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GEYERAL DESCRIPTION 

The Hi t ach i  Model H U - 1 2 A  E l ec t ron  Microscope is composed 

of t h r e e  main s e c t i o n s :  column; vacuum system; and power 

supp l i e s .  

I. Column - I l l umina t ion  Elec t ron  gun assembly 
system 

Condenser l e n s  assembly 

L Magnetic beam d e f l e c t o r  

- Specimen F i r s t  specimen chamber 
chamber 

Second specimen chamber 

- Image forma- 

-F 
Object ive  l e n s  

t i o n  system 
In te rmedia te  l e n s  

k F i r s t  p r o j e c t o r  l e n s  

F i r s t  d i f f r a c t i o n  
specimen chamber 

t Second p r o j e c t o r  l e n s  

I Second d i f f r a c t i o n  
specimen chamber 

- Observing Viewing chamber 
system 

Camera chamber 

- Console 



11. Vacuum 
system 

111. Power 
supp l  

, Pump u n i t  O i l  r o t a r y  pump 

O i l  d i f f u s i o n  pump 

Main evacua t ing  p ipe  

Pre-evacuating p ipe  

P l a t e  r e s e r v o i r  

Vacuum 
gauges 

- EVAC C 
Automatic va lve  system 

SEQUENCE 
Manual va lve  system 

I Monitors 

-, S a f e t y  
dev i ce s  

- Common 
power 
supply  

AC power supp ly  (TC1201) 

DC s t a b i l i z e r  power supply  
I 

- High HV g e n e r a t o r  c i r c u i t  
vo l t age  
u n i t  Filament h e a t i n g  c i r c u i t  

t Bias  vo l t age  c i r c u i t  

I Anode p o s i t i o n i n g  c i r c u i t  
l i n k e d  wi th  a c c e l e r a t i n g  
vo l t age  



Lens c u r r e n t  Constant-current  c i r c u i t  
power 
supply  Reference vo l t age  power 

supply  

- Beam de- Gun H O R I Z .  and T I L T  
f l e c t o r  adjustment c i r c u i t  
power 
supply  Condenser l e n s  H O R I Z .  

and T I L T  adjustment 
c i r c u i t  

t Condenser s t i gma to r  c i r c u i t  

f Object ive  s t i gma to r  c i r c u i t  

L B e a r n  d e f l e c t o r  c i r c u i t  

L Camera power 

F 
Film indexing and pane l  

supply  i n d i c a t o r  c i r c u i t s  

Film f eed  c i r c u i t  

Exposure meter  c i r c u i t  



I. COLUMN CONSTRUCTION 



1. COLUMN CONSTRUCTION 

Fig .  1 -2  shows t h e  g e n e r a l  c o n s t r u c t i o n  of  t h e  mic roscope  

c o l i ~ m q .  

The component p a r t s  of  v a r i o u s  s y s t e m s  a r e  shown i n  F i g s .  

1.-3 and 1 - 4 .  

I -  I l l u m i n a t i o n  System 

1-1-1 E l e c t r o n  Gun Assembly 

The e l e c t r o n  gun is t h e  s o u r c e  o f  e l e c t r o n s  i n  t h e  

e l e c t r o n  mic roscope .  I t  is  s i m i l a r  t o  a  t r i o d e  i n  

c o n s t r u c t i o n .  The gun  c o n t a i n s  a  f i l a m e n t ,  

Wehnelt  c y l i n d e r ,  and  a n  anode t o  a c c e l e r a t e  t h e  

e l e c t r o n s  e m i t t e d  f rom t h e  f i l a m e n t .  

F i g .  1-5 shows t h e  s t r u c t u r e  o f  t h e  e l e c t r o n  gun  

assembly .  

The a c c e l e r a t i n g  v o l t a g e  (10  kV f o r  s c a n n i n g  

e l e c t r o n  image, 25 kV, 50 kV, 7 5  kV, 100 kV, and 

125  k ~ )  i s  a p p l i e d  t o  t h e  c a t h o d e  a s sembly  t h r o u g h  

t h e  h i g h  v o l t a g e  c a b l e ,  which i s  c o n n e c t e d  t o  t h e  

h i g h  v o l t a g e  u n i t .  

I n  t h e  H U - 1 2 A  E l e c t r o n  Mic roscope ,  t h e  h e i g h t  



adjus tment  of  tlhe anode is l i n k e d  t o  t h e  a c c e l e r a t i n g  

v o l t a g e  over  a  wide range o f  10  kV t o  1 2 5  kV. 

The d i s t a n c e  between t h e  anode and Wehnelt c y l i n d e r  

is a d j u s t e d  a u t o m a t i c a l l y  wi th  change i n  a c c e l e r a t -  

i n g  v o l t a g e .  The " f i x e d "  b i a s  v o l t a g e  is s t a b i l i z e d  

wi th  a  range o f  0  t o  1500 V ,  i n  a d d i t i o n  t o  t h e  

s e l f - b i a s .  The 0  t,o 1500 V i s  covered  wi th  a  

con t inuous  c o n t r o l ,  t h u s  a l l o w i n g  optimum ad jus tment  

f o r  p o i n t e d  f i l a m e n t  o p e r a t i o n .  The gun can be  

e a s i l y  opened t o  exchange t h e  f i l a m e n t  ( ~ i g .  1 - 7 ) .  

Each f i l a m e n t  is p r e c e n t e r e d  s o  it i s  n o t  n e c e s s a r y  

t o  c e n t e r  i t  a f t e r  each exchange. The gun 

housing i s  a l s o  p rov ided  w i t h  an a i r l o c k  d e v i c e  

which s h u t s  o f f  t h e  gun housing from t h e  evacua t ion  

and l e n s  systems.  These f e a t u r e s  c o n s i d e r a b l y  reduce  

t h e  t ime r e q u i r e d  f o r  exchange of t h e  f i l a m e n t .  

Evacuat ion i s  f u l l y  automated,  and t h e  whole 

sequence from a i r l o c k  o r  a i r  i n t r o d u c t i o n  t o  pumping is 

performed by one c o n t r o l  knob. A s  t h e  vacuum v a l v e s  

a r e  o p e r a t e d  a u t o m a t i c a l l y  th rough  d e t e c t i o n  of  

t h e  vacuum l e v e l ,  t h e r e  i s  no f e a r  o f  misopera t ion .  

The e l e c t r o n  gun is a l i g n e d  by t i l t i n g  o r  a d j u s t i n g  

i n  t r a v e r s e  t h e  e l e c t r o n  beam r e l a t i v e  t o  t h e  f i r s t  



condenser  l e n s  wi th  a  two-stage beam d e f l e c t o r  

(F ig .  1 - 6 ) .  

1 -1 -2  Condenser Lens Assembly 

The condenser  l e n s  of theHU-12AElectron Microscope 

i s  a  double condenser  l e n s  system. 

Fig. 1-8 is a  s e c t i o n a l  diagram of t h e  condenser  l e n s  

assemb l y. 

The c o n s t r u c t i o n  of t h i s  l e n s  u t i l i z e s  a  double 

magnetic  yoke system, which means t h a t  t h e  l e n s e s  

a r e  con t a ined  i n  a  magnetic  s h i e l d  c y l i n d e r .  

Magnetic coup l i ng  between l e n s e s  i s  reduced t o  o f f e r  

freedom from unwanted beam s h i f t s .  

The s p o t  s i z e  ( i l l u m i n a t e d  a r e a  on specimen) i s  

s e l e c t a b l e  i n  f o u r  s t e p s  ( 2  p ' ,  5 p, 1 0  p and 1 5  

d iamete r )  th rough  c o n t r o l  of  t h e  f i r s t  condenser  l e n s  

c u r r e n t .  I n  a d d i t i o n ,  i f  t h e  FINE c o n t r o l  is  used,  any 

s p o t  s i z e  can be o b t a i n e d  w i th in  a  range o f  0 . 3  p 

t o  50 p. I f  a  po in t ed  f i l amen t  is used,  a  s p o t  s i z e  

of  0 . 1  p, is  ob t a i nab l e .  

The second condenser  l e n s  is prov ided  wi th  a  movable 

a p e r t u r e  (F ig .  1-9) which has  f o u r  ( 4 )  a p e r t u r e  

openings  (0 .7 ,  0 .5 ,  0 .5 ,  0 .3  mm b )  s e l e c t a b l e  by 



c l i c k - s t o p  o p e r a t i o n .  

The b r i g h t n e s s  of  t h e  f i n a l  image is a d j u s t a b l e  by 

c o n t r o l l i n g  t h e  e x c i t a t i o n  c u r r e n t  of  t h e  second 

condenser  l e n s .  

The magnet ic  s t i g m a t o r  c o n s i s t s  o f  two p a i r s  o f  

r e c t a n g u l a r  c o i l  type  c o r r e c t i n g  e lements  ( ~ i t a c h i  

p a t e n t )  b u i l t  i n  t h e  second condenser  l e n s  p o l e  

p i e c e .  These e lements  produce an asymmetrical  

magnetic  f i e l d .  The asymmetrical  magnet ic  f i e l d  i s  

superimposed on t h e  magnet ic  f i e l d  o f  t h e  second 

condenser  l e n s  t o  c o r r e c t  t h e  as t igmat i sm ( x ,  Y 

sys tem) .  The a s t i g m a t i c  d i f f e r e n c e  produced by t h e  

c o r r e c t i n g  l e n s  i s  p r o p o r t i o n a l  t o  t h e  v e c t o r  sum 

of  t h e  c u r r e n t  f lowing  t o  each c o r r e c t i n g  e lement .  

The e x c i t a t i o n  c u r r e n t  of  t h e  s t i g m a t o r  changes  

t o g e t h e r  w i t h  a c c e l e r a t i o n  v o l t a g e  t o  e l i m i n a t e  

t h e  need f o r  r ead jus tment  w i t h  v o l t a g e  s e l e c t i o n .  

1-3 Magnetic Beam D e f l e c t o r  

The magnetic  beam d e f l e c t o r  c o n s i s t s  o f  a  c o i l  

assembly, an o p e r a t i o n  pane l  and a  power supp ly  u n i t .  

The d e f l e c t i n g  c o i l  assembly is  l o c a t e d  between t h e  

second condenser  l e n s  and specimen chamber. 

( ~ i g .  1-8)  



The beam d e f l e c t o r  i s  used  t o  a l i g n  t h e  whole i l l u m i -  

nat, ion system t,o t,he o b j e c t i v e  l e n s .  I n  t h e  HU-12A, 

it is a l s o  used  t o  a l i g n  t h e  beam s p o t  on t h e  s p e c i -  

men; t o  superimpose t h e  ac  c u r r e n t  f o r  wobbler 

f o c u s i n g ;  and t o  tilt t h e  e l e c t r o n  beam i n  r e l a t i o n  

t,o t h e  specimen f o r  d a r k  f i e l d  o b s e r v a t i o n .  

The c o i l  assembly c o n s i s t s  o f  beam t i l t i n g  and beam 

c e n t e r i n g  c o i l s ,  each having X and Y c o i l s .  

The beam t i l t i n g  c o i l  i s  a  two-stage (upper  and 

lower )  c o i l  a s  i l l u s t r a t e d  i n  Fig. 1-12. 

The beam i s  d e f l e c t e d  from t h e  o p t i c a l  a x i s  by t h e  

upper  c o i l ,  and is r e v e r s e  d e f l e c t e d  t o  m e e t  t h e  

o p t i c a l  a x i s  on t h e  specimen by means of  t h e  lower  

c o i l .  The beam c e n t e r i n g  c o i l  is  b u i l t  i n  t h e  lower  

s t a g e  c o i l  and u s e d  t o  a d j u s t  t h e  b r i g h t n e s s .  

The X and Y c o i l s  a r e  e x c i t e d  independen t ly  t o  

d e f l e c t  t h e  beam i n  any azimuth,  t h e  d e f l e c t i o n  

b e i n g  dependent on t h e  r e s u l t a n t  v e c t o r  of  X and Y 

axes .  The e x c i t a t i o n  c u r r e n t s  a r e  s u p p l i e d  from t h e  

d e f l e c t o r  ( f o r  da rk  f i e l d  o b s e r v a t i o n ) ,  wobbler ,  

and beam c e n t e r i n g  power s u p p l i e s  r e s p e c t i v e 1  y. 

These Dower s u p p l i e s  a r e  independent  and can be 

c o n t r o l l e d  i n d i v i d u a l l y .  The d e f l e c t i o n  power supp ly  



f o r  d a r k  f i e l d  o b s e r v a t i o n  c o n t a i n s  a  s p e c i a l  s t i g -  

mator  power supp ly ,  s o  Lhat  a s t igmat i sm o f  t h e  beam 

s p o t  i s  c o r r e c t e d  even a t  h igh-angle  d e f l e c t i o n .  

T h i s  p e r m i t s  qu ick  s e l e c t i o n  of  da rk  and b r i g h t  

f i e l d  images. 

1 -2  Specimen Chamber 

1 -2 -1  F i r s t  Specimen Chamber 

The f i r s t  specimen chamber is  m a g n e t i c a l l y  s h i e l d e d ,  

and is  l o c a t e d  between t h e  i l l u m i n a t i o n  system 

and o b j e c t i v e  l e n s .  Fig. 1-8 shows a  c r o s s  s e c t i o n  

of  t h e  specimen chamber. The specimen chamber h a s  

a  window i n  f r o n t  and an e v a c u a t i o n  mani fo ld  on t h e  

back. A l i q u i d  n i t r o g e n  c o l d  t r a p  i s  b u i l t  i n  t h e  

e v a c u a t i o n  mani fo ld  t o  c o l l e c t  r e s i d u a l  o r g a n i c  g a s e s  

and keep t h e  chamber i n  c l e a n  vacuum. 

The specimen exchange d e v i c e  ( ~ i g .  1-10) is a t t a c h e d  

a t  t h e  r i g h t  of t h e  specimen chamber. It f u n c t i o n s  

a s  t h e  a i r l o c k  d e v i c e  o f  t h e  specimen chamber. A 

s a f e t y  d e v i c e  is prov ided  s o  t h a t  t h e  exchange 

d e v i c e  cannot  be i n s e r t e d  i n t o  t h e  specimen chamber 

u n t i l  t h e  chamber i s  pre-evacuated  and a t t a i n s  

t h e  r e q u i r e d  vacuum l e v e l .  Check i f  t h e  e v a c u a t i n g  



moni tor  lamp l i g h t s  b e f o r e  i n s e r t i n g  t h e  exchange 

dev ice .  The specimen chamber is pre-evacuat,ed 

by t h e  EVAC-AIR swi tch .  I f  a n o t h e r  s e c t i o n  o f  t h e  

e l e c t r o n  microscope is under  p r e - e v a c ~ a t ~ i o n ,  t h e  

o re -evacua t ion  o f  t h e  specimen chamber is g iven  

precedence  and performed immedia te ly  ( b y  means 

of  t h e  sequence moni to r ing  d e v i c e ) .  The pre-evacua- 

t i o n  system r e t u r n s  t o  t h e  p reced ing  e v a c u a t i o n  

a u t o m a t i c a l l y  a f t e r t h e  specimen chamber is pre- 

evacuated .  The specimen exchange d e v i c e  ( F i g .  1-11) 

accommodates s i x  specimens s i m u l t a n e o u s l y ,  and t h u s  

q e r m i t s  s u c c e s s i v e  o b s e r v a t i o n  o f  s i x  specimens 

w i t h  o n l y  one p re -evacua t ion .  

The specimen s t a g e  c o n s i s t s  o f  a specimen h o l d e r  

and c o n t r o l  mechanism ( F i g .  1-13) .  I n  t h e  H U - 1 2 A ,  

a specimen r o t a t i n g  d e v i c e  is b u i l t  i n t o  t h e  s p e c i -  

men h o l d e r  t o  pe rmi t  r o t a t i o n  o f  t h e  v i s u a l  f i e l d  d u r i n g  

o b s e r v a t i o n .  

The o b j e c t i v e  l e n s  c o i l  is  c o o l e d  by water .  I n  

o r d e r  t o  m a i n t a i n  thermal  b a l a n c e ,  t,he specimen 

s t a g e  is i n  c o n t a c t  o v e r  a l a r g e  a r e a  w i t h  t h e  

up?er p a r t  of  t h e  o b j e d t i v e  l e n s .  A t h i n  phosphor 

bronze  p l a t e  is i n s e r t e d  between them t o  f a c i l i t a t e  



movement of t h e  s t a g e .  Bending of t h i s  phosphor 

bronze p la i , e ,  o r  dust, on it,, w i l l  n o t  o n l y  cause  

movement t o  become l e s s  smooth b u t  w i l l  c ause  

t,he specimen t o  d r i f t .  Maintenance of t h i s  

s e c t i o n ,  t , he re fo re ,  r e q u i r e s  s p e c i a l  c a r e .  The 

specimen s t a g e  c o n t r o l s  a r e  l o c a t e d  on t h e  o p e r a t i o n  

p a n e l .  

The specimen p o s i t i o n  can  b e  r e a d  by t h e  

g r a d u a t e d  s c a l e  on t h e  arm. The l e f t  s i d e  o f  t h e  

specimen chamber is  2 r o v i d e d  w i t h  a  cover  p l a t e  

which is  removed t o  a t t a c h  a specimen t i l t i n g  d e v i c e  

o r  o t h e r  a c c e s s o r i e s .  

1-2-2  Second Specimen Chamber 

The second specimen chamber i s  l o c a t e d  between t h e  

o b j e c t i v e  and t h e  i n t e r m e d i a t e  l e n s  assembly. 

( ~ i g .  1-14) 

Although t h e  range of  m a g n i f i c a t i o n  change can be 

i n c r e a s e d  by adop t ion  of a  f o u r - s t a g e  l e n s  

system, t h i s  u s u a l l y  s a c r i f i c e s  t h e  

r e s o l u t i o n  a t  low m a g n i f i c a t i o n .  It is ex t remely  

d i f f i c u l t  t o  obse rve  a  wide a r e a  o f  a  specimen 

wi thou t  any d i s t o r t i o n .  This  means t h a t  t o  o b t a i n  



a  ve ry  low m a g n i f i c a t i o n  w i t h  a  f o u r - s t a g e  l e n s  

system, a l l  l e n s e s  have t o  be used  i n  weak e x c i t a -  

t i o n ,  which i n c r e a s e s  t h e  a b e r r a t i o n s  o f  t h e  e l e c t r o n  

l e n s .  A t h r e e - s t a g e  l e n s  system is t h u s  adopted  f o r  

t h e  Model H U - 1 2 A  E l e c t r o n  Microscope, and a  second 

specimen chamber i s  prov ided  t o  produce low magnif i -  

c a t i o n  and wide f i e l d  image i n  r e l a t i v e l y  s t r o n g  

e x c i t a t i o n .  The second specimen chamber can be  

p rov ided  w i t h  an a i r l o c k  dev ice ,  and accommodates 

a  six-specimen h o l d e r .  This  specimen h o l d e r  f o r  

ve ry  low m a g n i f i c a t i o n  is a v a i l a b l e  a s  an o p t i o n a l  

accessory .  

It h a s  b u i l t - i n  specimen movement c o n t r o l s  ( X - Y )  and 

p e r m i t s  qu ick  exchange o f  specimens by c l i c k - s t o p s .  

The m a g n i f i c a t i o n  range wi th  t h e  second specimen 

chamber h o l d e r  is from 5 0 X  t o  3,000X. S i n c e  t h e  

v i s u a l  a r e a  on t h e  specimen is  2 mm d ,  even a t  t h e  

lowes t  m a g n i f i c a t i o n ,  t h e  l a r g e  f ' l u o r e s c e n t  s c r e e n  

(190 mm b )  can be  f i l l e d  w i t h  an u n d i s t o r t e d  

magni f i ed  image. Also, a  b u i l t - i n  - +lo0  s t e r e o s c o p i c  

mechanism p e r m i t s  s t e reo-pho tograph ing .  

The second specimen chamber is a l s o  p rov ided  w i t h  a  

f i e l d  l i m i t i n g  a p e r t u r e .  The f i e l d  l i m i t i n g  a p e r t u r e  



has  s i x  h o l e s  which a r e  s e l e c t a b l e  by c l i c k -  

s t o p s .  This  a p e r t u r e  is used  i n  s e l e c t e d  a r e a  

d i f f r a c t i o n  micrography,  o r  a s  a  c o n t r a s t  

a p e r t u r e  i n  o r d i n a r y  o b s e r v a t i o n .  

1-3 Image Formation System 

The H U - 1 2 A  u s e s  a  f o u r - s t a g e  l e n s  system, c o n s i s t i n g  

o f  o b j e c t i v e ,  i n t e r m e d i a t e ,  f i r s t  p r o j e c t o r  and second 

p r o j e c t o r  l e n s e s ,  The o b j e c t i v e  l e n s  i s  u s e d  t o  f o c u s  

t h e  image, whi le  t h e  o t h e r  t h r e e  l e n s e s  a r e  f o r  

m a g n i f i c a t i o n  change. Although numerous combinat ions  

of  t h e  f o u r  l e n s e s  a r e  p o s s i b l e ,  t h e  optimum combina- 

t i o n s  a r e  l i m i t e d  i n  number. 

I n  t h e  H U - 1 2 A ,  t h e  optimum range  i s  d i v i d e d  i n t o  35 

s t e p s .  A l l  l e n s  c o n d i t i o n s  were c a l c u l a t e d  by  computer 

t o  minimize as t igmat i sm,  f i e l d  a b e r r a t i o n s  and chromat ic  

a b e r r a t i o n s .  

Each l e n s  c o n s i s t s  of  i t s  own independent  magnet ic  

c i r c u i t ,  which i s  c o n t a i n e d  i n  a  magnet ic  s h i e l d  

c y l i n d e r  t o  p r e v e n t  mutual  magnet ic  i n t e r f e r e n c e .  The 

magnetic  s h i e l d  a l s o  s e r v e s  a s  a p r o t e c t i o n  a g a i n s t  

e x t e r n a l  s t r a y  f i e l d s .  

I n  e l e c t r o n  microscopes ,  f o c u s  v a r i e s  w i t h  m a g n i f i c a t i o n  



change ,  s o  t h a t  t h e  i n s t r u m e n t  h a s  t o  b e  b r o u g h t  i n t o  

f o c u s  e a c h  t i m e  a f t e r  m a g n i f i c a t i o n  change .  T h i s  is 

very  annoy ing  t o  t h e  o p e r a t o r ,  e s p e c i a l l y  when t h e  

m a g n i f i c a t i o n  change  is l a r g e .  I n  t h e  HU-12A, t h e  

problem h a s  b e e n  r educed  by t h e  u n i q u e  'lZoom s y s t e m " .  

It is a  c e n t r a l i z e d  l e n s  c o n t r o l  s y s t e m  which is  

i n t e r c o n n e c t e d  w i t h  t h e  f o c u s i n g  mechanism. An i n -  

f o c u s  image is t h u s  a s s u r e d  w i t h o u t  r e a d j u s t m e n t  a t  

e a c h  s t e p  of  m a g n i f i c a t i o n  change .  

1-3-1  O b j e c t i v e  Lens (See  F i g .  1 -14)  

The o b j e c t i v e  l e n s  is  t h e  most  i m p o r t a n t  p a r t  o f  

a n  e l e c t r o n  mic roscope .  From a  p r a c t i c a l  p o i n t  o f  

view,  a b e r r a t i o n s  and  a s t i g m a t i s m  which a f f e c t  t h e  

r e s o l u t i o n  o f  t h e  e l e c t r o n  mic roscope  a r e  u n a v o i d a b l e  

p a r a m e t e r s  o f  t h e  o b j e c t i v e  l e n s .  I n  t h e  Model HU- 

12A, a  b l o c k  p o l e  p i e c e  i s  a d o p t e d  f o r  t h e  o b j e c t i v e  

l e n s  and a b e r r a t i o n s  and  a s t i g m a t i s m  

a r e  min imized  t h r o u g h  s t r o n g  l e n s  e x c i t a t i o n .  I n  

a d d i t i o n ,  t h e  magne t i c  c i r c u i t  is machined f o r  

p e r f e c t  a x i a l  symmetry w i t h  l i t t l e  l e a k a g e  f l u x ,  t h u s  

a s s u r i n g  p e r f e c t  a l i g n m e n t  o f  v o l t a g e  a n d  c u r r e n t  

c e n t e r s .  These f e a t u r e s  o f  t h e  HU-12A a r e  n o t  a f f e c t e d  

by s u b s t a n t i a l  changes  of  e x c i t a t i o n  c u r r e n t .  The 

o b j e c t i v e  l e n s  e x c i t a t i o n  c u r r e n t  i s  d i v i d e d  



i n t o  s i x  ( 6 )  r a n g e s .  Due t o  t h e  i n c o r - p o r a t i o n  o f  t h e  

zoom s y s t e m ,  o n l y  f o u r  ( 4 )  of  t h e s e  r a n g e s  a r e  needed  

d u r i n g  normal  o p e r a t i o n .  I n  a c t u a l  o p e r a t i o n ,  o n l y  

f i n e  a d j u s t m e n t  o f  f o c u s  is  r e q u i r e d  a s  c o a r s e  a d j u s t -  

ments  a r e  pe r fo rmed  by t h e  zoom s y s t e m .  Focus ing  i s  

e x t r e m e l y  e a s y  b e c a u s e ,  i n  a d d i t i o n  t o  t h i s  e f f e c t i v e  

s y s t e m ,  t h e  d i f f e r e n c e  i n  f o c u s  is emphas ized  by t h e  

image wobbler .  The image wobbler  of  t h e  HU-12A is 

a d j u s t a b l e  i n  magni tude ,  and is v e r y  u s e f u l  even  a t  

h i g h  m a g n i f i c a t i o n .  The i n t r i n s i c  a s t i g m a t i s m  o f  t h e  

o b j e c t i v e  l e n s  is below 0 . 7  p. To c o r r e c t  t h i s  

a s t i g m a t i s m ,  a s  w e l l  a s  a s t i g m a t i s m  due  t o  contami-  

n a t i o n  o f  t h e  l e n s  and a p e r t u r e ,  a  s t i g m a t o r  i s  b u i l t  

i n t o  t h e  o b j e c t i v e  l e n s .  

The o b j e c t i v e  l e n s  s t i g m a t o r  c o n s i s t s  o f  two p a i r s  of 

r e c t a n g u l a r  c o i l s  ( ~ i t a c h i  p a t e n t ) .  These c o i l s  

p roduce  a symmet r i ca l  m a g n e t i c  f i e l d s ,  which a r e  

supe r imposed  o v e r  t h e  m a g n e t i c  f i e l d  of  t h e  o b j e c t i v e  

l e n s  t o  compensa te  t h e  a s t i g m a t i s m  (X, Y s y s t e m ) .  

The a s t i g m a t i s m  c o r r e c t i o n  is  done by t h e  O B J ,  STIGM-X, Y 

c o n t r o l  knob on t h e  l e f t  s u b p a n e l .  S i n c e  a n  e l e c t r i c a l  

c e n t e r i n g  d e v i c e  is  b u i l t  i n t o  t h e  o b j e c t i v e  s t i g m a t o r ,  



t h e r e  is a l m o s t  no image s h i f t  d u r i n g  a s t i g m a t i s m  

c o r r e c t i o n .  The o b j e c t i v e  l e n s  is  p r o v i d e d  w i t h  a  

movable a p e r t u r e  which h a s  f o u r  h o l e s  o f  20, 30, 

50 and  70 p i n  d i a m e t e r .  

( ~ i g .  1-15)  

These  a p e r t u r e s  a r e  e a s i l y  and  f r e e l y  s e l e c t a b l e  by 

c l i c k - s t o p s .  The a p e r t u r e  p l a t e  is  t h i n  molybdenum 

and  h a s  a n  e x t r e m e l y  low c o n t a m i n a t i o n  r a t e .  

The s e c o n d  spec imen chamber is  p r o v i d e d  w i t h  a  f i e l d  

l i m i t i n g  a p e r t u r e  ( ~ i g .  1 -16)  of  c l i c k - s t o p  t y p e .  It 

is u s e d  f o r  f i e l d  l i m i t i n g  i n  s e l e c t e d  a r e a  e l e c t r o n  

d i f f r a c t i o n .  The s i x  a p e r t u r e s  of  0 . 0 5 ,  0 . 1 ,  0 . 2 ,  

0 . 5 ,  1 and  2  mrn i n  d i a m e t e r  c a n  b e  s e l e c t e d  a c c o r d i n g  

t o  spec imen s i z e s  and  m a g n i f i c a t i o n .  The f i e l d  l i m i t -  

i n g  a p e r t u r e  c a n  b e  u s e d  t o  e l i m i n a t e  t h e  s c a t t e r e d  

e l e c t r o n  beam f o r  c o n t r a s t  enhancement.  When t h e  

f i e l d  l i m i t i n g  a p e r t u r e  i s  u s e d  a s  a  c o n t r a s t  a p e r t u r e ,  

t h e  s m a l l e s t  o p e n i n g  t h a t  w i l l  n o t  l i m i t  t h e  f i n a l  

image on t h e  s c r e e n  i s  u s e d  ( t h i s  a p e r t u r e  s i z e  

v a r i e s  w i t h  m a g n i f i c a t i o n ) .  

A l i q u i d  n i t r o g e n  t r a p  and  w a t e r  c o o l i n g  b a f f l e  f o r  

t h e  o i l  d i f f u s i o n  pump a r e  p r o v i d e d  i n  t h e  vacuum 

s y s t e m  t o  r e d u c e  back - s t r eaming  o f  o i l  v a p o r .  Al though 



most contaminants  a r e  e l i m i n a t e d  by t h e s e  t r a p s ,  a  

c o l d  f i n g e r  ( ~ i g .  1-17) i s  a l s o  p rov ided  t o  f u r t h e r  

reduce  contaminat ion  and t h i s  i s  u s e d  f o r  specimens 

which a r e  h i g h l y  s u s c e p t i b l e  t o  con tamina t ion .  

The c o l d  f i n g e r  is i n s e r t e d  i n  t h e  o b j e c t i v e  l e n s  

assembly and p l a c e d  n e a r  t h e  specimen. When coo led  

by l i q u i d  n i t r o g e n ,  t h e  t i p  o f  t h e  c o l d  f i n g e r  i s  k e p t  

below - 1 7 0 ~  C.  

This  is  c o l d  enough t o  p r e v e n t  con tamina t ion  complete- 

l y .  The c o l d  f i n g e r  can  be  used  f o r  more t h a n  t h r e e  

hours  w i t h  one f i l l i n g  of l i q u i d  n i t r o g e n .  

1-3-2  I n t e r m e d i a t e  Lens ( s e e  Fig.  1-18) 

The i n t e r m e d i a t e  l e n s  p r o j e c t s  a  magni f i ed  image 

produced by t h e  o b j e c t i v e  l e n s  o n t o  t h e  o b j e c t i v e  

p l a n e  of  t h e  p r o j e c t o r  l e n s .  The m a g n i f i c a t i o n  of  t h e  

i n t e r m e d i a t e  l e n s  is changed by  v a r y i n g  t h e  e x c i t a t i o n  

c u r r e n t .  The i n t e r m e d i a t e  l e n s  is u s e d  f o r  camera 

l e n g t h  c o n t r o l  i n  s e l e c t e d  a r e a  d i f f r a c t i o n .  

A s  mentioned p r e v i o u s 1  (see 1-2-21, t h e  i n t e r m e d i a t e  

l e n s  is a l s o  used  a s  t h e  o b j e c t i v e  l e n s  i n  l o w -  

magnification/wide-field o b s e r v a t i o n .  The i n t e r m e d i a t e  

l e n s  i t s e l f  forms an independent  magnetic  c i r c u i t ,  



which is b u i l t  i n t o  a  magnetic  s h i e l d  c y l i n d e r  f o r  

o r o t e c t i o n  a g a i n s t  magnetic  i n t e r f e r e n c e .  Also, it 

can be a l i g n e d  w i t h  t h e  o b j e c t i v e  l e n s  ( a l t h o u g h  t h i s  

a l ignment  is normal ly  n o t  performed by t h e  cus tomer ) .  

1-2-3 F i r s t  P r o j e c t o r  Lens ( s e e  Fig. 1-18] 

I n  a d d i t i o n  t o  m a g n i f i c a t i o n  change, t h e  f i r s t  

p r o j e c t o r  l e n s  is used f o r  camera l e n g t h  c o n t r o l  i n  

s e l e c t e d  a r e a  d i f f r a c t i o n .  A s  mentioned i n  S e c t i o n  

1 - 2 - 2 ,  it i s  a l s o  used  a s  t h e  i n t e r m e d i a t e  l e n s  f o r  

m a g n i f i c a t i o n  change i n  low-magnification/wide-field 

o b s e r v a t i o n .  Like o t h e r  l e n s e s ,  t h e  f i r s t  p r o j e c t i o n  

l e n s  forms an independent  magnet ic  c i r c u i t  b u i l t  

i n t o  a  magnet ic  s h i e l d  c y l i n d e r  and is f r e e  from 

magnet ic  i n t e r f e r e n c e .  These is a  p r o v i s i o n  f o r  

a l i g n i n g  t h e  f i r s t  p r o j e c t o r  l e n s  w i t h  t h e  o b j e c t i v e  

l e n s  ( a s  w i t h  t h e  i n t e r m e d i a t e  l e n s ,  t h i s  a l i m e n t  

i s  performed ve ry  i n f r e q u e n t l y ) .  

