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Simulations on the particle blocking and transmitting performance

of ion barrier film versus environmental temperature
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Abstract: Microchannel Plate (MCP) with ion barrier films (IBFs) is one of the key components in Low
Light Level (LLL) Image Intensifier (I*) tubes in Generation III. Vacuum high —temperature baking
process plays a destructive role in the particle blocking and transmitting performance of ion barrier film.
AlLO; thin film density as a function of the temperature of the environment was studied using molecular
dynamics simulation. Electron transmittance and ion barrier blocking ratio of Al,O; thin film versus the
energy of incident particles were simulated and calculated using the Monte Carlo method. The dead
voltage of AlLO; thin films was about 235 V, and with the decrease of the incident ion energy, ion
blocking ratio increased. When the incident energy was 250 eV, the preventing ability of ALO; films on
C, N, O ions was 96% —-99% . Based on the above factors analysis, with the increase of the external

temperature, electron transmittance increased linearly, while the blocking ratio of ion barrier decreased
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nonlinearly. Optimization and adjustment of high temperature baking time and quantity will contribute to

the ion barrier film performance improvement.
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Fig.1 Dependence of ion barrier film density on environmental

temperature
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Tab.1 Electron transmittance of ion barrier

film versus operation voltage
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Fig.2 Simulation curve of ALO; ion barrier film of 5nm
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Fig.3 Simulation curve of electron transmittance as a function

of environmental temperature

3 BT RIRIERE TR GE SRR

f£ MCP H 5 R 7 7 EEOCR M &
A H.C.NFI O, P bk 4 255 #m g 135
e, BT AL o+ 1 M A B 1o R SR R8T
5 Bl S RO IR Y 1 LS AR T AT AL 5 .
LA H,C N, 04 FIE B 745 4 99999 145
BT RER N 08 4L B 500 eV I 5 B 1 A S 0°;
J5EJ2 JEE 2 O 5 nm s JIE )R 5 B2 73 99 1.90g/em® ALO,
By 5 ¥ S o AR R BT T St R T L R
A RE B P A AR B0 A PR 4 PR o

100% [ sopseososssssssssseeucery G

2 80%F

S s o0C(ALO,) ™

%ﬂ 60% A‘ 4H(ALO,)

4 N #N(ALO;)

2 soml ", S0(ALO,)

g "

T 20%¢ \~"~0‘
0

0 100 200 300 400 500
Voltage/eV
Bl 4 % T 5 nm ALO; By # F Bt I X H.C N .0
7 L G A A e AR e

Fig.4 Dependence of ion blocking ratio of ion barrier film

on voltage for H, C, N, O



132 ook T2

% 43 %

AW ALO; By 1 S it i X C, N, O B 7 A 1R
G A BHL AR, X H OB ?%@%W%Tﬁwo%?
BH 3R 58 7 R DI AR O, IR R

ALO; By B F &t i X I ﬁl@%ﬂ’\]ﬁbjﬁ;%o
100% -
2 98%t
g
on -
£ 96%F
>
Q
=}
= 94%| .
g
T 0%t
90% . . .
300 500 700 900 1100

Envionmental temperature/K
Pl 5 1 BH % 5 Bl B 5 i 32 78 A 1]
Fig.5 Simulation curve of ion blocking ratio versus

environmental temperature

AR b 3R A A0 2 — BT T AEA G
N B 7 fE 48 & (200 eV, B 137 i 1 30 5 il
JBEMCHRE R, A& 5 B s o nl LA Y By 8 SOt
1 BELA A B PR 35T 30 B 1) T g T AR LR MR AR, =
T 99.5% KA %] 1 000 K N 91.2% ., "L, =
Rt s o AR AR BOE T UL AR R K S 3, HIF
IS IE T ERE FRERAME A P — 3 Z AR
Z WE L9 B M i (], S AR A L

4 &

X R MG F T EENITE IR R T
ALO; T8 5 1 JE 2 %% 5 I 2P 5% 1L B2 O - 26 1k 1 2 b
B RIS R T BT T ALO; # IR 1
HE, 375 o A0 0 B BEL P R B A SR ORL - BB R 11 8 Ak it
2. ALO; ML K 7E 235V £ 47, FE A ST
TREE I TE i, B PR R B W IR . Y A SRR i
260 eV ], ALO; @i X C N .O & W FH 1L 6 J1 =
ik 95%-99% . WA SRR EE W TE e, R I R Ak

PERG I, TR TR R AR T R . LA R
e A B R O DIC A v T ML e i 18] A R A B T
Bij 5 5 B2 5t R A 1 i B B30 o

S 30k

[1]  Pollehn H K. Performance and reliability of third—generation
image intensifiers [J]. AEEP, 1985, 64A: 61-67.

[2] Roaux E, Richard J C, Piaget C. Third generation image
intensifier [J]. AEEP, 1985, 64A: 71-75.

[3] Feldman L C, Mager J] W. Fundamentals of surface and thin
film analysis [M]. Amsterdam: Elsevier, 1986: 236—-238.

[4] Ashley J C, Tung J C, Ritchie R H. Inelastic interactions of
electrons with polystyrene: calculations of mean free paths,
stopping powers, and CSDA ranges [J]. IEEE Trans Nucl
Sci, 1978, NS—26: 1566—1571.

[5] Ashley J C, Tung C J, Ritchie R H, et al. Calculations of
mean free paths and stopping powers of low energy electrons
(< 10 keV) in solids using a statistical model [J]. IEEE
Trans Nucl Sci, 1976, NS—23: 1833-1834.

[6] Seah M P, Dench W A. Quantitative electron spectroscopy of
surfaces: a standard data base for electron inelastic mean free
paths in solids [J]. Surf Interface Anal, 1979, 1: 2-5.

[7] Smirnov B N, Gavallas L A. Role of the secondary electrons
of a transmission film in the output current of microchannel
plates [J]. Sov J Opt Technol, 1986, 53(12): 730-732.

[8] Inokuti M, Itikawa Y, Turner J E. Inelastic collisions of fast
charged particles with atoms and molecules—the bethe theory
revisited [J]. Review of Modern Physics, 1978, 50(1): 23—
35.

[9] Wang Yi, Yang Pingli, Zhu Weijie, et al. Study of parallel
computing of a Monte Carlo programs [J]. Nuclear

Electronics & Detection Technology, 2001, 21 (1): 31-33.

(in Chinese)

EX AL R, LSRR P RO AT

1. B 72 SH R, 2001, 21(1): 31-33.





