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MKI-®3Y - cyeTYUKM
doTOHOB ANA

VY®- U BUAMMOMN
obnacrem cnekTpa

C.K.Kyanos, T. . Aakauesa,I. B. ®edomosa, E. Y. CeHuosa
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CoobuwaeTcsa o paspaboTke MKM-®3Y -
CYeTYNKOB POTOHOB B y/IbTPaPUOIETOBOM

M BUAMMOM 06/1aCTAX CreKTpa AJis ONTUKO-
¢punsunyeckmx usmepeHunii. PaccmatpumsaroTtcs
0CO6EeHHOCTU KOHCTPYKLIMUN U TEXHOOT UK
paspaboTaHHbix ®IY ¢ MK, no3Bonswouwme
[OCTUYDb BbICOKOIO OTHOLWEHUS Nuk/

A0JINHA, HA3KOro YPOBHS CKOPOCTU cYeTa
TEMHOBbIX MMMNY/1IbCOB, NOBbILLEHHOIO YPOBHS
[onrosevyHocTU. NMpuBopsaTCca pasnnyHble
BapUaHTbl KOHCTPYKTUBHOIO UcnosiHeHus ®3Y
(B BUAE BaKyyMHbIX 6J10KOB U CO BCTPOEHHbIM
B €iMHbIN KOPMYC C BAKYYMHbIM 6/10KOM
AenuTenemM HanpsaxeHus).

KntouyeBble cI0BA: CYETYMKM POTOHOB,
amMnanTyaHoe pacnpeaeneHme UMMNynbCos,
CKOPOCTb CHeTa TEMHOBbIX UMMY/IbCOB, NOHHAA
obpaTHas CBsA3b, OTHOLIEeHWe NuK/gonnHa, ®3Y
CO BCTPOEHHbIM Aie/IUTeNIeM HaMpPSAXEHUS

Cratba nony4eHa:11.01.2024
Cratbs npuHaTa: 05.02.2024

PH perucTpanydy oO4deHb CIabbIX CBETOBBIX
I I CUTHAJIOB [JIS M3BJeYeHHUSI MaKCUMaJIbHOMU

MHQOPMALIMK HKCIIO/Nb3yeTCs MeTOo[ cdYeTa
doToHOB. CueTUUKU QOTOHOB SBISIOTCI OLHUM
M3 OCHOBHBIX THIIOB [eTeKTOPOB B QH3UKEe BBICO-
KHUX 3HepTUM U sAOepHOH OJu3uKke. B KadecTse
IeTeKTOPOB-CUeTUUKOB (OTOHOB OOBIUHO HCIIO/NB3Y-
10TCca PIY ¢ OIUCKpeTHBIMU JUHOomaMu, ®IY ¢ MKII,
JTABUHHBIE AUOABI, THbpumHble ®IY. Cpenu 3THUX
BUJIOB AeTeKTOpoB ®3Y ¢ MKII BBITOJHO OTIMYAIOTCI
BBICOKMM YCHJIEHHEM H ObICTpOJeNCTBHEM, IIOBBI-
IIeHHOM IIOIAIbI0 pPaboyell IOBepXHOCTH, HU3KUM
3HeprororpebieHreM, CTabIBHON PaboTOM B yC/Io-
BUSX BO3JEMCTBUS MarHHUTHBIX IoJjeHr. Ilomympo-
BOAHUKOBBIE [TeTeKTOPhl OINTHYECKOrO0 H3JIy4YeHHUs
ycrymnaoT ®3Y ¢ MKII 1o MyMOBBIM XapaKTePHUCTU-
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MCP-PMT -
Photon Counting
UV-VIS Detectors

S.K.Kulov, T. D. Alkatseva, G. V. Fedotova, E.I. Sentsova
VTC “Baspik” LLC, Vladikavkaz

The development of MCP-PMT - photon
counting UV-VIS detectors for optical-physical
measurements is reported. MCP-PMTs design
and technology features are described, which
allow achieving high peak-to-valley ratio, low
dark count rate and longer lifetime. We present
different versions of PMT constructions (in the
form of vacuum units and with a voltage
divider integrated into a single housing with

a vacuum unit).
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hen detecting extremely weak photon sig-
W nals, the photon counting method is used

to extract the maximum information. Pho-
ton counting detectors are one of the main types of
detectors for high-energy and nuclear physics. Dis-
crete dynodes PMTs, MCP-PMTs, avalanche dynodes,
and hybrid PMTs are usually used as photon counting
detectors. Among these detector types, MCP-PMTs are
favorably characterized with high amplification and
fast response, increased surface area, low power con-
sumption, and stable operation under the exposure to
magnetic fields. Solid-state optical detectors concede
to MCP-PMTs in terms of noise characteristics, time
resolution, and active area.

