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Preparation of Amorphous Fe-B Films by Sputtering and Their Structure Analysed by Transmission Electron Microscopy

Ryusuke NAKAMURA, Yuki HANYA, Manabu IsuimaRrU and Takeshi WADA

Synopsis

: Amorphous Fe-B thin films of the concentration range between 12 and 25 at.% B were prepared by radio frequency sputtering techniques, and

their local structures were examined by transmission electron microscopy. Pair-distribution-function analyses of Fe-12, -18 and -25 at.%B for

a region of 300 nm in diameter revealed a systematic trend according to the concentration; with the increase in B concentration, the intensity

of the weak shoulder peak at 0.205 nm for the Fe-B pair increases whereas those of main peaks for Fe-Fe pair decrease. In electron diffraction

patterns of the samples taken by a probe size of 2 nm, the specific spots of iron-borides, such as Fe;B and Fe,;B,, were detected, suggesting

the atomic arrangement of the compounds in the amorphous matrices.

Key words : amorphous Fe-B; sputtering; transmission electron microscopy; pair distribution function; nano-beam electron diffraction.

wE

bRy E (Ra v, B) EEAEE ML, KR wT
B HEE AR, T ORI A RAT O PEE A3, $ko 3 »
AR ORI G- LSRR OUGE £ & 72 5 3, iR
iz ka8 Ao Bk, £ — 2774 RIS
LeRa v BRARA LA LE -2 KT EEET L& T,
RRTOT 274 PERERAA S 4 FEENIIHI &0, ki
WTDOYLT VA NERHEEL TR 5720 & M &
NTn3 7, F72, BIRMEAITE L OBEAMLRRIZE
B2 2T B4 Mo RN TOMEA ML PED KA
RECrTO Y ) — FREDORKT 121, KR L 7=
AU Ik BM,(C, B)DIEHKEIIEIT 2 H % NEET
Hb, ZOEIIZ, KuryORFITEHIT 2 IRS B0 A FEEH
@‘7Uﬁﬁ&%mﬁﬁ%5515 L7z -7, Ka v
DORIFURITIRIE & o 2 FEHAN AR A28 5 2 20, KR
LEALDRIEEW S I2§ 55 E, Ka v OZEFORHIZ
B DNEND 5,

JC3R O K A Afr I O WS AK A7 M 1%, Langmuir-McLean
DR Tt XN B &1, KA R L F -2k Dk
¥ %, EERI GRS E S Tl R AT & PR 5 12
i, EFAREIENTH B, KRD T v & LEEIET €
L7 7 ZKERE LT B &S Ashby 5 1 DIRED & &,

Ohtani" IZR MO EH T XL X =127 v & L REE DT
ODHHZALE—%25HTIH TR VDRI FILE—%
RHEL, FEBRE L O RIfh & Al Fe-BT7 EL T 7 X
MO K IFIEE, $abb, M- PO R4
FERIOREE K <SRk 5 Z e T2, KA
RIS OREE M LIcF 5T 5,

Fe-B LR A BT A T VIRE 17 at% & ik & L
Z DJEIHK D 12~28 at.% DEPH DG & Smd 5 & 7
ENLT 7 AEP RO N D RAF 2RI R A R 3 R
KELTOEEEGELD, 7EILT 7 AEBOET LA

e U TSI AR ChETCIceg B dh T
f:o ﬁIZM EPI\%%%]S 17) %)J:UAA ﬁl&l‘) %7U_7
L U7 ARSI, A AN 7 — i s kv E

PRAERS A %2 AT L 22603 52 < & %, Mo — LR Eumh
T, EHEEEIZ10°~10°K s ' e 53, ZOHETIE,
R B I/ u VI E DR XORBAE LRSS, K
D MBS % Ve B IR T- & U CEE A A S 4 G0k
RIS YE S TSI 2 DIIESH TR EN2Y —T,
2%y &) v ERIESE L L OKMHBEIC K B L
T, AHMEIZ10Ks Bk a3, 28592 ) v
IR IBSHE & FERR R 2RI L3 <, 55 h 5w
DML R HEE O FHBRMENE L VI RS H 5, BT
FEBLL 28+ nmIZE DR S D7 L7 7 ZEEHEHx

