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Effect of Lattice Parameters of Master Pattern on EBSD Indexing via Pattern Matching

Tomotaka Hatakeyama and Kota Sawada
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The effects of the lattice parameter of the simulated master pattern and the EBSD pattern resolution for indexing of EBSD patterns via pattern
matching (Spherical Indexing) were investigated using annealed austenitic steel. A larger deviation from the accurate lattice parameter in the master
pattern resulted in a larger deviation from the true crystallographic orientation. Poorer EBSD pattern resolution resulted in a lower angular resolution,
especially near the grain boundary, and increased kernel average misorientation (KAM) values. These results suggest that accurate lattice parameter
and higher pattern resolution are required for Spherical Indexing to achieve a better angular resolution. Nevertheless, Spherical Indexing using a master
pattern with a 15% deviation from the accurate lattice parameter and EBSD patterns with a binning of 8x8 provided a better angular resolution than
traditional indexing using the Hough transformation of EBSD patterns without binning (binning of 1x1). This indicates that Spherical Indexing is an
excellent indexing procedure in terms of angular resolution, which is robust for the lattice parameter of the master pattern and EBSD pattern resolution.
[doi:10.2320/jinstmet.J202528]
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Table 1 Requirement [10] and chemical composition of 25Cr—20Ni-Nb-N steel (mass %). [11]
C Si Mn P S Ni Cr Nb N
Requirement <0.10 <1.50 <2.00 <0.030 <0.030 1273'?000_ 2237‘?0%_ O(f 600_ 06.1355_
TEA 0.06 041 125 0018 0.001 19.84 24.60 0.46 0.272
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© 2 [ ]
g ) X ]
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Fig. 1 (a) XRD profiles of the sample and (b) lattice constant calculation method by Nelson-
Riley function.
Table 2 EBSD conditions performed in this study. Screen
¢=38 mm
o ) Scan speed  File size - €
Binning  Resolution %
(fps) (GB) Diffracted Diffracted
IxI  1392X1040 23 275 electrons Slactrong
2x2 696 X 520 44 6.9 IBmw %H: 20
4x4 348 X260 77 1.7 (hKl) X
-—
8x8  174X130 123 0.4 Detector distance Samplesunase
~20 mm

Fig.2 Geometry of the sample, diffracted electrons, and screen in SEM
chamber.
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Fig. 312, (a) #& T E% % a = 0.3599 nm (XRD TR 7%
TEE), (b) a=04139 nm(XRD TR 728 T £ 5 +15%)

Table 3 Lattice parameters of the master patterns prepared in this study and
the deviation from the true lattice parameter.

o Lattice parameter,
Deviation (%)

a (nm)

0 0.3599

+1 0.3635
+3 0.3707
+5 0.3779
+10 0.3959
+15 0.4139
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Fig. 3 Simulated EBSD master patterns for fcc with a lattice parameter of (a) 0.3599 nm and (b)
0.4139 nm. (c)~(f) Enlarged master patterns from the square box labeled as “c”, “e” in (a), “d", and
“f” in (b), and (g) and (h) brightness along the lines in (c), (d) and (e), (f), respectively. (online color)
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Table 4 Number of pixels along a band for (202) and the change in lattice
parameter when the band width is increased by one pixel in each binning size.

. Change in Lattice parameter
Number of pixels along

Binning when the band width is
a band for (202) . .
increased by one pixel (%)
1x1 35 2.9
2x2 18 5.6
4x4 9 11.1
8x8 4 25.0

Binning: 1x1

rE

Fig. 4 EBSD patterns obtained from the binning sizes of (a)(e) 1x1, (b)(f) 2x2, (¢)(g) 4x4, and (d)(h)

8x8. (online color)

Table 5 Calculations to obtain the change in crystallographic orientation (¢) required to detect the change in the
position of the band near the center of the screen as a shift of 1 pixel.