1-3-4 F i r s t  D i f f r a c t i o n  Specimen Chamber ( ~ i g .  1-18) 

The f i r s t  d i f f r a c t i o n  specimen chamber is p l a c e d  

between t h e  f i r s t  and second p r o j e c t o r  l e n s e s .  

The specimen chamber is prov ided  w i t h  a  window i n  

f r o n t  and an a u t o  s h u t t e r  ( s l i d e  system d r i v e n  by 



a i r  p r e s s u r e )  a t  t h e  back. The l e f t  and r i g h t  s i d e s  

of  t h e  chamber a r e  p rov ided  w i t h  p o r t s  which a r e  used  

f o r  a t tachment  of v a r i o u s  e l e c t r o n  d i f f r a c t i o n  

specimen h o l d e r s  o r  a i r l o c k  d e v i c e s  ( o p t i o n a l  

a c c e s s o r i e s ) .  

This  d i f f r a c t i o n  specimen chamber p e r m i t s  h igh  

r e s o l u t i o n  d i f f r a c t i o n  and r e f l e c t i o n  d i f f r a c t i o n  

work ( h e a t i n g  and c o o l i n g  i s  p o s s i b l e )  by u t i l i z i n g  

t h e  microbeam s p o t  produced by t h e  l e n s  system above 

t h e  f i r s t  p r o j e c t o r  l e n s .  

The f i x e d  camera l e n g t h  is 505 mm, w i t h  t h e  r e s o l u t i o n  
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index 1 x  1 0  . These f e a t u r e s  a r e  q u i t e  comparable 

w i t h  t h o s e  of  s p e c i a l i z e d  i n s t r u m e n t s  f o r  d i f f r a c t i o n  

work. Moreover, camera l e n g t h  can b e  ex tended  t o  

2 m (maximum) i f  t h e  second p r o j e c t o r  l e n s  is l o c a t e d  

j u s t  below t h e  f i r s t  d i f f r a c t i o n  specimen chamber. 

This  i s  e s p e c i a l l y  u s e f u l  i n  h i g h  d i s p e r s i o n  e l e c t r o n  

d i f f r a c t i o n  o r  i n  e l e c t r o n  d i f f r a c t i o n  o f  polymers 

t h a t  have wide l a t t i c e  s p a c i n g s .  

Second P r o j e c t o r  Lens (See Fig. 1-19) 

The second p r o j e c t o r  l e n s  is  t h e  f i n a l  l e n s  i n  t h e  

microscope.  It is used  f o r  e l e c t r o n  d i f f r a c t i o n  w i t h  



t h e  second specimen chamber and f o r  camera l e n g t h  

c o n t r o l  i n  h igh  d i s p e r s i o n  e l e c t r o n  d i f f r a c t i o n .  

The second p r o j e c t o r  l e n s  i s  an independent magnetic 

c i r c u i t  b u i l t  i n t o  a  magnetic s h i e l d  cy l inde r .  Like 

o t h e r  magnetic c i r c u i t s ,  it is completely f r e e  of  

magnetic i n t e r f e r e n c e .  This l e n s  a l s o  pe rmi t s  

alignment of  t h e  o b j e c t i v e  l e n s .  ( A s  i n  t h e  case  of 

t h e  i n t e rmed ia t e  l e n s ,  alignment is  seldom necessary .  ) 

1-3-6 Second D i f f r a c t i o n  Specimen Chamber 

The second d i f f r a c t i o n  specimen chamber is  l o c a t e d  

between t h e  second p r o j e c t o r  l e n s  and t h e  viewing chamber 

( ~ i g .  1-19). The chamber is provided wi th  a  f r o n t  

window. A covered p o r t  i s  provided a t  both  t h e  r i g h t  

and l e f t .  Various specimen h o l d e r s  f o r  e l e c t r o n  

d i f f r a c t i o n  work can be used i f  t h e  p o r t  cover is 

taken o f f .  

The second d i f f r a c t i o n  specimen chamber enab le s  h igh  

r e s o l u t i o n  and r e f l e c t e d  e l e c t r o n  d i f f r a c t i o n  (hea t -  

i n g  and coo l ing  p o s s i b l e ) .  The f i x e d  camera l e n g t h  
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is 395 rnrn and t h e  r e s o l u t i o n  index 1 x  10  , which 

ma? be compared q u i t e  f avo rab ly  wi th  t hose  of  s p e c i a l  

ins t ruments  f o r  d i f f r a c t i o n  work. 



1-4  Obse rv ing  System 

1 - 4  - 1  Viewing Chamber 

F i g .  1-20 shows a  s e c t i o n  of  t h e  v i ewing  chamber.  

The v i ewing  chamber h a s  t h r e e  l a r g e  windows on  t h r e e  

s i d e s  f o r  s i m u l t a n e o u s  o b s e r v a t i o n  by s e v e r a l  p e r s o n s  

(panoramic  v i e w i n g  s y s t e m ) .  

The m a g n i f i c a t i o n  of  t h e  b i n o c u l a r  v i ewer  f o r  f o c u s i n g  

is 7 X ,  and  i t s  v i s u a l  f i e l d  i s  30 mm b .  The o u t e r  

main f l u o r e s c e n t  s c r e e n  i s  190 mm i n  d i a m e t e r  and 

accommodates a n  i n n e r  main s c r e e n  (120 mrn # )  i n  t h e  

c e n t e r .  The i n n e r  main s c r e e n  s e r v e s  a s  t h e  s h u t t e r ,  

a s  w e l l  a s  a  v i ewing  s c r e e n .  The f l u o r e s c e n t  s c r e e n  

f o r  f o c u s i n g  i s  40 mm i n  d i a m e t e r  and  c a n  o p t i o n a l l y  

b e  moved i n s i d e  o r  o u t s i d e  t h e  e l e c t r o n  beam p a t h  

by t h e  l e f t - s i d e  l e v e r .  

It i s  a lways  p o s i t i o n e d  a t  a  r i g h t  a n g l e  t o  t h e  b i n o c u -  

l a r  v i e w e r  i n  t h e  e l e c t r o n  beam p a t h .  T h i s  f l u o r e s c e n t  

s c r e e n  a l s o  s e r v e s  a s  t h e  beam d e t e c t o r  o f  t h e  

e x p o s u r e  m e t e r .  The f l u o r e s c e n t  s c r e e n  f o r  a x i a l  

a l i g n m e n t  is 4 0  mm i n  d i a m e t e r  and  p r o t e c t s  t h e  main 

s c r e e n  from damage by s t r o n g  beam i r r a d i a t i o n  

d u r i n g  a x i a l  a l i g n m e n t .  T h i s  s c r e e n  is u s u a l l y  n o t  

on t h e  e l e c t r o n  beam p a t h  b u t  e a s i l y  s e t  t o  t h e  beam 



p a t h  by t h e  knob on t h e  l e f t  uppera p a r t  o f  t h e  

v iewing  chamber when a x i a l  a l i g n m e n t  is  done .  

Remarks: Never f a i l  t o  t a k e  t h e  f l u o r e s c e n t  s c r e e n  

f o r  a x i a l  a l i g n m e n t  o u t  o f  t h e  e l e c t r o n  

beam p a t h  a f t e r  c o m p l e t i o n  o f  a x i a l  

a l i g n m e n t ,  o t h e r w i s e  t h e  main f l u o r e s c e n t  

s c r e e n  may b e  damaged. 

A s  t h e  e x p o s u r e  m e t e r  d e t e c t o r ,  t h e  f o c u s i n g  f l u o r e s -  

c e n t  s c r e e n  is  u s e d  s o  t h a t  t h e  e l e c t r o n  beam . 
i r r a d i a t i n g  t h e  f l u o r e s c e n t  s c r e e n  is i n d i c a t e d  on 

t h e  e x p o s u r e  m e t e r  i n  c o m b i n a t i o n  w i t h  t h e  e x p o s u r e  

meter t imer* .  

(Cou lome t r i c  i n d i c a t i o n :  E l e c t r o n  beam i n t e n s i t y  x 

t i m e r  s e t t i n g .  ) 

When t h e  f o c u s i n g  f l u o r e s c e n t  s c r e e n  is  p o s i t i o n e d  

on t h e  e l e c t r o n  beam p a t h  (when t h e  s h u t t e r  is c l o s e d ) ,  

t h e  beam i n t e n s i t y  is i n d i c a t e d  by t h e  m e t e r .  When 

t h e  s h u t t e r  l e v e r  is opened,  t h e  s h u t t e r  t i m e r  o p e r a t e s .  

The a u t o  s h u t t e r  is l i n k e d  w i t h  t h e  s h u t t e r  l e v e r  and 

s h u t s  o f f  t h e  e l e c t r o n  beam a s  t h e  l e v e r  is  t i l t e d  

and  e x p o s e s  t h e  f i l m  when t h e  s h u t t e r  l e v e r  is l i f t e d  

f u l l y .  The e x p o s u r e  t i m e  of  t h e  a u t o  s h u t t e r  is 

s e l e c t a b l e  i n  7 s t e p s ;  0 . 5 ,  1, 2, 4 ,  8, 16 ,  and  3 2  



s e c o n d s .  The timers is  s e t  t o  an  a p p r o p r i a t e  v a l u e  

s o  a s  t o  shuk  o f f  t h e  e l e c t r o n  beam a u t o m a t i c a l l y  

f o r '  optimum exposu1.e. 

A f t e r  t h e  exposed  f i l m  i s  marked w i t h  p h o t o g r a p h i c  

d a t a ,  it is a u t o m a t i c a l l y  advanced .  

1 - 4 - 2  Camera Chamber, 

F i g .  1-22 shows a n  o u t e r  v iew of  t h e  camera chamber .  

It c o n s i s t s  o f  t h e  a i r l o c k  d e v i c e  ( d r i v e n  by  pneumat ic  

p r e s s u r e )  f o r  vacuum i s o l a t i o n  w i t h  t h e  column, f i l m  

f e e d  mechanism ( m o t o r - d r i v e n )  , f i l m  mark ing  d e v i c e ,  

e x p o s u r e  s i z e  s e l e c t o r ,  and  f i l m  exchange  d e v i c e .  

The f i l m  i s  f e d  from t h e  p l a t e  c a s s e t t e  t o  t h e  

e x p o s u r e  p o s i t i o n  by p u s h - b u t t o n  o p e r a t i o n ,  and  a  new 

f i l m  i s  f e d  a f t e r  p h o t o g r a p h i n g  by  t h e  au toma ted  

mechanism l i n k e d  w i t h  s h u t t e r .  The e n t i r e  s e q u e n c e  

i n c l u d i n g  e x p o s u r e ,  f i l m  mark ing ,  and  f e e d i n g  i s  

a u t o m a t i c  and t h e  p o s s i b i l i t y  o f  d o u b l e  e x p o s u r e  

is  e l i m i n a t e d .  

The e x p o s u r e  s i z e s  a r e  7 5  mrn x  90 mm ( f u l l  s i z e )  and  

50 mm x  70 mm ( h a l f  s i z e ) .  E i t h e r  i s  s e l e c t a b l e  

s i m p l y  by a i r  l e a k  o f  t h e  camera chamber. S e t  t h e  

FULL-HALF s e l e c t o r  s w i t c h  on t h e  l e f t  s i d e  of t h e  camera 



chamber f r o n t  t o  t h e  d e s i r e d  s i z e .  When t h e  f u l l  

s i z e  i s  s e l e c t e d ,  push t h e  mask s e l e c t o r  knob i n  t h e  

camera chamber u n t i l  it, r e a c h e s  t h e  s t o p p e r .  When 

t,he h a l f  s i z e  is s e l e c t e d ,  p u l l  t h e  mask s e l e c t o r  

knob toward you u n t i l  t h e  s t o p p e r  o p e r a t e s .  

Remarks: Never f a i l  t o  change t h e  mask by manipula t -  

i n g  t h e  mask s e l e c t o r  knob when t h e  FULL- 

HALF s e l e c t o r  s w i t c h  i s  changed over .  

The exposed f i l m  i s  marked w i t h  f i l m  number, a c c e l e r a t -  

i n g  v o l t a g e ,  l e n s  c o n d i t i o n s  and m a g n i f i c a t i o n .  

The evacua t ion  o f  t h e  camera chamber .... a i r l o c k ,  

a i r  i n t r o d u c t i o n ,  pre-evacuat ion ,  column e v a c u a t i o n . .  . . . 
is c o n t r o l l e d  s imply  by one c o n t r o l  knob. The 

e v a c u a t i n g  system is f u l l y  au tomat ic  and c o n t r o l l e d  

by t h e  vacuum l e v e l ,  s o  is  p r o t e c t e d  from misopera t ion .  

1-5 Console 

1 - 5 - 1  Console 

The conso le  o f  t h e  H U - 1 2 A  is  composed o f  t h r e e  s e c t i o n s :  

one f o r  s u p p o r t i n g  t h e  column and t h e  o t h e r  two f o r  

s u p p o r t i n g  t h e  t a b l e  and o p e r a t i o n  p a n e l s  o f  t h e  

e l e c t r i c  system. Thus, t h e  o p e r a t i o n  p a n e l s  and 

t a b l e  a r e  comple te ly  s e p a r a t e d  from t h e  column s o  



t h a t  no v i b r a t i o n  is  t r a n s m i t t e d  t o  t h e  column. 

1 -5 -2  Table and Opera t ion  Pane l s  

The t a b l e  and o p e r a t i o n  p a n e l s  c o n s i s t i n g  o f  t h e  main 

o p e r a t i o n  and i n d i c a t o r  p a n e l s  a r e  s e p a r a t e d  from 

t h e  column. 

The knobs r e 1  a t i n g  t o  adjus tment  and s p e c i a l  opera- 

t i o n  a r e  c o n v e n i e n t l y  p l a c e d  on t h e  subpane l s ,  l e n s  

u n i t ,  and BD u n i t  w i t h i n  e a s y  r e a c h  o f  t h e  o p e r a t o r .  

Fig. 1-22 shows t h e s e  o p e r a t i o n  knobs. 

L e f t  i n d i c a t o r  pane l  ( L I P )  

Beam c u r r e n t  meter  (BEAM CURRENT) 

Film c o u n t e r s  (UNEXPOSED FILM, 
FILM NO.) 

Film p o s i t i o n  p i l o t  lamps (STAND 
BY,  EXPOSE) 

HV p i l o t  lamp (HV)  

Lens c o n d i t i o n  p i l o t  lamp (MODE) 

Magni f i ca t ion  i n d i c a t o r  (MAGNIFICA- 
T I O N  ) 

L e f t  main pane l  (LMP) 

Fi lament  c u r r e n t  c o n t r o l  ( FILAMENT) 

B i a s  v o l t a g e  a d j u s t i n g  knob (BIAS) 

HV r e s e t  s w i t c h  ( H V  RESET) 



Voltage module s w i t c h  ( H V  MODUL) 

HV s e l e c t o r  s w i t c h  ( H V )  

Camera l e n g t h  s e l e c t o r  (CAMERA 
LENGTH) 

Magni f i ca t ion  c o n t r o l  (MAGNIFICATION) 

B r i g h t n e s s  c o n t r o l  ( C - 2 )  (BRIGHTNESS) 

Mode s e l e c t o r  s w i t c h e s  (DIFF. SA. 
SCAN. ZOOM) 

Focus a d j u s t i n g  knob f o r  s e l e c t e d  
a r e a  d i f f r a c t i o n  and v e r y  low magni- 
f i c a t i o n  (S.ELECTED AREA) 

Lens c o n d i t i o n  s e l e c t o r  s w i t c h e s  
( R E S O L .  CONTR. STD. A C C )  

Wobbler s w i t c h  and ampl i tude  a d j u s t -  
i n g  knobs (WOBBLER) 

L e f t  subpanel  (LSP)  

Gun tilt c o n t r o l  (GUN TILT) 

Gun h o r i z .  c o n t r o l  (GUN H O R I Z )  

Spot  s i z e  s e l e c t o r  knob (SPOT SIZE) 

Cur ren t  c e n t e r  a l ignment  knob 
( O B J .  MODUL)  

O b j e c t i v e  s t i g m a t o r  ( O B J .  STIGM) 

Right  i n d i c a t o r  pane l  (RIP) 

Exposure mete r  t i m e r  a d j u s t  knob 
(EXPOSE. TIME) 

Exposure ~ i l o t  lamp (EXPOSING) 



V a c u u m  gauge se lec to r  knob 
(EXPOS.  COL.  COL R. P) 

E x ~ o s u r e  and v a c u u m  m e t e r  
( E X P O S U R E  & VACUUM) 

V a c u u m  s y s t e m  o p e r a t i o n  p i l o t  l a m p  
( L I N E ,  WARM U P ,  LOW, H I G H )  

V a c u u m  sequence p i l o t  l a m p  
(VACUUM SEQUENCE)  

F i l m  feed O N j O F F  s w i t c h  ( F E E D  S T O P )  

R i g h t  m a i n  p a n e l  ( R M P )  

F i l m  feed s w i t c h  (FILM F E E D )  

Focusing c o n t r o l  (OBJ-FINE. M E D I U M .  
COARSE) 

B r i g h t n e s s  c e n t e r i n g  knob 
(BRIGHTNESS CENTERING)  

S p e c i m e n  c h a m b e r  va lve  s w i t c h  
(SPECIMEN CHAMBER) 

L i g h t i n g  s w i t c h e s  ( PANEL,  ROOM) 
( l i g h t i n g )  

R i g h t  subpanel  (RSP)  

C o n d e n s e r  s t i g m a t o r  ( C O N D .  STIGM) 

B e a m  t i l t  c o n t r o l  (BEAM T I L T )  

C o n d e n s e r  s t i g m a t o r  f o r  dark f i e l d  
o b s e r v a t i o n  ( c O N D .  S T I G M )  

B r i g h t / d a r k  f i e l d  s e l ec to r  s w i t c h  
(BRIGHT DARK) 

B e a m  tilt c o n t r o l  f o r  dark f i e l d  
observa t ion  (BEAM T I L T )  



B r i g h t n e s s  c e n t e r i n g  c o n t r o l  f o r  d a r k - f i e l d  
(BRIGHTNESS)  ( 5 4 )  

Vacuum system main s w i t c h  (MAIN SW- 
E V A C )  

S t a b i l i z e r  power s w i t c h  (MAIN SW-COL) 

Column e v a c u a t i n g  system s w i t c h  
( COLUMN EVAC-EVAC. CLOSE. A I R )  

Lens u n i t  ( l e f t  c o n s o l e )  

Lens c u r r e n t  s e l e c t o r  s w i t c h  ( S T D .  ACC) 

Lens c u r r e n t  s w i t c h e s  ( ~ 1 ,  C 2 ,  O B J ,  
I N T .  P1, P2) 

Mode s e l e c t o r  s w i t c h  ( F R E E ,  NORMAL) 

O b j e c t i v e  l e n s  f u n c t i o n  s e l e c t o r  
s w i t c h  (OBJ) 

Condenser l e n s  c u r r e n t  c o n t r o l  

Objec t ive  l e n s  c u r r e n t  c o n t r o l  

I n t e r m e d i a t e  l e n s  c u r r e n t  c o n t r o l  

F i r s t  p r o j e c t o r  l e n s  c u r r e n t  c o n t r o l  

Second p r o j e c t o r  l e n s  c u r r e n t  c o n t r o l  

Magnetic beam d e f l e c t o r  ( B D )  u n i t  
( r i g h t  c o n s o l e )  

Scan p o s i t i o n i n g  knob 



11. CONSTRUCTION OF VACUUM SYSTEM 



11. CONSTRUCTION OF VACUUM SYSTEM 

The most impor tan t  requi rement  i n  d e s i g n i n g  a  vacuum system 

f o r  an e l e c t r o n  microscope i s  t h a t  a  "c lean  vacuum" c o n t a i n -  

i n g  few hydrocarbon molecules  be  o b t a i n e d .  Th i s  a l l o w s  t h e  

format ion  of  c l e a r  h i g h - q u a l i t y  images of specimens.  I n  

a d d i t i o n ,  t h e  vacuum system must be s imple  t o  o p e r a t e  and 

n o t  t o o  s u s c e p t i b l e  t o  m i s o p e r a t i o n  o r  damage i n  t h e  e v e n t  of  

power o r  wa te r  supp ly  f a i l u r e .  The o p e r a t i o n  o f  t h e  vacuum 

system i n  t h e  Model H U - 1 2 A  is  f u l l y  au tomat ic  wi th  numerous 

s a f e t y  d e v i c e s ,  and s p e c i a l  e f f o r t  h a s  been made t o  improve 

t h e  u l t i m a t e  vacuum and t o  i n c r e a s e  t h e  pumping speed.  

F igs .  2 -1  and 2-2 show t h e  c o n s t r u c t i o n  o f  t h e  vacuum sys tem,  

which is composed mainly  o f  t h e  pump u n i t ,  o p e r a t i o n  p a n e l s ,  

e v a c u a t i n g  system sequence c i r c u i t ,  and vacuum gauges.  

11-1 Pump U.nit 

F igs .  2 - 3  and 2-4 show t h e  pump u n i t .  

The vacuum system o f  t h e  HU-12A c o n s i s t s  o f  main 

evacua t ion  and pre-evacuat ion  sys tems.  The main evacua- 

t i o n  system c o n t a i n s  a  4 "  o i l  d i f f u s i o n  pump ( D P ) ,  
4' 

b u f f e r  t a n k  ( B T ) ,  and 100 -t/rnin o i l  r o t a r y  pump (RP-6).  

The pre-evacuat ion  system is  a  100 ~ / m i n .  o i l  r o t a r y  



2" 
pump (RP- ) ) ,  which p re -evacua tes  t h e  gun hous ing ,  

specimen chamber, camera chamber, and p l a t e  r e s e r v o i r  

( P R ) .  The DF- of  t h e  main e v a c u a t i o n  system is  t o  J 
obt,ain a  h igh  vacuum. Above t h e  DP-,k is 

a  wa te r  c o o l i n g  b a f f l e  which p r e v e n t s  any back- 

/* 
st,reaming o f  o i l  vapor from t h e  DP-2. Also, a  c o l d  

C 

t,rap ( ~ i t a c h i  p a t e n t )  i s  i n s t a l l e d  a t  t h e  j u n c t i o n  of  

t h e  main e v a c u a t i o n  p i p e  and t h e  specimen chamber 

e v a c u a t i o n  p i p e ,  t o  p r e v e n t  con tamina t ion  o f  t h e  

specimen and gun e l e c t r o d e s .  

Pneumatic v a l v e s  (MV-2 - M N - 7 ,  AV-1 - AV-3, GV, CV) 

a r e  used  i n  t h e  vacuum system and e l e c t r o m a g n e t i c  

v a l v e s  a r e  used  a s  a i r  i n l e t  v a l v e s  MVL-1 - MVL-7. 

These v a l v e s  a r e  des igned  t o  c l o s e  when t h e  power supply  

i s  t u r n e d  o f f .  Should t h e  power s u p p l y  f a i l ,  t h e r e f o r e ,  

a l l  t h e  v a l v e s  a r e  c l o s e d  a u t o m a t i c a l l y  t o  s a f e g u a r d  

t h e  i n s t r u m e n t .  The main e v a c u a t i n g  p i p e  is  made oT 

3"  s t a i n l e s s  s t e e l ,  and des igned  t o  e v a c u a t e  t h e  gun 

housing,  specimen chamber, image formatioi l  system, and 

v iewing chamber e f f i c i e n t l y  wi thou t  i m p a i r i n g  t h e  

pumping speed  of  D P  (400 Q / s ~ c . )  

The P i r a n i  gauges a r e  a t t a c h e d  t o  t h e  main e v a c u a t i n g  
3 )  1' 'E, - . - and p re -evacua t ing  p i p e s ,  and a  Penning gauge is 



i n s t a l l e d  o n t o  t h e  main e v a c u a t i n g  p i p e .  A t h e r m o s t a t  

s w i t c h  (T . s )  is  mounted o n t o  t h e  h e a t e r  o f  DP t o  check  

t h e  o p e r a t i n g  r a n g e  of DP. 

1 1 - 2  EVAC. SEQUENCE 

The e v a c u a t i o n  s e c t i o n  of  t h e  e l e c t r o n  mic roscope  i s  

d i v i d e d  i n t o  gun h o u s i n g ,  l e n s  s y s t e m  ( i n c l u d i n g  t h e  

v i ewing  chamber) ,  spec imen chamber,  camera chamber ,  

and  p l a t e  r e s e r v o i r .  Each of  t h e s e  sub - sys t ems  

r e q u i r e s  p r e -  and main e v a c u a t i o n .  The EVAC.  SEQUENCE 

c i r c u i t  is d e s i g n e d  t o  pe r fo rm t h e  complex e v a c u a t i n g  

o p e r a t i o n  e f f i c i e n t l y  and  a u t o m a t i c a l l y .  

I n  a d d i t i o n ,  t h i s  c i r c u i t  c o n t a i n s  a  s a f e t y  c i r c u i t  

f o r  t h e  a c c e l e r a t i n g  v o l t a g e .  A manual c o n t r o l  c i r c u i t  

a l l o w s  o p e r a t i o n  of  t h e  vacuum s y s t e m  i n  t h e  e v e n t  t h a t  t h e  

a u t o m a t i c  e v a c u a t i o n  c o n t r o l  c i r c u i t  f a i l s , .  The manual 
C"lr -- -- 

s y s t e m  f a c i l i t a t e s  t r o u b l e s h o o t i n g  of  t h e  SEQUENCE 

c i r c u i t .  F i g .  2-5 shows t h e  EVAC.  SEQUENCE b o a r d  

which i s  l o c a t e d  i n  t h e  r i g h t  c o n s o l e .  The b o a r d  

c o n t a i n s  a  r e l a y  and  a  t i m e r  c i r c u i t .  S w i t c h e s  a r e  

p r o v i d e d  f o r  manual c o n t r o l  o f  t h e  vacuum s y s t e m ,  

and  a  d i s p l a y  p a n e l  i n d i c a t e s  t h e  o p e r a t i n g  mode 

of  a l l  vacuum s y s t e m  components .  



F i g .  2-6 shows t h e  sequence f low c h a r t  and Fig. 2-7 t h e  

c i r c u i t  diagram. 

11-3 S a f e t y  Devices 

11-3-1 Water F a i l u r e  

In t h e  even t  t h a t  t h e  c o o l i n g  wa te r  f o r  DP is, s h u t  
_._ --.. * -- 

down, t h e  wa te r  p r e s s u r e  s w i t c h  is a c t u a t e d .  Th i s  

t u r n s  t h e  v a l v e  o p e r a t i o n  c i r c u i t  o f  SEQUENCE o f f ,  
.------- 

and t u r n s  on an alarm. 

11-3-2 Power F a i l u r e  

The v a l v e s  used  i n  t h e  vacuum system a r e  a l l  

pneumat ica l ly  o p e r a t e d  and have a  v e r y  r a p i d  response ,  

and a r e  des igned  t o  c l o s e  on f a i l u r e  o f  t h e  power 

supply .  Dur ing power i n t e r r u p t i o n ,  t h e  8- 1 b u f f e r  

t a n k  p r e v e n t s  back-s t reaming of o i l  vapor .  When t h e  

power supp ly  i s  r e s t o r e d ,  t h e  p r e s s u r e  o f  t h e  compres- 

s o r ,  vacuum l e v e l s  i n  v a r i o u s  p a r t s  of  t h e  i n s t r u m e n t ,  

t empera tu re  of  DP h e a t e r ,  e t c . ,  a r e  d e t e c t e d ,  and 

t h e  v a l v e s  a r e  o ~ e n e d  o r  c l o s e d  a c c o r d i n g  t o  t h e  

a p ~ r o p r i a t e  sequence.  This  c o n t r o l  system is a l s o  

i n  o p e r a t i o n  d u r i n g  s t a r t u p  o f  t h e  i n s t r u m e n t .  



11-3-3 Vacuum F a i l u r e  

An i n c r e a s e  of  p r e s s u r e  d u r i n g  o p e r a t i o n  due t o  some 

f a i l u r e  o r  misopera t ion  is  d e t e c t e d  by t h e  Penning 
- 

and P i r a n i  gauges.  The s a f e t y  c i r c u i t  t h e n  o p e r a t e s  

s o  t h a t  t h e  a c c e l e r a t i n g  v o l t a g e  is t u r n e d  o f f  and 

t h e  main v a l v e  is c l o s e d  t o  p r e v e n t  d e t e r i o r a t i o n  

and back-s t reaming of  DP o i l .  I f  an a i r  l e a k  o c c u r s  

i n  t h e  mani fo lds ,  vacuum chambers, o r  vacuum s e a l s  

d u r i n g  pre-evacuat ion ,  t h e  sequence w i l l  n o t  p roceed  

Lo t h e  n e x t  s t e p .  The f a i l u r e  is moni tored  by 

f l i c k e r i n g  o f  t h e  EVAC. SEQUENCE p i l o t  lamps ( ~ i g .  ? 9 

2 - 4 ) .  

11-3-4 F a i l u r e  of DP Heater  

I f  t h e  power t o  t h e  DP h e a t e r  f a i l s ,  t h e  t e m p e r a t u r e  

change is d e t e c t e d  by t h e  t h e r m a l  s w i t c h  ( T S ) ,  and 

t h e  sequence is preven ted  from proceed ing  beyond 

pre-evacuat ion .  The f a i l u r e  o f  t h e  DP h e a t e r  is -- --- i ,! 
\ 

e a s i l y  d e t e c t e d  a s  t h e  WARM UP p i l o t  lamp remains .-- - ---- - 
l i g h t e d .  

11-3-5 F a i l u r e  of Compressor 

I f  t h e  p r e s s u r e  o f  t h e  compressed a i r  f o r  t h e  vacuum 

v a l v e s  remains below 2.5  kg/cm2 due t o  f a i l u r e  o f  t h e  



compres so r  o r  an  a i r 5  l e a k  i n  t h e  a i r  p i p e ,  t h e  a i r *  

p r e s s u r e  s w i t c h  o p e r a t e s  t o  t u r n  o f f  t h e  v a l v e  

power s u p p l y .  

11-3-6 C i r c u i t s  t o  P r e v e n t  M i s o p e r a t i o n  

(1)  P r e - e v a c u a t i o n  P r i o r i t y  Sequence 

A p r i o r i t y  s equence  i s  programmed i n  t h e  

s equence  c i r c u i t  f o r  p r e - e v a c u a t i o n  o f  v a r i o u s  

vacuum chambers  i n c l u d i n g  t h e  column ( t h e  

p r i o r i t y  d i f f e r s  depend ing  on t h e  s t a t e  of  t h e  

DP h e a t e r ) .  Any o p e r a t i o n  n o t  i n  c o n f o r m i t y  

w i t h  t h e  p r i o r i t y  s e q u e n c e  i s  h a l t e d .  Hence 

t h e  e v a c u a t i o n  s e q u e n c e  d o e s  n o t  p r o c e e d  w i t h o u t  

t h e  f o l l o w i n g  o p e r a t i o n .  

( i )  Dur ing  DP warmup ( i . e . ,  t h e r m o s t a t  "ONVl) 

Specimen Chamber > Column Gun Housing,  

Camera Chamber P l a t e  R e s e r v o i r  

( i i )  A f t e r  DP warmup ( i . e . ,  t h e r m o s t a t  n ~ ~ ~ n )  

( i i )  Specimen Chamber, Column> Gun Hous ing ,  

Camera Chamber) P l a t e  R e s e r v o i r  

( i i i )  For  gun h o u s i n g  p r e - e v a c u a t i o n ,  t h e  

c l o s u r e  o f  GV and AV-2 is  checked  by a  

m i c r o s w i t c h  (GV-L)  b e f o r e  t h e  v a l v e  (Mv-4) 



i s  opened. 

( i v )  For camera chamber pre-evacuat ion  t h e  

c i r c u i t  i s  b u i l t  i n  such a way t h a t  c l o s u r e  

of  CV and AV-3, a s  w e l l  a s  of  t h e  camera 

chamber door ,  i s  checked by microswi tch  

CV-L p r i o r  t o  t h e  opening o f  t h e  pre-  

e v a c u a t i o n  v a l v e .  

( v )  For specimen chamber p re -evacua t ion ,  t h e  

i n s e r t i o n  of  t h e  specimen exchange h o l d e r ,  

and t h e  a i r l o c k  o f  t h e  specimen chamber 

a r e  checked by t h e  mic roswi tch  (SV-L). 

( v i )  The t h e r m a l  s w i t c h  (TS-HIGH TEMP) i s  prov ided  

f o r  p r e v e n t i n g  t h e  o i l  d i f f u s i o n  pump 

( D P )  from b e i n g  overhea ted .  I f  t h e  DP is 

h e a t e d  above 250° C ,  a  s w i t c h  is o p e r a t e d ,  

which s h u t s  t h e  h e a t e r  o f f  and c l o s e s  t h e  

main v a l v e  ( A v - 1 ) .  

( v i i )  The Penning gauge is e a s i l y  containinated 

i n  a  poor  vacuum. To a v o i d  t h i s ,  t h e  power 

s o u r c e  f o r  t h e  'Penning gauge i s  t u r n e d  on 

a f t e r  t h e  main v a l v e  ( A v - 1 )  opens  and a 

h i g h  vacuum is a t t a i n e d .  



