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Summary: This papercomparestwo x-ray detectors fabricatedusingtwo different technologies: one
is basedon a bulk micromachinedsilicon photodetectorand the other is basedon a standard CMOS
photodetector. Theworking principle of the two detectors is similar: a scintillating layer of CsI:Tl is
placedabovethephotodetector, sothex-raysarefirstconvertedinto visiblelight ( 
���
���� ) which is then
convertedinto an electricalsignalby thephotodetector. Thedifferentaspectsof thefabricationandthe
experimentalresultsof bothx-raydetectorsarepresentedanddiscussed.
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1 Introduction

Thetwo detectorsreportedandcomparedin thisarticle
arebasedon the sameworking principle: a scintilla-
tor materialis placedabovea photodetector. Whenthe
x-ray photonsreachthe scintillator, they areabsorbed
and convertedinto visible light. This visible light is
then transformedinto an electricalsignalby the pho-
todetector. Oneof thephotodetectorsis basedon a sn-
subjunctionplacedinsidea bulk micromachinedcav-
ity [1]. The otherone is basedon a CMOS standard
sn-subjunction[2].

2 Bulk micromachined x-ray detector

A cavity with ������������� squaresizeand ��
�
����
depthis fabricatedin a p-typesilicon substrateusing
KOH etching. Inside the cavity, arsenicis implanted
in order to form the sn-p junction of the photodiode.
After that, the cavity is filled with a scintillating ma-
terial (CsI:Tl) and finally, a reflective layer is placed
above the scintillating material[1]. Figure1 shows a
schematiccrosssectionof thedevice. Figure2 showsa
pictureof thedevice beforetheplacementof thescin-
tillating materialandthereflective layer.

3 CMOS x-ray detector

The seconddevice that is describedhereconsistsin
four ��
�
������ ��
�
 ��� photodiodesfabricatedin a
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Fig. 1: Cross-sectionof theBMM x-ray detector.

Fig. 2: Pictureof the BMM x-ray detectorbeforethe
placementof theCsI:Tl.

standardCMOS process. In this case,an aluminum
dye is used,wheresomecavities were opened. The
cavitieswerethenfilled with ascintillatormaterialand
thesetwasplacedabovetheCMOSphotodetectors[2]
asis shown in figure3. Figure4 showsapictureof the
CMOS device beforethe placementof the aluminum
dyewith thescintillatingmaterial.
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Fig. 3: Structureof a PRQSP CMOSx-raydetectorarray.

Fig. 4: Pictureof the PTQUP CMOSphotodetectorarray
beforetheplacementof theCsI:Tl layer.

4 Experimental results

The experimentson the two devices were performed
usinga didacticx-ray tubewith a molybdenumanode
from Leybold. In both cases,the tube was powered
with avoltageof V�
�WYX andacurrentrangingto Z[�]\ .
This tubeproducesx-rayswhoseenergy peakis near
��
^WY_`X . Theresultsof thesemeasurementsareshown
in figure5 for theBMM detectorandin figure6 for the
CMOSdetector.
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Fig. 5: Outputcurrentof theBMM x-raydetectorwith a
x-ray tubeinputvoltageof e6fhg�i .

104

108

112

116

120

0 0.2 0.4 0.6 0.8 1
PSfragreplacements

X-ray tubeinput current( a[b )

O
ut

pu
tc

ur
re

nt
(

cd )

Fig. 6: Outputcurrentof theCMOSx-ray detectorwith
a x-ray tubeinput voltageof e`fhg�i .

5 Comparison between the two x-ray de-
tectors

j The BMM detectordo not usea standardfabri-
cationprocessin the photodetectorconstruction.
This factpermitstheoptimizationof the junction
depthin order to obtain a spectralresponsethat
matchestheemissionpeakof thescintillator. Nev-
erthelessthe fabricationof theCMOSdetectoris
cheaperas it make useof a standardfabrication
process.

j Thefabricationof thecavities in theBMM detec-
tor is easierdueto the useof anisotropicchemi-
caletchingof thesiliconinsteadof themechanical
methodsusedfor theCMOSdetector.

j Thedimensionsof thepixelsin theCMOSdetec-
tors canbe smallerthanin the BMM onedueto
the fact that the side walls of the cavities fabri-
catedwith KOH etchingin theBMM detectorare
not vertical(figure1).

j Dueto thestandardfabricationof theCMOSpro-
totype it is possibleto integrate the electronics
with the photodetectorswithout additionalfabri-
cationsteps.This integrationis moredifficult in
theBMM one.

j Both detectorprototypesshow a linear response
up to Zk��\ of x-ray tube input current (fig-
ures5 and6).

j TheCMOSdetectorhasahighersensibility, but a
largeroffset(figure6).

6 Conclusion

Two x-ray detectorprototypeswere fabricatedusing
two differenttechnologies,oneis basedon a bulk mi-
cromachinedsilicon photodetectorandother is based
on a standardCMOS photodetector. The fabrication
processand the performanceof the two prototypes
werepresentedanddiscussedcomparatively. Whereas
theCMOSdetectorhasadvantagesin theintegrationof
the photodetectorswith the electronicsandthe detec-
tion sensibility, the BMM detectorshows advantages
in thefabricationof thecavities andtheloweroffset.
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