Low noise characteristic is necessary for photon
counting. Detection efficiency depends to a great
extent on the threshold level set for the counting
(discrimination) mode. The pulse height distribution
is a critical feature for photon counting mode. Single-
electron peak presence in the single photon count-
ing mode (Fig.1, 2) allows cutting off a large number
of small amplitude noise pulses without significant
losses of registration efficiency. Since, typically the
lower threshold of the pulse amplitude is set (dis-
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KaM, BpeMeHHOMY pa3pellleHHIo, IO pabouert
IIOBEPXHOCTH.

Hu3KkuI ypoBeHb IIyma SB/sI€TCS HeobXOIHMBIM
ycioBueM HOpu GoTOHHOM cyeTe. IPPeKTHBHOCTH
NeTeKTUPOBAHHS B 3HAYHUTEJbHOM CTeIlleHH 3aBH-
CHUT OT IIOPOTOBOIO YPOBHS, YCTaHABIMBAEMOIO [JIS
pexuma cueTa (IMCKpPUMHHALMK). Pacmpepneine-
HHe aMIUIMTYZ, KMIIY/IbCOB SIBJSIETCSI KPHUTHYeCKOH
XapaKTepUCTUKOM 1)1 PaboTel B peXkUMe cueTa HoTo-
HOB. Hanuyre ONHO3I€KTPOHHOIO IKMKA B pPeKHMe
C4eTa OTHEeNBHBIX KBAHTOB (pHC. 1, 2) II03BOIsIET OTCe-
KaTb 6OJbIIOe YHC/IO IMIYMOBBIX KHMIIYIBCOB MAsoOK
aAMIUIUTYABl 0e3 CyllecTBEHHOM IOTepu 3P eKTHB-
HOCTH perucTpaiuu. Tak KaK o6bIYHO HHUKHUH I10POT
aAMIUIMTY[Bl UMITY/IbCA YCTAaHABAKUBAETCS (FUCKPUMU-
HUPYeTCs) Ha MO3UIUU JOIUHBI, BBICOKOEe COOTHOIIe-
HHe IIHK/J0/IMHA B PacIpefe/leHHH HMMIIYIbCOB II0
AMIUIMTYJAM CO3JaeT YCIoBUS Ajs 6oree 3dpdPeKTHB-
HOM PerucTpaliu CBepXcl1abblx o6beKTOB CBeUEHHS,
I103BOJISISI [IOBBICUTh OTHOIIEHHE CUTHAJI/IIYM.

C mpyrou cTopoHEl, @Y ¢ TpaguLIMoHHBIMH MKII
(B ormnume oT MKII ¢ ALD-TIOKPBITHEM) CBOMCTBEHEH
TaKOM HEe[O0CTAaTOK, KaK HEeIPOJOJDKUTEBHBIM CPOK
cmysk6bl. 10 JaHHBIM HCTOYHUKOB JHUTepaTyphl [1-3],
CyLIeCTBeHHOEe yXyAIIeHHe XapaKTepucTuk O3V
Habmomaercst, Korma OOLIME 3apsf, MIPOXOMSIIHE
yepe3s MKII, mOpeBbIllIaeT OecAThle, a HHOIAA Jaxe
u cotsle monu Kin/cm?. HU3KHUE CPOK CIIY>KOBI CBSI3BI-
BAIOT C MOHHOM 60M6apaupoBKoil ¢oTokaToma PIY.
HoxHbl BO3HUKAKOT B KaHaysiax MKII B pe3ynabraTe pas-

criminated) at the valley position; the high peak-to-
valley ratio in the pulse height distribution creates
conditions for more efficient registration of very weak
luminescence objects, allowing increasing the signal-
to-noise ratio.