201943 H29 HA2 Y 201945 H23 HAZEE (Received on Mar. 29, 2019 ; Accepted on May 23, 2019)
1) KBRS RZERZERE L2222 77 L T3 (Department of Materials Science, Graduate School of Engineering, Osaka Prefecture University, 1-1 Gakuen-cho

Naka-ku Sakai Osaka 599-8531)

2) JUN TZERZERFRE AP 19X (Department of Materials Science and Engineering, Kyushu Institute of Technology)

3) HALKEEMRHIFZEAT (Institute for Materials Research, Tohoku University)

* Corresponding author : E-mail : nakamura@mtr.osakafu-u.ac.jp
DOI : https://doi.org/10.2355/tetsutohagane. TETSU-2019-032

1017 I



I 1018

$%k &8 Tetsu-to-Hagané Vol. 105 (2019) No. 10

UC, JEphfEs & hEBE O R B & i3 2 2 &2k -
T, BENTIED 25, BN ARRICk T 5K VA
DFFEH A B ZENTES,

BrAE T o -7 3, B0 8 — v &L
T RSB E O N B 771 T <, [Al— DR A
DEMRED TG ARSI L TE B, X512, REHEX
METo—7L35L, BomlEE QRO FE 7 HIE %
EWMRBE TR 2 Z L S HTHETH 2, Ik
KD T ENLT 7 ZAEIEIT BT B REREED SR 2 AV 5
AT 0 20 AR & B A B #PH T O 5 B O
WEBDZEPREBHEE SDNSHT?, X
kBN AE N TR B Z LM h 5,

FHHEBIX, 28y &) v THEHEMNED T EILT 7
AR AERL L, R K ORGHE X B A T -
PREED T MBI A & 22§ 2R A2 D T D, Z/3y
S v K B AU AR O Fe-B HE D EBUHNIL & 5
WP a =y MK 28y 2 ) VI EFZIBCTED
EIOBTELT 7 AREEIREN D L0 2FE 0T
FiEmn, 22T, FHROFe-BAEE X -7 v b &L
T, b, Shdhde K ONE LS O EIEER 2 KA, X5
12, fEBLL 72 Fe-BAGD 7 B 7 7 ZTIEIZx LT, %
IR T SHIEE & - 2B mrkic K 0, R mBEkE
K7z, F72, RrEBOBERN D=0, &/ v — L%
THFEIZ KD, ERP OS2 7 2 4 — 2B L7,

2. KBRIE

2-1 #H#

R A Sy &) v 7EEEHGWTT LT 7 X Fe-B
TR A AEHL L 72, gk (FPE 99.99%) &AfiAR v > (99.9%)
7 — 2B L THEZER100 mm, S5 X410 mm D Fe-18
at%BAEHMAER L 72, AER OB L OKR T ViRE
&, EREEEERE S T T X~ R KAk (ICP ¥k 4y
M) IC&DFHB L 72T d %, %72, EJRWREE— Ao
WEIS K D IRFE &, ANEEA AR KD BREBR
DIREE G L7225, W01 at% Al FTh -7z,
G PrSUDH L ZEX2mmOHRE X -7y b &L
720 FEMUIEEAE2S mm, JEE 15 umDERY #—FK % — b
I (Fhf~ A4 2 - 44 2y 2kkA Sk & RSEER A H
W, Fr VN—HE4X 107 Pak CHER L, ik %
BAU T AN & g R T 2 #AE L7z, 2 D%, 7L
TV A A (W% 99.999%) ZEA L, 1% 0.7 Pallff- 7z,
EIEE S 250 W E L, B O SENGERRE A IR
U7z IIRRTIC B DO RENE 2 =7y RO 2 ) —=
YIDI, A=y b EFRIIZY vy & — 2 FT R
RETS DT XSy &) V7 & lT 5 72, FERAER TR
NBEEHI, 2=y L ORE (18 at%B) L0 & RO K
O VIREIIR%EL b, ThEEEL T, FeBAE X —

