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

We are p r e s e n t i n g t e s t r e s u l t s w h i c h c o m p a r e s p a t i o - t e m p o r a l r e s o l u t i o n c h a r a c t e r i s t i c s of 
three c o m m e r c i a l l y m a n u f a c t u r e d s o f t x - r a y s t r e a k c a m e r a s and a p r o t o t y p e of the C650X soft 
x - r a y s t r e a k c a m e r a m a d e at CEfl L i m e i l - V a l e n t o n u s i n g an R T C P 6 5 0 X s t r e a k t u b e J and now cam-
m e r e ia11 y a v a i l a b l e f r o m the T h o m s o n C S F 2 c o m p a n y . 

These t e s t s h a v e b e e n p e r f o r m e d u s i n g u l t r a s h o r t x -ray p u l s e s b o t h at the F o r g e p u l s e d x-
ray source f a c i l i t y at L o s A l a m o s N a t i o n a l L a b o r a t o r y in t h e * U n i t e d S t a t e s and at the Ketjak 
l a s e r facility 1* at C E A L i m e i l - V a l e n ton in F r a n c s . 

The p u r p o s e of this r e s e a r c h is to e v a l u a t e the r e l a t i v e p e r f o r m a n c e o f t h e C 6 5 Q X , the 
H a d l a n d 5 , X - C h r o n 5 4 0 , t h e H a m a m a t s u 6 C 1 9 3 6 X snd the low m a g n i f i c a t i o n K e n t e c h 7 soft x-:ay 
s t r e a k c a m e r a s . E x p e r i m e n t e r s in the u l t r a - h i g h - s p e e d c o m m u n i t y n e e d this i n f o r m a t i o n to 
m a k e k n o w l e d g e a b l e c h o i c e s of i n s t r u m e n t a t i o n for time r e s o l v e d x - r a y e x p e r i m e n t s in "ne 
s u b n a n o s e c o n d a n d n a n o s e c o n d r a n g e . O f t e n e x p e r i m e n t s r e q u i r e m a n y t i m e r e s o l v e d detection 
c h a n n e l s w h i c h a r e b o t h c o n t i g u o u s and s y n c h r o n o u s in a s i n g l e m e a s u r e m e n t . Time resolvsd 
x - r a y s p e c t r o s c o p y or x ~ r a y i m a g i n g e x p e r i m e n t s w h i c h use s t r e a k c a m e r a s as u l t r a - h i g h - s p = e d 
p o s i t i o n s e n s i t i v e x - r a y d e t e c t o r s a r e f r e q u e n t l y c o n s t r a i n e d by l i m i t e d i n f o r m a t i o n can-
si t y . 

O p t i m i z a t i o n o f the e x p e r i m e n t s a n d q u a n t i t a t i v e u n d e r s t a n d i n g of the data r e q u i r e knowle_"os 
of both the c o n t r a s t t r a n s f e r f u n c t i o n ( C T F ) in the s p a t i a l a x i s of the i n s t r u m e n t during 
the s t r e a k a n d the t e m p o r a l r e s o l u t i o n . This is the s p a t i o - t e m p o r a l p e r f o r m a n c e c h a r a c t e r 
of the i n s t r u m e n t . 

C o m p l e t e s t u d i e s of t h e s e d y n a m i c p e r f o r m a n c e f e a t u r e s h a v e not p r e v i o u s l y been done hith 
these i n s t r u m e n t s . P a r t i c u l a r care m u s t be taken to m e a s u r e p e r f o r m a n c e u n d e r r e l e v a n t con-
d i t i o n s and to m a k e c o m p l e t e m e a s u r e m e n t s e t s 5 . We h a v e f o u n d t h a t t h e r e can be s i g n i f i c a n t 
d i f f e r e n c e s i n ' t h e s t a t i c CTF and the CTF m e a s u r e d in the s t r e a k e d m o d e . The CTF is not 
u s u a l l y c o n s t a n t a c r o s s the s t r e a k e d image*. T h e s e c h a r a c t e r i s t i c s o b v i o u s l y v a r y between 
i n s t r u m e n t s . 

This set of t e s t s is d i r e c t e d t o w a r d the c l a s s of i n s t r u m e n t s w h i c h use a l a r g e e l e c t r o n 
e x t r a c t i o n f i e l d - a t the p h o t o c a t h o d e in order to o b t a i n t e m p o r a l r e s o l u t i o n l i m i t s of a 
p i c o s e c o n d s at the f a s t e s t sweep • s p e e d s . C o m p a r e d to low e x t r a c t i o n f i e l d d e s i g n s , tris 
h i g h e x t r a c t i o n f i e l d c o n f i g u r a t i o n can r e s u l t in d e g r a d e d CTF for s o m e s t r e a k t u b e s * . 

We have not p e r f o r m e d d e t a i l e d C T F c h a r a c t e r i z a t i o n s on the two p i c o s e c o n d range x-ray 
s t r e a k c a m e r a s w h i c h u s e the RCA C 7 3 4 2 5 and the s i m i l a r RTC P 5 0 1 t u b e s . Our e x t e n s i v e 
e x p e r i e n c e w i t h t h e s e i n s t r u m e n t s * / 1 C h a s s h o w n them to h a v e l i m i t i n g d y n a m i c s p a t i a l reso-
l u t i o n s w h i c h a r e c o n s i d e r a b l y p o o r e r t h a n those d i s c u s s e d h e r e w h e n used w i t h h i g h e x t r a c -
tion f i e l d s in "the p i c o s e c o n d r e g i m e . This e x p e r i e n c e is c o r r o b o r a t e d by m e a s u r e m e n t s of 
the LL_NL s o f t x - r a y s t r e a k c a m e r a s r e c e n t l y p u b l i s h e d by G l e n d i n n i n g and M e d e c k i 4 1 . Tneir 
p a p e r a l s o p r e s e n t s p e r f o r m a n c e m e a s u r e m e n t s of the K e n t e c h 2X m a g n i f i c a t i o n x - r a y streak 
c a m e r a . 

The S o f t x - r a y S t r e a k C a m e r a s 

For the p u r p o s e of an in formed c o u p a r is o n , we h a v e l i s t e d imp or t a n t f e a t u r e s of the four 
i n s t r u m e n t s in T a b l e 1 . More c o m p l e t e d e s c r i p t i o n s may be o b t a i n e d in the l i t e r a t u r e and 
from the m a n u f a c t u r e r s . We will try to i n c l u d e r e l e v a n t o b s e r v a t i o n s on s u b j e c t i v e ope ra-
t i o n a l d i f f e r e n c e s as we 11 as q u a n t i t a t i v e pe r forma nee m e a s u r e m e n t s . ft11 of the inst rumen ts 
use a v a l a n c h e t r a n s i s t o r sweep d r i v e r s . All of the da ta h a v e been obta 3 ned on K o d a k negs-
tive film a f t e r the i n t e n s i f y c a t i o n of the s t r e a k tube signa 1 by m i c r o - c h a n n e l plate invî ae 
intensifi-ers (ITT t y p e F < * H 3 , F 4 1 1 2 ) . The K e n t e c h a n d H a d l a n d data w e r e taken w i t h R o y a l ' x 
Pan f i l m . The C 6 5 Ü X a n d H a m a m a t s u da ta w e r e taken w i t h type 2 4 f i l m . 



