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As a method for analyzing field ion microscope (FIM) images, we developed a
system that automatically detects crystal planes using an object detection model and automatically
identifies the crystal orientation of a sample using the k-nearest neighbor method. As a result, it
was demonstrated that the crystal orientation of a tungsten sample can be identified with an
accuracy of more than 80%. A system was constructed to extract the position of each bright spot
observed in the FIM image, which reflects the atomic position, from the differential images taken
continuously during field evaporation. In addition, we have implemented this system in an existing
FIM system for observation, recording, and automatic extraction of atomic positions. We have found
the feasibility of applying machine learning to FIM for atomic-resolution tomography microscopy.



B X C—19, F—19—1, Z—19 (@)

1. WFERHME S WO 5

FBAT A A, LG, B8R ERT ) VA X2 BHET, WEOFEFES, X O%ARIC
Fi 6O CTHURIZ 72 D, T D128, FY A XOMERLRL Z RT3 fREEND 3 IRTTHIICHRIT 5 Z &
WEEREIZ2 Y S0h 5, T 0fFE CBIERE 2B TIA L LT, GEA) BiRE T BHEE,
AR N FNVBEMEL, 7 AT e —T HERRT LD N, FOREER X OBEORIMS D7
WEEY A A ATREZR I TIZ ARV, — T, 7 b AT a0 —TSHEDORIE L 72 B ERA 4 BEK
FEFIM)IE, JohiZz %k 10~100 nm (el Sk L st s~A4 7 0F v o kL7 L — KT
Rk &S D, ZOEEIC, BT ALE L TCEALERAY AN, BHLUEMEICSH DR FE ETO
HAF AL T, ®MTDHAT U —r BIZRFOREOBMBSL NG OND, S HITERARII
a0 UGl L2 FIM %2006, FE XM EONEESEE THEERRETH D, LovL
R, BRA T M S —B—HRE, 1000 [ERRE O S ORI TH Y, Fo F, N
IEOFEME THENT T 512133 100~1000 KO < O (7 —#8106 BLE) BRE L s, #
D=, R Z SNT2ERA A BESBEG N EIE T N — TS D 2 LI, B ITEEMR
L, W, FHGHT B COIERAT — % ZfRNT T 57212, HE o H 23D ST
D MEMEE OB LY, IR TE TV, HDWVITRIE T SN ERA A U BASEG S,
AN E LN A TRV H 5,

2. e EM

FR U7 RO T, AFIEEREO BB, ERA A MBS 2 Bl & U7 BPEBR %
DEBIZBW TR FOMREEL BT HHT-72 b7 7 0 —HMERINF & Lot 27142
ETh D, I, RTE, BLOEBABEETITD IF LR ZZT T D08, BE o
FEEZm XS5, RERFET -2 BPARAIRTHD, £ 2T, BINERE28LT 512
6O CTHEV FIM %, FERF(1/30s) CBIEZ MRE7 I FE T2 H WD & L i, HFEENRE -7
BRA A BEMRBE OB EIN 2 BRI U CIERET — X R— AL L, hia$ET—2 L LT
AN, 2D OFEFZ2 W, Btk 8 2 - FIM 3B O fs b 707, 2218 o #E sl i O [F &,
BLOEALEO BEMH A RE L, 3T L AT OME N TV 7 7 4 —FikE L
TOEEE AT 2B ET S,

3. WD ik

(D FEAEFIM BT — & R — A DAL

MBI WA FE T — 2 L LT, YIRSV —FTRE L% v 7 2T O FIM &I
Z, Pt, Ir, BEOW-Re &&72 EfAx OF BRI O FIM G 28152, fosk L7, Bl52i3 800 1
B EOERED AT EFEAL, MERZAMLENORAERFE2ERRKBIEL2 LT, A
BB O JR F-EC S & B A Fegk L 7=,