78

7y b ORI (99.99%) OFKL (10 mm X 10 mm) % &
WT ANy &) V7L, FIROPRE #F % L 72,

HBACENZ BB X RO E () 4 2 SmartLab) %
FINT, #T AFEBUCHERE L 72 0 & K X7 7 7
AN EWJE U7z, $IE%E Cu, NDEEE % 45 kv, AR
REZVy bAY A= g v, 20D EHH %0225
10° & L7z, MR ANT Y 7 b =7 (V) 4 2 Global Fit)
EHOT, foh7zTa7 7 A NII—RT 5 &5 LEE,
PEE s K ORMH X 2 H 2 HEET LA H TIH T, 3
DDIST A — B Pz,

ICP RN I K 0 O MR & 47 > 720 K Y
H1— R % — b IEHUZTEEL 0 nm D Z HERE X ¥ 724 D %
e L7z, FeBEMOERIIBH L2203 mgTH 5, 47
fRE IR, 7 o B, WA AN TEHL, v 4 2 ak
MG U TR Y & — R 3 — b A & A IMEGA R %, 8
MK TERETVRKEE Lz, RIGEBIRIZLTT S X~
IZEAL, Fek BEERIM L 72,

2.2 HEIETIEMEICLIEN

B30 nm D M A HERE L 728 ) 7 — K % — b EWi &
Cutwyad EiZo¥v7z, Eh bk, Hi, A vy oo
NEIZ U7-dRAET, Yo uax & v &G L TR AR
L, #lAa Xy Y2 llXi L, ThEayrsoaxxvic
RL, BAEL T 5 & 522 iE» L CTEMBIEH O
F S R O

ZE I 1 WEE (H AT 1 JEM-3000F) % IV TG
b X OB IS -V EA A=V 7T L — b (IP)
IR U7z, BB ONMEMIX 300 kV & L, ¥ — AERIT
300 nm & U7z, BTS2 — v ORI % FiaoA A, BEL
N7 MO (Q=4rsing/h) LRITHREL (Q) DT a7 74
NACEWR Uz, 26Ny 2759 Y FOUBREIT > T
BEILT WO (0) 23K, ThEa7—) Z4H|L T
ARk g (r) 2157270,

F72, HIRE 2 P ISR > 2B R AEERLC, BT
/84 — > OGS &S 5+ 2 € — L& 7T
WK D, RO RS % @ U 72, BORAL D % /o
10 pm & U, B{QHUSIRERE] (B HR A\ O 1 HEGTIRER]) (%
$90.03sTH 5,

¥, BN OE RGN L B KT OEGL ALY 5 72
DI, BRIV & —EBHCRARER L T v 7 RS 7RG
TINRTOBEREIT -7,

3. BREEE
31 S—4YNEHBOBREDBE

Fe-18 at%BAEA# 4 —7 w b& L TRy A ) V77
&, RoNBHBEDORT VIREIZ25 at% & %5 o 72, IR
EOBETEI%UNTH 5, ThusFEL T, Fe-BAE
B =y P OFREIHMEEONEENT 2SSy &) VoL,



