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The cdbcam s h u l s u d  mctian, CdU2 (st+Cd(a) + 2 C4g), haa .&it studied in cadmium 
c h l o r i d e t b i n ~ ~ 3 0 3  ad483 ~ ~ & k e ~ e ~ ~ " T h k d m e r e q a k d t a m a k e 9 ~ -  
nmdeepholesmtt483 K i s J X 1 0 ' 3 C c m ' 2 . ~ p O l a t e d ~ l e v e l s o f  -6x IQ7'C und2are 
~ ~ w d ~ d c l , m a ~ t i v ~ ~ ~ ~ t i n a . n m & & b ~ r o p o ; s e d . ~  

.ln this communiation we rqmt on the elemon beam 
(e-bam).decompitiw of thin films of cadmium chloride., 
Cd&and s u ~ ~ t i t A & t h a v e ~ W m a & t i n a  
new lithographic SchaEX wmpare' o k  iawgaaic re 
sish l4 Inladditiok we su-t a rough, bu!: useftJ, model 
for corrsidering dxam stimnIated dtmmpositions of inor- 
g a n i ~ ' ~ l i d 3  b d  w of photd*. 

The reason for choosing to investigate CdC12 is M 
uponour nations for the possible lithographic seheweshown 
in Fig 1, and fohhis rason we give an outline d d P t i o n  of 
the h y ~  sthetical &erne. Step (a) is tbe vacuum deposition of 
thin ih (- 100 nm) ofCdCll. The resist is chosen so that, 
ar.mg other things, its e - b  decampition products are 
vdatile at the iarediatim tempratwe sad the resist can be 
--- -?z*~ttL !B shown in the last step): Fig. 2 shows the. 
:z;evant vapor pressure curves.' The second step is exposure 
:? -he e-bem in d e c k i  meas at an elevated temperature. 
' ' :e electrons cake the resist chemimUy to decompose (this 
p r m ,  when partide initiated, is d e d  radiolysis) and the 
volatiie prqducts are &um and chlorine. The CdQ, an, 

in th& way, be completely removed exposing tbe underlying 
lay- or, much more likely, the CdQz can be partially re- 
moved and then the entire d t  layer Unaordy thinned 
down mtil the underlying surface i s .qqed  in the selected 
meas. The dry etdhing step is selected t6 be oompatible with 
the resist. Thus CdQz will certainly be cornpatrile with a 
~mine~owta in ingplamnaandi twi l lm~stWybE 
compatible kith fluorhebased phima. The fourth and last 
step is to raise tlre substrate tempera& to a d u e  where 
reempalion of CdQ2 & rapid; cf. Fig:2. Thq we &that 
this is ascbeme fqan Inorganic, e-beam,phma+mpatible, 
vofatile m, and it should reduce the number of hading 
opexatim d & l Y ,  

W e  report here our prelin&q'work on the electmn 
radiol* ofCdQ. Anhydrous CdQ Is. D. H. Chmkah 
Ltd. (U.+K)] was tbermally evaporated from a molybdenum 
boat onto ailicon substrates at mom temperatare. A shut- 
tered evaporation system was used: the CdQ, evaporation 
rate was brought to the s b d y  value of 3 nm/s and the shut- 
ter then opened for the necessary time. 

The CdQ2 films, examined in the scanning e l m  mi- 
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m e a n g r a i n s i m a I m s t ~ t o f h e 6 I m ~ ~ T h e f f p e c i -  
muu,~tcdonaheatedpl&orm,we~oplacedona~ 

, ~ i n a n d ~ - h i g h ~ ~ ~ ~  
-7.x loh9 Tm. The eiectroa beam d, W as Gaus- 
&n-shq%I, had an -ve -eta of 300 pm (ia, 2% 
edp-iatemit;~ d o )  andbamaqgd2000eV 
(V- G. Ltd,, 22 e-gun and pow= supply). 'Qe beam 
elmma w m m d ~ * . P ~ ~  cup. The cdq lb, 
of known tbickntss,wasirdiatedfor a-tinse, curreat 
density, and s- tempraturq the s@mm was then 
i n ~ e d ,  wb& stiU in the vacuum, md a different in-  
cheted. TheqEdmen was M y  moved bmtbevau~tm. 
~ s t . e a o f ~ s p o t w a s m ~ d a n d e r i h e m i c b o s w p e .  
T h ~ d e p t E r a n d ~ o f ~ h B o l e w q s m e a s u e d b y ~ c r a a -  
ning with a stylus depth-masuing instmuat pdydep, 
Rank, Taylor H o w  Ltd (U. &I] aad the caqmition in- 
side and outside tk mist hok waa measuted by mesas of 
cWrm p& x-ray anrrlysis, Tbe vohrme of material re 
moved by decomposition was detletmined tbe above 
wmmmm~ts, fitted to a Gaudin, d was found to be 
Eineai in d m  over the range lo4-3 x C / d .  

