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W A7 E CPW-FMR I EIZ X 5 Ni-Fe RO X o v 7 EE O LA

RS, R ErE CGRAERD)
Study on the Damping Constant of Ni-Fe Thin Films Using Field-domain CPW-FMR Measurements
Yasushi Endo, Masahiro Yamaguchi (Tohoku Univ.)

[ZC®HIC GBI (Ferromagnetic Resonance: FMR) JIENL, /L7 OWEEMN S 72 DMK D L 0 T ER o
ERMETZHIEED 12 LTHLNATWS V. 4, MR EEEL T, X7 MRy NI—2T7F 74 FEHNT
SRSl a 7 L —F U —T H A NI L DB (Coplanar waveguide—FMR: CPW-FMR) JIZEA W 20D
W7 N —FIZ X DIRRENTWD 9. ZOHIETIE, CPVOBRVMES# LICE AR R 2 ET S5 N TEX L0
IZ, cavityZ W2 EROFMRIIE & IXEL 7R 0, RS I B50H 3 CREPE R 721 ) C 7 S SV INMEPE IR D FHIAS FIRE T 5.
7o, BHEERICB T AR OBIEIEE LT E D AL T, B A EE EE L COAMRR 2 iR S w7
CPW-FMRIIEIZ L 0, Ni-Fed@lRICRIT 54 v BV VB a DIRBERAMEEZRFT LT, £/, BoTofRIc o0\ T, #Ek
O JE W AT S W72 CPW-PMRIFIE LS & 0 574 L7245 R & O Lt 217 - 7.

EEBAE CPVOERIZIE, 74 NV YT T 7 4, DO R ha ANy X2 BIOY 7 b4 73E%E Aviz /E# L 7-CPW
OFRIT— BRI NI 1 A— MR CTH Y, ZOBHESRIIT 7 AHMR (FX : 550 um, HaEERe, 1 7.0) kil
fEEE7=Cr (5 nm)/Cu (300 nm)/Cr (5 nm) FEJEIETH 5. CPWOMRKE, 1E 58, 77 7 FBREBIOMESRE 7
7 v RO ¥+ » ZiEIE 1000, 50, 88 BN 12 um& L. HEEREIOERICIX, RFv 7R hr A8y X 2 iz,
HEEORERE, ARSI BICHRE L 72 3-50 nmEONi-Fel R TH 2.

PERL L 7= Ni-Fe MR 1T DA & BRI L OFEMICIZ VM %, £724 2 v 78S (o) OFHMEICIE, MARURIEB X
VB ST CPW-FMR & & Fv 7=,

R HSURFICPV-PMRIIEIC X W & 5172 5 nmlEDONi-Fedd#ffic BT 5 s, O EEBOI R L DB b2 K 1 ITRT.
WTNOFRREETICB N THT v 7Bl SN, ZOMEIFEREOBEME & bIZL Y EOBERE~BE L Tnd. =
NODOF 4 v FIEINi-FedEROMRICER L TW5. L7z2-> T, BHISNZFMRE — 27 ONEIFALE, TD L & OEEK
FEOBBENOLF L T ER o BB LT 0T T 1 T T T T

2 ARG K QYRR CPW-PMR JI7E1C & 0 sk 7= Ni-Fe 0714

}
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2) G. Counil et al., J. Appl. Phys. 95, 5646 (2004).

3) M. Toda et al., J. Magn. Soc. Jpn. 31, 435 (2007). Fig. 2 Thickness dependence of damping

4)Y. Endo et al., J. Appl. Phys. 109, 07D336 (2011). constanto. for Ni-Fe film measured with
field domain and frequency domain CPW-FMR
measurements.
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~ A 7 S LV i 4172 ColPt £ JE i
Ky ROF 7 B— 4 X B M oM E

Soufmin L, REAR Y b REL BE L, BRATR 2
(*#IEK, 2JASRI/SPring-8)
Nano-beam XMCD measurement on a Co/Pt multilayer dot excited by microwave field
N. Kikuchi', S. Okamoto?, O. Kitakami?, T. Shimatsu*, M. Suzuki?
(*Tohoku Univ., 2JASRI/Spring-8)

