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Third Quar t e r ly  S t a t u s  Report 
Fund Transfer  No. R-05-030-001 

For t h e  Period 1 August-31 October 1968 

I. The r e l a t i o n  between t h e  s t r u c t u r e  of e p i t a x i a l  f i l m s  and s u r f a c e  
. .  

and i n t e r f a c i a l  ene rg ie s  (A, K. Green and E. Bauer) . .  
. .  . .  

The s tudy  of t h e  growth of gold on'sodium c h l o r i d e  has been continued 
dur ing  t h i s  r e p o r t  per iod .  
d i screpancy  concerning t h e  re la t ive par t ic le  d e n s i t y  on a i r -  and vacuum-cleaved 
s u r f a c e s  t h a t  w a s  repor ted  l as t  per iod.  A l l  p rev ious ly  published d a t a  ( includ-  
ing  our  own work) ind ica t ed  t h a t  t h e  p a r t i c l e  d e n s i t y  was always higher  on t h e  
a i r -c leaved  s u r f a c e  than  on a vacuum-cleaved s u r f a c e  (Na > Nv). However, sev- 
eral of our  r e c e n t  experiments produced t h e  r e s u l t  t h a t  Nv > N a .  
ments were performed wi th  a new specimen holder  and a s l i g h t l y  d i f f e r e n t  
geometry. 

A major goa l  has  been t o  understand t h e  apparent  

These experi-  

. .  
. .  

A complicat ing f a c t o r  i n  comparing p a r t i c l e  d e n s l t y  is  ;he step s t r u c t u r e  
of t h e  s u r f a c e s ,  The s t e p  s t r u c t u r e  is  revea led  by t h e  p re fe r r ed  nuc lea t ion  of 
gold p a r t i c l e s  on s t e p s ,  i.e., decora t ion .  Pfeaningful q u a n t i t a t i v e  comparisons 
are only p o s s i b l e  when l a r g e  s t ep - f r ee  reg ions  are a v a i l a b l e  f o r  count ing.  

We have obta ined  t h e  fol lowing r e s u l t s  p e r t i n e n t  t o  t h i s  problem: 

1. The p a r t i c l e  d e n s i t y  and s t e p  s t r u c t u r e  on air-cleaved su r faces  are 
very  s e n s i t i v e  t o  humidity exposure. Reproducible a i r -c leaved  su r faces  can  be 
obtained by c o n t r o l l e d  exposures t o  known humidi t ies .  

spaced l i n e a r  s t r u c t u r e  to t h e  elementary cleavage s t r u c t u r e  descr ibed  by Bethge. 

on both s t e p s  and f l a t  su r f ace .  

t h e  range w e  have inves t iga t ed  (0.1 t o  l A / s e c ) .  

1 The s t e p  s t r u c t u r e  on vacuum-cleaved s u r f a c e s  varies from a c l o s e  

The p a r t i c l e  d e n s i t y  on vacuum-cleaved s u r f a c e s  i s  h ighly  rate dependent 

The par t ic le  d e n s i t y  on a i r -c leaved  s u r f a c e s  is  not  rate dependent over 

2. 

3.  

4, 

These r e s u l t s  c l e a r l y  show t h a t  t h e  r e l a t i v e  par t ic le  number on air-  and 
' vacuum-cleaved, s u r f a c e s  .can va ry  cons iderably .  
. cle. number m u s t  i nc lude  t h e  fol lowing parameters:  ' d e p o s i t i b n  rate,  s t e p  s t x u c t u r e  . 

A r e l i a b l e  s ta tement  of  t h e  p a r t i -  

of a vacuum-cleaved s u r f a c e ,  and humidity exposure of a n  a i r -c leaved  su r face .  

