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Pa3paboTKa BbICOKOI((EKTUBHBIX PEHTIEHOBCKMX ETEKTOPOB C MAKPOHHBIM NPOCTPAHCTBEHHBIM Pa3peLLeHneM
ABNAETCS aKTyanbHOW 3agadeli, 0CO6eHHO B YC0BMAX OrPaHNYEHHOr0 4OCTYNa K MMMNOPTHLIM KOMMOHeHTaM. B pa-
60Te NpeLCcTaBneHbl pe3ynbTaTbl TECTUPOBAHWA U ONTUMU3ALMMN CUMHTUANATOPOB A5 UCMO/Mb30BaHNA B COCTaBe fe-
TeKTopa Ans 1abopatopHOro MUkpoTomorpaga ¢ CMOS-mMaTpurLei 1 onTryeckum ysenuyeHnem. Ocoboe BHUMaHWe
YIeNeHo CPaBHEHWIO XapaKTePUCTUK MOHOKPUCTAITMYECKUX CLIMHTUNNIATOPOB Ha ocHoBe YAG:(Ce, Th) ¢ komMepye-
CKV JOCTYMHbIMK 3KkpaHamu Tuna DRZ-High. MokasaHo, YTo faXe npu TOAWMHE 80 475 MKM CUMHTUNNIATOPbI Ha
ocHoBe YAG:(Ce,Tb) no3BonsOT perucTpupoBarh 06beKTbI C pasMepoM CTPYKTYP 0 6 MKM. [poBefieH aHanu3 hak-
TOPOB, BMSIOLLMX Ha BbIGOP CLUMHTUNNATOPA, BK/IKOYasA CBETOBO BbIX0Z, TOMLLMHY, CNEKTPasibHOe COOTBETCTBME HyB-
cTBuTeNnbHOCT CMOS-MaTpuLbl U Ka4ecTBO 06paboTku. MonyyeHHble pe3ynbTaTbl CO3AA0T NPeAMnOoChIIKY 415 pas-
paboTKM 0TEUEeCTBEHHbIX LETEKTOPOB C BbICOKUM pPaspeLleHneM 1 B TO Xe BPeMSs YKa3blBatoT Ha He06Xo4uMOCTb f0-
paboTKM TEXHONOMUW U3rOTOBNEHWS CLUUHTUNNATOPOB.

KntoyeBble cnosa: [ETEKTOP; CUMHTWANATOP; WTTPUA-a/IIOMUHMEBLIA rpaHaTt; mukpoTomorpadgus; CMOS-
matpuLa.
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Development of high-performance X-ray detectors with micron spatial resolution is an urgent task, especially in
conditions of limited access to imported components. In this work we tested a detector designed for high-resolution
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X-ray microtomography. The results of testing and optimization of scintillators for use in the detector for laboratory
microtomograph with CMOS-matrix having the format of 2064*1544 pixels with pixel size of 3.45*3.45 microns and
optical magnification of about 3 times are presented. As a result of selection and experimental testing of scintillators
the optimal material was chosen - YAG (yttrium-aluminum garnet) activated by cerium and terbium ions. Crystals for
scintillators were grown by Bagdasarov method. The conducted studies confirmed their suitability: an image with a
resolution of about six micrometers was obtained using optical magnification (for scintillators of different thicknesses
from 100 to 475 pm), which indicates the high efficiency of the proposed approach. Special attention is paid to the
comparison of the characteristics of single-crystal scintillators based on YAG:(Ce,Tb) with a commercially available
DRZ-High type screen made on the basis of gadollinium oxysulfide deposited on a polymer base and having a
phosphor thickness of 320 pm. The surface quality of DRZ-High was not good enough for high-resolution imaging
tasks. The surface analysis showed a pronounced roughness, reaching the visually distinguishable structure, which
leads to significant optical distortions and blurring of the image. However, even for the created scintillators based on
YAG:(Ce,Th) the problems related to the inhomogeneity of dopant distribution were revealed. This inhomogeneity is
manifested in the form of local zones of increased brightness, which can be caused by the concentration of luminescent
centers. An additional difficulty is introduced by poor surface quality. Elimination of these defects requires further
optimization of the grinding and polishing process. The obtained results demonstrate the potential for creation of
domestic detectors with high resolution and emphasize the need for further improvement of scintillator manufacturing
technology.

Keywords: detector; scintillator; yttrium-aluminum garnet; microtomography; CMOS-matrix.

