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B cTaTbe NpeAcTaBieH HOBbIN KpeMHUeBbI GOTOyMHOXUTENb (SiDDY), KOHCTpYKLUMSA
KOTOpOro pAonojsiHeHa p[06aBOYHbIM  6bICTPOAEMACTBYIOWMUM  BbIXOAOM. ITOT
CUrHaNbHbIN BbixoA 06nafaeT cBepX6bICTPbIM GOTOINEKTPOHHbIM OTKANKOM (~2 HC
FWHM). Takon AeTeKkTOp JIerKko UHTerpupyeTcs B yXe CylecTBylowwue npuéopsbl,
6naropgaps BO3MOXHOCTU UCMOJIb30BaHMSA B KavyecTBe TpaAULMOHHOro SiddY (Toraa
CUrHanA CHUMaeTCs CO CTaHAAPTHOro AaHOAHOrO BbiXx0OAa), U B HOBble YCTPOMCTBA,
roe TpebyeTrcs [AONONHUTENbHbIA 6bICTPOAENCTBYIOWUIA CUTHAJIbHBIN  BbIXOA,
PesynbTtaT — BpemMs HapacCTaHUs CUrHazna npu MCNOJsIb30BaHUUN CUUHTUANATOpA
LYSO (oprocunukar nwTeums U wuTTpua) BMecTe ¢ SiddY, o6nagarowmm
6bICTPOAENCTBYIOWMUM BbIXOAOM, cCoOCTaBnsger 2 HC (cpaBHUMTEe C TUNOBbIM
3HayeHueMm B 20-40 HC ANs CUrHasa, CHUMaemMoro € aHoaHoro Bbixoga SidIY).
DTO NO3BONSET YAY4YLWMUTb MPOU3BOAUTENIbHOCTb SiPDY cepum MicroFM ¢ To4kwm
3peHuns paspeluarollero BpeMeHn cxembl coenageHuii (Coincidence Resolved Time -
CRT) KpeMHueBbiXx ¢oTOyMHOXUTenen ¢ 300 go 250 nc. bonee Toro, B CpaBHEHUMU
CO 3HayeHueMm, noJjiy4aemMbliM MpPU UCMNONIb30BaHMMU CUTHasNA C AaHOAHOro BbiXopaa
Si®DY, wucnonb3oBaHue 6bICTPOAENCTBYIOWEr0O BbIXOAA MO3BOJISIET PpacCWMpUTb
AManasoH OCHOBHbIX MOPOroBbiX 3Ha4YeHUW 6e3 3HauuTenbHoro yxyaweHus CRT.
MpounntocTpupoBaHa Bbicokasa 3¢p¢eKTUBHOCTb O6HapyXeHusa ¢oToHoB (Photon
Detection Efficiency — PDE). Matepuan 6bin npeacrtaBieH Ha MexXpayHapoaHOM
ceMuHape, NOCBSIWEHHOM HOBbIM (POTOHHbLIM ¢poTonpuemHukam, B JlabopaTtopum
JNINHeNHbIX yckopuTenen, Opcn, dpaHums 13-15 noHsa 2012 ropa.

BBEAEHWE

KpemHHeBble PoToyMHOXUTenu (Si®3Y) - doTo-
IIPHeMHHUKH, Haubojiee IIpeNIIOUTHTENbHBIE IJIs
pelleHMs IPHUKJIALHBIX 3a7ad, MIpPelbSIBISIOMINX

* TlepeBom mnpegmocTaBieH 3A0 "HTK "A3MMYT ®OTOHMKC',

www.azimp.ru.
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IOBBIIIeHHble TpebOBaHHS K BpPeMeHHBIM Ilapa-
MeTpaM [eTeKTOPOB ([MO3UTPOHHO-3MHUCCHOHHAas
tomorpadus (II9T) [1], obHapy>ReHHe PaLHOAKTHB-
HBIX W B3PBIBUATHIX BeIeCTB, jJa3epHOe 30HJHPO-
BaHMe C romolnbio JIMJJAP-TeXxHOJIOTHUH). JTOMY
CrIoco6CTBYIOT (B CPaBHEHHH C TPaAHUIMOHHBIMU
$0TO03/1eKTPOHHBIMU  yMHOXHUTenssMu (PIY))