R e s u l t  112 has i n i t i a t e d  an at tempt  t o  determine what parameters are d e c i s i v e  
i n  ob ta in ing  r e l a t i v e l y  s t ep - f r ee  su r faces .  The i n i t i a l  experiments are t o  d e t e r -  
mine t h e  in f luence  of specimen temperature  dur ing  t h e  c leavage  process .  
nary r e s u l t s  over  a narrow temperature  reg ion  (100°C - 250°C) i n d i c a t e  t h a t  
temperature  is unimportant.  
are planned. Various pre t rea tments  such as annea l ing ,  i r r a d i a t i n g  and s t r e s s i n g  
are being considered.  

Prel imi-  

Fur ther  experiments over a wider temperature  range 
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A r e c e n t  publ icat ion '  has  claimed a s t r o n g  i n f l u e n c e  of F-centers on t h e  

Because of t h e  importance of t h i s  
e p i t a x y  of gold on sodium ch lo r ide .*  We have repeated t h e i r  experiment as 
c l o s e l y  as p o s s i b l e  w i t h  a nega t ive  r e s u l t .  
c o n t r a d i c t i o n  more work is planned t o  t r y  and understand t h i s  discrepancy,  

* . This  would support  t h e  model of t h e  e f f e c t  of i r r a d i a t i o n  o n . e p i t a x y  proposed 
by Rhodin, e t  a l . 3  which i s  i n  c o n t r a d i c t i o n  t o  ou r  model i n  which f r e e  a l k a l i  
is  made r e s p o n s i b l e  f o r  t h e  i r r a d i a t i o n  e f f e c t .  

REFERENCES 

1. H. Bethge, phys. s t a t .  s o l .  - 2,  775 (1962). 

2. T. I n u z u b  and R. Ueda, Appl. Phys . .Le t t e r s  13,. 3 (1968). 

3 .  T. N. Rhodin, P. W. Palmberg and C.  J.  Todd ( t o  be published I n  Molecular 
. .  

Processes  on So l id  Surfaces ,  ed i t ed  by E, Draug l i s  and R,  Gretz ,  M c G r a w - H i l l ,  
N e w  York, 1968). 

-- 

11. Q u a n t i t a t i v e  s t u d i e s  of t h e  e las t ic  and i n e l a s t i c  i n t e r a c t i o n s  of 
slow e l e c t r o n s  wi th  W s i n g l e  c r y s t a l  s u r f a c e s  (J. 0. Porteus)  

I n v e s t i g a t i o n  of t h e  d i f f r a c t i o n  of plasmon-scattered e l e c t r o n s  a t  l o w  
e n e r g i e s  ims extended du r ing  t h i s  r e p o r t  period t o  t?(110) wi th  1 / 2  monolayer 
oxygen coverage, i .e. ,  W(110) - 0[1/2]. D i f f r a c t i o n  by t h i s  s u r f a c e  should be 
q u i t e  s e n s i t i v e  t o  t h e  p e n e t r a t i o n  dep th  a t  which i n e l a s t i c  s c a t t e r i n g  occur s ,  
and should thus  provide b a s i c  information on t h e  r e l a t i o n s h i p  of i n e l a s t i c  t o  
elastic s c a t t e r i n g  i n  t h e  c r y s t a l .  

The l o w  i n t e n s i t i e s  and complexi t ies  encountered i n  t h i s  s tudy n e c e s s i t a t e d  
some improvements i n  in s t rumen ta t ion  and d a t a  a c q u i s i t i o n  procedure. These 
inc lude  increased s t a b i l i z a t i o n  and i s o l a t i o n  of c r i t i ca l  e l e c t r o n i c s ,  simpler 
manual beam alignment e o n t r o l s ,  a p rov i s ion  f o r  semiautomatic point-by-point 
t r a c k i n g  of loss  beams, and a b e t t e r  method of mapping the'se.Eeans. A coniputer- 
compatible d i g i t a i  r eco rd ing  d e v i c e  for  enekgy loss d i s t r i b u t i o n s  ). which w i l l  .. 
provide more a c c u r a t e  v a l u e s  of l o s s  e n e r g i e s  and i n e l a s t i c  i n t e n s i t i e s ,  i s  
under development. 

