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Tactful Use of Low Angle Electrons in Scanning Electron Microscope
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Abstract
(SEM) images, such as distortion, drift, bright spots and bright lines. Secondary electrons imaging is beneficial for

The charge effect is one of the important reasons for the unexpected scanning electron microscope

the topographical contrast, but easily affected by charge effect, while backscattered electrons imaging behaves better
to avoid charge effect with shortcoming of mainly presenting material contrast. In this paper, Apreo 2S is used to
explore the optimal combinations of the use cases, detectors and work distance to regulate the detected electrons.
Considering about the secondary electrons, Optiplan use case combined with T2 detector is applied and the work
distance is decreased to collect low angle secondary electrons, thus leading to weakened charge effect. From the
point of backscattered electrons, at low magnification, Optiplan use case combined with ETD detector can be used
to obtain high-resolution images with good topographic contrast. At high magnification the best quality image is
acquired under Immersion use case combined with T1 detector at short work distance.

Keywords Scanning electron microscope, Charge effect, Topographical contrast, Low angle electrons

WE I BB AN T HAE i B R AR T B SO 2 S BURMG E AE | IEAS L SR AR . K
HL T AT ST A A A B IR 25 5 7 HE AT L IR, 75 B B T IR B2 A LS M 5/ MR — OB AT B 2% . SCEABR B Apreo
28 Y R AT R, F A S A TAEA TR A O R, A A TARRIE BRI A AR B S SOk R R T E S,
PGS 7, A BRSSP R . I ke T R, 1 Optipan BEaCHL & T2 #RI A5 3 1o 45 6 TR FE Y LA
WA A K T DT 585 A7 FELRION o DT RS | A B2 L O, TSOR A BB AR i ] 4 T Optipan #22C & ETD #8300 #5378 45
50 ST R 04 1 23 A, CR AR B30s I TT 4 ) Immeersion BEECHEC A T1 RN S84 40 THEFE RS T LIS B e R4 .

KR HR TR RSOy ESRAE AT

FRE %S TN16; TQ343".1 M ERFRIZAE: A doi: 10.13922/j.cnki.cjvst.202409012

4 1 7 {2 f45% (Scanning Electron Microscopy,
SEM) J& AT #F it 1 TOU T 350 R0 B 43 53 BT B AL 2
HAFE i) 2 TR B, 20 B L TR ML) A
SRR SRR Z T m AR B R AR
RIRBEL, TR A R AR ]
SEER X T HL PR 2, O T B R S AR 4
JEY R R VIR e v N = T AR T 6 PO
WG FEAE— & B R BRPE o 38 A FAEAR S
B R 2377 A HL - B0 OB A B 1Y
Yy, 70 A PR A g A B S i 2 5 I A, 5 W) A i L

75 B #A: 2024-09-26
* BEZ& A : E-mail: lilin1 130@sjtu.edu.cn

STHE SIS, B “fap e BEG2"0 SE H of R R A R
HL UL R SRR B, BV L = i+ ) b+ Isc +
Hrp y 75 89T 7 (Backscattered electrons, BSE)
7= AR, 6 A YK B, T (Secondary Electron, SE) =i,
Isc HAZHEE YR, O A BFE] ¢ N FLfar o ZEFT 3
HLBE T, AR 4 T BSE HL Ui . SE HLYIL
it 2 b R I DA B A LR IR R R . X T LR R
U (A RE &, oy R fap ] DGE 2 S, (AR AE
WAL o X T HUPE 22 AR i, 2 H L P
By +6 = LI A GRS B HL A Al .+ 0 5 in s


https://doi.org/10.13922/j.cnki.cjvst.202409012
mailto:lilin1130@sjtu.edu.cn

30 Hoz= B 5 R g 5545 %
JENEIE SRS (1 O 7R )1 B VA S B A0 2P = N 2442 T 157 e 70 e =Y 12 -2y VANTTTR S 2| VA

S, TCAar LR M L R KT v, B, p+6 < 1,
R b T 52 A LA, SE RMGGE & & S5E; i f R
T v, MV, ZIE], n+6 > 1, B i R THE BUE #L37,
SE 5§ BSE & S BUR & BB 4", Wik, A
TARAT R R T A A F AR R, BRI e
RANE 7= HE R ) 28 I E B

