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Microstructure of BaM Thin Films Deposited on (111) Oriented ZnFe,O, Underlayer
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The microstructure of BaM thin films, sputter-
deposited using on alternate layer deposition technique on
both a c-axis oriented ZnO underlayer and a (111) oriented
ZnFe,0, underlayer, was investigated using a high-
resolution transmission electron microscope (HRTEM).
When the films were deposited on the ZnO underlayer, the
film had a layered structure of BaM (c-axis ortentation) / Ba-
Zn-Fe-O / ZnFe,0, ((111) orientation) / Ba-Zn-Fe-O / Zn-Si-
O/Si0, / Si. This suggests that the BaM layer was formed
after the formation of the layered structure of Ba-Zn-Fe-O /
ZnFe,0, ((111) orientation) / Ba-Zn-Fe-O / Zn-Si-0 / Si0, / Si.
On the other hand, when films were deposited on the (111)
oriented ZnFe,0, underlayer, the BaM layer grew epitaxially
on the (111) plane of the ZnFe,O, underlayer, and the
formation of transition layers was not observed. These
results suggest that the diffusions of Ba, Fe, and Zn ions
between the BaM layer and ZnO or Ba-Zn-Fe-O layer
occurred easily but was completely suppressed in the
ZnFe,0, layer, which resulted in formation of a ZnFe,0,
layer that was sandwiched between the Ba-Zn-Fe-O layers
when BaM films were deposited on a ZnO underlayer.

Key words: barium ferrite (BaM), ZnFe,O, underlayer, ZnO
underlayer, transition layer, high-resolution transmission
electron microscope (HRTEM)

1. [FEHIC

Ba 7=74  (BaM) &, EE(kOP T KE efERER
G LR LR R, Do, TEREEM: - (LERREMIC Y
BENLTODRZEND, B4 ROBEERSSEEL LTH
PrEZOND. TITAPETIIINET, BaM i
BZOWTREEER, BaMOS7 vy (Fe0,) ER7 1
v 7 (BaFe0,) *#RXHI\MEET 5RFRBHEGEL AV HHEIC
£V, 7&Kk BaM BEREE Y —5 > MZL DRy ZHEEL 0
bifaatER O c SERRMED RIF7: BaM EiRAEUTc& A2 &
9, BaM % ZnFe,0, THUE HICHERET % & ZnO FHUE
HITHERE LT B S R OB MItE AR TR A L &
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WELTE 9, F£, ZORFEHEEL AT ZoFe,0,
THUE EICRIE AR S 67 BaM EOHFE T, (kO HIE
THHHREETH 7249 12 nm FEORE T BAF2 c Sl
B TEDZEHBALINILE O A TIITHIRI LS -
DE D IBNEALNNIT B8, EHEETEM #B\\T, ¢
HhACIA ZnO T HER O111)EC%) ZnFe,O, THIFE iz /ERL L 7-
BaM F#ROMHEER USRI & AT, ZFOREE, ¢ e
8 ZnO THIFE iz BaM A HERE L71-3581213, BaM g &
Zn0 THUEMT, Zn, Fe 8L Ba A A OMEIEKE T
B729HIZ, 20 nm LLTOE XD BaM 84 HEf5 LT %, BaM [
T D 2 EBREETH D Z &, 11D)ER ZnFe,0, Fitha
WHEITE, THYEE BaM BORIC Zn A AL D&
AFOMEEBITIEEAYREZ Y, BaM @ ¢ @H
ZnFe,0,(111)H HIZEHET EF X S v VRET S0, [BE
2 THRIF ¢ SiEcH BaM BEAME B = &SR BN
22T TUTICHRET 5.

