stron~ candidate of an ideal source is the

Thornton6 magn(:rron. I’hc!

[ I[lily tJ(’

y loggl -

t h(! more



Figure Captions

Figure 1 The triodr sputter gun and rotating cylinder are

shown schematically. The stray flux shields ensure

that any grazing lncidencc flux is tempered with a

component of normal incidence flux. The aperture

spacing is about 10% wider than the cylinder dia-

meter.

Figure 2 The flux clist.ribut.ion over the front of the target is

plotted. The smooth variation and unifomnity provide

a good extended sc}urce characteristic. The daLa was

ohtainrd ~ 10 cm from the Larget.

Figurr ~i Scannin~ Elcc:tron Micrographs o!’ v.lrif)us surfi]ccs are

show,l , All mirrogr;lphs w{!rc takl’n at the same magni-

fication, :1) The’ Surf nl.’(! two n]i~ron pure ●luminum

deposit. is sh(l’fin in cent ra:;t 10 a pulsccl aluminum

coating ill b. c) 3’110 !;urfd(:c of ;1 ~ 30 micron pulsed

foil i:; shown, Only f;iint morphology can bc seen in

the SEMI not visil)li’ to the un;liclcd t:yc. d) A frac-

ture surface of the 30 micron f.:il 1s shown to iJlus-

tt_iltC the lnm(’llar rather tharl columnar ~tructure.

Figure t! An Auger Elcctrr)n SpPctroscnpy depl.h pt-ofile detail-

ing the nitrogen And oxygen cnnccntritt ions is shown.



Included for reference is an SEM image of the sputter

crater and a Scanning Auger Micrograph of Nitrogen of

the inset. Note tha~ the oxygen profile zeros very

rapidly and that. the nitrogen is uniformly repetitive

with essentially zero nitride between pulses.

Figure 5 The yirld sLress a~ ;I flnction of layer spacing is

plotted. The yield strerk~~h founcl for the Al/AlxOy

is plotted for a r(!fcrencc. The essential difference

i~l th(’ cur~~es i:+ the \7.-IlI.Ie of the drag sLress, ‘o.

Th (! r~;jt!r? Cirrli’:+ ;l ~-1,~ th(! Value’s [1f yielcl stress

!)hi. lli 11(.(1 l’r(lm i!l(’ rot.11 in,g c}’li IIdI.r, The yield

S( 1“(-ngtl,:: ;1: 1-’ no! d(!gl”adt’(1 ;1 !> with the oxide

(’(I,IL i[l~%.
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