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FLAT-RESPONSE X-KAY-DIODE-DETECTOR DEVELOPMENT 

G. T i r s e l l  

Lawrence L i  vermore Na t i ona l  Labora to ry  

Livermore, C a l i f o r n i a  94550 

ABSTRACT 

DISCLAIMER 

I n  t h i s  r e p o r t  we d iscuss  t h e  des ign o f  an improved sub-nanosecond 

f l a t  response x - ray  diode d e t e c t o r  needed f o r  ICF d iagnos t i cs .  T h i s  

dev ice c o n s i s t s  o f  a h i g h  Z cathode and a complex f i l t e r  t a i l o r e d  t o  

f l a t t e n  t h e  response so t h a t  t h e  t o t a l  x - ray  energy below 1.5 keV can be 

measured us ing  a s i n g l e  de tec to r .  Three major  problems have become 

ev iden t  as a r e s u l t  o f  our  work w i t h  t h e  o r i g i n a l  LLNL des ign i n c l u d i n g  

d e v i a t i o n  from f l a t n e s s  due t o  a peak i n  t h e  response below 200 eV, 

s a t u r a t i o n  a t  r e l a t i v e l y  low x - ray  f luences ,  and l ong  te rm g o l d  cathode 

i n s t a b i l i t y .  We are  i n v e s t i g a t i n g  g raz ing  inc idence  r e f l e c t i o n  t o  reduce 

t.he response below 200 eV, new h i g h  Z cathode m a t e r i a l s  f o r  l ong  te rm 

s t a b i l i t y ,  and a new complex f i l t e r  f o r  improved f l a t n e s s .  B e t t e r  

s a t u r a t i o n  performance w i l l  r e q u i r e  a m o d i f i e d  XRD d e t e c t o r  under 

devel  oprr~ent w i t h  reduced anode t o  cathode spacing and increased anode 

b ias  vo l tage .  

Work performed under t h e  auspices o f  t h e  U.S. Department o f  Energy under 
c o n t r a c t  No. W-7405-Eng-48 by Lawrence L ivermore Na t i ona l  Labora to ry .  

- 



INTRODUCTION 

The need f o r  a subnanosecond x - ray  d e t e c t o r  w i t h  a f l a t  response below 

1.5 keV has been l ong  recognized. Fo r  such a device, t h e  d e t e c t o r  s i g n a l  

i s  p r o p o r t i o n a l  t o  t h e  low energy x - ray  energy rega rd less  o f  t h e  s p e c t r a l  

shape. Because most of t h e  x - ray  energy em i t t ed  i n  laser-plasma 

i n t e r a c t i o n s  iss below 1.5 keV, t h e  t o t a l  x - ray  energy can be measured 

' u s i n g  a s i n g l e  c l e l e ~ l u r .  

I n  t h i s  memo we rev iew ou r  f l a t  response x - ray  d iode development. We 

t h e n  d iscuss  problems t h a t  have become ev iden t  as t h e  r e s u l t  o f  o u r  

exper ience  w i t h  t h e  o r i g i n a l  design. We descr ibe  a new d e t e c t o r  and 

compound f i l t e r  t h a t  should g i v e  b e t t e r  performance and propase a 

developmental  program l e a d i n g  t o  t h e  improved d i a g n o s t i c  device. 

The o r i g i n a l  f l a t  response x - ray  d e t e c t o r  cons i s ted  o f  a r e l a t i v e l y  l a r g e  

EG&G XRD-30 w i t h  a g o l d  cathode and a complex f i l t e r  t a i l o r e d  t o  f l a t t e n  
1 t h e  response below 1.5 keV . The compound f i l t e r  was cons t ruc ted  t o  

ove r  20% o f  t h e  XRD cathode sur face  w i t h  800A o f  Parylene N and 80% w i t h  

3 microns o f  aluminum. We ariapt.erl t h i s  des ign t o  t h c  XRD-31 (15 mm dia111. 

c a t l ~ u d e ) ,  u u r  s tandard  XKU used I n  most broadband spectrometers f o r  l a s e r  

i n t e r a c t i o n  d i agnos t i cs .  We then  improved t h e  mechanical c o n s t r u c t i o n  o f  
2 t h e  new sma l l e r  f i l t e r  , attempted t o  upgrade t h e  d e t e c t o r  su r face  

qua1 i t y ,  and c a l i b r a t e d  each o f  t h e  f i l t e r  compnn~nts  and d e t e c t o r  
3 responses sepa ra te l y  a t  t h e  LLNL Ionac f a c i l i t y  . Tn a rh i eve  more 

u n i f o r m  cathode performance, we f i r s t  diamond-turned t h e  copper 

subs t ra tes  and l a t e r  coated them w i t h  n i c k e l  t o  reduce copper m i g r a t i o n  

t h rough  t h e  vapor depos i ted  g o l d  sur face  l aye r .  Two o f  t h e  bes t  Au/Ni/Cu 