(2) FBHER T O S & G dL AL B B E

FIM #EHIEHER TH 0 Jeimid -
BRIRICZ2 > T a7, M1 DX HiT
BEE BRI CH - T e 10nm @
P CHEE OSSR EIZE N L
TV 5, 5Bk il 7 18] O b J7 67 % [7)
TET B 70, BIEE S ik Sl i O R
EWMERBRETF LD 1 > Th b Yolo
v3 ZRWTHEE S8, SAbShE o
L FHERE 2R FEEET LD 1
SOThD kiTFEEZRHWTHIEL, &
BEOFE S AL D RIE N AIEETH % 0>
Mgk L=,

(3) - o> A BhihH

BRAR PR S vz FIM
BoOESEBIL, BRAEBICE > TR
BEREN LI BN LE &
T (X2), FOEH, TXTOMH
BoZES BB EREETIUL, REtoR
25 NEICEH 2 R B8 & 5
HIENTED, LLaenn, FIM 2 ()FERAKIKFTO FIM 4, (©)EREREZO FIM
THEIE SN DR ALEIKHS T 8 e, (c) TERIRIEHIL DL i
RO X OIBRIL, 1~ LT




DERSTE L OFELT ZA DGR PIC L > TRV, 2 TOMAILE UK & TR S 220,
F o, BEPICALIEROBRELS XORGE VO ) 4 X ELESEBIZEEND T2, H
WiZp A — = o F U I KD EAALE ORI LV, Z 2 C, OB S OIR 2 B ik
E7 /L (Yolo vB) IZHFH &, FHELZMHTL2 70 s 7 22M%T 5L &b, BEICHEM
BT 4 NE—Ip EOBGIEREE R L, S5, BFOEBERA 4 B EEIEA LT
F DGR AT MR LT,

4. WF7EE R
(1) BB i OfE b i &L Lo B Bl E
X 3 (24 EIERH L 7= fdh 5 AE o [F
EDT7a—F v — FaemRd, 7, i
B AL OHEICHE 2 (011) B L)
(112) #58 Li=Wikites v %
RESE L C, FIM IS L T & AT
I 5, D%, k IEEEZFAVT 1L
O FIM BIZHE BB ZE S 5 Sl 72
(112) DATFRLE D> O, Fi bt if 2 [A]
ET D TREERF Lz, ZOFEI,
WFZ2E A FIM 20> 5 3B Ok S 77
ZRET AEAS, FIMBE THEINS
S 72 i 1 D S AT B I s
< EWHRMBIZESNHNTWDS, £0 —
FMEL LI, ETWiEREETL T

o= YOLOV3 --=--~<
- BRERH -

THRHERES 72 01D BLU12) & prapegay 00> o1 e
FEF— L LTHW, FOES, P
01D BLTAI2) DALV H L (% 88 83 85

72419 DO FIMBEFE T —# & L,
SHEDFES LD X v 7 AT 3k
O FIM BIZKE U TRt S &2 f i S
Too TORER, Hhikd DRSO RIEICHEZREERD (011) 38 L ON(112) &, 90%LL o> FIM 4
WL TR CTE A 2 vl o7,

AR T VTR L7 (011) 38 KON (112) O 2R E % k ITHEICEH 3 5729, FIM
b B SN RERE O R TS L OZ OERE L ST — 2 v MEVER LT, ZOh
ERIRIE, B 2T 21D HM THIUE, FIMEGOHLE 350 (112) ORFEHISELL, Z
AEND 120° MR CHREIND, Z0O%E, 272 ed 3 20012 #MmMT A2 0ERH D,
011>, <111>, 001> HArD & 7 25 @ FIMIZ%t LT k dTfEE A% - BE LIRS, 2
TOFES I IBNT 80%DHEEE TIE L < [|iE
THIENTE T, ELLBRHEIN TN
DI, T OB L DRSEER T2 b 5 atom (b)
T EBERIZET O, (112) B L0011 D
B — B RIS 5 2 L THRIBNE ORE
DOm EIZ L > TENPHFFSND,

