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Study on short pulse signal amplification of a microchannel plate
In a saturation mode

Xie Yuntao, Zhang Yujun, Wang Xi, Sun Xiaoquan

(State Key Laboratory of Pulsed Power Laser Technology, National University of Defense Technology, Hefei 230037, China)

Abstract: The short pulse signal amplification of a microchannel plate was studied by the transmission
line method. The distortion of a single pulse signal and the change of the gain of the channel were
discussed in detail. When the signal saturation parameter was more than 1, charges extracted by the pulse
front edge can decrease the gain of the pulse trailing edge, resulting in the decrease in the gain of the
pulse back edge. In addition, the mutual interference between multiple pulses was analyzed. If the next
pulse arrived before the electron charge extracted by the previous pulse was fully replenished, the
amplification of the latter pulse would also be affected. The effect of signal frequency on the gain of a
microchannel plate was studied. When the total charges of a single pulse were constant, increasing the
signal frequency could decrease the gain of microchannel plate. And the effect of signal frequency on the
gain of the microchannel was not significant for signals with a same average current. The correctness of
the above analysis was verified by the irradiation experiment of pulse laser on the image intensifier.
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Tab.1 Parameters of MCP performance

Quantity Symbol Value
Length/pm L 320
Resistance/Q) R 6x10°
Capacitor/F C 5.29x10-1
Gain factor/m-* g 2.193 1x10*

Bias voltage/V Vs 800
Strip current/A I 1.33x10°°
Unsaturated gain e 1116
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Fig.2 Saturated and non-saturated output waveform
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Fig.8 Experiment schematic of laser irradiation on imager intensifier

WOE TR SN R L s, S5, SRk b pE it
FHZEmS M A Z 50 s 4 0.25.,0.5 H1 1 IF, X6 0 0 45 84
SR i 2 A POG B 1 %% B2 0.33x107°,0.66 x10 °,
1.32x10°)/m?, {55 HIRAHERT, WS s FT
0.5, 1 1 2 B, X o7 4 45 1 5ik 25 2R ThI OG0 R %5 B oy
1.87x10*,3.73x10 . 7.47x10*W/m?, % Tl 1%
BUXHG 3G 58 25 58 6 Br AT H0 8%, B Bk 52 FE e ik
SRR BEARL o A o8 I P s o 30 25 S 19 o i, 3 )
IR AR 30 MR KR SR 5 AT 440 3

Pl 9(a) A&l 9(b) 43l hy ' B Jik o i o 1 2 LA
KB R G BT, B L R O AR 1 AR
R . K 9(a)rT LA Hh, B bk v i £ 48 I, K
JEE A Bt A0 % T s i T, 5 1 6 (b) v il 2R 1 AR Ak
FAHRL, B 9(b) i & WOLH MR B w5 BHR
IR BEAE FEA YR, MBS s 4390 2.1 A1 0.5
B, A3 B0 UG KB Z 2y 1.94:1.47:1,  7(b)
o LR AR R S BSOS fGE T AR TR
[t 2.02:1.55:1, PIAS LUfE AR & #2080 , Sk T Lk o
B4 SR 1 IE B

250
5=0.5 @

200t
o
>
5
-
o 150t
5

100} 4 yd

0 2000 4000 6000

Signal frequency/Hz

1204005-5


http://www.irla.cn

oGk AR

% 12 www.irla.cn % 4T %
220 ® [3] Mao Xiaojie. New progress in high-power picosecond ultraviolet
200F W laser[J]. Chinese Optics, 2015, 8(2): 182-190. (in Chinese)

- 180F o ijl)‘s [4] Wang Xi, Fang Xiaodong, Nie Jinsong. Military ultraviolet

& teor T2 technology [J]. Infrared and Laser Engineering, 2013, 42
g 140r { E i (S1): 58-61. (in Chinese)

120 [6] Wang Bing, Zhao Wei, Chai Guoging, et al. Research on

1oor %‘wj{r}ﬁ%iﬁ}fiﬁ} intense light disturbance to super Gen Il +LLL image

5 2000 2000 6000 intensifier[J]. Infrared Technology, 2014, 36(10): 844 -848.

