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A protot yp e 64-channel detector module , compr i sing a silicon strip de-

tector with strip pitch of 1 00 ñ m and 64-channel A SI C R X 64, w as tested
w ith the X- Pert Philip s MP D di ˜ractometer . Basic parameters of the detec-
tor mo dule, energy resolution, and detection e£ciency , were evaluated as a
function of the counting rate. Energy resolution of 1.1 keV FW H M for pho-

ton rate up to 1 È 10
7 photon /s per 1 cm of the active w idth of the detector

w as demonstrated. The prototyp e detector, w hen applie d in a di˜ractometer
utili zi ng Bragg {Brentano focusing princip le, allow s to increase the counting

rate by about 2 orders of magnitude w ith respect to a single counter. Exem-
plary di˜racti on patterns of p olycrystal li ne samples of Si and SiO 2 ( quartz
p eak cluster ) are presented.

PACS numb ers: 07.85.{m, 29.40.Wk

1. I n t rod uct io n

Si l icon stri p detecto rs are wi dely used for positi on-sensiti ve detecti on of
charged parti cles in high energy parti cle physi cs exp eriments. Since a decade they
are appl ied for positi on-sensiti ve detecti on of X- ray photo ns and represent a new
cl ass of one-di mensional positi on-sensiti ve sing le-pho ton counti ng devi ces. A stri p
detecto r is an array of p À n reverse biased di odes shaped as narro w stri ps and
m ade on com m on high-resisti vi ty n -typ e silicon substra te. Such detecto rs requi re
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each stri p to be read out by an indi vi dual electronic channel whi ch is possible
empl oying the techni que of appl icati on speciÙc integ rated circui ts (AS ICs).

Thi s paper describes appl icati on of a pro to typ e 64-channel sil icon stri p de-
tecto r to a Bra gg-Brenta no di ˜ra ctom eter, i.e., the most com mon typ e of X- ray
di ˜ra cti on apparatus. We dem onstra te tha t in appl icati ons to such di ˜ra ctom eter,
sil icon stri p detecto rs have several adv anta ges not only when com pared to the
cl assical arrangement wi th a sing le counter but also wi th respect to other typ es of
positi on-sensiti ve detecto rs.

2. Si l ico n posi t ion-sen si ti v e det ect or

The pro to typ e 64-channel detecto r m odul e described in thi s wo rk com pri ses
two m onolithi c sil icon structure s: a stri p detecto r wi th stri p pi tch of 1 0 0 ñ m and
a 64-channel readout ASIC RX64 [1]. The two chi ps are assembl ed on a small
pri nted circui t board and connected to gether wi th wi re bondi ng.

The 64-channel readout ASIC RX- 64 [1] is the latest proto typ e being de-
signed and fabri cated in the frame of an ongoing pro gram on devel opm ent of
read-out electronics for sil icon stri p detecto rs f or X- ray detecti on. Ma in steps, com -
pared to the previ ous 32-channel pro totyp es [2, 3], is integ rati on of the analogue
front- end circui try and the di gi tal part, com pri sing counters and readout logic, in a
sing le chip and extensi on up to 64 channel s. Thi s integ rati on has im prov ed signiÙ-
cantl y the robustness of the design and al lowed for im plementing som enew f eatures
l ike interna l cal ibra ti on circui try and interna l di gi ta l- to -analogue converter (D AC)
to contro l the thresho ld of the ampl itude discrim inato rs in the f ront- end circui ts
from an externa l com puter. Thus, the detecto r modul e requi res only a digi ta l I / O
PC card and the standard power suppl ies for standard data ta ki ng as well as for
deta i led m easurements of perform ance.

The parameters of the detecto r module are summarised in Table. One pa-
ram eter, namely the thresho ld uni form it y deserves an addi ti onal com ment. A key
point in the archi tecture of the R X64 design is a comm on discriminati on thresh-
old appl ied to al l channel s. Thi s soluti on works pro vi ding the channel -to -channel
spread of the di scrim inato r o˜sets is lower com pared to the noise so tha t the e˜ec-
ti ve thresho ld f or each indi vi dual channel is not a˜ected by the o˜set. Since the
noise and the thresho ld spread are both random values and they add in square,
the thresho ld spread (b eing a hal f of the noise) is practi cal ly negl igible. The en-
ergy resoluti on given in T able ta kes into account both, the resoluti on of indi vi dual
channel and the spread of channel param eters.