HHU3Kasl CTOMMOCTb Si®DY U MOCTOSIHHOe YIyd-
neHHe MX mapaMeTpoB. OJHaKO HMMeeTCs OJHa
TPYAHOCTh B OTHOLIEHHH Si®3Y - Heob6XOLHUMOCTh
yIydlleHUsI BPeMEeHHBIX XapaKTepUCTUK. B To
BpeMsi KakK 3QPeKTHUBHOCTb obHapyKeHHUS $oOTO-
HOB SIBJISIETCSL KJIIOUYEBBIM IIapaMeTPOM B yCOBep-
IIeHCTBOBAHUM BpPeMEHHBIX IIapaMeTpoB Sid3JY,
OpPyron Ba’KHBIM QaKTOp - BpeMs HapaCTaHHS
CUTHAJIOB C OTHEJIbHBIX MHKPOSYEEeK M BO3MOX-
HOCTb OTMETHTb BpeMs IIPHUX0[a CAMOIO IIepPBOIO
$0TO3/IeKTPOHA B CLHHHTH/IISLMOHHOM BCIIBIIIKE
[2]. [ericTBeHHBIN CII0COD yayUllleHHs BpeMeHHBbIX
rnapamMerpoB QOTONPHUEMHHKOB - BO3MOXHOCTH
cOenaTh HepefHHUN (POHT CHUIHajla KaK MOXKHO
6omee KpyTHIM. B 3TOM cTaThe 06PaTUM BHHMaHHUe
Ha TO, 4To 61aromaps MCIIONIB30BAHHUIO IIpejia-
raemMoro MeToJa MOXXKHO 3HAYMTe/IbHO YIYy4IIMThb
BpeMeHHbIe XapaKTepUCTUKH KPeMHHEeBBIX $HOTO-
YMHOXHTeNIeld B LIMPOKOM [JHalla30He IOPOTOBBHIX
3HaueHUU BPeMeHHBIX OTMETOK.

CTPYKTYPA HOBOIO Si®3Y

TpaguuMOoHHAss CTPYKTypa Si®2Y cocToUT
M3 Ilapa/i/Ie/IbHBIX MAaCCHBOB JIABUHHBIX $OTO-
LHUOMOB, Ka’kABIM M3 KOTOPBIX IOCJIe[0BaTelbHO
coefuHeH C TacsSmUM pe3nctopoMm (puc.la).
B TakoH CTPYKType Iofada HaIpSKeHHUS CMelle-
HHS W CUYMTBIBAHHE CHIHaja OCYLIeCTBJISIOTCSI
Ha OSHOM H TOM >Ke 3JIeKTpohe - aHole. Baop

CurHan ctaHgapTHoro Bbixoga (50 Om)
— CurHan 6bicTpoAencTaytoLlero Bbixoaa (50 Om)
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Puc.1. Cmpykmypa Si®3Y: a) mpaduuuoHHas; 6) ¢ 6bicmpodeli-
CMBYWUM 8bIX000M

IOOIIOJTHUTEJBHOIO 3IeKTpPola B KaXAylo Iapy
JTABUHHBIN QOTOLHUO ~ TACSIILIUN Pe3UCTOP Co3/aeT
CHUTHAJIBHYIO JIMHUIO CIIeIMa/IbHOIO Ha3Ha4deHHS,
10 KOTOPOU IepenarpTcs 6onee pe3kre BpeMeHHEBIE

CuWrHan ctaHaapTHoOro Bbixoda (14x0,5 Om)
— CurHan 6bICTpoAencTByoLero Bbixoda (14x0,5 Om)
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Puc.2. OmkauKu 8 popme 3neKmpu4eckozo umnyabca: a) ¢ Sid3Y cepuli MicroFM u MicroSM npu ucnoAb308aHuUL UMNYAbCHO20
Aazepa; 6) ¢ Si®IY npu pabome co CUUHMUAASIULUOHHBIM Kpucmaniom LYSO
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HMIIY/IbChl, YeM TPaJAHULIMOHHBIN Pa3psil, BO3HH-
Kapomuu B Si®IY, KOTOPHIM IO CBOEHM IpHpoOje
orpaHu4YeH 6O0JBIION BBIXOZHOM €MKOCTBIO KaxK-
JIOro JaBUHHOTO doTomuoma [3].

