% 55 55 3 BRESY & 2026 4 3 A
Vol.55 No.3 Infrared and Laser Engineering Mar. 2026

(2558241

CALO-IsCMOS i@ EtEge ik SEMUGE

MEN, AR, R, AR, a2 | R R, 2 8L K R
wOR, AMERS ATis T, ZAERY A AR A, FORS, A

(1. 37 BAARE (B F) FFREA NS, T dxw 211106;
2. LAMEIRRLAT, = LW 650223;
3. b R AR B ATRAE), =& &9 650500;
4. FBAFEHMEF LI, LT 100049;
5. PEHRFREELPHENRALT BEAAFERRALBAETLERE, kK B% 710119)

& . i@ i AR (Microchannel Plate, MCP) £ # &t F & 4% 4+ 4K M| 3% 36 (High Energy Radiation
Detection facility, HERD) P 3% 5% & £ 52 48 7 4h & B & 4L F F 1K 48 #)L (Intensiﬁed Scientific
Complementary Metal-Oxide-Semiconductor, IsSCMOS) #) 4% ¥, F 42 3% B4, @3 K AR F ERR
(Atomic Layer Deposition, ALD) & R 5 o B K, 6l 53¢ & K& K v K69 MCP, A T
i R AR 6 B ST R R, 44428 4% (Scanning Electron Microscope, SEM) . X £ % & F 4k
# AL (X-ray Photoelectron Spectrometer, XPS), & -F /1 244t (Atomic Force Microscope, AFM).3D #& ¢
M FBEAE MCP 89 K & 5 S0 Ao L2 My 5 83838 B | A 6 BRI 3K 547 31 4% W T 48 38 FORAG A 1
# A CST Studio Suite #)3#47 AAER | Ir4E — R & F & 4+ & £ (Secondary Electron Emission, SEE) YA &
FF &2 @ A% L (Open Area Ratio, OAR) % MCP 4t 69 %o . MK 4 R AW, ALD 3 R AE MCP i@ 8 A A
T34 8 B 09 ALOy FBE, FRE AR 0.55 nm 1K E 0.43 nm, THZHIKT 71%., FHEM 372@800 V
BRI E TA3@800 V, £ Bk w2 30 C B, THEA ARSI 6545, & 23 RAEAF MCP ¥
OAR M 67% 425+ £ 87%, ¥& s A 743@800 V 327+ £ 945@800 V, £ Z 10% %345 A 12 (Full Width
at Maximum, FWM) A 378 um 4% £ 288 um. B4 R &9, £ & 49 SEE 4= OAR, 7T A 2 4R &
MCP #4938 %, #HI NS & F AR T 0 = A& MR R 5B AR AR &, H 2 REMNE K
A @R MCP 4245 T £ 252 10 5 28 30 1R 4% |

KR HadiER; wFEH;, RTFERR; ¥72; CSTHE

HESHES: TN223 SEIRSRD: A DOI: 10.3788/IRLA20250495

5] H#%20: HU Zexun, CONG Xiaoqing, LI Tao, et al. Performance testing and simulation of microchannel plates for CALO-
IsSCMOS[J]. Infrared and Laser Engineering, 2026, 55(3): 20250495.

FHEEI, AAERR, 2276, % . CALO-IsCMOS 3 i 1 At A i 5 A 8L 05 B [J]. 404 530t T, 2026, 55(3):
20250495.

T PN BE UL T A S T PR A e R e A
WSRO, BERS B RO A R TR S (W T
{38 E AL (Microchannel Plate, MCP) J&:— i 5 T 1) RGO o A HEIT B L 1738 47, MCP 7

0 35l

T

Wi B H#3:2025-10-19;  1&1T H#H:2026-02-10

EeTH: BFEARFA AT A (12573105, U2541225); 119548 H AR 54T FI H (BK20241716)
VEERIA R, B, TR, B, EEM G TR TR T TS

BIEMEE: IR, <o, IE S TR, B5i-1:, £ i TS TR 5 BT SE .