T a b l e 1 . S o f t x - r a y s t r e a k camera f e a t u r e s . 

C 6 5 0 X 
H a d l a n d 

X-Ctiron 5 A 0 
H a m a m a t s u 

C 1 9 3 6 Ken tech 

S t r e a k t u b e 
Tube t y p e 

R T C P 6 5 0 
Bi-lantellar 

f o c u s 

P h o t o c h r o n Ii 
c o n v e n t i o n a l 

N 2 0 1 9 
c o n v e n t i o n a 1 

K e n t 
l o w rnagnif. 

A s t i g m a t i s m 
c o r r e c t i o n 

Yes Yes 
E a c h S p e e d 

Yes No 

C a t h o d e v o l t a g e 
( k v ) 

-15 - 1 7 , 0 - 6 . 5 -14 .8 

E x t r a c t i o n f i e l d 
( k V / c m ) 

60 20 7 . 5 20 

P h o t o c a t h o d e to 
e x t r a c t i o n g r i d 

space [ m m ) 

2 . 5 0 . 5 2.0 

i 

2 . 0 

U s e f u l p h o t o -
c a t h o d e 

l e n g t h ( m m ) 

12 17 10 25 

P h o t o c a t h o d e s l i t 
w i d t h ( m i c r o n s ) 

100 80 80 2 0 0 

P h o t o c a t h o d e 

con f i g u r a t i o n 

2 X 1 5 m m a 

a r e a s e p a r a t e 

from slit 

on s l i t on s l i t 5 X 3 0 m m s 

area s e p a r a t e 
from slit 

Tube m a g n i f i c a t i o n 2X 1.6X 1 . 6 X 1.2X 

Tube l e n o t h ( c m ) 40 30 15 34 

S w e e p s p e e d s 
C p s e c / m m ) 

40 
50 
BD 

20 5 0 0 
50 1 OD 0 

100 2 D O O 
200 5 0 0 0 

66 
133 
3 3 3 
666 

1 2 - 5 03 
2 8 . 6 250 
5 0 1000 

P h o t o c a t h o d e 
a c c e s s i b i l i t y 

r e q u i r e s 
ins t r u m e n t 
d e m o u n t ing 
for a c c e s s * 

r e m o t e 1 y 
d e m o u n t a b l e for 
i n s p e c t i o n and 

rep l a c s m e n t 

r e m o t e 1 y 
dernountable for 
i n s p e c t ion a n d 

repla c e m e n t 

r e q u i res 
i n s t r u m e n t 
d e m o u n t i n g 
for a c c e s s 

P h o s p h o r s c r e e n 
s i z e ( m m ) 

6? 5Û 25 50 

R e l a t i v e earners 
s e n s i tivi tv 0 . 1 1 1 1 

Image i n t e n s i f i e r 
used 

ITT F 4 1 1 5 
40 mm 

ITT F 4 1 1 3 
AO mm 

ITT FA 1 1 2 
25 mm 

ITT FA 113 
40 mm 

V a c u u m p u m p i n g s m a l l turbo 
pump 

s m a l l t u r b o 
p u m p 

ß 1/s ion p u m p p u m p e d by 
e x p e r i m e n t 

v a c u u m systerc 

Tube c o n s t r u c t i o n g l a s s , 
Ko va r 

c e r a m i c t 

s t a i n l e s s s t e e l 
e p o x y c a s t i n g 

g l a s s , Kova r A l u m i n u m plas-
tic s t a n d o f f 
O p e n to cham-
v a c u u m in re-

_§Q?rMOt_desjün 

* R e m o t e p h o t o c a t h o d e rcanipulation is a v a i l a b l e in new m o d e l s . 



C 6 5 0 X 

This i n s t r u m e n t h a s b e e n d e s i g n e d for o p t i m u m s p a t i o - t e m p o r a l r e s o l u t i o n . The c o n c e p t of the 
bi-1 s m e l l a r P 6 5 Q X ( f i g u r e 1 ) t u b e is b a s e d m a i n l y on two t e c h n o l o g i c a l a d v a n c e s . The first 
is an i n t e n s e a c c e l e r a t i n g f i e l d a p p l i e d to the p h o t o c a t h o d e ( 6 0 k V / c m ) . The s e c o n d is the 
use of two f o c u s i n g e l e c t r o n l e n s e s d e s i g n e d to w o r k i n d e p e n d e n t l y . A q u e d r u p o l e lens is 
u s e d for s p a t i a l f o c u s i n g and a s e p a r a t e c y l i n d r i c a l e l e c t r o s t a t i c lens f o c u s e s in the tem-
p o r a l d i r e c t i o n . 

T h e C 6 5 0 X s t r e a k c a m e r a ( F i g u r e 23 is c o n v e n i e n t l y self c o n t a i n e d w i t h the c o n t r o l s e t t i n g s 
on the c a m e r a c h a s s i s j sweep w i n d o w d u r a t i o n s and d i f f e r e n t i a l v a r i a t i o n s of the s w e e p speed 
a l o n g the s c r e e n a r e s u p p l i e d w i t h the c a m e r a . The soft x-ray t u b e is a c t i v e l y vacuum 
p u m p e d w i t h a s m a l l 40 1/s t u r b o p u m p . The i n s t r u m e n t s l i d e s a w a y from the c h a m b e r on a 
r a i l for p h o t o c a t h o d e a c c e s s and r e p l a c e m e n t . This o p e r a t i o n can be p e r f o r m e d s e v e r a l times 
a day if n e c e s s a r y . The p h o t o c a t h o d e s l i t is 12 m m . Thin film p h o t o c a t h o d e s ( 3 0 0 A g o l d on 
3 0 D D A p s r y l e n e ) h a v e b e e n used for t h e s e t e s t s . 

F i g . 2 . The C65QX soft x - r a y s t r e a k 
c a m e r a . A new b i - l a m e l l a r 
electron i m a g i n g d e s i g n is 
used in this i n s t r u m e n t . 

H a d l a n d X - C h r o n 5 4 0 

T h i s i n s t r u m e n t was e n g i n e e r e d to m e e t a s t r i n g e n t Los A l a m o s s p e c i f i c a t i o n . The design 
c o n s t r a i n t s f o c u s on s p a t i a l r e s o l u t i o n , on u s e r c o n v e n i e n c e and an r e l i a b i l i t y and f l e x i o i -
l i t y u n d e r l a b o r a t o r y c o n d i t i o n s . T h i s s t r e a k c a m e r a is c o m p a c t in a s i n g l e c h a s s i s (Figure 
3 ) . A w i d e v a r i e t y of sweep s p e e d s and s w e e p o p t i o n s aie s w i t c h c o n t r o l l a b l e at the 
c h a s s i s . A s t i g m a t i s m focus c o r r e c t i o n s for the v a r i o u s s w e e p s p e e d s a r e s e p a r a t e l y 
c o n t r o l l e d . The p h o t o c a t h o d e can be e x t e n d e d r e m o t e l y for v i e w i n g t h r o u g h a v a c u u m w i n d o w 
w i t h o u t b r e a k i n g v a c u u m . The p h o t o c a t h o d e can be replaced in l e s s t h a n 30 m i n u t e s by 
r e m o v i n g the v a c u u m w i n d o w w i t h o u t m o v i n g the s t r e a k c a m e r a . The u s e a b l e p h o t o c e t h o d e slit 
l e n g t h is 17 m m . A 4 0 1/s turbo p u m p p r o v i d e s a c t i v e v a c u u m p u m p i n g of the s t r e a k t u b e . A 
4 x 5 c u t film back is p r o v i d e d for i m a g e r e c o r d i n g in a d d i t i o n to a P o l a r o i d film b a c k , A 
d u r a b l e c e r a m i c j s t a i n l e s s s t e e l a n d c a s t e p o x y s t r e a k tube c o n s t r u c t i o n is u s e d . 