On the other hand, PMTs with conventional MCPs
(unlike ALD-coated ones) are characterized by such
disadvantage as short lifetime. According to histori-
cal data [1-3] it is indicated that a significant degra-
dation of the PMT performance is observed when the
total charge passing through the MCP exceeds tenths
and sometimes even hundredths of Cl/cm?. Short life-
time is determined by ion bombardment of the PMT
photocathode. Ions are generated in MCP channels as
a result of decomposition and desorption of foreign
particles on the channel walls when bombarded by
electrons and as a result of ionization of desorbed
compounds and residual gases by electron fluxes. The
generated ions are accelerated by the electric field
towards the photocathode, where they are either
absorbed or destroy the molecular structure. As a con-
sequence, the quantum efficiency of the photocath-
ode is reduced. Ion feedback also negatively affects
amplitude resolution, peak-to-valley ratio, and dark
count rate.

To increase the lifetime of MCP-PMTs, some engi-
neers deposit a protective aluminum film on the first
and sometimes on the second MCP (in order not to
reduce the physical transparency of the MCP chevron
stack input). The film allows electrons to pass through,
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Fig. 1.MCP-PMT typical single electron pulse height distri-
bution [1]
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Fig. 2. PMT “Sapphire -2A" single electron pulse height
distribution [1]

PHoTONICS vOL. 18 NO.2 2024 161



=

JOKeHUSI U OecopbIiMM ITOCTOPOHHUX BeIlleCTB Ha
CTeHKaX KaHa/loB Ipu 6omMbapaHUpOBKe HX 3/1€KTPO-
HaMH U B pe3y/bTaTe HOHU3ALUU AeCOPOHPOBaHHBIX
COeJMHEHHI W OCTAaTOYHEIX Ta30B [TIOTOKAMHU 3JIeKTPO-
HOB. OO6pasymolyecs HOHBI YCKOPSIOTCS 3/eKTpHUe-
CKMM II0JIeM II0 HaIllpaB/JeHHI0 K QoToKaTomy, Ihe
OHM JIM6O IIOIJIOIIAIOTCS, JUO0 Pa3pyIIAIOT MOJIEKY-
JIAPHYIO CTPYKTYypy. ClIeACTBUEM SBJISETCS CHIDKEHHE
KBAaHTOBOI'O BbIXOfa $oToKaroma. HMoHHas obpaTHas
CBSAI3b TaK’Ke HEraTHBHO BJIMSAET Ha aMIUIMTYJHOe pas-
pellleHKe, OTHOIIEHHE MHK/J0/IMHA, YPOBeHb TEMHO-
BOTO CYeTa.

Jlns moBbIeHHs cpoka cayk6b1 @Y ¢ MKII Heko-
TOpble Pa3paboTUMKKU HAHOCST 3aLIHUTHYIO aIIOMHHH-
€BYIO IUIEHKY Ha IIepPBYIO, a MHOTJa Ha BTOPYyH MKII
(4T06BI He CHHKATh QH3UUECKYI0 IPO3PaYHOCTh BXOJA
meBpoHHON cbopky MKII). IIneHKa MpoIycKaeT 3JeK-
TPOHBI, HO HEIIpO3padHa ISl MOHOB. TakoM IpHem
KCcIonab3yeT ¢upMa Hamamatsu B cepUH CYETUYHKOB
doToHOB R 3809U.

OnHako alOMUHHeBas IUJIeHKA, HaHeceHHas Ha
noBepxHocTh MKII, mornomaer 30-50% 6ombapaupy-
IOIIHMX ee 3JIeKTPOHOB, T.e, CHH’KAeT IIOJIe3HBIM CHUTI-
HaJl, yXy[llasg OTHOLIeHHe CUTHaJI/IIyM.