20250495-1



%34

P ENEF: CALO-ISCMOS /i #4388 AR A8 3K, 5 A s A % 55 &

AN N ST DA TR 2 TS U VR 7 i
LA X L SR, MCP #) 2 i TR As . €
Ay E] A R X SRR e g A
G,

VE Ry TS0 4 28 T b [ ) i 14 R 23 ] K S0
RLF KK W) B S 0 26 B R R T R R S A A it
(High Energy Radiation Detection facility, HERD) J& i
A RS ) B R T LR YRS T R Y fef
fire HAZ RN B AR SEB, Qe s 4 Jo e K 4 11
o R T 0 TR DX 2 R T Y L3 B DL K
RE O E 5 2 A A R, AR AR T AZ O30
fr—— R HEAT (CALO) ML BRMERE  Horh SCHEE
T N 3 5 R RL 2 g A 4 JR AL W E S R L
(Intensified Scientific Complementary Metal-Oxide-
Semiconductor, ISCMOS)". 7Eix R 4 H', MCP 1E N
—RAL IR IE SR R O, AR W T S0t e %
vy R TR S T M R R 4RI OR
MOCHEER] . 1T HERD 2 fi b 752 2% (14 %5 W) PR,
[ % CALO-IsSCMOS F MCP (1) 77 i B ol 2 () 0
PR TR IR ER

ST B O T AR T AR e, R M R
FZ VLR R (Atomic Layer Deposition, ALD), [& 4p
Argonne [E ZLHE | 2 NHEF K INCOM A H], FHN
JETT BB A AT PR R L e E R B e A4 BT
FEHI R R 2 BE PG 2202 B AU 58 BT . v [ 2
S BRRERFIEBE . KRBT R AE 5 AR TF A T
£ [E5h LAPPD A1 BAFI ] ALD A58 W T A il 1
MCP filfE, #25 KT 1107, HARBISHINT 15%, #7385
I 3 2 DR ARE , R BUAZ 58 MCP A3 45 1 33 2 sl
B4, CONNEELY!™ i ] ALD AR AE 4% 58 MCP
EWIET R SR, AR R T MCP 7 i, HAE MCP
i LT A 5.16 C-em (M 43 T % 35%) BH LT, B
W AR IO ARk . LEHMANNUY (58 01,
ALD-MCP #i i i i & 8 4F 10 C-om?, % iy & 1% 5t
MCP 1) 50 £ ENEEZE . BRI S5 1T 58 24
W ALD HARFTE R MCP Hass My, T AR
WD, FERFAMY HH AR, ASHKHOTOV!,
EAE 0 T T SRR . TR ik WA
FEHRE K" % 3Ll < J& MCP 48 %50 % 42 72 51 90%,
T8 T B 1 R T R AR S L MCP 1Y 24 £ .
CHEN P! % SR JE MCP WU EE R HEIT 100%, HEIR

ik o AR T 2%, 3R MCP 1961 45 R 2 445 5
BRTZ RN, FEHAS BB ISR . SR eSS
[ 0 450358, ALD 2 AR AN AE AR B vK 7 FR 00 2% 55 51
T (JUICE-UVS)!'™ | 25k B4 A3 5r
SV R HARG IO CIT . SO IS8 E R KR} 2
' HERD #fif ) CALO-IsCMOS 423 [a] 81 75 5K , 431
454 ALD HLAR R AR, JF & MCP il % . Mg
MR FRLELT B, R IT & TS5 S50 A
R LA B IS AR, Sy e R o AR 4 T 9 B fAEAH 56
18 B AR FATE o BE i, A R R [ P A S BIE 5 4R
ZEH

1 RUBE R A 5540 K RAE

1.1 &#igit

SCHRF T = RS TR BAS 19 MCP R &, 4350k
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Fig.1 Schematic of MCP. (a) MCP- | : Without expansion or ALD; (b) MCP- Il : With ALD and no expansion; (¢) MCP-1Il: With ALD and expansion;

(d) 3D schematic of expanded MCP

& 1 MCP igit
Tab.1 Design of MCP

Model ALD film Thickness of the ALD film/nm OAR

MCP- I ; ; 67%
MCP-TI AlLO; 55 67%
MCP-1I ALO; 55 87%

MCP & &t 5 . 3R 1H i 2OR ™ AR 5, B E T L
T2 EEIR E N 25 °C, Sk MCP B0 il £
0.2 mol/L ) HCL ¥ i ' 20 min, 25 B RHE BLIR B
MR 36 pm Y IE . HEE 1 Ay 40 kHz, T3
300 W8 P I KRR 7R O 30 s, SR K S
AR 0.1 mol/L 1) HF %5 ¥ 15 min, MCP H'1y SiO,
15 HF W 427 By 7 B A= (3). (4) s,
Si0, 4t 5 HF 2 A4k i, SiF,, SiF, 4k%: 5 HF 52 A4
JI% 5y V5 (4 H,[SiF,], UL 42 = MCP ) OAR. IiJi
il FHAR A O 40 kHz, T35 300 Wi 75 I £ It
FETE 30 s0