( 2 )  Main evacua t ion  

( i )  The main v a l v e  ( A V - 1 )  opens o n l y  wi th  t h e  

-1 
column .vacuum a t  1 x 1 0  Torr  o r  b e t t e r ,  t h e  

DP warmed up, and t h e  t h e r m o s t a t  t u r n e d  o f f .  

( i i )  Valves GV, AV-2,  CV, AV-3, and SV i n  t h e  

gun housing,  camera chamber, and specimen 

chamber open o n l y  when p re -evacua t ion  

v a l v e s  MV-4, MV-6, and MV-5 a r e  opened 

and vacuum l e v e l  (PI-2) r e a c h e s  7 x lo-' 

Torr  o r  h i g h e r .  

( ? A i r  i n t r o d u c t i o n  

( i )  To i n t r o d u c e  a i r  i n t o  t h e  column, a i r  l e a k  

v a l v e s  MVL-3, MVL-4, MVL-6 open 3 seconds  

a f t e r  t h e  column,gun hous ing ,  and camera 

chamber vacuum v a l v e s  a r e  a l l  c l o s e d  by 

d e p r e s s i n g  t h e  A I R  pushbu t ton  o f  COLUMN 

EVAC. 

T h i s  p r o t e c t s  v a l v e s  GV, AV-2, CV, and 

AV-3 c o n n e c t i n g  t h e  column, gun housing,  

and camera chamber a g a i n s t  back p r e s s u r e .  

( i i )  To i n t r o d u c e  a i r  i n t o  t h e  gun housing,  set  

t h e  GUN EVAC knob a t  t h e  r i g h t  upper  p a r t  

of t h e  vacuum system head t o  A I R ,  and a i r  



AV- 1 

l e a k  va lve  MVL-4 opens 3  seconds  a f t e r  t h e  

c l o s u r e  of  v a l v e s  GV and AV-2 i s  checked 

by microswi tch  GV-L. 

( i i i )  To i n t r o d u c e  a i r  i n t o  t h e  camera chamber, 

s e t  t h e  CAMERA EVAC knob t o  A I R ,  and a i r  

l e a k  v a l v e  MVL-6 o p e r a t e s  3 seconds  a f t e r  

t h e  c l o s u r e  o f  v a l v e s  CV and AV-3 i s  

checked. 

( i v )  To i n t r o d u c e  a i r  i n t o  t h e  p l a t e  r e s e r v o i r ,  

t u r n  t h e  s w i t c h  t o  A I R ,  and t h e  a i r  l e a k  

v a l v e  MV-7 opens 3 seconds  a f t e r  t h e  

c l o s u r e  o f  vacuum v a l v e  MV-7. 

Manual Opera t ion  (MANUAL) 

Each v a l v e  works in manual o p e r a t i o n  a s  f o l l o w s :  

MV- 3 Time l a g  1 s e c  

MV-4 T i m e  l a g  1 s e c  

MV- 5 Opens whi le  MVL-5 i s  c l o s e d ,  t ime  

l a g  1 s e c ,  

MV- 7 Opens whi le  MVL-7 i s  c l o s e d ,  t ime  

l a g  1 s e c  

Opens when t h e  s w i t c h  is  t u r n e d  

on. 



G V ,  A V - 2  

C V ,  AV- 3 

D p  h e a t e r  

Time 1 ag 3 sec .  

Opens when t h e  swi tch i s  t u rned  

on. 

Opens whi le  A V - 1  is c lo sed ,  time 

l a g  3 s e e  

Opens whi le  G V  and A V - 2  a r e  

c lo sed ,  t ime l a g  3 s ec .  

Opens whi le  MV-5 is  c losed .  

Opens only  when SV-L swi tch  

ope ra t e s .  

Opens whi le  CV and A V - 3  a r e  c lo sed ,  

time l a g  3 s ec .  

Opens whi le  MV-7 is  c l o s e d ,  

time l a g  3 s e c .  

Turned on when c o o l i n g  water  pres-  

s u r e  i s  a p p r o p r i a t e .  



111. ELECTRONICS 



111. ELECTRONICS 

The e l e c t r o n i c s  o f  t h e  HU-12A can be  d i v i d e d  i n t o  t h e  common 

power s u p p l y ,  h i g h  v o l t a g e  u n i t ,  l e n s  c u r r e n t  power s u p p l y ,  

beam d e f l e c t o r  c u r r e n t  power s u p p l i e s ,  and camera power 

s u p p l y .  They a r e ,  f o r  t h e  most p a r t ,  composed o f  p r i n t e d -  

c i r c u i t  b o a r d s .  Fig.  3-1 shows a  g e n e r a l  b l o c k  diagram o f  

t h e  e l e c t r i c  sys tem.  

1 - 1  Common Power Supply 

The common power s u p p l y  c o n s i s t s  of A C  power s u p p l y  

( ~ C 1 2 0 1 )  u n i t  and DC s t a b i l i z e d  power u n i t .  

The TC1201 u n i t  f e e d s  AC c u r r e n t  t~ e a c h  sys t em w h i l e  

t h e  DC s t a b i l i z e d  power u n i t  f e e d s  DC c u r r e n t .  

DC power s u n p l i e s  a r e  a s  f o l l o w s :  

Vo l t age  

- 

+40 V 

+15 V - 
+ S O  V 

-15 V 

t-15 V - 

+24 V 

C u r r e n t  

2.5 A 

0 . 5  A 

1 6  A 

0 . 5  A 

1 6  A 

7 .5  A 

Use 

HV power u n i t  

HV power u n i t  

Lens power s u p p l y  

Lens power s u p p l y  

Beam d e f l e c t o r  power 
s u p p l y  

Relay  power s u p p l y  

Lamp power s u p p l y  



1 1 1 - 2  High Voltage Unit 

The h i g h  v o l t a g e  u n i t  c o n s i s t s  o f  t h e  f o l l o w i n g  f o u r  

c i r c u i t s .  

1. HV g e n e r a t o r  c i r c u i t  ( Cockcroft-Walton c i r c u i t )  

2.  F i lament  h e a t i n g  c i r c u i t  

?. B i a s  v o l t a g e  c i r c u i t  

4 .  Anode p o s i t i o n i n g  c i r c u i t  l i n k e d  w i t h  a c c e l e r a t -  

i n g  v o l t a g e  

rhese  c i r c u i t s  a r e  shown s c h e m a t i c a l l y  i n  Fig .  3-2.  

I n  t h e  HV g e n e r a t o r  c i r c u i t ,  t h e  DC i n p u t  is c o n v e r t e d  

i n t o  a  h i g h  f requency  s i g n a l  th rough  t h e  h i g h  f requency  

i n v e r t e r  d r i v e n  by t h e  o s c i l l a t o r  and t h e n  b o o s t e d  and 

r e c t i f i e d .  

The out-put is d e t e c t e d  by t h e  d e t e c t o r  c i r c u i t  and 

b a l a n c e d  wi th  t h e  r e f e r e n c e  v o l t a g e .  The e r r o r  

component t h u s  o b t a i n e d  is a m p l i f i e d  by t,he feedback 

a m p l i f i e r  t o  c o n t r o l  t h e  DC i n p u t  t o  t h e  i n v e r t e r  s o  

t h a t  t h e  h i g h  v o l t a g e  i s  s t a b i l i z e d .  

I n  t h e  f i l a m e n t  and b i a s  c i r c u i t s ,  t h e  DC i n p u t  i s  

c o n v e r t e d  i n t o  a  h i g h  f requency  s i g n a l  th rough  t,he 

h igh  f requency  i n v e r t e r  d r i v e n  by t h e  o s c i l l a t , o r  and 

is f e d  t o  t h e  r e c t i f i k r  c i r c u i t  v i a  t h e  i n s u l a t i n g  

t r a n s f o r m e r .  



T h e i r  p e r f  ormance is  d e s c r i b e d  below wi th  

r e f e r e n c e  t,o t,he o p e r a t i o n  o f  t h e  e l e c t r o n  microscope.  

( s e e  Figs .  1-22-1 and 1-22-2) 

i )  For s a f e t y ,  t h e  f o l l o w i n g  two c o n d i t i o n s  a r e  t o  

be  met when a p p l y i n g  a c c e l e r a t i n g  v o l t a g e  t o  t h e  

e l e c t r o n  gun. 

a )  The column vacuum must be b e t t e r  than  

5 x Torr  a s  measured by t h e  Penning 

gauge. 

b )  The h igh  v o l t a g e  must be a p p l i e d  wi th  a  beam 

c u r r e n t  o f  2 2 5  F A  o r  lower  a s  i n d i c a t e d  by 

t h e  HV beam c u r r e n t  me te r .  

The h i g h  v o l t a g e  c i r c u i t  is t u r n e d  o f f  i f ,  f o r  

example, t h e  s u r g e  c u r r e n t  due t o  d i s c h a r g e  exceeds  

t h i s  l i m i t .  The a c c e l e r a t i n g  v o l t a g e  set  on t h e  

HV s e l e c t o r  knob ( 2 0 )  is a p p l i e d  t o  t h e  e l e c t r o n  

gun o n l y  when t h e s e  two c o n d i t i o n s  a r e  m e t .  

i i )  S e t  t h e  HV s e l e c t o r  knob ( 2 0 )  t o  25 kV and t h e n  

d e p r e s s  t h e  HV RESET b u t t o n  ( 1 8 ) .  S i n c e  t h e  

HV r e s e t  b u t t o n  ( I  8 )  is t u r n e d  o f f  once t h e  h i g h  

v o l t a g e  is t u r n e d  o f f ,  r e p e a t  t h i s  o p e r a t i o n .  

i i i )  The f i l a m e n t  h e a t i n g  c i r c u i t  is t u r n e d  on w i t h  

t h e  f i l a m e n t  c u r r e n t  c o n t r o l  ( 2 0 )  se t  t o  " F " ,  



and is a d j u ~ t ~ a b l e  b y  t h e  f i l a m e n t  c u r r e n t  cont , ro l  

( 1 6 ) .  I t , s  maximum v o l t a g e  is DC 2.5 V when t h e  

f i lament ,  r e s i s t a n c e  i s  1 8. 

i v )  The b i a s  v o l t a g e  is a d j u s t e d  by t h e  B I A S  v o l t a g e  

a d j u s t i n g  knob ( 1 7 ) .  The a d j u s t a b l e  range  i s  50 

t o  1200 V wit,h t h e  s e l f - b i a s  and f i x e d  b i a s  v o l t a g e s  

combined. 

v )  The I N  s e l e c t o r  knob (20)  has  11 not ,ches,  w i t h  

which a c c e l e r a t i n g  v o l t a g e  i s  s e l e c t a b l e  i n  5 

s t e p s ;  2 5  kV, 50 kV, 7 5  kV, 100 kV, and 125 kV. 

Each a c c e l e r a t i n g  v o l t a g e  s t e p  h a s  two s e t t i n g s ,  

one b e i n g  used  f o r  v o l t a g e  i m p o s i t i o n  o n l y  and 

t h e  o t h e r  f o r  v o l t a g e  i m p o s i t i o n  p l u s  f i l a m e n t  

h e a t i n g .  The b i a s  v o l t a g e  i s  always imposed 

w h i l e  t h e  a c c e l e r a t i n g  v o l t a g e  is a p p l i e d .  

The a c c e l e r a t i n g  v o l t a g e  o f  1 0  kV is  u s e d  f o r  

o b s e r v i n g  scann ing  e l e c t r o n  images ( o p t i o n a l  

a t t a c h m e n t ) .  When a p p l y i n g  1 0  kV, s e t  t h e  1 0  kV - 
2 5  kV s e l e c t , o r  s w i t c h  i n  t h e  l e n s  u n i t  ( l e f t  

c o n s o l e )  t,o 1 0  kV. 

'The anode d r i v i n g  is  done by t h e  HV s e l e c t o r  knob 

( 2 0 )  and l i n k e d  w i t h  t,he a c c e l e r a t i n g  v o l t a g e .  

I t  i s  a d j u s t a b l e  i n  two s t e p s ;  0,  25 ,  7 5  kV and 



100,  1 2 5  kV. 

v i )  When t h e  a c c e l e r a t i n g  v o l t a g e  is reduced from 

100 kV t,o 7 5  kV, a  temporary da rk  c u r r e n t  may f low 

t h e  i n s t a n t  t h e  anode s h i f t s  from t h e  100/125 

kV p o s i t  ion  Lo 50/75 kV p o s i t i o n .  

v i i )  The BEAM CURRENT meter  ( 1 )  on t h e  l e f t  i n d i c a t o r  

p a n e l  i n d i c a t , e s  t h e  sum o f  t h e  o u t p u t  c u r r e n t  

of  t h e  a c c e l e r a t i n g  volt ,age c i r c u i t  and d e t e c t -  

i n g  r e s i s t l o r  c u r r e n t .  

vi i i )  An AC v o l t a g e  o f  2 Hz can be  superimposed on  t h e  

a c c e l e r a t i n g  v o l t a g e  f o r  a x i a l  a l ignment  o f  t h e  

v o l t a g e  c e n t e r  o f  t h e  e l e c t r o n  o p t i c a l  system. 

Th i s  is t u r n e d  on o r  o f f  by t h e  13V MODUL s w i t c h  

( 1 9 ) .  

i x )  The HV RESET s w i t c h  ( 1 8 )  is u s e d  when t h e  

a c c e l e r a t i n g  v o l t a g e  c i r c u i t  i s  s h u t  down by t h e  

sa fe t ,y  d e v i c e  i n  t h e  h i g h  v o l t a g e  c i r c u i t .  

However, always check t h e  vacuum l e v e l  b e f o r e  

d e ~ r e s s i n g  t h e  HV RESET b u t t o n .  

x )  The f u s e s  f o r  t h e  h igh  v o l t a g e  u n i t  a r e  a s  

f o l l o w s :  



x i )  The i m p o s i t i o n  o f  t h e  a c c e l e r a t i n g  v o l t a g e  is 

i n d i c a t e d  by t h e  BEAM CURRENT mete r  ( 1 )  and HV 

p i l o t  lamp ( 6 )  on t h e  l e f t  i n d i c a t o r  p a n e l .  

When t h e  p i l o t  lamp ( 6 )  l i g h t s ,  t h e  a c c e l e r a t -  

i n g  v o l t a g e  i s  imposed on t h e  e l e c t r o n  gun. 

BEAM CURRENT mete r  ( 1 )  i n d i c a t e s  t h e  a c c e l e r a t i n g  

v o l t a g e  p l u s  t h e  beam c u r r e n t .  There fo re ,  when 

r e a d i n g  t h e  beam c u r r e n t ,  s u b t r a c t  t h e  a c c e l e r a t -  

i n g  v o l t a g e  v a l u e  from t h e  m e t e r  r e a d i n g .  

Meter ( 1 )  i s  g r a d u a t e d  every 5 FA. 

P a r t  No. 

C ~ l 8 l  F,? 

C ~ 1 8 1  F4 

111-3 Lens Cur ren t  Power Supply 

The l e n s  c u r r e n t  power s u p p l y  c o n s i s t s  o f  t h e  f o l l o w i n g  

s i x  sys tems.  

1. F i r s t  condense r  l e n s  ( C l )  

2.  Second condenser  l e n s  (C2) 

2. O b j e c t i v e  lens (OBJ) 

Capac i ty  

3 A 

1 A 

Use 

+24 V COL 

+24 V COL s w i t c h  



4 .  I n t e r m e d i a t e  l e n s  (I?J?')  

5 .  F i r s t  p ro jec . to r  l e n s  (P1  ) 

6 .  Second p r o j e c t o r  l e n s  ( ~ 2 )  

The l e n s  c u r r e n t  power s u p p l y  i s  composed o f  tlhe l e n s  

p r i n t e d - c i r c u i t  boards  compr i s ing  b u i l t - i n  a m p l i f i e r s  f o r  

0 sys tems and h e a t  s i n k  wi th  t r a n s i s t o r s .  

'These c i r c u i t s  a r e  shown s c h e m a t i c a l l y  i r l  Fig.  3-3, 

and a r e  e x p l a i n e d  below w i t h  s p e c i a l  r e f e r e n c e  t o  t h e  

o p e r a t i o n  o f  t h e  H U - 1 2 A  ( s e e  F igs .  1-22-2 and 1-22-6). 

i )  These c i r c u i t s  supp ly  h i g h l y  s t a b i l i z e d  c u r r e n t s  

o f  0 t,o 4 A  t o  t h e  e x c i t a t i o n  c o i l s  o f  t h e  e l e c t r o n  

l e n s e s .  The c u r r e n t  v a l u e  f o r  each  c o i l  i s '  

de te rmined  by t h e  composi t ion  of  t h e  e l e c t r o n  

o p t i c a l  system o f  t h e  e l e c t r o n  microscope,  which 

h a s  f i v e  f u n c t i o n s .  Each of t h e  f i v e  f u n c t i o n s  

is d i v i d e d  f u r t h e r  depending on requ i rements .  

Table 1 

Function 

1 ZOOM 

2 

Number of S t e p s  

RESOL STD M a g n i f i c a t i o n  x 35 OBJ step 

ACC M a g n i f i c a t i o n  x 35 f o c u s i n g  



In t h e  ZOOM f u n c t i o n  f o r  example, m a g n i f i c a t i o n  

is d i v i d e d  i n t o  35 s t e p s ,  w h i l e  i n  SELECTED 

AREA it is  d i v i d e d  i n t o  20 s t e p s .  I n  t h e  f u n c t i o n  

o f  DIFF ,  camera l e n g t h  is  d i v i d e d  i n t o  5 s t e p s .  

The l e n s  c u r r e n t s  o f  t h e s e  s i x  sys tems  a r e  set  

r e s p e c t i v e l y  t o  s a t i s f y  t h e s e  f u n c t i o n s .  I n  Fig. 

3-3, "Mode S e l e c t o r  and C u r r e n t  Program" i s  t h e  

b l o c k  where t h e  s e t t i n g s  o f  t h e s e  c u r r e n t s  a r e  

3 

4 SEL AREA 

5 

6 

7 SCAN 

8 D I F F  

9 FREE 

CONTR STD M a g n i f i c a t i o n  x 35 O B J  s t e p  
f o c u s i n g  

RESOL STD M a g n i f i c a t i o n  x 20 I N T  c o n t i n u o u s  
( s A  f o c u s i n g )  

ACC M a g n i f i c a t i o n  x 20 I N T  c o n t i n u o u s  
( s A  f o c u s i n g )  

CONTR STD M a g n i f i c a t i o n  x 20 I N T  c o n t i n u o u s  
(sA f o c u s i n g )  

M a g n i f i c a t i o n  x 1 

Camera Length x 5 I N T  c o n t i n u o u s  
( d i f f r a c t i o n  
s p o t  1 

OBJ.  I, P I ,  
P2 Continuous 

C 1 :  4 s t e p s  C2: c o n t i n u o u s  

i 



performed. The l e n s  c u r r e n t  power supp ly  c i r c u i t s  

of  s i x  sys tems a r e  c o n t r o l l e d  by each c u r r e n t  

s t a b i l i z e r ,  and t h e i r  c u r r e n t s  a r e  se t  t o  t h e  

normal v a l u e s  through a h igh-accuracy r e f e r e n c e  

v o l t a g e .  

ii) AC Line Power Supply 

The AC power is  s u p p l i e d  t h r o u g h  t h e  k n i f e  s w i t c h  

( ~ ~ 0 1 1 )  and COL s w i t c h  ( 5 6 )  i n  t h e  common power 

s u p ~ l y  and a l s o  th rough  t h e  b i m e t a l  c o n t a c t  which 

is t u r n e d  o f f  when t h e  c o o l i n g  f a n  f o r  t h e  

c o n t r o l  t r a n s i s t o r s  of  t h e  h e a t  s i n k  i s  h e a t e d  

above 40° C. 

iii) Check Terminal 

The check t e r m i n a l  o f  t h e  l e n s  c u r r e n t  power 

supp ly  i s  b u i l t  i n  t h e  p r i n t e d - c i r c u i t  b o a r d  and 

is used  f o r  m o n i t o r i n g  t h e  t e r m i n a l  v o l t a g e  o f  

each  d e t e c t i n g  r e s i s t o r  o f  t h e  c o n s t a n t - c u r r e n t  

c i r c u i t  and I C  d r i v e  power s u p p l y  (+15 - V )  o f  t h e  

s i x  sys tems.  

i v )  O B J .  MODUL ( 4 4 )  

An o s c i l l a t o r  is i n s e r t e d  i n t o  t h e  r e f e r e n c e  

v o l t a g e  b ranch  of  t h e  o b j e c t i v e  l e n s  c u r r e n t  

c i r c u i t  i n  o r d e r  t o  superimpose a r i p p l e  c u r r e n t  



of  2 Hz f o r  a l ignment  of  t,he c u r r e n t  c e n t e r .  

v )  Fuses 

'I'he f u s e s  r e l a t i n g  t,o t,he l e n s  c u r r e n t  power 

supp ly  a r e  l o c a k e d  on t,he l e f t  d i s t r i b u t o r  

( C T 5 0 1 )  i n  t,he l e f t  o p e r a t i o n  pane l .  

F1 5 A  COND.  1 

F2 5 A  COND. 2  

F3 !A O B J  . 
F 4 5 A I N T .  

F 5 5 A  PROJ .  1 

F 6 5 A  PROJ. 2  

v i )  Function P i l o t  Lamp ( 7 )  

The n i n e  f u n c t i o n s  of  t h e  l e n s  shown i n  Table 2  

a r e  s e l e c t e d  by t h e  f u n c t i o n  s e l e c t o r  swit ,ches 

( 2 1 )  - ( 2 4 )  and l e n s  c o n d i t i o n  s e l e c t o r  s w i t c h e s  

( 2 8 )  and ( 2 9 ) .  These c o n d i t i o n s  a r e  d i s p l a y e d  

by t h e  p i l o t  lamps a s  shown i n  Table 2. 



F'uncti on 
s e l e c t o r  
swi t,ch 

Lens cond i t i on  
s e l  ect ,or  
swi tch  

1 

2 

3 

4 

5 

6 

7 

8 

P i l o t  lamp d i s p l a y  

ZOOM 

SA 

SCAN 

])IFF 

RESOL 

CONTR I STD I CONTR 

ACC 

REBOL I STD 1 SA RESOL 

STD 

A C C  

/ ACC 1 SA ACC 1 

RESOI, 

CONTR 1 SID I S* CONTR 

111-4 Beam Def l ec to r  ,Power Supp l i e s  

The beam d e f l e c t o r  power s u p p l i e s  a r e  comprised of 

t.he beam d e f l e c t o r  and s t i g m a t o r  power s u p p l i e s .  These 

supply  power f o r :  ( s e e  Figs.  1-22-3, 1-22-5  and 

1-22-6). 



I .  Glln HORIZ, and llIL,I' a d j u s t m e n t s  

2 .  B r i g h t n e s s  H O R I Z ,  and T I L T  a d j u s t m e n t s  

3 .  Condenser  Lens s t i g m a t o r  

4 .  O b j e c t i v e  l e n s  s t i g m a t o r  

i ) F i g .  3-4 is a  b l o c k  d i ag ram which i l l u s t r a t e s  

t h e  operaat ion of t h e  beam d e f l e c t o r  power s u p p l y .  

The t r a v e r s e  and  t i l t  d e f l e c t i n g  c o i l s  a r e  

c o n n e c t e d  r . e s p e c t i v e l y  t o  t h e  s t a b i l i z e r s  

u s i n g  power I C s  of  X and  Y s y s t e m s ,  which 

p e r m i t  r e v e r s i n g  t h e  p o l a r i t y  o f  t h e  c o i l  

c u r r e n t .  The c l i r r e n t s  of  Hor i z .  and  T i l t  

a d j u s t i n g  c o i l s  f o r  b r i g h t n e s s  c a n  b e  c o n t r o l l e d  

i n d i v i d u a  1 ly by means o f  DARK/BRI.GHT s e l e c t o r  

s w i t c h  ( 5 1 ) .  'Ihe t r a v e r s e  a d j u s t m e n t  i n  b r i g h t  

f i e l d  is c a l l e d  BRIGHTNESS C E N T E R I N G ,  whereas  

t h e  tilt a d j u s t m e n t  is  c a l l e d  BEAM T I L T  i n  b o t h  

b r i g h t  and  da1.k f i e l d s .  

i i )  The image wobbler  for. f o c u s i n g  employs t h e  beam 

d e f l e c t o r  tilt c o i l  of  b r i g h t n e s s ,  o n  which is 

supe r imposed  a  commerc ia l  a c  v o l t a g e .  The 

wobbler  c a n  b e  u s e d  f o r  b o t h  b r i g h t  f i e l d  

and  d a r k  f i e l d  o b s e r v a t i o n .  



The d e v i c e  is  c o n t r o l l e d  by t h e  wobbler. s w i t c h  

( 3 0 )  and  wobbler. a m p l i t u d e  c o n t r o l  ( 3 1 )  on t h e  

l e f t  main p a n e l .  

The s u p e r i m p o s i t i o n  o f  t h e  wobber s t o p s  when 

r e l e a s i n g  t h e  wobbler  s w i t c h  ( 3 0 ) .  

iii) The s t i g m a t o r  c i r c u i t  c o n s i s t s  o f  two s y s t e m s  

o f  X and  Y d i r e c t i o n s ,  which a r e  s t a b i l i z e d  

t h r o u g h  cul . r>ent  s t a b i l i z e r  c i r c u i t  f o r  t h e  beam 

d e f l e c t o r .  

The c o n d e n s e r  s t i g m a t o r  and  o b j e c t i v e  s t i g m a t o r  

employ t h e  same c i r c u i t  sy s t em.  

The c o n d e n s e r  l e n s  s t i g m a t o r  c a n  compensa te  t h e  

a s t i g m a t i s m  f o r  b r i g h t  and  d a r k  f i e l d s  i n d i v i d u a l -  

l y  by t h e  COND STIGM knob :  ( 4 9 )  and COND STIGMA 

knob ( 5 2 )  on t h e  r i g h t  s u b p a n e l .  

COND STIGMA s w i t c h e s  ( 4 8 )  ( 5 1 )  a r e  u s e d  f o r  b o t h  

b r i g h t  f i e l d  and  d a r k  f i e l d  o b s e r v a t i o n .  

The o b j e c t i v e  s t i g m a t o r  c a n  b e  o p e r a t e d  by  

o b j e c t i v e  s t i g m a t o r  s w i t c h e s  ( 4 5 )  ( 4 6 )  ( 4 7 )  on 

t h e  l e f t  s u b p a n e l .  

i v )  The t e r m i n a l  f o r  o p e r a t i o n  check  o f  t h e  m a g n e t i c  

beam d e f l e c t o r  power s u p p l y  is l o c a t e d  on t h e  



beam d e f l e c t o r  power PCB (CT211) and  m o n i t o r s  

t h e  v o l t a g e  d r o p  of t h e  d e t e c t i n g  r e s i s t o r s  

of  t h e  c u r r e n t  s t a b i l i z e r .  

The o u t p u t  v o l t a g e  of  t 1 5  V o f  t h e  common power 

s u p p l y  fo r*  t h e  beam d e f l e c t o r  power s u p p l y  c a n  

a l s o  b e  checked  by t h i s  check  t e r m i n a l .  

v )  A l l  d e f l e c t o r  c o i l  c u r r e n t s  a r e  l i n k e d  w i t h  

change  i n  a c c e l e r a t i n g  v o l t a g e  s o  t h a t  t h e  

c o i l s  a r e  s u p p l i e d  w i t h  c u r r e n t  i n  p r o p o r t i o n  t o  

6 ( E  : A c c e l e r a t i n g  v o l t a g e ) .  

I f  t h e  HV s e l e c t o r  s w i t c h  ( 2 0 )  i s  s e t  t o  OFF, 

a  c o i l  c u r r e n t  c o r r e s p o n d i n g  t o  2 5  kV w i l l  f l o w  

t o  t h e  c o i l s .  

v i )  The f o l l o w i n g  f u s e s  r e l a t i n g  t o  t h e  beam d e f l e c t o r  

power s u p p l y  a r e  l o c a t e d  o n  t h e  beam d e f l e c t o r  

power PCB ( ~ ~ 2 1 1 ) :  

F 1  1 A  G U N  TILT-X 

F  2 1 A  G U N  T I L T - Y  

1 A  G U N  HORIZ-X 

1 A  G U N  HORIZ-Y 

1 A  BEAM T I L T - X  



BEAM TILT-Y 

BEAM H O R I Z - X  

BEAM H O R I Z - Y  

111- j E l e c t r i c  C i r c u i t  of Camera U n i t  

The camera u n i t  is  comprises  t h e  f i l m  f e e d e r .  

pho tograph ic  c o n d i t i o n  r e c o r d i n g  d e v i c e ,  and a u t o  

s h u t t e r .  

Consequently,  t h e  e l e c t r i c  c i r c u i t r y  f o r  t h e  camera 

u n i t  c o n s i s t s  e s s e n t i a l l y  of t h e  f o l l o w i n g  t h r e e  

c i r c u i t s  ( ~ i g .  3-5 ). 

1. C i r c u i t  f o r  f i l m  i n d e x i n g  d e v i c e  

2 .  C i r c u i t  f o r  f i l m  f e e d  

3.  C i r c u i t  f o r  exposure  meter  and a u t o  s h u t t e r  

i )  The c i r c u i t  i s  p rov ided  t o  mark f i l m  number, 

m a g n i f i c a t i o n ,  a c c e l e r a t i o n  v o l t a g e ,  and l e n s  

o p e r a t i n g  c o n d i t i o n  on each exposed f i l m .  The 

f i l m  number is marked on t h e  f i l m  w i t h  a  f o u r -  

d i g i t  magnetic  c o u n t e r .  To p r i n t  t h e  magni f i ca -  

t i o n ,  a c c e l e r a t i o n  v o l t a g e ,  and l e n s  o p e r a t i n g  

c o n d i t i o n  on t h e  f i l m ,  t h r e e  r e c o r d i n g  d e v i c e s  

a r e  used.  These pho tograph ic  c o n d i t i o n s  ( f i l m  

number, m a g n i f i c a t i o n , a c c e l e r a t i o n  v o l t a g e ,  l e n s  



o p e r a t i n g  c o n d i t i o n )  a r e  a l s o  d i s p l a y e d  on  t h e  

i n d i c a t o r  pane l .  'The r e c o r d i n g  d e v i c e s  and t h e  

pane l  f i l m  number i n d i c a t o r  a r e  e l e c t r i c a l l y  

connected  i n  p a r a l l e l .  Fig. 3-5 is t h e  b l o c k  

diagram o f  t h e  r e c o r d i n g  d e v i c e  c i r c u i t .  The 

r e c o r d i n g  d e v i c e  is a  Lransparen t  p l a s t i c  p l a t e  

w i t h  f i g u r e s  engraved i n  d o t s ,  which r e f l e c t  

t h e  i n c i d e n t  l i g h t  and d i s p l a y  t h e  f i g u r e s .  

One r e c o r d i n g  d e v i c e  can  mark e l e v e n  f i g u r e s .  

i i )  Adjustment of Film l n d e x i n g  Device 

A s  t h i s  r e c o r d i n g  d e v i c e  p r i n t s  f i g u r e s  on  t h e  

e l e c t r o n  microscope f i l m  w i t h  t h e  l i g h t  from a  

lamp, t h e  exposure  must match t h e  sen-  

s i t i v i t y  o f  t h e  f i l m .  The s t a n d a r d  exposure  

t ime under  normal c o n d i t i o n s  i s  approx imate ly  5 

seconds .  

iii) C i r c u i t  o f  Film Feed 

The f i l m  f e e d  c i r c u i t  does n o t  o p e r a t e  w h i l e  t h e  

camera v a l v e s  a r e  c l o s e d  o r  whi le  t h e  r e c o r d i n g  

d e v i c e  c i r c u i t  is i n  o p e r a t i o n  o r  d u r i n g  expo- 

s u r e  t ime.  The f i l m  f e e d  is  d r i v e n  by an a c  

motor ,  which is s h u t  down by a  mic roswi tch  i n s e r t e d  

i n  t h e  power supp ly  c i r c u i t  of t h e  motor .  The 



microswi tch  i s  pushed and a c t s  t o  t u r n  o f f  t h e  

motor when t h e  f i l m  i s  d e l i v e r e d  t o  t h e  p roper  

p o s i t i o n .  