Koncrpykuus ®3Y u crocob 3nekTpoHHOro obesra-
>kuBaHUST MKII, mprMeHeHHBIN B 3TOM KOHCTPYKLIMH,
paspaboranHsle B OOO BTILl «Bacmuk», II03BOJSIOT
IIPaKTHUYeCKH HCKIIOYUTh MOHHYIO OOpaTHYIO CBSI3b.
3a CYeT 3TOro yAAeTcsi MHHHMMM3HUPOBATH IIJIOTHOCTD
CKOPOCTH CYeTa TeMHOBBIX HMIIYJIbCOB, YIyYIIHUTh
OJHOIEeKTPOHHOE aMIUIMTyAHOe paclipeeeHue
HMIIY/IbCOB, IIOBBICMTH OTHOIIEHMe IHK/LONHHA [0
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but is opaque to ions. This technique is used by Hama-
matsu in the R 3809U series of photon counters.

However, the aluminum film deposited on the MCP
surface absorbs 30-50% of the bombarding electrons,
i.e. it reduces the effective signal, worsening the
signal-to-noise ratio.

The PMT design and the method of MCP electron
degassing developed in VTC “Baspik” LLC allow to
practically eliminating the ion feedback. This makes
possible minimizing dark count rate density, improve
the single-electron pulse height distribution and
peak-to-valley ratio to uniquely high values, increase
the permissible input load and expand PMTs dynamic
range, significantly enlarge lifetime up to Cl/cm?.

We developed 2 modifications of PMTs character-
ized by the type of photocathode: “Sapphire-2A” with
a tellurium-cesium photocathode (for the UV region
of the spectrum) and “Topaz” with a bi-alkali photo-
cathode (for the visible range of the spectrum). Typical
spectral characteristics of photocathodes are shown in
Fig. 3-4.

The developed PMTs constructively consist of metal-
glass vacuum units with end optical input (bi-alkali
antimony-potassium-sodium photocathode on glass
substrate or tellurium-cesium photocathode on mag-
nesium fluoride substrate), assembled in chevron
stack MCPs with active area diameter of 18 mm and
channel diameter of 8 pm and metal collector. PMT
“Sapphire-2A” photocathode active area diameter is 15
mm, which of the PMT “Topaz” is 17 mm. The PMTs
have an electron immersion lens at the input - a sys-
tem of electrodes that collect electrons from the pho-
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Fig. 3. PMT "Sapphire-2A" photocathode spectral
characteristic
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Fig. 4. PMT “Topaz-M" photocathode typical spectral
characteristic
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YHHKaJIBHO BBICOKHX 3Ha4eHHH, IIOBBICUTb HOIYCTH-
MYIO 3aIpy3Ky Ha BXOJle U PacUIMPHUTh AUHAMHUYeCKUHN
Auamna3oH ®3Y, 3Ha4YUTEeJIbHO IIOBBICUTBH JOJIrOBEY-
HocTb POV 1o ypoBHS enuHUL, K/ cM2.

Pa3pa60TaHb1 IBe mMomudpuranuu PIY, oTiiv4dalo-
myecs THUIOM ¢orTokaTofa: «Campup-2A» C TeJlyp-
Le3ueBbIM GoTokaTomoM (st YP-obsmacTu criekTpa)
u «Tomas» c 6uIeouHBIM GOTOKATOAOM (IJ1s1 BUIM-
MOTO [Hamra3oHa CIekTpa). THUIIOBBle CIIeKTpPa/bHble
XapaKTePHUCTUKU POTOKATONOB ITOKa3aHbl Ha PHC. 3
U pucC. 4.

PaspaboraHHble ®PIY KOHCTPYKTHUBHO IIpelCTaB-
NS0T o060k MeTaJUIOCTeK/IsSIHHBIe BaKyyMHBbIe 6710KU
C TOpLIeBBIM ONTHUYEeCKHMM BXxogoM (bHIe0ouHOMH
CyPbMSIHO-KQJIHeBO-HaTPHEeBbIH (POTOKATOA Ha CTe-
K/ISHHOU IOAJIOKKE HJIM Telyp-Lie3reBbl POTOKa-
TOZ Ha IIOJJIOKKE M3 QTOPHUCTOrO0 MAarHusi), cobpaH-
HBIMU B IIeBPOH ABYyMsI MKII ¢ pabourM AuaMeTpoM
18 MM ¥ 1MaMeTpoM KaHajia 8 MKM U MeTal/IMYeCKUM
KOJ/UIeKTOpoM. Pabouuii nuamerp ¢dorokartoga PIY
«Candup-2A» coctapnger 15 mm, ®IY «Tomas» - 17 MM.
®3Y MMeIOT 3/IeKTPOHHYI0 UMMEPCHOHHYIO IMH3Y Ha
BXOJle — CHCTeMY 3/IeKTPOZIOB, obecrieunBaloNIux c6op
3/IeKTPOHOB € POTOKATOAA Ha Bxoz rnepsor MKII. KoH-
CTPYKLIMS CONEP>KUT IOLOIPEeBHBIM I'a30IIOIJIOTUTENb
III-1M, pacHonoXeHHBIH B KOHYCHOM YacTH aHOAA
KaTOJHOM KaMepbl. BHemHUM BuA ®OY mpeacTaBieH
Ha puc. 5.

