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Research on the gain saturation effect of an image intensifier
based on microchannel plate
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Abstract: To study the influence of laser radiation on the performance of an image intensifier, the
irradiation experiment of CW laser on the image intensifier was carried out and the effect of laser
irradiation on its gain characteristics was analyzed. Experimental results show that no pixel crosstalk
phenomenon is found as the increase of the laser power until the light illumination arrives 8x10* times of
the illumination for point saturation, meaning that the gain of the image intensifier is saturated and the
output light intensity of image intensifier will not increase indefinitely. The equivalent circuit model of
the microchannel plate of the image intensifier was established and its gain characteristic was analyzed.

The maximum current for linear gain, got from this model, was approximately 1.64x107"°

A, which was
very close to experimental data, indicating that the charge extracted from the microchannel wall cannot be
replenished in time is the main reason of gain saturation.
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Fig.1 Experiment schematic of laser irradiation
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Fig.2 Maximum image gray level as a function of laser

irradiation when shutter time is set at 3.5 ms
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Fig.3 Maximum image gray level as a function of laser

irradiation when shutter time is set at 20 ms
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Fig.5 Equivalent circuit model of the microchannel plate

TV AL, OE T B A B A DL K H T i B
O(z) ] RN AT,
Elng(z)+MIn(Bg(z)-D)=DHz (D

B(2)=v, (C—D>z+§lng<z) 2)

X E=A+B+2,A=1y/I,, 1, JAEML AV 00T 3 38
ML I =V/R, V, A E Wi L T 5 g(2)=i(2) o, o A
S s M=2G/(G+2.05)-2, G=In (V,/V,),V,, H {5
10 B 45 4 T 1 I B P g Y B R B=io/I; D=A+
B+2G/(G+2.05)-2; H=G+2.05;v,=2V/L; C=A+B,
G350 2% MCP S50 3% 1 iR, XA =0 () A
253 2) AT BUE R A, 15 5] MCP 1 25 Fifi A S HL 3
MARA AN 6 Frzn . o LA Y Bl 25 PR I 56 B 184
MCP 34 25 B W T B, N B B2 g i . B 7 R
T MCP i Y HL SR 5 G H R B 2 R e &R
ATLUF Y, 5 P i o 2 A S5 Pl 58 B I
Tt HME Z BIAE RA LR Y AT N T
B0=1.64x10"" A B} , I F A ZMC R Z G A A
SR, fr b R A TR Ok N, E T
TR, SEIAR R AL 25 I SRR EE Oy 8.95 pW/em?,

x1 BBEREESH

Tab.1 Parameters of the MCP characteristics

Quantity Symbol Value
Photocathode area/cm? A 2.544 7
Signal channel diameter/pm D 5
Center—to—center/pm D, 6
Length/pm L 320
Resistance/() R 10°
Logarithmic gain G 0.78
Open area fraction A, 61.2%
Bias voltage/V V, 800
Crossover voltage/V v, 366.7
Strip current/A I 8x107~7
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Fig.6 Variation of the gain with the input circuit intensity
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Fig.8 Gain along the channel axial distance
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Fig.9 Excess voltage along the channel axial distance
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Fig.10 Voltage along the channel axial distance
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