YL I T 7 o

=~
~

PSS

B p+o S R
Fig. 1 The relationship between n+6 and voltage"’

W, SE M AR o B L S s, 2R
TS A B B 2 A5 5 =X, (B2 SE 32 far HL AR Y 5%
WA o FESE PR b, 38 5 I FH B8 70k 4 sk 2% 4
(14) 7 ¥ 0 o 3 T B — 22 5 L S (4 /0 /4 A
B A RAE ), ARG IR i S b, DT B8 AT A H 5500
(R 7= A FSE IR o SR, 1 iR B B2 ) 1 25 4 RH R AR
(14 2 TRT T 350, 4510 H B B0 R~ 358 T, S 2 3 T R
SH 4 WURI TS . 1 UK B E 40 K FL 18 25 1) J ™,
SRR R BLSCEE R RAE . LAk, BRI TAE# R
S S H T R S Ok D H far 2B N T 22 A
FEEEER ' AN 181 239 /1 B N A SO AN S A DA
JRORATE . A T AR B0 1555 7 X . BSE Rt
By, AT SE 32 2 4 HL A 52 IR AL/ )N, {f FH BSE B
Gl 2 G A for FLSON ) 2 —

SE I BSE AR #J L & A 1K/ INAT 43k 1 A FIIG
1 SE/BSE(ANF 2 firs)!™. Hiff SE LAASTHLF75
AR 1 SE S 3, AR FHTREE /N, i R AU &,
A7 faf B E R P 8 . fINAA SE LURAKERY BSE &
(%) SE Jy 3, /E IR BERCTR, Bifar b BE HAHES F i f
SE A i . PRI, Sy el aiy v A8 o > ] g )
FAMKAA SE UG, H2 anfey 76 SE PR A rh 845 SE £
JETEGE—WESE . 24 SE AR IC B BT HL SO
B, AT 2240 FH BSE 4% . i ffi BSE 7EAF b 2 AR
Femmy B (3

PRI B 1455 i — 2, Fr DA AR 22, KA BSE

5 [1a] PRI 5 ) AT FY T (i o) RN 8% )

PRIy 1 R iﬁiﬁﬁ?”’%é&*%ﬁﬁ BSE i
B e BT A B 2R A RIS

F2 B A X A
Fig. 2 Electrons with different angles
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Fig. 5 SEM images of glass fiber under Optiplan use case de-
tected by T3 at 10 mm
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Fig. 6 SEM images of glass fiber under Optiplan use case detected by T2 at different work distances. (a) 10 mm, (b) 7 mm, (c) 4 mm
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Fig. 7 SEM images under Optiplan detected by T1 and ETD detector at different work distances. (a) T1 at 10 mm, (b) T1 at 7 mm,
(c) T1 at 4 mm, (d) ETD at 10 mm, (¢) ETD at 7 mm, (f) ETD at 4 mm
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Fig. 8 SEM images under Optiplan detected by T2 detector at different work distances. (a) 10 mm, (b) 7 mm, (c) 4 mm
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Fig. 9 SEM images under Optiplan detected by T1 and ETD detector at different work distances. (a) T1 at 10 mm, (b) T1 at 7 mm,
(c) T1 at 4 mm, (d) ETD at 10 mm, (¢) ETD at 7 mm, (f) ETD at 4 mm
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Fig. 11 SEM images of different samples under different conditions. (a) Rubber under Optiplan and T2 at 10 mm, (b) MOF under Op-
tiplan and T2 at 10 mm, (c) ceramic under Optiplan and T2 at 7 mm, (d) Rubber under Optiplan and T2 at 4 mm, (¢) MOF un-
der Optiplan and ETD at 10 mm, (f) ceramic under Immersion and T1 at 4 mm
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