F i g . 3 . The H a d l a n d X - C h r o n 5 4 0 s o f t x - r a y s t r e a k c a m e r a f e a t u r e s a l a r g e p h o t o c a t h o d e 
w h i c h is r e m o t e l y d e m o u n t a b l e . 

H a m a m a t s u C 1 9 3 6 

The H a m a m a t s g s o f t x - r a y s t r e a k c a m e r a ( F i g u r e A ) w a s a l s o e n g i n e e r e d to m e e t the same Los 
A l a m o s s p e c i f i c a t i o n a s the H a d l a n d X - C h r o n 5 4 0 , The s t r e a k c a m e r a is a l s o c o m p a c t w i t h all 
of the a d j u s t m e n t s on the c a m e r a c h a s s i s . A s m a l l e x t e r n a l p o w e r s u p p l y is p a r t of the 
s y s t e m . F o u r s w e e p s p e e d s are u s e d . The p h o t o c a t h o d e m a y be r e m o t e l y e x t r a c t e d for exter-
nal v i e w i n g t h r o u g h a v a c u u m w i n d o w , Photocathorie r e p l a c e m e n t is e x e c u t e d w i t h o u t m o v i n g 
the s t r e a k c a m e r a . A n 8 1 / s ion p u m p a c t i v e l y p u m p s the s t r e a k t u b e . A s t i g m a t i c focus 
c o r r e c t i o n is i n t e g r a t e d i n t o this s t r e a k c a m e r a . A 35 mm m o t o r d r i v e film back is 
a v a i l a b l e » h o w e v e r , a s t a n d a r d 4 x 5 P o l a r o i d film b a c k is n o t o f f e r e d . The p h o t o c a t h o d e is 
r e l a t i v e l y s m a l l , 10 m m . 

L o w M a g n i f i c a t i o n K e n t e c h 

T h i s i n s t r u m e n t ( F i g u r e 5 ) w a s e n g i n e e r e d for r e - e n t r a n t p o s i t i o n i n g of the p h o t o c B t h o d e 
c l o s e to the x - r a y s o u r c e i n s i d e of t h e e x p e r i m e n t a l c h a m b e r . It fits in a 10 inch p o r t and 
e x t e n d s 20 cm i n t o the c h a m b e r . The s t r e a k tube of this m o d e l p r o d u c e s a 1 . 2 X m a g n i f i c a -
t i o n . A 2X m a g n i f i c a t i o n m o d e l is a l s o a v a i l a b l e . The s w e e p c o n t r o l c h a s s i s , the EHV power 
s u p p l y c h a s s i s a n d t h e u s e r s u p p l i e d i n t e n s i f i e r c o n t r o l s a n d s u p p l i e s are s e p a r a t e from the 
c a m e r a . The m e c h a n i c a l e n g i n e e r i n g is i n f e r i o r to the o t h e r t h r e e i n s t r u m e n t s t e s t e d but 
a p p e a r s to be a d e q u a t e for m a n y a p p l i c a t i o n s . The p h o t o c a t h o d e and c a t h o d e s l i t m a s k are 
s u p p l i e d as s e p a r a t e i t e m s . A P o l a r o i d film b a c k is a v a i l a b l e but a n e g a t i v e film back is 
n o t o f f e r e d . The s t r e a k t u b e , w h i c h r e s i d e s in the e x p e r i m e n t c h a m b e r and d e p e n d s on the 
e x p e r i m e n t v a c u u m s y s t e m , is a s s e m b l e d of p l a s t i c and a l u m i n u m p a r t s . The u s e a b l e p h o t o -
c a t h o d e l e n g t h is a r e l a t i v e l y l o n g 25 m m . 



F l g . 4 . The H a m a m a t S u C 1 9 3 6 X s o f t T i g . 5 . The low m a g n i f i c a t i o n K e n t e c h x - r a y 
x - r a y s t r e a k c a m e r a f e a t u r e s s t r e a k c a m e r a . This c a m e r a u t i l i z e s 
a r e m o t e l y d e m o u n t a b l e p h o t o - a r e - e n t r a n t d e s i g n a n d a 25 mm 
c a t h o d e . p h o t o c a t h o d e . 

E x p e r i m e n t a l f a c i l i t i e s 

The F o r g e 

The F o r g e p u l s e d x - r a y s o u r c e f a c i l i t y ( F i g u r e 6 ) at Los A l a m o s N a t i o n a l L a b o r a t o r y uses a 
h i g h p o w e r N D i g l a s s l a s e r to f o c u s 1 - 5 3 of 1 . 0 6 m i c r o n l i g h t o n t o a 1 DO m i c r o n spot on a 
t a r g e t in 1 0 0 p s e c . The l a s e r p u l s e w i d t h can tie v a r i e d up to 1 n a n o s e c o n d . The Forge x - r a ^ 
S o u r c e is v i e w e d by the s t r e a k c a m e r a s t h r o u g h a v a c u u m . A n a l u m i n i z e d 50 m i c r o q r a m / c m 
CH f i l t e r is u s e d tor these m e a s u r e m e n t s as a 0V and c h a r g e d p a r t i c l e s h i e l d . The t a r g e t to 
s t r e a k c a m e r a p h o t o c a t h o d e d i s t a n c p is 56 cm for the H a d l a n d a n d K e n t e c h c a m e r a s and 66 cm 
for the H a m a m & t s u c a m e r a . 

The l a s e r i r r a d i a t i o n c o n d i t i o n s in these m e a s u r e m e n t s w e r e h e l d to 0 . 1 8 3 at 2 x l 0 1 ' W / c m 2 

o n t o a g o l d s l a b t a r g e t . H i g h e r e n e r g y l a s e r p u l s e s r e s u l t e d in s a t u r a t i o n l e v e l e x p o s u r e s 
in the s t r e a k c a m e r a s . 

The p h o t o c a t h o d e s on the H a d l a n d , H a m a m a t s u and K e n t e c h c a m e r a s c o n s i s t of thin films [300 A 
Al on 1 0 0 0 A p a r y l e n e C C H } ] w h i c h a r e d i r e c t l y m o u n t e d o n t o the c a t h o d e slit a p e r t u r e s o f the 
s t r e a k t u b e s . 

The Ket.jak L a s e r F a c i l i t y 

T h e K e t ^ a k l a s e r f a c i l i t y at CEA L i m e i l - V a l e n t o n uses a h i g h - p o w e r N D s g l a s s l a s e r to focus 
50 p s e c p u l s e s of 1.06 m i c r o n l i g h t in a 100 m i c r o n spot o n t o a m e t a l l i c t a r g e t . U n d e r 
t h e s e c o n d i t i o n s the l a s e r p r o d u c e d p l a s m a d e l i v e r s one or m o r e x - r a y p u l s e s o f a p p r o x i m a -
t e l y 5 0 - 7 0 p s e c d u r a t i o n . The C 6 5 0 X s t r e a k c a m e r a is c o u p l e d to the e x p e r i m e n t v a c u u m 
c h a m b e r a n d v i e w s the t a r g e t t h r o u g h an a l u m i n i z e d CH f i l t e r u s e d as a UV a n d c h a r g e d p a r -
t i c l e s h i e l d . The t a r g e t to s t r e a k c a m e r a p h o t o c a t h o d e d i s t a n c e is 1?Q c m . 