[IpuMeHeHHe B ®3Y ¢ MKII HMMepCHOHHOU
JTHUH3Bl Ha BXOJe CII0COOCTBYeT IIOBBILIEHHIO CKOPO-
CTH JOIYCTUMOM 3arpy3Kd (u3-3a 6oJbIIero paccTo-
SHHUS MEXKAY 3/1eKTPOAaMH, CHIMKAIOUIEro BeposT-
HOCTb IIp00OSI IpPH Pe3KOM YBeTHYeHHHU BXOJHOTO
CUTHasa). Bonbmue, 4eM B GUIITTAaHAPHBIX KOHCTPYK-
LUsIX, 06beM H3[eNHs IMPHUBOSUT K TOMY, YTO OIU-
HaKOBOEe KOJIMYEeCTBO BBHIAEISAIOIIMXCS IIPH 3/1eKTPOH-
HoM 6oMbapaHpOBKe ra3oB B IIpoLiecce 3KCITyaTalluK
®JY BhHI3bIBA€T MEHbIee H3MeHeHHe OCTaTOYHOIO
DaBJIeHHs, YTO CHMXKAeT KOJIMYeCTBO 00pasyomuxcs
HMOHOB.

PaspaboranHble ®IY MOIYT AJIHUTENbHOE BpeMs
(Ha IpaKkTHKe COTHU 4acoB) paboTaTh IIPH CKOPOCTSIX
c4eTa nopsaka 1-3 M. TUIIOBoe OTHOLIEHHE MUK/
JOJIMHA B OJHO3JIEKTPOHHOM aMIUIMTYAHOM pacIpe-
IeleHUH UMITY/IbCOB pa3paboTaHHbIX POV cocTaBsieT
oKkosio 20 (pHc. 2), Torga Kak B JUHOOHBIX ®IY mig
AHAJIOTUYHBIX IPUMeHEeHHH, a Taikcke B $3Y ¢ MKII
OpyTHUX IpousBoauTenen (pyc. 1) TUIIOBoe 3HaUeHUe
6113Ko K 2. Takoe BBICOKOE OTHOLIEHHEe ITHK/IONIHHA
10 JAaHHBIM JINTepaTypsl [5] He 3adUKCUPOBAaHO HHU
B ogHOM ®3Y ¢ MKII. ABTOpHI (5] COOBIIIAIOT, YTO B UX
3KcrepuMeHTax ¢ ®3Y ¢ 2 MKII Hauny4diiee 3Hayde-
HHe MUK/OONMHUHA COCTAaBUIO 6, IIPHU 3TOM aMIUIHUTYA-

=

tocathode to the input of the first MCP. The design
contains a heated gas absorber PC-IM located in the
anode cone part of the cathode chamber. The external
view of the PMT is presented in Fig. 5.

Use of immersion lens at the MCP-PMT input con-
tributes to the increase in the rate of permissible load
(due to the longer distance between the electrodes,
reducing the probability of breakdown at a sharp
increase in the input signal). The larger volume of
the product than in proximity-focused designs results
in the fact that the same amount of gas emitted by
electron bombardment during of the PMT operation
causes a smaller change in the residual pressure,
reducing the number of ions produced.

