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D I FFRACT I ON X-RAY SPECTROMETER 

J . C i cek . D . Cika , V . Valkovi c  

Ruder Boskovi c  I nst i tute , Zagreb 

H i gh energy resolut i on X-ray spectrometer to be used i n  the 
study of charged part i cle i nduced X-ray emi ss i on i s  
descri bed. The spec trometer w i ll be used f or the analys i s  

o f  the essent i al trace elements and their  compounds i n
bi olog i ca l  mater i al as well as f or the study o f  mult i ple
i nner-she l l  ion i zat i on processes i nduced by heavy ions. The
d i sadvant age of th i s  detector i s  a small energy range f or
one confi gurat i on of the cryst al or one pos i t i on of the
PSPC . The X-ray energy reg i on i s  eas i ly changed by
select i ng d i f ferent cryst al types and their  Bragg angle .
I n  thi s  work the cons truct i on of an X-ray cryst al
spectrometer w i th the pos i t i on-sens i t i ve proport i onal
counter ( PSPC ) is descri bed.

The PSPC parameters such as gases , pressures and w i ndows 
can be changed . wh i le . the pos i t i on readout .remai ns the 
same . The X-rays enter the PSPC through a mylar w i ndow wi th 
evaporated n i ckel layer. 

The cathode plane i s  subd ivi ded i nto stri ps whi ch sample 
the avalan·che a t  any of the anode wires . The cathode s tri ps 
are connected to the s i gnal process i ng electroni cs wi th 
delay li ne pos i t i on readout by an  un iversal double-edge 
connector . 

The PSPC can be rot ated around the center of the cryst al i n  
the 8-28 mode . The target , cryst al and the PSPC are p l aced 
i n  the vaccum chamber . 
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I n t r o d u c t i o n 

A crystal X-ray s pectrometer has been used f or many years 
in the study of d i f erent processes ( X-rays emi t ted f rom a 

vari ety of target s  and project i les ) s i nce i t  has a high 
energy resolut i on compared wi th semiconductor detectors. 
However. its step-scanning feature has a d i sadvantage of 
possess ing low e f f ici ency. For example. in a usual P I XE 
(particle induced X-ray emiss i on)  measurment us ing a S i ( Li )  
detector. it i s  d i f f icult t o  separate s i gnals o f  adjacent. 

li ght element. or l i ght element i mpuri t i es in a heavy 
element ma tr i x. because of the response f unct i on of the 
detector. 

High energy resolut i on will be provided wi th a broad range 
X-ray crystal spectrometer us i ng a pos i t i on sens i t ive
proport i onal counter f or the det ect i on of X-rays d i spersed 
by a plane crystal. 

S p e c t r o m e t e r 

Our spec trome ter i s  shown shemat ically i n  f i g 1. Proton 

beam i s  generated i n  the 6 MV Tandem Van de Graf f 
accelerator laboratory. X-rays produced 
coll i s i ons 1n the target  are i ncident on the 

by i on-atom .
f lat crys tal 

and are reflected i n  accordance wi th the Bragg cond i t i on 
2ds i ne=nX. 

The PSPC probe i s  rot ated around the center of the crysta l 
in the 6-2e mode . The cryst al i s  i nstaled on a goniometer 
head GH . so one can chose the angle 6. The detector 
pos i t i on can be now automat i ca lly set at a sui t ab l e  
pos i t i on 26 . X-rays emi tted wi th a Bragg angle vary i ng by 
as much as about 15° may be ana lyzed s i mu l t aneous l y  . . 
Type of the crysta l s  f or X-ray d i f f ract i on depends on a 
range of energy we are i ntrested i n .  I ts s i ze i s  about 
80x20x2 mm9

• However . some crystal will  di f f ract a greater
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GH VAC UUM 

SAMPLE BEAM 
�____;_-=.;;:;__ ___________ � 

F igur e  1 .  A sc heMo. t i c  d io. g r o. M  o f  t he 
d i f f ro. c t i on X - r o. y  s p e c troMe t o.r 