d e t e c t o r s  w i t h  s i m i l a r  response shapes were se lec ted  and used f o r  severa l  
4 months on a long  s e r i e s  o f  Argus g o l d  d i s k  i r r a d i a t i o n s  . We have had 



problems w i t h  v a r i a b i  1 i t y  o f  new g o l d  cathode response versus energy and 

i n s t a b i l i t y  o f  cathode s e n s i t i v i t y  w i t h  t ime .  These problems w i l l  be 
5 d iscussed more f u l l y  i n  another  r e p o r t  . We emphasize t h a t  cathode 

s t a b i l i t y  i s  one of t h e  major '  problems t h a t  remains t o  be so l ved  i n  

deve lop ing  a more p r a c t i c a l  f 1 a t  response de tec to r .  

When go ld  XRD c a l i b r a t i o n  r e s u l t s  below 200 eV became ava i l ab l e ,  a 

problem w i t h  ou r  p resen t  des ign i n  t h i s  energy r e g i o n  became ev iden t .  

F i g u r e  1 shows t h e  composi te f l a t  response ob ta i ned  f o r  ou r  bes t  g o l d  

cathode used a t  Argus w i t h  t h e  low energy NBS g o l d  response da ta  o f  Day 

e t  a ~ . ~  normal ized a t  185 eV, o u r  lowest  lonac c a l i b r a t i o n  value. T h e  -- 
peak response below 200 eV i s  g r e a t e r  t h a n  the .  average by a t  l e a s t  a 

f a c t o r  o f  t h ree .  F i g .  2 compares ou r  composite g o l d  cathode response 

w i t h  t h a t  o f  t h e  ' s imp le  model based on t h e  f i r s t  o r d e r  r e l a t i o n s h i p  of 
7 .  t h e  s e n s i t i v i t y  (C/keV) t o  t h e  p h o t o i o n i z a t i o n  c ross  sec t ion ,  p (E )  . 

The p ( E )  cu r ve  i s  f r om  t h e  recen t  e v a l u a t i o n  of Henke -- e t  a18 and has 

been normal ized t o  t h e  exper imenta l  data.  The good agreement between t h e  

model and t h e  da ta '  suggests t h a t  Day's d e t e c t o r  response i s  s i i n i l a r  t o  

t h a t  of ou r  d e t e c t o r  and t h a t  ou r  n o r m a l i z a t i o n  i s  reasonable.  More 

i m p o r t a n t l y  t h e  model con f i rms  t h e  s i g n i f i c a n t  d e v i a t i o n  f r om  f l a t n e s s  

below 200 eV. 

NEW FLAT RESPONSE DESIGN 

One o f  t h e  main problems i n  t h e  new des ign  i s  t o  p r e f e r e n t i a l l y  f l a t t e n  

t h e  response below 300 eV w i t hou t  degrad ing t h e  genera l  f l a t  performance 

e 1 sewhere. 



F i  1 t e r s  

We have not  y e t  found s u i t a b l e  t h i n  f i l t e r s  t o  f l a t t e n  the  very low 

energy response peak w i thou t  producing bad s ide e f f e c t s  such as excessive 

r o l l  o f f .  For example, as shown i n  F ig.  1, inc reas ing  the  Parylene 

th ickness  does not  g r e a t l y  improve the  performance. The composite 

response decreases as r a p i d l y  above the  carbon edge as i t  does i n  the 

reg ion  below 200 eV where a l a r g e r  decrease i s  needed. Fig. 3 shows t h e  

ca  lcu l a t e d  x-ray t ransmiss ion  through 8nA pcrre gold based on recent  
8 9 da ta  and us ing o p t i c a l  constants f rom Hagemann -- e t  a1 . The go ld  

t ransmiss ion  r o l l  o f f  below 150 eV i s  s i m i l a r  t o  t h a t  o f  800A Parylene, 

and the  go ld  does not  have the  carbon edge d i s c o n t i n u i t y .  The go ld  

f i l t e r ,  however, does not  adequately suppress the  low energy response 

,peak, and fur thermore requ i res  an a d d i t i o n a l  150-200 A carbon backing f o r  

support.  

Grazing Incidence 

We next consider  decreasing the  response below 200 eV by small angle 

s c a t t e r i n g  from the  diode surface. To f i r s t  order  t he  energy deposited 

i n  t he  diode i s  p r o p o r t i o n a l  t o  1-R(E), where R i s  the  energy dependent 

r e f l e c t i v i t y .  Assuming t h i s ,  we ca l cu la ted  the  go ld  r e f l e c t i v i t y  energy 

dependence us ing  the  REFLECT2 computer code1 O and determined t h a t  

g raz ing  angles between 10 and 20 degrees were s u i t a b l e  f o r  f u r t h e r  

i n v e s t i g a t i o n .  F ig.  4 shows 1-R versus energy f o r  10 and 15 degree 

angles taken f rom the  work o f  Rehn and Cho~ke and r e l a t e d  d a t a  frnm 
8 t h e  recent  qampi la t ion  o f  Henke . These data arc i n  h e t t e r  agreement 

a t  15O, t h e  p r e l i m i n a r y  angle we have se lec ted  f o r  t he  new f l a t  

response design. U n t i l  we o b t a i n  XRD c a l i b r a t i o n  data a t  s u i t a b l e  

graz ing  inc idence angles, we w i l l  use the  1-R curve a t  15'  f o r  go ld -  

based designs. 



