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Evidence for surface melting during the growth of high Tc thin films 
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We present reflection high energy electron diffraction (RHEED) spot profile analyses, which show anomalous 
broadening over very short time scales. Our data can only be interpreted in terms of surface melting. The conclusions 
are consistent with the thermodynamic phase diagrams and with the vapor-liquid- solid (VLS) mechanism of crystal 
growth. 

1. I n t r o d u c t i o n  

Lower oxygen pressures allow the formation of 
YBCO films a t  lower temperatures,  thereby min- 
imizing interdiffusion and reaction with the sub- 
strate and improving film morphology. The qua- 
ternary phase relations in YBCO in reduced oxy- 
gen pressures has been determined [1]. 

2. E X P E R I M E N T A L  

All RHEED data  during the growth of YBCO 
thin films by molecular beam epitaxy (MBE) were 
obtained at 10 kV and a grazing angle of 28 mrad 
(1.5°). The RHEED pat terns  were photographed 
with high sensitivity film (1000 ASA) and the 
RHEED intensity oscillations of selected spots 
monitored. 

We study the (11) spot. The intensity oscil- 
lations of the specular spot have been published 
[2, 3]. A computer  controlled densitometer was 
used to analyse the spot profiles[4]. 

3. R E S U L T S  

Figure 1 shows the oscillations in the intensity 
of the ( l l )  diffracted spot as a function of time. 
We draw attention to the precipitous drop in the 
intensity immediately following the first maxi- 
mum, caused by a surface process with a very 
small time constant.  Fig. 2 is a plot of the inten- 
sity profile across the (11) diffracted spot which 
probes extent of ordering in the plane of the sur- 
face. There are two sets of da ta  in this figure, 
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Figure 1. Intensity oscillations of (11) spot. 

with the closed circles indicating the profile at 
the point A (the point of the first maximum in 
the RHEED intensity oscillations of Fig. 1) and 
the triangles indicating the intensity profile at the 
point B (the first minimum immediately following 
point A). The spot profile is substantially broader 
at B than at A, and accompanied by a concomi- 
tant drop in the intensity. There is substantial 
Lorentzian broadening. One would ideally expect 
disorder to induce Gaussian broadening. The in- 
crease of the F W H M  by a factor of 5 is hard to 
explain in terms of the bir th-death model [5]. 

Activation energies may be deduced from 
RHEED intensity oscillation recovery profiles• 
We obtain a value of 0.8 eV, which is cortsis- 
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I" i~ure  2. (11)st}{}t pr+)fil(' (,,4{c tc;rl  L 

t(,nt wit.h t h a t  r{?p{)rt('(I i+t l i t( '  l i t ( ' r a tu r ( '  I)v vari  

<,us g r{mt}s. All  th{+ (:atii)n l l u x e s  a r c  t u r n e d  ,,1t, 

wit.h on[ 3, t.h(' {}x.\gen I ) ( ' i t~  ,m.  ll(!l~('c, if s,,n~{' 

st}('ci('s is 1)cin~ in(;orl)ora. t(xt  in tit( '  filn~ it <Tan 
I}{" no, t h i n g  t ) l l l  OX)/g{ql .  ~ ' ( ,  a l s o  itol.{! her (?  th:-d 

t h i s  a . ( : t ivat ion e t ] e rgy  is i n d e p e n d e n t  ,,f t h{' F,r,, 

,:(+ss used ,  i.e. MI}I ' ; ,  Sl} l l tLe r i l l t !  , a/Id l a se r  a l ) l a t i , m  

all v ich l  l.h(' saln{ '  Imml}er .  a r{mmrkat}h '  i n d e p o n  

den( :e  {d" t im p r o c e s s  +qmrg.\ a n d  tht{m('{'. Ig] r th( ' r .  

surfa( ' ( '  ( l i f fus ion  co('tIi(:i{~nts ar( '  in t i le  ranl.~(' <}f 
1() 12' c m 2 s  ~. T h e s e  v a l u e s  ar{' (:(}ml};-tra])]{' t,, 

I h+ls(' t'<w {)xy,Rel~. 

4 .  D I S C U S S I O N  

\~ : agne r  ,':l o/ .  [7] hay{, t } roposed  a v a p o r  li{tui(I 
s<,li{I ( V L S )  m e c h a n i s m  ot + c r y s t a l  g~r(}wth. In ~his 

m e c h a n i s m ,  a l i q u i d  soh~t, iou c o e x i s t s  w i t h  t h -  

{]'yst, al l in{ '  mat,  e r i a l  t++ I}(' Kro,.vt~ ft'+m~ th(, val}{,r. 

( ! r v s l a l  ~ r o w t h  o c c u r s  b,\  precipi t t+t i (}n ft'~}n~ th{. 

:-:.ul)(!rsatuI'at.(?d l i q u i d  at t im li(tui{t-soli{l i t~t( 'rtac( ' .  
. \  ( ' r , ,s tal l in{" d e f e c t  s u c h  as  a s( 'r{'w ( l i s h ) c a t i o n  i8 

lt{}l (.SSeltti:-t] for  t h e  V L 8  l l lechaI l iSl t t  I{} (q){.r:-tl{.. 