F igur e 2 .  A bo s ic · de s ign o f  the  PSPC  
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fract ion of i nc ident rad i at ion than wi l l  other one The 
term commonl y  used f or d i ffract ion ef f i c i ency is  i ntegra l 
ref l e ct i on coef f i c ient R and - i t  vari es wi th wave l enght as 
we l l  as with crysta l  composi t i on and structure (Ref . 1 ) . The 
reso l ut i on of a crysta l depends on the perf ect ion of the 
cry_sta l l at t i ce over i ts ent ire d i f f ract ion surf ace . Local  
d i stort i ons i n  the l att i ce cause d i f f ract i on to occur over 
a range of e ang l e  and resu l t  i n  a f i ni te l i ne width W for 
each X-ray l ine . 

As can be observed by ref f er ing to Bragg ' s  l aw .  the spac i ng 
2d l imits  the max imum wave length wh i ch can be d i f fracted to 
Amoxa2d . Tab l e  1 l i sts a f ew of the conunon spectrometer 
crysta l s a l ong wi th the i r  caracter ist i c . The 
energy are determi ned accord i ng to the 

range of an 
geometr ica l  

arrangment of our crysta l spectrometer . The distance L 
between the samp l e  and the crysta l .  and between the crysta l  
and the PSPC are 25 cm . Minimum and maximum 9 are 1 0° and 
80° . respect ive l ly .  

T A B  L E I 

CRYSTAL PLANES 2d ( A ) Range of energy for 
1 0° to 80° 

(keV )

LiF 220 2 . 8 25 . 2  - ' 4 . 4  

LiF 200 4 . 0 17 . 8  - 3 . 1 2 
Quartz 1 0Io 8 . 5 8 . 4  - 1 . 4 
KAP 001  26 . 6 2 . 7  - 0 . 5  

Bas i c  des i gn of the pos i t i on sens i t ive proport iona l counter 
is shown i n  f ig . 2 .  The concept of this c l ass of detector is 
that the detector dimensi ons can be chosen .  within certain  
l imi ts .  accompan ied by any necessary changes i n  gases . 
pressures . windows . etc . whi l e  the pos i t ion read out 
remai ns the same .  
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The cathode p lane i s  subd ivided i nt o  str i ps whi ch samp l e  
the charge i nduced on the cathode p lane by avalanche at any 

of the anode wires . Very f i ne pos i t i on reso lut i on i n  the 
coordi nate para l l e l  to the anode wires is  achi ved by 
determi ning the centroid of the charge i nduced on the 
cathode p lane ( Ref . 2) .  

For one spec ial cause we chose next 
X-rays �nter the PSPC through a 8 x 

pri nc i pal 
2 X 10- 3 

window . the ins i de of whi ch is  covered wi th 
nickel . 

parameters . 
cm3 my l ar
evaporated 

The anode p lane cons i sts of 8 wi r.es . 2mm apart . The PSPC i s  

operated at anode vo l tage o f  2 kV . We have chosen the 
spacing bee twen anodes to be about equa l  to the spac ing 
between the anode and readout p lane . s = d � 2mm . The 

cathode plane is made i n  pri nted c i rcui t  board technic .  
Center to center spac i ng of cathode readout stri ps i s  
w=l . Smm .  number o f  stri ps are 6 2 . 

A l  p late wi th my lar wi ndow , anode p lane wi th connect !ons 
and cathode plane wi th pri nted readout s tr i ps are mounted 
on the A l  support case. The detector is des igned that i t  
can be operated wi th or wi thout gas f low . The type of gas 
depends on the energy range we are i ntrested i n .  X-ray 
conversi on ef f i c i ency f or vari ous gases as a func� ion of 
energy and of ef f ect i ve act ive reg ion thi ckness are ploted 
in ref 3. 