New Com~ound F i l t e r e d  F l a t  Res~onse  

The f l a t  response curve  shown i n  F ig .  5 was ob ta ined  us ing  our  bes t  

composite g o l d  cathode response d iscussed above c o n s i s t i n g  o f  LLNL da ta  

down t o  185 eV and Day's normal ized da ta  below 185 eV. I dea l  d e p o s i t i o n  

a t  15 degrees was assumed. The  omp pound f i l t e r  covers t h r e e  d i f f e r e n t  

areas o f  t h e  g o l d  cathode c o n s i s t i n g  o f  lOOA o f  g o l d  (14%), 3 urn A1 . 

(64%), and 9 pm A1 (22%). I n  F ig .  5, c o n t r i b u t i o n s  t o  t h e  response 

f rom t h e  t h r e e  d i f f e r e n t  cathode areas are over layed. Nearly. a l l  t h e  

response below 600 eV comes f r om t h e  cathode r e g i o n  f i l t e r e d  by t h e  t h i n  

gold.  Above 700 eV t h e  response i s  shaped w i t h  f i l t e r  components t h a t  

can be f a b r i c a t e d  and c a l i b r a t e d  w i t h  much g r e a t e r  accuracy. I n  t h i s  

reg ion,  t h e  p h y s i c a l  e f f e c t s  c o n t r i b u t i n g  t o  t h e  response do no t  cause 

such r a p i d  v a r i a t i o n s  w i t h  energy. 

Fo r  a  more p r a c t i c a l  design, we rep lace  t h e  lOOA g o l d  w i t h  an 80A g o l d  

l a y e r  depos i ted  on a  f r e e  s tand ing  150A carbon f o i l  12. Cons t ruc t ion  

d e t a i  1s w i  11 be discussed l a t e r .  The r e s u l t i n g  c a l c u l a t e d  response i s  

shown i n  F i g .  6. Dev ia t ions  f r om f l a t n e s s  are l e s s  t han  10"k above 250 

eV. The importance o f  c a l i b r a t i o n  work p a r t i c u l a r l y  below 200 eV cannot 

be overemphasized due t o  t h e  s i g n i f i c a n t  assumptions made i n  c a l c u l a t i n g  

t h e  composite response. 

S a t u r a t i o n  i s  a  major  problem w i t h  t h e  f l a t  response d e t e c t o r  because t h e  

p o r t i o n  o f  t h e  d e t e c t o r  f i l t e r e d  by t h i n  g o l d  o r  Parylene i s  ve ry  

s e n s i t i v e .  We have t h e r e f o r e  c a l c u l a t e d  maximum f l u x  l e v e l s  f o r  t h e  most 

s e n s i t i v e  p a r t  o f  ou r  f l a t  response des ign c o n s i s t i n g  o f  a  t y p i c a l  g o l d  

XRD f i l t e r e d  w i t h  lOOA o f  g o l d  ( o r  n e a r l y  e q u i v a l e n t l y  800A Parylene).  



Our assumption i s  t h a t  d e t e c t o r  ou tpu t  pu l se  ampl i tudes a re  s t i l l  

reasonab ly  l i n e a r  up t o  20% o f  t h e  dc s a t u r a t i o n  c u r r e n t  l i m i t .  To 

p r o v i d e  a  frame o f  re fe rence ,  we assumed a  1  ns pu l se  f r om a  400 mic ron  

d iameter  d i s k  and determined t h e  un i f o rm  d i s k  emiss ion temperature 
2  corresponding t o  20% peak vo l ts /cm,  f o r  va r ious  d e t e c t o r  parameters. 

I n  a d d i t i o n ,  we assumed t h a t  t h e  i n c i d e n t  f l u x  was a t  a  15-degree 

g l a n c i n g  angle w i t h  r espec t  t o  t h e  XRD surface as d i sc~ rssed  p r e v i o u s l y .  

It should be noted t h a t  above 200 eV the re  i s  ve ry  l i t t l e  decrease i n  

s p e c i f i c  s a t u r a t i o n  ob ta i ned  by us ing  g raz ing  inc idence  because t h e  

inc rease  i n  p r o j e c t e d  area on t h e  d e t e c t o r  i s  n e a r l y  c a n c c l l c d  by an 
13 inc rease  i n  d e t e c t o r  s e n s i t i v i t y  . 