The f i l m  f e e d  motor is a  r e v e r s i b l e  t y p e  o p e r a t e d  

on a  100 V a c  supply .  The f i l m  f e e d i n g  o p e r a t i o n  

is  done i n  t h e  f i l m  d r i v e  c o n t r o l  b l o c k  shown 

i n  Fig.  3-5. An unexposed f i l m  i n  t h e  c a s s e t t e  

r e s e r v o i r  is i n d i c a t e d  by "011, and i s  advanced 

t o  "1" o r  " 2 "  when exposed. A f t e r  exposure ,  

t h e  f i l m  c o u n t e r  r e t u r n s  t o  "0".  

i v )  R e l a t i o n  between f i l m  p o s i t i o n  and p i l o t  lamps: 

The STAND BY ( 5 )  and EXPOSE ( 4 )  lamps a r e  p rov ided  

on t h e  l e f t  i n d i c a t o r  p a n e l  f o r  i n d i c a t i n g  t h e  

f i l m  p o s i t i o n s .  The f i l m  number i n d i c a t o r  and 

t h e  magnet ic  c o u n t e r  f o r  r e c o r d i n g  i n  t h e  camera 

chamber a r e  advanced by 1 when t h e  f i l m  p o s i t i o n  

is changed from STAND BY t o  EXPOSE. Fig. 3-6 

shows t h e  r e l a t i o n  between t h e  f i l m  p o s i t i o n  and 

i n d i c a t o r  lamps ( i n  MANUAL FEED) .  

v )  The marking recorded  on t h e  ,exposed f i l m  is a s  

shown i n  Fig. 3-7. 

v i )  C i r c u i t  f o r  exposure  mete r  and a u t o  s h u t t e r  

Fig. 3-5 shows t h e  o p e r a t i n g  p r i n c i p l e  o f  t h e  



c i r c u i t .  For d e t e c t i n g  t h e  e l e c t r o n  beam, t h e  

f l u o r e s c e n t  s c r e e n  f o r  f o c u s i n g  is used  a s  a  

Faraday c a g e .  

Exposure meter  ( 1 2 )  on t h e  r i g h t  i n d i c a t o r  

p a n e l  i n d i c a t e s  t h e  e l e c t r o n  beam i n  coulomb 

u n i t s  by t h e  compos i t ion  of t h e  s i g n a l  from t h e  

Faraday cage  and t h a t  from t h e  EXPOS TIME s e l e c t -  

o r  s w i t c h  ( 9 )  on t h e  r i g h t  i n d i c a t o r  p a n e l .  

When t h e  s h u t t e r  speed  is s e t  t o  a coulomb 

v a l u e  a p p r o p r i a t e  t o  t h e  f i l m ,  t h e  r e l a y  is 

o p e r a t e d  a f t e r  a  p r e s e t  t i m e  t o  d r i v e  t h e  

pneumatic a u t o  s h u t t e r  s o  t h a t  t h e  beam p a t h  

is s h u t  o f f .  

When t h e  f l u o r e s c e n t  s c r e e n  f o r  f o c u s i n g  is 

i r r a d i a t e d  w i t h  t h e  e l e c t r o n  beam, t h e  v a l u e  i n  

coulomb u n i t s  is i n d i c a t e d  on t h e  EXPOSURE meter  

( 1 2 ) .  The coulomb v a l u e  i s  a d j u s t e d  by t h e  

EXPOS TIME s e l e c t o r  s w i t c h  ( 9 )  and BRIGHTNESS 

( ~ 2 )  knob ( 3 2 ) .  

v i i )  T i m e  c h a r t  f o r  camera sequence  

F ig .  3-8 shows t h e  camera sequence  t i m e  c h a r t .  

When t h e  FEED' pushbu t ton  is  d e p r e s s e d ,  t h e  f i l m  

s h i f t s  t o  t h e  exposure  p o s i t i o n  from t h e  c a s s e t t e  



r e s e r v o i r .  

The sequence c h a r t  s t a r t s  w i t h  t h e  s t a t e  i n  

which t h e  manual o p e r a t i o n  s h u t t e r  (120 6 

f l u o r e s c e n t  s c r e e n )  is c l o s e d  and t h e  a u t o  

s h u t , t e r  (pneumatic  s h u t t e r  i n  d i f f r a c t i o n  s p e c i -  

men chamber) is  open, and t h e  image is on t h e  

s c r e e n .  When t h e  manual o p e r a t i o n  s h u t t e r  

b e g i n s  opening ( p o s i t i o n  ( 1 )  i n  Fig. 3-8) ,  t h e  

a u t o  s h u t t e r  is c l o s e d  t o  s h u t  o f f  t h e  beam 

pa th .  When t h e  manual o p e r a t i o n  s h u t t e r  i s  

f u l l y  open ( p o s i t i o n  ( 2 )  i n  Fig. 3-8) ,  t h e  a u t o  

s h u t t e r  opens t o  i r r a d i a t e  t h e  e l e c t r o n  beam. 

I n  t h i s  c a s e ,  

a )  t h e  s h u t t e r  t i m e r  o p e r a t e s ,  

b )  t h e  p i l o t  lamp o f  t h e  f i l m  index ing  d e v i c e  

l i g h t s  up, and 

c )  t h e  EXPOSING lamp ( 1 1 )  l i g h t s  up.. 

The p i l o t  lamp o f  t h e  f i l m  i n d e x i ~ l g  d e v i c e  l i g h t s  

f o r  t h e  p r e s e t  t i m e  accord ing  t o  t h e  f i l m  

s e n s i t i v i t y  ( s t a n d a r d  s e t t i n g :  5 s e c ) .  EXPOS,ING 

lamn ( 1 1 )  l i g h t s  d u r i n g  t h e  exposure  t i m e  (when 

t h e  f i l m  is i r r a d i a t e d  w i t h  e l e c t r o n  beam). 

When t h e  p r e s e t  s h u t t e r  t i m e  h a s  e l a p s e d ,  t h e  



e l e c t r o n  beam is  s h u t  o f f  by t h e  a u t o  s h u t t e r  

and t h e  EXPOSING lamp ( 1 1 )  g o e s  o u t .  

Then, t h e  o p e r a t o r  c h e c k s  t h e  EXPOSING lamp 

( 1 1 )  ( i t  s h o u l d  b e  t u r n e d  o f f )  a n d  f l u o r e s c e n t  

s c r e e n  ( image s h o u l d  b e  a b s e n t )  and  c l o s e s  t h e  

manual o p e r a t i o n  s h u t t e r  ( p o s i t i o n  ( 4 )  i n  F i g .  

3 - 8 ) .  

When t h e  manual o p e r a t i o n  s h u t t e r  i s  f u l l y  

c l o s e d  ( p o s i t i o n  ( 5 )  i n  F i g .  3-8),  t h e  a u t o  

s h u t t e r  opens  and  t h e  e l e c t r o n  beam image re- 

a p p e a r s  on t h e  f l u o r e s c e n t  s c r e e n .  

A f t e r  c o m p l e t i o n  o f  f i l m  mark ing ,  t h e  f i l m  i s  

f e d  t o  t h e  n e x t  v i s u a l  f i e l d  o r  c a s s e t t e  

r e s e r v o i r .  

v i i i )  S h u t t e r  s p e e d  

The s h u t t e r  s p e e d  is s e l e c t a b l e  i n  7 s t e p s  

( 0 . 5 ,  1, 2, 4 ,  8, 1 6 ,  32 s e c . )  by c h a n g i n g  

EXPOS TIME knob ( 9 )  ( s e e  F i g .  1-22-4) .  



IV. OPERATING INSTRUCTIONS 



I V .  OPERATING INSTRUCTIONS 

I V - 1  Dai ly  Opera t ion  ( ~ i ~ .  1-22) 

I V - 1 - 1  S t a r t u p  

i )  Turn on t h e  M A I N  s w i t c h  ( ~ ~ 0 1 1 )  o f  t h e  common 

power supp ly ,  and L I N E  p i l o t  lamp ( 1 4 )  on t h e  

r i g h t  i n d i c a t o r  p a n e l  l i g h t s .  Depress t h e  

EVAC pushbut ton  ( 5 5 )  o f  M A I N  SW on t h e  r i g h t  

subpanel  a f t e r  making s u r e  t h a t  t h e  L I N E  lamp 

l i g h t s  up. I f  c o o l i n g  w a t e r  i s  a b s e n t ,  t h e  

a larm sounds. Supply c o o l i n g  wa te r  u n t i l  t h e  

alarm s t o p s .  About 2  4?/min o f  w a t e r  w i l l  b e  

r e q u i r e d  f o r  t h e  d i f f u s i o n  pump o f  t h e  vacuum 

system and about  2 4?/min o f  c o o l i n g  w a t e r  f o r  t h e  

s t a b i l i z e r .  

Remarks: P e r i o d i c a l l y  check t h e  t e r m i n a l s  and 

f u s e s  o f  t h e  swi tchboard ,  grounding 

w i r e ,  connec t ion  o f  hose  t o  w a t e r  

f a u c e t ,  w a t e r  supp ly  (check f o r  

over f low o r  l e a k )  e tc . ,  and keep  them 

i n  good c o n d i t i o n .  

ii) Depress  t h e  EVAC pushbut ton  ( 5 7 )  o f  COLUMN EVAC. 

iii) Depress COL b u t t o n  s w i t c h  ( 5 6 )  o f  M A I N  S W  i f  t h e  



i n s t r u m e n t  is  u s e d  r i g h t  away. 

Remarks: Turn on t h e  COL p u s h b u t t o n  s w i t c h  

( 5 6 )  30  m i n u t e s  b e f o r e  u s i n g  t h e  

i n s t r u m e n t  f o r  warm u p .  

A l so ,  t u r n  o n  t h e  l e n s  c u r r e n t  

s w i t c h e s  ( 6 1 )  . . . . ( 6 6 ) ,  SW1 ( G U N )  

and  SW2 ( B D )  on t h e  BD u n i t  ( r i g h t  

c o n s o l e ) .  

A t  t h i s  p o i n t  t h e  s t a r t i n g  ope ratio^ i s  

comple t ed .  L I N E  a n d  WARM UP of  t h e  vacuum 

sequence  p i l o t  lamp ( l d )  w i l l  l i g h t  up .  The 

vacuum c o n t r o l  v a l v e s  w i l l  o p e r a t e  when t h e  

DP r e a c h e s  t h e  r e q u i r e d  t e m p e r a t u r e .  I f  t h e  

DP is  below t h e  r e q u i r e d  t e m p e r a t u r e ,  t h e  main 

v a l v e  w i l l  n o t  open even  i f  p r e - e v a c u a t i o n  of  

t h e  column i s  comple t ed .  

IV-1-2 Shutdown 

i )  Turn  o f f  COL p u s h b u t t o n  ( 5 6 )  and  EVAC p u s h b u t t o n  

( 5 5 )  of  M A I N  SW on t h e  r i g h t  s u b p a n e l .  

i i )  S t o p  w a t e r  s u p p l y  a b o u t  1 5  m i n u t e s  a f t e r  power 

shutdown.  C o o l i n g  w a t e r  c a n  b e  s h u t  down 

a u t o m a t i c a l l y  i f  a  m a g n e t i c  v a l v e  ( o p t i o n a l )  

is a t t a c h e d  t o  t h e  w a t e r  j a c k e t .  

I V - 1 - 3  High V o l t a g e  I m p o s i t i o n  

i > Check t o  e n s u r e  t h a t  VACUUM SYSTEM o p e r a t i o n  

p i l o t  lamp ( 1 4 ) ,  VACUUM SEQUENCE p i l o t  lamp 



( 1 5 )  a r e  t u r n e d  on ( e x c e p t  LINE) and t h a t  

VACUUM gauge (1  2 )  i s  i n d i c a t i n g  a  vacuum 

degree  o f  5 x Torr  o r  b e t t e r ,  s e t t i n g  t h e  

vacuum m e t e r  s e l e c t o r  knob (13)  t o  t h e  COL. 

PE p o s i t i o n .  1 i i )  S e t  t h e  H.V.  s e l e c t o r  ( 2 0 )  t o  25 kV, push H.V. 
2 

RESET b u t t o n  ( 1 8 )  on t h e  LMP, and s e t  FILAMENT . 

c o n t r o l  (16)  a t  i t s  lowes t  s e t t i n g  by t u r n i n g  

it f u l l y  coun te rc lockwise .  

iii) Turn H . V .  s e l e c t o r  ( 2 0 )  s t e p w i s e  through 25 kV, 

50 kV, 75 kV, and s o  on t o  t h e  d e s i r e d  v o l t a g e .  

When t h e  i n s t r u m e n t  s t a r t s ,  t h e  r e s e t  s w i t c h  

( 1 8 )  may sometimes b e  s h u t  o f f  by a  s u r g e  

c u r r e n t .  Should t h i s  happen, push t h e  H.V. 

r e s e t  b u t t o n  aga in  (check t h a t  vacuum p r e s s u r e  

is  normal) .  Do n o t  t u r n  t h e  H.V. s e l e c t o r  

( 2 0 )  w h i l e  t h e  reset b u t t o n  (18)  i s  depressed .  

The r e s e t  b u t t o n  ( 1 8 )  must b e  pushed each t i m e  

t h e  r e s e t  s w i t c h  is  t u r n e d  o f f .  

I f  t h e  s w i t c h  i s  t u r n e d  o f f  f r e q u e n t l y ,  set  

a c c e l e r a t i n g  v o l t a g e  one s t e p  lower  and w a i t  

u n t i l  t h e  h i g h  v o l t a g e  s t a b i l i z e s  b e f o r e  s t e p -  

p i n g  i t  up. 



i v )  S e t  H . V .  s e l e c t o r  ( 2 0 )  t o  "F" ,  a n d  t u r n  BIAS 

c o n t r o l  ( 1 7 )  f u l l y  c l o c k w i s e .  

v Turn FILAMENT c o n t r o l  ( 1 6 )  c l o c k w i s e  g r a d u a l l y  

The e m i s s i o n  of  a n  e l e c t r o n  beam is shown on 

t h e  BEAM. CURRENT m e t e r  ( I ) .  S t o p  t h e  

FILAMENT c o n t r o l  knob ( 1 6 )  a t  a  p o i n t  where 

t h e  f i l a m e n t  c u r r e n t  is s a t u r a t e d .  

v i )  A d j u s t  t h e  beam c u r r e n t  t o  20 t o  30 F A  w i t h  

t h e  BIAS c o n t r o l  ( 1 7 ) .  A beam s p o t  s h o u l d  

now a p p e a r  on t h e  f l u o r e s c e n t  s c r e e n  u n l e s s  

t h e  a x i a l  a l i g n m e n t  h a s  been  d i s t u r b e d .  I f  

t h e  e l e c t r o n  beam f a i l s  t o  r e a c h  t h e  f l u o r e s -  

c e n t  s c r e e n ,  check  t h e  f o l l o w i n g  p o i n t s .  

1. Take o u t  t h e  C2 movable a p e r t u r e .  

2. Take o u t  t h e  o b j e c t i v e  a p e r t u r e .  

3 .  Remove t h e  spec imen.  

4 .  Check t h e  f i e l d  l i m i t i n g  a p e r t u r e  (whe the r  

it i s  c o r r e c t l y  l o c a t e d ) .  

5 .  Check i f  t h e  s w i t c h  ( 5 1 )  o f  b r i g h t - d a r k  

f i e l d  is s e t  t o  BRIGHT.  

6 .  Push t h e  SCAN b u t t o n .  

7 .  Turn  a l l  l e n s  c u r r e n t s  o f f .  

8 .  Turn o f f  SW1 (GUN)  and  SW2 ( B D )  of  t h e  BD 

u n i t .  (See  F i g .  1 - 2 2 - 8 )  



9 .  Vary t h e  f i l a m e n t  h e a t i n g  c u r r e n t  n e a r  

t h e  s a t u r a t i o n  p o i n t .  

1 0 .  Check t h a t  t h e  gun a i r l o c k  i s  open.  

11. Check t h a t  t h e  a i r l o c k s  o f  t h e  s e c o n d  

spec imen chamber,  d i f f r a c t i o n  chamber,  

e t c .  ( a r e  o p e n ) .  

v i i )  A l ign  t h e  beam s p o t  w i t h  t h e  c e n t e r  of  t h e  

s c r e e n  by a d j u s t i n g  BRIGHTNESS ( ~ 2 )  ( 3 2 )  and 

BRIGHTNESS C E N T E R I N G  (x-Y) ( 3 8 )  c o n t r o l s .  

I V - 1 - 4  A x i a l  Al ignment  o f  I l l u m i n a t i o n  System 

The i l l u m i n a t i o n  sys t em w i l l  h ave  t o  b e  r e a l i g n e d  i f  

t h e  e l e c t r o n  o p t i c a l  sys t em h a s  been  d i s t u r b e d  

( e . g . ,  f i l a m e n t  exchange,  a p e r t u r e  c l e a n i n g ,  e t c .  ). 

i 1 Take t h e  movable a p e r t u r e s  and  spec imen o u t  o f  

t h e  beam a x i s .  

i i )  R o t a t e  t h e  BRIGHTNESS c o n t r o l  knob ( 3 2 )  f u l l y  

w i t h  o p e r a t i n g  mode s e l e c t o r  ( 2 1 )  set  a t  

DIFF. A s  t h e  c r o s s o v e r  image a p p e a r s  on t h e  

f l u o r e s c e n t  s c r e e n ,  f o c u s  it i n  t h e  c e n t e r  

o f  t h e  s c r e e n  w i t h  t h e  BRIGHTNESS CENTERING 

( x - Y )  ( 3 8 )  c o n t r o l .  I n s e r t  t h e  s e c o n d  conden-  

ser  ( ~ 2 )  movable a p e r t u r e  and  a l i g n  it w i t h  



t h e  e l e c t r o n  beam. The C 2  a p e r t u r e  is  i n  

a l i gnmen t  i f  t h e  f o c u s e d  s p o t  d o e s  n o t  sweep 

on t u r n i n g  t h e  BRIGHTNESS c o n t r o l .  S e t  

t h e  SPOT SIZE s e l e c t o r  ( 4 3 )  t o  5 o r  10  p.b. 

i i i )  A d j u s t  t h e  FILAMENT c o n t r o l  ( 1 6 )  s o  t h a t  t h e  

c r o s s o v e r  image l o o k s  l i k e  a  doughnut  ( ~ i g .  

4-1-1).  I f  t h e  e l e c t r o n  beam is o f f  a x i s ,  

t h e  c r o s s o v e r  image w i l l  a p p e a r  l i k e  i n  F i g .  4-1-2 

o r  4-1-3. I f  t h i s  is  t h e  c a s e ,  a l i g n  t h e  beam 

w i t h  t h e  G U N  T I L T  ( 4 1 )  ( i n  d a r k  d i r e c t i o n )  and  

G U N  H O R I Z .  ( 4 2 )  ( i n  b r i g h t  d i r e c t i o n )  c o n t r o l s .  

The c r o s s o v e r  image becomes d i s t i n c t  a s  t h e  C 2  

a p e r t u r e  is  i n s e r t e d .  The doughnut  image is 

d i f f i c u l t  t o  e b t a i n  i f  t h e  f i x e d  b i a s  v o l t a g e  

is t o o  h i g h .  

i v )  To a l i g n  t h e  e l e c t r o n  gun of  t h e  f i r s t  c o n d e n s e r  

l e n s ,  s e l e c t  t h e  2 p s p o t  s i z e  and  a l i g n  t h e  

c r o s s o v e r  image w i t h  t h e  s c r e e n  c e n t e r  by  

a d j u s t i n g  BRIGHTNESS CENTERING (x-Y ) ( 3 8 ) .  

Then make t h e  s p o t  s i z e  10 IJ and  a l i g n  it u s i n g  

t h e  G U N  T I L T  (x-Y) (41 ) and  GUN H O R I Z .  (x-Y) 

( 4 2 )  c o n t r o l s .  R e p e a t  t h e s e  a d j u s t m e n t s  u s i n g  



t h e  B R I G H T N E S S  CENTE'RING and GUN ALIGNMENT 

c o n t r o l s  a l t e r n a t e l y  u n t i l  sweep of  t h e  

c r o s s o v e r  image by s p o t  s i z e  s e l e c t i o n  i s  

e l i m i n a t e d .  When t h e  gun i s  a l i g n e d ,  i n c r e a s e  

t h e  f i l a m e n t  h e a t i n g  c u r r e n t  t o  s a t u r a t e  it. 

Optimum beam c u r r e n t  w i l l  b e  1 5  t o  30 PA. 

How t o  choose t h e  C 2  movable a p e r t u r e :  

1. U s e  a  l a r g e  a p e r t u r e  f o r  a  specimen which 

i s  r e s i s t a n t  t o  t h e  e l e c t r o n  beam, and with 

which a  b r i g h t  image i s  d i f f i c u l t  t o  o b t a i n  

( e e g . ,  t h i c k  specimen, m e t a l  f i l m ,  e t c .  ) . 
2 .  U s e  a  s m a l l  a p e r t u r e  i f  t h e  specimen i s  

s u s c e p t i b l e  t o  damage by i r r a d i a t i o n  ( e . g . ,  

when h igh  r e s o l u t i o n  i s  r e q u i r e d  a s  f o r  

c r y s t a l  l a t t i c e ,  b i o l o g i c a l  specimens, vapor 

p a r t i c l e s ,  e t c .  ). 

3 .  U s e  an a p e r t u r e  o f  about  0 .5  mm 4 f o r  

o r d i n a r y  specimens. \ t 
/ - - /  

IV-1-5 Checks b e f o r e  Photographing 

i )  Check a c c e l e r a t i n g  v o l t a g e  and vacuum l e v e l  

(must b e  b e t t e r  t h a n  5 x ~ o r r ) .  When 

FILAMENT is t u r n e d  o f f ,  t h e  beam c u r r e n t  me te r  



i n d i c a t e s  each a c c e l e r a t , i n g  vo l t  age. I n  t , h i s  

c a s e ,  t,he met,er shou ld  b e  s t a b l e  wit,hout da rk  

current , .  

i i  ) Check beam current ,  i n t e n s i t y  ( b i a s  c o n t r o l ) .  

'I'he opt,imum beam c u r r e n t  w i l l  be  10  t o  30 p A  

f o r  c r y s t a l  l a t , t i c e ,  b i o l o g i c a l  and h igh  

molecu la r  specimens and 30 t o  50 p3A f o r  m e t a l  

f i l m s ,  e t c .  

iji) Check f i l a m e n t  h e a t i n g  c u r r e n t  f o r  over-  o r  

under-heat ing .  

Adjust  t h e  f i l a m e n t  h e a t i n g  c u r r e n t  s o  t h a t  t h e  

b l a c k  r i n g  i s  sca rce l -y  v i s i b l e  i n  t h e  c r o s s -  

o v e r  image. 

i v )  Check s p o t  s i z e .  

Spot s i z e  is  2 t o  5 f o r  o r d i n a r y  specimens 

and 2 p, f o r  specimens r e q u i r i n g  h igh  r e s o l u t i o n .  

v )  Check v o l t a g e  and c u r r e n t  c e n t e r  a l ignments .  

Align e i t h e r  v o l t a g e  o r  c u r r e n t  c e n t e r .  

v i )  Check camera, f i l m  and c a s s e t t e  r e c e i v e r  

l o a d i n g .  Also check F I L M  N O .  i n d i c a t o r  and 

f i e l d  mask s i z e  ( f u l l  o r  h a l f  s i z e ) .  Check 

t h a t  VACUUM SEQUENCE p i l o t  lamps ( 1 5 )  a r e  a l l  

t u r n e d  on. I f  t h e  f i l m  f e e d  mechanism is  



o p e r a t e d  w i t h o u t  t h e  c a s s e t t e  r e c e i v e r ,  it 

may g e t  b roken .  

v i i )  Check EXPOSURE meter f o r  f i l m  t i m e r  s e t t i n g .  

IV-1-0 Specimen Exchange 

i > I n s e r t  t h e  spec imen i n t o  t h e  g r i d  h o l d e r .  

Check t h e  h o l d e r  t o  b e  u s e d  -- e i t h e r  t h e  

l o n g  HR ( h i g h  r e s o l u t i o n )  h o l d e r  o r  s h o r t  

HC ( h i g h  c o n t r a s t )  h o l d e r .  

i i )  S e t  SPECIMEN CHAMBER VALVE s e l e c t o r  ( 3 4 )  t o  

A I R  and  open t h e  spec imen p r e - e v a c u a t i o n  

chamber d o o r .  I n s e r t  t h e  g r i d  h o l d e r  i n t o  

t h e  p r e - e v a c u a t i o n  chamber .  

i i i )  S e t  SPECIMEN CHAMBER VALVE s e l e c t o r  ( 3 4 )  t o  

EVAC and  c l o s e  t h e  p r e - e v a c u a t i o n  chamber d o o r .  

P e r m i t  a  t i m e  l a g  of a b o u t  3 s e c o n d s .  

i v )  T r a n s f e r  t h e  spec imen t o  t h e  spec imen exchange  

d e v i c e  f rom t h e  spec imen h o l d e r .  

V )  Wait  u n t i l  p r e - e v a c u a t i o n  is comple t ed  and  

t h e  V A C U U M  SEQUENCE p i l o t  lamp ( 1 5 )  f o r  

spec imen exchange  is  t u r n e d  on .  I n s e r t  

t h e  spec imen exchange  d e v i c e  i n t o  t h e  spec imen 

0 chamber by t u r n i n g  it 270 ( 3 / A  t u r n )  c l .ockwise.  

The exchange  d e v i c e  c a n n o t  b e  t u r n e d  u n t i l  



evacua t , ion  is comple t ed  ( s a f e t y  d e v i c e ) .  

Do n o t  i n s e r t  t h e  exchange  d e v i c e  i n t o  t h e  

spec imen chamber u n l e s s  t h e  V A C U U M  SEQUENCE 

p i l o t  lamp is t u r n e d  on .  

v i )  Turn t h e  spec imen l i f t i n g  knob ( 1 0 6 )  on t h e  

spec imen exchange  d e v i c e  f u l l y  c l o c k w i s e  

w i t h o u t  p r e s s i n g  t h e  knob. When t h e  g r i d  

h o l d e r  i s  engaged w i t h  t h e  spec imen s t a g e ,  

t u r n  t h e  knob ( 1 0 6 )  c o u n t e r c l o c k w i s e  w h i l e  

p r e s s i n g  it .  Check t h a t  t h e  g r i d  h o l d e r  is 

s e c u r e l y  a t t a c h e d  t o  t h e  spec imen s t a g e .  

It i s  p o s s i b l e  t o  check  whe the r  t h e  g r i d  h o l d e r  

is l e f t  on t h e  spec imen s t a g e ,  i f  t h e  exchange  

0 
d e v i c e  is  t u r n e d  90 c l o c k w i s e  b e f o r e  p u l l i n g  

it o u t .  

v i i )  Withdraw t h e  spec imen exchange  d e v i c e  f u l l y ,  

and  t u r n  it 270° (3 /4  t u r n )  c o u n t e r c l o c k w i s e  t o  

c lamp f i r m l y .  A i r  c a n n o t  be  i n t r o d u c e d  u n l e s s  

t h e  exchange  d e v i c e  i s  p u l l e d  o u t  f u l l y .  

v i i i )  To t a k e  o u t  t h e  i n s e r t e d  spec imen,  se t  SPECIMEN 

CHAMBER V A L V E  s e l e c t o r  ( 3 4 )  t o  A I R  and  t h e n  t o  

EVAC immed ia t e ly .  The p r e - e v a c u a t i o n  chamber 

i s  e v a c u a t e d  i f  it is n o t  i n  vacuum. O n  t h e  

o t h e r  hand, t h e  b l u e  p i l o t  lamp w i l l  l i g h t  i f  t h e  



chamber is i n  vacuum. The A I R - E V A C  s e l e c t i o n  

by t h e  s e l e c t o r  ( 3 4 )  s h o u l d  be  done i n  q u i c k  

s u c c e s s i o n  s o  a s  n o t  t o  a l l o w  t h e  d e l a y  r e l a y  

t o  o p e r a t e .  T h i s  p r o c e d u r e  a s s u r e s  a d e q u a t e  

vacuum i n  t h e  spec imen p r e - e v a c u a t i o n  chamber.  

i x )  I n s e r t  t h e  spec imen exchange  d e v i c e  i n t o  t h e  

spec imen chamber,  and  t u r n  t h e  knob ( 1 0 6 )  

c l o c k w i s e  f u l l y  w i t h o u t  p u s h i n g .  When t h e  

c y l i n d e r  engages  t h e  g r i d  h o l d e r ,  t u r n  t h e  

knob ( 1 0 6 )  c o u n t e r c l o c k w i s e  w i t h o u t  p u s h i n g .  

B e f o r e  t h e  exchange  d e v i c e  is  p u l l e d  o u t ,  check  

t h r o u g h  t h e  window t h a t  t h e  g r i d  h o l d e r  h a s  

been  p i c k e d  up by t h e  exchange  d e v i c e .  

x P u l l  o u t  t h e  spec imen exchange  d e v i c e  f u l l y  

and t u r n  it 270° (3 /4  t u r n )  c o u n t e r c l o c k w i s e .  

x i )  T r a n s f e r  t h e  g r i d  h o l d e r  t o  t h e  t u r r e t  i n  t h e  

spec imen p r e - e v a c u a t i o n  chamber .  P r o c e d u r e  

is t h e  same a s  i n  ( i v ) .  

x i i )  Turn  t h e  t u r r e t  180°, se t  s w i t c h  ( 3 4 )  t o  A I R .  

(See  F i g .  1 - 1 1 ) .  

x i i i )  When t h e  spec imen p r e - e v a c u a t i o n  chamber 

door  opens ,  t a k e  o u t  t h e  g r i d  h o l d e r  w i t h  

t h e  t w e e z e r s  ( s u p p l i e d  w i t h  t h e  i n s t r u m e n t ) .  



TV-1-7 Visual  F i e l d  Select , i  on, MagnificaLion Change, Si t,e 

S e l e c t i o n  (specimen R o t a t i o n ) ,  B r i g h t n e s s  Cont ro l ,  

and Focusing ( s e e  F i g .  4-7)  

i )  P u l l  o u t  o b j e c t i v e m o v a b l e  a p e r t u r e  ( l 0 7 ) ,  

and d e p r e s s  SCAN b u t t o n  ( 2 3 ) .  A s  a  g r i d  image 

a p p e a r s  on t h e  s c r e e n ,  b r i n g  t h e  d e s i r e d  g r i d  

t o  t h e  c e n t e r  of  " scan"  image. 

I f  t h e  c e n t e r  o f  t h e  u s c a n l f  image i s  o u t  o f  t h a t  

of  t h e  f l u o r e s c e n t  s c r e e n ,  a d j u s t  t h e  SCAN 

POSITION a d j u s t i n g  knobs on t h e  B . D  uni t ,  

( r i g h t ,  c o n s o l e )  u n t i l  t h e  scan  image is p o s i t i o n e d  

a t  t h e  c e n t e r  o f  t h e  f l u o r e s c e n t  s c r e e n .  

i i )  Push ZOOM b u t t o n  ( 2 4 )  and check t h e  v i s u a l  

f i e l d .  Then i n s e r t  t,he o b j e c t i v e  movable a p e r t u r e .  

I f  i t  i s  d i f f i c u l t  t o  a d j u s t  t h e  a p e r t u r e  t o  t h e  

c e n t e r  of: t h e  s c r e e n ,  t u r n  DIFF b u t t o n  ( 2 1 )  on 

and a d j u s t  t h e  a p e r t u r e  p o s i t i o n .  

iii) Magni f i ca t ion  i s  s e l e c t e d  by MAGNIFICATION knob 

( 2 7 )  w i t h  ZOOM b u t t o n  ( 2 4 )  depressed .  

Before  s e t t i n g  t h e  knob t o  h i g h  m a g n i f i c a t i o n ,  

check f o c u s  once  a t  low m a g n i f i c a t i o n  ( 5 , 0 0 0 ~ )  

by means o f  image wobbler.  

i v )  S e l e c t  t h e  d e s i r e d  v i s u a l  f i e l d  and magnif ica-  



t i o n .  I f  t h e  magni f i c a t i o n  t o  b e  used  is  

below 1.0, OOOX,  u s e  bot h  t h e  viewer and image 

wobbler t o  f o c u s  t h e  image. 

Remarks: The exposure  t i m e r  i s  s e t  accord ing  

t.o t h e  f i  Lm s e n s i t i v i t y  and k i n d  

o f  specimen and u s u a l l y  set  t o  2 o r  

4 s e c .  The exposure  meter  i s  i n d i c a t e d  

by coulomb ( o r  p roduc t  of  b r i g h t n e s s  

and exposure  t i m e ) .  

There fo re ,  de te rmine  t h e  coulomb 

accord ing  t o  k i n d  o f  f i l m ,  and t h e n  

determi n e  t h e  exposure  t ime .  

v )  Depress FILM FEED b u t t o n  ( 3 3 ) ,  and t h e  f i l m  

c o u n t e r  ( 2 )  o p e r a t e s  w i t h  EXPOSE lamp ( 4 )  lit. 

v i )  Pull  t h e  s h u t t e r  l e v e r  ( 1 1 2 )  g e n t l y  toward 

you. The image w i l l  d i -sappear  from t h e  s c r e e n ,  

buk it  w i l l  appear  a g a i n  when t h e  s h u t t e r  

l e v e r  i s  f u l l y  r e t r a c t e d  (mic roswi tch  o p e r a t e s ) .  

vii) Exposure is  c o n t r o l l e d  by t h e  auk0 s h u t t e r .  

Return t h e  s h u t t e r  l e v e r  when t h e  image d i s -  

appears .  

viii) When FEED STOP s w i t c h  ( 1 0 )  i s  t u r n e d  on, t h e  

f i l m  i s  a u t o m a t i c a l l y  f e d  t o  t h e  n e x t  p o s i t i o n .  



