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1 In troduc t ion  

In the context of preparation of HTSC step-edge 
devices, both pat tern  etching of substrates and 
smooth and well-oriented thin films are required 
[1]. In this work we report the results of a sys- 
tematic s tudy aimed at : 1) optimization of electri- 
cal and crystallographic properties of laser-ablation 
deposited YBCO thin films 2) Realization of sharp 
steps on MgO substrates.  In the following section 
some information on the apparatus  and deposition 
parameters  of YBCO films is first given; this is 
followed by a brief discussion of results. Finally 
the three different techniques used to obtain sharp 
edges of good quality are presented: Ion milling, 
Sputter etching and Magnetron Reactive Ion Etch- 
ing (RIE). Some results are also presented and dis- 
cussed. 

2 Exper imenta l  

Experimental  parameters  have been optimized in 
order to obtain highly c-oriented YBCO thin films, 
with a smooth surface and a sharp resistive tran- 
sition. Films have been produced by pulsed laser 
ablation, using a XeC1 laser with ,~ = 308 am, 
pulse rate 4 Hz, pulse width 20 as. Good spatial 
homogeneity of the laser beam is needed to suppress 
non-stoichiometric ablation; this has been achieved 
by careful use of collimating slits. The size of the 
laser spot on the target  has been varied by means of 
a focalizing lens in order to obtain an energy den- 
sity e = 1.5 J/cm 2 on the target. Targets with 
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different densities and thicknesses have been used. 
We observed a correlation between density and the 
growth-rate of the fihn (having fixed c and the pulse 
rate of the beam).  A quartz-made cylindrical oven 
has been used to achieve a stable and uniform sub- 
strate temperature.  The deposition temperature  
has been varied in the range 7 1 0 -  760 °C, in 
which the films grow c-oriented; the opt imum t.em- 
perature (giving resistive transition temperatures  
Tco~ = 92.0 K, Tcolf = 90.2 K for a film 100 nm 
thick) varied in the interval 730 - 740 °C; working 
at lower temperatures  did not change Tco~ appre- 
ciably, but a dramatic  widening of the transition 
occurs with TcoIj = 82 K for a deposition tent- 
perature of 710 °C. A constant oxygen pressure 
Po = 0.5 Torr was mantained in the chamber dur- 
ing deposition, and a rather s tandard post-ablation 
thermal profile has been used: decrease to 450 °C 
with a 18 °C/min rate with Po = 760 Tort, 30 min 
plateau, free fall down to room temperature.  Re- 
sistivity curves as a function of temperature  (mea- 
sured with the four-lead technique) are reported in 
Fig.i,  for thicknesses ranging from 20 to 200 am;  
we think that  the worsening of the transition for the 
thin films (d < 100 a m )  is related to surface dete- 
rioration due to exposure to atmosphere: a 100 nm 
thick sample has been protected by evaporating an 
Ag layer (300 nm thick) and the resistive curve has 
been compared with that  of an unprotected fihn, 
giving quantitative support  to our feeling; this is 
also shown in Fig.l ,  together with the curve taken 
from the Ag-protected film one year after deposi- 
tion. In Fig.2 X-ray da ta  taken in the 0 - 20 geom- 
etry are shown, for films with thicknesses 100 nm 
and 20 nm respectively. Both films are c-oriented; 
almost the same results were obtained for the re- 
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main ing  films, with thickness  ranging  fl'om 20 to 
21)0 n ~ .  
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In order  t,o ob ta in  ti le sha rpes t  s teps  wi thout  signif- 
icant  damage  of the  subsi , rate  surface, we tried dif- 
['erent me thods :  Ion Mill ing,  E tch-spn t t e r ing ,  Mag-  
net, ron RIE.  In all cases a Nb mask has been used; 
l,he s u b s t r a t o  has been coated  with a Nb layer and 
exposed  t,o opt ica l  l i t hography  [2]. Nb has been 
always removed using RIE  or chemical  e tching . 
Good  resul ts  have also t)een ob ta ined  wMl an Ai 
mask using the  E t ch - spu t t e r i ng  technique  with an 
. t ' r -  O2 mix tu re .  The  subs t r a t e s  have been then 
analysed by SEM to check the stal, us of the sur- 
face and t, ho s tep  slope. Best  resul ts  were el> 
t, a ined using Ion mill ing,  wi th  respect  to bot,h l.h~ ' 