Screen Number of . )
Pixel size
Binning diameter pixels along tanf 6 (deg.)
) (km)
(mm) Y axis
1x1 38 1040 36.5 0.00183 0.105
2x2 38 520 70.4 0.00352 0.202
4x4 38 260 146.2 0.00731 0.419
8x8 38 130 292.3 0.01462 0.838
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Fig. 5 SCI map of obtained by the binning size of 1x1 by the Spherical
Indexing with lattice parameters of the master pattern (a) 0.3599, (b) 0.3635,
(c) 0.3707, (d) 0.3779, (e) 0.3959, and (f) 0.4139 nm.

[| ——0.3599 nm
[ ——0.3635 nm

——0.3779 nm
[| —=—0.3959 nm
H ——0.4139 nm

599 nm JKG)
11210885 [l %,

— E'xperim'ental '
[ —0.3599nm —0.3959 nm

—
=

Brightness

[—————35-pixels—P
—39-pixgls—————>

Displacement

Fig. 6 (a) Relationship between lattice parameter of the master pattern and average SCI value and (b)
effect of lattice parameter of master pattern on histograms of SCI values with a binning of 1x1. (c) An
example of experimentally obtained EBSD pattern with a binning of 1x1, matched master patterns with
a lattice parameter of (d) 0.3599 and (e) 0.3959 nm, (f)—(k) enlarged patterns from the boxes in (c)-(e),
and brightness along the lines in (f)-(h). (online color)
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Fig. 7 Inverse pole figure (IPF) maps obtained by the binning sizes of 1x1 to 8x8 by the Spherical
Indexing with several lattice parameters of the master pattern and Hough indexing. (online color)
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Fig. 8 Disorientation from the crystallographic orientation obtained by the Spherical Indexing with
a lattice parameter of 0.3599 nm calculated against the binning sizes of 1x1 to 8x8 by the Spherical

Indexing with several lattice parameters of the master
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Fig. 9 Relationship between the deviation of lattice parameter of master
pattern (Aa) and average disorientation.
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Fig. 10 Histograms of the disorientation between the crystallographic
orientation obtained by the Spherical Indexing with a lattice parameter of
0.3599 nm and that obtained by Hough indexing.

HWEL, 60° 205D % K72, Fig. 11(a)-Fig. 11(d) &
Binning % Ix1 7°5 8x8 D& XD, YA Y — 37 — Y OIT5E
A 0.3599 nm F 7213 0.4139 nm T Spherical Indexing 33 Ji
O"Hough Z#1Z X 2 HBEUFIVTER D S 15 5 72 BURBE RS
B INAED 60° 0 DEFZ A NS T LE LTRY. i
7z, Fig. 11(e)12, BURBEFUI BT 2 TiE=D 60° 5 6 DHS)
OYfEE R, LT —N—IEEFEEEZRL TV

Spherical Indexing {2 & = T LN 7zHEH 22 5, Binning 8 X
PRRY =38 = OB T EBOEEIHRTE Lol
—7J5C, Spherical Indexing & Hough Z D355 7% % H#K
35 &, Hough ZMDT MBI HERERE holz. DT LR
5 ®, Spherical Indexing 7S H W EETH M ZRETE TS



24 H A& 4 | % & & (2026) 890 &
0.4 ————— 7
> 03 1x1 (a) |
2 —e—2=0.3599 nm
g 02 —=-2=0.4139 nm
o
© 0.1
L ‘
0
0 02 04 06 08
0.4
- 0.3
2
9] 0.2
8 0.1
(1
0 !
0 02 04 06 08 0 02 04 06 08
Misorientation from 60 deg. at twin boundary (deg.)
c U! T T
25 04} (o) .
ec
'§ 2 03¢ 11 W 1x1
2® E 2x2
E o 02} 41 [ 4x4
g% [ 8x8
gg 0.1} g
>
< g 0 1 _‘ 1
h a=0.3599 nm a=0.4139 nm Hough
Fig. 11 Histogram of the misorientation from 60 deg. at twin boundary with a binning size

of (a) 1x1, (b) 2x2, (c) 4x4, and (d) 8x8, and (e) average misorientation from 60 deg. at twin

boundary.

Z LR TE L.