[ELHIC
Pt # 5L EHCABIIRE MR R GTEEA BB TEX L0 0IHAELEETHY, BIAWIFIEOX S L
o TWD. BB L PtEZHE LI5S, ZOREICEBWTILPURFIZRKREIRBAE— A Y MRFHR I
HZENHMBNTWAL Fi2, TOXHIRRITBWTE, MESRHEEICHRTH BV IRELLRE
ST D ERRESNTEY[, TOHEMNREZELL->TWND., LNLERRL, —INRERM - BX
BRIEFETIIRE CTHOM LU PtOEFOALEZSEEL TEmT 52 & il%ﬁf&”aé. T, AR
TIETCHR BRI 2 B> X s @t (X-ray Magnetic Circular Dichroism : XMCD) Z W% Z & T, rf
T X0 b S 47z ColPt 28 K > M D43 L7z PtR1- O ZFENZ OV TIA T
RERAE - BR
Co/Pt 22 & 513 MgO(100)E:Ai 12 sub./Ta(0.5)/Pt(1)/Ru(24)/Pt(0.5)/[Co(1.4)/Pt(0.5)]s/Ru(10) D&k T DC ~ 2 X%
ha 2y Z Y XD LT, TS OBE CHALIZ nm Th 5. ZREIEEERY V777
4= AT A F Ty F U TICE Y ER 3um DT ¢ A 7RI L,
B Hall 20 5(AHE) R H I O SRR 1 OV JE M SN 4 25 3 "
H (08 3 um) ZTERR L7-. fmfrig 2 A CHEE N7 0 O of B %
RAET DL, MBMELBEIICRBO URSENFELESNDS Z LT
P T AR S AT 5. 02 b A RE Hall hRB L = of
XMCD (2 X W B L7=. 723, XMCD O#IE T SPring-8 & — AT
4 > BL39XU ’Té@ﬁﬁb Pt ® Lﬂ%wﬁ%%ﬁﬁb\fc. At O TE Sy

WIRFE 2 FFO X 90 X m I C mELIZ A L7z, [} 112, 2% Hall . : .
hEIC X v HlE Ltpé 3um @ b v b —E OB LR 2 T, SR H (kOe)

Vi rf B A FUINE IS, SERU R K fir= 3GHZz, RIEHY 4000e O rf

B3 BN L7 RBETRIE L7 TH 5. B R Hae IR 12
EAZEINL, @51 FmixENSA TR TH S, Hee=3 kOe T ;Eﬁﬁu

PEILIEIZ K DR 2T« » TR BN TR Y, Z ORI KIEE DR

ZEIEEN & SO U CHE R R 2R T, [} 218, fir=2.8GHz @ rf f%

B R CHIE L7- XMCD (FE#)) o542, Ra Hall 208 (@) Off

READLETORLE. Wb faffE CHEI L, BboREERY

M, & LT/ L7z XMCD OHIEITAI 300 nm ED T/ B — A TITLY, 075}

Ry b oM CTEAIL 72 ﬂﬁﬁﬁz PEIEHS ©°— 7 DALE - IR - 5h

FEDS S ORETFIEIZBNTELS —HLTEY, CoBlaikEni Pt

JEEIE—RRICRZER 2 LTV D 2 EAURIE S T,

ZEZ3CHR [1] M. Suzuki et al., PRB 72, 054430 (2005), [2] S. Mizukami H,. (kOe)

et al. APL 96, 152502 (2010)

BIEE ABFEO—ERIE, XRE [T~ 0l « T3 A « VAT AAIRL

TIAT A BEORIE, JST TEEIEHA 2 _—3 g VAIHHEE 7 o
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Fig. 1 AHE curves of single Co/Pt
multilayer dot measured with and without
rf fields (frr =3 GHz).

1.00 -

0.50 -

Fig. 2 Magnetization curves of a Co/Pt
multilayer dot measured by XMCD and
AHE under application of rf field (fir =2.8
GHz).
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<A 7T A MR & R g E R o
[f]— Co/Pt F/ K+ FalEt COHIE

BHERAE, MA B, ZgufRed, dbb & EERC
(AER)
Relationship between microwave assisted magnetization switching and ferromagnetic resonance of Co/Pt nanodots.
Y. Kusanagi, S. Okamoto, N. Kikuchi, O. Kitakami, and T. Shimatsu
(Tohoku Univ.)

FLHIC
~A 7 a7 % MEgbREE (MAS: Microwave Assisted magnetization Switching) ¥kt 255 B 30 e B o A Fi4oe

e LTHERBEZED TS, MASIZBW T, BAE— A v M GHz HHIR O S 2 FIN+ 5 2 & THRET—A > b
DIEAEBDHE SN, T OMRKBRGEPKIBIEB S LS. it — e LT, Ky MK L C—RREE 721
T, @MRDAE EE S MAS ZENCKRE BT LI LN MAS EBR L &I a2 L—31 3 VO G430 > T
L0 Lal, EBEORNEE— K& MAS Z2E 0BT ERMICITE ZHER SN TWRW. AR TIIRNEE— K& MAS
ZEORBRETARD 72012, BE Hall ZhHR1C X 2 ipEMEIERE (AHE-FMR: Anomalous Hall Effect based Ferromagnetic
Resonance) 2 & MAS Bk % [Fl—o Co/Pt + / Ky FRBHIX L TIT- 72D T, ZORERIZOVTHRET 5.