Basic param eters of the detecto r modul e, energy resoluti on and detecti on
e£ ciency, was evaluated as a functi on of the counti ng rate. Energy resoluti on of
1.1 keV FW HM f or photon rate up to 1 È 1 0 7 photo n/ s per 1 cm of the acti ve
wi dth of the detecto r was dem onstra ted. They were determ ined exp erim ental ly
wi th the use of the radiati on f rom X- ray tub e (f rom ˚ À 2 ˚ di ˜ra ctom eter) and
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Basic parameters of the detector module.

N umb er of channels 64

Strip pitch 100 ñ m

Length of the detector strips 10 mm

Detector bias voltage 100 V

Energy resolutio n 1.1 keV FWH M (f or C u K ˜ )

T hreshold unif ormity 0.5 keV FWH M

Maximum counting rate 200 kH z/channel

Q uantum e£ciency 99% for C u K ˜

¤ 50 % for Mo K ˜

Pow er consumption 2.5 mW/channel

C ooling not required

Fig. 1. Detector e£ciency as a function of the counting rate.

sui tabl e absorb ers. In the R X- 64 chip the shaping ti m eT p can be tuned in the range
between 0 : 5 ñ s and 1 : 0 ñ s. Using shorter shaping ti mes the m axi mum counti ng rate
can be increased in exp ense of somewha t higher noise. Fi gure 1 shows the measured
e£ ciency as a functi on of the counti ng rate for three v alues of the shapi ng ti m e.
The m axi mum counti ng rate given in T able is tenta ti vely deÙned as corresp ondi ng
to the numb er of counts per second at whi ch the e£ ci ency decreases to 70% of
the value at low intensi ty . The loss of e£ ciency at hi gh counti ng rates is due to
pi le-up of pul ses in the front- end circui try and not due to charge col lection ti m e
in the sensor, whi ch is m uch shorter tha n the shaping ti mes in the electroni cs.
Thi s counti ng rate l imit concerns each channel separatel y and is not dependent on
the tota l detecto r length, i .e., to ta l numb er of readout channels. The above value
corresponds to 20 MHz/ cm, a numb er whi ch is 2 orders of m agni tude higher tha n
for gas positi on-sensiti ve detecto rs (PSD s).
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3 . Si l ico n st r ip det ect or in ˚ À 2 ˚ di ˜ r act om et er

Pro jects on appl icati on of sil icon stri p detecto rs for powder X-ray di ˜ra cti on
described in l i tera ture [4, 5] concerned Debye{ Scherrer m etho d. In thi s non-f ocusing
geometry the di ˜ra cted pho tons are to be gathered in angul ar range close to 1 8 0 £ .
Hence, the planned system s consist of tho usand channels. W e have developed the
new appl icati on for the di ˜ra ctom eter based on Bra gg{ Brenta no focusing pri nci-
pl e [6, 3].

Appl icati on of gas PSD s to Bra gg{ Brenta no powder di ˜ra ctometer were de-
scribed by G�obel [7] and Cheary and Coelho [8]. The gaseous PSD s (wi th a centra l
wi re electrode, typi cal length of 50 m m) are opti onal ly o˜ered by manufacturers
of the di ˜ra cto meters [9]. The use of sil icon stri p PSD o˜ers several adv anta ges
over the gas PSD , for exam ple:

| better spatial resol uti on exclusivel y determ ined by the stri p geom etry . Our
exp eriments [2, 3] have shown tha t the resoluti on of the di ˜ra cti on pattern ta ken
wi th the detecto r wi th stri p pi tch of 1 0 0 ñ m is the sam e as for sing le-counter
di ˜ra cto meter wi th the receivi ng sli t of 1 0 0 ñ m;

| better detect ion e£ ci ency, special ly evident f or Mo (17 keV) radi ati on;
| hi gh count ing rat e per channel whi ch leads to the values of counti ng rate

per uni t length whi ch are two orders of magni tude higher tha n for the gas PSD .
The last adv anta ge assures tha t the detecto r does not satura te in any di ˜ra c-

ti on exp eriment wi th conv entio nal X-ray source. Thi s m akes possible to decrease
the m easurem ent' s ti me of the typi cal polycrysta l l ine sam ples from hours to m in-
utes. The gas PSD s were practi cal ly used to speed up the pro longed m easurem ents
wi th the low intensi ty of di ˜ra cted beam (smal l sampl es, thi n Ùlm s).

