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Abstract: Photon counting imaging detector is the core imaging device of space imaging payload
such as lunar-based extreme ultraviolet camera. Ge film is used as the induced charge layer of the detec-
tor. The stability of the Ge film in the space proton irradiation environment directly affects the imaging
quality of the system. The proton concentration distribution and vacancy defect distribution in the Ge film
with the thickness of 500 nm irradiated by high energy protons of 10, 50 and 100 keV were simulated by
using Monte-Carlo method. The simulation results show that the hole defects generated by 50 keV protons
in the Ge film cause the greatest damage to the inside of the film. The 50 keV proton irradiation experi-
ments of Ge films with different thicknesses of 100, 230, 350 and 500 nm were carried out. The square

resistance meter test shows that the thicker the film, the greater the square resistance change after
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irradiation. The square resistance increase of 500 nm Ge film is about 500 M{}/[] higher than that of

100 nm Ge film. Atomic force microscope ( AFM) images show that the 500 nm Ge film is bulged and

separated after irradiation. The root mean square surface roughness of the film increases from 1. 63 nm to

about 10 nm. The results show that the damage caused by high-energy proton irradiation can be effectively

reduced by reasonably designing the thickness of Ge film under the premise of meeting the square resistance

requirements.

Keywords: Ge film; proton irradiation; square resistance; photon counting imaging detector;

extreme ultraviolet camera; space environment adaptability
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Fig. 1  Ge film sample prepared by DC magnetron sputtering
method
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Fig.2 Square resistance of as-deposited Ge films with
different thicknesses
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Fig.3 Schematic diagram of the comprehensive simulation
device for space environment

472 ¥ FHhHEARF 8 EF 6 M

KM Jandel J7BHALXT Ge M7 BELAEATIN &, 4
K4 frR, TR 20 N, 22000 & BOE Y (E
H1 TR 7 BH A2 BREE R R S s, D I ORAIE =
oM 22 °C . A SCR A Nanosurf Easyscan 2 il 5
TR (AFM), 4R BRI Ge BERTIES 5
Yo7 (RMS) R MRS B2 b 47 0 4 o R
PRGN 80 umx80 wm, ZRSCRAEIEFN 2 pmx
2 pm~10 pmx10 pm, a5 HE% 8 0. 05 nm,

&l 4 Jandel RM3-AR %175 BHAY
Fig. 4 Jandel RM3-AR square resistance meter

2 SLEeHE R B

2.1 RFEBREMUIE

K SRIM #4455 T Monte-Carlo JEFRAL T =
REIE T AT Ge IS T 1 BB 1361 2% S5 DU AR 0 A 45
TEoL, FFRERmIERE 10, 50 F1100 keV, AHFF
it 99 999, Ge JBEJEREYISH 500 nm, X =FhhE
WA Ge UG MWESMWE S (a), (b),
(¢) F7R, Jot—F 4R MR ™= Az 19 25 o ik B 4 A 1A
5 (d), (e). (f) Pn, SAEAMEHRTHIFRH
Mo/ Si £ JZ B A I - FEBE DL 25 SR ML, Ge B
ERE TR IRAS R s, AEREUR, TR B
PERZ B, R )Z B/, 10 keV = fig
F A A 2 b AR TR ERRZ R T, WZIE
BAEB, WK S (a) 1 (d) Fia; 50 keV 5
I I -1 A1 2 A SR 2 A B 2 A b DA s B
Aoy, MR N GRAK, WES (b) M
(e) Ji7R; 100 keV /&5 AB T 76 M2 N 3 I 25 fo7
B oAb mE s (¢) MO(f) fias, K
DUBUERES I A SN b i H, A pbxs
BRI N /N IF TR R R i SR 5, Rk
100 keV 5 T4 FBXT 500 nm 4 Ge JIE PN EBHA G748/
50 keV = BE BT F 4 BR v R0 25 A7 B RE B05 E
10 keVAHI 100 keV JIT i o5 A9 ik e 401 0 45 ™ 2, an 4]

2023 4 6 A



FEEM %, AP T HORAIR N B Ge B4 & 1) R T 45 BAL T

5 (d). (e). (f) Frm, WML, 50 keV BEHE A
RESTLTXF Ge Jiid )i 25 O Bk B BT B BRZ . I

JR 51 FE=95.6 nm f A} =0.103
I =382 nm I/ =2.960

U7 15 J4£=78.8 nm

5000

= 210

Wipgrsne Wpgre,
ez 500 s

JEF S AE=361.6 nm fiFHE=-1.095
U i =4.682

- 5x10*

‘ 4x10%

£2 3x10*

- ox10t

A SCRE PR X —RE R JEATAR IR S, ARy FLE5 2R
PEATER L,

JiF 41 #2=341.7 nm fiiRHE=-0.878
U B =113.5 nm

e s =
8()()[II$|X_3‘052

1200
£2 1000

500

(a) 10 keV JFi FHIME Ge S PR AT (b) 50 keV T4 8 Ge B TR T E /0 (¢) 100 keV T4 18 Ge Bt 5 i1 S 43 A
AR AR A
23 (i A2 i (Kinchin-Pease F6 7 ) 233 1 (Kinchin-Pease £ ) 233 4 % (Kinchin-Pease 18 )
1.4x1073 L x107 2.0x107°
. } <103
M 1.2x107 o 1.2x107 L 20
By o & 1.0x107° = Lex107?
< 1.0x10 = o P
a0 1 8x10 W 12%107
—4
6x10° 6x107 8x10°*
4x107 4x10 .
2)(10’4 (i': 2)(1074 (B 4%x10 5
L e 0 s 0 e
WA 000 HEBOR B mm 000 W R am OO0

(d) 10 keV JEFHR MG P24 B2 1 BE R  (e) 50 keV IR THRIAJG P2 AL RYZS CEBRIG AT () 100 ke V 5148 B 5 72 A 592 457 Bl 43 A

K 5

10, 50 F11 100 keV ST F4& MG Ge JIFE P 514 BE 434 Rl =S L BFE 43 A

Fig. 5 Distribution of proton concentration and vacancy defects in the Ge film after 10, 50 and 100 keV proton irradiation
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Fig. 6 Histogram of square resistance variation of Ge films
with different thicknesses before and after 50 keV
proton irradiation
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