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ABSTRACT : For quantitative analysis of nano-crystal structure,
we reported the accuracy improvement method of lattice parame-
ters measured from electron diffraction. For calculation of Au lat-
tice parameters used as a standard crystal structure, it was consid-
ered two different acquisition methods (detector and enegy-filter)
and three different calculation methods (conventional, least-square
and regression fit). As a result, the measurement reliability could
be enhanced by using CCD camera which gives higher perfor-
mance, while energy-filtering did not affect the improvement the
camera constant accuracy. Also, the accuracy of lattice parameters
could be improved up to 107 order by regression fitting with cor-
rection formula. Finally, it is expected that the combination of
regression fitting and intensity extraction from energy-filtered
precession electron diffraction gives a solution of quantitative
structure analysis for unknown nano-crystals. (o], 4 73, 7
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Fig. 1. Electron diffraction patterns of Au obtained at a camera
length of 290 mm. (a) and (b) are taken using bottom CCD camera
without and with energy-filter. (c) and (d) are taken using side CCD
camera without and with energy-filter.
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Fig. 2. A plot of the absolute error of R-values according to ring
indexes without energy-filter and with energy-filter.

tureel] ©]3 HzAE Q] QA7) F715HE T £ %A,
Az A =g A 7]7] $lslME ool Hg BA
o] BesldE A& I £ 9tk

dubd oz AR AL o]gsle] SAHH TFAIRS]
AAEA A2 RE e ALOL)E 2A57] 8

= 2 d9A e U 22 Alg o] 43t
Rd=\AL ()

(DA 388 A6l A== AE7]e weiy =
° %1‘}‘{ & B T AHE S ATk dlE Bl 2
mE AHEE 7ol o3 o] ®de| H,

R (mm)*d (A)=A ( A )*L (mm) 2)
Ao YR Ageha Sl CCD slzte] Aol o

&3 2 500l Slal Felet Ae 2AT S ol
R (pixel)*d (A)=A ( A )*L (mm)*M (pixel/mm) 3)

o§714 M2 CCD 7}¥|gte] tjx| &3} AA4-2 o)n|3t).
oA dubAel wk o= (3)Ale] wkal (111)He)] 3k 7}
et AE Foted mE SR Ags) mieh 2elw
B oAFoA] =A8F RIEL pixel2 Aol nE A AL
7)80] Hi= Au?] A= ASTMolA] & 2)= 4.0786 A

& A gaiolr] el AN Bk oxE ol



Lee SG et al. : Accuracy of Lattice Parameters from Electron Diffraction 77
(@) (b)
2.54 2.54
2.04 2.04
£ <
S 1.5 T 1.5
= =
< <
7 s
® 101 ~ 104
054 ¢ Measure 051
Least_square
0.0 - T % T * T b T ¥ T . T f T 0‘0 T T I T ' T I T

0 2 4 6 8 10 12 14 16

-3
R™! (pixel") (x107)

0 2 4 6 8 10 12 14 16

-3
R (pixel") (x107)

Fig. 3. A plot of slope (AL) resulted from the linear least-squares fit to d-value vs. R™!. (a) bottom CCD camera, (b) side CCD camera.
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Fig. 4. A plot of slope (k) and intercept (AL) for the relationship of R? vs. Rd: (a) bottom CCD camera, (b) side CCD camera.
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Table 1. Comparison results of the camera constant according to the
CCD cameras

Bottom CCD camera Side CCD camera
AL (A - pixel)
EF (X) EF (O) EF (X) EF (O)
Conventional method 543.96 543.96 164.84 164.84
Least-square fitting 543.44 544.14 164.42 164.20
Regression fitting (R?) 543.38 544.35 164.36 164.00
K 4.1016 6.4138 1.0167 9.5084
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Fig. 5. Lattice parameters obtained using three calculation methods; (a) using bottom CCD camera without energy-filter, (b) using bottom CCD
camera with energy-filter, (c) using side CCD camera without energy-filter, (d) using side CCD camera with entergy-filter.
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Table 2. Comparison results of lattice parameters determined using camera constants obtained by three different calculation methods