ACTIVELY MOOt L O C K E P ND:YAG OSCILLATOR 
lODpa - 1n» 
90* RELIABILITY 
9 3 * ENERGY ETABlLtTY 

O U T P U T ; 

- 1 ,064 micrbf t 
- SOfTim DIAMETER 
- 1 . 5 J - 1 5 J OPTICAL DAMAGE LIMITED 
- 100ps - I n » PULSE WIDTH 
- BE SHOTS/ f ih r CAY 
- FULLY RELAYED AND FILTERED - FOCUÊABUJTY 
- FULLY ISOLATED 

X-ftAY STREAK, 
Camera 

. X-PAV STREAK 
CAMERA 

F i g . $, The f o r g e p u l s e d x - r a y s o u r c e f a c i l i t y . 

M e a s u r e m e n t T e c h n i q u e 

S t r e a k c a m e r a r e s o l u t i o n i n b o t h t h e t e m p o r a l a n d the s p a t i a l d i m e n s i o n s o f t h e s t r e a k 
i m a g e s a r e m e a s u r e d . We h a v e o b s e r v e d that the t e m p o r a l and^ s p a t i a l r e s o l u t i o n ctierac-
t e r i s t i c s o f s o m e e a r l i e r s t r e a k p â m e r a s a r e m u t u a l l y d e p e n d e n t a n d t h a t to o p t i m i s e r e s o -
l u t i o n in o n e a x i s r e q u i r e s a c o m p r o m i s e in the r e s o l u t i o n in t h e o t h e r a x i s . T h u s r a t h 
f e a t u r e s m u s t be e v a l u a t e d u n d e r t h e s a m e f o c u s c o n d i t i o n s . 

S p a t i a l r e s o l u t i o n 

A v a r i e t y o f r e s o l u t i o n m a s k s w e r e u s e d to m a p o u t the c o n t r a s t t r a n s f e r c h a r a c t e r of the 
f o u r i n s t r u m e n t s . In a l l c a s e s , t h e r e s o l u t i o n m a s k s d i s c u s s e d in this c o m p a r i s o n c o n s i s t 
o f free s t a n d i n g g o l d b a r s s e p a r a t e d b a y s p a c e s n o m i n a l l y e q u a l to t h e b a r w i d t h . The 
I B m i c r o n t h i c k g o l d b a r s a r e c o m p l e t e l y o p a q u e to t h e i n c i d e n t x - r a d i a t i o n . T h i s p r o c j c e s 
t o t a l s h a d o w i n g o f the p h o t o c a t h o d e a t the s p a t i a l f r e q u e n c y o f t h e m a s k * We u s e d s h s c o w 
m a s k s w i t h s p a t i a l f r e q u e n c i e s o f 5 , 8 , 1 0 , 1 2 . 5 , 1 6 , or 20 l p / m m . 

T h e m a s k is p o s i t i o n e d 1 to 2 ran f r o m the p h o t o c a t h o d e ( F i g u r e 7 ) . P e n u m b r a l b l u r r i n g of the 
s h a d o w by the s o u r c e s i z e a n d by the e x p e r i m e n t g e o m e t r y is l e s s than 0 . 2 m i c r o n and is 
n e g l i g i b l e . 

T h e s p a t i a l f r e q u e n c y v a l u e s in t h i s c o m p a r i s o n r e f e r to t h a t o f t h e s h a d o w m a s k at the 
s t r e a k c a m e r a p h o t o c a t h o d e i n s t e a d o f t h a t in the s t r e a k i m a g e . The v a r i o u s s t r e a k t^aes 
h a v e d i f f e r e n t v a l u e s o f p h o t o c a t h o d e - t o - s c r e e n i m a g e m a g n i f i c a t i o n . 



IN C L O S E P R O X I M I T Y T O 

PHOTOCATHODE 

BARS AND SPACES OF EQUAL 
WIDTH DOWN TO 25 ijm 

F i g . 7 . A s c h e m a t i c r e p r e s e n t a t i o n o f the c o n t r a s t m a s k a t t h e x - r a y s t r e a k c a m e r a p r ^ t o -
c a t h o d e - T h e m a s k is p o s i t i o n e d 1 to 2 m m f r o m the p h o t o c a t h c d e . 

T e m p o r a l r e s o l u t i o n 

X - r a y p u l s e s w i t h p u l s e l e n g t h s l e s s t h a n the t e m p o r a l r e s o l u t i o n o f t h e s e i n s t r u m e n t s »=re 
n o t r e a d i l y a v a i l a b l e . In o r d e r to e s t i m a t e the t e m p o r a l r e s o l u t i o n , w e e v a l u a t e the 
i m a g i n g f i d e l i t y in the t e m p o r a l d i r e c t i o n a n d c a l c u l a t e the e x p e c t e d t e m p o r a l respcr-se. 
W h e r e t h e p u l s e s h a p e s a n d e n e r g y d i s t r i b u t i o n s m a y be t a k e n to be G a u s s i a n , the tetTocral 
r e s o l u t i o n is a p p r o x i m a t e d ^ by t h e q u a d r a t i c s u n o f t h e i n s t r u m e n t a l r e s o l u t i o n tv arc the 
t r a n s i t t i m e d i s p e r s i o n td: 

t = ( t v *
 + t ^ ) 1/2 

T h e m i n i m u m t i n e r e s o l v e d e l e m e n t , t V ) for a g i v e n s w e e p s p e e d [ p s e c / m m ] a n d the e x p e r i -
m e n t a l ( u n s w e p t ) w i d t h , X s , o f the s l i t i m a g e in t h e t e m p o r a l d i r e c t i o n is g i v e n bys 

t v = x s V - l 

The t r a n s i t t i m e d i s p e r s i o n tj r e s u l t i n g from the p h o t o - e l e c t r o n e n e r g y s p r e a d , A e C e V ) , a n d 
f i e l d E ( V / c m ) o n the p h o t o c a t h o d e i s g i v e n b y * ' r 

t d = 2 . 3 x 1 0 -
a
 C ù e U 

Ë 2 

The e n e r g y s p r e a d , Ä E , o f 6 . 5 e V or à . 6 eV for i n c i d e n t 1 ûB 7 êV x - r a y p h o t o n s on g o l c or 
a l u m i n u m r e s p e c t i v e l y m a y be h a d f r o m H e n k e ^ . 

Da ta P r o c e s s i n g a n d A n a l y s i s > 

r i l m d i g i t i z a t i o n 

T h e d a t a w a s r e c o r d e d on n e g a t i v e film w i t h a d e n s i t y c a l i b r a t i o n w e d g e . The i m a g e w a s T h e n 
s c a n n e d w i t h a m i c r o d e n s i t o m e t e r at a p e r t u r e s i z e s a p p r o p r i a t e to the s p a t i a l f r e q u e n c y o f 
t h e d a t a in the i m a g e . T h e d i g i t i z e d d a t a w a s t h e n c o n v e r t e d to r e l a t i v e i n t e n s i t y v s l u e s 
t h r o u g h t h e d e n s i t y v e r s u s log e x p o s u r e ( D - v s - l o g E ) c a l i b r a t i o n d a t a . 

