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Abstract According to the characteristics of transmission electron imaging in the transmission electron
microscope, an indirect electron imaging detector coupling a fiber optics plate with a CMOS camera was designed.
By varying the thickness of the phosphor layer and the aluminum film, respectively, it was found that under the
same conditions, thinner phosphor layers could obtain brighter images than the thicker ones. Within a small range,
changing the thickness of the aluminum film had little effect on image brightness. Considering the detection
efficiency of the microchannel plate (MCP) for high-energy electrons, attempts were made to place the MCP in front
of the phosphor screen. Test results showed that the MCP effectively increased image brightness, with a 30-fold
increase in screen brightness at a working voltage of 700 V compared to the situation without the MCP. Considering
the ability of the MCP to shield X-rays and its relatively low replacement cost, it may be a new choice for indirect
electron detectors.
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Fig. 1 TEM system and electron optics diagram



16 Ho o= B

ST 5 I NI S

i 45 4%

SEIRZFICORASECT 0 AR, B B G e R) B2
IMARLIE %

Vi) 422 FE, - 00 1% 22 e AE 5 S ML AR E R,
HASTE 2 5B SRS, ARG E 2 Fos,
FAALE ) HIER R T : 858, ¥ FOP B 57—
AN b, SR A AR — AR DGR, HiAE T
R FHWER B v T2 E B — o TR R Y
PR (P43) 2, SR JG TR A WL 28 B 4R I, 155 e
A PURE, BRI HIE RSO0 KA /NE 21
FOP (— iy CLASUAF 26 5f ) B 8281 CF35 622 11, )
— it 5 CMOS FIALI i 24 e B A B il ok
SRR L AR B ST BRI T . H IR R R SR
Ty {424 MCP, 98Bt — M T —Fprepk e &, il
I R [ E MCP, i e 2k

phosphor screen __=

H air
 vacuum
H
H

e

camera

mcp -7

GND J_Ul

electrode

flange
2 [l TR AR 2 R R A

Fig. 2 Schematic diagram of the indirect electron detector
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Fig.3 Schematic diagram of the indirect electron detector.
(a) is the side of fluorescent screen for direct electron,

and (b) is the side coupled with the camera
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Tab. 1 Indirect electron detector numbers and corresponding

parameters
PR 252 5 PR FRABEL R MCP
#3013 ~10 pm 80 nm ¥
#3014 ~20 pm 40 nm &
#8015 ~20 pm 80 nm T
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Fig. 4 The images with #8013 electron detector at different
magnifications with magnifications of (a), (b), (c), and

(d) being 2 k, 5 k, 10 k, and 20 k, respectively
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Tab. 2 Images acquisition parameters and normalized brightness with #8013 electron detector
JIONEES Tl HL /A BE LT /ms Hi%5/dB IRIERIE JRIER 5 2% H—fbse
x2 k 0.20274 168.72 2.836 102.01 25.54 0.4361
x5k 0.20274 168.72 14.683 97.99 18.93 0.1071
x10 k 0.20274 1500.00 6.749 104.59 25.64 0.0320
x20 k 0.20274 2499.23 19.278 97.96 29.05 0.0042
£3 #8014 BEFRUB[EGRESHURERRA—UZE
Tab.3 Images acquisition parameters and normalized brightness with #8014 electron detector
I ONGES JRlE HL I/ A W /ms Hi%5/dB JKIE YA IKPEY T 9% H—fese e
x2 k 0.20274 168.72 7.467 97.52 20.99 0.2446
x5k 0.20274 168.72 21.647 97.13 21.31 0.0476
x10k 0.20274 1500.00 13.965 97.26 21.83 0.0130
%20 k 0.20274 2499.23 23.981 75.03 20.55 0.0019
&4 #8015 BTFRNFEGRESHURERIET-LZE
Tab. 4 Images acquisition parameters and normalized brightness with #8015 electron detector
IONEES il LR/ A WEYEH K /ms W %5/dB JREEXIME JRIER )5 2% H—fbse
x2 k 0.20274 168.72 8.041 98.69 17.30 0.2317
x5k 0.20274 168.72 21.899 99.91 25.03 0.0476
x10k 0.20274 1500.00 13.713 95.09 2291 0.0131
%20 k 0.20274 2499.23 23.981 85.14 25.09 0.0022
L AR L5 B A AR B BEXT T 80 keV U B AR BB JEE BE X T A L F B % ok F) 52 W), el
NG REMAOR AT L2 AT . A TEFE—2F Geantd BRPF X AR OC Y 4 33 B R AT R 40L, A A



18 H = B

ST 5 I NI S

545 %

B 6 fim . 1EEA HE T — AR 3 em JEEE 7351
J& 40 nm A1 80 nm 4544 5 A9 [ 45, A S L T A B fE
80 keV, Giit Bt G LTI REE /A . BIPILE R
WK 7 fros .

05 ', « #8014
! . #8015
0.4/ « #3013
z —=-#8014 fit: =0.984
£03 #8015 fit: a=0.934
g ~==-#8013 fit: a=0.770
(5] i
02
o
3
0.1
oF = ST L Y T POV Y.

25 50 75 100 125 150 175 200
magnification/k

KRS LR EoIn: T RE L iRV ONRE S EN k57

Fig. 5 The relationship between the imaging brightness of three

types of electron detectors and the magnification
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Fig. 8 The MCP placed in front of phosphor screen in an indi-

rect electron detector
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Tab.5 Images acquisition parameters and normalized brightness with #8014 MCP electron detector

JIONRES LI 1 /ms H4i/dB IRIE R TREEY )y % H—fhre HHRT T#8014 SEEE
x2k 15.56 0 98.69 18.51 6.3421 25.92
x5k 73.62 0 103.36 17.03 1.4039 29.48
x10k 168.72 2.908 98.45 15.02 04174 32.14
x20 k 168.72 19.888 100.28 27.01 0.0602 3171
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Fig. 9 The images of #8014 MCP electron detector at different
magnifications, with magnifications of (a), (b), (c), and

(d) being 2 k, 5 k, 10 k, and 20 k, respectively
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Tab. 6 The imaging brightness of #8014 MCP electron detector at different operating voltages
MCP 4 i ThT L1 S iV AAY BB /ms Hi45/dB TREZEIE IRBEY T 25 H— ez iz
500 4500 2000.00 23.981 95.84 27.32 0.0030
600 4600 168.72 23.981 56.28 16.87 0.0211
700 4700 168.72 13.821 98.39 26.59 0.1188
900 4900 41.96 0 101.36 29.72 2.4155
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