I 

The dc s a t u r a t i o n  c u r r e n t  f o r  a  p l a n a r  diode, Id,, i s  g i ven  by 

Idc = 7.37 ( V )  3/2 A d-2 
(Amps 

where t h e  b i a s  vo l t age  V i s  i n  kV, t h e  anode t o  s a t h n d ~  qpacing d i s  i n  .* 
2  

mm, and t h e  s u r f  ace area A i s  i n  cm . 

The c a l c u l a t i o n s  shown i n  Table 1  were done f o r  our  s tandard XRD-31, ou r  

50 ps XRD, and a  proposed new d e t e c t o r  w i t h  h i g h  b i a s  and smal l  anode t o  

cathode spacing. I n  a d d i t i o n ,  t o  q u a n t i f y  a  minimum ope ra t i ng  l e v e l ,  we 

c a l c u l a t e d  t h e  d i s k  temperature corresponding t o  50 mV-ns generated by 

t h e  new f l a t  response d e t e c t o r  us i ng  a  12 mm2 c o l l i m a t o r  a t  two 

d i f f e r e n t  p r a c t i c a l  t a r g e t - t o - d e t e c t o r  d is tances.  ( A  50 mV, 1  ns pu lse  

can be a c c u r a t e l y  recorded u s i n g  a Tek t ron i cs  a m p l i f i e d  7912 

o s c i l l o s c ~ p e .  Th i s  minimum ou tpu t  l e v e l  i s  t h u s  ve ry  conse l -va t i ve ly  t ~ i y h .  



DISCUSS ION 

We have assumed t h a t  ou tpu t  d e t e c t o r  charge does no t  s i g n i f i c a n t l y  

decrease due t o  space charge e f f e c t s  up t o  20% o f  t h e  dc l i m i t . ,  T h i s  

needs t o  be v e r i f i e d .  expe r imen ta l l y  on Novet te  o r  any o t h e r  f a c i  1  i t y  

produc ing adequately i n tense  x - raxpu lses .  Perhaps t h i s  l e v e l  i s  t o o  

conse rva t i ve  and de tec to r s  can be operated c l o s e r  t o  t h e  dc l i m i t .  

Spielman and Anthes concluded, i n  one o f  t h e  few XRD s a t u r a t i o n  

studies14, t h a t  pu l se  degradat ion e f f e c t s  a re  very  d i s t i n c t  and occur  

a t  e x a c t l y  t h e  Child-Langmuir space charge l i m i t  o f .  Eq. -1. 

Un fo r tuna te ly ,  t h e  20"k s a t u r a t i o n  x - ray  f l u x  l e v e l  i s  much t o o  low a t  3 

meters f o r  t h e  present  XRD-31 geometry and i s  n o t  increased enough by 

reduc ing  t h e  anode t o  cathode spacing t o  1  mm. It i s  c l e a r  t h a t  we have 

t o  reduce t h e  spacing as much as p o s s i b l e  i n  our  new model and, 

t he re fo re ,  need t o  be even more concerned about s tand ing  o f f  t h e  d e t e c t o r  

b i as  vo l tage.  As w i l l  be discussed l a t e r ,  however, a  spacing o f  a t  l e a s t  

one mm i s  r e q u i r e d  t o  pe rm i t  g raz ing  angle inc idence  on t h e  cathode 

sur face.  The proposed new de tec to r ,  t he re fo re ,  r e q u i r e s  r a i s i n g  t h e  b i a s  

l e v e l  t o  20 kV t o  o b t a i n  adequate dynamic range f o r  ope ra t i ng  a f l a t  

response d e t e c t o r  a t  3 meters. 

The XRD-32 has been designed by EG&G, Las' Vegas, w i t h  a  20 kV b i a s  

vo l tage,  bu t  w i t h  much g r e a t e r  anode t o  cathode spacing. Twenty kV a t  1  

mm should be a t t a i n a b l e ,  however, s i nce  s tud ies  show t h a t  c a r e f u l l y  

designed s t r u c t u r e s  can s tand o f f  up t o  80 kV a t  '1 mm15. Wi th  an 

op t im ized  anode and cathode s t r u c t u r e ,  t h e  performance may t hen  be 

l i m i t e d  by detect.or vacuum c o n d i t i o n s  a t  shot  t ime. The gold-based f l a t  

response d e t e c t o r  can o n l y  be operated c o n s e r v a t i v e l y  a t  5 kV a f t e r  

reduc ing t h e  spacing t o  1  mm p rov ided  t h a t  ve ry  l ong  f l i g h t  tubes a re  

used such as t h a t  o f  t h e  7-meter FFLEX system. 



