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""Solar Blind" Ultraviolet Microchannel Plate Photomultiplier
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Abstract: A “solar blind” ultraviolet photomultiplier is a key detector for ultraviolet warning systems and
ultraviolet communications. It exhibits the characteristics of high radiation sensitivity, high gain, high
resolution, and low noise. Therefore, ultraviolet photomultipliers are an important research topic under
vacuum devices worldwide. Herein, a “solar blind” ultraviolet photomultiplier developed by NVT is
introduced from four aspects: structure design, cathode preparation, microchannel plate, and whole tube
sealing. A ¢18 mm Cs,Te photocathode was evaporated on an MgF, window through anti-reflection
technology, which resulted in a radiation sensitivity at 250 nm increasing from 22 to 26.5 mA/W. The signal
rise time is less than 500 ps, and the TTS is less than 0.1 ns; these are obtained by electron optics simulation.
The gain of the microchannel plate reached 5x10° via structure optimization and atomic layer deposition
technology. The indium sealing technology of glass/Cr/Cu/Ag multilayer metal film is adopted to improve
the qualified rate of the entire tube sealing to 97%.
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Table 1 Comparison of MCP-PMT at home and abroad!*®!

Type Manufacturers ~ Photocathode Radiant Number of MCP stages Gain Rise time
R5916U-53 Hamamatsu Cs-Te 30 mA/W 2 2x10° 0.18ns
R3809U-53 Hamamatsu Cs-Te 30 mA/W 2 2x10° 0.15ns
GDB-601 CETC 55 Cs-Te 15 mA/W 3 4.7x10° 0.29ns
GDB-609 CETC 55 Cs-Te 18 mA/W 3 2x10° 0.3ns

Cathode window

1 “HE” RIMCR A E S5 =2

Indium sealing groove

Pipe
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Fig.2 Schematic diagram of simulation structure of "solar blind" ultraviolet photomultiplier tube

=
.1;

“HE” SR E i Rairn gl

D2: fRCE TE AR B BH AR Y EE B

Note: D1: Distance from cathode to microchannel plate; D2: Distance from microchannel plate to anode

*2 AR Table 2 Optimized size of the structure
No. Performance Parameter
1 Distance between cathode and MCP <Ilmm
2 Distance between MCP and anode <Ilmm
3 Potential difference between cathode and MCP >300V
4 Potential difference between MCP and anode >300V

4 PAMZEMIBETE Figd  The design of anode structure



Fa2E FEeY
2020 & 8 B

A HEOGAE “ HE R AMMEIE SO B A BT AT

Vol.42 No.8
Aug. 2020

2.2 Cs;Te ZIMEEBIAMERER T
RFTE AL, BRI Cs o, v CAA R
s L AR R T o AN A, MK B AR R B P i o
XTT CsoTe SH IR B, HAMES RS e E IR
FHELF Te |2, ZJE T Cs B . (HIXFPEAMA K
(RIAF R R FEAR 5y, A 7SR5 A v B AR AE A i He
T TR B S M, FREAEFAR A MgF, & L
HHE—Z& R FHER. BRI S RS 2 LT
Atk O FE /N, — M S B R 1 T BB T
107 Q/cm® 5 fi T3 AL B3R s @)% i 57 3 Bt 4 5 id it %
s @5 EANERAREY, 0T 5 R AR ik
NiCr &4, AR HT R R PR
05 1Y) 5 HL T 70 L R R, BT PR
&, [FiZ NiCr 2218 10nm A4 .
T IS REE 2R, EFHER FIEFEE
P RS R A RS, 1Y 3
FNAZA Ny’ =niny, MgF, KI5 N 1.38, Cs,Te
L AR T 5 0 1~ 1.8, [RI L3838 I 1) 3 S R Y5
*3

£ 1.17~1.58 Z[f],

CsyTe i HL BRI S 15 i 256 FEL4E 110~350 nm,
DN AINE S H AR, R R R B — PR R A B
BA RFE 2R 0 EA R, S5 3 S R LT
B, 2% 3" aILLES], Si0,, SiO, AlF, fll BaF,.
BIFFEER, AT kL T 8L BaF, 1£4 Cs,Te
s HEL AR 1 39 328 S e

9 E AL JE 1) CsyTe s HL AR 2 A0 & T 3575
FERENI 4 2450 FALBEILR ., R R, )
T A8 3% )2 F1 Cs, Te 6 HELBA B o S8 J5 B AT 1 Essential
Macleod 2% BT B AN IR RT3, 45
Rl 5 Fos, FTUER], #EiRLE 130 nm f£)/5E
Wik, HAE 240 nm B E] 99.99%, JeiFE IS R RUT

ARG W T R HIGEBERACT) Cs,Te YaHA
Wt e 57 th 28, Wikl 6 pras, v LR BILAL S, Cs,Te
JEHL AR AE 250 nm 1% S R B0 AJER I 22 mA/W
REF 26.5 mA/W, AR .

B IR R T S A

Table 3 Refractive index of commonly used anti-reflection film materialst'!

Wavelength /nm

5 MUAL)E CsyTe RIS = i 2k
Fig.5 Transmission curve of Cs,Te photocathode
after optimization

Materials Refractive index Pervious to light range Evaporating temperature
MgF, 1.38 160-8000 nm 1300°C-1600°C
SiO, 1.46 200-2000 nm 1800°C-2200°C
Al O, 1.63 200-5000 nm 2000°C-2200°C
SiO 1.55 800-8000 nm 1200°C-1600°C
TiO, 233 400-12000 nm 2000°C-2200°C
HfO, 1.95 230-7000 nm 2300°C-2500C
MgO 1.7 200-8000 nm 2000°C
BaF, 1.4 200-8000 nm 1280°C
AlF; 1.35 200-8000 nm 800°C-1000C
100.00
00.0
99.8
£10.00
99,6 <
=Y g
- =
4 ¢ 1.00
g 9
& = == After Optimization
= 9.0 Before Optimization \
98.8 0.10 -
100 150 200 250 100 200 300 400

Wavelength /nm

Ko dEZACHTIG CsyTe ARG 1l i 57 th Ze X bl
Fig.6 Comparison of Cs,Te photocathode spectral response curves
before and after the anti-reflection layer optimization
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Fig.7 Superposition structure of two microchannel plates
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Fig. 8 Length-diameter ratios and gains
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Fig.9 Press screen temperature and gain
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