Loss beam mapping measurements have been  made a t  normal incidence i n  t h e  
azimuth con ta in ing  t h e  1 /2 ,3 /2  oxygen elastic beam. 
30 t o  120 e V  loss  beam m a x i m a  are observed which s u b s t a n t i a l l y  correspond t o  
maxima i n  t h e  elastic i n t e n s i t y  vs. energy curve,  as  p rev ious ly  r epor t ed  f o r  
c l e a n  W(110). 
loss maxima are found a t  in t e rmed ia t e  p o s i t i o n s ,  e s p e c i a l l y  near  t h e  upper end of 
t h e  energy range. Such loss maxima are also found i n  t h e  1/2,3/2 azimuth of  a 
clean W(fl0) s u r f a c e  a t  roughly t h e  same p o s i t i o n s  i n  t h e  c o l a t i t u d e  a n g l e  vs .  
secondary energy p l o t .  

At secondary e n e r g i e s  from 

, \  

However, u n l i k e  t h e  case of clean tungs t en ,  addi t ional ,  s i g n i f i c a n t  j . l  
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These are t e n t a t i v e l y  i d e n t i f i e d  as  Bragg-case Kikuchi l i n e s  a s soc ia t ed  
wi th  t h e  11 r e c i p r o c a l  l a t t i ce  rod.  
on c l e a n  W(110) wi th  t h e  improved ins t rumenta t ion  is needed t o  support  t h i s  
i d e n t i f i c a t i o n .  On t h i s  b a s i s ,  information obtained t o  d a t e  suppor ts  t h e  hy- 
po thes i s  t h a t  s c a t t e r i n g  by plasmon e x c i t a t i o n  occurs  predominantly be fo re  
t h e  e l e c t r o n  e n t e r s  t h e  c rys ta l .  
of ~ ( 1 1 0 )  - O[1/2] . i s  i n  progress .  

111. 

However, azimuthal  mapping measurements 

The i n v e s t i g a t i o n  of o t h e r  p r i n c i p a l  azimuths . . .  

. .  . .  
Determination of n a t u r e  and s t r u c t u r e  of s u r f a c e  l a y e r s  wi th  low 
energy e l e c t r o n  d i f f r a c t i o n  (E. Bauer) 

It i s  w e l l  known now t h a t  t h e  e l e c t r o n  d i f f r a c t i o n  p a t t e r n s  of "clean" 
s u r f a c e s  of many c r y s t a l s  show a lateral  p e r i o d i c i t y  d i f f e r e n t  from t h a t  of 
t h e  bulk  of t h e  c r y s t a l .  For t h e  i n t e r p r e t a t i o n  of such p a t t e r n s  it is essen- 
t i a l  t o  understand t h e i r  formation mechanism and t o  have a n  understanding of 
t h e  i n t e r a c t i o n  mechanism of t h e  e l e c t r o n  beam wi th  t h e  c r y s t a l .  Of p a r t i c u l a r  
importance.  is  t h e  understanding of t h e  i n f l u e n c e  of i n e l a s t i c  s c a t t e r i n g  on t h e .  
p e n e t r a t i o n  depth  of t h e  e l e c t r o n  beam, because i n e l a s t i c  s c a t t e r i n g  determines 
u l t i m a t e l y  t h e  th i ckness  of t h e  s u r f a c e  layer which c o n t r i b u t e s  to . ' the  ( e l a s t i c )  
d i f f r a c t i o n  p a t t e r n ,  With t h e s e  o b j e c t i v e s  i n  mind t h e  S i ( l l 1 )  s u r f a c e  was 
chosen f o r  t h e  fo l lowing  reasons:  (1) The "clean" S i ( l l 1 )  s u r f a c e  produces 
s e v e r a l  d i f f e r e n t  d i f f r a c t i o n  p a t t e r n s  depending upon pre t rea tment ;  (2) The 
e l e c t r o n i c  energy band s t r u c t u r e  of s i l i c o n  i s  w e l l  known. Therefore ,  i t  can  
be expected t h a t  t h e  i n e l a s t i c  s c a t t e r i n g  due t o  s i n g l e  e l e c t r o n  interband 
t r a n s i t i o n s  can be explained i n  terms of t h e  e l e c t r o n i c  energy band s t r u c t u r e  
of t h e  c r y s t a l ;  (3) The c o l l e c t i v e  e l e c t r o n  e x c i t a t i o n s  (plasmons) i n  s i l i c o n  
are known t o  be f r ee -e l ec t ron  gas- l ike.  This  is  a consequence of t h e  l a r g e  
energy s e p a r a t i o n  of t h e  va lence  band which con ta ins  t h e  four  "free"  e l e c t r o n s  
from t h e  next lower energy l e v e l  (L l e v e l ) ;  and, ( 4 )  S i l i c o n  does nct e l l a y  wi th  
many metals and provides ,  t h e r e f o r e ,  a n  i d e a l  s u b s t r a t e  f o r  metal f i l m s  f o r  t h e  
s tudy  of t h e  i n e l a s t i c  s c a t t e r i n g  of slow e l e c t r o n s  by metals. 