The PSD is located on the detecto r arm of the di ˜ra ctom eter wi th the centre
coincidi ng wi th the focusing circl e. R egistra ti on of the di ˜ra cti on beam at the Ùnite
di stance e from the f ocusing point gives ri se to the di storti on of the peak proÙle.

Fig. 2. Geometry of ˚ À À 2˚ di˜ractometer w orking w ith the linear positio n-sensiti ve

detector.
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(See Fi g. 2; note tha t f or e 6= 0 the instrum ent setti ng angle 2¢ di ˜ers wi th respect
to the di ˜ra cti on angle 2 ˚ .) The theo ry of geom etri cal equato ri al aberrati on [10]
m akes i t possible to predi ct both the peak proÙle and param eters describing tha t
aberrati on. The contri buti on to a peak broadening is given (i n term of rm s peak
wi dth) by 1

p

3

A e

R
cos ¢ , where R i s the instrum ent radi us and 2 A the i l lum inated

length of the sam ple. Num erical calcul ati on shows tha t f or the detecto r al ready
used the peak broadeni ng rem ains negl igibl e, but should be ta ken into account for
future larger system s and smal l di ˜ra cti on angles.

In present experim ents the background level is comparable to tha t of tra -
di ti onal di ˜ra ctom eter wi tho ut crysta l m onochromato r. The background can be
reduced by the combinatio n of the beta Ùlter, the use of anti scatter sli ts and the
electronic two- level di scriminati on. The experim ent described in R ef. [2] shows
tha t the use of sil icon stri p detecto r wi th two -level discrim inati on al lows to obta in
the background level of the di ˜ra cti on pattern slightl y lower tha n tha t for the
cl assical powder di ˜ra ctometer wi th beta Ùlter.

4. R esul t s

The proto typ e detecto r wa s m ounted on the detecto r arm of an X- Pert
Phi l l ips MPD di ˜ra ctom eter. W i th the instrum ent radi us of 230 mm the detecto r
covers angul ar range of 1.6£ .

In order to obta in a di ˜ra cti on pattern in large angular range one has to
wo rk wi th \ step by step" mode scan. Fi gure 3 shows such a resul t for Si standard
sam ple. W i th 40 steps the to tal m easuri ng ti m e was 10 m in.

Observ ati on of the structure change can be m ade wi th the Ùxed positi on
of the PSD . As an exam ple Fi g. 4 shows the di ˜ra cti on pattern f or the so-cal led
\ quartz peak cl uster" . Thi s feature resul ts from the com binatio n of 122, 203, and
301 Bragg peaks of SiO2 wi th K ˜ 1

À K ˜ 2
spl itti ng and is considered as a standard

for com pari son of spati al resoluti on. Measuri ng ti me was 3 m in.

5. Ou t l ook

In the next step we plan to use two 64-channel RX- 64 chi ps for readout of
128 stri ps sim ulta neously so the devi ce wi l l be 12.8 mm wi de. W e consi der thi s
size as m inimal , whi ch m ay practi cal ly compete in powder di ˜ra ctom eters wi th
exi sting gas positi on-sensiti ve detecto rs. The 12.8 m m detecto r wi th a suita ble
data acqui siti on system wi l l be a com plete uni t for di ˜ra ctom etry . Tha nks to high
e£ ciency i t wi l l be useful for measurements of thi n Ùlms and mul ti lay er structures
where volume of sam ples is very smal l (grazing inci dence di ˜ra cti on (G ID ) and
to ta l reÛectivi ty measurements).

Further developm ent of the front- end electro nics incl udes intro duci ng two -
- level discrim inati on and increase in the counti ng rate. Hi gh counti ng rate capa-
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Fig. 3. Di˜raction pattern of Si standard p olycrystal li ne sample.

Fig. 4. Di˜raction pattern of the \quartz peak cluster ". The scale from 1 to 64

channels corresp onds to the interv al of 2 ˚ f rom 6 7: 2 £ to 6 8: 8 £ .

bi l ity , whi ch can be increased by pro per tuni ng of the front- end design, m akes the
devi ce attra cti ve for appl icati ons in exp eriments using synchro tro n radiati on.
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