M3MEPEHUA
Bce u3MepeHHs MPOBOJMIHCh IPHU HCIIOIb30Ba-
HUK SiPIY cepun MicroFM ¢ aKTHBHOHM 006/aCThIO

900

800

~

o

o
T

[N

o

o
T

Ul

o

o
T

<— FWHM =226 nc

YMCI0 UMMYNLCOB
N
1)
o
T

W

o

o
T

N

o

o
T

100 |

-34 -32 -3 -28 -26 -24 -1,8

Bpems, HC

2,2 -2 -1.6

a)

500

®29,5B
°32B A
33.5B ’/

PaspeluatoLee BpeMs CXeMbl COBMAAEHMI, NC

450 |

400

350 |

300 F Mg f/““-_.v’

A

250

200 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
34 5 6 7 8 9 1011 12 13 14 15 16

MoporoBoe HanpskeHue, GOTO3NEKTPOHbI

B)

CECEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e
ONTO3/TEKTPOHHbIE MPUBOPDI
CECEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e

3x3 MM? C pa3MepoM MUKPOSUEHKH 35 MKM. Kask bk
Si®3Y coCcTOUT U3 Iapasjie/ibHO COeTUHEeHHBIX 4774
MHKpOSUeeK.

dopmMa curHana

Ha puc.2 nokasaHa ¢popma CHrHana 6bICTPOAEHCTBY-
folero Bbixoma Si®3Y 110 CPaBHEHHIO C CHIHaJIOM
CO CTAaHZAPTHOIO AaHOAHOIO BhIXOAA. OTKJIIMK Ha
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r)

Puc.3. Paspewatouiee spems cxembl cosnaderuti (CRT) Si®3Y: a) ucnoAb3yrouiezo 8bixodHble cuzHaAbl; 6) 3agucumocms CRT om u3me-
HeHUSs N0P0208020 HANPSKeHUS 8 CpdsHeHUU ¢ Guicmpodelicmayrowum (CuHUL) U cmaHdapmHbim (3eneHbill) 8bixodom (CKoppekmu-
pOoBaHHbIe daHHble yx0da NOKA3AHUL MOMEHMO8 8pemMeHU ommedeHbl Kpecmukamu); 8) usmeHeHue CRT ¢ NpUAoXKeHHbIM HanpsixKe-
HUeM cmelieHus (ONmMuManbHoe HanpsXkeHue CMeLLeHUs Ha 4,5 B 8bilie HanpsikeHust npo6os 27,5 B); 2) uameHeHue CRT npu pasHbix

memnepamypax
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Puc.4. DHepzemuyeckoe paspetueHue (cnekmpanbHblll nuK no AuHuu 511 k3B): a) 04 cmaHdapmHozo 8bix0da; 6) das 6bicmpodelicmeay-

HoLW,e20 8bIX00a

KOPOTKHe JIa3epHble MMITY/IbChl (JIa3epHBIM HU3JIyda-
tenb Photek LPG-405 [4]), mpencTaBlIeHHBII Ha PHUC.2a,
[IOKAa3bIBaeT, YTO OBICTPOMEMCTBYIOIIME BBIXOA CIIO-
cobeH BbIaBaTh MMIIYJIbCBl C OUeHb KOPOTKUM Bpe-
MeHeM HapacTaHus (<1 HC) ¥ O4eHb MaJIoH U PUHOHN
(2 HC). [lpenMyIIecTBA JaHHOM GOPMBI CUTHasa AJIs
HCIIONb30BaHM S BO BpeM N poseTHOH 19T moKka3aHBI
Ha puc.26: NpeAcTaBIeHbl CHUTHAJIBI, IOTyYeHHBIe
¢ BBICTPOZENCTBYIOMIEr0 BBIXOAA U CO CTAHIAPTHOIO
BbIXOma Sid3Y Opu pa60Te CO CLIMHTHUJIISILIUOHHBIM
KpucTa/uioM LYSO pasmepom 3x3x15 mm3. CurHar,
IIOJIyd4eHHBIH C OBICTPOJEHCTBYIONEro BBIXOJA,
MMeeT HaMHoro 6osmee pe3kHil GPOHT HMITyIbCA
(10%-90%, Bpemsi HapacTaHUs 1,5 HC), UeM CHUTHaJI
CO CTaHJapTHOro BeIxoma (10%-90%, BpeMs HapacTa-
HUs 46 HC).

