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Analysis and design improvement of MCP-PMT high-voltage breakdown
fault based on high voltage module power supply

Ma Lichua, LongJidong, Chen Yongtao, = Wang Cheng, Ding Mingjun, LiBo, LiYanmin, AilJie
(Institute of Fluid Physics, CAEP, P.O.Box 919-120, Mianyang)

Abstract: To overcome the large size and poor portability of MCP-PMT traditional high-voltage power supply
equipment, a high-voltage power supply mode based on miniaturized high-voltage module is adopted. During the
practical use of the system, a high-voltage breakdown fault of MCP-PMT occurred. In this paper, the fault causes of
the system are analyzed in detail, and the problem is identified as the decline of withstand voltage performance caused
by the decline of internal vacuum of MCP-PMT, and it is also found that the high voltage overshoot of the high
voltage module at the time of power-up is the cause of this fault. Aiming at the overshoot problem of high-voltage
module, this paper puts forward a more ingenious design improvement method and achieves good results, which
further improves the engineering application reliability of MCP-PMT system.

Key words: MCP-PMT, high-voltage module, high-voltage breakdown

LA I (PMT) S — B+ 73 22 S ity S5 R 25 1F, ARAE AR 3 R SR AR, PMT A Ly S 4T S AR R L A 2
{3 Al (MCP) B 20, v MCP-PMT J2& — A O 4508 19 PMT™), B2 20 fiE22 70 4R A7 530 18 o 1175 3 25 1)
Fenih bk e ok i) —Fh 2 1 ARG AS, B RBUN WL BUIR . UL RE T ISR LA MCP 2 A i
TR I AL B A BB A, LA T A A — S BB B, 2O 1 A RFLAS I S T e R TR A I R S LR
filf 4%, MAEPRE L FT B 22 B H -, JE B AR BRI,

MCP [ L 5% 18 52 8052 e T B2 WAl R, 5 SRR 0 AR 1 s T L A RE ROIE A 08 4 REBUEE iR e 1. 1%
Gt b — Al FH A1 2 o e AL R 9% Xk MCP-PMIT 47 (R v, fFL g e L DR A TR AR R B R B, R PR A 22, #5717
AME . LA, BEAE B IREOR B W7 R, /N AT G L PR BT HOR B B A, O MCP-PMIT S 43 T4 i
R AT RE o HSI AT AT — K A A A TR AR, 5 MCP-PMIT g & 2 )7 £ 0 A P 3 4G 1O 1 Ik 2R 4t
Ao OGS SR A, A% D THT A A R X RE I 2 (T ZEOR S, HARRE U AT v, B T AR St i LR E] MCP-PMT Ji5

* GRS EEA:2021-11-09;  &IT A#A:2021-12-26
B&RAR: DFI4E, 69488054@qq.com.
BIEES: L A, aj caomu@126.com,

095007-1


http://dx.doi.org/10.11884/HPLPB202234.210475
http://dx.doi.org/10.11884/HPLPB202234.210475
mailto:69488054@qq.com
mailto:aj_caomu@126.com

#oW ok 5 BT K

Ui L T2 BN B 4 . 5 2B HEA TR R R 3% MCP-PMT A i 1) i 2 R ARG 25, 1T g e ASE e 7 3l 1, % 1) A7
TERR B e o s B G, BL4% BT 1% MCP-PMT A2 TRl 2 o A SCAT X i TR B A el b, 6 R BAE T 2k
P, PR T RAFRCR

1 RFEBFRNE
1.1 FRISEERNE

RGN F R0 5 A OR8N 1 e e A e, F R R (KL 98 &) O 33 mmx22 mmx
8.5 mm, T/EHL I N 18~36 V(HLA 24 V), i &5 F fi iy vl 3k 2.5 kV(F s R ), i fL i rT 5k 0.5 mA, B R
FERGEMEAT | 0 SO /N AR A o Ve AR S o A T A R B4 ) g A B B 2 TR L 6 R R AL, A T A o v
JEREH RS = R . 18] 1o F RS R A SE I A
1.2 MCP-PMT /45