SiO,+4 HF — SiF, T +2 H,0 3)

SiF,+2 HF — H, [SiF,] “)

Fi B8 bk 7 252 T MCP- 1 . MCP- 11 Fl MCP-
M HI1E, SEdanial 2 pros . 47 & 2 B8R A 8T,
¥k 8 T ECE T MCP L7, I 7E MCP- T 529
PR MCP- 11 529y [&] R 4R 31 1 AT 48 19 5 5 R
i MCP-TI i F2R F T8 VAR, S A Tk i RE 45 44,

T TR B, TR R BEAES™ 1 X SOR AL BT 4
9 B PR

[§] 2 MCP 524, (a) MCP-1; (b) MCP-11; (c) MCP-1I
Fig.2 Physical object of MCP. (a) MCP- I ; (b) MCP-II ; (¢c) MCP-1Il
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A H 1 4% 5 8% (Scanning Electron Microscope,
SEM) 43 i % MCP- 1 il MCP-1II f4 7 55 k47 1 0,
gERE 3 Frn. SRAY OHARE, #iE HA 12.0 um
PEFF 2 13.7 pm, S IE [H FEY N 14 pum, FF H B
67% 2T+ & 87%. I 3(c) Ml (O AT AL, ¥ 15 1Y
MCP 7r i ATH S BRI IR AR, 5 B 45 R A — 3,
It HNEE 5L SR A /e S 26, S 2 B0 | %
LB, TR B s

R X 5 28 5% 8 1 B 3% /X (X-ray Photoelectron
Spectrometer, XPS) 43| X} MCP- 1 I MCP- II f) i i&
WIICE AT T I, 4550 1El 4 B . EI AT LA
# th, MCP- | 7E% >4 4 fiE (Binding Energy, BE)70~
80 eV 1Y 471l i [l Py oK W22 B AT AT BH (2 (i {5 5,
AR i 55 M K — 3, R W MCP- 1 3 18 N BE
AE AL EH R FAITE . MCP-T1 7 BE A 74.3 eV ib
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& 3 SEM K45 H . (a) MCP- 1 K EJEH; (b) MCP- I REIJESHKIE; (o) MCP- 1 #EJESR; (d) MCP-M K HIES; (e) MCP- I 1 55 ik

K& (f) MCP-TT kK5

Fig.3 SEM test results. (a) Surface morphology of MCP- I ; (b) Magnified surface morphology of MCP- I ; (c) Cross-sectional morphology of MCP- [ ;

(d) Surface morphology of MCP- Il ; (¢) Magnified surface morphology of MCP-II; (f) Cross-sectional morphology of MCP-Ill
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Fig.4 XPS test results
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oI R B 3308% (Atomic Force Microscope, AFM)
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5 AFM IIHASEE . (a) MCP- [ HUBETE; (b) MCP- I AR FE
Fig.5 AFM test results. (a) Roughness of MCP- [ ; (b) Roughness of
MCP- I
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Fig.6 Surface figure test results. (a) Surface figure of MCP-I; (b)

. (a) MCP-1 HiJ¥; (b) MCP-TI 1 /& ; (c) MCP-

Surface figure of MCP-1I ; (¢) Surface figure of MCP-1Il

JEWHISHE | r R IR Y B Y, 204 R )
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MCP-TIT 38 25 4K UKk 372, 743 Fi1 945, MCP- 1T 3 25
T MCP- 1, 5 CAO™ [ 98 — 2, X Je: K b i i
WEETTAR I ALO; IR JZ — K L+ & 3 % %X (Secondary
Electron Emission, SEE) I§&{H & 3.95%), & FA& 48 i 4
P g 2,752, MCP-TI 1 3 25 & T MCP-TI, iX J&
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OAR, #2557 AT F R AR BCR ), i Z i B 7
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Fig.7 Measurement results of variation of gain with operating voltage
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MCP ) % fir 5 HERD %84 16 38 17 s [] 1422 4
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LA 8 45 4 B B T 9 —200 'V, 38 1 98 1 B AT O R
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MCP % AHLI I, 7 1 nA. MCP B A LR 0 V, MCP
Byt LR Dl 900 V, BHAR FELE R 1100 Vo 4% kR 25
' LA AR BN ) A B — Bk 0 3 P AR
TAE R Ly R0 5) B 4R, A
(6) THA St o L far d o AR M RRL AT B O B AR AR
AFXT 14 25 (7 UK 5 (B0 SE ) S 9N A bR 211 s 75 1
M £k