D i g i t i z a t i o n of t h o s e d a t a w a s p e r f o r m e d w i t h a J c y c e - L o e b l m i c r o d e n s i t o n e t e r at CEfl 
L i m e i 1 - V a l e n t o n a n d w i t h a P D S c o m p u t e r c o n t r o l l e d m i c r o d e n s i t o n e t e r at L a s A l a m o s . iraage-
p r o c e s s i n g w a s a c c o m p l i s h e d u s i n g a R e c o g n i t i o n c o n c e p t s i m a g e p r o c e s s o r . 



S i q n a l - t o - n o i s e r a t i o e n h a n c e m e n t 

H i g h f i d e l i t y r e c o r d i n g of t e m p o r a l o r s p a t i a l d e t a i l in an u l t r a - f a s t s i g n a l Is l i m i t e d by 
the s i g n a l - t o - o o i s s r a t i o In the i m â g e a s w e l l a s by the s t r e a k s y s t e m i m a g i n g c a p a b i l i t y . 
The s i g n a l - t o - n o i s e r a t i o b e c o m e s a m o r e i m p o r t a n t i s s u e as t h e r e c o r d i n g t i m e b e c o m e s 
s h o r t e r b e c a u s e t h e i n s t a n t a n e o u s c h a r g e c u r r e n t in the s t r e a k t u b e is l i m i t e d by C o u l o m b 
r e p u l s i o n e f f e c t s . W h e n this l i m i t is e x c e e d e d , t e m p o r a l a n d s p a t i a l f i d e l i t y o f the s y s t e m 
is d e g r a d e d a n d s a t u r a t i o n b e c o m e s a p p a r e n t . T h u s the i n t e g r a t e d e l e c t r o n s i g n a l t h r o u g h 
the s t r e a k t u b e , 0 , w h i c h m u s t m a k e up t h e s t r e a k i m a g e , is l i m i t e d by t h e p r o d u c t o f tne 
tube s a t u r a t i o n c u r r e n t a n d the s i g n a l p u l s e w i d t h . 

T h e i m a g e m a y be i n t e n s i f i e d to o b t a i n a d e q u a t e s i g n a l l e v e l s for film r e c o r d i n g b u t t h i s 
d o e s n o t i m p r o v e the s h o t - n o i s e - l i m i t e d s t a t i s t i c a l c h a r a c t e r of the d a t a . B e c a u s e o f t n i s 
s i g n a l l e v e l l i m i t a t i o n , the full t e m p o r a l a n d s p a t i a l f i d e l i t y o f the s t r e a k s y s t e m ma y n o t 
b o t h be s i m u l t a n e o u s l y a v a i l a b l e . 

W h e n w e w i s h to a n a l y z e the s t r e a k i m a g e w i t h e m p h a s i s o n s p a t i a l f i d e l i t y , we ma y n e e d to 
i n t e g r a t e s i g n a l in the t e m p o r a l d i r e c t i o n for a n u m b e r o f r e s o l u t i o n t i m e s » t, to o b t a i n 
a d e q u a t e s t a t i s t i c s for the f u l l s p a t i a l r e s o l u t i o n of the s t r e a k t u b e to b e a p p a r e n t . 
S i m i l a r l y , if we w i s h to o b t a i n the l i m i t i n g t e m p o r a l r e s o l u t i o n of t h e i n s t r u m e n t , it nay 
be n e c e s s a r y to s u m o v e r a n u m b e r o f s p a t i a l r e s o l u t i o n l e n g t h s for a d e q u a t e s t a t i s t i z a l 
c h a r a c t e r in the t e m p o r a l p r o f i l e . 

5 p a t i a l f i d e l i t y 

O f t e n t h e s p a t i a l r e s o l u t i o n of a s t r e a k c a m e r a is s p e c i f i e d in t e r m s o f t h a t s p a t i a l fre-
q u e n c y f o r rfhich the c o n t r a s t is a t t h e l i m i t of v i s u a l d i s c e m a b i 1 i t y. T h i s " l i m i t i n g s p a -
t i a l f r e q u e n c y " is an i n a d e q u a t e d e s c r i p t o r of i n s t r u m e n t i m a g i n g f i d e l i t y f o r a p p l i c a t i o n s 
w h i c h r e q u i r e q u a n t i t a t i v e i m a g e a n a l y s i s . A m o r e q u a n t i t a t i v e m e a s u r e o f i n s t r u m e n t p e r -
f o r m a n c e is t h e c o n t r a s t t r a n s f e r f u n c t i o n ( C T F ) . 

The c o n t r a s t m o d u l a t i o n in the d a t a is d e f i n e d h e r e as the r a t i o o f the i n t e n s i t y m o d u l a t i o n 
to the p e a k i n t e n s i t y w i t h an a d j u s t m e n t for the b a c k g r o u n d l e v e l o f the f i l m . 

The p a r a m e t e r s L m 3 x , L m j n , a n d the b a c k g r o u n d l e v e l a r e i l l u s t r a t e d in F i g u r e 8 . The 
c o n t r a s t W 2 S o b s e r v e d to v a r y w i t h p o s i t i o n in the s t r e a k i m a g e . In t h e s e c h a r a c t e r i z g 
t e s t s , we h a v e u s e d flux l e v e l s as h i g h a s p o s s i b l e w i t h o u t g o i n g i n t o s a t u r a t i o n . H o w e v e r , 
it h a s b e e n n e c e s s a r y to use the i n t e g r a t i o n t e c h n i q u e s d e s c r i b e d a b o v e to e v a l u a t e t h e 'uil 
t e m p o r a l a n d s p a t i a l c a p a b i l i t i e s o f t h e i n s t r u m e n t s . S u b s t a n t i a l s i g n a l a v e r a g i n g in 
t e m p o r a l d i r e c t i o n was n e c e s s a r y to r e d u c e the e r r o r in c o n t r a s t l e v e l to t h e few p e r c e n t 
l e v e l . The u n c e r t a i n t y in c o n t r a s t a s w e l l a s the i n t e g r a t i o n t i m e u s e d in e a c h m e a s u r e T s n t 
is l i s t e d w i t h t h a t v a l u e in T a b l e 2 . 

