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This paper presents an in-depth mapping sensitivity study using a focused X-ray beam produced
by an X-ray tube and applied to a low-purity single-crystal diamond sample designated as VS-
Ti/Au. More specifically, the study shows the effect of changing the beam size, step displacement,
bias polarity, annealing of the device as well as the dose rate (tube current) on the current response
of these maps. In addition, the current response of the mapping sensitivity as a function of the bias
voltage and the photocurrent pulse shapes at different points (positions within the sample) as a
function of time are also presented. It is worth highlighting that the sample grown understudy with
a chemical vapour deposition (CVD) was selected due to its special features, such as: thin nitrogen
lines and substrate area (which can be observed by X-ray mapping). Moreover, the investigations
illustrate two methods which were utilized to measure the spot diameter (a crucial parameter for
sensitivity mapping) when moving the detector in the x—y direction. The first method applies a
fluorescent paper and a video camera, while the second one uses stepping over an edge of a silicon
PIN diode. The results of applying these two methods showed similar trends of spot diameter (i.e.,
the intensity increase with the increase in the dose rate); however, the second method (silicon PIN
diode) resulted in higher values. The results provide key insights into the behavior of single-crystal
CVD diamond detector under X-ray exposure. This is especially important as X-ray exposure
sees the use in radiotherapeutic applications, small field and online dosimetry, along with medical
imaging and beam monitoring in both accelerators and synchrotron radiation facilities.

B naHHOH cTatbe HpencTaB/eHO YI/yGjeHHOe HcC/leloBaHHe MO3ULHMOHHOH 4yBCTBHUTEJbHOCTH
C HCII0/Ib30BaHHEM C(OKYCHPOBAHHOIO PEHTI€HOBCKOI'O H3J/yuYeHHs, C03[aBaeMOr0 PEHTI€HOBCKOH
TPYOKOH M NpHUMeHseMoro K 00pasly MOHOKPHUCTA/JIMYECKOro ajMasa HU3KOH YHCTOTHI, 0603HaueH-
HoMy Kak VS-Ti/Au. Bosee KOHKpeTHO, HccileoBaHHe MOKa3blBaeT BJHMSHHE H3MEHEHHs pasMepa

LE-mail: marahmanea@gmail.com, marahman_e@yahoo.com, mabdelrahman@mtc.edu.eg,
mabdelrahman@adj.aast.edu



Using a Focused X-Ray Beam for Mapping Sensitivity 873

My4yKa, CMellleHHsl Iara, MOJSPHOCTH CMeIeHHsl, OTXKHra YCTPOHCTBA, a TaKKe MOIIHOCTH [03bl
(Toka B TpyOKe) Ha TeKYILMH OTKJHK 3THUX Mo3uuuil. Kpome Toro, B cTaThe TakxKe MpEACTABJIEHA Te-
Kyllasi XapaKTepHUCTHKA MO3ULIHOHHON YyBCTBUTEJNbHOCTH B 3aBUCUMOCTH OT HATPsiKeHHUs] CMeLleHHsT
U (OPMbl UMITYJIbCOB (POTOTOKA B Pa3/MUHbIX TOUKax (TOJIOKEHUSIX BHYTPH 00paslia) B 3aBUCHMO-
¢t oT BpeMeHH. CTOMUT MOAUEPKHYTb, UTO B XOI€ HCCAENOBAHHH, NMPOBOAMMBIX B paMKaxX AaHHOH
cTaTbH, Obla BbIOpaH oOpasel-ny06Jep, BblpalleHHbH METOAOM XUMHUYECKOro OCaXKAEHHUS U3 ra3oBOd
¢aser (XOT'), nu3-3a ero oco6eHHOCTEH, TaKUX KaK TOHKHE JIMHUM a30Ta Y IJIOLIALb MOAJNOXKKH (KO-
TOpble MOXXKHO HabJ/Il0aTh C TOMOLIbI0 PEHTTEHOBCKOrO KapTHPOBaHHUs1). Bosee Toro, uccienoBaHus,
BKJIIOYEHHbIe B 3TY CTaTblO, UJJIIOCTPUPYIOT ABa METOAA, KOTOpPble UCIOJb30BAIHUCh 1Jis U3MEPEeHHs
aMameTpa NnsTHa (BaKHeMHIlero napamMmeTpa AJisi COCTaBIEHUS] KAPThl YyBCTBUTEbHOCTH) NIPH NepeMe-
IIEeHUH AeTeKTopa B HaNpaBJeHHH x—y. B mepBoMm MeTone ucnosb3yercs (ayopecueHTHas Oymara u
BUJIEOKaMepa, B TO BpeMsl KaK BO BTOPOM MeTOZe HCIMOJb3YyeTcs IMepelliariBaHue uepe3 rpaHb KpeM-
uueBoro PIN nuoma. Pedynbpratel nprMeHeHHs 3THX ABYX METONOB NOKa3a/JHM CXOLHbIE TEHAEHLHUH
B M3MEHEHHH JUaMeTpa MNsiTHA (T.e. yBeJMUYeHHE MHTEHCHBHOCTH C yBeJHUYEHHEM MOLIHOCTH J03bl),
onHako BTopod Meron (KpemHHueBbiit PIN nuon) mpuBes K Gojiee BBICOKMM 3HaueHHsiM. [TosiyueHHbIe
pe3yJsibTaThl AAI0T KJKYEBYI HH(OpPMALHUIO O MOBeleHHWH MoHOKpHcTasinueckoro XOI anmasHoro
JeTeKTOpa NpH BO3LEHCTBUU PEHTTEHOBCKOTO M3JyueHHs. DTO 0COOEHHO BaXKHO, MOCKOJNBKY PEHTre-
HOBCKOe 00JIy4eHHe HaXOAUT NPHMeHeHHe B paflHOTepareBTHUECKUX LEeJSAX, B YCJIOBUAX HeOOJbLINX
nosiell U B peXHMe OHJAHH-I03MMETPHH, a TaKKe B MeJULHMHCKOH BH3yaJH3alUd W MOHHTOPHHTE
My4Ka Kak Ha YCKOPHUTEJISIX, TaK U B YCTAHOBKAX CHHXPOTPOHHOT'O H3JyUEHHS.
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