X 8 ittt ST LD [RIETT 15 & b TN D [ E R L

(2) I E# o B EhihH
BRAFEFRD FIM @05 L& 23
DITIE, HEERE U FIM O ZESEE ) B
J WABE N o 7277 LIRFAr . o
BT B AL L B, B4 IR T £ B8
@ﬁggggfﬁﬁﬁfégfiﬁgzﬁé B 6], (a) EifAE7: L, (b)Eifgi
T Wi, EORER, ZomEEIZHE s .
oA E LTBESNBRTChnEs L DBHER T O
G ATRE TH B, X 4 (a) ITRTHRIC,
DR & RIRFICER R LGS, Kk
SODFFE L THRBEINLINEZTHDHICH
Ebod, 1 DOFETE L TR D RS
WEU, 2T, FIMB~DOH - ~IE,
BIXOKFHET 4 V& —IZ L DBEREE DR
FEX S, £, Ho~HiExd 1~2.5 ©
FFACHE LA, o~ 2 £Tiam V=
HENF 1.6 fZm EL7-, Lo, Ho~fE -~
2.5 OMEXEAT D&, Brv¥ /4 XBL RHEF LT S ITA
ity AT e P 5\%14(**&‘ 7R LR
TN E CEAE S HE LT LE o7, & 3 WOLFHERR L7 f




ZIZT, M AOITRTHERL, AT AT T4 NEBINRRIET 4 V2 E#ATDHE, 741
AL CIX OB L CGRRFR Lo TS 2 ER T2 2 LTz, 7, ZOFETH
H SN RFALENE, FIM 26 FE T U7 R AR (25 LT+ 2px LA T OREEE THi$ %
TEBTETWD, EHIT, bR ORTALEZ B LW %X 5 129, FIM CiiEk
10D FIM REHEHR 2 AR ISR E T 5720, R EOMHIENLETH Y, AMFFE CILH &8 A
HTELLIIANTA—ZEREEL TS, M5 ITRTEEC 1 D FIM B TEE SN DT
FV L DFEALENBEEIN TS L EHIT, FRERGITGREINSOE 2 Kk LT\ 5,
ARFZECRRAZE LT FLED B8 7 0 77 A 2B RA 4 U BEMEEIC = L, ERE 1N E
RHRICERRB LR T EEOMNELIETEDL VAT LAEEE L (M6), 2OV AT A,
FEIRA A BB Z AT B AL OCD 7 A T 0 6 EHEEI & PCIZHR% L, FodkL7- FIM &%
Z DO CRNT T DHERK & 72> TV D, FRNTICE T H IR 50ms FREE CTH D72, BT 4L — |k
R HE CRIZR LT 2 BT TX 5, A%, ZOYVAT AT 3 WILER 7 v 7' 5 b & flImA
Ir, FOBERARER VTS T 7 4 — BB ORESE A BT,

_JET PN FIM{ 8

6 (Z2)FIM 18 D& OENT S AT I, () Z OBRNT S AT 2D FEF T



1 1 0 1

Yamada Mizuki Okazawa Tadasuke Nagai Shigekazu Hata Koichi 20
Identification of Crystalline Orientation of Tungsten Tips by Machine Learning Analysis of 2022
Field lon Micrographs

e-Journal of Surface Science and Nanotechnology 20 24

DOl
10.1380/ejssnt.2022-009

6 0 3

Mizuki Yamada, Tadasuke Okazawa, Shigekazu Nagai and Koichi Hata

Determination of the orientation of tip in field ion microscope images by machine learning detection of terraces

13th International Symposium on Atomic Level Characterizations "21

2021

Haku Uchikoshi, Yuichi Kuwahata, Shigekazu Nagai and Koichi Hata

Fabrication of Co/Pt pyramid for spin-polarized electron emission from single atom

13th International Symposium on Atomic Level Characterizations "21

2021

2021

2021




69

2021

W tip

2021 68

2021

Yuga Azechi, Hideto Nakai, Mizuki Yamada, Tadasuke Okazawa, and Shigekazu Nagai

Automatic extraction of atomic positions observed in field ion micrographs for a tomographic image by machine learning based
procedure

14th International Symposium on Atomic Level Characterizations "22

2022