Pa3peu.|a|ou.|,ee BpeMs CXeMbl COBI'IaD,EHVIﬁ

Paspemarmniee BpeMs CXeMBbl COBIAaJeHHUU
(Coincidence Resolved Time - CRT) 6nli0 U3Me-
peHOo 10 M3JIy4YeHMI0 JHHHUM 511 K3B HCTOYHHKA
22Na M CUMHTHJ/UISIHOHHOIO KpucTamia LYSO
pasMmepoMm 3x3x15 mm3. F3MepeHUsI IPOBOSUIUCH
C IIOMOIbIO 12-6BUTHOrO aHasoro-uu$poBoro Impe-
obpasoBaTtenss ¢ yacToToyl mpeobpaszoBaHus 3,2
GS/s [5]. Onsg monydeHHUs BpPeMeHHBIX OTMETOK

KUCIIO/NIb30BA/JIM TPHUITeph IepenHero ¢GpoHTaA.
®UIbTpalMs SHEPIrUH OCYLIeCTBIIS/IACh JJIs BCEIO
Habopa MaHHBIX, IIOJy4YeHHBIX Bo3Jie GOTOHHOIO
IIHUKa Mo TUHUU 511 K>B B guamas3oHe oT 461 k3B
Oo 561 k3B.

BpeMeHHBble IapaMeTpbl CHIHala C OBICTpO-
NeHCTBYIOIIero BBIXOJAA IIPeACTaBAeHBl Ha pHC.3.
Ha puc.3a mokasaHo, Kak KpuBass CRT mocturaert
3HavyeHUs B 226 1nic (FWHM) npu onTHMa/IbHOM 3Ha-
YeHUU HaNpsKeHUs CMeIleHMs, [peBhlIlalolneM
HampsikeHHe mpobost Ha 4,5 B. [lns cpaBHeHUs1 CRT
OBICTPOJEMCTBYIONIET0 BBIXOJA K CTaHAAPTHOTO
BbIxozma SidDY (pmc.36) OHU Ipe[CTaBIeHBl B BUJE
GYHKIUMOHANBHBIX 3aBUCHMOCTEN OT IIOPOrOBOrO
HaIIpSKeHU S, IIPeBHIIIAKINEr0 Ha 2 B HanpsskeHUe
npo6osi. CTOUT OTMETUTh, YTO OBICTPOENCTBY IO K
BBIXOJ| IIOKa3bIBaeT HEe3HAYMTE/JbHYI0 3aBHCHMOCTD
OT IIOPOTOBOr0 3HAYeHHUS B CPABHEHHUH CO CTAHIAPT-
HBIM BBIXOZIOM, IIOBBHIIASCh 0T 300 1ic (IIpu moporo-
BOM 3HaueHHUH B 5 MB) moutu mo 500 mc (mpu mopo-
roBoM 3HaueHUHU B 100 MB). B TakoMm ke guaIlasoHe
noporossix 3HaueHUHN CRT KpeMHHeBOro ¢oTOyMHO-
SKUTeNsl cepud MicroSM yBenuuuBaeTcs ¢ 350 IIHKO-
cekyHT mo 1,35 Hc.