Pl 8 A b A

Fig.8 Photomultiplier tube for life test
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MCP ) TAEF5 Ak 45 SR A& 9 iR . R ]
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Bt 2 R PR B Y R R S0 G S L B R
T S Y e A A F) 30 C IF, MCP- T fAH X 14 25 E
FEIE 12%, JUBAY MCP- 11 AH X 14 25 Bt S 1 e
SIS R SRATIRAE TR, (B B S ] 02 . 7
ST E A Ry 30 C IS, ARG B 25 R AE 90%, I =
F MCP- I, TAE# A M} MCP- T $27F 6.5 1755 B fifi
S AT R K F) 100 C, MCP- 11 AR 48 25 A R H5 78
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Fig.9 Lifetime test. (a) Relative gain as a function of total charge output
quantity for MCP- [ ; (b) Relative gain as a function of total

charge output quantity for MCP- Il
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Fig.10 Imaging test system
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Fig.11 MCP imaging results. (a) Three-dimensional intensity distribution of MCP-1II'; (b) Three-dimensional intensity distribution of MCP-III; (c)

Logarithmic intensity distribution of MCP- I ; (d) Logarithmic intensity distribution of MCP-Ill
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Fig.12 Schematic of the 3D CST model for MCP electron multiplication
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Performance testing and simulation of microchannel
plates for CALO-IsCMOS

HU Zexun', CONG Xiaoging'", LI Tao?, LIN Yanjian', SUN Jianning', WANG Jian', GU Yan', ZHU Jiaqi',
CHENG Yan', ZHANG Huan', CHANG Le¢’, LIU Beihong’, HE Zhili*, WANG Zhigang*, QUAN Zheng*,
CAO Weiwei’, LI Ran’, LI Longhui'

(1. North Night Vision Technology (Nanjing) Research Institute Co., Ltd., Nanjing 211106, China;
2. Kunming Institute of Physics, Kunming 650223, China;
3. North Night Vision Technology Co., Ltd., Kunming 650500, China;
4. Institute of High Energy Physics, Chinese Academy of Sciences, Beijing 100049, China;
5. State Key Laboratory of Ultrafast Optical Science and Technology, Xi'an Institute of Optics and Precision Mechanics, Chinese Academy of
Sciences, Xi'an 710119, China)

Abstract:

Objective ~ Microchannel plate (MCP) serves as the core electron multiplication devices in the intensified
scientific complementary metal-oxide-semiconductor (IsSCMOS) of the high energy radiation detection facility
(HERD). This study develops high gain, long lifetime, large open area, low halo MCP using atomic layer

deposition (ALD) and flaring technology to meet the stringent requirements of space exploration.

Methods The surface morphology and microstructure of the MCP are characterized through scanning electron
microscopy (SEM), X-ray photoelectron spectrometer (XPS), atomic force microscopy (AFM) and three-
dimensional profilometer. Electron multiplication and imaging characteristics are evaluated through gain, lifetime,
and imaging tests. A simulation model was constructed using CST Studio Suite to validate the effects of

secondary electron emission (SEE) and open area ratio (OAR) on MCP performance.

Results and Discussions Test results demonstrate that ALD technique forms a uniform and dense Al,O; film on
the MCP channel wall, reducing surface roughness from 0.55 nm to 0.43 nm, resulting in a 71% reduction in the
amount of deformation and increasing gain from 372@800 V to 743@800 V. The lifetime improves by 6.5 times
at a total output charge of 30 C. The flaring technology enhances the OAR from 67% to 87%, and increases the
gain from743@800 V to 945@800 V. Concurrently, this process reduces the full width of 10% maximum (FWM)
of the halo diameter from 378 pm to 288 um. The simulation results indicate that higher SEE and OAR are

effectively enhancing the MCP gain and suppressing electron scattering along with the halo effects.

Conclusions  The test results are in good agreement with the simulation results, providing a significant
experimental and theoretical basis for high-performance MCP used in space exploration.
Key words: microchannel plate; electron multiplication; atomic layer deposition; flaring; CST

simulation
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