The developed PMTs can operate for a long time (hun-
dreds of hours in practice) at count rates of 1-3 MHz.
The peak-to-valley ratio in the single-electron pulse
height distribution of the developed PMTs can reach 20
and more (Fig. 2), whereas in dynode PMTs for similar
applications, as well as in MCP-PMTs by other manu-
facturers (Fig. 1), the typical value is close to 2. Such
a high peak-to-valley ratio according to the available
information [5] has not been recorded in any MCP-PMT.
The authors [5] report that their experiments with PMTs
with a stack of 2 MCPs showed the best peak-to-value
ratio - 6, amplitude resolution - 86% and they note that,
according to their data, these values are the best known

Puc. 5. MKIM-®3Y npousgodcmea «bacnuk»
Fig.5. MCP-PMT developed by “Baspik”
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Tabnunua 1. OCHOBHbIE TEXHNYECKNE XapaKTePUCTUKN
O3Y «Canpmp-2AM»

Table 1. Basic technical characteristics of the

PMT “Sapphire-2AM"

3Ha4vyeHue
Value

[MapameTtp

Parameter

[lvanasoH cneKTpasibHOM YyBCTBUTENbHOCTU, HM 115-360

Spectral response range, nm

CrnekTpanbHas YyBCTBUTENIbHOCTb HA A/IMHE 20
BOHbI A = 250 HM, MA/BT, He MeHee
Spectral response at A =250 nm, mA/W, min

AnameTp paboyero nons ¢orokaTona, Mm 15
Photocathode active area diameter, mm

KO3 PUUMEHT yCUNEHNA NPU HANPSXKEHMN HA 106
MK He 60nee 3300 B, He MeHee

Gain at MCP voltage of 3300V max, min
OOHO3/1eKTPOHHOE aMM/INTYAHOE pa3peLleHune, 100
%, He 6bonee

Single electron pulse height resolution, %, max

OTHOLWeHMe NNK/A0NNHA, He MeHee 10
Peak-to-valley ratio, min

[TN1OTHOCTL CKOPOCTU CHETA TEMHOBbLIX UMMY/b- 10
COB, ceK1cM2, He 6osiee
Dark count rate density, count/sec-cm?, ma

ANUTeNbHOCTb UMMYAbCa aHogHoro Toka (MLLUMB), 1,2
HC, He 6onee
Anode current pulse duration (FWHM), ns, max

Bpemsi HapacTaHms UMMNYIbCAa aHOAHOMO TOKA, HC, 0.8
He 6onee
Anode current pulse rise time, ns, max

Macca, r, He 6bonee 50
Mass, g, max

HOe paspellleHHe OblI0 paBHO 86% M OTMeYaloT, 4To,
II0 UX OAaHHBIM, 3THU 3HAYeHHs SBIAIOTCA HaHIy4-
IIMMH K3 U3BeCTHBIX Wi $IY ¢ nBymsa MKII. dupma
Hamamatsu [6] orjeHHBaeT Kak 60JIBIION yCIIeX IIOJy-
yeHue B JOII - cueTunke ¢oToHOB ¢ 3 MKII oTHOLIe-
HHe [IHK/IO0/MHHA 5,6 U aMIUIMTYJHOLO pa3pelleHHs
104%, B TO BpeMs Kak B ®3Y «Candup-2A» u «Tomas»
¢ aByMsa MKII THUIIMYHOe 3Ha4yeHHe 3THX Ilapame-
TpoB cocTasiseT 20 U 90% cooTBeTcTBeHHO. CUeTHas
XapakTepucTuka ®3Y HMMeeT y4acTOK ILIATO IIPO-
JO/KUTENBbHOCTBIO ITouTH 300 B (puc. 6). OcHOBHBIE
TeXHUUYeCKHe XapaKTepucTUku PV «Candpup-2AM»
u QY «Tomas-M» npuBefieHbl B Tabn. 1 1 Tabim. 2.

PazpaboTarHbele ®IY yKe HAXOAT NPHMeHeHHe
B silepHON QH3MKe B KadecTBe JeTeKTOPOB YepeHKOB-
CKOTO M3J/Iy4eHUs .
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Fig. 6. MCP-PMT “Sapphire-2A”" counting response

for PMTs with two MCPs. Hamamatsu [6] estimates as
a great success the peak-to valley ratio of 5.6 and ampli-
tude resolution of 104% in the IIT photon counting tube
with a stack of 3 MCPs, while in the “Sapphire-2A” and
“Topaz” PMTs with two MCPs the typical value of these
parameters is 10 and 90%, respectively. The counting
characteristic of the PMT has a plateau region with
duration of almost 300 V (Fig. 6).