Fig. 1212, % Binning C, flix OB TERTIER L72< A
% — %% — T ® Spherical Indexing B & ¥ Hough £ i CT1%
5 1172 Kernel Average Misorientation (KAM) < v 7 % /R 3.
KAM &, MEm s, MEmICHEET 2 6 Mol iiEoF
i LTEFZLSNDMETH S, BT LMNER WAL EC
B, PHHOE SRR ENS.

55N 72 KAM ~ v 7 Cld, Binning 25 Ue, <A % —
NG — 2 O FRBOBBIR SN L h o7, —7T, KAM
< v 713 Binning 12 & o> TZAL L, Binning %K & W IE EHFIC
BRLEE D KAM 25K & { 572, 72721, Binning 7% 8x8 @
BaTh, NMAEREO KAMIZIZE A EDOHE R T 0.1° K
L/NE M o7z Biming 1, 7 7 A VA XL - BB R
F ORUPRHEE 5B L, 92 11d Binning 25K & W AR R°
V. Fig. 12 @ X 9 12 Binning (2 & o THIERBEAEAL S 5
KUIAHITH % 7%, Spherical Indexing (23> TlX, Binning 2%
KAM % EDJRFTH M8 T X — 188 L REE AR &
N7 &5, 5l L 72 W HLE IR - 1208 U T#Y) 22 Binning %
HINT 5 Z EAE L EZ b7z, Hough 23Tl Spherical
Indexing & LB L CRKAM 2 L &< o7z, T, B
W3 A0 B O H M Fig. 10 TR E N HE R -
Fed SNV KAM & LTHRAONLTDEEZ BN

Fig. 12 1278 L7z KAM O Pl & Spherical Indexing {2V
oA =88 — v OKTEB DR (Aa) DBR % Fig. 13
\Z7RF. % Binning T 5 N7 KAMIZ Al X 5T —ETH o
7z. Fig. 9 127”9 D, Spherical Indexing THf & M7z b 5 {7

WY AY =y — OB TERICE > TELL Tz, F 72,
[f— RN TIE, Ny —r=vF o7k > THIELR
{ [MFEHEE D Disorientation 234 L TW iz, THOIEHhb, TR
T =Xy — O TEBHPEAL 2L &, BT e NT
BRI Gl T | i/ N S Bl S R VAT VA S v/ Al
X2 BBz LT, WENMMORIT AL RT
KAM ICIZZIER RSN o 72 LS 7z,
SROBEMITBMMLE EMTH 2720, KNO L
INEL, FHRKAM I ETIZR) 2 CEWEEZ S IETTH
5. 0%, 22 THLNATKAM 25, Spherical Indexing
iR R BE (ff B 3 R BE) ICAHY 32 & E 2 5115, Table S
5 RAFD 57280, Binning 23/ 3 W5 AV FE R FE I
%5720 KAM IZ/h&E o7z —JiT, Table5 TH
Bbo7fid ) PP KAM IIEH L {/MEh o7z Table 5 2
SORMEY TIE, HIEERZR I EZ Lo 1 BoR I
L, Binning 7% 1x1 THIE, 8x8 D 8 EREE D FHALIEE = F¢
DEEZ SNZH, 8x8 DI KAM X 1x1 D 1.5 EHRETH
Y, Binning 75 8x8 T T G HIHENHHNE Z &b
oz

Spherical Indexing T, #&FELBUIMEATET /3 NilE7ZF
Tl % <, BTFEBIRAE L vy FE-L0 MR BR
THOMLE 2 G788 — <y F v 72X o THREMS 28
Thhd., ZO18, TAY =87 — VOB T-EHRe /Ny —
YOFEECH LTH N R M, BRI g T A
LENLTETHLIEIRENT. 2F 0, GEbIcfE)
B % FEBE O FL D 37 T d 111 Spherical Indexing 12 & %



NE ==y F 7RG EBSD OB HRICIZT I A Y =38 — ¥ OMTEROBE 25

a=0.3599 nm
(+0%)

.

a=0.3635nm
(+1%)

T

T

4x4 2x2 Binning: 1x1

8x8

a=0.3779 nm
(+5%

O M 0.1 (deg))

a=0.4139 nm
(+15%)

T

Hough

200 pm
O T (deg.)
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