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Study on the Performance of an Ultraviolet Microchannel Plate Photomultiplier
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Abstract: Ultraviolet (UV) photomultipliers are key detectors in UV warning systems and communication.
The UV microchannel plate photomultiplier tube (MCP-PMT) has the merits of high sensitivity, high gain,
high resolution, low noise, small volume, and vibration resistance. However, the UV photomultiplier was
invented too recently, and its technical performance is weak. Thus, further development and performance
studies of the UV MCP-PMT has attracted increased attention. In this paper, a UV MCP-PMT using an end
window structure is discussed. MgF, and Cs,Te are used as the light window material and photocathode
material, respectively. The UV MCP-PMT can detect the "day blind" UV band from 200 to 300 nm. A
high-gain double channel plate structure is adopted. The device has a multiplication ability of approximately
5x10° under low voltage, thus improving the single photon detection capability of the UV MCP-PMT. This
paper gives a brief introduction of the applications of UV MCP-PMT and the development of this type of
photomultiplier in China and foreign countries. The test method of UV MCP-PMT is studied. The
performance of the self-developed photomultiplier is evaluated, and the obtained data are analyzed. The
results show that the MCP-PMT has high cathode radiation sensitivity with good response to single photons.
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Compared with the same type of products abroad, this design has the advantages of high gain, high peak

valley ratio, and high resolution.

Key words: UV, photomultiplier, microchannel plate, gain, single photon

0 5l5

ITAER, SR AR B A BB 52 2 ANAT T FEAL
FEYRRT IO ZLAME S HOR 5 SOK FE AR ) — T
FDE AR ARN, AL RN R 2 R P
1E, G5 2 A HRORBHAR S« A I R RS AT R I5e 1R K A
RTG53 DA TR DA R v s F B % [ L
LRSS AR P, T R R K
200 nm~300 nm {4 A SR ZU SR , eIX
AR HEIXE, A fe KA A 5™ 5
AR TRKIEEEE, AT RBEEMEERS, %
SMOCEIE RIS AN BOB G IR, Ak
JEATI,  Hod kR AU 77 2 DY T\ 7 A% R A
5, P ARAE AL 38 1S 5 A3 28R A GIR RS
By WHMRNASEIE BEsR, BA2REEN, it
MHEX, LIMESRE 258, BRI ET
PG R P AR AR /s SR AMRI A 2T AL e AL, AT
PACLHERL R 7 AR 515 5 SRAMRIN AT Sttt . ]
SRR, FAMGEETRA R PlEat. Ml
&, MBS T “Hie T o CRANEET . “/heR
K7 . “025 FHIKEM” S EE AR T,

BAMRMER KRB N R IDC G E, Ot
LA IS A — P IS8 DB SR v BB S E
A AR AR ST AR RN E AR 1Y
PIAP . fOE IE R B A58 4 (Microchannel Plate
Photomultiplier Tube, MCP-PMT) J&—Fft B 25
e DRINETRIm R ARTHFERET AD G AR, B
FTEAGEIELL, FEXHET BRI 2
% BUBIE S| FEHES ), JEFEAA 0.4 mm 2245 (ITOE TE AR o
R EAHRBUN, SRR, 5140, Wrhd 5k
R, BRT, EAMG AR BT A A P R A H
A Hamamatsu (4D  JEE ET. 2 Hr BINP Fl
MELZ 7)o o HAERS ™ A 5 A MUOB TE i A
HUEI A, AARALS 702 RB916U-53. R3809U-53,
AT 9610 mm, SEBARA BN CsTe, fiif4h
Ky F pcm TE AR, B AR AR S R B 30 mA/W@250
nm, #9254 2X10°, EFHIEN 0.18ns A4

BN FEEZRG A E AT KA LR
Hh ] R A A B A w28 - U U T (55 BT
JertisEts s bt /KRG AR AR (CNCS)
EHRHETE] (741 |) | WrRAA | Fdb 5t &
606

MARAT . JbF0EM N Hamamatsu 75 A [ 1) &% A
Al EAE AR D LA HE . CNCS 1 741
] RRA T ARG ) IS A B Ak, FEEAE
e T EWAD GRS JbnimE AR AR —
KR A, FEAP— LR T Re G G 55 F
X H RS (AR =, 32 B JE TN T U SR AR T
TR AR e H A58 A A AR 77 Mg R A
FAR AT 5 E Photonis 2 7 A4 P2 L AL E 4
v, AP IT I F T SR N RS F s 3
W,