I n  c a s e  of one v i s u a l - f i e l d  e x p o s u r e  on a  

f i l m ,  t h e  exposed  f i l m  i s  f e d  t o  t h e  c a s s e t t - , e  

r e c e i v e r  w i t h  STAND BY lamp ( 5 )  lit. I n  

c a s e  of two v i s u a l - f i e l d  e x p o s u r e s  o n  a  f i l m ,  

t h e  EXPOSE lamp ( 4 )  l i g h t s  up a g a i n  f o r  t h e  

n e x t  p h o t o g r a p h i n g .  

When STAND BY lamp ( 5 )  l i g h t s  up ,  d e p r e s s  

FILM F E E D  b u t t o n  ( 3 3 )  t o  t u r n  on EXPOSE lamp 

( 4 ) .  Now, t h e  f i l m  i s  r e a d y  f o r  e x p o s u r e .  

The f i l m  c o u n t e r  d i s p l a y  is r e d u c e d  e a c h  t i m e  

t h e  F I L M  FEED b u t t o n  ( 3 3 )  is  d e p r e s s e d  u n t i l  

it becomes z e r o .  

I f  FILM FEED b u t t o n  ( 3 3 )  is  d e p r e s s e d  w h i l e  

t h e  f i l m  c o u n t e r  i n d i c a t e s  z e r o ,  t h e  chime 

sounds  t o  announce t h a t  t h e  c a s s e t t e  magaz ine  

i s  empty.  

i x )  I f  t h e  v i s u a l  f i e l d  is n o t  a d e q u a t e  i.n t r i m -  

ming of  f i l m ,  check  t h e  r o t a t i n g  d i r e c t i o n  and 

a n g l e  of  spec imen f i e l d  and  d e p r e s s  SCAN b u t t o n  

( 2 3 )  t o  o b t a i n  t h e  s c a n  image. Check t h e  v i s u a l  

f i e l d ,  and  r o t a t e  t h e  spec imen w i t h  t h e  s p e c i -  

men r o t a t i o n  knob ( 9 6 ) .  Then, c e n t e r  t h e  v i s u a l  

f i e l d  w i t h  t h e  spec imen s t a g e  c o n t r o l  and  push  

t h e  ZOOM b u t t o n  ( 2 4 ) .  Check t h e  v i s u a l  f i e l d  



aga in . 
IV-1-8 Select ,ed-area D i f f r a c t i o n  Photography 

( s e e  Fig. 4-7) 

i )  Push SELECTED AREA ( s ,A)  b u t t o n  (221, and t u r n  

t h e  zoom d i a l  ( 2 7 )  t o  s e t  m a g n i f i c a t i o n  s o  a s  

t o  o b t a i n  t,he image f o r  d i f f r a c t i o n .  I n s e r t  a  

f i e l d  l i m i t i n g  a p e r t u r e  (108)  s u i t e d  f o r  t h e  

specimen. 

i i )  Focus t h e  image on t h e  edge o f  t h e  f i e l d  

1 i m i  t ing  a p e r t u r e  by t u r n i n g  SELECTED AREA 

knob ( 2 6 ) .  Use t h e  o b j e c t l i v e  a p e r t u r e  f o r  

photographing t h e  magni f i ed  image, because  

t h i s  w i l l  improve c o n t , r a s t .  Remove t h e  

o b j e c t i v e  a p e r t u r e  f o r  d i f f r a c t i o n  micrography.  

iii) Depress DIFF b u t t o n  ( 2 1 ) ,  and f o c u s  t h e  image 

t o  t h e  s p o t  by t u r n i n g  t h e  s m a l l  c o n t r o l  o f  

CAMERA LENGTH d i a l  ( 2 5 ) .  

i v )  S e l e c t  an a p p r o p r i a t e  camera l e n g t h  w i t h  t h e  

l a r g e  c o n t r o l  o f  CAMERA LENGTH d i a l  ( 2 5 ) ,  and 

b r i n g  t h e  image i n  f o c u s  w i t h  t h e  s m a l l  c o n t r o l .  

Camera l e n g t h  i s  a d j u s t a b l e  i n  5 s t e p s .  

Approximate v a l u e s  a r e  g iven  i n  t h e  t a b l e .  Using 

a  s t a n d a r d  specimen (e.g., g o l d  f o i l ) ,  e x a c t  



v a l u e s  t,o s u i t  t h e  i n d i v i d u a l  i n s t r u m e n t  

c a n  b e  deterhmined. 

v ) A d j u s t  b r - i g h t n e s s  w i t h  BRIGHTNESS c o n t r o l  

( 3 2 ) ,  and  expose  t h e  f i l m .  The s p o t  w i l l  

b e  l e s s  s h a r p  i f  it is t o o  br- ight , .  

A d j u s t  t h e  brbightness  s o  t h a t  e x p o s u r e  

i s  30 s e c o n d s  t o  one m i n u t e .  

IV-1-9 Dark F i e l d  Photography  

i ) O b t a i n  a  s e l e c t e d  a r e a  d i f f r a c t i o n  image.  

Check t h e  p o s i t i o n  of  t h e  main ( c e n t e r )  s p o t ,  

and  t u r n  DARK/BRIGHT s e l e c t o r  ( 5 1 )  t o  DARK.  

Then a d j u s t  BEAM T I L T  ( X - Y )  c o n t r o l s  ( 5 3 )  of  

t h e  d a r k  f i e l d  c o n t r o l  p a n e l  s o  t h a t  t h e  

d e s i r e d  d i f f r a c t i o n  s p o t  i s  b r o u g h t  t o  t h e  

p o s i t i o n  of t h e  main s p o t .  

i i )  While a d j u s t i n g  t h e  b r i g h t n e s s  w i t h  BRIGHTNESS 

c o n t r o l  ( 3 2 ) ,  a l i g n  t h e  s p o t  w i t h  BRIGHTNESS 

(x-Y) c o n t r o l s  ( 5 4 ) .  

i i i )  I f  t h e  s p o t  is d i s t o r t e d ,  c o r r e c t  it w i t h  t h e  

s t i g m a t o r  ( 5 2 ) .  A p p r o p r i a t e  s p o t  s i z e  w i l l  b e  

5 t o  1 0  p ,  and beam c u r r e n t  30 t o  50 w A .  A d j u s t  



t h e  v a l u e s  when t h e  specimen i s  l i a b l e  t,o be  

damaged by e l e c t r o n  beam i r r a d i a t i o n .  

i v )  Limit, t h e  v i s u a l  f i e l d  t o  t h e  a r e a  around t h e  

d e s i  r ed  d i f f r a c t i o n  s p o t  ( t h e  s p o t  b rough t  t o  

t h e  c e n t e r  o f  v i s u a l  f i e l d )  w i t h  t h e  o b j e c t i v e  

a p e r t u r e  (107) .  I f  a  d i f f r a c t i o n  r i n g ,  i n s t e a d  

of  a d i f f r a ~ t ~ i o n  s p o t ,  i s  t o  b e  observed,  

a l i g n  t h e  a p p r o p r i a t e  p o i n t  o f  t h e  r i n g  t o  

t h e  c e n t e r  and i n s e r t  t h e  o b j e c t i v e  a p e r t u r e .  

v )  Depress ZOOM b u t t o n  ( 2 4 )  t o  o b t a i n  t h e  magnif ied  

image. 

v i )  Adjust  B R I G H T N E S S  (C2) knob ( 3 2 ) ,  f o c u s  t h e  

image, and expose t h e  f i l m .  The wobbler can b e  

used f o r  f o c u s i n g  a  magni f i ed  image a t  low 

m a g n i f i c a t i o n  though t h e  image becomes r a t h e r  

dark.  The d a r k  f i e l d  image is u s u a l l y  somewhat 

d a r k  and h igh  i n  c o n t r a s t ,  s o  it is  

a lmost  i m p o s s i b l e  t o  u s e  t h e  exposure  m e t e r .  

Make t h e  c r o s s o v e r  image about  t h e  s i z e  o f  t h e  

i n n e r  main s c r e e n ,  and make a n  exposure .  

IV-1-10 Low Magnificat,ion/Wi.de F i e l d  Observat ion ,  Micro- 

graphy ( o p t i o n a l  Accessory)  



i )  Remove t h e  f i e l d  l i m i t i n g  a p e r t u r e .  

i i )  I n s e r t  t h e  g r i d  h o l d e r  HSS-1 t y p e  ( ~ i g .  4-8) 

w i t h  t h e  specimen mounted i n t o  t h e  second 

specimen chamber, and p re -evacua te  t h e  

chamber. 

iii) Depress SA b u t t o n  ( 2 2 ) ,  and p l a c e  t h e  specimen 

under  t h e  e l e c t r o n  beam. 

i v )  S e t  m a g n i f i c a t i o n  w i t h  t h e  zoom d i a l  ( 2 7 ) ,  and 

f o c u s  t h e  image w i t h  SELECTED AREA knob ( 2 6 ) .  

Magni f i ca t ion  change by t h e  zoom d i a l  i s  

p rov ided  i n  21 s t e p s .  D i g f t a l  i n d i c a t i o n  

of  m a g n i f i c a t i o n  i s  p o s s i b l e  a t  o p t i o n .  I f  

c o n t i n u o u s  m a g n i f i c a t i o n  change is  r e q u i r e d ,  

s e t  FREE-NORMAL s w i t c h  ( 6 7 )  t o  FREE, f o c u s  t h e  

image w i t h  I N T .  c o n t r o l  ( 7 1 ) ,  and change t h e  

m a g n i f i c a t i o n  w i t h  PROJ. 1 ( 7 2 )  and PROJ. 2 

( 7 3 )  c o n t r o l s .  S i n c e  t h e  m a g n i f i c a t i o n  

depends on t h e  combinat ion o f  PROJ. 1 and 

PROJ. 2  c u r r e n t  v a l u e s ,  a  graph showing t h e  

r e l a t i o n s h i p  s h o u l d  b e  p r e p a r e d  by  t e s t i n g .  

v )  Adjus t  t h e  specimen s t a g e  w i t h  t h e  X-Y c o n t r o l s  of 

t h e  specimen exchange d e v i c e  o f  t h e  second specimen 

chamber. 



I V - 1 - 1 1  F i l m  Exchange (Photography)  

i )  Do n o t  touch t h e  emulsion s u r f a c e  when t h e  

f i l m  ( o r  p l a t e )  i s  loaded  i n  t h e  c a s s e t t e  

( s e e  Fig. 4-9) .  When un load ing  t h e  f i l m ,  

make s u r e  Lhat STAND BY lamp ( 5 )  on t h e  l e f t  

i n d i c a t o r  pane l  l i g h t s .  

i i )  Turn camera v a l v e  s e l e c t o r  ( 7 7 )  t o  A I R .  T h i s  

a i r l o c k s  t h e  camera and t h e n  i n t r o d u c e s  a i r  

i n t o  t h e  camera chamber a u t o m a t i c a l l y  ( abou t  

3 minu tes )  ( ~ i g .  2-4).  

iii) Open t h e  camera chamber door  by p u l l i n g  it 

o u t  ( ~ i g .  4-10). 

i v )  Remove t h e  c a s s e t t e  r e c e i v e r  ( ~ i g .  4-11).  

v )  P u l l  o u t  t h e  t r a y  i n  t h e  camera chamber t o  

t a k e  o u t  t h e  c a s s e t t e  r e s e r v o i r  by l i f t i n g  t h e  

s t o p p e r  of  t h e  h a n d l e  ( ~ i g .  4-12). 

v i )  Put a  new c a s s e t t e  r e s e r v o i r  i n  t h e  t r a y  and 

push it i n t o  t h e  chamber. 

vii) S e t  an empty c a s s e t t e  r e c e i v e r  i n  p l a c e .  Do 

n o t  f e e d  f i l m s  wi thou t  mounting t h e  c a s s e t t e  

r e c e i v e r .  

viii) Close  t h e  door ,  and t u r n  t h e  camera v a l v e  

s e l e c t o r  (77)  t o  H VAC, w h i l e  p r e s s i n g  it l i g h t l y .  



T h i s  w i l l  open t,he camera a i r l o c k  au tomat ica l -  

l y  a f t e r  p re -evacua t ion .  

i x )  When t h e  a i r l o c k  opens,  f e e d  o u t  t h e  s h i e l d  

p l a t e  ( t h i s  f a c i l i t a t e s  e v a c u a t i o n )  and set 

t,he f i l m  c o u n t e r  ( 4 )  ( 5 )  t o  t h e  number o f  

f i l m s  loaded.  When t h e  number of  f i l m s  is 

t h e  same as  t h e  p rev ious  one ,  d e p r e s s  t h e  reset 

b u t t o n .  

x )  I f  on ly  p r e - e ~ a c u a t ~ i o n  i s  r e q u i r e d ,  set  t h e  

camera v a l v e  s e l e c t o r  a t  L VAC. 

x i )  I f  t h e  exposed f i l m  h a s  t o  b e  l e f t  i n  t h e  

camera u n t i l  t h e  n e x t  morning, set t h e  s e l e c t o r  

a t  CLOSE.  T h i s  keeps  t h e  camera i n  vacuum 

and makes t h e  chamber comple te ly  l i g h t - t i g h t .  

IV-1-12 Sugges t ions  f o r  Optimum Photography 

i )  Do n o t  u s e  u n n e c e s s a r i l y  h igh  m a g n i f i c a t i o n ;  

A s  t h e  n e g a t i v e  image i s  e n l a r g e d  t o  460 x  

560 mrn s i z e  i n  p r i n t ,  c o n s i d e r  t h e  magnif ica-  

t i o n  i n  t e r m s  o f  t h e  f i n a l  p r i n t ,  n o t  t h e  f i l m  

size. For example, t h e  enlargement  from t h e  

f u l l  f i l m  s i z e  ( 7 5  x 90 mrn) t o  460 x  560 mm 

p r i n t  w i l l  b e  6x ( o r  8x from t h e  h a l f  s i z e ) .  



Hence, i f  t h e  f i n a l  m a g n i f i c a t i o n  t o  b e  o b t a i n -  

ed i s  200,00Ox, t h e  d i r e c t  m a g n i f i c a t i o n  w i l l  

be  3 0 , 0 0 0 ~  t o  3 5 , 0 0 0 ~  f o r  t h e  f u l l - s i z e  and 

about  2 5 , 0 0 0 ~  f o r  t h e  h a l f - s i z e  f i l m .  

ii) The s t a n d a r d  condi t i o n s  f o r  photography a r e  

a s  fo l lows .  

Spot  S i z e :  2  - 5 

Beam Cur ren t :  Below 20 p,A ( w i t h  

h a i r p i n  t y p e  f i l a m e n t )  

C2 movable a p e r t u r e :  0 .3  - 0.5 pa+ 

Although t h e  image becomes b r i g h t e r  wi th  

r e d u c t i o n  i n  s p o t  s i z e ,  t h e  specimen w i l l  b e  

more a f f e c t e d  -- swept o r  damaged -- 
by t h e  s t r o n g e r  e l e c t r o n  beam. Do n o t  i n c r e a s e  

t h e  c u r r e n t  beyond t h e  p o i n t  a t  which t h e  

specimen is  swept by i r r a d i a t i o n .  

iii) Let  t h e  c r o s s o v e r  image f i l l  t h e  f l u o r e s c e n t  

s c r e e n ,  s o  t h a t  r e d u c t i o n  i n  dep th  o f  f o c u s  

o f  t h e  image on t h e  specimen is  avoided.  

i v )  When t h e  r e q u i r e d  v i s u a l  f i e l d  i s  s e l e c t e d ,  

s e t  t h e  f o u s i n g  s c r e e n  o n t o  

t h e  o p t i c a l  a x i s  and f o c u s  t h e  b i n o c u l a r  

viewer on it. Then make t h e  c r o s s o v e r  image 



s m a l l e r  ( b r i g h t e r )  u n t i l  a d e q u a t e  

b r i g h t n e s s  is o b t a i n e d  f o r  f o c u s i n g .  Focus 

t h e  image w i t h  t h e  image wobb le r .  

V )  I f  t h e  image is t o o  d a r k  and d i f f i c u l t  t o  

f o c u s ,  make t h e  c r o s s o v e r  image s m a l l e r .  

A f t e r  f o c u s i n g ,  magnify t h e  image.  

v i )  I n  c a s e  of b i o l o g i c a l  spec imens ,  u n d e r f o c u s  
0 

t h e  image by 1 , 0 0 0  t o  2 ,000 A t o  improve t h e  

c o n t r a s t  of  p i c t u r e s .  

v i i )  The optimum e x p o s u r e  t i m e  is 3 t o  6 s e c o n d s .  

v i i i )  Do n o t  t o u c h  t h e  spec imen s t a g e  a f t e r  t h e  

v i s u a l  f i e l d  is  s e l e c t e d  and  o r i e n t e d  f o r  

pho tog raphy .  I n  p a r t i c u l a r ,  a v o i d  o p e r a t i o n  

of  t h e  spec imen s t a g e  a f t e r  f o c u s i n g .  

I V - 1 - 1 3  P o i n t e d  F i l a m e n t  

The u s e  of  a  p o i n t e d  f i l a m e n t  p r o v i d e s  h i g h  r e s o l u -  

t i o n  e l e c t r o n  images,  s o  it i s  w i d e l y  a p p l i e d  t o  

o b s e r v a t i o n  o f  a n i m a t e  a n d  i n a n i m a t e  spec imens .  

E l e c t r o n  image f o r m a t i o n  is due  t o  t h e  s c a t t e r i n g  

c o n t r a s t  a n d  t h e  p h a s e  c o n t r a s t .  With a  spec imen 

which s c a t t e r s  most  o f  t h e  e l e c t r o n s  i n c i d e n t  on 

it ( i . e . ,  one  w i t h  a  l a r g e  d i f f e r e n c e  i n  t h i c k n e s s  



o r  d e n s i t y  w i t h  specimen s p o t s ) ,  images w i t h  s u f f i -  

c i e n t  con t . r a s t  ( s ~ a t ~ t e r i n g  con t ras t , )  a r e  formed. 

On t h e  o t h e r  hand, w i t h  one having lower  s c a t t e r -  

i n g  e f f i c i e n c y ,  image formatio-1 i s  due p r i m a r i l y  

t o  t h e  c o n t r a s t  by e l e c t r o n  i n t e r f e r e n c e  ( p h a s e  

c o n t r a s t ) .  T h i s  means t h a t  by u s i n g  an e l e c t r o n  

beam which c a u s e s  much i n t , e r f e r e n c e ,  s u f f i c i e n t l y  

con t ras t , ed  images can b e  o b t a i n e d  even w i t h  a  

specimen which produces  l i t t l e  s c a t t e r i n g .  The 

degi-ee o f  i n t e r f e r e n c e  depends upon t h e  coherence  

o f  t h e  i r r a d i a t i n g  e l e c t r o n  beam. To i n c r e a s e  t h e  

coherence  o f  t h e  beam, t h e  e l e c t r o n  s o u r c e  s h o u l d  

b e  made a s  s m a l l  a s  p o s s i b l e  by a  condenser  l e n s ,  

i . e . ,  t h e  f i r s t  condenser  l e n s  shou ld  b e  e x c i t e d  a s  

s t , rongly a s  p o s s i b l e .  However, by do ing  s o ,  t h e  

e l e c t r o n  beam i s  g r e a t l y  broadened and i t s  d e n s i t y  

d e c r e a s e s .  T h i s  makes pho tograph ing  a t  h igh  

m a g n i f i c a t i o n s  imposs ib le .  The p o i n t e d  f i l a m e n t  

s e r v e s  a s  a ve ry  s m a l l  e l e c t r o n  s o u r c e  and is 

ext remely  r i c h  i n  e l e c t r o n s  a s  compared w i t h  t h e  

h a i r p i n  f i l a m e n t .  Accordingly it produces  an 

e lec t , ron  beam w i t h  h igh  coherence .  By u t i l i z i n g  

t h e  p o i n t e d  f i l a m e n t ,  s u f f i c i e n t l y  b r i g h t  images a s  



w e l l  a s  h i g h  r e s ~ l u t  i o n  o n e s  can  b e  o b t a i n e d  w i t h  

a  low ene rgy  e l ec t , ron  c u r r e n t  w i t h o u t  damaging 

spec imens .  

IV-1-14 P o s i t i o n i n g  o f  P o i n t e d  Filament, 

To o b t a i n  a  b r i g h t  and s m a l l  s p o t  w i t h  t h e  e l e c t r o n  

beam, t ,he geomet ry  o f  t,he Wehnelt  c y l i n d e r  and  

p o i n t e d  f i l a m e n t  t i p  i s  v e r y  c r i t i c a l .  F ig .  4-13 

shows t h i s  r e l a t i o n .  Ad jus t  t h e  d i s c  p l a t e  ( 4 4 3 2 -  

2161, see F ig .  1-5-2) by u s i n g  a  m a g n i f y i n g  g l a s s  

s o  t h a t  t h e  f i l a m e n t  t i p  i s  c e n t e r e d  i n  t h e  Wehnelt  

c y l i n d e r  open ing .  

Note:  The t i p  o f  t h e  p o i n t e d  f i l a m e n t  i s  s h a r p e r  

t h a n  a  h a i r - p i n  t i p .  

Do n o t  t o u c h  i t  w i t h  a  f i n g e r  n o r  a n y t h i n g  

e l s e .  

I V - 1 - 1 5  Axia l  Alignment o f  P o i n t e d  F i l amen t  

i )  A f t e r  c h e c k i n g  f o r  p r o p e r  vacuum, a p p l y  an 

a c c e l e r a t i n g  v o l t a g e  o f  50 o r  7 5  kV. I f  

d i s c h a r g e  o c c u r s ,  t h e  f i l a m e n t  t i p  w i l l  b e  

damaged. T h e r e f o r e ,  pe r fo rm t h e  f o l l o w i n g  

o p e r a t i o n s  making c e r t a i n  t h a t  no d i s c h a r g e  

o c c u r s .  
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i i )  F u l l y  t u r n  t h e  b i a s  v o l t a g e  c o n t r o l  (#) 

clockwise .  

iii) Slowly t u r n  t h e  f i l a m e n t  c u r r e n t  c o n t r o l  
6 

(I#) c lockwise  u n t i l  t h e  beam c u r r e n t  comes 

between 50 and 160 y A  (approach ing  t h e  s a t u r a -  

t i o n  p o i n t ) .  

i v )  Reduce t h e  beam c u r r e n t  t o  between 30 and 50 

p A  with  t h e  b i a s  v o l t a g e  c o n t r o l  ( 1 7 ) .  

v )  Form a  c r o s s o v e r  image w i t h  t h e  BRIGHTNESS 

c o n t r o l  ( c 2 )  ( 3 2 )  and t h e n  b r i n g  it t o  t h e  

c e n t e r  o f  t h e  f l u o r e s c e n t  s c r e e n  w i t h  t h e  

BRIGHTNESS C E N T E R I N G  c o n t r o l s  (38 ) and ( 3 6 ) .  

The SPOT SIZE s e l e c t o r  ( 4 3 )  shou ld  b e  s e t  a t  

t h e  2 o r  5 p p o s i t i o n .  A f t e r  t h e  c r o s s o v e r  

image i s  formed, b r i n g  t h e  m a g n i f i c a t i o n  t o  

between 5 , 0 0 0 ~  and 1 0 , 0 0 0 ~ .  

v i )  When t h e  p o i n t e d  f i l a m e n t  i s  p r o p e r l y  a l i g n e d ,  

t h e  c r o s s o v e r  image is  formed a s  shown i n  

Fig.  4-1-1, 2, and 3. Then s e t  t h e  a p e r t u r e  

p l a t e  No. 3  o r  No. 4 o f  t h e  second condenser  

l e n s  movable a p e r t u r e  ( 8 0 ) .  

xii) Adjust  t h e  GUN T I L T  c o n t r o l  ( 4 1 )  and GUN 

HORIZ. c o n t r o l  ( 4 2 )  t o  form a  r ing-shaped 



c r o s s o v e r  image a s  shown i n  Fig. 4-1-4. T h i s  

i s  accomplished b y  s h i f t i n g  t h e  c r o s s o v e r  

image previ -ous ly  o b t a i n e d  i n  t h e  ar rcw d i r e c -  

t i o n  i n  Fig. 4-1-1, 2 ,  3 w i t h  t h e  GUN T I L T  

c o n t r o l  o r  s h i f t i n g  it i n  t h e  o p p o s i t e  d i r e c -  

t i o n  w i t h  t h e  GUN H O R I Z .  c o n t r o l .  

I f  t h e  image is o u t  o f  t h e  f l u o r e s c e n t  s c r e e n ,  

r e t u r n  it t,o t h e  c e n t e r  o f  t h e  s c r e e n  by 

o p e r a t i n g  t h e  BRIGHTNESS CENTERING c o n t r o l s  

( 3 8 ) .  

viii) When t h e  r ing-shaped c r o s s o v e r  image i s  

formed, make a x i a l  a l ignment  o f  t h e  e l e c t r o n  

o p t i c a l  system. 

S e t  t h e  SPOT SIZE s e l e c t o r  ( 4 3 )  t o  t h e  2 11 

p o s i t i o n  and b r i n g  t h e  c r o s s o v e r  image t o  t h e  

c e n t e r  o f  t h e  f l u o r e s c e n t  s c r e e n  by o p e r a t i n g  

t h e  BRIGHTNESS CENTERING c o n t r o l s  ( 3 8 ) .  

Switch t h e  s e l e c t o r  ( 4 3 )  t o  t h e  5 o r  1 0  p, 

p o s i t i o n ,  and t h e  image w i l l  s h i f t  from t h e  

c e n t e r  o f  t h e  s c r e e n .  Then b r i n g  t h e  c r o s s -  

o v e r  image back i n t o  p l a c e  w i t h  t h e  GUN T I L T  

c o n t r o l  ( 4 1 )  and GUN H O R I Z .  c o n t r o l  ( 4 2 ) ,  w h i l e  

m a i n t a i n i n g  it i n  a  r i n g  shape.  



Repeat t h e  p rocedure  above u n t i l  t h e  c r o s s -  

o v e r  image i s  main ta ined  i n  t h e  c e n t e r  o f  t h e  

s c r e e n  (120 4 f l u o r e s c e n t  s c r e e n )  a t  any 

p o s i t i o n  between 2 and 10 p. Thus t h e  a x i a l  

al ignment  i s  completed.  

i x )  Turn t h e  b i a s  v o l t a g e  c o n t r o l  ( 1 7 )  coun te r -  

c lockwise  t o  apply  t h e  b i a s  v o l t a g e  and f o c u s  

t h e  r ing-shaped c r o s s o v e r  image i n t o  such a s  

t h a t  shown i n  Fig. 4-1-5 and G .  I f  t h e  r i n g  

is  d i s t o r t e d  d u r i n g  t h i s  o p e r a t i o n ,  c o r r e c t  

i t  t o  a  f u l l  r i n g  w i t h  t h e  GUN T I L T  c o n t r o l  

( 4 1 )  and GUN H O R I Z .  c o n t r o l  ( 4 2 )  whenever 

n e c e s s a r y .  I f  t h e  e l e c t r o n  c u r r e n t  s t o p s  

b e f o r e  a  s u f f i c i e n t l y  s m a l l  s p o t  i s  a t t a i n e d ,  

supp ly  c u r r e n t  a g a i n  by o p e r a t i n g  t h e  f i l a m e n t  

c u r r e n t  c o n t r o l  ( 1 6 ) .  Under t h e  optimum 

c o n d i t i o n ,  t h e  beam c u r r e n t  a t t a i n a b l e  i s  

5 p A  o r  l e s s .  

Turning t h e  b i a s  v o l t a g e  c o n t r o l  ( 1 7 )  c lockwise ,  

a  d a r k  s p o t  a p p e a r s  i n  t h e  c r o s s o v e r  image, 

and when t u r n i n g  it coun te rc lockwise ,  t h e  image 

becomes b r i g h t  and s u b s e q u e n t l y  da rk .  The b i a s  

v o l t a g e  a t  which t h e  image i s  b r i g h t e s t  s h o u l d  



b e  s e l e c t e d .  I n  t , h i s  c a s e ,  t h e  s p o t  s i z e  i s  

bet,ween 0 .3  and 0 .5  p i n  d iamete r  (see 

Fig. 4-1-7) when t h e  SPOT SIZE s e l e c t o r  ( 4 3 )  

i s  set a t  t h e  2 p p o s i t i o n .  

A s  t h e  b i a s  v o l t a g e  and t h e  f i l a m e n t  c u r r e n t  

a r e  i n c r e a s e d ,  t h e  image becomes b r i g h t e r ,  b u t  

t h e  l i f e  o f  t h e  f i l a m e n t  i s  s h o r t e n e d .  

x )  When t h e  s t a n d a r d  Wehnelt c y l i n d e r  ( w i t h  1 . 5  

mrn 6 opening)  i s  used,  a  c r o s s o v e r  image 

between 0 . 3  and 0.5 p i n  d i a m e t e r  i s  a t t a i n a b l e  

w i t h  t h e  SPCT SIZE s e l e c t o r  ( 4 3 )  s e t  a t  t h e  2 

p p o s i t i o n ,  and a  b r i g h t n e s s  co r respond ing  t o  

exposure  f o r  about  5 seconds  is a l s o  a t t a i n a b l e  

at a  m a g n i f i c a t i o n  of  5 0 0 , 0 0 0 ~ .  

x i )  When t h e  a c c e l e r a t i n g  v o l t a g e  i s  changed, t h e  

shape  o f  t h e  c r o s s o v e r  image may change because  

of  a v a r i a t i o n  o f  t h e  e l e c t r i c  f i e l d  around 

t h e  Wehnelt c y l i n d e r .  I n  such a  c a s e ,  r e a d j u s t -  

ment i s  r e q u i r e d .  

I V - 2  Aut,omati c  .Opera t ion  

( ~ i g .  2-4)  

I n  c a s e  o f  au tomat ic  o p e r a t i o n ,  once  t h e  vacuum sys tem 



i s  s e t  i n  o p e r a t i o n  w i t h  M A I N  SW-EVAC s w i t c h  ( 5 5 )  

t t t r ned  on,  t h e  v a l v e s  a r e  o p e r a t e d  a u t o m a t i c a l l y  b y  

means of  EVAC S E Q U E N C E  c i r c u i t .  It i s  o n l y  

n e c e s s a r y  t o  d e p r e s s  E V A C . ,  C L O S E  o r  A I R  b u t t o n  

acc .ord ing  t o  t h e  i n s t r u c t i o n s .  

Y'hese mechanisms w i l l  b e  e x p l a i n e d  below.  

The o p e r a t i o n  of  t h e  vacuum s y s t e m  c a n  b e  checked  t h r o u g h  

t h e  VACUUM S E Q U E N C E  p i l o t  lamps ( 1 4 )  i n  t h e  R I P  a n d / o r  

EVAC P A N E L  p i l o t  ( 1 5 )  lamps i n  t h e  r e l a y  box  ( R ) .  

The gun h o u s i n g  v a l v e  s w i t c h  is a  r o t a r y  s w i t c h  ( 7 6 ) ,  

and i s  c o n t a i n e d  i n  t h e  c o n s o l e .  The spec imen  

chamber v a l v e  s w i t c h  ( 3 4 )  is l o c a t e d  i n  t h e  RMP a s  

it is f r e q u e n t l y  u s e d .  The M A I N  SW-EVAC ( 5 5 )  and 

COLUMN EVAN ( 5 7 )  ( 5 8 )  ( 5 9 )  s w i t c h e s  a r e  push  b u t t o n s  

and a r e  l o c a t e d  i n  t h e  RSP, whereas  t h e  camera 

chamber v a l v e  s w i t c h  ( 7 7 )  i s  a  r o t a r y  s w i t c h  p l a c e d  

a t  t,he r i g h t  of  t h e  camera chamber f r o n t .  

'Ihe p l a t e  r e s e r v o i r - v a l v e  s w i t c h  ( 7 8 )  is l o c a t e d  above  

t,he d o o r  h a n d l e  and  p e r f o r m s  E V A C - A I R  o p e r a t i o n .  

The EVAC P A N E L  c o n t a i n s  t h e  vacuum s y s t e m  d iag ram 

and  i n d i c a t e s  t h e  o p e r a t i o n  o f  a l l  vacuum v a l v e s ,  

vacltum pumps and  vacuum gauges ,  a s  w e l l  a s  t h e  

s u p p l y  of  w a t e r  and  compressed  a i r .  



The V A C U U M  SEQUENCE moni tor  pane l  is l o c a t e d  i n  t h e  

R I P ,  EVAC.  ( b l u e ) ,  CLOSE ( y e l l o w )  o r  A I R  ( r e d )  is  

d i s p l a y e d  f o r  gun housing,  column, specimen chamber 

and camera chamber r e s p e c t i v e l y  by p i l o t  lamps ( 1 5 ) .  

Also d i s p l a y e d  is L I N E  ( r e d ) ,  WARM UP ( o f  DP)  ( y e l l o w ) ,  

I . O W  VAC ( g r e e n )  and H I G H  VAC ( b l u e )  of t h e  main vacuum 

sys tem w i t h  p i l o t  lamps ( 1 4 ) .  The H I G H  VAC lamp is 

i n t e r c o n n e c t e d  w i t h  t h e  Penning gauge, and t h e  i n s t r u -  

ment is  ready f o r  h i g h  v o l t a g e  i m p o s i t i o n  when it i s  

i l l u m i n a t e d .  The VACUUM m e t e r  ( 1 2 )  is  p l a c e d  i n  t h e  

c e n t e r  of  RIP. With a  s e l e c t o r  (13) ,  t h e  mete r  

p r o v i d e s  t h r e e  r e a d i n g s ,  COL. (penn ing) ,  COL. 