Ha puc.3B mokasaHa 3aBucuMocTb CRT 6nIcTpo-
NeHCTBYIOIero BBIXOAA OT IOPOrOBOTO 3HAa4YeHHS,
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Puc.5. Viccnedosarue nopozo8bix 3HaqeHull: a) 6picmpodelicmeytoulie 8biX0dbl 0MUYemAUB0 8bideAsom meMHOo8ble 0OUHOYHbIE GOMO-
3NeKMpOHbI; 6) CKAHOZPAMMA aMNAUMYObl NOP0208020 3HAYEHUS (3amemeH MeHbLUl 3dexm nepekpecmHbiX Nomex Mmexady MUKpo-
a4elikamu npu UCNoAb308aHUL 6bicmpodelicmaytoLezo 8bixodd N0 CPABHEHUIKD CO CMAHAAPMHBIM 8bIX00M)

(BBIPa’KeHHOTO B uHcCJe (GOTOIeKTPOHOB) /s
Tpex Pa3/JIMYHBIX 3HAaYeHHUM IIepeHalpsDKeHU: 2;
4,51 6 B (CooTBeTCTBEHHO abCOJIOTHEIE 3HAYECHU I
HaIIPSIKeHHUSI COCTABIAIOT 29,5; 31 u 33,5 B). Takum
06pa3oM, ONTHMAIbHBIM 3HaYeHHEM IIepeHaIps-
skeHUs A1 CRT HIpU HCIOJB30BAaHUU OBICTpOAer-
CTBYIOIIEI0 BhIXOAA CTajla Benlu4yuHa 4,5 B. 3710
MOKeT OBITh CBSI3aHO C IIOBBIIIEHHOMN 3pPeKTHUBHO-
cThi0 obHapyxkeHus ¢otoHa (PDE), BO3HHKAIOIIEH
B clyd4ae, Korma 6osee BBICOKHe ITOMeXH Ipeobia-
JaIOT HaJ U3MeHYHBOCTBIO CUTHAJIA, YTO IIPUBOJUT
Kk yxynmeHnuoo CRT.

Ha pwuc.3r nokasaHa 3aBHCMMOCTh CRT OT 1moporo-
BOTr0 3Ha4YeHM (BBIpa’KeHHOI'0 B YHcyIe GOTO31eKTPo-
HOB) IIPM Pa3JIMYHBIX KOMHATHBIX TeMIlepaTypax.
IloguepkHeM, YTO He CYLIeCTBYeT HMHTepPIpeTHpye-
MOHM CTAaTHUCTUKHU uU3MeHeHHMN CRT B gHaIma3oHe TeM-
nepatyp ot 15 1o 30°C.

DHepreTuyeckoe paspeLueHue

DHepreTuveckoe paspelleHHe MOXKeT OBITH ompee-
JIeHO KaK C ITOMOIIBI0 CTAHJAPTHOTO, TaK U OBICTPO-
IeHcTByolIero Beixoga (puc.4). Jiust Si®3Y ¢ akTuB-
HOHM 06J1aCThIO 3X3 MM C pasMepoM MHUKPOSUYEHKH
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35 MKM U IIpH II€peHAIIPSKeHHH B 2 B cpefHee 3Ha-
YeHMHe 3HepreTHYecKOoro paspellleHHs II0 JIMHHH 511
K3B, (MCIIONB30BaH HCTOYHHUK ’Na M CIUHTHIUISTOP
LYSO pa3mepom 3x3x15 MM), cOCTaBisieT 13% ais CTaH-
OApPTHOTO BBIXOAA U 14% 115 6BICTPOAEHCTBYIOLIETO
BBIXOZA.

EAVMHNYHBIA POTOINEKTPOHHbIN OTK/IMK
N CKaHOrpamMmmMma noporosoro sHa4yeHus
HMIynsCel 6LICTponel?ICTByxomero BbIxoma SiPIY
OOCTAaTOYHO KOPOTKH [JISI TOTO, YTOOBI BBIETHUTH
TeMHOBBle HMIIYJIbCEl HA YPOBHe myMa. 14 3TOro
HaJ0 KCIIOJb30BAaTh CLIUHTHJIISLMOHHBIN CIIEKTP
(puc.5a). OTKJIOHEHHS aMIUIMTYAb OT CpefHeH
BeJIMYMHBl CUTHa/la B TeMHOBOM (He CLIUHTHILIS-
IIMOHHOM) YaCTH OTKJHKa OBIIM HCIIONTB30BaHBEI
g mojiydeHus pesynbratoB CRT, mpepcrasiieH-
HBIX BBIIIE Ha pucC.3. McI1o/ib3ys 3Ty HHGOpMALIKIO,
MOKHO CTaHIApTH3HPOBAaTh [IOPOTOBbIe 3HAYEHHU S
HaIIPS’KeHUS 10 OTHOLIEHHIO K GOTO3/7eKTPOHaM,
KaK II0Ka3aHO Ha PUC.3B U PHC.3T.