Screen Sh ie ld ing  

The use o f . l o w  transparency mesh screens t o  reduce the  i nc iden t  f l u x .  has 
14 been suggested t o  combat t he  e f f e c t s  o f  s a t u r a t i o n  . Tests a t  Sandi'a 

us ing  a 24% t r a n s m i t t i n g  copper mesh gave o n l y  a very l i m i t e d  improvement 

over  t h e  unshielded case due most probably t o  t h e  l o c a l  nature o f  

sa tu ra t i on .  It should be noted t h a t  l o c a l  s a t u r a t i o n  i s  very s e n s i t i v e ,  

t o  t he  p o s i t i o n  of t h e  mesh between t h e  source and the  cathode. There 

are  two l i m i t i n g  cases. If t h e  screen i s  loca ted  a t  the cathode, some 

p o r t i o n s  o f  the  cathode see a1 1 of the  source. Local s a t u r a t i o n  i s  

t h e r e f o r e  no t  reduced. If the -sc reen  i s  a t  t he  source, then i d e a l l y  t he  

l o c a l  s a t u r a t i o n  i s  reduced by the  screen t ransmiss ion f a c t o r .  Consider 

t h e  case o f  an i d e a l  'screen c o n s i s t i n g  o f  4 micron diam holes loca ted 

r e g u l a r l y  every 8 microns y i e l d i n g  a t ransmiss ion o f  20%. F ig .  7 shows 

t h e  f r a c t i o n a l  area o f  t he  source viewed by a po.int on t h e  de tec tor  as a 

f u n c t i o n  o f  t he  screen t o  source d is tance.  This  ana lys is  suggests 1,ocal 

s a t u r a t i o n  i s  no t  s i g n i f i c a n t l y  reduced unless t h e  screen i s  reasonably 

c lose  t o  the  source. It would be i n t e r e s t i n g  t o  t e s t  t h i s  concept as 

p a r t  o f  a se r ies  o f  diode s a t u r a t i o n  experiments. 

XRD STABILITY 

5 Vapor deposited go ld  XRD s t a b i l i t y  has not  been s a t i s f a c t o r y  t o  date . 
Most of t h e  problem appears t o  be due t o  t h e i r  a f f i n i t y  f o r  water vapor. 

We have i n d i r e c t  evidence t h a t  diode responses have remained reasonably 

s t a b l e  f o r  long per iods  o f  t ime  wh i l e  they  were kept under vacuum, but  

t h a t  abrupt changes i n  responsc occurred when t h e  systems were l c t  up t o  

a i r .  One of the  keys t o  s t a b i l i t y ,  there fore ,  i s  b e t t e r  opera t ing  

procedures t o  minimize t h e  exposure o f  cathodes t o  a i r .  More f requent  

XRD c a l i b r a t i o n s  and r e c y c l i n g  o f  t he  diodes w i l l  c e r t a i n l y  improve the  



experiment a1 accuracy. Operat i o n  o f  cathode s u r f  aces a t  e l eva ted  

temperatures should a1 so be t ho rough l y  i nves t i ga ted .  We need t o  t r y  

diamond-turned cathode sur faces  i n  o rde r  t o  decrease sur face  p o r o s i t y .  

The development o f  more s t a b l e  surfaces, o f  course, w i l l  r e q u i r e  p e r i o d i c  

c a l i b r a t i o n  measurements a t  a  f a c i l i t y  such as t h e  LLNL IONAC. 

.. ,* 
:-'--,- - 

New F l  a t  Response Cathode Ma te r i  a1 s  . . I  

r 

Among t h e  e lementa l  cathode m a t e r i a l s  t h a t  should be cons idered f o r  f l a t  

response designs besides gold, i nc l ude  plat inum,tungsten, i r i d i u m ,  and 

tan ta lum i n  r ough l y  decreas ing o rde r  o f  p r i o r i t y .  F i g u r e  8 shows a  

comparison o f  c a l c u l a t e d  responses f o r  a1 1  o f  these  cathode m a t e r i a l s  

based on t h e  ~ I ( E )  model. Note t h a t  a l l  o f  these  h i g h  Z response curves 

are very  s i m i l a r  t o  each o ther .  Moreover t h e  g o l d  response excurs ions  

below 300 eV are s i g n i f i c a n t l y  g r e a t e r  than  any o f  t h e  o thers ;  there fo re , '  

these new m a t e r i a l s  may y i e l d  even b e t t e r  response designs below 300 eV. 

P la t inum has been used f o r  synchro t ron  r a d i a t i o n  m i r r o r s  and may have 

b e t t e r  long te rm s t a b i l i t y .  I n c l u d i n g  i n e r t  m a t e r i a l s  such as tungs ten  

and tan ta lum i n  t h e  exper imenta l  s tudy  of response versus g l anc ing  angle 

w i l l  c e r t a i n l y  improve our  p rospec ts  f o r  develop ing a  s t a b l e  f l a t  design. 