Q < J m a x * L t 

C o n t r a st = L m a x - L m i n 
L m a x - b a c k g r o u n d 

F i g . 8 . T y p i c a l i n t e n s i t y v e r s u s 
p o s i t i o n data from a c o n -
t r a s t cha rt i m a g e . T h e 
p a r a m e t e r s L m a x , L n i n , 

a n d the b a c k g r o u n d l e v e l 
u s e d to d e f i n e the c o n -
t r a s t v a l u e a r e l a b e l e d . 

background 
o 1 3 4 

m m 



The s y s t e m CTF as d e f i n e d for our m e a s u r e m e n t s c o r r e s p o n d s to the I m a g e c o n t r a s t at the out-
put of the i m a g e i n t e n s i f i e r and is p l o t t e d w i t h r e s p e c t to the s p a t i a l f r e q u e n c y of the 
s h a d o w m a s k at the p h o t o c a t h o d e . T h u s the CTF of the s t r e a k tube and the C T F of the image 
i n t e n s i f i e r are c o m b i n e d ID p r o d u c e t h i s s y s t e m C T F . The d i f f e r e n t i m a g e m a g n i f i c a t i o n fac-
tors In the four s t r e a k t u b e s r e s u l t in a g i v e n s p a t i a l f r e q u e n c y , m e a s u r e d at the p h o t o -
c a t h o d e , b e i n g t r a n s m i t t e d t h r o u g h the i m a g e i n t e n s i f i e r at d i f f e r e n t l e v e l s of c o n t r a s t 
f i d e l i t y , d e p e n d i n g on the a c t u a l s p a t i a l f r e q u e n c y at the i m a g e i n t e n s i f i e r p h o t o c a t h o d e . 
W h i l e s y s t e m CTF m e a s u r e m e n t s p r o v i d e a u s e f u l m e a s u r e of s y s t e m p e r f o r m a n c e for p r a c t i c a l 
a p p l i c a t i o n s , the e f f e c t of s t r e a k tube m a g n i f i c a t i o n a n d i m a g e I n t e n s i f i e r C T F c o n t r i b u t i o n 
to the s y s t e m CTF s h o u l d be c o n s i d e r e d w h e n c o m p a r i n g the s t r e a k tube p e r f o r m a n c e s . 

C h a r a c t e r i z a t i o n r e s u l t s 

S a m p l e s t r e a k data from e a c h of the four i n s t r u m e n t s is p r e s e n t e d and a n a l y z e d in F i g u r e s 9 
t h r o u g h 1 1 . In F i g u r e 9 , t y p i c a l s t r e a k i m a g e s taken w i t h a 10 lp/mm s h a d o w m a s k are s h o w n . 
I n t e n s i t y v e r s u s p o s i t i o n g r a p h s from t h e s e i m a g e s are s h o w n in F i g u r e 1 0 . The n a t u r e of 
the n o i s e i n d u c e d c o n t r a s t u n c e r t a i n t y is a p p a r e n t h e r e . The c o n t r a s t v a l u e s c o r r e s p o n d i n g 
to a r a n g e of s p a t i a l f r e q u e n c i e s a r e p l o t t e d as CTF c u r v e s for the four s y s t e m s in 
F i g u r e 1 1 . D e t a i l s of the v a r i o u s m e a s u r e m e n t s are g i v e n b e l o w . 

HAD55786 
10lp/mm HADLAND XCHRON 540 

060586F12 

10lp/mm HAMAMATSU 

KEN 6 7 18 6 

( d ) 1 0 l p / m m K E N T E C H 

F i g . 9 . T y p i c a l s t r e a k i m a g e s t a k e n w i t h a 10 l p / m m s h a d o w m a s k from e a c h o f the four 
ins t r u m e n t s . 



Ç 6 5 0 X H A D L A N D X C H R O N 6 4 Q 

F i g . 1 0 . 

MILLIMETERS 

I n t e n s i t y v e r s u s p o s i t i o n d a t a 
f r o m t h e f o u r i m a g e s o f F i g . 9 . 
T h e i m a g e s w e r e a v e r a g e d 50 p s e c 
in the t i m e d i r e c t i o n t o o b t a i n 
c o n t r a s t v a l u e s w i t h t h e l e v e l 
o f c o n s i s t e n c y s h o w n . T h e 
H s m a m a t s u d a t a w a s o n l y a v e r a g e d 
33 p s e c . 

Hadlan* S40 

F i g . 11 C o n t r a s t t r a n s f e r f u n c t i o n s 
o f t h e f o u r x - r a y s t r e a k 
c a m e r a s w i t h the s t a t i s t i c a l 
u n c e r t a i n t y o f t h e c o n t r a s t 
v a l u e s i n d i c a t e d . 

(m) 

8 , 0 0'-

H»mamiliü C 18 38 K a n t « c h l . S X 

(c) 

Ç 6 1 Û X 
SPATIAL FREQUENCY ( ip /mm) 

T h e m e a s u r e m e n t s on t h i s i n s t r u m e n t u s e d the 50 p s e c x ~ r a y p u l s e f r o m t h e K e t j a k f a c i l i t y . 
T h e u n s w e p t m o d e i m a g e o f t h e l i t p r o d u c e d w i t h t h i s x - r a y p u l s e h a s a n a v e r a g e w i d t h , x s in 
t h g t e m p o r a l d i m e n s i o n , of 1 0 0 m i c r o n s a n y w h e r e a c r o s s the s c r e e n . W i t h t h e s w e e p rats of 
V " o f 5 D p s e c / m m , u s e d i n t h e d y n a m i c m e a s u r e m e n t s , we w o u l d o b t a i n a t e m p o r a l r e s o l u t i o n 
v a l u e , t, o f 4 . 1 p s e c a n y w h e r e o n t h e s c r e e n . 

A t t h i s s w e e p s p e e d t h e d y n a m i c t e m p o r a l r e s o l u t i o n e x t e n d s to 20 lp/tnm a t the l i m i t o f 
v i s u a l l y d i s c e r n a b l e c o n t r a s t . S i g n a l a v e r a g i n g o f 5 0 p s e c in t h e t i m e d i r e c t i o n w a s u s e d 
d e t e r m i n e t h e c o n t r a s t a t t h e 5 , 8 , 1 0 , 1 2 . 5 a n d 16 l p / m m s p a t i a l f r e q u e n c y v a l u e s r e s p e c -
t i v e l y . The s t r e a k e d i m a g e o f a 10 l p / m m r e s o l u t i o n c h a r t is s h o w n in F i g u r e 9 a . A p l o t o f 
s i g n a l a m p l i t u d e v e r s u s p o s i t i o n for t h e 10 l p / m m d a t a is g i v e n in F i g u r e 1 0 a . The c o n t r a s t 
a t 10 l p / m m is 85St- T h e c o n t r a s t t r a n s f e r f u n c t i o n is g i v e n in F i g u r e 1 1 a . 

T h i s i n s t r u m e n t h a s d e m o n s t r a t e d u n i f o r m h i g h f i d e l i t y r e c o r d i n g c a p a b i l i t y a c r o s s b o t h spa-
t i a l a n d t e m p o r a l d i m e n s i o n s o f t h e s w e e p . This a d v a n t a g e m u s t be w e i g h e d a g a i n s t the tube 
t h r o u g h p u t w h i c h is a f a c t o r of l'OX l o w e r in this s t r e a k c a m e r a t h a n for t h e R C A 7 3 4 3 5 tube 
b a s e d x - r a y s t r e a k c a m e r a s . 

H a d l a n d X - C h r o n 5 4 0 

T h e m e a s u r e m e n t s p r e s e n t e d for t h i s i n s t r u m e n t w e r e p e r f o r m e d w i t h 1 5 0 p s e c d u r a t i o n x - r a y 
p u l s e s a t the F o r g e x - r a y s o u r c e . T h e u n s w e p t m o d e i m a g e of the s l i t p r o d u c e d w i t h this x-
r a y p u l s e h a s an a v e r a g e w i d t h , x s , in the t e m p o r a l d i m e n s i o n , o f 1 7 0 m i c r o n s a t t h e s c r e e n 
c e n t e r . A t m i d p o i n t b e t w e e n t h e s c r e e n c e n t e r a n d the e n d o f . t h e s w e e p t h e w i d t h o f the 
s t a t i c i m a g e d e g r a d e s t o 2 2 0 m i c r o n s . W i t h the s w e e p r a t e o f V " o f 5 0 p s e ç / m m , u s e d in the 
d y n a m i c m e a s u r e m e n t s , we o b t a i n a t e m p o r a l r e s o l u t i o n v a l u e , t, o f 3 . 9 p s e c a t t h e c e n t e r o f 
the s c r e e n . 