The problems s tud ied  and t h e  resul ts  obtained du r ing  t h i s  r e p o r t  per iod 

(1) The k i n e t i c s  of formation of t,he S i ( l l 1 )  - 7x7 and S i ( l l 1 )  - 
are as fo l lows:  

&?f x 

t h e  LEED p a t t e r n  as f u n c t i o n  of d i s t a n c e ,  x, from t h e  c r y s t a l  suppor ts  a f t e r  
va r ious  hea t ing  t i m e s ,  t ,  and temperatures ,  T. The r e s u l t s  show c l e a r l y  t h a t  
i n  t h e  case of t h e  S i ( l l 1 )  - 7x7 p a t t e r n  I ( x , t , T )  can be descr ibed  by a one- 
dimensional d i f f u s i o n  equat ion  wi th  t h e  c r y s t a l  mount as source.  
ments were performed i n  t h e  temperature  range from about 700" t o  8OO"C, i n  
which t h e  d i f f u s i o n  c o e f f i c i e n t  Ds v a r i e s  from .5 t o  4s10-4 crn2sec-1, 
temperature  dependence of Ds an  a c t i v a t i o n  energy of 50 kcal/mole follows. 

R(23.50) LEED p a t t e r n s ,  p rev ious ly  a sc r ibed  t o  t h e  c l e a n  su r face .  The 
.problem w a s  s tud ied  by measuring t h e  i n t e n s i t i e s ,  I ,  of c h a r a c t e r i s t i c  spot 's  i n  

The measure- 

FrCm t h e  
The 

D, excludes volume d i f f u s i o n  but  i s  compatible  wi th  a s u r f a c e  d i f - -  . 
m. The fi x fi R(23.5") p a t t e r n ,  however, i s  formed both by 

s u r f a c e  - and volume d i f f u s i o n ,  a t  least  i n  t h e  c rys ta l  inves t iga t ed  which previous ly  
had been doped wi th  N i .  
of t h e  c r y g t a l  no d i f f u s i o n  parameters could be determined i n  t h i s  case. 

-. 

Due t o  t h e  mixed d i f f u s i o n  and t h e  unfavorable  geometry 

3 



Nevertheless ,  t h e  experiments c l e a r l y  i n d i c a t e  that: both t h e  fi x 6 R(23.5') 
and 7x7 LEED p a t t e r n s  are formed by d i f f u s i o n  processes  of i m p u r i t i e s  ( N i  and 
ve ry  l i k e l y  Fe, r e s p e c t i v e l y ,  according t o  Auger e l e c t r o n  spectroscopy) from 
t h e  bulk and/or from t h e  c r y s t a l  mount t o  t h e  c r y s t a l  su r f ace .  Th i s  s t r o n g l y  
suppor t s  t h e  p rev ious ly  proposed s u r f a c e  impuri ty  l a y e r  i n t e r p r e t a t i o n  of t h e  
LEED p a t t e r n s  (see.EncL. 2 of  2nd Quar t e r ly  S t a t u s  Report) .  