CKaHOrpaMMa aMIUIMTYOBl IIOPOTOBOTO 3Ha-
yeHHUs (puc.56) MoKasbIiBaeT yMeHbIIeHHe IIepe-
KPeCTHBIX IIOMeX MeXIy MHKpPOSs4delKaMH IpHU



HCIIONIb30BAHU U OBICTPONEHCTBYIOIEro BeIXoa (110
CPaBHEHHIO CO CTAHAAPTHBIM BBIX0J0M). Bo3MOKHO,
3TO MposiBiseTcs b6iaromapsi ciocobHOCTH KpaTKo-
BPeMeHHOI0 CHIHaja pPe3K0 pa3auyaTh SBJIeHHUSA
IepekpecTHHIX IIOMeX, BO3HHMKAWIIHUX B Ipefe-
Nnax AJIHUTEeNbHOCTH UMIIynbca (~2 HC) TaKUM obpa-
30M, UYTO MOXeT BO3HHUKHYTb HaJOKeHHEe UMIIY/Ib-
coB. CyemoBaTe/lIbHO, IlepeKpeCcTHHEIe IIOMeXH IIPHU
HCIIONIB30BAHUHU OBICTPOJEHCTBYIONETO BBIXOZA
CHUKeHBI 10 8,5% OT CTaHAAPTHOIO YPOBHS Iepe-
KpeCcTHBIX IIoMeX B 20%.

BbicOKOYaCTOTHas XxapakTepucTuka
BeIXOmHAsI e MKOCTh U COIIPOTHBJIEHHE OBICTpOfeH-
CTBYIOIIEr0 BHIXOJa Sid3Y H3MepeHBl C IIOMOIIBIO
BeKTOPHOTO aHanu3artopa LemeHn (puc.6a u 66).
BbIxofHasT eMKOCTb M COIPOTUBIEHUE OBICTpO-
OeHCTBYIOLIEro BBIXOAA OCTAIOTCS HeHM3MeHHBIMU
B IIMPOKOM II0JIOCE YaCTOT, HO M3-3a PE30HAHCOB,
BO3HHKAWIIUX II0 IIPUYHHE IIaPa3sUTHBIX eMKO-
CTell U UHAYKTUBHOCTElM, HAaUUHAIOT U3MeHAThCS
nocie 3 MI1. IlpencTaBieHHas Spice-Mofenb
(prc.6B) TOUHO OTpa’kaeT BbICOKOYACTOTHYIO Xapak-
TePUCTHUKY OBICTpOIeNCTByMOLero Beixoga SidIY
B IIMPOKOM JHaIla30He 4acToT 40 700 MI.

TakuM o6pa3om, NpeliokKeHHBIH KOMIIAHHEH
SensL OBICTPOAEMCTBYIOLIMK BBIXOA B KpeMHHe-
BBIX QOTOYyMHOXHUTeNSIX cepuud MicroFM mo3Bo-
AU YAYYIIUTh BPeMeHHBble XapaKTepUCTHKH
Si®3Y B mpepenax MIKMPOKOro AHalla3oHa IIOPO-
TFOBBIX 3HaueHHH. Kpome TOro, OBICTPOIEMCTBY-
IOIIM BBIXOJ, MMeeT HM3KYyI BBIXOJHYIO eMKOCTb,
YTO AelaeT ero COBMECTHMMBIM C IIporeccom obpa-
OOTKM BBICOKOYACTOTHBIX CHIHAJIOB. JTO IIepBast
DeMOHCTPALUs TOTO, YTO CIIOCOOHOCTH OOHAPYKU-
BaTb II€PBBIN CLUHTH/UISLIMOHHBIN GOTOH C IIOMO-
LI bIO 6bICTpO,E[ef;ICTBYIOH_IEI‘O BhIXoma Si®P3Y MmoskeT
IMpHBEeCTH K 3HAYHTe/NbHOMY yaydimeHuio CRT.
IOanbpHeliee IOBhIIIeHHe 3PpOeKTHUBHOCTU OOHA-
PY’KeHHSI GOTOHOB B COYeTAHUH C ONTHMHU3ALIHEH
CTPYKTYphl Si®IY c 6BICTPOLEMCTBYIOLIUM BBIXO-
JOM [OJI)XHO II03BOJIUTh KPeMHHEBBIM (GOTOYyM-
HOXUTENASIM OOCTHUYb MaKCHMMaJIbHO BO3MOKHBIX
IapaMeTpoB.
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SENSL NEW FAST TIMING