FLAT RES-PONS-€,-DETECTOR CONSTRUCTION 

We now o u t l i n e  suggest ions f o r  c o n s t r u c t i n g  t h e  new f l a t  response 

de tec to r .  

De tec to r  

Mod i f y i ng  a  s u i t a b l e  XRD d e t e c t o r  f o r  g raz ing  inc idence  as shown i n  F ig .  

9 seems t o  be t h e  most p r a c t i c a l  approach t o  t h e  new design. The XRD-32 

i s  an XRD-31 mod i f i ed  t o  p rov ide  20 kV b i a s  vo l tage.  It has a  reasonably 



s i z e d  15 mm diameter cathode but  t h e  same m i r r o r  t ime response problems 

as t h e  X R D - ~ I ' ~ .  An upgraded XRD i s  p r e s e n t l y  under development a t  

EG&G, Las Vegas, t h a t  should have very good t ime response, b e t t e r  than 15 
17 kV bias., and improved c o n s t r u c t i o n  . It fea tu res  a  two p iece  cathode 

s i m i l a r  t o  t h a t  o f  F igu re  .9 w i t h ' t o l e r a n c e s  necessary f o r  g raz ing  

inc idence operat ion. Mater i 'a l  cos ts  w i  11 be s i g n i f i c a n t l y  reduced by 

us ing  a  t h i n  d i s k  f o r  t h e  a c t i v e  p a r t  o f  t h e  cathode, an important  

cons ide ra t i on  f o r  m a t e r i a l s  l i k e  go ld  and'p lat inum. The t h i n  d i s k  may be 

s to red  and replaced more conven ien t ly  and may lead t o  more e f f i c i e n t  

automated c a l i b r a t i o n  procedures. Both t h e  cathode and anode need t o  be 

designed f o r  very h igh  vo l tage s tandof f  capabi 1  i t y  and t h e r e f o r e  should 

have no sharp edges. The proposed anode shown i n  F ig.  9 i s  cons t ruc ted  

of s o l i d  s t a i n l e s s  s t e e l  and supported w i t h  good to le rances  w i t h  respect 

t o  t h e  cathode. 

Com~ound F i l t e r  

There are advantages i n  us ing  a  s l i t  as a  de tec to r  aper tu re  and i n  

c o n s t r u c t i n g  t h e  composite f i l t e r ,  as suggested i n  F ig .  10, w i t h  symmetry 

a long t h e  long a x i s  o f  t h e  s l i t .  By cen te r i ng  t h e  t h i n e s t  t i l t e r e d  

r e g i o n  on t h e  s l i t  ax is ,  t h e  h igh  f l u x  i s  p r o j e c t e d  onto t h e  de tec to r  

where t h e  anode t o  cathode spacing can be made t h e  smal lest .  The anode 

can be angled away f rom cathode i n  regions no t  e f f e c t e d  by sa tu ra t i on ,  

t hus  p r o v i d i n g  b e t t e r  c learance f o r  i n c i d e n t  and r e f l e c t e d  x-rays. A 
2  1x12 mm blade beam i s  shown i n  F ig .  10 passing between t h e  anode and 

cathode and s t r i k i n g  t h e  cathode sur face  a t  a  15' g raz ing  angle. By 

making t h e  compound f i l t e r  symmetric along t h e  s l i t  axis,  t h e  ampl i tude 

o f  t h e  de tec to r  s i g n a l  can be adjusted by a p p r o p r i a t e l y  reducing t h e  s l i t  

l e n g t h  w i thout  mod i fy ing  t h e  shape o f  t he  response. 



CONCLUSIONS 

There are t h r e e  .major problems w i t h  t h e  p resen t  f 1 a t  response XRD 

de tec to r .  They i nc l ude  d e v i a t i o n  f r om f l a t n e s s  due t o  a peak i n  t h e  

response below 200 eV, s a t u r a t i o n  a t  low x - ray  f l u x  l eve l s ,  and long  te rm 
' 

s t a b i l i t y .  We propose t o  improve..$he f l a t n e s s  by us ing  g raz ing  inc idence  

r e f l e c t i o n  t o  reduce t h e  response below 200 eV. We have c a l c u l a t e d  a new 

des ign based on 15 degree g raz ing  inc idence  on a g o l d  cathode t h a t  shows 

s i g n i f i c a n t l y  improved performance. 

