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A New lon Barrier Film for Micro-channel Plates
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Abstract: The microchannel plate (MCP) ion barrier film produced by traditional technology affects the
signal-to-noise ratio (SNR) of the image tube to a certain extent, and long-term working conditions reduce the
reliability of the image tube. Due to the urgent need to improve and enhance the SNR and reliability of image
tubes caused by defects in traditional ion barrier films, a new type of ion barrier film for MCP must be
developed. In this study, a continuous high-quality U-shaped ion barrier film was prepared using atomic layer
deposition on the inner wall of MCP channels with high aspect ratios and channel holes at the input end. The
film quality and electrical performance were tested using an MCP comprehensive detection device and
compared with the performance of MCP components prepared by traditional technology. The new ion barrier
film is dense, with high gain values and low carbon content in the components. The new MCP components
exhibit a high SNR and high lifespan reliability after tube preparation. New MCP components produced using
this technology are of great significance for improving the SNR and reliability of image intensifiers.

Key words:new type lon Barrier Film, atomic layer deposition (ALD) technology, large aspect ratio, signal-
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Fig.1 Structure diagram of traditional ion barrier film
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Fig.2 Structural diagram of new U-type ion barrier film
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Fig.3 Organic membrance structure diagram oftraditional ion

barrier film
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Table 1 Performance comparison of MCP components

with different ALD parameters

S Sample Reaction Number ~ A\Verage
ample uantity temperature/’C  of cycles dead zone
! ’ P y voltage/V
- : 1 c1 396
Tz C1 435
Ts C1 488
Negative
4 4 Ts C1
value

Note: Ti<T<T3<Ts
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Fig.5 Test diagram of MCP components film quality
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Table 2 Parameters of Al2Os film preparation

Sample Sample quantity Reaction temperature/’C Number of cycles

Average growth rate of
Verage g Average dead zone voltage/V

thin film A/C
1 3 C4 3.83 267
2 3 T1 C3 3.86 291
3 3 C2 3.63 320
4 3 C4 3.17 284
5 3 T2 C3 3.00 313
6 3 C2 3.00 339
7 3 C4 2.50 307
8 3 Ts C3 2.57 332
9 3 C2 2.50 368
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Fig.6 Test diagram of MCP component' film quality under
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different deposition tempetures
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Table 3 Gain performance testing of MCP components

New MCP Traditional MCP

Sam components Sam- components
-ple Re:zt)or/ Gain ple Re:zt)or/ Gain
1 186 6001 1 146 4408
2 184 5989 2 157 4609
3 179 6231 3 162 5200
4 182 6879 4’ 154 4699
5 169 6496 5 178 4863
6 168 6104 6 164 4613
7 182 7302 7 159 5019
8 159 7029 8’ 186 4987
9 173 7456 9’ 180 4639
10 184 6981 10’ 192 4966
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Fig.7 Test diagram of qualified MCP components film quality
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Fig.8 Test point of MCP output surface
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Table 4 Test percentage on MCP output surfacetested by SEM

Element Quality percentage/%  Atomic percentage/%
C 3.46 8.81
O 25.07 47.91
Ni 0 0
Na 0 0
Al 0
Si 3.93 4.28
Pb 1.57 0.23
Bi 0.01
K 0 0
Ba 0 0
Cr 65.95 38.77
MCP i N TR s a0 B 9 #row spotl Az, Wi
B nE 5 Pros.
Area 4o
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Fig.9 Test point of MCP input surface
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Table 5 Test percentage on MCP input surface tested by SEM

element Quality Atomic
percentage/% percentage/%
C 2.84 9.76
O 8.3 214
Ni 0.17 0.12
Na 0.02 0.03
Si 2.87 421
Pb 4.14 0.82
Bi 0.16 0.03
Pd 0.09 0.03
K 0.43 0.45
Ba 2.19 0.66
Cr 78.78 62.48
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