I ){ ' ,posi t ion m a y  I)o dircct]\+ {)tt a so l id  S l l b s t r a t o  il~ 

a vap(}r-s,-)lid s y s t e m . . . X n  + 'xampl{ '  is tit('  e t} i tax ia l  

{ leposi t . ion ,)f t h i n  1liras [S]. 
Sill(:{ + t h e  oxy.RcIl f lux is a l w a y s  ,m ( iur i t t~  a n y  

m e a s u r e m e n t  c,f R t t E E I ) r e l a x a t i o n  prof i les ,  it is 
not  s u r p r i s i t t g  Ll la l  lh(" act;b/at, ion  e n e r g y  i n c a  

s u r e d  is of  t h e  s a m e  o r d e r  as  t h a t  o f  {}x,yKen (lit'-- 

f u s ion  a n d  is in ( l epend(en t  o f  t.h{' pro,::ess. F h i s  
als,~ e x p l a i n s  t h e  c{~inc idence  of  t h e  d i f f u s i o n  {',, 

( ' t l ic i(mt.  Sin{:(' t h e  sh)w{'st l}ri-2{>s i~ thi:-. {;r-{' 

is ~h(' (tilfusi{)n of  {,x','~{'n. i~ i~ r(,as(mal)]( + 1{} {,,l~ 

c lu (h '  t h a i  llt(']"{' is a I -w( ' r  a<'t i \ ' a t i ,m  {,twr:,e,x fi}r at! 

tit(, { ' a t io l t i (  st)<x'ies I)r('s(+ttt +~r~ lit<' s~lrfa<'c ~+J+,ll,..! 

w i t h  sore( '  , Q v ~ e n ,  w h i c h  is ;q IttllSl f()I (:ltHt~(' ii(qi 

Iralit,+ ,+f lit{' i , ,ni{ c , . n O < , u t M s  <'{m~i(l('r{'+i it; t h b  

',,V{ II 'k.  

l)esl}it{, lh<, l} rob lcm+ a:-;s{}cial(,d \v i th  i t . ,  t++.,;+ 

SllPCIIICItt .s  ( ) f  I ) a M ( l  T i l l  \ ' : - t , ( ' l t l l t t t ,  it is t ' < ' a s t , t ~ + l l } ] ~ '  

l{} ;-12.;s(wI l,h;.Lt t l t ( '  I) is  t m t w ( ' ( q t  0.1 t{, t}.A ; t l l t l{,  

s l ) h ( T c s  h, lt(t th~-H ] '  i,'-; klt{)v.,Ii t{} ;i,{'CllF;l{i(,> t~{ ;ll 

least  10 t{} 21) '>. ( ! , ,mpa . r i n~  w i t h  th{' i ) l t ldish-{t  

I hl'Pltll}{[VIlg+Lllli( + (i~tI H. t IX(' SIII}Ntl'~-II{' t ( '[tl])(;I ' ; i t  IIF(u 

t h,~tl ;'tI'{' {'tI(:~}llllt(q'(!{] it+ t h i n  Hln] ~r<}wt h ,r{. < +,it 

s i s t < ' n t l v h i / l h c r t h a ,  t h - s c f o r l m l k m a ~ e r i a l ,  t tti: 

~,u~,Rests t ha t  th{'l(  + I l lav I)<' ;-t l i q u i d  I)has{' I)rc>-'t+~ 

( lu r in~  lit{' ~t'~,,,,,'t h {d i  hiu l i l n >  , , f  ~ h('s{' m~tt <'ti+~I- 

5 .  ( ' , O N C L U S I O N S  

]II Sl t l l l I l l ; - II ' \ .  \V{ ~ h,h\ '{'  ]:,r(?s{'I£1{'{I dai~h Ih~t ,~,]~ 

l i rm  th(, {,xisten{:(' , d  a l iqu id  t}has(' +m lh{  :-alrf+~(, 
(hN'ing. t h e  ~ r . v : t h  , d  YF ; ( I ( )  t h i n  tiltrts. I'h,,-~, 

{d)s{'rvsl, i()ItS s,P{'III l ~  i l£([ i ( :al( '  i t lhl  1}1{' {}])( 't ';*liv{ 
llt( '{;h~tIliNIIt D)I + lit(! .Rr(~wl h <}t" h i g h  'l', th i l i  t iIH,:  i-  

ih(. VI .S  m { ' c h a n i s n l  {,f ~r.v, '~ h [7 I. ' l 'h( 's( '  +,t,s{,r 

v;qli+}lm llla.lt(Iai.(' {'xl, r(!Ilt{ ~ {!~tttl i{)ll il~ i l l t (TI)l '{ '{  illt~ 

la;{'r-I}v-h~v{'r Kt',}wt h in l]l{,sc t~lat(?t'ial~. 
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