( ~ i r a n i ) ,  and RP ( ~ i r a n i ) .  

IV-2-1  P r e p a r a t i o n  

i )  Open t h e  door  on t h e  r i g h t  c o n s o l e ,  i n  which 

t h e  sequence  r e l a y  box ( ~ i g .  2-5) i s  c o n t a i n e d .  

Turn t h e  MANUAL-AUTO s w i t c h  t o  AUTO. 

Turn a l l  t h e  o t h e r  s w i t c h e s  t o  CLOSE. 

i i )  Turn G U N  VALVE (76), COLUMN VALVE ( 5 7 )  and 

CAMERA VALVE ( 7 7 )  s w i t c h e s  t o  CLOSE, and t h e  

specimen chamber valve  ( 3 4 . )  and PR v a l v e  

s w i t c h e s  ( 7 8 )  t o  EVAC. 



z) Supply D P  coo l ing  water  (15 t o  2s0 C ,  2 t o  3 

e lmin . ) .  

IV-2 -2  S t a r t i n g  

i )  Turn M A I N  SW-EVAC swi tch  ( 5 5 )  on. 

Th is  t u r n s  RP-1, RP-2, compressor,  and vacuum 

gauges on, and c l o s e s  t h e  RP a i r  l e a k  v a l v e s  

MVL-1 and MVL-2.  

i i )  The vacuum sequence does n o t  o p e r a t e  u n t i l  t h e  

p r e s s u r e  of  t h e  compressed a i r  a t t a i n s  2.5 

2 
kg/cm . When t h e  a i r  p r e s s u r e  a t t a i n s  2 . 5  kg/ 

2 
cm , t h e  compressor p i l o t  lamp i n  t h e  EVAC 

diagram ( R )  i s  t u r n e d  on. 

iii) MV-2 va lve  opens 15  seconds  a f t e r  s t e p  ( 2 )  t o  

evacua te  BT and t h e  DP h e a t e r  is t u r n e d  on 

s imul taneous ly  . 
i v )  I n  t h e  pre-evacuat ion system, t h e  p l a t e  

r e s e r v o i r  i s  evacuated 1 5  seconds  l a t e r  u n t i l  

t h e  evacuat ion s i g n a l  o f  t h e  column, gun 

housing,  specimen chamber, and camera chamber 

i s  i s s u e d ,  and ' specimen chamber pre-evacuat ion 

va lve  MV-5 opens 1 second a f t e r  t h e  specimen 

chamber pre-evacuat ion s i g n a l  i s  i s sued .  



Remarks: A s  mentioned i n  Sec t i on  11-3-b, t h e s e  

vacuum chambers a r e  t o  be  pre-evacuated 

accord ing  t o  t h e  p r i o r i t y  sequence,  

TV-2-3 Column Evacuation ( ~ u r i n g  DP h e a t i n g )  

( DP t ,hermostat "o f f  'I) 

The pre-evacuation procedure  f o r  t h e  column d i f f e r s  

depending upon t h e  t empera tu re  o f  t h e  DP. 

i )  Turn COLUMN VALVE-EVAC swi tch  (57)  t o  EVAC. 

i i )  When t h e  column vacuum 'TP~-2 )  i s  b e t t e r  than  

1 x 10-' Torr ,  RP-2 w i l l  evacua te  ano the r  

p a r t  o f  t h e  ins t rument  ( e . g . ,  PR, MV-7) u n t i l  

t h e  DP h e a t e r  r eaches  t h e  r e q u i r e d  t empe ra tu r e  

( u n t i l  t h e  thermoswitch i s  t u r n e d  on ) .  

iii) I f  t h e  column vacuum (PI -2)  i s  lower t h a n  1 x 

10-I Torr ,  MV-7 i s  c losed .  Af t e r  one second, 

MV-3 opens and t h e  column is  pre-evacuated.  

-1 
i v )  When t h e  column vacuum h a s  a t t a i n e d  1 x 10 

Torr ,  MV-3 i s  c l o s e d  and RP-2 w i l l  evacua te  

t h e  PR a s  i n  s t e p  ( 2 ) .  

v )  Main va lve  AV-1 does  n o t  open u n t i l  t h e  TS i s  

t u r n e d  on. 

v i )  The TS is  t u r n e d  on when t h e  DP i s  hea t ed  t o  t h e  



r e q u i r e d  t empera tu re .  A V - 1  opens  10  seconds  

a f t e r  t ,he  T S  i s  t u r n e d  on t o  e v a c u a t e  t h e  column 

t o  h i g h  vacuum. A t  t h i s  p o i n t  t h e  Penning 

gauge i s  a l s o  t u r n e d  on. 

Remark: Due t o  t h e  p r i o r i t y  sequence ,  MV-3 

does  n o t  open w h i l e  MV-5 i s  open. 

IV-2-4 Column Evacuat ion  (DP ~ o t )  ( D P  t h e r m o s t a t  " o n N )  

A s  d e s c r i b e d  i n  S e c t i o n  IV-2-3 (P .  4-32). t h e  p r e -  

e v a c u a t i n g  p rocedure  a f t e r  t h e  DP is h e a t e d  i s  

d i f f e r e n t  from t h a t  d u r i n g  DP h e a t i n g .  The fol low- 

i n g  is  t h e  p rocedure  a f t e r  h e a t i n g ,  when t h e  DP 

t h e r m o s t a t  i s  connected.  

i )  Turn COLUMN VALVE-EVAC s w i t c h  ( 5 7 )  t o  EVAC. 

i i )  I f  t h e  column vacuum (PI -2 )  i s  1 x 10-' T o r r  o r  

b e t t e r ,  AV-1 i s  opened 1 0  seconds  a f t e r  s t e p  

(1) t o  evacua te  t h e  column t o  h i g h  vacuum. - 
-1 2 </rv;;v!  

iji) I f  t h e  column vacuum i s  below 1 x 1 0  T o r r ,  L 
/ ++ -> *Ld' - , -. - rJ 

"_.) 

MV-3 i s  opened f o r  column pre -evacua t ion .  ; ::&; d, 
i v )  A s  t h e  column vacuum (PI -2 )  a t t a i n s  1 x 10-1 

Tor r ,  MV-3 is  c l o s e d ,  and AV-1 opens  1 0  seconds  

a f t e r  t h i s .  

v )  The Penning gauge is  t u r n e d  on. 



v i )  'I'he column is  ready f o r  h i g h  v o l t a g e  imposi- 

t i o n  whell t h e  Penning gauge a t , t a i n s  8 x 10  -4 

To r r  , 

IV-2-5 Gun Housing Evacuation 

i )  COLUMN EVAC-EVAC s w i t c h  ( 5 7 )  i s  assumed t o  b e  

a l r e a d y  t u r n e d  on. 

i i )  Turn GUN VALVE s w i t c h  ( 7 6 )  i n  t h e  c o n s o l e  t o  

EVAC. 

iii) If MV-7 i s  open, it c l o s e s  and MV-4 opens  f o r  

gun hous ing  pre-evacuat ion .  

i v )  When t h e  gun housing vacuum ( P I - 3 )  a t t a i n s  

7 x Tor r ,  GV, AV-2 a r e  opened t o  connect  

t h e  gun hous ing  t o  t h e  column. 

-1 
v )  If t h e  column vacuum (PI-2) i s  below 1 x 1 0  

Tor r ,  t h e  column pre-evacuat ion  is  c o n t i n u e d  

th rough  MV-4 and MV-3. 

v i )  When t h e  column vacuum (PI-2)  a t t a i n s  1 x 10-I  

Tor r ,  w i t h  MV-3 c l o s e d  and AV-1 opened,  MV-4 is 

c l o s e d .  T h i s  comple tes  gun hous ing  pre-evacua- 

Lion. 

c) If t h e  column is  under  main ( h i g h  vacuum) 

evacua t ion  and AV-1 i s  open, MV-4 c l o s e s  



immediately. MV-7 opens a f t e r  one second t o  

evacuate t h e  p l a t e  r e s e r v o i r .  

Remarks: Due t,o t h e  p r i o r i t y  sequence, MV-4 

does n o t  open whi le  MV-5 is open. 

IV-2-6 Specimen Chamber Evacuation 

i )  Turn SPECIMEN CHAMBER VALVE bu t ton  (34)  t o  

EVAC. 

i i )  I f  MV-3, MV-4, MV-6 and MV-7 a r e  open, t h e s e  

a r e  c losed ,  and a f t e r  one second MV-5 opens t o  

pre-evacuate t h e  specimen chamber. 

kti) When t h e  specimen chamber vacuum (PI-3)  a t t a i n s  

7 x Torr,  MV-5 c l o s e s  and pre-evacuation 

i s  completed. Af te r  one second, t h e  vacuum 

valve under ope ra t ion  i n  s t e p  ( 2 )  ( e i t h e r  

MV-3, MV-4, MV-6, o r  MV-7) is opened. 

I V - 2 - 7  Camera Chamber Evacuation 

i )  COLUMN EVAC-EVAC switch bu t ton  (57)  i s  assumed 

t o  be  a l ready  t lontt .  

i i )  Turn on H-VAC of CAMERA VALVE swi tch  ( 7 7 )  a t  

t h e  r i g h t  of camera chamber. 

iii) I f  MV-7 i s  open, it i s  t h e n  c lo sed  and one second 

a f t e r  t h e  c l o s u r e  MV-6 opens f o r  camera chamber 



pre-evacuation.  

i v )  The a i r l o c k  va lve  (CV)  is  opened t o  connect 

t h e  camera chamber t o  t h e  column, when t h e  

camera chamber vacuum ( ~ 1 - 3 )  has  a t t a i n e d  

7 x lom2 Torr.  

v )  I f  t h e  column i s  under pre-evacuation ( P l - 2  

-1 
i n d i c a t e s  vacuum l e v e l  below 1 x 10 Tor r ) ,  

MV-6 is  opened and t h e  column is  pre-evacuated 

through bo th  MV-6 and MV-3. 

v i )  When t h e  column vacuum has  a t t a i n e d  1 x 10-I 

Torr ,  wi th  MV-3 c losed  and AV-1 opened; MV-6 is  

c losed  and AV-3 i s  opened t o  evacuate  t h e  

camera chamber t o  high vacuum. 

xii) I f  t h e  column i s  under high vacuum evacuat ion 

and AV-1 is  opened a f t e r  s t e p  ( 4 ) ,  MV-6 i s  

c losed  immediately and AV-3 i s  opened. 

e) After  one second, MV-7 i s  opened f o r  PR pre- 

evacuat ion.  

i x )  I f  CAMERA VALVE swi tch  (77)  i s  s e t  a t  LOW VAC.,  

t h e  sequence i s  shut  down a t  s t e p  ( 3 )  and t h e  

camera chamber i s  cont inuously  pre-evacuated. 

The LOW VAC is  used when f i l m  which has  n o t  

been pre-evacuated i s  loaded.  



Remarks: Owing t o  t h e  p r i o r i t y  f o r  specimen 

chamber e v a c u a t i o n ,  MV-4 does  n o t  

open w h i l e  MV-5 i s  open. 

IV-2-8 P l a t e  R e s e r v o i r  Pre-evacuat ion 

When t h e  v a l v e  s w i t c h  ( 7 8 )  o f  t h e  p l a t e  r e s e r v o i r  

i s  t u r n e d  t o  EVAC, t h e  p l a t e  r e s e r v o i r  i s  pre-evacuated  

a u t o m a t i c a l l y  a f t e r  column, gun housing,  specimen 

chamber o r  camera chamber a r e  pre-evacuated .  

IV-2-9 Evacuation Shutdown 

I f  t h e  vacuum o p e r a t i o n  must b e  p a r t i a l l y  shut down, 

t h e  procedure  below s h o u l d  b e  fo l lowed.  

i )  CLOSURE OF COLUMN VALVE 

I f  COLUMN EVAC-CLOSE b u t t o n  ( 5 8 )  i s  t u r n e d  t o  

CLOSE, t h e  column, gun housing,  and camera 

chamber v a l v e s  a r e  c l o s e d .  That  is ,  MV-3, 

4 ,  6 ,  AV-1, 2 ,  GV, AV-3 v a l v e s  a r e  a l l  c l o s e d  

though GUN VALVE and CAMERA VALVE b u t t o n s  ( 7 6 )  

( 7 7 )  a r e  s e t  a t  EVAC. 

i i)  CLOSURE OF GUN VALVE 

If GUN VALVE s w i t c h  ( 7 6 )  i s  t u r n e d  t o  CLOSE, 

AV-2, GV, MV-4 a r e  c l o s e d ,  hence t h e  gun housing 

i s  c l o s e d .  



iii) CLOSURE OF CAMERA CHAMBER 

I f  CAMERA VALVE swi tch  is tu rned  t o  CLOSE, CV, 

AV-3, and MV-6 a r e  c losed  t o  s h u t  on ly  t h e  

camera chamber. 

i v )  The specimen chamber and p l a t e  r e s e r v o i r  a r e  

n o t  provided with  "CLOSE11 switches .  

IV-2-10 A i r  I n t roduc t ion  

T o  i n t roduce  a i r  i n t o  each vacuum s e c t i o n ,  use 

t h e  fol lowing procedure.  

i )  Column 

Depress COLUMN EVAC-AIR va lve  switch (SO), which 

c l o s e s  a l l  vacuum va lves  of column, gun 

housing and camera chamber. Af t e r  3 seconds, 

t h e  l e a k  va lves  MVL-3, MVL-4, and MVL-6 a r e  

opened t o  i n t roduce  a i r  i n t o  t h e  column, gun 

housing and camera chamber s imul taneously .  

i i) Gun housing 

Turn GUN VALVE switch t o  A I R .  This  c l o s e s  GV, 

AV-2 and MV-4. A f t e r  3 seconds, MVL-4 i s  

opened t o  i n t roduce  a i r  i n t o  t h e  gun housing. 

iii) Camera chamber 

Turn CAMERA VALVE switch t o  A I R .  This c l o s e s  



C V ,  AV-3 and MV-6 and opens,  a f t e r  3 seconds ,  

MVL-6 f o r  a i r  i n t r o d u c t i o n  t o  t h e  camera 

chamber. 

i v )  Specimen chamber 

Turn SPECIMEN CHAMBER VALVE s w i t c h  ( 3 4 )  t o  

A I R .  Th i s  c l o s e s  MV-5 and opens  MVL-5 w i t h  

3 seconds '  t i m e  lag. The door f o r  specimen 

exchange chamber a l s o  opens. 
- 
v )  P l a t e  r e s e r v o i r  

Turn t h e  v a l v e  swi tch  ( 7 8 )  a t  t h e  PR h a n d l e  

t o  A I R .  MV-7 i s  c l o s e d  and a f t e r  3 seconds ,  

MVL-7 is opened f o r  a i r  i n t r o d u c t i o n  t o  t h e  

p l a t e  r e s e r v o i r .  

IV-2-11 Shutdown 

i )  Turn COLUMN EVAC-CLOSE s w i t c h  ( 5 8 )  t o  CLOSE. 

ii) The o t h e r  v a l v e  s w i t c h e s  can b e  l e f t  a t  EVAC. 

jii) Turn M A I N  SW-EVAC ( 5 5 )  o f f .  

i v )  T h i s  c l o s e s  a l l  v a l v e s  and t u r n s  RP-1, RP-2, 

DP, compressor  and vacuum gauges  o f f  and MVL-I 

and MVL-2 a r e  opened t o  i n t r o d u c e  a i r  i n t o  

RP-1 and RP-2. 



1V-3 Manual Operat ion ( ~ i ~ .  4-14) 

T h e  M V - 1 ,  MV-2,  MV-3, MV-6, AV-1,  GV and AV-2, CV 

and AV-3 can a l l  b e  o p e r a t e d  s e p a r a t e l y  from one 

a n o t h e r .  On t h e  o t h e r  hand, f o r  t h e  MV-5 and MVL-5 

of t,he specimen chamber and t h e  MV-7  and MVL-7 

of  tlhe p l a t e  r e s e r v o i r ,  AuTO/MANUAL s w i t c h i n g  i s  n o t  

a v a i l a b l e .  

I V - 3 - 1  AUTO-MANUAL Switch Opera t ion  .. 
i )  Turn GUN ( 7 6 )  and CAMERA ( 7 7 )  VALVE s w i t c h e s  

t o  CLOSE and d e p r e s s  COLUMN EVAC-CLOSE ( 5 8 ) .  

Turn SPECIMEN CHAMBER ( 3 4 )  and PR (78)  VALVE 

s w i t c h e s  t o  EVAC. 

i i )  Turn a l l  MANUAL s w i t c h e s  i n  f r o n t  o f  EVAC. 

SEQUENCE box ( R )  t o  OFF ( o r  CLOSE) .  

iii ) Turn AuTO/MANUAL s e l e c t o r  t o  M A N U A L .  

i v )  The i n s t r u m e n t  i s  now ready f o r  manual opera-  

t i o n .  While o b s e r v i n g  EVAC. PANEL p i l o t  

lamps, o p e r a t e  t h e  manual s w i t c h e s  a s  o u t l i n e d  

below. 

IV-3-2 Main Evacuat ion  

i )  Check t h a t  RP-1 and RP-2 a r e  i n  o p e r a t i o n ,  

and open MV-2. 



ii) Turn t h e  DP s w i t c h  on. 

i i i )  W a i t  u n t i l  t h e  D P  is h e a t e d  ( u n t i l  WARM U P  p i l o t  

lamp ( 1 4 )  i s  t u r n e d  o f f ) .  

i v )  Check t h a t  t h e  column i s  pre-evacuated  and 

t h a t  P1-2 h a s  a t t a i n e d  1 x 10-' Tor r ,  and open 

t h e  main v a l v e  (Av-1) (AV-1 does  n o t  open, 

however, i f  MV-2 i s  c l o s e d  a t  t h i s  t i m e ) .  

IV-3-3 Column Pre-evacuat ion 

i )  Check t h a t  MVL-3 ( a i r  l e a k  v a l v e )  i s  c l o s e d .  

ii) Open MV-3 (p re -evacua t ion  v a l v e )  t o  p re -  

e v a c u a t e  t h e  column. 

i i i )  Check t h a t  t h e  column vacuum (PI -2 )  i s  b e t t e r  

than  1 x 10-I Torr .  

i v )  Close  MV-3. 

v )  Open AV-1 (main v a l v e )  t o  evacua te  t h e  column 

t o  h i g h  vacuum. 

IV-3-4 Gun Housing 

Before  o p e r a t i o n ,  check t h a t  t h e  column i s  under  

pre-  o r  main evacua t ion .  

i )  Close  GV, AV-2 (gun v a l v e s ) ,  and MVL-4 ( l e a k  

v a l v e ) .  

i i )  Close  MV-5, MV-6 and MV-7. 



i i i )  Open M V - 4  ( p r e - e v a c ~ a t i ~ n  v a l v e )  t o  p r e -  

e v a c u a t e  t h e  gun housing.  

i v )  Check t h a t  t h e  p re -evacua t ion  vacuum ( P I - 3 )  

is b e t t e r  t h a n  7 x T o r r .  

v )  Check t h a t  t h e  column vacuum ( P I - 2 )  is b e t t e r  

t h a n  1 x 1 0 - I  T o r r ,  and open GV and AV-2 t o  

connec t  t h e  gun hous ing  t o  t h e  column. 

v i )  C lose  M V - 4 .  

IV-3-5 Specimen Chamber 

The e v a c u a t i n g  p rocedure  f o r  t h e  specimen chamber 

is  common t o  b o t h  manual and au tomat ic  o p e r a t i o n s .  

There fo re ,  r e f e r  t o  S e c t i o n  IV-2-6 t p .  4-35). 

The vacuum degree  c a n  b e  moni tored  on t h e  vacuum 

m e t e r  ( 1 1 ) .  

IV-3-6 Camera Chamber 

i )  Check t h a t  t h e  column is under  p re -  o r  h i g h  

vacuum e v a c u a t i o n .  

i i )  C lose  CV,  MV-4,  MV-5, MV-7 and AV-3 .  

i i i )  Open MV-6 t o  p re -evacua te  t h e  camera chamber. 

i v )  Check t h a t  t h e  p re -evacua t ion  vacuum (PI-3)  is 

b e t t e r  t h a n  . 7  x loV2 T o r r .  

v )  Check t h a t  t h e  column vacuum ( P I - 2 )  is b e t t e r  



than 1 x 10-I Torr. 

v i )  Close CV. 

vii) Open AV-1 (main va lve ) .  

vkii) Close MV-6. 

i x )  Open AV-3 t o  evacuate  t h e  camera chamber t o  

h igh vacuum. 

I V - 3 - 7  P l a t e  Reservo i r  

The evacua t ing  procedure  f o r  t h e  p l a t e  r e s e r v o i r  

is common t o  bo th  manual and automat ic  ope ra t i ons .  

Therefore ,  r e f e r  t o  Sec t ion  IV-2-8 (p. 4-37) The 

vacuum degree can be  monitored on t h e  vacuum meter  

(11). 

I V - 3 - 8  A i r  I n t roduc t ion  t o  t h e  Column 

i )  Turn t h e  a c c e l e r a t i o n  v o l t a g e  o f f .  

i i )  Se t  t h e  condenser,  ob jec t iwe  and f i e l d  l i m i t i n g  

movable a p e r t u r e s  t o  t h e  f f O "  p o s i t i o n .  

iii) Take t h e  specimen o u t  o f  t h e  column. 

i v )  Close AV-1,  AV-3, MV-3, MV-4 and MV-6. 

v) Open MVL-3, MVL-4 and MVL-6 t o  i n t r o d u c e  a i r  

i n t o  t h e  column, gun housing,  and camera chamber 

(when a i r  i s  in t roduced  i n t o  t h e  column, it 

must a l s o  be admit ted  i n t o  t h e  gun housing and 



camera chamber). 

v i )  Close t h e  a i r  l e a k  va lves  a f t e r  a i r  in t roduc-  

t i o n .  

(MVL-3, MVL-4 and MVL-6 a r e  c lo sed  with  3 seconds '  

t i m e  l a g  a f t e r  t h e  swi tch  ac tua t ion . )  

IV-3-9 A i r  I n t r o d u c t i o n  t o  t h e  Gun Housing 

i )  Turn t h e  a c c e l e r a t i o n  vo l t age  o f f .  

i i )  Close GV, AV-2 and MV-4. 

iii) Open MVL-4 ( 3  seconds '  t i m e  l a g )  t o  i n t roduce  

a i r  i n t o  t h e  gun housing. 

i v )  Close t h e  a i r  l e a k  va lve  a f t e r  a i r  i n t roduc t ion .  

IV-3-10 A i r  I n t r o d u c t i o n  t o  t h e  Specimen Chamber 

The a i r - i n t roduc ing  procedure f o r  t h e  specimen 

chamber is  common t o  both  manual and automatic 

opera t ions .  Therefore,  r e f e r  t o  Sec t ion  IV-2-10. 

I V - 3 - 1 1  A i r  I n t r o d u c t i o n  t o  t h e  Camera Chamber 

i )  Close CV, AV-3 and MV-6. 

i i )  Open MVL-6 t o  i n t roduce  a i r  i n t o  t h e  camera 

chamber. 

iii) Open t h e  camera chamber door and make s u r e  

t h a t  a i r  has been int roduced.  The c l o s e  WL-6. 



IV-3-12 P l a t e  Reservoir  

The a i r - i n t r o d u c i n g  procedure  f o r  t h e  p l a t e  r e s e r -  

v o i r  is common t o  both  manual and automat ic  

ope ra t i ons .  Therefore ,  r e f e r  t o  Sec t i on  IV-2-10 

( P O  4-38). 

IV-3-13 Shutdown 

i )  Turn t h e  a c c e l e r a t i n g  v o l t a g e  o f f .  

i i )  Close GV, AV-2 ,  AV-1,  AV-3 and CV. 

iii) Close MV-3, MV-4, and MV-6. 

i v )  Turn DP o f f .  

v )  Close MV-2. 

v i )  Turn M A I N  SW-EVAC. swi tch  ( 5 5 )  on t h e  RSP o f f . .  

Th is  t u r n s  t h e  vacuum gauges and RP o f f  and 

opens MVL-1 and MVL-2 ( l e a k  v a l v e s  f o r  RP). 

vii) Stop wate r  supply  15  minu tes  a f t e r  t h e  shutdown. 

IV-3-14 MANUAL AUTO S e l e c t i o n  

i )  Turn a l l  vacuum swi t ches  t o  CLOSE. 

i i )  Perform s t e p s  ( 1 )  t o  ( 5 )  o f  IV-3-13 (shutdown) 

and t u r n  a l l  MANUAL sw i t ches  t o  OFF (CLOSE). 

iii) Turn t h e  MANUAL swi tch  t o  AUTO. 

i v )  Th is  a c t u a t e s  t h e  automat ic  o p e r a t i o n  c i r c u i t .  

The v a l v e s  do n o t  o p e r a t e  wi th  t h e  manual 



switches. 

Remarks: AUTO-MANUAL selection must be 

performed with a l l  manual switches 

off. 



V. ELECTRON OPTICAL ALIGNMENT 



V. ELECTRON OPTICAL ALIGNMENT 

V-1 COLUMN MAINTENANCE 

- 1 1  Astigmatism Correct ion ( o b j e c t i v e  Lens) 

i )  Astigmatism i s  t h e  formation of two mutual ly  

perpendicu la r  l i n e  f o c i  on d i f f e r e n t  p l anes  a s  

shown i n  Fig. 5-2-1. I n  e l e c t r o n  microscopy, 

t h i s  i s  caused c h i e f l y  by an asymmetrical f i e l d  

due t o  inhomogeneit ies and imper fec t ions  i n  t h e  

l e n s  m a t e r i a l  and cons t ruc t ion  ( r e s i d u a l  a s t i g -  

matism) and by d i s tu rbances  due t o  e x t e r n a l  

s t r a y  f i e l d s  and e l e c t r o s t a t i c  charge e f f e c t s  

r e s u l t i n g  from contamination (secondary as t igmat ism).  

Although secondary ast igmatism i s  extremely 

d i f f i c u l t  t o  remedy, t h e  primary one can be 

c o r r e c t e d  by means of  a  s t igmator .  I n  t h e  HU- 

1 2 A  E lec t ron  Microscope, t h e  s t i gma to r  i s  an 

e i g h t  p o l a r  long-coi l  b u i l t  i n  t h e  lower po le  

p i e c e  of t h e  o b j e c t i v e  l e n s  ( ~ i g .  5-1). 

i i )  Astigmatism measurement: Measure t h e  f r i n g e  

widths  i n  X and Y d i r e c t i o n s  a c c u r a t e l y  i n  a  

p i c t u r e  ( ~ i g .  5-2-l),  and d i v i d e  t h e  measured 

va lues  by t h e  degree  of  magni f ica t ion  t o  ob ta in  



t h e  f r i n g e  wid ths  of t h e  specimen.  

Example: Suppose t h e  f r i n g e  wid th  is  IVa 11, 

Then t h e  s h i f t  of f o c u s  from t h e  

c o r r e c t  f o c u s ,  I ,  is g i v e n  by 

a :  f r i n g e  width  

h: wavelength of e l e c t r o n  beam 

Hence, t h e  s h i f t  of f o c u s  from c o r r e c t  f o c u s  

i n  X d i r e c t i o n  is  
2  

- Q  x  = ax and i n  Y d i r e c t i o n  
3 . 2  h. 

The a s t i g m a t i c  d i f f e r e n c e  is  I d x - 1 I = d l :  
Y 

The d e t e r i o r a t i o n  of r e s o l u t i o n  due t o  

a s t igmat i sm i s  g i v e n  by .&a = & , A 1  
2  

where, &a:  d i s t u r b a n c e  of image 

A@ : a s t i g m a t i c  d i f f e r e n c e  

: o b j e c t i v e  a p e r t u r e  a n g l e  
0 

Hence &a = 5 x  x  1 x  e 2  = 2 . 5  A .  

when A d = 0 . 1  p. 



iii) Astigmatism c o r r e c t i o n :  Use a s  a  specimen a  

f i l m  ho le  a s  c l o s e  t o  a  c i r c l e  a s  p o s s i b l e ,  such 

a s  a  h o l e  i n  a  co l lod ion  f i lm.  Align t h e  

cu r r en t  c e n t e r  accu ra t e ly ,  and s e t  t h e  magnifica- 

t i o n  between 3 0 , 0 0 0 ~  and 5 0 , 0 0 0 ~ .  

( i )  The magnif icat ion f o r  t h e  ast igmatism 

c o r r e c t i n g  ope ra t ion  may b e  1 .5  t o  2 t imes  

t h e  magni f ica t ion  f o r  o rd ina ry  observa t ion ,  

b u t  it must be  h igher  than  3 0 , 0 0 0 ~ .  

( i i )  Astigmatism i s  c o r r e c t e d  with t h e  o b j e c t i v e  

movable a p e r t u r e  i n  p lace .  However, c l ean  

t h e  a p e r t u r e  be fo re  c o r r e c t i n g  i f  t h e  a s t i g -  

matic d i r e c t i o n  changes wi th  displacement 

of t h e  ape r tu re .  

( S i )  Focus t h e  image somewhat i n  overfocus  a s  

i n  Fig, 5-2-1, and a s c e r t a i n  t h e  d i r e c t i o n  

i n  which t h e  overfocused f r i n g e  is 

s t ronge r .  

( i v )  Using t h e  stigmator, focus  t h e  image of  t h e  

o b j e c t i v e  l e n s  back and f o r t h  between exac t  

focus  and s l i g h t  over focus ,  u n t i l  t h e  

overfocused f r i n g e  appears uniform a l l  

around a s  i n  Fig. 5-2-2. 



( v )  Take a  p i c t u r e ,  measure t h e  f r i n g e  widths  
# 

accu ra t e ly ,  and ob ta in  t h e  a s t i gma t i c  

d i f f e r ence .  

V-1-2 Current  and Voltage Center Alignments 

i )  I n  a  t h ree -  o r  four -s tage  magnifying l e n s  

system, t h e  magni f ica t ion  changes and t h e  image 

s h i f t s  r a d i a l l y  a s  t h e  a c c e l e r a t i n g  vo l t age  

va r i e s .  This is  a  f i e l d  chromatic a b e r r a t i o n ,  

and i s  known a s  r a d i a l  chromatic abe r r a t i on .  

Given a  r a d i a l  chromatic a b e r r a t i o n  c o e f f i c i e n t  

CFV and an a c c e l e r a t i n g  vo l t age  f l u c t u a t i o n  

AV/V, t h e  image displacement tiFV is 

and i s  p ropor t iona l  t o  t h e  d i s t a n c e  from t h e  

c e n t e r  r. Hence, image d i s tu rbance  should b e  

minimal when t h e  r a d i a l  c e n t e r  of  image s h i f t  

under a  f l u c t u a t i o n  of t h e  a c c e l e r a t i n g  

vo l t age  ( c a l l e d  v o l t a g e  c e n t e r )  i s  a l igned  

with  t h e  c e n t e r  of  t h e  f i lm.  

i i )  The image r o t a t e s  when t h e  o b j e c t i v e  and pro- 

j e c t o r  l e n s  e x c i t a t i o n  c u r r e n t s  vary.  This  i s  



known a s  r o t a t i o n a l  chromat ic  a b e r r a t i o n .  

Given a  r o t a t i o n a l  chromat ic  a b e r r a t i o n  c o e f f i -  

2AI 
c i e n t  CFI and a c u r r e n t  f l u c t u a t i o n  I , 
t h e  image d i sp lacement  6 F I  i s  

and i s  a l s o  p r o p o r t i o n a l  t o  t h e  d i s t a n c e  from 

t h e  c e n t e r .  

Consequently,  image d i s t u r b a n c e  w i l l  b e  minimal 

when t h e  c e n t e r  of t h e  r o t a t i n g  image under  a  

f l u c t u a t i o n  of t h e  o b j e c t i v e  e x c i t a t i o n  c u r r e n t  

( c a l l e d  c u r r e n t  c e n t e r )  is  brought  t o  t h e  

c e n t e r  of t h e  f i l m .  Chromatic a b e r r i t i o n s  may 

b e  devided i n t o  a x i a l  and f i e l d  chromat ic  aber -  

r a t i o n s .  Axia l  chromat ic  a b e r r a t i o n  is pro-  

p o r t i o n a l  t o  t h e  a p e r t u r e  a n g l e  of t h e  o b j e c t i v e  

l e n s ,  and t h e  whole image appea r s  b l u r r e d  a s  a  

r e s u l t .  

With f i e l d  chromat ic  a b e r r a t i o n ,  t h e  image 

becomes more and more b l u r r e d  toward t h e  edge.  

The d i sp lacement  of t h e  image due t o  f i e l d  

chromat ic  a b e r r a t i o n s  is  g iven  a s  t h e  r e s u l t a n t  

of t h e  r a d i a l  and r o t a t i o n a l  chromat ic  

a b e r r a t i o n s .  