[ 4SS B A 38 A 0 o B S AR, T P
SOGHEHSE DR, bR TEREHSS, 5 ES
ZFEECR, 55 T 741 ] BAHH MG AT G & (1)
A&, (A HAT g IR 285 i 2 B H AR A pir 28
W, WO SR AR AL A B R T A JE B

e AT H AT A AR A AR E R
RSN, B EWFRE SN E R R f A
(MCP-PMT) , F5x H B 7R AN (AR PR EA T I AT

1 #HIRM 75 5%

1.1 FEERIMNE
E =W R B4 MCP-PMT & 1 fis.

| @35.5mm |

15.240. | mm

Bl SRS IE AR R0 H AR 0S8 4
Fig.1 The structure of UV MCP-PMT
Hrp e r Xm0 SCEM BN MoFs; B
N CspTe: WUBIENCEE AWM &N: R 1EN
FHAR A5 5 F o .
12 DESHR
24 MCP-PMT A U FH 73 T 0 & HE AR 3R AT HY
JEIng, o mT DU FH e s s SRS AR AR L I
AR v R IR0 23 S 2% B0 7 20 B kAT 43 K
el 2 fros.
1.3 Mik7EE
131 [tkAm s RgE
B SR 3 s, DG FRAES G, I



Ha42%E BT
20207 A

) BB G - SR A MO IE R R A5G A BT 1) B PR RET 7

Vol.42 No.7
July 2020

JURBRELE 10T W~10 ‘W,
MCP

Cathode Anode signal output
e @)
T swa-m

10 MO TMQ
Ao

1MQ

1000 pF 1000 pF 1000pF

L e |

]
©
—Hy T T

SHV-R
B2 %5 MCP-PMT 43 J 23 J5U 2 /]
Fig.2 The voltage divider of UV MCP-PMT

Standard light
source

K3 Fmsm s RN RS
Fig.3 Cathode radiation sensitivity test system

TEIE G BRI D 2T A Ol ) 4 ol
D> REFICUE 5 26 AF AL, A IR S MCP-PMT
FWOCIRERST, AEC K5 2R A r bz TN 3 53 Y
L, S A AR A L AU B ALIRES , JI&E A PMT
B G HIR Lo SRPDGER, 5 PMT 44 I HLURL ligo
BB R A 25

Skr= (lk— Ia)/ Dx 1)
A S NGRS REBUE, mAW; 1 2 TF )G 6
MIBHAR G LI, A g 9% P BRI 453 1T BH AR s F

i, BANpA; dONRIERE, W,
132 HoLyERe

GiE ARSI, 78 LA R B A 3 R
BN (K sE D JUTFERA AL BB FAERPIR
A, R H

W 4 B, 55 R AR 254 9 B[R] 20 0 T ik e
B5%, B9M%E 1 kHz. —HIENBAECT s
(Quantity-to-Digital Convertor, QDC) fit k155,
fik5E 150 ns; 53— E&AE A RENE 5 3k 3h LD K.
VAT IRBN Ik P AL, AR RO 10 Ik, PMT 4R
F—POHE S . KBRS S S RIEBBOREE, AR
JEt%E QDC W Bl e i,

| Magnetic shieldingbox | [ High-voltage
: i | power supply

‘
Monochromati ‘

. . | Optical Voltage :
Diaph e |
c light source ‘apiragm 7| fiber PMT divider |!

L___j

Signal
generator

Oscilloscope

QDC |—>| Computer

,,,,,,,,,,,,,,

I i)

Bl4 TRl RS
Fig.4 Cathode radiation sensitivity test system
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Table 1 The test results of UV MCP-PMT

Tube PMT1 PMT2
Cathode  radiation

sensitivity@250 nm 32.89MAIW 2335 AW
Voltage 2100V 1950V

Gain 6.3X10° 5.0 10°
Peak valley ratio 5.94 5.65

Energy resolution 25.91% 19.56%
Dark count 0.98 kHz 0.22kHz
Rise time 1.2ns 1.3ns

Fall time 1.4ns 1.1ns
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Fig.9 Single photon spectrum of PMT1
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Table 2 Gain before and after ALD coating

Channel plate structure  No-ALD gain  ALD gain
Monolithic MCP 10° 10*
Double film MCP 10° 10°-107
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Fig.11 The waveform of UV MCP-PMT
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Fig.13 Simulation of electric field distribution
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