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In this study, X-ray sensitivity mapping was performed using a synchrotron micro-beam at
the National Synchrotron Light Source (NSLS, USA) on a low-purity single crystal CVD diamond
sample labeled VS-Pt. This CVD-grown sample was chosen for its unique characteristics, including
thin nitrogen lines and substrate areas, which can be identified and observed through synchrotron
micro-beam mapping.

The objective of the study was to investigate the effects of varying pulsed bias voltage,
beam size, beam step displacement, and device annealing on the homogeneity of the current
response in the maps. Additionally, the impact of DC bias voltage, bias polarity, and bias pulse
width was explored to determine the optimal conditions for synchrotron measurements. Theore-
tical relationships between the averaged normalized response and the applied bias voltage under
synchrotron irradiation were also examined.

The results showed that, compared to the annealed sample, the average normalized response
of the detector reached saturation at a shorter pulse width for the bias voltage. Bias polarity
did not significantly affect the device sensitivity, which contrasted with the annealed sample that
exhibited noticeable variations in the images. Sensitivity saturation in the un-annealed sample
occurred at 200 V or less. After annealing, the normalized response at —20 V increased linearly
with pulse width, while the response at +20 V showed a slight tendency toward saturation,
indicating that bias polarity influenced sensitivity. Following annealing, the sensitivity increased,
possibly due to photoconductive gain resulting from a sensitizing effect. Moreover, the sensitivity
was influenced by the sign of the DC bias, which differed from the pre-annealing response, where
minimal differences were observed between images at positive and negative biases. Points near
the nitrogen line exhibited slower current rise and decay times, likely due to shallow trap levels,
while the substrate region showed lower photocurrent. Bias polarity affected the current amplitude,
potentially due to polarization effects.

When comparing the theoretical and experimental results for the VS-Pt sample, the theoretical
values consistently fell below the experimental data. The sensitizing effect may contribute to this
higher-than-expected response. Finally, as the beam size and/or step size decreased, the device
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sensitivity increased. This phenomenon is likely associated with the priming effect (pre-irradiation),
whereby the sample accumulates a larger pre-irradiation dose as the beam or step size decreases.

These insights could guide the development of detectors with improved spatial resolution,
fast time response and dose-rate dependence, which are crucial for applications in dosimetry for
X-ray radiotherapy and radiobiology applications as well as in beam monitors for accelerators and
synchrotron radiation measurements.

B naHHOM Hcc/le0BaHUM MSIIMHHT PEHTT€HOBCKOH 4yBCTBHTEJbHOCTH MPOBOAMJICS C HCIOJb-
30BaHHEM CHHXPOTPOHHOrO MHKpONyuka B HalloHaJbHOM HCTOYHHKE CHHXPOTPOHHOTO H3Jy4YeHHs
(HUCH, CIIA) Ha obpasue MoHOKpucTamrdeckoro XOI'-anma3a HU3KOH YHCTOTHI, MaPKHPOBAHHOM
VS-Pt. 1ot 06pasell, BbIpallleHHbI# METOLOM XHMHUYECKOTO OCaXKIEHHsl U3 ra30Boi (hasbl, Obla Bbl-
6paH M3-3a €ro yHHKa/lbHBIX XapaKTePUCTHK, BKJ/OYas TOHKHe JIMHHH a30Ta M 00JacTH MOMJIOKKH,
KOTOpble MOXKHO HJIEHTH(HLHUPOBATh ¥ HAOMIOAATh C MOMOLIbIO M3IMHMHIA CHHXPOTPOHHBIM MHKPO-
MyUKOM.

Llesblo Hcc/eoBaHus OblJIO M3ydeHHe BJHSHHS M3MEHEHHS] UMIIYJIbCHOrO HaNpsKeHHs CMellle-
HHUSl, pa3Mepa MydkKa, CMellleHHs l1ara ny4yka U OT’KHra yCTPOHCTBA Ha OJHOPOJHOCTb OTKJHKA TOKa
Ha Kaprax. Kpome Toro, 6bl10 M3y4deHO BJIMSIHHE HANPSKEHHUs CMeIeHHs MOCTOSHHOTO TOKa, IO-
JISIDHOCTH CMeLIeHHs] W LIMPHHbl MMIY/bCa CMeIUeHHUs [IJIs1 ONpeleseHUsl ONTHMaJbHbIX YCIOBHH
IJISl CUHXPOTPOHHBIX M3MepeHMH. Taxkxke ObLIM HCCeOBaHbl TeOPETHUECKHE COOTHOLIEHHS MEXIY
ycpeHeHHbIM HOPMa/lU30BaHHEIM OTKJHMKOM M MPUJIOXKEHHBIM HaMpsiKeHHeM CMelleHHs NIPH CHHXPO-
TPOHHOM 00JIy4YeHHH.