O m ~ s l s o w  Wthebohprdwedintbrasist:  
f o r a l l t k e d ~ u B e d i n ~ ~ n d y  w E a e a  
l y & m d n a t ~ y i n d u c d T h p s e ~ a r e a l s u i n  
accord with the bempratxue pPoBle study of Irmaan& 
and Peasas Fbr hdbtim at 30 and 6QaC, x-ray studies 
& o w e d W c a d m i n ~ ~ ~ b e b i n d .  M t i o n  athigh- 
er LeQlpaatms dt& in ~ 3 ~ 0 p b I y  vol~~tile produc& 
The "ef&ie~~~y ' '  of the ~1~ process was masured for 
ho1s abut 90 nm in &axhum dep& (in a 1Wmn-hick 
CdCY2 Alm). 7 k  &ciemy, in m o k  per codomb, as a 6 
tionoftempm"isshowninF~, 3. Thecmmgemphyed 
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nsittg 2 keV electross was 2000+ddency, i.a, 3,6 X lo7 S/ 
m o l a t 4 8 3 K T l 1 i s ~ d b m e n e r g y m a y b e c o m ~  
with the standard heat of &e 4 0 1 1 ,  Cdcl,.imlid)4Cd 
(solid) + 2 Cl [gas), tnSich is 6 3  x 16 J/mol, giving a 1.8% 
''thermudymmk" &&w. Or if, Wead, we o o m p e  the 
energy 4 with the enagy to form 2 moi Df hoIe/electmn 
~atthebandedge,prMhesttmatdbbc--9~I@fJ 
d (of CdCld we obtain an "Wnic ' '  a e n c y  for ZkeV 
electmu at 4B3 K ofabout 2.5%. The requh-ement for a 90- 
nm depth hole is --3 x lod3 Wan1. 

The usefulness of CdQ, and similar materials4 as m 
electron r&t m aome Iitbogmphic schwnes wi l l  depend on a 
number of camideratiom, w e  of tbtm being the charge per 
unit area quhment. We hsve obtained 3 X C/cm2 
b u t w e a r e ~ t h ~ t h i s c a n k i m p r o ~ ,  andweargue 
alangt&folIow@~. Wetakeifthat westartwitha 100- 
nm-thick mafilm. A ~ ~ n ~ 6 i n s u e b a  Nm 
would m m p d  to 4-ktV electrons, so we d d  obtain a 
twofold improvement by inmasing our h a m  voltage. W e  
d a n ~ t h a v t t o r e m o v e a l l ~ e ~ ~ ~ ~ t h e b e r t m . ~ ~ i f  

- wtcut~~toadepthof30maadthenthtntheIoO.nm 
h by 70 nm we should produce our wiadows for onethird 
of the previous energy riquhcment; a thr&old improve- 
ment. Finally there is the mbilitJr of improvement in the 
b m p s i t i o n  seusi&ity oftbe CdCl, iW. Tfie hole/ele 
tron pahat t h e h d  edge ~ s e e l a t a f o r m ~ c ~  
sion) can either mmmbine orpartake inthe CdCI, d a m p  
&ion, Doping tbe CdCI1 with mpaovalent chlorida such as 
CuQ and AgCl [which inmaw the eblorine vhcancy den- 
dty ) will hcrfase the relative usage of boldelectron pairs for 
decomposition, as has been shown ia various photolysk 
studia?a We a u  only 6 a rough g u a  as to whut this 
improved &cimcy might lh Thus suppose that about on& 
~ o f t h e p r i m a r y e l ~ n e n e g y m n t d y a p p e r t r s a s  
bmd-sdge b&elcctmn pairs (energy @p+energy from 
center of valace b a d  to center of conduction bmd, z1/3 
thtn our o v d  25% ude&onie" d c i c y  d y  becomes 
7.59% &hint upe of hole/elecmn pairs at the band edge 
(the other 92.5% recombine). hphq might be expected to 
raise the 7.5% to abut 60%, i.e, a factor dl. Thus tbe h a 1  
dosage reqnired might be b u t  (3x10'' C/moI)/ 
( 2 x 3 ~  8 ) - 6 ~  lo-' C / d  

Clearty, resolution is mother i m p o m  matter. We do 
not expect the spzesd of generated h1e/&tron pain be 
y c m d t h e t h i c h e ~ ~ g d a g m k n ~ i t i s a t g r a i n ~ ~ ~  
that recombinah is g e m d l y  supposed ta take p l m  The 
grab sizt &r ram-temperatnr~depositeddm CdCI, is about 
e q d  to the &I t h i b ,  m d y  1m mn, so we expect 
rdution to be h u t  100 nm. 

An apprmch useful in mntempkting the d-n ra- 
didysis of inorganic materids is to divide the weraEpms 
.hto twopaas. First, weareconcmedwithprimaryelee- 

creating a shower of elecmnAole pairs, which d 
cwrae, has acompficatedenergy dhtributipn. AsubstanM 
&adon, onetbird (?), must appear m el&ron/h&pirs at 
tIaeconductioa a n d v a l m d  edga ofthe &st materid 
llad now the fate of these Qectron/hole pajrs is our next 
mma. They Ean either mmbine  {at-the Surfkce or in the 
W) or they WI rake part ia the chemical dtEompadtion of 
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t h e ~ ~ t & s h g e t h e ~ a n d m e c h a n i s m f c r l l o w  
c l d y  what ocnudl in pBoto1yiis. Thna Zone can p W p  
ambtanq w e ~ u l d s a y i t s h a u l d ~ p o s e n n d e r t h e  
d e c t m n b  ~ l ~ Q f % t l ~ ~ s ~ ~ P b I ~ a n d a -  
Snl,8aretkrmdy &tivatdwiRithan energyd0.45 a d  0.29 
eV, re6p&dy, md we thwforeexpctd, d found, the 
radiolpsis ofmatto be mGwk actimea, 

W e i n t e n d t o ~ d t h e r a n g e o F o w W y o f ~  
resistand toexmheHgPzand C a F a a ~ ~ y  whl 
mataid, epcidly for x-ray nu&. ~ e r m o t e ,  we expect 
&xi a farthtr i m p r o m t  in H e n c y  fie., dma of 
i lo-' C cm-a) can Ix d i e d  by employing variow sur- 
f m - s d t i w d &  f o r a m p h  ~ a s w i t h P b I , ?  

We wnId like botharkthe Alexander S, Om& Public 
h ~ t F ~ t i m f o r a ~ t o C J . A . , ~ w e I i ~ t f i e  

Fed& Government of Nigeria for a pstgmduak scbbr- 
ship to 0. A. F. 
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