To make t h e  f l a t  response d e t e c t o r  a p r a c t i c a l  dev ice  a t  3 meters from 

Novet te  t a r g e t s  ( a t  t h e  r e a r  p o s i t i o n s  o f  t h e  p resen t  XRD spect rometer) ,  

we need t o  mod i fy  t h e  d e t e c t o r  t o  g r e a t l y  inc rease  i t s  space charge 

s a t u r a t i o n  c u r r e n t  1 i m i t .  We have shown t h a t  t h e  des i r ed  performance can 

be ob ta ined  by reduc ing  t h e  anode t o  cathode spacing t o  1 mm and 

i nc reas ing  t h e  anode b i a s  t o  20 kV. Present i n f o r m a t i o n  sugges t s . t ha t  

t h i s  m o d i f i c a t i o n  i s  p r a c t i c a l , .  S a t u r a t i o n  measurements need t o  be'made 

on Novette o r  any f a c i l i t y  produc ing adequately i n tense  x - ray  pu lses.  ' 

The main purpose i s  t o  measure t h e  s a t u r a t i o n  l e v e l  o f  our  XRDs and t o  

compare these r e s u l t s  w i t h  t h e  c a l c u l a t e d  space charge l i m i t .  The use of 

low t ransparency screens t o  reduce t h e  i n c i d e n t  x - ray  f l u x  m igh t  be 

t e s t e d  as a secondary o b j e c t i v e  o f  t h e  XRD s a t u r a t i o n  s e r i e s .  

To improve t h e  l ong  t e rm  s t a b i l i t y  o f  t h e  de tec to r ,  ope ra t i ona l  

procedures need t o  be upgraded most i m p o r t a n t l y  t o  g r e a t l y  reduce 

exposure o f  cathode sur faces  t o  water  vapor. New cathode sur faces  need 

t o  be made. Diamond-turned sur faces  should per fo rm b e t t e r  t han  

vapor-deposi ted cathodes used he re to fo r .  Among t h e  e lementa l  cathode 

m a t e r i a l s  t h a t  should be cons idered besides gold, i n c l u d e  p la t inum, 

tungsten, i r i d i u m ,  and tanta lum.  Long te rm s t a b i l i t y  t e s t s  o f  t h e  new 



cathodes need t o  be conducted a t  t he  LLNL ,Ionac c a l i b r a t i o n  f a c i l i t y .  To 

complete t h e  design, we need absolute cathode response measurements f o r  a 

range of g raz ing , i nc idence  angles f rom 8 t o  20 degrees f i r s t  a t  t he  'LLNL 

Ionac and then below 500 eV a t  one o f  t h e  synchrot ron r a d i a t i o n  

f a c i l i t i e s .  The emphasis should be on P t ,  W, Au, Ir and ~a i n ' t h a t  

order.  F i n a l  f l a t  response compound f i l t e r  designs w i l l  be developed 

w i t h  t h e  a i d  o f  t h i s  in format ion.  
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F IGURE CAPTIONS 

1. Composite f l a t  response ob ta ined  us ing  t h e  o r i g i n a l  , f i l t e r  design, 

LLNL c a l i b r a t i o n  da ta  f o r  ou r  best  g o l d  cathode (XAU-61), and NBS 

g o l d  XRD response da ta  o f  Day -- e t  a1 .6 The low energy c a l i b r a t i o n  

da ta  were normali'zed a t  185 .e,V, ou r  lowest  LLNL c a l i b r a t i o n  value. 

The e f f e c t  of i nc reas ing  t h e  Parylene f i l t e r  t h i ckness  f rom 800 t o  

1 OOOA i s  a l so  shown. 

2. Exper imental  g o l d  XRD c a l i b r a t i o n  values compared t o  t h e  t h e o r e t i c a l  

model. The low energy LASL (NBS) da ta  are from re fe rence  6. LLNL 

values are f rom t h e  X-ray C a l i b r a t i o n  and Standards Laboratory .  The 

g o l d  photo abso rp t i on  c ross  s e c t i o n  curve  f r om Henke -- e t  a1 .8 has 

been a r b i t r a r i l y  normal ized. 

3.  F l a t  response f i l t e r s  f o r  t h e  low energy reg ion .  Ca lcu la ted  x - ray  

t ransmiss ion  th rough 80A o f  pure g o l d  compared t o  t h a t  th rough  800A 

of Parylene N. The absorp t ion  da ta  a re  f r om re fe rence  8. 

4. Values o f  1 - R ~ E )  f o r  se lec ted  g raz ing  inc idence  angles f rom pure  

gold.  The curves, taken  f rom re fe rence  11, a re  based on t h e  o p t i c a l  

cons tan ts  f rom re fe rence  9. Data from the c o m p i l a t i o n  o f  Henke - e t  

a1. are shown f o r  comparison. - 
5. New composite f l a t  response c a l c u l a t e d  assuming 15 degree g raz ing  

inc idence  on a t y p i c a l  g o l d  cathode. C o n t r i b u t i o n s  f r om t h e  t h r e e  

d i f f e r e n t  areas on t h e  cathode are over layed. The composite f i l t e r  

cons i s ted  o f  l O O A  o f  g o l d  ( l a ) ,  3 pm A1 (64%), and 9 pm A1 

(22%). 