BeegeHune cAenaH BbIBOJ, YTO MOHOKPUCTaN1 UTTPUIA-
Pa3paboTka BbICOKOpa3peLlallnx pPeHT- antomuHuesoro rparHata (YsAlsOz12), nermpo-
reHOBCKMX AETEKTOPOB - K/O4yeBas 3afjaya B BaHHbIV uepuem n Tepouem (YAG:(Ce,Th))
MUKpoTOMOrpaduu. Hanbonee WMPOKO npu- BeCbMa MEPCrNeKTUBEH [NS CO34aHWA [eTeK-
MEHAKTCA AeTeKTopbl Ha ocHoBe CMOS- nnu TOpa C BbICOKMM MPOCTPaHCTBEHHbLIM pa3pe-
CCD-matpuy, B COYETAHUN CO CLUUHTUNNATO- weHunem (puc. 1).
pamu, KOTopble MpeobpasyroT PeHTreHOBCKOe
N3NyyeHne B ONTMYecKoe. lcnonb3oBaHue
NPOEKLMOHHON ONTUKM MO3BOJMIAET NOJMyYaThb
n306pakeHne C BBLICOKMM MPOCTPAHCTBEH-
HbIM paspelleHvieM. KayecTBO MO/yYeHHOro
N300paXKeHNd CU/IbHO 3aBUCUT OT MNapameT-
POB CUMHTUAMALMOHHOIO MaTtepuana. Hacrto-
Awan paboTta Hanpas/ieHa Ha pa3paboTky Ap-
KUX N TOHKUX MOHOKPUCTANINYECKUX CLUH-
TUNNATOPOB, COBMeCTUMbIX ¢ CMOS-maTpu-
uamn, obecrneymBarOWmMx paspeweHne no-
pagka 1 MKM npu pasmepe nukcensa 3.45 MKm
N ONTUYECKOM YBeINYEeHWN OKoio 3. 3TO
BaXXHO KaK [/11 MOBbILWEHMNA KayecTsa juarHo-
CTUKW, TaK 1 ANd peannsaumy cTpaTtermy Tex-
HONOTMYECKOro MMMOPTO3aMeLLeHNA.

200 400 600 800 1000
JvaBsots| i
Puc. 1L CnekTtpbl U3My4YeHUs HEKOTOPbIX CLUUHTUANSA-

LMOHHbIX KpucTannos [1]. B ckobkax ykasaHO Bpems

Pe3ynbTaTbl U UX 06CYXAeHMe HaKOM/IeHs CUrHaNa CIeKTPOMETPOM

Hanbonee BaXXHbIMW CBOWCTBAMU CLIMH-
TUNNATOPa, NOAXOAALLero A1a 3KCrnepuMeH-
TOB C BbICOKMM paspeLleHneM, ABNSTCS CBe-
TOBOI BbIXOZ (SPKOCTb), TOMWMHA aKTUBHOIO
Cos, CMeKTpasibHbIA CcOCTaB JIIOMUHECLEH-
unn. Ha ocHoBaHuK nccnegoBaHuin [1] Hamm

Bbl6paHHbIN CUMHTUANATOP SBNSETCA O4-
HUM U3 caMbIX APKUX, a MaKCUMYM ero thyo-
PECLEHTHOro crnekTpa 6/1M30K K MakCUMyMy
CMeKTpanbHON 4yBCTBUTENbHOCTM CMOS-
MaTpuLLbl.
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Mommmo nogbopa NOAXOAALLEr0 CLUUHTUI-
nATopa OCTPO CTOMUT npobnema nony4veHus
rNafKoi, ONTUYECKN NONMPOBAHHOW NOBEPX-
HOCTU, NOCKO/IbKY MMEHHO KayeCcTBO MOBEPX-
HOCTW OnpefenseT NPOCTPAHCTBEHHOE pa3pe-
LLIEHVE N Ka4yeCTBO M3006paxKeHNUs.

B paHHOM paboTe TecTupoBanUCL Kpu-
CTanbl, BblpalleHHble MeTo40M bargacaposa
[2]. B n3roToBieHbl 06pasLbl CLUHTUANA-
TOPOB C AMamMeTpom 19 MM W TONLWMHOW OT
100 fo 475 MKM gnd nogbopa onTMMasibHOro
6anaHca MeXay UX CBeTOBbIXOLOM W paspe-
LeHVeM JeTeKTopa.

TecTupoBaHWe CUWHTUNNATOPOB B Kaue-
CTBE JIIOMWHECLLEHTHbIX 3KPaHOB MPOBOAMU-
NoCb Ha nabopaTOPHOM PEHTreHOBCKOM MMK-
potomorpage «TOMAC» [3] ¢ ncnosnb3oBa-
HMem paspaboTaHHOro [BYMEpPHOro [eTek-
Topa. VICTOYHMKOM  M3NyYeHUs  Clyxuna
peHTreHoBcKass Tpybka ¢ aHogom Mo
(Ka=17.5 k3B). Yckopstwouiee HanpsxeHue -
40 kB, ToK - 40 MA. OKCMNepuMeHTbl NpPoBO-
OVWNCb KakK C MCMOMb30BaHMEM TOPMO3HOTO
N3Ny4YyeHuns, Tak 1 C MOHOXPOMaToOpOM M3 Nu-
ponnTuyeckoro rpadurta. B kauvectee TecT-
00BLEKTOB  ObIIM UCMNOJIb30BaHbI  30/10Tble
CETKM C pasMepom MpoBOJIOKM 55 1 6 MKM.