The r o t a t i o n a l  chromatic a b e r r a t i o n  can b e  

compensated by making t h e  r o t a t i o n a l  d i r ec -  

t i o n s  of  t h e  o b j e c t i v e  and p r o j e c t o r  l e n s e s  

oppose each o t h e r .  The r a d i a l  chromatic aberra-  

t i o n  cannot be  e l imina t ed  completely under 

normal cond i t i ons  of  l e n s  e x c i t a t i o n .  Although 

it is  compensated t o  some e x t e n t  by t h e  i n t e r -  

mediate  l e n s ,  t h e  c o r r e c t i o n  is  somewhat l i m i t e d .  

Consequently, t h e  r a d i a l  c e n t e r  ( v o l t a g e  c e n t e r )  

should  b e  a l i g n e d  i n  p re f e r ence  t o  t h e  r o t a t i o n -  

a l  c e n t e r  ( c u r r e n t  c e n t e r ) .  

iii) When a l i g n i n g  t h e  vo l t age  c e n t e r ,  u se  a  specimen 

having a  uniform p a t t e r n  (e .g . ,  g r i d  mesh) and 

o b t a i n  an image of  5 , 0 0 0 ~  t o  1 0 , 0 0 0 ~  ( s e e  Figs.  

1-22-2 ,  3, 5 ) .  The f i n a l  image w i l l  f l u c t u a t e  

i n  r a d i a l  d i r e c t i o n  a s  H.V. MODUL swi tch  (19 )  

on t h e  LMP i s  tu rned  on. Ascer ta in  t h e  vo l t age  

c e n t e r  from t h e  d i r e c t i o n  of  image f l u c t u a t i o n ,  

and a l i g n  t h e  c e n t e r  wi th  t h e  c e n t e r  o f  t h e  

f l u o r e s c e n t  sc reen  by a d j u s t i n g  BEAM T I L T  (x-Y) 

c o n t r o l s  ( 5 0 ) .  I f  t h e  b r i g h t n e s s  l e a v e s  t h e  

sc reen  c e n t e r  dur ing  al ignment,  b r i n g  it back 

wi th  BRIGHTNESS CENTERING ( x - Y )  c o n t r o l s  ( 3 8 ) .  



i v )  To a l i g n  t h e  c u r r e n t  c e n t e r ,  o b t a i n  a  f i n a l  

image i n  t h e  same manner a s  i n  vo l t age  c e n t e r  

alignment and s e t  OBJ .  MODUL c o n t r o l  knob ( 4 4 )  

from OFF t o  1, 2 ,  o r  3 according t o  magnifi-  

c a t i o n .  A s  t h e  f i n a l  image moves l i k e  t h e  

h a i r s p r i n g  o f  a  watch, a s c e r t a i n  t h e  c u r r e n t  

c e n t e r  from t h e  d i r e c t i o n  of  image movement ' 

and a l i g n  t h e  c e n t e r  wi th  t h e  c e n t e r  o f  t h e  

f l u o r e s c e n t  sc reen  by means of  BEAM T I L T  (x-Y) 

c o n t r o l s  ( 5 0 ) .  

The vo l t age  and c u r r e n t  c e n t e r s  may n o t  b e  i n  

p e r f e c t  co inc idence  wi th  each o t h e r .  This 

a r i s e s  from t h e  f a c t  t h a t  t h e  o p t i c a l  axes  o f  

t h e  i n t e rmed ia t e  and f i r s t  condenser l e n s e s  a r e  

n o t  i n  p e r f e c t  al ignment with t h e  a x i s  of t h e  

o b j e c t i v e  l e n s .  The misalignment of 

t h e  l e n s  axes  may be  c o r r e c t e d  by mechanical 

adjustment of  t h e  l e n s  p a r t s .  The performance 

of  t h e  ins t rument  is, however, v i r t u a l l y  un- 

a f f e c t e d  i f  t h e  two c e n t e r s  a r e  i n  t h e  p i c t u r e  

a r e a  a t  t h e  magni f ica t ion  wi th  which t h e  p ic -  

t u r e  i s  taken.  I f  t h e  two c e n t e r s  a r e  n o t  i n  

t h e  p i c t u r e  a r e a ,  a l i g n  t h e  vo l t age  c e n t e r  



r a t h e r  t h a n  t h e  c u r r e n t  c e n t e r .  

v )  Alignment of scann ing  image c e n t e r :  S i n c e  t h e  

r a d i a l  c e n t e r  of t h e  s c a n  image does  n o t  u s u a l -  

l y  a g r e e  wi th  t h a t  of a  zoom image ( u s u a l  

magnify ing image),  t h e  c e n t e r  of  t h e  s c a n  image 

is n o t  i n  t h e  s c r e e n  c e n t e r  when t h e  zoom image 

is  swi tched  t o  t h e  s c a n  image mode. I n  t h i s  

c a s e ,  b r i n g  t h e  s c a n  image t o  t h e  s c r e e n  c e n t e r  

by a d j u s t i n g  SCAN POSITION a d j u s t i n g  knobs 

(74)  and ( 7 5 )  (See F ig .  1-22-8).  DARK/BRIGHT 

f i e l d  s e l e c t o r  (43)  must be  t u r n e d  each t i m e  

t h e  s c a n  image is swi tched  t o  t h e  zoom image 

and v i c e  v e r s a .  

S h i f t  of t h e  beam s p o t  o c c u r s  w i t h  s p o t  s i z e  

s e l e c t i o n ,  i f  t h e  e l e c t r o n  beam s t r i k e s  t h e  f i r s t  

condenser  l e n s  ( c l )  a t  an  a n g l e  t o  i t s  a x i s .  

T h i s  i s  c o r r e c t e d  w i t h  t h e  gun a l ignment  

c o n t r o l s  (GUN T I L T  (41)  and GUN H O R I Z .  (42)  

c o n t r o l s ) .  

S e t  SPOT SIZE s e l e c t o r  ( 4 3 )  t o  2 p ,  and a l i g n  

t h e  c r o s s o v e r  image w i t h  t h e  c e n t e r  of t h e  

f l u o r e s c e n t  s c r e e n  by means of t h e  BRIGHTNESS 

CENTERING c o n t r o l s  ( 3 8 ) .  Then, se t  t h e  s p o t  



s i z e  s e l e c t o r  (43)  t o  5 p ( o r  1 0  p )  and a l i g n  

t h e  image w i t h  t h e  s c r e e n  c e n t e r  by a d j u s t i n g  

GUN T I L T  (41)  and GUN HORIZ. ( 4 2 )  c o n t r o l s .  

Using t h e  b r i g h t n e s s  c e n t e r i n g  and gun a l i g n -  

ment c o n t r o l s ,  r e p e a t  t h e s e  a l ignments  u n t i l  

t h e  image c e n t e r  remains  i n  t h e  s c r e e n  c e n t e r  

and no f u r t h e r  a l ignments  a r e  n e c e s s a r y .  During 

a l i g n i n g ,  t h e  f i l a m e n t  c u r r e n t  c o n t r o l  s h o u l d  

be s l i g h t l y  under  s a t u r a t i o n ,  s o  t h a t  t h e  c r o s s -  

o v e r  image assumes a  doughnut form. 

I 



V- 2 COLUMN MAINTENANCE 

V-2-1 Filament Exchange and Gun Cleaning 

i )  Turn t h e  gun evacuat ion c o n t r o l  swi tch  t o  A I R .  

Refer t o  Sec t ion  I V - 2 - 1  (P. 4-31). 

ii) Open t h e  gun housing by f l i p p i n g  it backward a s  

shown i n  Fig. 1-7. 

When t a k i n g  ou t  t h e  cathode assembly, be c a r e f u l  

no t  t o  l e t  d u s t  f a l l  on t h e  gun housing. 

i i i )  Check t o  ensure ,  by means of e a r t h  r i n g  (45321041, 

Fig. 1-5-1) t h a t  t h e  metal  p a r t  of cab le  head (2 )  

i s  grounded, and remove t h e  s e t  r i n g  (44322169) 

by t u r n i n g  it counterclockwise.  The whole 

cathode assembly i s  t h e n  taken  ou t .  

i v )  Take o f f  t h e  g r i d  cap (44322156), and exchange t h e  

f i l amen t  . 
V )  I f  t h e  i n s i d e  of t h e  g r i d  cap i s  badly contaminated, 

c l e a n  it thoroughly wi th  a  f i n e ,  co t ton- t ipped  bamboo 

s t i c k  t o  which metal  p o l i s h  has  been app l i ed ,  

Po l i sh  t h e  a r e a  around t h e  g r i d  a p e r t u r e  wi th  

s p e c i a l  ca re .  

A f t e r  po l i sh ing ,  wipe o f f  t h e  p o l i s h i n g  agent  

completely wi th  so lven t  such a s  acetone o r  e t h e r .  

The g r i d  a p e r t u r e  should be c leaned very c a r e f u l l y  

and s c r u t i n i z e d  wi th  a  magnif ier .  Detach t h e  g r i d  

cap from t h e  gun housing and c l e a n  it a f t e r  



disassembl ing.  To remove t h e  g r i d  p l a t e  

(44322161), l oosen  two of  t h e  f o u r  c e n t e r i n g  

screws (44322166) ( ~ o t e :  Th not  u se  u l t r a s o n i c  

c l e a n i n g  on any p o l e  p i e c e , )  p o s i t i o n e d  a t  r i g h t  

a n g l e s  t o  each  o t h e r  and t h e n  unscrew t h e  s e t t i n g  

of  t h e  g r i d  (44322156). I f  on ly  t h e  v i c i n i t y  o f  

t h e  g r i d  a p e r t u r e  i s  t o  be c leaned,  it i s  no t  

nece s sa ry  t o  d isassemble  t h e  g r i d  cap.  

v i )  Cover t h e  f i l a m e n t  w i th  t h e  g r i d  cap,  and check 

t o  en su re  t h a t  t h e  f i l a m e n t  t i p  is a t  t h e  c e n t e r  

of  t h e  g r i d  a p e r t u r e .  The f i l a m e n t  is  a l i g n e d  

by a d j u s t i n g  t h e  p o s i t i o n  of  t h e  g r i d  p l a t e .  

To do t h i s ,  l oosen  s l i g h t l y  t h e  s e t s c r e w  on one 

s i d e  and push o u t  t h e  p l a t e  w i t h  t h e  s e t s c r e w  on 

t h e  o t h e r  s i d e .  The two c e n t e r i n g  s c r e w s  a t  

r i g h t  a n g l e s  t o  each  o t h e r  a r e  t i g h t e n e d  a t  t h i s  

t ime .  I f  a l l  setscrews a r e  loosened,  t h e  d i r ec -  

t i o n  i n  which t h e  p l a t e  i s  s h i f t e d  may no t  be 

mainta ined.  

v i i )  P o s i t i o n  t h e  t i p  o f  t h e  f i l a m e n t  about  0,s t o  

0.7 mm ( i , e . ,  about  h a l f  t h e  d iamete r  of  t h e  g r i d  

a p e r t u r e ,  1 . 5  ma) i n s i d e  t h e  g r i d  a p e r t u r e ,  

I f  a  b r i g h t e r  image is d e s i r e d ,  p o s i t i o n  t h e  

f i l a m e n t  t i p  c l o s e r  t o  t h e  g r i d  a p e r t u r e  (0 t o  

0 .3  m ) .  



v i i i  ) I f  t h e  i n s u l a t o r  becomes yel lowish a f t e r  long  

s e r v i c e ,  remove it from t h e  gun housing and 

c lean  wel l .  To remove t h e  i n s u l a t o r ,  loosen 

t h e  t h r e e  , se t sc rews  ( A )  holding t h e  cab le  head, 

and p u l l  t h e  i n s u l a t o r  upward. 

Handle t h e  i n s u l a t o r  wi th  ca re .  

Sc ra t ches  on t h e  metal p a r t  w i l l  cause d i scharges .  

i x )  When c l ean ing  t h e  i n s u l a t o r ,  p o l i s h  t h e  s u r f a c e  

wi th  metal  p o l i s h i n g  p a s t e  app l i ed  t o  a  dry c l o t h .  

A f t e r  po l i sh ing ,  wipe o f f  t h e  p o l i s h i n g  agent  

completely,  f i r s t  wi th  a  c l e a n  dry  c l o t h  and t h e n  

with  gauze soaked i n  acetone o r  e t h e r ,  F i n a l l y ,  

wipe ou t  dus t  and l i n t  wiyh c l ean  

chamois o r  well-washed c l o t h .  Before p u t t i n g  

t h e  i n s u l a t o r  back i n  t h e  gun housing, check t o  

be s u r e  t h a t  t h e  s u r f a c e  i s  completely f r e e  from 

dus t  and l i n t .  

To prevent  t h e  p o l i s h i n g  agent  and so lven t  from 

g e t t i n g  between t h e  metal  p a r t  and i n s u l a t o r ,  

c l e a n  t h e  i n s u l a t o r  wi th  t h e  metal p a r t  upward, 

Dust o r  l i n t  on Ohe i n s u l a t o r  and metal  s u r f a c e s  

metal  s u r f a c e s  w i l l  cause d i scharges .  

X)  The i n s i d e  of t h e  gun housing can be c leaned i n  



t h e  same manner a s  t h e  i n s u l a t o r .  

However, wiping o n l y  with a dry c l o t h  o r  chamois is 

usua l ly  s u f f i c i e n t  f o r  c l ean ing  t h e  gun housing. 

Also, c l ean  t h e  g l a s s  c y l i n d e r  (44323751) i n  t h e  

same manner. Any p r o j k c t i o n  on t h e  s u r f a c e s  t o  

which high vo l tage  i s  app l i ed ,  such a s  t h e  i n n e r  

wal l  of t h e  gun housing and anode su r f ace ,  causes  

d i scharges .  Hence, t h e s e  s u r f a c e s  should be 

handled with c a r e  t o  avoid any sc ra t ch ing ,  and 

dus t  must be removed thoroughly and c a r e f u l l y .  

x i )  If t h e  anode i s  contaminated, remove t h e  anode 

p l a t e  (86)  ( see  Fig,  1-3) by t u r n i n g  it counter-  

clockwise and c l e a n  it wi th  p o l i s h i n g  agent .  

x i i )  A f t e r  t h e  f i l amen t  is  a t t ached ,  c l o s e  t h e  gun 

housing and check t h a t  t h e  housing i s  p rope r ly  

mounted on t h e  O-ring, Then, t u r n  t h e  gun 

evacuat ion c o n t r o l  swi tch  (76) t o  EVAC. Pre- 

evacuat ion of t h e  gun housing and opening of t h e  

gun a i r l o c k  va lve  i s  automated and does not  

r equ i r e  f u r t h e r  a t t e n t i o n .  

Check t h e  O-ring f o r  l i n t  o r  dus t .  Do no t  

g rease  t h e  O-ring. 

x i i i )  Unless t h e  f i l amen t  t i p  is badly misal igned,  t h e  



a x i a l  a l i g n m e n t  a f t e r  f i l a m e n t  exchange s h o u l d  

b e  accompl i shed  a t  a b o u t  t h e  s a t u r a t i o n  p o i n t  o f  

t h e  beam c u r r e n t  w i t h  t h e  GUN T I L T  ( 4 1 )  and  1 

GUN H O R I Z  ( 4 2 )  c o n t r o l s .  

V - 2 - 2  Anode P o s i t i o n i n g  C y l i n d e r  (See F i g .  1 - 6 )  

i Remove t h e  g l a s s  c y l i n d e r  (44323751)  f rom t h e  

gun h o u s i  ng . 
i i )  Loosen t h e  two s e t  r i n g s  (9602011)  f i x i n g  t h e  

e l e c t r o n  gun c o v e r  (45321071) ,  a n d  remove t h e  

s i x  b o l t s  ( B )  by l i f t i n g  t h e  e l e c t r o n  gun c o v e r .  

Loosen t h e  s e t  r i n g  f o r  e l e c t r o n  gun e v a c u a t i n g  

p i p e  and  remove t h e  main e v a c u a t i n g  p i p e .  

( S e e  F i g .  5-51 

i i i )  L i f t  t h e  gun h o u s i n g  by means o f  a  l i f t i n g  d e v i c e  

and  t u r n  it c o u n t e r c l o c k w i s e .  (See  F i g .  5-6) 

i v )  Detach  t h e  anode  (45321031)  by t u r n i n g  it c o u n t e r -  

c l o c k w i s e ,  and a l s o  remove t h e  anode  p o s i t i o n i n g  

c y l i n d e r  (453210301. 

v 1 Remove t h e  f o u r  b o l t s  ( c )  of  t h e  magne t i c  yoke 

c o v e r ,  and  d e t a c h  t h e  anode p o s i t i o n i n g  mechanism. 

v i )  Remove t h e  a i r l o c k  d e v i c e .  

v i i )  C lean  t h e  i n s i d e  o f  t h e  anode,  anode  p o s i t i o n i n g  

c y l i n d e r ,  and  anode  p o s i t i o n i n g  mechanism w i t h  

p o l i s h i n g  paste;wash o u t  t h e  p a s t e  c o m p l e t e l y  

w i t h  o r g a n i c  s o l v e n t ,  and  p u t  them back  i n  p o s i t i o n .  



Remarks: Replace t h e  two O-rings of  t h e  

mechanism once every  yea r  wi thout  

f a i l  and app ly  g r ea se  t o  them. 

The O-rings can be detached from 

t h e  lower p o r t i o n  a f t e r  s t e p  v i )  above. 

V-2-3 F i r s t  Condenser Lens Fixed Aperture ( s ee  Fig .  1-8)  

i) In t roduce  a i r  i n t o  t h e  column ( s e e  s t e p  ( i )  i n  

IV-2-10) by l oosen ing  t h e  set  r i n g  of t h e  evacua t i ng  

p i p e  of t h e  gun chamber, and de t ach  t h e  p ipe .  

Remove t h e  f o u r  b o l t s  ( c )  of t h e  magnetic  yoke 

cover .  Raise  t h e  gun assembly g e n t l y  wi th  t h e  

l i f t i n g  dev ice  (by  i ts  handle)  u n t i l  it s t o p s .  

Th i s  r e v e a l s  t h e  f i r s t  condenser  l e n s ,  Turn t h e  

r a i s e d  gun assembly counterc lockwise .  

i i) Remove t h e  f i r s t  condenser  l e n s  f i x e d  a p e r t u r e  

(45321063) from t h e  f i r s t  condenser  l e n s ,  and 

c l e a n  t h e  i n s i d e ,  e s p e c i a l l y  i n  t h e  v i c i n i t y  of  

t h e  a p e r t u r e  opening, w i th  meta l  p o l i s h i n g  p a s t e ,  

and complete ly  wash it i n  an  u l t r a s o n i c  c l e a n e r .  

Remarks: The f i r s t  condenser  l e n s  s e c t i o n  is 

more s u s c e p t i b l e  t o  con tamina t ion  t h a n  

any o t h e r  s e c t i o n  i n  t h e  column. I f  

contaminated ,  t h e  



crossover  image becomes i r r e g u l a r .  

(c lean  it once every t h r e e  t o  s i x  months.) 

With a  magnif ier ,  check t h a t  t h e  p o l i s h i n g  

p a s t e  i s  completely washed ou t  of t h e  

ape r tu re ,  o therwise  t h e  e l e c t r o n  beam 

i s  d e f l e c t e d  by t h e  p a s t e  res idue .  

iii) S e t  t h e  a p e r t u r e  t o  t h e  f i r s t  condenser l e n s  

assembly a s  it was. 

V-2-4 F i r s t  Condenser Lens Pole Piece ( s ee  Fig ,  1-8) 

i) Remove t h e  s e t  r i n g  (44321091) by t u r n i n g  it 

counterclockwise,  and t h e  f i r s t  condenser l e n s  

po le  p i e c e  (93) ( s ee  Fig.  1 - 4 )  can be detached. 

Remark: It is not  necessary t o  c l ean  t h e  po le  

p i e c e  u n l e s s  it is badly contaminated- 

i i )  Clean t h e  i n s i d e  of t h e  po le  p i ece  wi th  a  cot ton-  

tipped bamboo s t i c k  us ing  acetone o r  e t h e r .  

Remark: I)o not damage o r  s c r a t c h  t h e  po le  p i e c e  

while c lean ing .  

i i i )  Af t e r  c lean ing ,  check wi th  a  magni f ie r  t h a t  t h e  

p o l e  p i e c e  i s  f r e e  of dus t .  Then, pu t  it back 

i n  p l ace  and f i x  it with  t h e  s e t  r ing .  

i v )  Check t h a t  t h e  O-ring is f r e e  of dus t ,  and lower 

t h e  gun assembly with  t h e  l i f t i n g  device.  



Remark: Check t h e  O-ring grooves  f o r  d u s t .  

Do n o t  g r e a s e  t h e  O-ring. 

V-2-5 Second Condenser Lens (See F ig .  1-8)  

(Cleaning:  Every 6 months t o  one y e a r )  

i )  The c y l i n d e r  (second condenser  l e n s  f i x e d  

a p e r t u r e ;  45321012) i n  t h e  second condenser  

l e n s  s t i g m a t o r  c a n  b e  de tached  by u s i n g  t h e  

s p e c i a l  t w e e z e r s  ( t w e e z e r s  f o r  specimen 

exchange) a f t e r  removing t h e  f i r s t  condenser  

l e n s  (44320102). 

i i )  To remove t h e  second condenser  l e n s  s t i g m a t o r  

( i t  is s u f f i c i e n t  f o r  o r d i n a r y  c l e a n i n g  t o  

remove t h e  c y l i n d e r  only) ,  d e t a c h  it by removing 

t h e  magnetic  yoke c o v e r  (15321051) from t h e  

f i r s t  condenser  l e n s  magnet ic  yoke. 

Remark: Take c o r d s ,  compressed a i r  p i p e s ,  

wa te r  p i p e s ,  and any o t h e r  damageable 

p a r t s  o u t .  When t h e  wa te r  p i p e s  a r e  

d i sconnec ted ,  b e  c a r e f u l  n o t  t o  w e t  

t h e  i n s t r u m e n t  o r  t h e  s u r r o u n d i n g  a r e a .  

A f t e r  t h e  p i p e s  a r e  removed, c o v e r  t h e  

wa te r  i n l e t s  w i t h  v i n y l  bags .  

i i i )  Put  t h e  s t i g m a t o r  and gun assembly back i n  

p o s i t i o n ,  and lower t h e  p a r t  above t h e  f i r s t  

condenser  l e n s  w i t h  t h e  l i f t i n g  d e v i c e .  

5-17 



Remark: Check t h a t  t h e  O- r ing  is  f r e e  of  d u s t .  

Apply a  v e r y  s m a l l  amount o f  g r e a s e  t o  

t h e  s l i d i n g  s u r f a c e  o f  t h e  O-r ing .  

i v )  T i g h t e n  t h e  c a p  n u t  o f  t h e  gun h o u s i n g  e v a c u a t i n g  

p i p e .  

V )  Connect  t h e  l e a d  w i r e s  and  w a t e r  p i p e s  and  open 

t h e  w a t e r  v a l v e .  

V-2-6 Cold F i n g e r  (See  F i g s .  1-17,  5-4)  

( C l e a n i n g :  Every one  t o  t h r e e  mon ths )  

i I n t r o d u c e  a i r  i n t o  t h e  column. Remove t h e  

c o v e r  (45321192) a n d  t h e n  s e t s c r e w s  (9600119) ,  

and p u l l  o u t  t h e  c o l d  f i n g e r  g e n t l y .  

Remark: I f  t h e  a p e r t u r e  of  t h e  c o l d  f i n g e r  is 

b a d l y  c o n t a m i n a t e d ,  t h e  e f f e c t  is s i m i l a r  

t o  an  i n c r e a s e  i n  o b j e c t i v e  l e n s  a s t i g -  

mat ism.  

i i )  Loosen t h e  setscrew (44322931)  t o  t a k e  o u t  t h e  

c o l d  f i n g e r  (45320169)  a t  t h e  t i p .  

i i i )  P o l i s h  t h e  c o l d  f i n g e r  w i t h  p o l i s h i n g  p a s t e .  

I n  p a r t i c u l a r ,  c l e a n  t h e  i n s i d e  o f  t h e  a p e r t u r e  

o p e n i n g  w i t h  a  c o t t o n - t i p p e d  bamboo s t i c k  u s i n g  

p o l i s h i n g  p a s t e .  

Remark: Do n o t  bend  t h e  c o l d  f i n g e r  (45320169)  

o r  it may c o n t a c t  t h e  spec imen o r  movable 

a p e r t u r e .  



i v )  A f t e r  p o l i s h i n g ,  wash t h e  a p e r t u r e  p l a t e  i n  a n  

u l t r a s o n i c  c l e a n e r .  Check t h a t  t h e  p l a t e  is  

f r e e  of d u s t ,  and p u t  it back mounting, t h e  

a p e r t u r e  opening upward. 

V )  P u t  it back i n  t h e  o b j e c t i v e  l e n s  assembly.  

The movable a p e r t u r e  and specimen must n o t  b e  

i n  p l a c e  a t  t h i s  t i m e .  Look a t  t h e  c o l d  f i n g e r  

th rough  t h e  i n s e r t i o n  p o r t  f o r  t h e  movable 

a p e r t u r e ,  and a l i g n  it a c c u r a t e l y .  The a d j u s t i n g  

screw (45321193) is  used  f o r  l a t e r a l  and up-and- 

down ad jus tment ,  whereas t h e  a d j u s t i n g  screw 

(45321560) is used  f o r  back-and-for th  ad jus tment .  

Remark: The c o l d  f i n g e r  is p l a c e d  between t h e  

specimen and movable a p e r t u r e .  

V-2-7 Gr id  Holder 

(Cleaning:  Every one t o  t h r e e  months) 

i Before  t h e  g r i d  h o l d e r  is  disassembled,  remove 

t h e  c a p  and measure t h e  h e i g h t  a c c u r a t e l y .  

(With a  micrometer  i f  p o s s i b l e )  ( ~ i g .  1-11-2) 

i i )  Loosen t h e  s m a l l  s e t s c r e w s  (9602401) ( i t  is 

unnecessa ry  t o  remove them),  and d e t a c h  t h e  

c y l i n d e r  (44321414) by t u r n i n g  it c o u n t e r -  

c lockwise .  



i i i)  Clean t h e  i n s i d e  of t h e  c y l i n d e r  c a r e f u l l y  ( t h e  

o t h e r  p a r t s  may a l s o  be c leaned a t  t h i s  t ime) .  

i v )  Wash it i n  an u l t r a s o n i c  c l e a n e r  and reassemble. 

S e t  t h e  he igh t  of t h e  c y l i n d e r  a t  t h e  o r i g i n a l  

p o s i t i o n ,  and f i x  it with  t h e  se t sc rews  (9602401). 

( v )  Clean t h e  o u t s i d e  of t h e  c y l i n d e r .  

Remarks : 

A )  When t h e  g r i d  ho lder  is  contaminated, t h e  

c rossover  image s h i f t s  i r r e g u l a r l y  o r  t h e  

specimen d r i f t s  ( t h e  image moves depending 

on t h e  i n t e n s i t y  of t h e  e l e c t r o n  beam). 

B )  The image goes ou t  of focus  when t h e  he igh t  

of t h e  c y l i n d e r  is  changed. To p l a c e  t h e  

c y l i n d e r  i n  t h e  focus  p o s i t i o n ,  a d j u s t  t h e  

c y l i n d e r  he igh t  wi th  a l l  f ocus  c o n t r o l s  

s e t  a t  mid range,  

The specimen must be f l a t  and p laced  with  

t h e  s u r f  ace  downward, 

V-2-8 Cleaning of Movable Aper tures  

i, The second condenser ( ~ 2 )  and o b j e c t i v e  (Obj.) 

a p e r t u r e s  a r e  molybdenum p l a t e s .  I f  contamination 

is s l i g h t ,  t h e s e  a p e r t u r e s  can be c leaned  by 

i r r a d i a t i n g  wi th  t h e  e l e c t r o n  beam. 



The movable a p e r t u r e s  a r e  t h e  second condenser 

l e n s ,  o b j e c t i v e  l e n s  and f i e l d  l i m i t i n g  a p e r t u r e s .  

When t h e  C 2  a p e r t u r e  is contaminated, t h e  c ross -  

over  as t igmat ism inc reases , and  t h e  r e s o l u t i o n  

d e t e r i o r a t e s  when t h e  o b j e c t i v e  a p e r t u r e  is  

contaminated. I f  t h e  f i e l d  l i m i t i n g  a p e r t u r e  

i s  contaminated, t h e  d i f f r a c t i o n  image is  

d i s t o r t e d  and t h e  r e s o l u t i o n  index is lowered. 

I n  o r d e r  no t  t o  damage t h e  main f l u o r e s c e n t  

sc reen ,  e x c i t e  a l l  l e n s e s  and use  t h e  a u x i l i a r y  

s c reeno  

Contamination i s  a c c e l e r a t e d  by poor vacuum 

cond i t i ons .  Use l i q u i d  n i t rogen  a s  much a s  

p o s s i b l e .  

When c l ean ing  t h e  C2 a p e r t u r e ,  i n s e r t  t h e  a p e r t u r e  

i n  p l a c e  and h e a t  it by i r r a d i a t i n g  wi th  a  beam 

c u r r e n t  of 50 t o  100 pA f o r  30 seconds t o  one 

minute, The spo t  s i z e  is s e t  a t  20 t o  50 p 

(50  p s p o t  can be ob ta ined  by us ing  t h e  C 1  

f i n e  c o n t r o l )  and t h e  a c c e l e r a t i n g  vo l t age  a t  

100 kV. 

To c l e a n  t h e  o b j e c t i v e  ape r tu re ,  t a k e  o u t  t h e  

specimen and C2 a p e r t u r e  from t h e  column and 



focus a  crossover  image of 50 p on t h e  o b j e c t i v e  

ape r tu re .  I r r a d i a t e  t h e  ape r tu re  opening 

uniformly with t h e  e l e c t r o n  beam while a d j u s t i n g  

t h e  o b j e c t i v e  ape r tu re  a l i g n i n g  knob s o  t h a t  t h e  

ape r tu re  opening r ece ives  about 80% of t h e  beam. 

i i )  The f i e l d  l i m i t i n g  ape r tu re  can be removed e a s i l y  

through t h e  a i r lock ing .  Hence, it is b e t t e r  t o  

t a k e  it out  and c l ean  it i n  a  vacuum evaporator .  

i i i )  The C 2  and o b j e c t i v e  a p e r t u r e s  should be c leaned 

by vacuum-heat c leaning,  i f  contamination remains 

a f t e r  i r r a d i a t i o n  o r  i f  t h e r e  is  dust  on t h e s e  

ape r tu res .  Break t h e  column vacuum, and t a k e  

t h e  a p e r t u r e s  out  of t h e  column. Clean t h e  

ape r tu re  p l a t e  by vacuum-heating and t h e  ape r tu re  

holder  with  metal  p o l i s h i n g  agent.  Af t e r  po l i sh ing  

t h e  holder ,  t h e  p o l i s h i n g  agent should be washed 

ou t  completely with  an u l t r a s o n i c  c l eane r .  

( i v )  When subjec ted  t o  t h e  e l e c t r o n  beam c leaning  

method once a  week, t h e  C 2  and o b j e c t i v e  a p e r t u r e s  

may be used f o r  one t o  t h r e e  months without needing 

vacuum-heat c leaning  ( t h i s  depends on t h e  k ind  

of specimen examined and t h e  du ra t ion  of  

s e r v i c e ) .  It is recommended t h a t  t h e  a p e r t u r e s  



be c leaned by e l e c t r o n  beam i r r a d i a t i o n  even 

while t h e  ins t rument  is not  i n  use .  

( v )  When t o  Clean t h e  Aper tures  

C 2  Aperture . . . . . . Clean t h e  a p e r t u r e  when t h e  

c rossover  image s h i f t s  wi th  

displacement of t h e  ape r tu re .  

Obj. Aperture ... While observ ing  a  h igh  magni- 

f i c a t i o n  image of a  co l lod ion  

f i l m  hole ,  d i s p l a c e  t h e  aper-  

t u r e  a  l i t t l e .  The image 

s h i f t s  o r  as t igmat ism v a r i e s  

a t  t h i s  t ime  when t h e  a p e r t u r e  

i s  contaminated. 

Diff .  Aperture .. Obtain a  S A  image. I f  charge 

up is  observed on t h e  edge of 

t h e  a p e r t u r e ,  t h e  a p e r t u r e  

r e q u i r e s  c lean ing .  

When t h e  a p e r t u r e  p l a t e  and 

ho lde r  a r e  badly contaminated, 

t h e  main ( c e n t e r )  spo t  l ooks  

l i k e  a  rod r a t h e r  t han  a  spo t .  



V-2-9  O b j e c t i v e  S t i g m a t o r  ( s e e  F i g .  1 - l d  ) 

( C l e a n i n g :  Every 6 t o  1 2  months)  

i )  Remove t h e  c a p  n u t  (45321428) (See  F i g .  1 -8)  

o f  t h e  main spec imen chamber e v a c u a t i o n  p i p e  

and  i t s  p r e - e v a c u a t i n g  p i p e  w i t h  a  hex  key .  