At this s w e e p s p e e d the d y n a m i c t e m p o r a l r e s o l u t i o n e x t e n d s to 20 l p / m m . S i g n a l a v e r a g i n g 
of 5 0 , 5 0 , 5 0 , 1 0 0 , 5 0 , and 50 p s e c in the time d i r e c t i o n w a s n e c e s s a r y to u n a m b i g u o u s l y 
d e t e r m i n e the c o n t r a s t at the 5 , 8, 1 0 , 1 2 . 5 , 16 and 20 l p / m m s p a t i a l f r e q u e n c y values 
r e s p e c t i v e l y . The s t r e a k e d image of a 10 lp/mm r e s o l u t i o n c h a r t is s h o w n in F i g u r e 9 b . A 
p l o t of s i g n a l a m p l i t u d e v e r s u s p o s i t i o n for the 10 lp/mm data is g i v e n in F i g u r e 1 0 b . T n e 

c o n t r a s t at 10 l p / n m is 7 9 * . This c o n t r a s t d e g r a d e s to 5 9 * at the e d g e o f the s c r e e n , Trae 
c o n t r a s t t r a n s fer f u n c t i o n is g i v e n in F i g u r e l i b . 

H a m a m a t s u C 1 9 3 6 

The m e a s u r e m e n t s p r e s e n t e d for this i n s t r u m e n t were p e r f o r m e d w i t h 1 5 0 p s e c d u r a t i o n x - r s y 
p u l s e s at the F o r g e x - r a y s o u r c e . The u n s w e p t mode image of the slit p r o d u c e d w i t h this x-
ray p u l s e h a s an a v e r a g e w i d t h , X s , in the t e m p o r a l d i m e n s i o n , of 1 3 0 m i c r o n s at the s c r e e n 
c e n t e r . At m i d p o i n t b e t w e e n the s c r e e n center and the end o f . t h e sweep the w i d t h of the 
s t a t i c image d e g r a d e s to 1 9 0 m i c r o n s . With the s w e e p rate o f V " o f 66 p s e c / m m , used in the 
d y n a m i c m e a s u r e m e n t s , we o b t a i n a t e m p o r a l r e s o l u t i o n v a l u e , t, o f 1 0 . 9 p s e c at the center 
of the s c r e e n . 

At this s w e e p s p e e d , the d y n a m i c t e m p o r a l r e s o l u t i o n e x t e n d s to 20 l p / m m . S i g n a l a v e r a g i n g 
of 15» 1 5 , 3 3 , 6 6 , 1 D O , and 130 p s e c in the time d i r e c t i o n w a s n e c e s s a r y to u n a m b i g u o u s l y 
d e t e r m i n e the c o n t r a s t at the 5 , 8, 10» 1 2 . 5 , 1 6 , and 20 l p / m m s p a t i a l f r e q u e n c y values 
r e s p e c t i v e l y - The s t r e a k e d image o f a 10 lp/mm r e s o l u t i o n c h a r t is s h o w n in F i g u r e 9 c . A 
p l o t of s i g n a l a m p l i t u d e v e r s u s p o s i t i o n for the 10 lp/mm data Is g i v e n in F i g u r e 10c- "he 
c o n t r a s t at 10 l p / m m is 5 4 * . This C o n t r a s t d e g r a d e s to 3 4 £ at the e d g e Of the s c r e e n . The 
c o n t r a s t t r a n s F e r f u n c t i o n is g i v e n in F i g u r e l i t . 

Ken t e c h 

The m e a s u r e m e n t s p r e s e n t e d for this i n s t r u m e n t w e r e p e r f o r m e d w i t h 150 p s e c d u r a t i o n x-ray 
p u l s e s at the F o r g e x - r a y s o u r c e . The u n s w s p t m a d e image o f the s l i t p r o d u c e d w i t h this x-
ray pulse h a s an a v e r a g e w i d t h , X s in the t e m p o r a l d i m e n s i o n , o f 2 1 5 m i c r o n s at the screen 
c e n t e r . A t m i d p o i n t b e t w e e n the s c r e e n c e n t e r and the end o f t h e s w e e p the w i d t h of the 
s t a t i c i m a g e i m p r o v e s to 20Q m i c r o n s , w i t h the sweep rate of v-* o f 5Û p s e c / m m , used in tie 
d y n a m i c m e a s u r e m e n t s , o b t a i n a t e m p o r a l r e s o l u t i o n v a l u e , t, o f 1 1 p s e c a t the center of 
the s c r e e n . 

A t this s w e e p s p e e d the d y n a m i c t e m p o r a l r e s o l u t i o n e x t e n d s to 1 0 l p / m m . S i g n a l a v e r a g i n g 
of 1 5 , 25 a n d 50 p s e c in the t i m e d i r e c t i o n was n e c e s s a r y to u n a m b i g u o u s l y d e t e r m i n e the 
c o n t r a s t at the 5 , 8 and 10 lp/mm s p a t i a l f r e q u e n c y v a l u e s r e s p e c t i v e l y . The s t r e a k e d ir^gs 
of a 10 lp/mm r e s o l u t i o n c h a r t is s h o w n in F i g u r e 9 d . A p l o t of s i g n a l a m p l i t u d e versus 
p o s i t i o n for the 10 l p / m m data is g i v e n in F i g u r e l O d . The c o n t r a s t at 10 l p / m m is 2 
This c o n t r a s t d e g r a d e s to 1UÄS at the e d g e of the S c r e e n . The c o n t r a s t t r a n s f e r function is 
g i v e n in F i g u r e l i d . 

Summa ry of re s u I t s 

A c o m p a r i s o n p l o t of the c o n t r a s t t r a n s f e r f u n c t i o n s of the four s o f t x - r a y s t r e a k c a m ç r s :s 
p r e s e n t e d in F i g u r e 1 2 . The c o n t r a s t r e s u l t s a r e s u m m a r i z e d in Table 2-

% 
100 

o 4 I 6 ' 1 2 T 1~6 2"0 

& I I A SPATIAL FREQUENCY ( l p / m m ) 

F i g . 1 2 . A c o m p a r i s o n p l o t of the c o n t r a s t t r a n s f e r f u n c t i o n s of the four soft x-ray 
s t r e a k c a m e r a s . 



T A B L E 2 - C o n t r a s t r e s u l t s a v e r a g e d o v e r t i m e for u n a m b i g u o u s d e t e r m i n a t i o n o f s t r e a k c a m e r a 
c a p a b i l i t y . The i n t e g r a t i o n t i m e is g i v e n in b r a c k e t s ! ! } . E d g e o f s c r e e n c o n t r a s t v a l u e s at 
the 10 l p / m m s p a t i a l f r e q u e n c y a r e g i v e n in p a r e n t h e s i s ( ) . 

S p a t i a l Ha d l a n d M g m a m a t s u K e n t e c h 

F r e q u e n c y C 6 5 0 X X - C h r o n 5 4 0 C I 9 3 6 l o w m a a . 