SILICON PHOTOMULTIPLIER

Kevin O "Neill, SensL Technologies Limited, Cork, Ireland, koneill@sensl.com;
Nikolai Pavlov SensL Technologies Limited, Cork, Ireland, npavlov@sensl.com;
Sergei Dolinsky, GE global research Niskayuna, NY, USA,dolinsky@research.ge.com;
Carl Jackson SensL Technologies Limited, Cork, Ireland, cjackson@sensl.com

In this paper we report on a new silicon photomultiplier (SPM) architecture with additional signal output. This
additional output has very fast single photo electron response (~2 ns FWTM). This new device can be easily
integrated into legacy systems by providing the ability to operate as a normal SPM with Anode readout or in new
designs with an additional fast output. As result the rise time of timing signal for LYSO scintillator coupled to
this new fast SPM is about 2ns, compared with typical 20-40ns for SPM’s anode signal. This enables coincidence-
timing performance improvements for SPM devices, from 300 ps (Coincidence Resolved Time — CRT — FWHM)
to better than 250ps (CRT FWHM) coincidence timing resolution for SM series devices. Furthermore, use of the
fast terminal allows for a wide range of leading thresholds without large degradation of CRT as compared with
standard terminal. In this paper we will demonstrate that providing ability to detect first photon events provides
significantly better CRT, comparable to large PDE improvement.(International Workshop on New Photon-

detectors, LAL Orsay, France,June 13-15, 2012)

INTRODUCTION

Silicon Photomultipliers (SPMs) are a favourite candidate
for timing applications such as PET [1], Hazard and Threat
detection or LiDAR because of their low cost and continually
improving performance compared with Photomultiplier Tubes
(PMTs). One of the major challenges in SPM is improving
high performance timing performance. While photon
detection efficiency is a key parameter in improving the
timing performance of SPMs, another key ingredient is the
rise time of the signals from the individual microcells and
the ability to timestamp at the earliest photoelectron signal
in the scintillation burst [2]. An effective way to improve
timing in devices is to make the leading edge of the signal
as steep as possible. In this paper we show that, using this
route, a significant improvement in timing performance can
be achieved over a wide range of time-stamp thresholds.

NEW SPM ARCHITECTURE

The traditional SPM consists of a parallel array of avalanche
photodiodes each in series with a quench resistor, as shown in
Figure 1(a). In this configuration both bias and readout must
occur on the same electrode. The introduction of a derivatively
coupled electrode to each APD-resistor pair creates single-
purpose signal line which delivers steeper rise-time pulses
than the traditional SPM discharge which is inherently
limited by the large output capacitance of each APD [3].

MEASUREMENTS

All measurements were made using 3mm SPM devices with
35um width microcells. Each SPM consists of 4774 microcells
in parallel.

Signal Shape

The signal shape properties of the fast signal terminal
compared with the standard terminal response are shown
in Figure 2. The response to a fast pulsed laser signal (Photek
LPG-405 [4]) in Figure 2(a) show that the signal terminal
is capable of very fast rise time (<lns) and very short pulse
widths (2ns). The benefit of this to timing applications such
as TOF-PET are demonstrated in Figure 2(b), in which the
electrical response to a scintillation event in 3x3x15mm3
LYSO crystal of a fast signal terminal is compared to the
standard terminal response. The fast terminal demonstrates
much steeper rising edge (10%-90% rise time 1,5ns) than the
standard terminal(10%-90% rise time 46ns).

