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Analysis of physical effects of borosilicate glass
coverslips irradiated by protons
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Abstract: As an important part of the spacecraft power system, solar cells require high conversion efficiency
and reliability and a longer service life. By using an anti-irradiation glass coverslip, the protection of the solar cell
against particle radiation can be enhanced, the service life of the solar cell can be prolonged, and the spacecraft can
obtain a reliable energy supply. Borosilicate glass is an ideal glass cover material for solar cells. In this paper, Monte
Carlo method is combined with SRIM software to study the physical mechanism of damage of proton irradiated
borosilicate glass. Combining the theory of particles-matters interaction with the basic formula, based on analyzing the
stopping power, ionization energy loss and displacement energy loss of protons in different borosilicate glass, and the
generation of vacancies, the physical mechanism of the damage was analyzed. The results show that the proton
irradiation damage with energy of 30—120 keV mainly occurs on the surface of borosilicate glass; proton deposition
and vacancies distribution follow the Bragg curve; ionization energy loss is the main part of energy loss, which
increases with the increase of incident energy, leading to ionization and excitation of electrons; displacement energy
loss increases with the decrease of energy in the glass, which leads to the vacancy defects of boron, oxygen and
silicon. Tonization effect and defects are important reasons for the formation of color center in borosilicate glass.
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Table 1 Borosilicate glass composition elements and parameters

element atom stoich/% displacement energy/eV binding energy/eV surface energy/eV
B 7.04 25 3 5.73
(0] 64.10 28 3 2.00
Na 2.33 25 3 1.12
Al 0.82 25 3 3.36
Si 25.50 15 2 4.70
K 0.16 25 3 0.93

WAL R R DY B A0 28 B R 2.23 g/em?, JR T AU FEN = 7.064 x 102 atoms/cm®, 1 58 BEIE R F 7, A 41 6E &
H30~120 keV, ASPRL TR HBE S 10° 4.

2 HEREHHR
2.1 TREEEAES Eh DY S X R T A0 PR LE A 45

O £ B 0 BEL 1k A S50 5% T A9 9 25 A L 0.6
WP LR . ML LTIt AR £ B 38 10 v TR 1k AR osp T
8515 A TR BEL I AR 405 B 25 AT T R 6 T 1, T ol
T £ B B 9 1, T BEL 1 A% 49057 97 388k AL 1 A 450 78 W /1N«
MO SE T RE R IG N 2) 80 ke VZE A5 I, BN fik IR £k Ik 38 ) vl 1
BHL 1 A< 4503 5 85 K, T B 25 A I T B 4 04 K, 0l i
385 1 L T BEL 1k A AT 7 /N I e T8, ML 1 AR 40
5 WL/ I TR 3 80 ke V7 43 I Ak 152k 05 A, I T

—=— electronic stopping
03+ —e— nuclear stopping

0.2%

0.002
0.001

0 1 1 1 1 1 1 1 1 1
20 40 60 80 100 120 140 160 180 200

stopping power / (MeV-mg'-cm?)

T e T 58 % 35 1% A RO e 5 incident energy / keV

K 2 A6 e & R F e A i Eh yh i b 1 = A Fig. 1 Stopping power of the borosilicate glass at
e AR WNIED 2 TR MU 1 H B A diffrent encrgyofprotons
AT, EL 2 7 B8 RE L2k 9 96% LI L T 3275 Tt L RITRERT T MR A L A4

U o5 L A9 0] 6 A S5 R 1 T R AR, R B RE R AR Y 0.1% Ze A5, LMK T HL B AE A . Xt — B BT A
SO0 ik R £ B ) R o, A A LT ORI AR T R — AR RE A, TR LA AR R RE AL, SR 1
Hh e T BH L AS G R T AZBH LR AT S5 R W) 5

025024-3



weOoW s 5 Ol TR

22 SIERSHERBER
B 76 A B [ REE R T 5 AR — R AR IR, e RS — RS IR . B TR R RS & 2
lf 48, L g Y A 80— 25 3k 14 B B DA R R 2K 2 A BB e AN S8 A AH [, R T A (] A A A SRR 7E TR — 4
R TORRU B IR 5 A AR ), H 22 B19F R KR, B — 5 1923 (8] 43 A Bragg IR /3 A, Q& 3 firw, AT LLE
ity 2 W (R Ak AR 5 1~ I 22, 0T 6 R BRI O MG b B o T B Y- Y SRR . BEAE BT TR SR A A, B A Re ) O,
T W0k 1% 6 3 30 1) T R AL 2 B, DA B AR R, B SR AR B OR, B RR AT HORR FE S K
100

—=—30keV
//'/"4—*—_.—_._. 10ty —e—60 keV
—a—90 keV
® 96 —=— jonization energy loss _6x10*F —v— 120 keV
> —e— displacement energy loss ‘E
g °
Z 4x10*
=
o
L L 2x10%
01T \’\‘Nﬂ—ﬁ\.—.—.—.
0 . . . . . 0 . L
20 40 60 80 100 120 0 300 600 900 1200 1500
incident energy / keV depth / nm
Fig.2 Energy loss of the borosilicate glass at different energy of protons Fig.3  Deposition of different energy protons in borosilicate glass
12 R R R AE9E  J5 REL8 L P 3 ALt 5 B R B O OB

e 2 O oA i R B v ) S R RS R WS O, A R R AR RS AL S 3 R e — B, HO R 2 0]
LA i, 30~ 120 keV 114 5% 75 Bl ek B £8 B 38 9 A S ORI/ T 1.2 pm, AT BLARBE B 1 S A2 /0, DT 23 368 A4 48 26
TET A2 ) TR 25 ) 88 A

®2 TEHERTENEREARBEPINHERFESR

Table 2 Range and straggling of protons in borosilicate glass at different energy

energy of protons/keV range/um longitudinal straggling/nm
30 0.366 77.9
40 0.452 82.9
50 0.533 87.0
60 0.613 90.3
70 0.690 93.2
80 0.767 96.1
90 0.845 98.8
100 0.923 101.4
110 1.000 103.9
120 1.080 106.3
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Fig. 4 Distributions of ionization losses with incident depth at different energy of protons
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