PesynbTaThl MoKasasM, YTO MO CPAaBHEHHMIO C OTOXKEHHbIM 00pas3LOM CPefHHI HOpMaJ/H30BaH-
HBIH OTKJIMK JeTeKTOpa NOCTUI HACBILIEHUS MPHU 6osiee KOPOTKOH IJIUTEIbHOCTH HMIYyJbCa HAmpsi-
KeHHsi cMellleHHs. Tlo/IpHOCTb CMellleHHsl He OKasasa CYLIeCTBEHHOIO BJIMSHHS Ha YyBCTBHTeJb-
HOCTb YCTPOHCTBA, B OTJIMUHE OT OTOXKEHHOro 00paslia, KOTOPHIH NPOLEMOHCTPHUPOBAJ 3aMeTHble
u3MeHeHHsl B ofpasnax. HacblllleHHe UyBCTBHTE/BHOCTH B HEOTOXKEHHOM 00paslle HacTynaJo MpH
HanpsokeHud 200 B u menee. Tlocsie orxura HopMaju3oBaHHBIM OTKAUK Npu —20 B smHeliHO yBe-
JIMYMBAJICS C LIMPHHOH MMIyJ/bCa, B TO BpeMs Kak OTKJMK npu +20 B nemoHcTpHpoBan HeGoJbIIYIO
TEHJEHLHIO K HACBIIIEHHUIO, YTO YKa3blBaeT HAa TO, YTO MOJISIPHOCTb CMEIEeHHs BJHSET Ha UyBCTBH-
TeJbHOCTb. [loc/ie OTXKHra UyBCTBUTENBHOCTb YBEJMYH/IACh, BO3MOXKHO, M3-3a YCHUJIEHHUS (HOTONPO-
BOJMMOCTH B pesysbTaTe CeHCUOUIM3Hpyollero addekra. Bosee Toro, Ha UyBCTBUTEIBHOCTD BJHSJ
3HAK CMeILeHHs MOCTOSIHHOI'O TOKA, KOTOPBIH OTJIMYAJ/ICS OT OTKJMKA IO OTXKHUTa, rie HabJIofalnuCh
MHHHMAaJIbHble Pa3/UyMs MeXX1y BU3yaslu3alHsIMH NPH MOJOKUTENbHOM H OTPHULIATEeNbHOM CMellleHH-
Ax. B Toukax BOJIM3M NHMHMM a3oTa Hab./I0fanoch Goslee MelJeHHOe HapacTaHHe M 3aTyXaHHe TOKa,
BEpOSITHO, M3-32 HerTy0oKHX ypOBHeH JIOBYIlUeK, B TO BpeMsl KakK B 06/1aCTH MOAJIOKKH HabJiofasncs
6osee HU3KUH (hOTOTOK. [losipHOCTD CMelleHMs] MOBJMSAJIA HA aMILIMTYLY TOKa, BO3MOXKHO, M3-3a
3(ppeKTOB NOJSAPU3ALUH.

[Ipy cpaBHEHUH TeOpeTHYeCKHX M 3IKCIIePUMEHTAJbHBIX Pe3y/bTaToB A/s obpasua VS-Pt Teo-
peTHuecKHe 3HaueHHs] HeM3MEHHO OKa3blBaJHMChb HHKe KCNepHMeHTaslbHbIX AaHHbIX. CeHCHOUJIM3H-
pylomui adeKT MoxeT crnoco6CcTBOBaTh 6osiee CHUJBHOH, YeM OxHAasoch, peakuuu. Hakonew, no
Mepe yMeHbIIEHHs pasMepa My4yKa W/HJIM pa3Mepa ILIara YyBCTBUTEBHOCTb YCTPOHCTBA BO3pacTala.
DTo sIBJIEHUE, BEPOSTHO, CBA3aHO ¢ 3(P(heKTOM NpenobiayueHus (IpeBapUTe/bHbIM 00JyUeHHeM), IPH
KOTOPOM 06pasell HaKama1BaeT 60JbLIYIO 103y NpefBapHTeJ]bHOr0 06/1yUeHH s 10 Mepe YMeHbIIeHH s
pasmepa IyuKa WJIM Liara.

OTH HleHd MOTYT MOC/Y>KHTb PYKOBOACTBOM AJs pa3paGOTKHM AeTeKTOPOB C YJy4YlIeHHbIM Mpo-
CTPAHCTBEHHBIM pa3pellleHHeM, OBLICTPHIM BPeMeHeM OTKJIHKA U 3aBHCHMOCTBIO OT MOIIHOCTH J03bl,
KOTOphle UMEIOT pellarolllee 3HaueHHe 1JIs1 IPHUMeHeHHUs B JJ03MMeTPHH 1JIsl PeHTIeHOBCKOH pajhoTe-
panuu ¥ paguoOUOJIOTHH, a TaKXKe IPH MOHUTOPHUPOBAHUH NyUKa [ YCKOPUTeJeH U AJIs U3MepeHui
CHHXPOTPOHHOTIO U3Jy4eHHs!.
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