s c a t t e r e d  from S i ( l l 1 )  su r f aces .  The purpose of  these measurements was 1) t o  
o b t a i n  an understanding of t h e  energy l o s s  mechanisms of slow e l e c t r o n s  i n  
c r y s t a l s  i n  terms of s i n g l e  e l e c t r o n  t r a n s i t i o n s  and plasmon e x c i t a t i o n s ,  and 
2) t o  determine t h e  in f luence  of t h e  s u r f a c e  s t r u c t u r e  on t h e  energy loss spec- 
trum. The experiments were performed f o r  va r ious  a n g l e s  of incidence ( 0 , 4 )  onto 
t h e  c r y s t a l ;  t h e  e l e c t r o n  c u r r e n t  s c a t t e r e d  backward i n t o  a cone of 90" w a s  
energy-analyzed wi th  a n  energy r e s o l u t i o n  of .8 e V .  The measurements were ham- 
pered by some a r t i f a c t s ,  such as charging of  i n s u l a t o r s  i n  t h e  energy ana lyze r ,  
so t h a t  only prel iminary d a t a  can  be reported.  The sources  of  t h e  a r t i f a c t s  
are ' ,being el iminated '  a t  p re sen t  by proper s h i e l d i n g .  The more s i g n i f i c a n t  . 
r e s u l t s  are a s  fol lows:  
energy loss  shows cons ide rab le  s t r u c t u r e  which changes wi th  8 and and t o  a 
lesser degree with t h e  s u r f a c e  s t r u c t u r e .  
d i r e c t  t r a n s i t i o n s  between t h e  va l ence  and conduction bands of bulk si; b)  t h e  
s u r f a c e  plasmon e x c i t a t i o n  i n  S i  a t  about 10.5 e V  i s  abnormally lob7 i r r e spec -  
t i v e l y  of t h e  s u r f a c e  s t r u c t u r e ;  i t  inc reases  only s l i g h t l y  wi th  t h e  p o l a r  a n g l e  
of incidence 8 ;  c )  t h e  th re sho ld  f o r  volume plasmon e x c i t a t i o n  i n  S i  i s  consid- 
e r a b l y  higher  than p red ic t ed  by theory assuming t h a t  t h e  fou r  va l ence  e l e c t r o n s  
pe r  atom c o n t r i b u t e  t o  t h e  " f r e e  e l e c t r o n  gas". 
c l e a r l y  i n d i c a t e  t h e  need f o r  a more s o p h i s t i c a t e d  theory and more d e t a i l e d  
measurements which are planned f o r  t h e  next r e p o r t  per iod.  

i n  e p i t a x i a l  A 1  f i l m s  on S i ( l l . 1 )  su r f aces .  The purpose of t h e s e  measurements was 
t o  determine whether t h e  abnorma l i t i e s  i n  t h e  plasmon e x c i t a t i o n  i n  S i  by slow 
e l e c t r o n s  were t y p i c a l  f o r  S i  o r  a general  a spec t  of plasmon e x c i t a t i o n  by slow . 
e l e c t r o n s .  The A1 f i l m s  were deposi ted i n  s i t u  and grew p a r a l l e l  t o  t h e  sub- 
s t ra te ,  i . e . ,  w i th  a (111) o r i e n t a t i o n ,  The measurements were performed as i n  
Problem (2).  The most important r e s u l t s  are: a )  s u r f a c e  plasmon e x c i t a t i o n ,  i n  
A 1  ' is much s t r o n g e r  t h a n ' t h e  .volume plasmon e x c i t a t i o n  as .expected. from. theory.; 
t h i s  is  i n  s t rong  c o n t r a s t  t o  S i  where t h e  reverse i s  t r u e ;  b) t h e  th re sho ld  f o r  
volume plasmon e x c i t a t i o n  i s  much l a r g e r  than p red ic t ed  by theo ry  assuming t h a t  
each atom c o n t r i b u t e s  t h r e e  e l e c t r o n s  t o  t h e  " f r e e  e l e c t r o n  gas"; t h i s  is  i n  
agreement wi th  S i ;  c)  t h e  energy dependence of t h e  p r o b a b i l i t y  f o r  s u r f a c e  plas-  
mon e x c i t a t i o n  shows a n  abnormality near t h e  th re sho ld  f o r  volume plasmon exei- 
t a t i o n . .  The comparison of t h e s e  r e s u l t s  w i th  those  l i s t e d  under (2)  c l e a r l y -  
demonstrates t h e  poor t h e o r e t i c a l  understanding of t h e  i n e l a s t i c  s c a t t e r i n g  of - 
slow e l e c t r o n s  a t  p r e s e n t ,  even f o r  s u r f a c e s  whlch a re  'tsimplell from t h e  p o i n t  
of view of c o l l e c t i v e  e l e c t r o n  behavior and p o i n t s  o u t  t h e  need f o r  d e t a i l e d  
experimental  work t o  h e l p  o b t a i n  a b e t t e r  understanding. 

