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The convergent-beam electron diffraction (CBED) technique and its applications to phase transformations are
described. Point- and space-group determination, nanometer-scale crystal structure refinement and electrostatic
potential analysis using CBED are presented along with examples of the low-temperature ferromagnetic insulator
phase of La;.,Sr,MnQO; (x = 0.12) and the orbital-ordered phase of FeCr,0,.
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Fig.1 Ray path diagrams of SAED and CBED methods.
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Fig.2 SAED (left) and CBED (right) patterns of SrTiO; taken
at [001] incidence.

Fig.3 [001] CBED pattern of SrTiOz including HOLZ
reflections and the corresponding Ewald sphere and reciprocal
lattice
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Fig4 CBED patterns used for point-group determination.
Zone-axis pattern (ZAP) and two dark patterns (+DP and -DP).
Transmitted and Bragg-excited disks are indicated with dotted
and solid circles, respectively.
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Fig.5 Schematic diagram of symmetries appearing in WP, BP,
DP and £DP.
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Fig.6 CBED patterns of the low-temperature phase of
La;,SrMnOs (x = 0.12) taken at 90 K with (a) [100], (b) [010]
and (c) [001] incidences. Super lattice reflections of higher-order
Laue zone are indicated by arrowheads, showing no symmetries.
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Fig.7 CBED patterns of the low-temperature phase of
La; «SrMnO; (x=0.12) taken at the exact Bragg conditions of (a)
001 and (b) 001 reflections by slightly tilting the specimen
form the [010] incidence.
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Fig.8 Procedure of crystal structure analysis using CBED.
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Fig.9 Energy-filtered CBED pattern of the low-temperature
phase of FeCr,0,4 taken at 90 K with [110] incidence.

FEAT TIEIT Fig8 O X 527 9, 9 CBED K%
P LETH, EEMITEATREICT H72010, =FRLF—
T 4V — L BT E TS W E T, FEH
WBENY 7 7T v RERRELCCBED B2t L E
T, TOKENLEFL LV RXDEHLOMHIEEETT> T
KEPTT 4 A7 O _RGTCEESAEZWMOHLET, F7-,

B

AL T DAERIEIE T A — & — (FUFALE - BFZENL8
T A—=F—  EEFE R REERT) &5 0RAEE
ETIVEAER L CEI )RR EFEZITVET, 2 b,
FEBR & B O IR TIRE 0 A & FERRE /s IRIEIZ IS D
TERMEE L, M 7 A —F—%EHlbLEd, =
NOFEREE T A—F =057 — ) ZARRIC L > THAL
JRANOFERT vy W orkieidEd, S 5IT Poisson J7
BAA@BLCETEEMMETHELNLET,

WAL BERT UV v LSO LT,
FeCr,0, O #LE Tk F MR ~ 0@ H @A L £+,
FeCr,0, 13 FeO, VU {& & CrOg \TE A7) 5 72 5 IE A B R LA
Ex LD ET, BRONTEHED B 135K TIER i~
MYEMHEBLZEZ LET, ® Zhicfky Fe JF+o 3d
ETO e PUEAPERTFZRT L FRENTVELE, 1
CBED £ CHUBERFRIED Z D Fe LTV OHERT
VUX NSRBI, WUERRTIC X DN R b R
LEL,

EEREATIZ N B, Al & FEEIC CBED 12 X 5 ZE Btk
EEITV, RIRM DO ZEFEE % 14/amd (no. 141) EIREL £ L
72. Fig.9 |2, FeCr,04fKilAH D[110] A T457= CBED X
ZRLET, BOKAHIEH T 5 &ML SO
AmmMmbENT2mm &R s TWET, F-ERT v
B OVED G B R EH % a = 5.93(2) A, ¢ =8.26(3) A
LPE LE L7z, [110], [100], [210] A4 CBED KB O i &
FRHT 24T > CIFANLE « RGBT A —2— - &
Yhb SN2 Bt LE L, TOREE, FeO, Wik
2 ¢ FENTERE S, FeO, MHIIRD Fe-O R R DM %
2%, |IEST IO 109.5° 225 111.8° ITHEMLTWA 2
ERbNYE L, EbIC, BEl LR TALE - R T2
NoRT A —2 — 3 L ORI &R T O ER T v v
YARHB L OEFEENERE L,

(a) (b)
° RT ?C o\

90 K

517V

Fig.10  (a) 4 e/A% isosurface of FeO, tetrahedron of the room
temperature phase colored with electrostatic potential and (b)
that of the low-temperature phase. (c) Schematic diagram of Fe
3d orbital-ordered state.
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