Also ,  remove t h e  c a p  n u t  of  t h e  gun h o u s i n g  

e v a c u a t i n g  p i p e .  

i i )  Remove t h e  f o u r  s c r e w - b o l t s  (D) ( S e e  F i g .  1-31 

f i x i n g  t h e  spec imen chamber,  and  r a i s e  t h e  p a r t  

above  t h e  spec imen chamber w i t h  t h e  l i f t i n g  

d e v i c e  u n t i l  it s t o p s .  When it is f u l l y  r a i s e d ,  

t u r n  t h e  assembly  t o  t h e  l e f t .  

i i i )  Remove t h e  f o u r  s c r e w s  (65321161, S e e  F i g .  1 -14)  

and  u n i v e r s a l  j o i n t  o f  t h e  spec imen  p o s i t i o n i n g  

d e v i c e  s o  a s  t o  d e t a c h  t h e  spec imen  r o t a t i o n  s t a g e .  

Remark: A l so  remove t h e  o b j e c t i v e  l e n s  movable  

a p e r t u r e  and  c o l d  f i n g e r .  

i v )  Remove t h e  s e t  r i n g  ( 4 4 3 2 1 5 5 9 ,  S e e  F i g .  1 -14) ,  

and t a k e  o u t  t h e  o b j e c t i v e  l e n s  p o l e  p i e c e  ( 9 7 )  

( S e e  F i g .  1 - 0 ) .  

v )  Hold t h e  g r o o v e  on t h e  t o p  o f  t h e  s t i g m a t o r  

f i r m l y  w i t h  t h e  s p e c i a l  t w e e z e r s  ( t w e e z e r s  f o r  

spec imen exchange)  and  p u l l  it o u t  upward. 



v i )  P o l i s h  t h e  s t i g m a t o r  and  i ts  i n n e r  w a l l s  

s u r f a c e s  of  e l e c t r o n  beam p a s s a g e )  w i t h  m e t a l  

p o l i s h i n g  p a s t e .  

v i i )  Wipe o f f  t h e  p a s t e  w i t h  c o t t o n  s o a k e d  i n  

o r g a n i c  s o l v e n t .  

(DO n o t  wash t h e  s t i g m a t o r  i n  a n  u l t r a s o n i c  

c l e a n e r .  ) 

Remark: Do n o t  damage c o i l  o r  l e a d  w i r e s ,  o r  

c o n t a m i n a t e  them w i t h  p o l i s h i n g  p a s t e .  

v i i i )  P u t  t h e  s t i g m a t o r  back  i n  p l a c e .  B e  s u r e  t h a t  

t h e  t e r m i n a l  is p r o p e r l y  o r i e n t e d .  

Rmmark: The s t i g m a t o r  s h o u l d  f i t  e a s i l y .  Do 

n o t  f o r c e  it i n .  

i x )  P u t  t h e  p o l e  p i e c e  back  i n  p o s i t i o n .  Whi le  

l o o k i n g  t h r o u g h  t h e  i n s e r t i o n  p o r t  o f  t h e  

o b j e c t i v e  movable a p e r t u r e ,  a l i g n  t h e  a p e r t u r e  

w i t h  t h e  i n s e r t i o n  p o r t  and  f i x  t h e  p o l e  p i e c e  

w i t h  t h e  s e t  r i n g .  

X )  Assemble t h e  p a r t s  above  t h e  spec imen  chamber 

a s  t h e y  w e r e .  Do n o t  f o r g e t  t o  c o n n e c t  t h e  

main and p r e - e v a c u a t i o n  p i p e s ,  w a t e r  p i p e s ,  a i r  

p i p e s ,  c o r d s ,  e t c . ,  p r o p e r l y .  

Cau t ion :  When r e a s s e m b l i n g  t h e  spec imen  chamber 



by u s i n g  a  l i f t i n g  d e v i c e ,  t a k e  care  

n o t  t o  s t r i k e  t h e  set '  r i n g  (A53214 2 8 )  

of  t h e  spec imen chamber r e a r  e v a c u a t i o o  

p i p e  a g a i n s t  t h e  se t  knob ( ~ 4 3 2 1 . 7 0 8 )  

o f  t h e  o b j e c t i v e  l e n s  m a g n e t i c  yoke 

d u r i n g  t h e  l o w e r i n g  o p e r a t i o n  of  t h e  

spec imen chamber t o  p r e v e n t  t h e  s e t  

r i n g  f rom b e i n g  damaged. 

V-2,-10 I n t e r m e d i a t e  Lens F i x e d  A p e r t u r e  (See  F i g .  1 -18)  

When t h e  f i x e d  a p e r t u r e  o f  t h e  i n t e r m e d i a t e  l e n s  a n d  

t h e  i n n e r  w a l l  of  t h e  s t i g m a t o r  a r e  c o n t a m i n a t e d ,  t h e  

e l e c t r o n  d i f f r a c t i o n  s p o t  deforms .  It i s  n e c e s s a r y  

t o  c l e a n  it once  e v e r y  6 t o  1 2  months .  

i )  R a i s e  t h e  p a r t  above t h e  spec imen chamber w i t h  

t h e  l i f t i n g  d e v i c e  i n  t h e  manner o u t l i n e d  i n  

V - 2 - 9 .  

Remarks: S i n c e  t h e  p a r t  t o  b e  r a i s e d  is v e r y  

heavy,  t h e  m a g n e t i c  yoke may move 

backward when t h e  column is f u l l y  

r a i s e d  by t h e  l i f t i n g  d e v i c e .  

T h e r e f o r e ,  push  t h e  e v a c u a t i n g  p i p e s  

i n t o  t h e  column t o  make s u f f i c i e n t  

s p a c e  b e f o r e  t h e  column is r a i s e d .  



i i )  Remove t h e  s e c o n d  spec imen chamber e v a c u a t i n g  

p i p e  (453214 2 9 )  F i g .  1 - 1 4  ), c o o l i n g  w a t e r  p i p e ,  

and  s e l e c t e d  a r e a  a p e r t u r e  and  b a s e  i n  t h e  

s e c o n d  spec imen chamber.  

Detach  t h e  spec imen s t a g e  c o n t r o l  r o d  by  

l o o s e n i n g  t h e  l o c k i n g  s c r e w s  (45321511) .  

i i i )  Remove t h e  f o u r  b o l t s  ( E )  ( S e e  F ig .  1 -3 )  f rom 

t h e  m a g n e t i c  yoke c o v e r ,  and  d i s a s s e m b l e  t h e  

o b j e c t i v e  l e n s  assembly  by u s i n g  t h e  a t t a c h e d  

t o o l s .  Don ' t  damage t h e  c o n t a c t  s u r f a c e  of  t h e  

O-r ing.  

i v )  Take o u t  t h e  i n t e r m e d i a t e  l e n s  f i x e d  a p e r t u r e  

(44322787: S e e  F ig .  1 -18)  w i t h  t h e  s p e c i a l  

t w e e z e r s ,  and  p o l i s h  t h e  a p e r t u r e  w i t h  m e t a l  

p o l i s h i n g  p a s t e .  A f t e r  u l t r a s o n i c  washing,  

p u t  i t  back  i n  p o s i t i o n .  



VI. MAINTENANCE AND CHECK OF THE ELECTRONIC SYSTEM 



V I .  MAINTENANCE A N D  CHECK OF THE ELECTRONIC SYSTEM 

V I - 1  Unit Code and Pa r t  Code 

The e l e c t r o n i c  and evacuat ion u n i t s  b u i l t  i n t o  t h e  micro- 

scope console  and power supply cab ine t  a r e  coded with  

f o u r  d i g i t  numbers. The f i r s t  two d i g i t s  of t h e  code 

number a r e  111211, denot ing t h e  Model HU-12A. The l a s t  

two d i g i t s  r ep re sen t  a consecut ive  u n i t  number. There 

a r e  24 u n i t s  t h u s  des igna ted  by t h e  u n i t  code system. 

The u n i t  codes a r e  l i s t e d  i n  Table 1. Fig. 6-1 shows 

t h e  arrangement of t h e  u n i t s o  Various p a r t s  of t h e  

e l e c t r i c  system a r e  des igna ted  by p a r t  code. 

Exampl e A 0 7  

Consecutive number 
1 through 999 

Las t  two d i g i t s  of 
u n i t  code 

1 L e t t e r  code of p a r t  
( 1  o r  2 l e t t e r s )  

Table 2 lists t h e  l e t t e r  codes of p a r t s .  P r i n t e d - c i r c u i t  

board p a r t s  having t h e  same func t ion  a r e  des igna ted  by 

t h e  same p a r t  code, and can be s p e c i f i e d  by c i r c u i t  

board number (example: CT-151 ,  CT-371 ,  e t c . ) .  

Various marks and abb rev ia t ions  used i n  drawings and on 

equipment a r e  given i n  Table 3. 



T a b l e  1 T a b l e  of U n i t  C o d e s  (1) 

U n i t  

AC POWER S U P P L Y  

DC POWER S l J P P L Y  

H I G H  VOLTAGE TRANSFORMER 

- 

l ~ n i  t 

0 1 

0 2 

0 3  

04 

0 i 

Oh 

07 

O 8 

1 09 
I 
I 10 

1 
I 

1 I 

1 2  

1 3  

1 4  

I S  

I 0 

C o d e  

COMMON POWER S U P P L Y  

I I 

I I 

( B  l a n k  ) 

(Rl a q k  ) 

( R l a n k )  

COLUMN 

CAMERA 

EVACUATION SYSTEM 

VAC GAUGE 

R I G H T  CONTROL PANEL 

ASSEMBLY 

R I G H T  S U B  PANEL 

R I G H T  M A I N  PANEL 

O B J .  COARSE P R I N T E D  

C I R C U I T  BOARD 

R IGHT I N D I C A T O R  PANEL 

E;VAC I N D I C A T I N G  P R I N T E D -  

C I R C U I T  BOARD 

CAMERA SEQUENCE P R I N T E D -  

C I R C U I T  BOARD 



C o d e  

EXPOSURE T I M E  PRINTED- 

C I R  CII I T  BOARD 

R I G H T  D I S T ,  PRINTED- 

CIRCU I T  BOARD 

 lank) 

R I G H T  CONSOLE 

BEAM DEFLECTOR POWER SUPPLE 

EVAC SEQUENCE 

RIGHT CONNECTOR BOARD 

LEFT CONTROL PANEL ASSEMBLI 

LEFT SUB PANEL 

S P O T  S I Z E  P R I N T E D - C I R C U I T  

BOARD 

O B J  MODUL PRINTED-CIRCUIT 

BOARD 

BANK P R I N T E D - C I R C U I T  BOARD 

LEF'T MAIN PANEL 

MODE SWITCH PRINTED- 

C I R C U I T  BOARD 

HV SWITCH P R I N T E D - C I R C U I T  

BOARD 

U n i t  



T a b l e  2 T a b l e  of P a r t  C o d e s  (1) 

. --- - 

Ilni ( 
--- - 

3"  

3 0 

4 0 

4 1 

4 2 

4 3 

4 5 

4 0  

4 8 

5 0 

C o d e  

LEFT INDICATOR PANEL 

MODE INDICATOR PRINTED- 

C I R C U I T  BOARD 

LEFT CONSOLE 

LEFT PRINTED-C IRCU I T  BOARD 

HV P R I N T E D - C I R C U I T  BOARD 

LENS CURRENT REFERENCE 

R E S I S T O R  

HEAT S I N K  LENS P R I N T E D  

CIRCU I T  BOARD 

MAGNIFICATION U N I T  

LEFT CONNECTOR BOARD 

LEFT D I S T ,  P R I N T E D - C I R C U I T  

BOARD 

Code Let ter  

A 

B 

C 

CT 

1 
U n i t  

P a r t  

C o n n e c t o r  

P i l o t  l a m p  

C a p a c i t o r  

P r i n t e d  c i r c u i t  doard 



? ' ab le  3 List of Marks and Abbrev ia t ions  

I 

Code Letter3 

D 

E I' 

F 

I C  

L 

M 

Q 

R 

S W  

T 

T P  

VR 

Y 

Z D  

A C  ................... A l t e r n a t i n g  Cur ren t  

ACC .................. Accessory 

ACCEL ................ A c c e l e r a t i n g  Vol tage  

P a r t  

Diode, r e c t i f i e r  

Counter,  Nova lamp 

Fuse 

I C ,  Micro module 

Induc to r  c o i l ,  Choke c o i l  

Motor, Meter 

T r a n s i s t o r  

R e s i s t o r ,  Thermis tor  

Switch  ever, Rotary ,  Toggle, s l i d e ) ,  Microswitch 

Transformer 

Terminal,  t e s t  p o i n t  

Va r i ab l e  r e s i s t o r  

Relay 

Zener d iode  

A D J  .................. Adjustment 

A I R  .................. A i r  l e a k  



AMP . . . . . . . . . . . . . . . . . . .  
APS . . . . . . . . . . . . . . . . . . .  
BD . . . . . . . . . . . . . . . . . . . .  
BT .................... 
BZ . . . . . . . . . . . . . . . . . . . .  
CCT . . . . . . . . . . . . . . . . . . .  
COL ................... 
COMP .................. 

.................. CONN 

CONTR ................. 

C2 .................... 
DC . . . . . . . . . . . . . . . . . . . .  
D I F ' F  ................... 
D I S T  ................... 

ERR ................... 
EVAC . . . . . . . . . . . . . . . . . .  
FIL . . . . . . . . . . . . . . . . . . .  

.................. H I G H  

................. HOR I Z  

Ampl i f i e r  

A i r  p r e s s u r e  s w i t c h  

Beam d e f l e c t o r  power supp ly  

Buf f e r  t ank  

Buzzer 

C i r c u i t  

Column 

Compressor 

Connector,  connec t i on  

Con t r a s t ,  h igh  c o n t r a s t  

Camera v a l v e  

F i r s t  condenser  l e n s  

Second condenser  l e n s  

D i r e c t  c u r r e n t  

D i f f r a c t i o n  

D i s t r i b u t o r  p r i n t e d  c i r c u i t  board  

D i f fu s ion  pump 

Er ro r  

EvacuaCion 

Fi lament  

Gr id  

Gun va lve  

High vacuum 

Hor i zon t a l  



HV . . . . . . . . . . . . . . . . . . .  High v o l t a g e  

I N T  . . . . . . . . . . . . . . . . . .  I n t e r m e d i a t e  l e n s  

LENS . . . . . . . . . . . . . . . . .  Lens c u r r e n t  s t a b i l i z e r  c i r c u i t  

.................. LIP L e f t  i n d i c a t o r  p a n e l  

LMP .................. L e f t  main pane l  

LOW .................. Low vacuum 

LSP . . . . . . . . . . . . . . . . . .  L e f t  sub  p a n e l  

MAG .................. M a g n i f i c a t i o n  

MODUL ................ Modulat ion 

MV ................... Magnetic v a l v e  

MVL .................. Magnetic l e a k  v a l v e  

O B J  .................. O b j e c t i v e  l e n s  

PE . . . . . . . . . . . . . . . . . . .  Penning gauge 

P I  . . . . . . . . . . . . . . . . . . .  P i r a n i  gauge 

PROJ ................. P r o j e c t o r  l e n s  

RESOL ................ R e s o l u t i o n ,  h i g h  r e s o l u t i o n  

specimen h o l d e r  

RIP .................. R i g h t  i n d i c a t o r  p a n e l  

.................. RMP R i g h t  main p a n e l  

. . . . . . . . . . . . . . . . . . .  RP Rota ry  pump 

. . . . . . . . . . . . . . . . . .  RSP R i g h t  sub p a n e l  

................... SA S e l e c t e d  a r e a  

. . . . . . . . . . . . . . . . . .  SEQ Sequence 



S T B  . . . . . . . . . . . . . . . . . .  S t a b i l i t y ,  s t a b i l i z e r  

S7D . . . . . . . . . . . . . . . . . .  S t a n d a r d  

S T I G M  . . . . . . . . . . . . . . . .  S t i g m a t o r  

' I I L T  . . . . . . . . . . . . . . . . .  T i l t i n g  

TRS . . . . . . . . . . . . . . . . . .  T r a n s i s t o r  

VAC . . . . . . . . . . . . . . . . . .  Vacuum 

WPS .................. Water p r e s s u r e  s w i t c h  

V I - 2  Check Termina l s  

The check t e r m i n a l s  r e q u i r e d  f o r  t h e  e l e c t r i c  c i r c u i t  

a r e  b u i l t  i n  t h e  l e n s  power s u p p l y  PCB, HV s t a b i l i z e r  

PCB, bank PCB, and camera sequence  PCB. For  each  

t e r m i n a l ,  s e e  t h e  c i r c u i t  diagram. However, t h e s e  

t e r m i n a l s  a r e  n o t  n e c e s s a r y  f o r  o r d i n a r y  check  

(See  Fig .  6-2). 

V I - 3  Changing Fuses  

The ar rangement  of  power s u p p l y  f u s e s  is shown i n  

F ig .  6-3. 

The s p e c i f i c a t i o n s  f o r  t h e s e  f u s e s  a r e  g i v e n  i n  

Tab le  4 .  

i )  When a  f u s e  is blown, check and a s c e r t a i n  t h e  

c a u s e  of  f a i l u r e  b e f o r e  i n s e r t i n g  a  new one. 

i i )  Do n o t  u s e  f u s e s  n o t  s p e c i f i e d  i n  t h e  t a b l e  below. 

i i i )  Turn o f f  t h e  power s u p p l y  when t h e  f u s e s  a r e  

changed.  



i v )  T h e r m a l  r e l a y s  a r e  incorpora ted  i n  COL and 

EVAC s w i t c h e s  t o  s h u t  d o w n  o v e r c u r r e n t s .  Of 

t h e  t h r e e  f u s e s  ( 2 3 A ,  2 7 A ,  3 2 A ) ,  t h e  c u r r e n t  

s h o u l d  b e  se t  t o  2 3 A  f o r  p roper  o p e r a t i o n .  

T a b l e  4 T a b l e  of P o w e r  Supply Fuses  

U N I T  NAME 

AC POWER 

S U P P L Y  

( 0 1  U N I T )  

R I G H T  D I S T .  

P R  I NT ED- 

C I R C U I T  BOARD 

( 1 8  U N I T )  

( ~ ~ 1 8 1 )  

L 

F U S E  NO. 

F O l l  

F 0 1 2  

F 0 1 3  

F014 

F015 

F 0 1 6  

F017 

~ 0 1 8  

F O l 9  

F 1  

F 2  

F 3  

F 4  

REMARKS 

5 A  

1 0 A  

1 0 A  

1 A  

1 A  

5 0 A  

5 0 A  

3 A  

3 A  

1 A  

1 A  

3f4 

1 A  

D E S C R I P T I O N  

EVAC D C 2 4 V  

EVAC A C l O O V  

EVAC A C l O O V  

C O L  A C l O O V  

C O L  A C l O O V  

M A I N  SW A C l O O V  

M A I N  SW A C l O O V  

S U B  CONCENTRE A C l O O V  

S U B  CONCENTRE A C l O O V  

EVAC A C l O O V  

EVAC A C l O O V  

COL,  LAMP D C 2 4 V  

M A I N  SW D C 2 4 V  



UNIT NAME 

L E E 7  D I S T ,  

PRINTED- 

C I R C U I T  BOARD 

( 5 0  U N I T )  

( C T 5 0 1 )  

BEAM 

DEFLECTOR 

POWER SUPPLY 

( 2 1  U N I T )  

( ~ 1 ' 2 1 1 )  

VACUllM 

GAUGE 

( 0 9  1 J N I T )  

FUSE NO, 

F 1  

F 2  

F 3  

F 4  

F 5  

~6 

F 1  

F 2  

F 3  

F 4  

F 5  

~6 

F 7  

F 8  

F 0 9 l  

REMARKS 

5A 

5A 

5A 

5A 

5A 

5A 

1 A  

LA 

1 A  

1 A  

1 A  

1 A  

1 A  

1 A  

2A 

D E S C R I P T I O N  

LENS COND 1 

LENS COND 2  

LENS O B J  

LENS I N T  

LENS P R O J  1 

LENS P R O J  2  

GUN T I L T - X  

GUN TILT-Y 

GUN HORIZ-X 

GUN HORIZ-Y 

BEAM TILT-X 

BEAM T I L T - Y  

BEAM HORIZ-X 

BEAM HORIZ-Y 

VACUUM GAUGE AClOOV 



When t h e  thermal  r e l a y  has  been ac tua t ed ,  t u r n  COL (56) 

and EVAC ( 5 5 ' )  but ton  swi tches  of MAIN S W  o f f  and check 

t h e  cause of f a i l u r e .  To t u r n  on COL and EVAC swi tches  

a f t e r  f a i l u r e s ,  depress  t h e  white t r a n s l u c e n t  r e s e t  

l e v e r  and r e s e t  t h e  thermal  r e l ay .  

V I - 4  Electromagnetic Cooling Water Valve (Optional  Accessory) 

The e lec t romagnet ic  coo l ing  water  va lve  is an au toma t i ca l ly  

opera ted  va lve  f o r  coo l ing  water  supply,  and i s  f i t t e d  t o  

t h e  water  p i p e  c l o s e  t o  t h e  water  j acke t .  It is open 

while t h e  MAIN swi tch  (Sw011) of t h e  common power supply  

i s  on and c l o s e s  1 5  t o  30 minutes ( s e t  by a  motor t i m e r )  

a f t e r  power shutdown. The connect ion of t h e  e l e c t r o -  

magnetic va lve  i s  shown i n  Fig. 6-5. 

With t h e  e lec t romagnet ic  water  valve ,  t h e  coo l ing  water  

is not  on ly  supp l i ed  when t h e  main swi tch  is t u r n e d  on, 

but  is  a l s o  s h u t  down au toma t i ca l ly  when t h e  main swi tch  

i s  tu rned  o f f .  

Thus t h e  water  supply i s  stopped by means of t h e  t i m e r  

a f t e r  t h e  DP i s  cooled downo 

For t h e  r a t e d  supply vo l tage  and c u r r e n t  of t h e  e l e c t r o -  

magnetic valve ,  use about 240V, 2A a t  maximum t o  m e e t  

w i r ing  capac i ty .  The t i m e r  should be set a t  20 t o  30 



minutes f o r  proper  opera t ion .  Before t h e  t i m e r  d i a l  

i s  s e t ,  do not  f o r g e t  t o  t u r n  o f f  t h e  k n i f e  swi tch  a t  

t h e  switchboard mounted i n  t h e  room. I f  t h e  d i a l  is  

tu rned  while t h e  t i m e r  is  suppl ied  wi th  power, t h e  

t i m e r  w i l l  be broken. 

VI-5 Grounding of Power Suppl ies  

The e l e c t r i c  systems of Model HU-12 a r e ,  a s  a r u l e ,  

grounded through one system. That is, t h e  grounding 

systems of va r ious  e l e c t r i c  systems a r e  concent ra ted  

a t  t h e  grounding board a t  t h e  r e a r  of r i g h t  and l e f t  

consoles ,  and a ground wire  i s  i n s t a l l e d  from t h e  

board t o  t h e  switchboard through t h e  common power supply.  

The grounding a t  t h e  switchboard should be b e t t e r  t h a n  

10Q, bu t  must no t  exceed 100Q. , 

VI-6 Room Light ing  Switch 

The i n s t a l l a t i o n  room lamp can be t u r n e d  on and o f f  by 

t h e  ROOM L I G H T I N G  swi tch  on t h e  r i g h t  main panel .  
I 

Connect t h e  lamp power supply t o  TP013, 11, and 1 2  

of t h e  common power supply a s  shown i n  Fig.  6-6. 

( A  c u r r e n t  of 3 A  max. i s  recommended t o  meet t h e  w i r i n g  

c apac i ty . )  



VII. SPECIFICATIONS 



V I I .  SPECIFICATIONS 

A c c e l e r a t i n g  v o l t a g e  l o ,  2 5 ,  50,  75,  100 ,  1 2 5  kv  

S t a b i l i t y :  3 x  1 0 - ~ / m i n .  

M a g n i f i c a t i o n  r a n g e  

F i r s t  spec imen chamber 1 , 0 0 0 ~  t o  5 0 0 , 0 0 0 ~  (HR) 
d i r e c t  

600x t o  3 0 0 , 0 0 0 ~  (HC)  r e a d i n g  
t h r o u g h  

4 , 0 0 0 ~  t o  2 5 0 , 0 0 0 ~  (SA) d i g i t a l  
d i s p l a y  

250x ( s c a n n i n g  image) 

500x t o  5 0 0 , 0 0 0 ~  (HR, c o n t i n u o u s l y  

v a r i a b l e )  

300x t o  3 0 0 , 0 0 0 ~  (HC, c o n t i n u o u s l y  

v a r i a b l e )  

Second spec imen chamber ( ~ x t r e m e l y  low m a g n i f i c a t i o n )  

O p t i o n a l  

0 0 
R e s o l u t i o n  2 A ( l a t t i c e )  o r  3 A ( p o i n t - t o - p o i n t )  

E l e c t r o n  d i f f r a c t i o n  Camera l e n g t h  R e s o l u t i o n  i n d e x  

S e l e c t e d  a r e a  d i f f r a c t i o n  

High d i s p e r s i o n  d i f f r a c t i o n  

High r e s o l u t i o n  d i f f r a c t i o n  



E l e c t r o n  gun 

Condenser l e n s  

M a g n i f i c a t i o n s  s e l e c t i o n  Zoom l e n s  sys tem,  m a g n i f i c a t i o n  

s e l e c t a b l e  i n  35 s t e p s  

~ r i g h t / ~ a r k  image,  

i n s t a n t a n e o u s  s e l e c t i o n  

~ h o t o ~ r - a ~ h y / ~ e c o r d i n g  Focus ing  w i t h  image wobbler  

F u l l y  a u t o m a t i c  s h u t t e r  l i n k e d  t o  

exposure  m e t e r  

Automatic  r e c o r d i n g :  f i l m  number, 

a c c e l e r a t i n g  v o l t a g e ,  l e n s  o p e r a t i n g  

c o n d i t i o n ,  m a g n i f i c a t i o n  

H a i r p i n  t y p e  f i l a m e n t  o r  p o i n t e d  

f i l a m e n t , D C  h e a t i n g  

0  t o  l , 5 O O V  c o n t i n u o u s l y  v a r i a b l e  

Semi- f ixed  b i a s  sys t em 

Anode p o s i t i o n i n g  l i n k e d  t o  a c c e l e r a -  

t i n g  v o l t a g e  

A x i a l  a l ignment :  magne t i c  d e f l e c t o r  

A i r l o c k :  a u t o m a t i c  v a l v e  sys t em 

Double condense r  l e n s  sys t em 

Specimen i l l u m i n a t i o n  a r e a :  2 ,  5, 

10 ,  1 5  p$ ( 4  s t e p s ) ,  f i n e  a d j u s t m e n t  

p o s s i b l e  f o r  0 . 1  p t o  50 p# 

Second condense r  l e n s  w i t h  magne t i c  

s t i g m a t o r  

Movable a p e r t u r e :  4 open ings ,  

c l i c k - s t o p  t y p e  

Molybdenum a p e r t u r e :  s e l f - c l e a n i n g  t y p e  



F i r s t  specimen chamber Specimen pre-evacuation chamber 

Automatic va lve  system with  p r i o r i t y  

sequence 

Number of specimens t o  be accommodated: 

6 ,  s imul taneously  

Specimen s t a g e  c o n t r o l :  +1 - mm i n  

e i t h e r  X o r  Y d i r e c t i o n  

Specimen suppor t ing  g r i d :  3.2 mrnjd 

( s tandard ized  product  ) 

Anticontamination device  Double contamination prevent ion  

system: 

Cold t r a p  i n  evacua t ion  p i p e  

Cold f i n g e r  ad j acen t  t o  l e n s  

Contamination r a t e :  0.1 g/rnin. o r  

l e s s  

Objec t ive  l e n s  I n t r i n s i c  as t igmat ism 0.7 p o r  b e t t e r ,  

cornpensatable t o  0.01 p 

With magnetic s t i gma to r  

Maximum c o r r e c t i o n :  3  p 

Movable a p e r t u r e  : 4 openings, 

c l i c k s t o p  type  

Molybdenum ape r tu re :  s e l f - c l ean ing  

type  



Focusing Image wobbler system 

Click-stop focus  adjustment system: 

V e r y f i n e :  5 0 8 / s t e p  
each a d j u s t -  

Fine : 500 
s t e p s  

Medium : 5,000 8 / s t e p  

Coarse : 5 @ / s t e p 1  

Second specimen chamber F i e l d  l i m i t i n g  a p e r t u r e  device  

( s tandard  equipment ) : 

6 openings, c l i ck - s top  type  

S ix-pos i t ion  specimen exchange ho lde r  

and a i r l o c k  device  ( s p e c i a l  a c c e s s o r i e s )  

f o r  c l i ck - s top  specimen exchange 

Simultaneous load ing  of 6 specimens 

and +lo0 - specimen tilt (stereo) p o s s i b l e  

Lens c u r r e n t  s t a b i l i t y  Objec t ive  l e n s  1 .5  x  10-6/min. 

-6 In te rmedia te  l e n s  5 x 1 0  /mino 

F i r s t  p r o j e c t o r  l e n s  5 x  10°6/min. 

Second p r o j e c t o r  l e n s  5 x  lo-6/min. 

Viewing chamber Window 130 mm x  100 mm ( t h r e e  s i d e s )  

Fluorescent  s c r e e n  l90mma (1 pc )  

( f o r  focus ing  and a x i a l  alignment ) 



Exposure meter 

Camera system 

Vacuum system 

Beam de tec t ion  system 

Readout of e l e c t r o n  cu r ren t  poss ib l e  

-8 
Detecting range: 10 t o  10-12~/cm 2 

Shu t t e r  speed (exposure t ime)  : 1 / 2  

t o  32 seconds 

Automatic f i l m  feeding  

Film s i z e :  82.5 x  118  mm ( ~ a p a n )  

3-1/4" x  4 "  ( U . S . A . )  

90 x 120 mm ( ~ u r o ~ e )  

No. of f i l m s  loaded: 24 

Exposure s i z e :  55 x  70 mm 

(48 exposures o r  ha l f  s i z e )  

75 x 90 mrn (24 exposures o r  f u l l  s i z e )  

Residual f i l m  no, and f i l m  zero 

i n d i c a t i o n s  with  chime 

Half s i z e / ~ u l l  s i z e  s e l e c t a b l e  

Airlock: automatic valve system 

P l a t e  r e se rvo i r :  4 c a s s e t t e  magazine 

accommodation, automatic evacuat ion 

Fu l ly  automatic sequence c o n t r o l  

-6 
Ultimate vacuum: 5 x  10 Torr 

O i l  d i f f u s i o n  pump (column): 400 i?/sec. 

(1 s e t )  



S a f e t y  d e v i c e s  

Bu f f e r  t ank  

O i l  r o t a r y  pump: 100  B/min. ( 2  s e t s )  

Cold t r a p :  l i q u i d  n i t r o g e n  ( 2  s e t s )  

Vacuum gauges: P i r a n i  gauges (2  s e t s ) ,  

Penning gauge ( 1  s e t )  

A i r  compressor (1 s e t )  

S a f e t y  dev i ce  a g a i n s t  power f a i l u r e  

S a f e t y  dev i ce  a g a i n s t  wa te r  f a i l u r e  

(w i th  a la rm)  

S a f e t y  dev i ce  a g a i n s t  o v e r h e a t i n g  

of DP 

S a f e t y  dev i ce  a g a i n s t  vacuum l e a k s  

S a f e t y  dev i ce  a g a i n s t  exce s s  c u r r e n t s  

S a f e t y  dev i ce  a g a i n s t  e l e c t r o n  gun 

d i s c h a r g e  

S a f e t y  dev i ce  a g a i n s t  e x c e s s i v e  

t empera tu re  of power t r a n s i s t o r s  

and r e f e r e n c e  r e s i s t o r s  

Moni tor ing sys tems Vacuum system o p e r a t i o n  i n d i c a t o r  

pane l  

Lens c o n d i t i o n  i n d i c a t o r  pane l  

I n s t a l l a t i o n  

Ambient c o n d i t i o n s  Room tempera tu re :  Less t h a n  30°c 



Pcwer s e r v i c e  

Water s e r v i c e  

Humidity:  L e s s  t h a n  70% 

3 . 5  kVA, s i n g l e  phase ,  A C l O O V  

S i n g l e  p h a s e  90,  100,  115, 200j 

220, 240V 

( o v e r s e a s  ) 

50 HZ o r  60 Hz 

Flow: 41 /min. 

Water  p r e s s u r e :  0 . 5  - 2  kg/cm 2  

Wate r  t e m p e r a t u r e :  L e s s  t h a n  2 5 O ~  

Dra inage :  .Ord inary  d r a i n  p o r t  

Dimensions and  we igh t  

Dimensions He igh t  Weight  

Main c o n s o l e  199 x 144  cm 255 c m  1 , 2 3 0  k g  

Power c a b i n e t  80 x 57 c m  80 c m  120  k g  
(150 kg  f o r  
o v e r s e a s  ) 

O i l  r o t a r y  pump 3 1  x 57 c m  60 c m  100 k g  

Compressor 25 x 59 c m  53 c m  26 kg  
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