Special geometry of our system i s  determi ned f rom the 
requirement that there should be a li near relat ion between 
the pos i t ion calculated as the centroid  of the charge 
samples �nd the true pos i t i on. ( Re f . 3) The centroid i s  
determi ned by us i ng cont i nous delay l ine as the pos i ti on 
readout . Pos i t i on readout e l ectron i c  -is connected to  the 
detector via standard I BM PC/XT 31 p i n  doub l e  edge 
connector . Delay l i ne pos i t i on sens i ng i s  used because of 
i ts avai l abi l i �y and a good cos�/per�omance rati o. I t  
empl oys onl y two si gnal outputs for each coordi nate o� the 
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detector . The del ay l i ne i s  physi cal l y  i ndependent of the 

detect.or . so i t  can be used wi th detect.ors of di fferent 

si zes . 

A necessar y condi ti on for mi ni mum noi se i s  that the del ay 

l i ne shoul d be proper l y  termi nated wi th i t. • s  char acter i st i c  

impedance Zo .  i n  order to avoi d possi bl e refl ect.i ons at. 

hi gh counti ng rates . Thi s i s  done by an acti ve resi stance 

real i zed by feedback , .. el ectroni cal l y  cool ed .. termi nati on) . 

The connecti on of the detect.or cathode str i ps to the del ay 

l i nes and the feedback termi nati on are i l l ustr ated i n.  

fi gur e 3 .  

The rel ations for the secti on capaci tance and i nductance 

ar e:  

Ca  = TD / C f..l X Zo) 

Ls = · To x Zo / N 

CE + CsTRIP 

For proper matchi ng i t  shoul d be 

RIN = 1 /gm x Co / er = Zo 

Ce/2 = TD / 2NZo = CIN CIN Cgm + Cc +  CSTRAY 

The char acter i sti c i mpedance of the del ay l i ne shoul d be 

hi gh ,  whi ch i s  equi val ent lo a l ow total capaci tance of the 

readout el ectrode . The ti me del ay of the l i ne C To) shoul d 

be between 0. 5 and 1 µs 

Choosi ng Zo = 500 0 

TD = 1 -µs 

gi ves us Ca = 32 pF 

Ls = 8 µH 

C1N= 1 6  pF 

The capaci tor s  Ct and CsTRAY whi ch ar e not rel ated t.o the 

gai n gm should be mi ni mi zed . Si gnal pr ocessi ng . for 

detect.or s  wi th del ay l i ne i s  shown · i n ·figur e 3a. 

Signal l . form the preamp� tfiers are processed wi th delay 

l i ne shaping ampl i fi er s  and zero 
� ti me di fference of the det.�ct.or s 

posi t.� on measure:  

crossi ng 
out.put. 

detect.ors .  
si gnal i s  

The 

t.he 



- 1 2 1  -

DETECTOR CATHODE STRIPS 

EXT�D D D D C  D 

F E T  
P R E AMPL I F IE R  

CAPACITORSfl fl fl fl ti . 
CONNECTORS .-_.,-+--·-+----+------+--...-+--, 

L s 

GROUND PLAN( _,/ 

D E L A Y  L I NE  

f ig .  3 :  " E l e c  t r on ico l l y  coo l e d "  r10  t ched t e n', ino. t ion  

T IMING f"IL TER PILE UP 
AMPL IF"IER 

D

R 

SUPPLY r-1 SIG. AMPLlfl(R SCA 
CHAMBER D IAS

� 
ENERGY SEL

t-

E
-
CT

-
1
-
0N

--
--

�

T

-

o 
TAC GATE 

I �  �i-----'-D 
ANODE 

K
l 

PREAMPLlrlER 
I-

� LDi� 1 1  
w z 
� DELAY L IN( 

T(RHINA T IONS 
PIJLSE ZERO CROSSING 

SUAPIN(j �tr· D[T[CTORS

�

F ig. 3o :  S IGNAL PROC E S S ING BLOCK D I AGRAM 

TAC 

START ADC � 

STOP 



t -t r 1
TD 

- 1 22 -

The pi l e-up i nspecti on ci r c ui t moni tors t he l i me i nter val s 

between s uccesi ve anode si gnal s .  as wel l as lhe sum o� lhe 

l i me i nter val s l r  and l l .  Thi s sum i s  constant C �  TD) i f  

onl y one si gnal 1 s  pr esent i n  lhe del ay l i ne .  