Developed PMTs have already been applied in
nuclear physics as detectors of Cherenkov radiation.

We can supply PMTs both as vacuum units and with
a voltage divider integrated into a single housing with
a vacuum unit. In this case, a resistive voltage divider
is mounted on the vacuum unit, which provides the
necessary potentials of the PMT electrodes. The exter-
nal view of the MCP-PMT with integrated voltage
divider is shown in Fig.7. The entire device is housed
and sealed with a compound, attached to the output
end of the envelope is a 50-Ohm SMA output connec-
tor for output signal acquisition and a high-voltage
SHV connector for the power supply.
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Puc. 7. MKIM-®3Y co 6cmpoeHHbIM deaumenem HanpsikeHus
Fig. 7. MCP-PMT with integrated voltage divider

KoncTpykuus @3V mpezrionaraeT UX IIOCTaBKY Kak
B BUJe BaKyyMHBIX OJIOKOB, TaK M CO BCTPOEHHBIM
B e[IUHBIN KOPIIYC C BAKyyMHBIM 6JIOKOM [IelTHTeeM
HaIlpsDKeHHUsl. B 3Tom caydyae Ha BaKyyMHBIH 670K
MOHTHPYeTCSI Pe3HCTHUBHBIN [lelUTeNb HaIlpsKeHUS,
KOTOPHIN obecriedrBaeT HeoOXOOUMBble ITOTEHIIH-
el 3nekTpomnoB ®IY. Ha puc. 7 npeacrasieH MKII-
®IY co BCTPOEHHBIM [e/IUTeleM HaIpsbKeHHus. Bce
YCTPOMCTBO IIOMeIAeTcsl B KOPIYC U TepMeTH3HPY-
€TCsl KOMIIAyH/0M, Ha TOPLIEBOM BBIXOJe KOpIlyca pac-
nosiaraeTcst 50-oMHBIH pasbeM IJ1s1 CHSITHS BBIXOJHOIO
curHaia SMA U BBICOKOBOJBTHBIM pasveM SHV gis
IIOJAYX HANIPSDKeHUS ITUTaHUS.
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Tabnumua 2. OCHOBHbIE TEXHMYECKME XapaKTEPUCTUKM
®3Y «Tonas-M»

Table 2. Basic technical characteristics of

PMT “Topaz-M"

3HayeHue
Value

MapameTp

Parameter

[vnanasoH cnekTpanbHOu 300-650
YYBCTBUTE/IbHOCTW, HM

Spectral response range, nm

MHTerpanbHasa 4yBCTBUTE/IbHOCTD, 35
MKA/ M, He MeHee

Integral sensitivity, pA/Im, min

CnekTpanbHas 4yBCTBUTE/IbHOCTb 45
Ha AJINHE BOMHbI A = 420 HM,
MA/BT, He MeHee

Spectral response at A =420 nm, mA/W, min

AvameTp paboyero nona ¢potokatoaa, Mm 17

Photocathode active area diameter, mm

Ko3dPurUMEHT ycuneHna npu Hanps>keHnm 106
Ha MKT1 He 6onee 3300 B, He MeHee

Gain at MCP voltage of 3300V max10, min

OfHO3N1eKTpOHHOEe aMNINTYAHOe 100
paspelleHue, %, He bonee

Single electron pulse height resolution, %, max

OTHOLLEeHMe NUK/[0NNHA, HE MeHee 10

Peak-to-valley ratio, min

[TNOTHOCTbL CKOPOCTU CHETA TEMHOBLIX 40
nmnynbcos (Npu Temnepatype 25 °C),

ceklcm-2, He 6onee

Dark count rate density, (at 25 °C) count/secxcm?,

max

ANnNTeNbHOCTb UMNY/IbCAa @aHOAHOTO 1,2
Toka (MLUMB), Hc, He 6osnee

Anode current pulse duration (FWHM), ns, max

Bpems HapacTaHus MMnynbca aHOAHOr 0 0,8
TOKa, HC, He 6onee

Anode current pulse rise time, ns, max

Macca, r, He 6bonee 50

Mass, g, max
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