Signal frequency/Hz (in Chinese)
[7]1 Ivanov V, Insepov Z, Antipov S. Simulation of gain and

9 MR BEAH 515 5 W03 14 O 2R (@) BRIk nfr Wi A A1 55
(0) {5 5 HL R AR 55
Fig.9 Image grey level as a function of signal frequencies for
(a) signals with constant charges per pulse (b) signals

with constant current
3 & it

SO R AR R 2 D7 VR IE S T U T8 Al R A
MIBEA I RE , A3 HT T BBk (55 LA R 2 Bk P 55 1
MCP JEORAFIE , &5 RF] M AE LT | 18 18 A4 45
B K LE W] kA AR — A ko B R 2 T, A 1 1
g AV BRIIRARAS, W FT— koot R i Jm — 4>
ok b B TR G AR, WESE T K b EE SR XS MCP ) £
RS2, 25 SR ERWT, Tk b B SR e, MCP 3 £ i
iR R, R K rhisOs T PR3 5 A i, HOG
WUR—EREOL T, HROLE PR KT 300 Hz
I, Ak2e 4R s WO H =R T HRCR #9868 IF A
W 20O B bk b RE 182 I, 3252 5 A g
THOe s, FHOEx H ARG 5 5 HOR 8k
WY . e 24 R, ST 0 A% 2k O i AGE
T B R B A AR R R B X T
B IR R, b TAAEAR R R BEALIE , DA 14518
AN WAL

B2 30k
[1]1 Zhang Yongsheng, Zheng Guoxin. 500 fs UV laser system
and its application to fluorescence test of thin film

scintillators [J]. Optics and Precision Engineering, 2011, 19
(2): 475-481. (in Chinese)

[2] Shen Gao, Tan Huiming, Liu Fei. Optimization design for
all-solid-state 355 nm continuous-wave ultraviolet laser [J].
Optics and Precision Engineering, 2006, 14(5): 731-735. (in
Chinese)

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

1204005-6

timing resolution Nucl Instrum

Methods A, 2011, 639: 158-161.

in saturated pores [J].

Fraser G W, Pain M T, Lees J E, et al. The operation of
plates at high
Instruments & Methods in Physics Research, 1991, 306(1-2):
247-260.

microchannel count rates [J]. Nuclear

Giudicotti L. Time dependent model of gain saturation in

microchannel plates and channel electron multipliers [J].
Nuclear Instruments & Methods in Physics Research, 2011,
659(1): 336-347.

Wang Ming, Wang Tingfeng, Shao Junfeng. Analysis of
femtosecond laser induced damage to array CCD camera[J].
Chinese Optics, 2013, 6(1): 96-102. (in Chinese)

Zhao Qian, Liu Zhiguo, Wang Shicheng, et al. Jamming
effect of high repetition laser on laser guidance’s decoding
[J]. Infrared and Laser Engineering, 2015, 44 (5):1438 -
1443. (in Chinese)

Zhang Shuai, Liu Zhiguo, Wang Shicheng, et al. Research
on modeling and simulation of high repetition laser jamming
laser guidance weapon [J]. Infrared and Laser Engineering,
2016, 45(3): 0306008. (in Chinese)

Shymanska A. Effect of High-Efficiency Emitter on Noise

Characteristics of Electron Amplifiers [M]. New York:
Springer-Verlag, 2015.
Shymanska A, Babakov V. Computational models for

investigation of channel amplifier’ s optimal parameters [J].
Journal of Computational Electronics, 2014, 13(1): 161-169.
Kruschwitz C A, Wu M, Rochau G A. Monte Carlo
simulations of microchannel plate detectors. |II. Pulsed
voltage results [J]. Review of Scientific Instruments, 2011,
82(2): 023102.

Wang Q, Yuan Z, Cao Z, et al. Three-dimensional particle-
in-cell simulation on gain saturation effect of microchannel
plate [J]. Review of Scientific Instruments, 2016, 87 (7):

073303.


http://www.irla.cn

oGk AR

%124

www.irla.cn

% 47 %

.[17] Eberhardt E H. Gain model for microchannel

Applied Optics, 1979, 18(9): 1418-1423.

plates [J].

[18] Berkin A B, Vasil’ev V V. A new approach to modeling
current amplification in the channel of a Microchannel plate
[J]. Technical Physics Letters, 2007, 33(8): 664-666.

[19] Giudicotti L, Talli G. Transmission line modeling of gain

[20]

1204005-7

saturation in microchannel plate detectors [C]//SPIE, 2000,
156(5): 274-278.

Pan J S, Qi L, Xiao H L, et al. Influence analysis of
saturation effect of microchannel plate on dynamic range of

streak cameras [J]. Acta Physica Sinica, 2012, 61 (19):
194211.


http://www.irla.cn