Lattice parameter (A) Accuracy (AA)
Bottom Side Bottom Side
EF(x) EF(0) EF(X) EF(0) EF(X) EF(0) EF(X) EF(0)
ASTM 4.0786 -
Conventional method 4.0815 4.0734 4.0803 4.0909 0.0029 0.0052 0.0017 0.0123
Least-square fitting 4.0776 4.0749 4.0701 4.0751 0.0010 0.0037 0.0085 0.0035
Regression fitting (R?) 4.0786 4.0786 4.0787 4.0786 0.0000 0.0000 0.0001 0.0000

X uju)dt xfo]E Holw gjor) A o1F38t ule} 7
o] CCD Flwjete] Aol mje AAAe 2449 Yot
o] gt Bale] AsEA o] PElr|= AL & 2= gt} 1z
2 oD 9 o 2N 18T S 5
o ZaAZ 5 Udge & S oleh Be A 4oL1 S Enkt
213 Table 20 37k4] WS o] 43l AT Au vt
Ape] Axpag vlawstel el ek ASTMAA A2

3t Aug] A4 (4.0786A)8) AFH oz =A3 AXAF
49 3 A =S vlws] Bd, -2 CCD 7hH e}
Rl ool Afwrt PP e o 4 9lor], 143
o] AE719] Ae NS B3l oln] SAA AFT FHa
A e BAAS ALL3A] olw dA S2Fo] A F+
2(0.00290)% Fr& 5 US4 & ok T, oA
Aabrleel Hge wANE AR G Aol o]
2 A wo] 7H4AE WA El= Adko] Holu, FEHoz B
A ALT Aol R AF7)5e] etedske Al
T & 9] AT FEEAE AT AR Az 3997

= Aoz 223 S 9l A7 vjBe] oF 0.0001 A
o) oeg A3 AA44E T & Aok

¥ dFellA= CCD 7| Eke] As3t ouA] o3} 7]% 9]
AAEA At F 5l A gk W A {43 4
2ol Aetw shtel gt WS AlAlskde xiA el
L ulAle]] nls] CCD 7h|Eke] Al ATtz = 0.07%
o BHEAA P Hola, HaAsE 44T Al
0.020744) Rekw el Fhsshet. Tk, meh ALA

Ewald curvatureol] ©j3t 932 Zo]7] A= RAAS
o4t 3T eAlel Wadoleh & 4 Ak A wAAE
o] &3 Aol ollUA] 3 7|5 o83 A=A A

wlo) 1] A e AAY

$E 10773 Hoeg 7w F4 o] 7hed Bt of
veh A RN w3 7bsd o Atadnh
= |

Ahn JP, Park JK: Electron diffraction and nanostructural analysis
in electron microscope. Ploymer Science and Technology 17(4)
:493-510, 2006.

Kim JG, Seo JW, Cheon JW, Kim YJ: Rietveld analysis of nano-
crystalline MnFe,O, with electron powder diffraction. Bull
Korean Chem Soc 30 : 183-187, 2009.

Kim JG, Song K, Kwon KH, Hong KM, Kim YJ: Structure analy-
sis of inorganic crystals by energy-filtered precession electron
diffraction. J Electron Microscopy 59(4) : 273-283, 2010.

Schamp CT, Jesser WA: On the measurement of lattice parameters
in a collection of nanoparticles by transmission electron diffrac-
tion. Ultramicroscopy 103 : 165-172, 2005.

Song K, Kim YJ, Kwon KH, Kim JG, Moon SM, Cho NH: Struc-
ture determination of nano-crystalline, BaTiO;, using precession
electron diffraction. Korean J. Microscopy 39(4) : 341-348, 2009.

Vincent R, Bird DM: Measurement of kinematic intensities from
large-angle electron-diffraction patterns. Philos Mag Lett 53 :
L35-L40, 1986.

Vincent R, Midgley PA: Double conical beam-rocking system for
measurement of integrated electron diffraction intensities. Ultra-
microscopy 53 : 271-282, 1994.

Zou XD, Sukharev Y, Hovmoller S: ELD-a computer program sys-
tem for extracting intensities from electron diffraction patterns.
Ultramicroscopy 49 : 147-158, 1993.