Bblny nonyyeHbl n3obpaxkeHus (puc. 2) ce-
TOK C WCNO/Mb30BaHWEM CLUUHTUNNATOPOB
YAG:(Ce,Tb) TonwmHoin 100 n 475 MKM.

B o6oux cnyyasx - Kak npv Mcnosib3oBa-
HMW TOHKOro cumHTunnatopa (100 Mkm), Tak
n Tonctoro (475 MKM) - yaanocb BU3yanuaun-
poBaTb CTPYKTYPY 30/10TOM CETKM C NEPUOSOM
6 MKM Ha peHTreHOBCKOM n3obpaxeHun, bna-
rogapsi UCnosib3oBaHM 06bEKTMBA C YBeNn-
YEHMEM.

Takum 06pa3oM, HECMOTPS Ha yBen4veHue
pasMbITUS C POCTOM TONWMHbI CUMHTWUANS-
TOpa, B YC/NOBUSAX NMPUMEHEHUS 06BLEKTMBA C
TPEXKPaTHbIM YBE/IMYEHNEM AaXe CLUHTUA-
NATOP TONUWMHOM 475 MKM MNO3BOMNA BU3ya-
NM3NpoBaTb AeTann pasMepom A0 6 MKM.
CpaBHUTE/NbHbIN aHanu3 TakXe MoKa3blBaerT,
4yTo 60Nee TONCTbIA CUMHTUANATOP ob6nagaet
60/NblLIeil CBETOBOW OTAayeld, YTo MO3BOAUIO

nofly4ynTb n3obpaxeHue 55 MKM CETKU B MO-
HOXPOMATMYECKOM MyYKe 3a pa3ymMHOe Bpems
akcnosmuuu.

Puc. 2. M306pakeHne CETKM C pa3sMepoM MPOBOSIOKM 6
MKM B PEHTTEHOBCKOM W3/yYeHUN C MaKCUMasbHbIM
yBenunyeHvem, akcnosuuma 60 c. 306paxeHus nony-
yeHbl ¢ nomoLbto YAG:(Ce,Th) TonwmHoi 100 MKm B
«Benom» nyyke

B paboTe 6bI/10 NpoOBELEHO CPaBHEHME MO-
NYYEHHbIX N306PaXXEeHNIA 30/10TbIX CETOK C UC-
nons3oaHnem YAG:(Ce,Th) n cepwnitHoro
CUMHTUANAUMOHHOIO 3KpaHa cepunm DRZ-
High nponssogctea komnaHum MCI Optonix,
LLC. Moka3aHo, 4YTO nNpWv WCNO/Ib30BaHUM
DRZ-High n3obpaxeHune TecT-06beKTa OKa-
3a/10Cb HepasIMYMMbIM, YTO 0BYC/0B/IEHO 3a-
METHOM  LIepoXOBaTOCTbD  MOBEPXHOCTM
CUUHTUNNATOPHON NAEHKW W NOr/oLeHnem
N3Ny4yeHUs B ee MNOAJIOXKKe. B otnmume ot
Hero, YAG:(Ce, Th), HeCMOTpS Ha OTAeNbHble
feheKTbl, NO3BOMNA MONYYUTb YeTKOe N306-
pakeHWe CTPYKTYpbl C Lwwarom 6 MKM. 3TO
noATBepXaeT MNPeMMyLLecTBO MOHOKpU-
CTaNnoB B 3ajayax BbICOKOpa3peluatoLLei
PEHTreHOBCKOM BU3yanun3auuu.

3ak/oyeHue

lMpoBefeHHOe wuccnefoBaHWe MO3BOJINIO
onpeAenuTb ONTUMANIbHbIA TUN CUUHTUNNSA-
TOopa [4ns 3ajady BblCOKOpaspellalLwen Muk-
poToMorpauun 1 NOATBEPAUTL ero athdek-
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TUBHOCTb B YC/I0BMAX 1a6OpaTOPHOro aKcne-
puMeHTa. [ofyyeHHble AaHHble YKa3blBalOT
Ha noTeHyman MOHOKPUCTAaN0oB
YAG:(Ce,Tb) npu cOOTBETCTBYIOLLEM MOA-
6ope TONWMHBI. BbiBNeHHbIe OrpaHnYeHuns,
CBfA3aHHble C HEOAHOPOLHOCTbIO Nernposa-
HMA N KayecTBOM 06pabOTKM MOBEPXHOCTH,
OnpefenstoT HanpaBneHUs fanbHenlwen [o-
paboTKy TEXHONOTUN.

PaboTa npoBefieHa B paMKax BbINONHEHNA
rocyiapCTBEHHOro 3afaHusa HauuvoHanbHOro
nccnefoBaTeIbCKOro LeHTpa «KypyaTtoBcKuii
NHCTUTYT».
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