st,ep angle ( ~  70 e) and reduced  surface damage .  
Pr io r  to Y B C O  film depos i t ion ,  we per formed sur- 
face r e c o n s t r u c t i o n  o n  e a c h  s u b s t r a t e ,  u s i n g  f l o w -  

i n g  Oxygen a t  T = 1 1 0 0  ° C  f o r  24  h o u r s .  AF- 

t e r  film growth,  no apprec iab le  var ia t ion of t, he su- 

porconducl,  ivc p r o p , - r l i c s  i l l  i h , ,  t w o  su l , s l ra l , , ,  r ,  

gjons af)p(mre(]. (k~o(t r~,sult.s ha, v~- t,e,-n als<, <,l,- 
1.aine(l wit.h l']t.('h-splll.l.,.rii~; h(,w,.v,.r, a NFM anal 
)'sis shows sore(' .,v(,rall (irtlilagC ,,f th,, ,,r,.1...l --.r 
l]:wc.. In ihi~, c'..sc, IJ.. rcc(nl.,iru.%i,.i ln'oce(lur, + ,Ihi 
lu-)I, give goo(t i'~'slill,s: l i l l l lS ,h'l)(,sil,~(t ,,n l h , s ~ .  ~ . l , -  
s l r a t . e s  show good . 'rysl,nllogrnldiic prol.erl,i,,s !,u~ 

a somewhal  wi(h'ned Iransil,ioi, : [i,.,, = 9fl.5 7(, 
I7,:.: = Sl) Ix for a f i l in  1()0 , m  !lti<'k. N,:, ,tilf, r, ' l i ,<. 
in t.he s l iperconduct iv { ,  ImJl,<'ri.i, s <)11 eit.l i(.r ,i,l,. ~,t 
1t. '  step l ias l . , e l i  <>l ,s, .r \ , . ] .  Fh i : l l l y ,  Slel>S ~ , i , l a i n . d  
] l y  ~ ' [agnc i ,  r o l i  [ ~ IE  preser l l ,  a l i ( m - h o n l o g e n e o l l S  ~t l r  

t'acc, erosion. Despil.<' a cni'efui r~u:(mstruct ion i)rocc - 
(lure, films g r o w n  (;,11 l,h,,s,, slll)str:ll ,( 's a,re noi, SUl. , r  
conducl . ing; i.heh: ,qeci.rh;al i , , 'hax iour  looks ral . i ier 
se in iconducl  ivy.. 

3 C o n c l u s i o n s  

]~osuh.s of a syst .emalic  mv~sliga.l.ion c,n ~hg,,,~l- 
tion paramet .ers  c,f las(.r ablarled YP;(IO 1.hii~ lib,>, 
(:,n Mgo sul)s l . rat ,s  ]lay(:' bc.en r,.porle([. ! s i n g  
(lllarl,z cyl indr ical  ov,.n awl an oxcimer  laser we w,,r,  
able t,o ob ta in  Y B C ( )  highly c-(,riented u l t r a - lh in  
fihns ( 2 0 -  200rim) wilh good (dcct,rical prc, l,erl, ir., 
(~.<,,, = 92.0 Ix, 7 ] . : /  = 90.:2 h for a f i lm 200 . m  
thick),  f lood  stabilii ,y of t r anspor l  p roper t i e s  ha:, 
been achieved growing, an : \g  prol.ecl.ive ]a \er  c, It 
tel;  of the film. Final ly .  a ccm~paralive s ludy  *.d" 
various erosion techniques  <,n .MgO sul-)straies ]la.-. 
been made;  we found tha t  .Koot] wsult.s in te rms c,f 
sl.op slope and surfac~ ~ (la.niage can Iw. ob ta inod  by 
Ion Mill ing and also pa r t i a l ly  I,y Ei.ch-sputl .-rhlg.  
while Magnel.ron I~IE call~,~s an irrev,.rsibh~ damag, .  
1.o 1.he s u b s t r a t e  sur%cc with ,lel~c~sil.iou c,f sf, uri, ,u~, 
mat~q'ials. 
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