R e s o l u t i o n 

A geometri ca l arrangement f or the target , p l ane cryst a l  and 
PSPC i s  shown on f i g . 4 , An X-ray wi th an energy of E (keV) 

is d i f f racted by the crysta l and de tected at the pos i t ion 
x (mm) on the PSPC . 

I n  the geometry . the pos i t i on x i s  def i ned as the d i s t ance 

f rom the center of the PSPC. 

Then the pos i t ion x i s  deduced as 

2L 
X ... tg (Gc -6 )  

L (mm) i s  the t arget-cryst al and the crysta l-detector 
d i stance . 6 the Bragg angle of a d i f f racted X-ray whi ch 
goes perpend i cu l ary through the center of the PSPC wi ndow . 

The energy of X-ray can be expressed as a po lynomi a l  of the 
pos ition x ( Re f . 4) .  

X X 2 2 1 E � Ee ( 1 + 2L tg9c + C 2L) ( tg 9c + 2) +

. . . . ) 

where 

1 2. 4 

Ee ... 2ds i n6c

The ha l f  width of X-ray peaks on the pos i t ion spectra W ( nun) 
is  converted i n  the uni t  of energy as 



- 123 -

dE , Wdx 

The observed line wi dth W depends on source width . 
i nstrumental resolut i on ,  pos i t i on reso l ut i on and natural 
l i ne width. 

The pos i t i on resolut i on i s  determend by the PSPC geomery 
and the s i gnal process ing ele ctronic . The w idth of 
instrumental resolut i on part ially comes f rom the fact  the t 
the i nc ident d i rect i on of the X-rays i s  not vert i ca l  to the 
wi ndow surf ace of the PSPC . The other ori g i n  of the 
i nstrumental resolut i on i s  crystal imperf ect ions wh i ch has 
been d i scussed earlier . 

A p p l i c a t i o n 

The advantages of h i gh energy resolut i on make the X-ray 

d i f frac t i on spe ctrome ter uniquely sui ted f or a vari ety of 
i on-atom coli s i on stud i es . 

For example . X-ray spectra are sens i t ive to  the chemi cal 
envi ronment of the emi t t i ng atom and can y i eld i nformat i on 
on the atomi c and electron ic  structure of host materi als . 
The spectra result i ng from heavy i on exci tat i on are 

d i scussed in  ser i es of papers ( Ref . 5) . H i ghly energet i c  
heavy i ons are capab l e  o f  produc i ng mult i ple i nner-she ll 
i oni zat i on .  The f irs t peak i n  such X-ray spectra .  is  
composed of  the usual Kcu i K0t2 lines . whereas the peaks
whi ch f olow are satel l i te peaks composed of Ka X-rays
ari s i ng f rom conf i gurat ions havi ng L-she l i  vacanc ies . 
Measurements have been made of X-rays emi ted f rom a variety 
of targets and proj ect i l s . 

The pri nc i pal of X-ray dif fract i on spectrometry can be used 
f or study of X-rays emi tted f rom the f as t  i ons too . Dopp l er 
shi f t ing and broaden i ng has been d is cussed i n  some paper by 
C . R . Vane ( Ref . 6 ) . One more intrest i ng prob l em i s  detect i on 
of l i ght  e l ement i n  a heavY-e l ement matrix .  such as l ight 
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e l ement impur i t i es i n  a semi conductor or a met a l  ( Ref . 7 ) 

' 
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F igure 4 .  A usuol o.rro.ngeMent o f'  source, cry s tal  
anci PSPC of'  the  pla ne crys  to. l  spe c troMeter 
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