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Survey on scanning electron microscopy and
related reference materials for nanomaterials measurment

Kazuhiro KUMAGAI

Abstract

To meet the regulations on nanomaterial started in EU countries, scanning electron microscopy (SEM),
which is the most popular surface visualization tool, is expected to be one of solutions due to its capability to di-
rectly observe individual nano-particles and to measure their dimensions. This report presents the recent state
of SEM technique as nanomaterial-measuring tool, focusing on magnification calibrations and image resolution

evaluations in SEM. The evaluation of specimen contamination and electron detectors are also discussed as im-

portant issue for nanomaterial measurements.
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Fig. 1 A schematic diagram of SEM optics.
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Fig. 2 Electron scattering in solid specimen and ex-
cited signals.
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Fig. 4 A schematic illustration of edge contrast.
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FEFHFZIZOWTHFEMT L2 LML TS

Fig. 6 SE images of B-FeSi taken with E-T detector (a)
and in-lens (TTL) detector (b).

Fig. 7 Material contrast in SE images. Primary beam
energy was 10 keV (a) and 300 eV (b).
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Fig. 8 Variation of surface sensitivity of SE image with
primary energy.
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Fig. 9 Variation of the number of publications and cita-
tions in the field of low-voltage SEM in these
four decades. (Based on citation data from WEB
OF SCIENCE™, THOMSON REUTERS)
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Fig. 10 Plots of primary beam diameter against beam
convergence angle.
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Fig. 11 Schematic diagrams of low-voltage SEM optics.
Immersion lens system (a) and cathode lens
system (b).
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299

RE L —KET 2T 2 A THY, AEHIEEL
VRO ELTH. I haxEmL X (cathode
lens) /iR &5 [Fig. 11 (b)]. WTFhofa bR
W 7% Z2 H50&, IEEE U, THRY B L2 —RET % K
HEHEIANF—THEHI AT EE 220 LD TH
5. FUEL v XK T, BEENT—ENE S o
(Upy+Uy), Wik % 20T B 720 E R & 3R A S B
BIERFA—TU, ThHbD. NI LTERL > X5
TIRHHED A ZZ (UrUy,) SEHIASTT 5
JERIEA SN HE I~ RET OED AL 5
T, TRETORBICOREL S5 2 5720, N
SEM Tl “kE T b THh2 % ShTwb, Fig 12
VZAKHIE SEM T O R EFIRIEOBRA M &R, 50k
B P A S N E LR S B S - Tk E T
R EEFIIE T 2@ & 2 FD. HIZT AL F— ok
WIRBEFEEERICLDEFNCH LB SIS DT,
FIEP B TR INEE (inlens Muiligs, TTL Mg %
FEST 5L T, SERAICEALLZKET 235 E <
M T& %, —HOTRETIIERAANTH S, (e

in-lens (TTL)

1 ) Jetector

E-T detector

electrostatic
field

Specimen

Fig. 12 The effect of electrostatic field on SE detection
in low-voltage SEM.

b) High-E SE

Fig. 13 SE image of Titania thin film on Si substrate
taken with two deferent SE detectors.
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FIAMIIRFIETEALEFG LRV, L2rL, /74

LSRRI B 52 &2k, S /7740
LD A IR TIIEHBEBOERH 2 2T 5. 2O

o
GAAASS SIS IS IAIIIY.,
Specimen holder

Fig. 14 SE images of free-standing a-Si;N, nanobelts (a-
¢) and electrons, which affect image formation

(d).
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Fig. 15 SE images of reference material for image mag-
nification calibration. Line and space pattern (a)
and multi-layered material (b).
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D KRISS — EEE 0 o o [ 2 -
@) ) S ® CRM Line & space
o 9 B CRM Multilayer
s &
BAM O RM Line & space
BAM-L-200 Il m sns e n sl 0l T p
1 1 lllllll 1 1 lllllll 1 1 lllllll 1 1 lllllll 1 1 L L Llll
10° 10’ 107 10’ 10* 10°
Pitch (nm)
Fig. 16 Plots of pitch length of available reference materials for image magnification calibration.
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Fig. 177 A model of image formation in SEM.
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Fig. 18 DR method for image sharpness evaluation.
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Fig. 19 FT method for image sharpness evaluation.
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Fig. 20 Concept design of reference material for image
sharpness evaluation.
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Fig. 21 Variation of SE image of polystyrene spheres
with multiple scan: first (a), third (b), and
fifth(c) scan. A plot of apparent diameter
against number of scans for the polystyrene
sphere marked by broken circle (d).
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Fig. 23 Standard electron source for detector accep-

tance measurements.
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