G GDB & 51 MCP-PMT J2 [ P Az 7= (1 /N Ak ek 28 7=y, Gl 2 o, e 2R 627 mmx 12 mm,
AR EAE N ¢11 mm, BRI TAES RN 1.5 kV, SLRE 734 25 8 1x10°, HL78 BHAR 5% R BUE 8 1000 A/W. %
PMT A 4 MR 5] 2k, Hoh (T4 51 48 93 3% #2 PMT B OGBA ML ; B (0 5] 48 3% 52 MCP it AW, B0k 28 (0 5] 48 3% 45
MCP i #4551 4T BN [ 0 fL R, DLAE PMT N 45 il 2 R AG B T AR BIr il 1 5 IR L 3, o5 — B B 6 5 | 46
SRR ML L A 0 R 4 R 2R T & PMIT MM . %7 PMT A — A B, 135538 3k PR 13 45 09
SIEEF G, % B 5 S TR .

Fig. 1 Photograph of F series high-voltage module Fig.2 Photograph of GDB series MCP-PMT
B 1 F RS TR Sy 1] 2 GDB Z%1 MCP-PMT 524 4]

1.3 BERZKNA

HL % R GUAE IR WLIR] 3, e PR H i A v v 5 R 0~ 36 v it F T P90 A9 AR T P D5 v TR 0 e 11 v T
25 T v A S, BT AR AR 1160 1 950 R Ee 23 J0KE o i o0 Bid 28 PMT =4~ TAEZL: PMT Ry Bk %5 MCP il A
(Vo) « MCP g A Z 8t (V) » Bh K MCP it 3] PMT BB (Vyg0) o 43 4R SV BHZS 0 18 MQ, 53—~ 10 kQ
B IORE HUBEL, T 0 S JREAT WO . 20 TR AR B AR S TAR L B, #2 B AR S TR 15 kv IHHE, RS TR R R A
F0.1mA, ZEMTAEREIET, Von « Vi ~ Vs 209078 83.3 V., 1333.3 V 1 83.3 V., PMT (1 R U Bifi i 15 A8 4k AR
HABURR, DA RIE PMT e fik o TAERE T B PERERRE 18, 70 IR R4 B 0F 45 17— L 10 nF IR IR AL A .

PMT BHAR i i1 (55 7 200 Q $ 3% I8 B R A5, BUR SalCRAF AT . RN, BB 55 M 2 (a4 1 — AR
B (ESD ), IR O f e 1) — 5 R L 9 PR 1

2 HEAKRKEEERSH
21 BBEHRKREM

TEHE U B v X I L I 3 R ST B LR AT I AL I, e SR ALTE AR S th o e IR B T R L B A
() ESD 4 C Bl 2 IR, IR SM A G . K AR IBCT 5 , i AR 3 L 9T T g R ] SRR A A
R BRI B AT J5 TR R SRR S BEAT T R G o A M R T o v TR e L ), B
149 S 1) 5 PR I A DR, TR A A i DI R B T A A

JBCK gt B FLJ s L 2 R ALY TARAE AL 15V BIRIE T, 45 85 A A ml REAERR /D, il KA 5 D)
R K AR, R AT DLHERR R A% A s L 5 2 4 8 ESD A5 A T REME . ESD A5 A9 i o 2 T AR AE &5 R T 1Y PMT,

095007-2



TR, BT R Rt B ) MCP-PMT & J o %7 s 40 07 &% % 3 it

cathode  MCP anode
N

output

H. V monitor
—o0

18 V~36 VD
—_—
— IN—
regulating resistance H.V ESD [] 200 Q
supply 1 MQ 16 MQ 1 MQ
model ———
H.V
e A | s
10 nF 10 nF 10nF 10 nF

Fig. 3 Block diagram of circuit system
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Fig. 5 High-voltage breakdown waveform at different times of voltage withstand test
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