6. Composite f l a t  response o f  a proposed des ign ob ta ined  by r e p l a c i n g  

t h e  l O O A  o f  g o l d  i n  F ig .  5 w i t h  an 80A g o l d  l a y e r  depos i ted  on a 

f r ee -s tand iny  150A carbon f o i l .  12 



7. F r a c t i o n a l  . area .. o f  a source viewed by a p o i n t  on t h e  de tec to r  as a 

f y n c t i o n  of t h e  screen t a  source d is tance.  An i d e a l  t h i n  screen 

w i t h  4 ym diam. holes l oca ted  every 8 pm i s  assumed 

corresponding t o  a 20% o p t i c a l  t ransmiss ion.  

8. Ca lcu la ted  r e l a t i v e  de tec to r  s e n s i t i v i t y  versus energy f o r  h igh  Z 

elements s u i t a b l e  f o r  t h e  new f l a t  respqnse design. The curves are 

based on t h e  p h ~ t q e m i s s i o n  cross s ~ c t i n n s  o f  Hmke e t  a l .  8 

9. Sugqested cons t ruc t  i o n  method f o r  t h e  qew f l a t  response channel 

based on '15' g raz ing  inc idence on a hig,h Z cathode, an XRD-32 
2 de tec to r  w i t h  20 kV b ias  c a p a b i l i t y ,  and 1 x 12 mm s l i t  

c o l l i m a t i o n .  Note t h a t  t h i s  model may be replaced by t h e  improved 

XRD-57. 

10. Pre fe r red  cons t ruc t  i o n  method f o r  t h e  new f 1 a t  response, compoun'd 

f i l t e r  w i t h  symmetry along t h e  entrance s l i t  ax is .  The p ro jec ted  

be'am on t h e  cathode i s  shown a f t e r  passing th fough a compound f i 1 , t e r  

w i t h  14% ( 8 0 ~  Au), 2% (10 pm Al ) ,  and 64% (3. pm A!). 



Table 1. NEW FLAT RESPONSE DETECTOR DESIGN PARAMETERS 

.,.w 

B ias  S a t u r a t i o n  400 Mic ron  Disk Temp 

De tec to r  Loca t ion  R Spacing Vo l t s  Current   in^ iVaxb 

(m) (mm) (kV) ( ~ / c m  (ev )  ( 4  

Standard Dante H z 3 2.3 5 15.6 3 0 81 
XR D - 3 1 ( r e a r )  

FFLEX 2 7 46 123 

50 ps XRD Dante H 3 1.0 5 82 
FFLEX 7 

Proposed Dante H 3 1.0 20 659 
XRD-32 FFLEX 7 

a X-ray temperature f rom a 400 pm diameter  d i s k  corresponding t o  50 
mV*ns generated by t h e  f 1 a t  response d e t e c t o r  ' us i ng  a 1 x 12 mm2 
c o l l i m a t i n g  s l i t  a t  t h e  d i s tance  R. 

X-ray temperature e m i t t e d  corresponding t o  20% o f .  s p e c i f i c  s a t u r a t i o n  
cur7r'ent f r o m  t h e  most s e n s i t i v e  part .  n f  t h e  f l a t  response de tec to r .  



C0,MPOSlTE FLAT RESPONSE OF ORIGINAL DESIGN SHOWING 
THE DEPENDENCE ON PARYLENE THICKNESSES U 

X-ray energy (keV) 

F i g .  1 



'IWIvEASU'RE'D:GOLD XRD SENSIT:IVITY VS NORMALIZED 
PHOTOABSORPTION CROSSSECTION, p (E) 11, 

LAS L (N BS) measured 



FLAT RESPONSE FILTER TRANSMISSION 
TWO CHOICES FOR USE BELOW 500 eV 

1 .o I I 
I I 1 ----- 

4#- 

0.8 - - 

0.6 - -.I 

p = 19.4 g/c:c 

0.4 
.I 

0.2 p = 1.11 glcc 
- 

I 
0 I I . . I I I I L 

0 0.2 . . 0.4 0.6 0.8 1 .O 
X-ray energy (keV) 

F i g .  '3 



VALUES OF 1-REFLECTIVITY FOR PURE GOLD FOR 
Dl F.FERENT GRAZING INCIDENCE ANGLES IIB 

X-ray energy (ke.V) 
20-01 -0282-0537 . . 

Fig ... 4 



COMPOSITE RESPONSE OF NEW DESIGN USING 
GRAZING INCIDENCE 
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COMPOSITE RESPONSE OF NEW DESIGN WITH PROPOSED 
80A GOLD ON 150A CARBON FILTER I!! 

t- 1 I I I I I 1 I 1 
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n I L  .- 

20-01 -0282-0535 X-ray energy (keV) 



DETECTOR LOCAL SATURATION VS SCREEN POSITION USING 
A 20% TRANSMITTING X-RAY SCREEN k! 

I .o I I I 1 
I 
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NEW FLAT RESPONSE DETECTOR WITH GLANCING INCIDENCE 
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