Coincidence Timing Resolution

Coincidence resolving time (CRT) was measured in a side-by-
side configuration using the 511keV emission of a 22Na source
and a 3x3x15mm3 LYSO crystals. Measurements were made
using a 12bit 3,2GS/s digitizer [5]. Leading edge triggers were
used to validate and timestamp the traces. Energy filtering
was performed on all data around the 511keV photon peak,
from 461keV to 561keV.

The timing characteristics of the fast terminal are
shown in Figure 3(a) - (d). Figure 3(a)shows the CRT at the
optimum bias setting of 4,5V over break-down, achieving
aFWHM folded CRT of 226ps.Figure 3(b) compares the fast
terminal and standard terminal CRT obtained as afunction
of threshold voltage, at 2V over breakdown. We note that the
fast terminal shows a shallow dependence on the threshold
compared to the standard terminal, rising from 300ps at
5mV threshold to approximately 500ps at 100mV threshold.
Over the same threshold range, the S series CRT rises
from 350ps to 1,35ns. Figure 3(c) shows the fast terminal
CRT dependence on threshold, expressed as photoelectron
amplitude, for three different over-bias conditions: 2V,
4,5V and 6V (corresponding to absolute voltages 29,5V; 31V
and 33,5V). Here we observe that the optimum over-bias
condition for CRT using the fast terminal is 4,5V. This may
be due to increased PDE available while at higher voltage
noise dominates the variability of the signal, resulting in
deteriorated CRT. Figure 3(d) show the CRT dependence on
threshold, expressed in terms ofphotoelectron amplitude, for
a variety of temperatures around room temperature. We note
that there is no statistically meaningful variation of the CRT
in the temperature range 15°C-30°C.

Energy Resolution

Enegy resolution can be determined from either standard or
fast terminal. For 3mm detectros with 35pm width microcells
and at 2V over-bias, the average energy resolution of the 511keV
peak using a 22Na source and a LYSO crystal with dimensions
1s 13% using the standard terminal, and 14% using the fast
terminal. When determining the charge integral from the
fast mode traces, only the positive part of the trace over the
baseline is taken into account

Single Photoelectron Peak and Threshold Scan

The fast signal terminal pulses are sufficiently short so
that dark pulses can be resolved from the noise pedestal.
This is performed during scintillator signal capture. This
is demonstrated in Figure 5(a), where amplitude deviation
from the median signal in dark (non-scintillating) part of
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the traces used to construct the CRT results of section 3,2 is
shown. Using this information, it is possible to normalize the
voltage thresholds in terms of photoelectrons, as in Figure 3(c)
and Figure 3(d).

The thresold amplitude scan shown in Figure 5(b)
demonstrates reduced cross-talk of the fast terminal
compared with in standard mode. This is thought to be due to
the fast signal’s ability to aggresively discriminate between
cross-talk events that occur within a pulse-width (-2ns) so
that pile-up may occur. Thus the fast terminal cross-talk is
reduced to 8,5% trom the standard mode cross-talk of 20%.

High Frequency Response

Figure 6(a) and (b) shows the Vector Network Analyzer (VNA)
output of a fast terminal device. The output capacitance and
resistance of the fast terminal is flat over a wide frequency
range, becoming distorted at over 3MHz due to resonances due
to parasitic capacitances and inductances. Figure 6(c) shows
a spice circuit that accurately models the high frequency
response of the fast terminal over wide frequency range up to
700MHz.

SUMMARY AND CONCLUSIONS

We have introduces a new fast terminal readout which
improves the timing performance of SPMs over a wide range
of thresholds. In addition, the fast terminal has low output
capacitance which makes it highly compatible with high-
frequency signal processing. This is the first demonstration
that ability to detect first scintillation photon through
improved SPM detector output response signal can lead to
significantly improved CRT. Further improvements in photon
detection efficiency (PDE) combined with a fast mode detector
architecture should provide SPMs which reach the highest
levels of performance possible with SPM technology. |
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