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ABSTRACT

The operating accelerating voltage in the electron microscopy may differ from the nominal voltage specified

by the manufacture. Thus it is necessary, at least once, to determine the wavelength of electron beam for the

nominal accelerating voltage. Particularly in QCBED technique, the wavelength of the incident electron beam

on a specimen must be determined as accurately as possible.

In this paper we present a simple method to determine accurately the wavelength of electrons from LACBED

patterns of a known crystalline materials, which is analogous to a method based on Kikuchi patterns reported

previously. This method is to utilize three diffraction lines not belonging to the same zone, which nearly inter-

sect at the same point. For an application of the method, the wavelength of electrons for the 200 kv nominal
acceleration voltage of JEM2010 is determined to be 0.002496(3) nm (201.51 0.4 kv) with an uncertainty of

0.12%.
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Fig. 1. Schematic drawing of a near triple intersection of diffrac-
tion lines at A, B and C as in a LACBED pattern. The
H,, i=1,2,3, are the reciprocal lattice vectors not belong-
ing to the same zone. The solid lines are for the trans-
mitted diffracted lines and the dashed lines for the dif-
fracted lines by H;. At a certain wavelength of the elec-
tron incident beam on a specimen, the three transmitted
diffraction lines may meet at D. The R; represents the
magnitude of Hj.
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Fig. 2. The negative print of the over focused L ACBED pattern of the specimen of Aluminum. For the numbered diffraction lines of
H, (i=1,4), see text. This figure is enlarged by 3.125 times from the original photograph with the camera length 37.5 cm.

Table 1. The pairs (the transmitted and diffracted lines) of

diffraction lines analized from the fig. 2

Table 2. The ratio of AR/R; was estimated from the enlarged
fig. 2 by 1.6 times with a photoshop software

Hi H k 1 H, h k | AR/R, Anm
1-17 -1 -5 -1 1-1" -1 =5 -1 —0.050 0.002500
2-2 -3 5 1 2-2 -3 5 1 —0.030 0.002501
3-37 6 -2 0 3-3 6 -2 0 —0.033 0.002494
R 3 3 ! Average: 0.002498 nm
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oJE WHElels | FEdEe] FEE Gl
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2002).
Fig. 290 54 A9 Aoz 35 A 3 2
A« A% Bragg 32+ Table 15} 2o}

7V #al Z2717F 20nm W 2)el ez FAF
o] & 3709 Fgdadel i A (D) (5« HE] A
A AP e] age] ol Table 2¢ veht Qe

ol (1,2, 4 B2AEY o)F= AEe) =24 A
=i 120nm 2] el o] 37]2) 33 | HF 2
Ak FhE ok} Table 334 3.

AAE WAe] B =2k weis] AFET) o 22
Table 244 -2 3HS 7|50 2 Table 38) 273 3ko)



Kim HS : Determination of Electron Beam Wave length 183

Fig. 3. The negative print of the LACBED pattern of the specimen of Aluminum. The specimen is moved up by about 22 um from
the convergent beam point. For the numbered diffraction lines of H, (i=1, 5), see text. This figure is enlarged by 2.05 times

from the original photograph with the camera length 54.1 cm.

Table 3. The ratio of AR/R; was estimated from the enlarged
fig. 2 by 1.6 times with a photoshop software

Table 4. The ratio of AR/R; was estimated from the enlarged
fig. 3 by 1.4 times with a photoshop software.

H, h k 1 ARYR, Anm H, h k 1 ARJR, Anm
1-17 -1 -5 -1 +0.168 0.002491 1-1° 6 0 0 -0.106 0.002498
2- -3 5 1 +0194  0.002497 3-¥ I | -0.061 0.002494
4-4 5 3 1 +0213  0.002498 5-5 -3 5 1 -0.065 0.002495

Average : 0.002495 nm
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w9 2R e 23 E2 HeR e AY
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A 27 A3 F A9 SRS o 2
OHE B (2,3, 59 (2,4, 2] A EAEe] 9

Average: 0.002496 nm

Table 5. JEM 2010 (200 kv)

Electron wave length A Accelerating voltage E

0.002496 £ 0.000003 nm 2015+04kv
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