2. REEAE

AEFFETIL, #—4'y ME3em ORtEF—4y Ay
FR% 3R AT A /Ry 5B D% VT, ¢ Bifici BaM &
OVERAAT TG, THIFBEO/ERT, ¢ 826 ZnO OEA,
B &9 15 nm 2 EARBE 250°C T, (111)ACH) ZnFe,0, DA,
B &7 nm O ¢ $llidE ZnO % 250°C THERE L 7-1%, Htiss
% 580°CIZ_£IFTHI 13 nm DE X D Fe,0, #HEET 5 Z L T,
JEX#9 20 nm O(111)ELA) ZnFe,O, # B Y = o HpR bz
EL7-, ZNOOTHIE FiZ, BB 630°C, A Sy & #
AE 3 mTorr TFeO, Bef(E S —4 > b & BaFe,0, Bk 5 —
T beERWT, STuys+R7ay A —E#HLE LT, =
& 100 EEREH 115 nm)FEE LT BaM 4 1R L 72 D9,

HERE ST REHIRE, BAMUEEIRE T EKEE JEM-
2010F % FVyCEME L=,

3. EERERRUMERT
¢ B ZnO FHUER, OX111)AZ# ZnFe,0, THEE HIZ, &

FRBREBIET SHR 71 v & ORJBEML 10~40 [E-CHERE L7~
BaM W0 X a7 A ¥ 75 L% Fig. 1 RV Fig. 2 (2Eh
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THRY. ZnO THIEE EIC/ER U720, BaM BESE< 72
DI BaM ¢ @b DERHTE— 2 1N &< 42 Y, BaM BE
59 12 nm F2EEZ 72 5 & BaM(008) 1, BaM(0014)iH 5 DiE]
Fre—2 13RS <720, BEEORTES: BaM B
BMEND T ENpDD. —F, ZnFe,0, THIE B /RS L /-
THE, BaM OBEEORMNI e -~ T BaM ¢ 5 OEHTE°—
ZAFNE L2 D75, #) 12 nm OETEIZBONTHA S BaM ¢
ESDEHTE— 7 BSHEETE 5 Z &0 5. £7-, ZnO F
HORRE HLZ VRS U7 B ZnFe,O, THRIBE HI /8 U7 B2 b~
BaM ¢ IO —2 OFEEDNIENZ D, ZnO THUS EiC
VERL U 78813 ZnFe,0, THUE Lzt~ BaM O ¢ #5150 /&
MEDELNIRE & 22 > TND 2 L3535 09,
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Fig. 1 X-ray diffraction diagrams of BaM films with
thickness less than 46 nm on ZnO underlayer.
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Fig. 2 X-ray diffraction diagrams of BaM films with
thickness less than 46 nm on ZnFe,O, underlayer.
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Fig. 3 TEM image of the cross section of BaM film deposited

on a ZnO underlayer.
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Fig. 4 Composition of the BaM film deposited on a ZnO

underlayer.
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Fig. 5 TEM image of the cross section of BaM film deposited
on a ZnFe,0, underlayer.
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Fig. 6 Composition of BaM film deposited on a ZnFe,O,

underlayer.
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Fig. 3 1 ¢ #ifdm) ZnO Fﬂﬂﬂﬁﬂv:, R EEREE R L7
BaM &KW TEM 4%, Fig. 4 (2 Z OEOEE T OMESY
PfERETRT. ZZTC@), O), ©TRRHHNS Siid TEM Rt
VERID =N TAT o T2A A 2 U /BRI BRI L S
IZEBHDTHS. Jinshan Li Fd, ZnO THEE E(Z BaM #
JEAHEFE LI-456, ZnO B & BaM BORZIL Zn 3L Fe
A F L OMBIEUZ K 0 FEHLC ZnFe,0, BB S
N, FOLEIZBaM BT XX v RETHZ EE2HELT
WA BRI D Zn0 THIBDE XY, 15nm & Li%
DOHE L HEARTEAMNICENZ®, Zn0 THBODWE L,
ZnFe,0,B? L TiZ Ba #& A7 Ba-Zn-Fe-O OS>, #
Eefbs V) o L BRARD SI0, 00 Zn A A L OB Hb.
ZORERNE, ZnO THIE EIZ BaM BEAHEEL LS5 LT 5 L
ZnO BHD Zn A F - 1X BaM B ~, BaM @+ Fe A A2
L Ba A A% ZnO EH~EEEHEI L, Ba-Zn-Fe-O B
ZnFe,0, B SN D Z L AR LTV A,