28y Z) Y IR E BT | T 7 A Fe-B 3 G RO B UG 1 WA = L 2 W it e

HIEORIE # I L7, AE L P OmR LA 6 5L 72
S—72ry P OBIRE LG5 N2 HROBIRE D 5D
BIfR % Fig 1 IR d. 4 —7 v FOBREMNMEL 55, ¢
nbhb, MgEOWOERLPKEL kB L, 2=y L
HIEDMB DO ZENNE L kDb, THIEMEED 25y 2 HE
TEME (4 nm min~ ") 23Fe-18 at%B A& D A /% v & WE
(15nmmin~ ") XD EENDTH 5, E L kLo
HIPHTIE, 2= bUREE & RO PRI ISR B 2 BY
fhé& il o7z, Mkl (12 at.%B), bl (18 at.%B), 34
(25 at.%B) @ =K DI % L T, TEMIZ & 5 f#thr %
172,

3.2 MERE&

ikl (12 at%B), Hfh (18 at%B), Wit & (25 at.%B)
D =HBR O S e L 728 184/ S & — > % Fig2 12
RTBIREAELS BB &N —) v ZORENTHL &
%, Witk (a) &idtdy (o) # AR5 & 20w g
BB F—na =) VIR NE E A DY TRE L
7 WEAREHS & Fig 318§, BiRID /313 3 D DR Tty
W, 72, HIHOKRE XIZEY. -2 DIid k<, B
TGO e TId ;e cE 28 DidRohk
W BRBEROBER T CaIEZ A, Bz k5T
BTSRRI N, 271, BEOBELAR TS TH S
728, BIED X O HENGRCOBRENUETH S,
3-3 (oMK

Fig2 1278 L 72T S DO AA A T — & %, Fig4 (a) O
BT VR0 (0) 12 L 72, 0=200 (nm) ' T+
S REIRE S S, SR AR TRE T H S T & H
RIE XN D, 0 (0) OREERIEIEBIRE D EVIEE /N
&y, BB/ S4 — v OfERE 4 5, BT T4
K7 —) 2L T R mBERK (Figd (b)) Z2KdD 7,

3OIIIIIII

25

20

15

10

B concentration of thin film / at.%
TTTT | TTTT | TTTT | TTTT I TTTT | TTTT
1111 | 1111 | 1111 | I 111 | 1111 | 1111

OIIIIIIIlIIIlIIIlIII
12 14 16 18

B concentration of target / at.%

-—
o
N
o

Fig. 1. Relationship between boron concentration of target and
of thin film. The target concentration was converted by
the areal ratio of Fe sheets, put on a Fe-18 at.%B disc, to
the alloy disc.

0.26 nm, 0.42 nm, 0.51 nm, 0.65 nm 3T IZ T B 2 UD D5&
B -2 n8lhs, 253 Fe-FefiAalchikt38DT
% %, Fe-B=° Fe-Nb-B DU EE Y K ¥ » 58 14 "™, X
B RPETRR ST A S a— 7 UCRN T kS
Bk e K< —3d %, Midtihn &It & BIREE 2 1Y
ms2&, FEAE -2 OmEIHMET I 22D 5, Z

(@) 12 at.%B

O,

(b) 18 at.%B

O,

(c) 25 at.%B

Fig. 2. Electron diffraction patterns of amorphous Fe-B films

prepared by sputtering: (a) 12, (b) 18 and (c) 25 at.%B.
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(a) 12 at.%B
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Fig. 3. Dark field images of amorphous Fe-B films prepared by
sputtering: (a) 12 at.%B, (b) 18 at.%B and (c) 25 at.%B.
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Fig. 4. (a) Reduced interference function, Qi(Q), and (b) pair
distribution function, g(r), of amorphous Fe-B films
prepared by sputtering. The dotted, solid and broken
lines correspond to 12,18 and 25 at. % B, respectively.
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Fig. 5. Typical examples of nano-beam electron diffraction
patterns taken from an amorphous Fe-18 at. % B film.
Marks (V) correspond to the position of the {110}
interplanar distance, 0.202 nm, of bcc Fe. The spots,
shown as A and B, are located at the positions of the
interplanar distance, 0.24 nm and 0.32 nm, respectively.
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