IV. 

. .  
(2) The energy l o s s  spectrum. of .  slow e l e c t r o n s  (30-150 e V  energy) . 

a )  t h e  energy d i s t r i b u t i o n  from below.0 t o  about 1 0  e V  

It can  be explained i n  terms of non- 

These prel iminary r e s u l t s  

(3) The energy l o s s  spectrum of  slow e l e c t r o n s  (30-50 4.7) energy s c a t t e r e d  

Re la t ion  between s t r u c t u r e  and e l e c t r o n  emission p r o p e r t i e s  of work 
f u n c t i o n  reducing l a y e r s  on W c l l O )  s u r f a c e  (G. Turner and E. Bauer) 

The u l t r a h i g h  vacuum e l e c t r o n  microscope (UHVEN) and t h e  many problems 

- 

a s s o c i a t e d  wi th  i ts  conversion t o  a bent beam system have been t h e  o b j e c t  of-: * 
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continued e f f o r t  du r ing  t h i s  r e p o r t  per iod.  I n  o r d e r  t o  draw q u a n t i t a t i v e  
conclusions concerning adso rba te  in f luence  upon s u r f a c e  s t r u c t u r e  and work 
f u n c t i o n  changes, i t  would be  most convenient t o  combine low energy e l e c t r o n  
d i f f r a c t i o n  (LEED) and l o w  energy e l e c t r o n  d i f f r a c t i o n  microscopy (LEEM) wi th  
emission microscopy. 
t h e  i l l u m i n a t i n g  beam is separated from t h e  imaging beam.by a magnetic d e f l e c -  
t i 0 n . f i e l - d ;  'The s e p a r a t i o n  'is hecessary t o  a l low f i l t ' e r i n g  o f '  t h e  i n e l a s t i c a l l y  
s c a t t e r e d  e l e c t r o n s  i n  t h e  image while  a t  t h e  same t i m e  not  reducing tkie inten-  
s i t y  of  t h e  i l l u m i n a t i n g  beam. 

Th i s  can  be done i n  t h e  UHVEM bent beam system where 

' 

I n  changing over t o  a bent beam system, many problems have a r i s e n ,  most 
of which can be sepa ra t ed  i n t o  t h r e e  main areas: (1) system alignment,  (2)  
image d i s t o r t i o n ,  r e s u l t i n g  from d e f l e c t i o n  f i e l d ,  and (3)  image i n t e n s i t y .  