—7, (111)ZnFe,O, THUE L2 BaM #HEAHEFE L /235510
i%, Zn0 THUEE WG E LI3E LR ->T 5. Fig 5
W N L OO TEM 8%, Fig. 6 1Z&BOMM s R
ford. ZhE Y, (111)EUA ZnFe,0, 8 Ei- BaM 54 H#ERE L
7-3%&, ZnFe,0, THY&E L BaM & DRIT, Zn /(71‘./&’ Ba
A A OMAEIEBIRIZE S A SRS VT, ZnFe, O, (111 L
BaM D c N Z Xy ARE L TWD 2 EXmh5. f_/‘:
L, ZFERTHDHT0, HTFMEW c b RONTED,
A XHBREHTD ¢ T v 3 L HEROERIED 5 R
WIEDS > TOEBR &L DND. &5 S0, 8~ Zn Ok
BLRD LNV, ORI, (11DEXA ZnFe,0, B2 ZnO
THUBIZEEATHEE TH H728, BaM B~D Zn A A DK
<> BaM &+ Ba A A4 ZnFe, O, B~OYBE LA 2
EERRLTND.

LULED ZnO FHUER X ZnFe,0, THIE - HERE L7~ BaM
TIEORER L Y, ZnO THIE bz BaM A HRE L3551,
Fig. 3 (TRT L 5 IetEOIERIB I R S oM & LT,
Fig TITRT LY RETADEZ LS. T70bb, £7UZn0
THURE FiC BaM Z#F&T 5 &, Zn0 B Zn A A2 KX, BaM
Bdod Fe 3L Ba A A AMAEAIS Zn0 J8, BaM fBIZHE#
LANR Uo7 Ba2ERT 5. @ZOi@iRT Ba A 4 OBH)
1289 Ba A AU &2 E £ InFe, O, AR S NB L LELS
, PRIERSCAIDEM LT ZnFe,0, BATERSIND. Z0D
ZnFe,0,/@05 31 TG & 72 1) BRI = 612 e DT,
ZnFe, 0,87 T Ba %8 A7 Ba-Zn-Fe-O @R S 5.
@Z? Ba-Zn-Fe-O B EIZ BaM 315 & & HiZ, Si0, k&
R ISR & 7o Ba-Zn-Fe-O @0 0, SiO, Btk ~Zn 1 A4
O, Zn-Si-0 BB LR TS,

—7%, ZnFe,0, THUB LIZ BaM TiEA HERS U7 tHA&1T %7‘
#NY T L7325 ZnFe,0, JEHNE U BIELI TN D T4,
BEOIEEANE L A S 25, ZnFe,0, (111)@3J;(:T<“c:
BaM c BN E Y X ¥y VT HEEZ LND. ULEDOT
M6, ¢ i) BaM IR OO THUS & L C(11DE
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ZnFe,0, 853 ZnO FHIMEI HA~TEN A6t 2R LB
BaM L DRFIRT 4y EBRED/NEINENS Z LT T
2L, YA T ELTONEEF T EEZLNS.

BaM thin film deposited by
alternate layer deposition technique
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Fig.7 Schematic model of various transition layers.
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4 FEH

c #ilic M ZnO T HIBR O(11)EEMZnFe,O, THIE EICHERE L

7- BaM RO E R AR 2 B RRRETEMIC X Y 74

~, LITORREE:.

(1) ZnOTHUE E~BaMIEZ HERE S 5 £ BaXZnDWEUZ L Y
ZnO THIEIITE% L, Zn-Ba-Fe-O / ZnFe,0,/Zn-Ba-Fe-O /
In-Si-ODEBREEKT 5. ZOTHZnO THIE LIJES
20 nm2A FOBaMEZH#f# L T b BaMEIIFERR Sz

@) ZnFe,0,BNTER 3B L Ba?RoZn A A L DULEAH
En5.

(3) ZnFe,O, THUE EICBaMIEAHEFE L 123548, BRITHZn®
BaA A OIEHITEZ 57, BaMBREWHRETH
ZnFe,0, (111)f bz REFeciEcmBaMiEA = &4 % 2 v
MR B, Ziud, ZnFe,0, (11)EASBaM cifi & DT
IRT 4y FAVNEL, A ORBEICOMEIENE T b7
7= EEZ L.
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