5 l p / m m 92 ± 11X 82 ± 10% SO ± 5X 4 0 ±. 756 

[50 p s e c ) [50 p s e c ] t i 5 p s e c ] Cl5 p s e c ] 

B l p / m m B6 ± 10 * 8 2 t 5 * 5 7 ± 5 * 18 ± 

[50 p s e c 3 [5D p s e c ] [15 p s e c ] [25 p s e c ] 

10 l p / m m 75 + 1 4 * {75%) 7 0 ± 6% [ 5 9 % ) 5 4 ± 5% ( 3 4 K ) 24 ± I D S ) 

[50 p s e c ) [50 p s e c j C3 3 p s e c ] 1 p 5 0 p s e c ] 

1 2 . 5 l p / m m 5 7 ± 1 3 * 4 5 ± 735 4 3 ± 5* - -

[50 p s e c ] [50 p s e c ] Ceé D S e c ] 

16 l p / m m 5 6 ± 16% 18 + 6 * 20 ± 7% - -

C.5D p s e c ] [ 1 0 0 p s e c ] C l O O p s e c ] 

20 l p / m m 21 ± 

[50 p s e c ] 

12 ± 4S 

[ 1 3 0 p s e c ] 

- -

The e f f e c t i v e t e m p o r a l r e s o l u t i o n s o f the f o u r i n s t r u m e n t s , a t t h e f a s t e s t s w e e p s p e e d 
a v a i l a b l e w i t h the i n d i v i d u a l i n s t r u m e n t s , a r e t a b u l a t e d in T a b l e 3 . The e f f e c t i v e s l i t 
r e s o l u t i o n in the t e m p o r a l d i r e c t i o n , X , c o u p l e d w i t h t h e u s e f u l p h o t o c a t h o d e s i z e , L p c , the 
o u t p u t s c r e e n s i z e , D , a n d the s p a t i a l r e s o l u t i o n a t 4 0 X c o n t r a s t , R , r e s u l t s in s q u a n t i t y : 
the i n f o r m a t i o n c a p a c i t y o f the s t r e a k s y s t e m . C a l c u l a t i o n of t h i s q u a n t i t y is s l i g h t l y 
c o m p l i c a t e d by p r a g m a t i c c o n s t r a i n t s . The c o n t r a s t t r a n s f e r f u n c t i o n m a y n o t be u n i f o r m 
a c r o s s the i m a g e in s p a c e or in t i m e . The e n t i r e 5 0 m m s c r e e n on the l a r g e f o r m a t s t r e a k 
t u b e s c a n n o t be u s e d w i t h a 40mrri d i a m e t e r i m a g e i n t e n s i f i e r . T h u s , we u s e a v e r a g e v a l u e s to 
c o m p u t e the i n f o r m a t i o n c a p a c i t y o f t h e s t r e a k s y s t e m w h i c h is t a k e n to i n c l u d e a s t a n d a r d 
i m a g e i n t e n s i f i e r s i z e . In a d d i t i o n to the i m a g i n g l i m i t s o f the s t r e a k s y s t e m , s t a t i s t i c a l 
n o i s e w i l l c o n s t r a i n t h e a c h i e v a b l e i n f o r m a t i o n c a p a c i t y to w e l l b e l o w t h i s o p t i m u m v a l u e . 

I n f o r m a t i o n c a p a c i t y = ( 2 R a v e * L p c ] * ( D n / x a v e ) 



Table 3 - S u m m a r y of o p t i m i z e d r e s o l u t i o n and i n f o r m a t l o n c a p a c i t y r e s u i t s . 

C 6 5 0 X 
H a d l a n d 

X - C h r o n 540 
K a m a m a tsu 

C 1 9 3 6 X 
Ken tech 
low m a Q . 

.97 p s e c 2.5 p s e c 6 . 7 p s e c 2 . 5 p s e c 

Fastes t 
Sweep S p e e d 4 0 p s e c / m m 20 p s e c / m m 66 p s e c / m m 1 2 . 5 p s e c / m m 

A v e r a g e 

S t a t i c S l i t 

Image W i d t h 

* a v e 1 0 0 m i c r o n s 195 m i c r o n s 

» 
1 6 0 m i c r o n s 1 B 2 m i c r o n s 

T x fi.O p s e c 3 . 9 psec 1 0 . 6 p s e c 2 . 3 p s e c 

A v e r a g e 
T e m p o r a l 

Res olut ion 4 . 1 p s e c 4.6 p s e c 12.5 p s e c 3.4 D S e c 

Sweep 
L e n g t h 
w / I I D j j 40 mm 40 mm 25 mm 4 0 mm 

T e m p o r a l 
W i n d o w at 

fastest s w e e p 1 . 6 p s e c • . 8 p s e c 1.6 p s e c 0 . 5 o s e c 

Avera ge 
R e s o l u t i o n 
at 40* R a v e 17 l p / m m 10 lp/mm 7.5 l p / m m 2 . 1 lp/mm 

U s e f u l P C 
L e n g t h L p c 12 mm 17 mm 

1 2 a 

10 mm 

1 -5 

25 mm 

I n f o r m a t i o n 
C a p a c i t y 16 x 10* p i x e l s 7 . 0 * 1 0 A pixels 2 . 3 x I Q 4 D i x e l s 2 - 3 x ig* p i x e l s 



C o n c l u s i o n s 

The four s o f t x - r a y s t r e a k c a m e r a s e v a l u a t e d h a v e s h o w n g o o d s p a t i o - t e m p o r a l f i d e l i t y . 
i n s t r u m e n t w a s s h o w n to h a v e b o t h s t r e n g t h s and w e a k n e s s e s . The C 6 5 C X h a s p a r t i c u l a r l y high 
f i d e l i t y a n d u n i f o r m i t y of s p a t i o - t e m p o r a l r e s o l u t i o n a c r o s s the o u t p u t s c r e e n . Users must 
w e i g h the r e l a t i v e a d v a n t a g e s to t h e i r a p p l i c a t i o n s o f s p a t i a l a n d t e m p o r a l r e s o l u t i o n , of 
r e s o l u t i o n u n i f o r m i t y , p h o t o c a t h o d e l e n g t h , u s e r c o n v e n i e n c e and i n s t r u m e n t c o s t . 

It is i m p o r t a n t t h a t s h o t n o i s e d e g r a d a t i o n of the s i g n a l - t o - n o i s e r a t i o in the s t r e a k ircsge 
be t a k e n i n t o a c c o u n t in e x p e r i m e n t d e s i g n and data a n a l y s i s . 

A c k n o w l e d g m e n t s 

We a p p r e c i a t e the e x t e n s i v e s u p p o r t of o u r m a n a g e m e n t and t e c h n i c a l s t a f f both a t Los A l a n o s 
a n d at CEA L i m e i l - V a l e n t o n . We p a r t i c u l a r l y t h a n k D r . s R o b e r t D a y , J a c q u e s C o û t a n t and 
A l a i n C o u d e v i l l e for t h e i r f u n d i n g and e n c o u r a g e m e n t t h r o u g h the s p a n of this two y e a r pro-
j e c t . We a p p r e c i a t e the f l e x i b i l i t y and r e s p o n s i v e n e s s of J a c k C l i f f o r d in film p r o c e s s i n g , 
B e c k y G o m e z - L u j a n in i m a g e d i g i t i z a t i o n a n d G e o r g e J o r d a n in s o f t w a r e d e v e l o p m e n t . 
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