The problems of system alignment are compounded by t h e  presence of 
extraneous magnetic f i e l d s .  This  is e s p e c i a l l y  t r u e  i n  t h e  r e g i o n  of t h e  objec- 
tiv.e l e n s  and t h e  f i l t e r  l e n s  where tho, e l e c t r o n  e n e r g i e s  a r e - v e r y  l o w  . ( i .e . ,  
a few e l e c t r o n  vo l t s ) .  One of t h e s e  extraneous magnetic f i e l d s  has been reduced 
by the-  i nco rpora t ion  of redesigned d e f l e c t i o n  p o l e  p i e c e s  and yoke t o  minimize 
s t r a y  f i e l d s .  
c e n t e r  e l e c t r o d e  of t h e  f i l t e r  l e n s .  Th i s  l e n s  o p e r a t e s  a t  t h e  second magnifi- 
c a t i o n  maximum i n  o r d e r  t o  s e p a r a t e  t h e  i n e l a s t i c  from t h e  e l a s t i c a l l y  r e f l e c t e d  
e l e c t r o n s .  This  ope ra t ing  po in t  p l aces  some ve ry  s t r ic t  requirements ,  n o t  on ly  
on t h e  maximum s t r a y  magnetic f i e l d s  which can  be t o l e r a t e d  i n  t h e  r eg ion  of t h e  
l e n s ,  but a l s o  on t h e  mechanical p o s i t i o n i n g  of t h e  c e n t e r  e l e c t r o d e  with respect 
t o  t h e  o p t i c a l  a x i s .  
dev ice  has  been modified t o  produce a more s e n s i t i v e  and r ep roduc ib le  c o n t r o l .  
Both of t h e s e  improvements, t h e  new d e f l e c t i o n  yoke and t h e  modified p o s i t i o n  
c o n t r o l  on t h e  f i l t e r  l e n s ,  w i l l  a l l ow easier and b e t t e r  alignment of t h e  system, 

Another system alignment problem i s  i n  t h e  p o s i t i o n i n g  of t h e  

A s  a consequence, t h e  f i l t e r  lens-center  e l e c t r o d e  motion 

The image d i s t o r t i o n  r e s u l t i n g  from t h e  60" d e f l e c t i o n  of t h e  imaging beam 
i n  t h e  bent  beam s e t u p  has  been compensated f o r  (at  low magni f i ca t ions )  by u s e  
of  t h e  magnetic quadrupole lens. It appears  a l s o  t h a t  proper e l i c i t a t i o n  of a 
s i n g l e  quadrupole l e n s ,  pos i t i oned  immediately a f t e r  t h e  d e f l e c t i o n  f i e l d ,  should 
p rope r ly  compensate image d i s t o r t i o n  a t  a l l  magn i f i ca t ions .  However, t h e  quadru- 
p o l e  l e n s  has a l a r g e . r e s i d u a 1  magnetic f i e l d  and a Parge s t r a y  magnetic f i e l d  

.when exc i t ed  wbich f u r t h e r  camplicates .  alignment i . Tgis problem i s  being 
i n v e s t i g a t e d .  

A t  h igher  magn i f i ca t ions ,  and with proper f i l t e r i n g  of t h e  i n e l a s t i c a l l y  
s c a t t e r e d  e l e c t r o n s  t h e  reduced image i n t e n s i t y  a t  t h e  f luozescent  screen 
becomes a problem. To h e l p  a l lev ia te  t h i s ,  a n  e x t e r n a l  3ystage image i n t e n s i f i e r  - 
has been mounted and checked o u t .  
t h e  image i n t e n s i f i e r ,  t r a n s f e r  l e n s e s  and vacuum windows reduce t h e  o v e r a l l  g a i n  
t o  some ex ten t .  An e l e c t r o n  channel m u l t i p l i e r  i s  a l s o  being incorporated i n t o  
t h e  system f o r  s tudy.  Th i s  w i l l  be mounted i n s i d e  t h e  imaging column a d j a c e n t  t o  
t h e  f l u o r e s c e n t  s c r e e n  and w i l l  a l s o  g i v e  a l a r g e  g a i n  i x l  e l e c t r o n  i n t e h s f t y .  
The mounting hardwar'e has  been designed and i s  being b u i l t .  E i t h e r  o r  both of 
t h e s e  image i n t e n s i f y i n g  dev ices  w i l l  p e r n i t  t h e  UFIVEM t o  work i n  t h e  LEED and 
LEEN modes of o p e r a t i o n  where normal inage i n t e n s i t y  i s  extremely low. 

Although a l a r g e  luminous g a i n  i s  inhe ren t  i n  
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