RERAEEBR

FEER AV TR R IE, MgO sub./Ta(2 nm)/Pt(25 nm)/[Co(1.1 nm)/Pt(0.5 nm)]s/Pt(10 nm) & L7=. il DC~ 2% b
By ARy A ERANE. ZOZBEEEBY V7T 7 X VINT L. R—&EHREIC Ry b7 LA 2K L. AHE i
EROBMES L O~ A 7 ol HINA O CuftiE b b TEM L. Ky b7 LA ® Ky NERIE 80 ~ 1000 nm
TRy hﬁﬁﬁﬂﬁ%ﬁ 1£60~200nm & L7=. Ry b7 LA OBELEFEKITH S5XS5 um? TH S, MAS, FMR W OHIE TS de
19355 Hae % I IC Z-6 ~ 6 kOe OFFATEIM L, Cu BRI & B
Z FIIN U AQ S hee= 200 Oe % B NIZEIAN L 72. AHE-FMR & Tl
ZEHEEIC K zﬁuﬂzmﬁ By DEAL % F O Hall BE D& k& & LTt
D, 12720, BoNDEEBHIFITH D70 & EIKERRE BV CIRIEZE
L, [EH Lf: Hall Sk &bz e v 7 4 > 77 THRIHLTZ. Fig. 11
Ky FES 160nm, Ky NEEEEE6Onm O Ky F 7 LA TR LN RE
Hall FEE D2 A Vare 28T . VB ERER fie O LA mRES M I 2w ‘ | |
W37 VT DEBOT 4 v TR TE D, BRSO T >~ (Fig. 1 -2 -1 0 1 2 3 4
OV) [T—HFE—F (m=1), EEHEMOT + v~ (Fig. 1 OV) 1IEKRD Magnetic field H, (kOe)
T—F m=2) XA HLDTHD. Fig. 212 AHE-FMR IE L v 5 5h7=
FEIEREESS He & MAS JIE X 0 15 5 72 SRR Hew % 2SHiEBE3 A 3K f
B E U CORd. H D Haw DT —/3—| i}iﬁﬁﬁﬁﬁ@ THERLTND

't = 15 GHz ]

13 GHz

AV (V)

v 11 GHz

Fig. 1 AHE voltage change AVanEe as a

function of dc field Hdc

Haw X7 ¥ A FIRIC XV f OBEANZ LW EFRIZ A L fir = 3~ 10 GHz @%ﬁ 3 Resanoren ol " A g
P TR 0.8 kOe D Hew DIRIHAMEFE T /2. ZHUTiEIZ Co/Pt /7 K @ m =1 (uniform) 5
A m=2 -

RS SIUFRER DTN S A Ha b Tl Y, 7 r— ke MAS 8 Wl

$BLpoTHG. ZOFRKE LTI Ry MBSO Licka8r O 77IIIT { [ B

BHEERORENREZHND. HiTm=1,2 1 ThoE— b il L Ii Hi s {IAH”HH
TR L2 R L TR Y, ARG MAS IRII m=1 O —KE—F e ’ Switching fed H.,

DEMCBB L EET HREBE LN, -3

0 5 10 15 20
BE I rf frequency rf(GHz)

1) M. Furutaet. al., J. Appl. Phys. 115, 133914 (2014). Fig. 2 Resonance field Hr and switching

2)  N. Kikuchi et. al., Appl. Phys. Lett. 105, 242405 (2014). field Ha as a function of rf frequency fr.
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Switching probability analysis on epitaxial Co/Pt multilayer
single nanodots

B. Lao, S. Okamoto, N. Kikuchi, and O. Kitakami
(Institute of Multidisciplinary Research for Advanced Materials, Tohoku University)

Magnetization switching is a fundamental function of various magnetic devices, such as magnetic recording,
spintronics, permanent magnets, and so on. Thus understanding the magnetization switching behavior in a single small
magnetic particle is essentially important to develop the high performance magnetic devices. The underlying physics of
magnetization switching has been discussed through various experiments and simulations in Co/Pd and Co/Pt
multilayers [1-3], which are important materials for practical applications due to their tunable perpendicular magnetic
anisotropy. Through these large number efforts, it has been widely accepted that a nucleation of a reversed domain with
a dimension of domain wall width initiates the magnetization reversal of the dot. These previous experiments, however,
were carried out in polycrystalline samples, many of intrinsic switching properties would be hidden behind some
distributions of magnetic and geometric properties. In this study, we have investigated the magnetization switching
behavior in a series of single nanodots of epitaxially grown Co/Pt multilayer.

The film structure is Sapphire(001)/Pt 20/[Co 0.8/Pt 0.5]4/Pt 1.5 (in nm).All deposition processes are performed at
room temperature after substrate annealing at 800 °C for 1 h. The epitaxial growth R CRIg6l[
of Co/Pt film with fcc (111) structure is well confirmed by x-ray diffraction X
measurements. The Co/Pt film is patterned into single nanodots with diameters d
varying from 120 nm to 1.6 um by using electron beam lithography and Ar ion
etching. Subsequently, the Pt underlayer is patterned into a cross-shaped electrode
for anomalous Hall effect (AHE) measurements. An example of scanning electron  Fig.1. SEM image of a single dot with
microscope (SEM) image of a Co/Pt dot of d = 200 nm is shown in Fig. 1. The  d =200 nm with a Pt electrode.
magnetization switching of the dots is detected by an AHE curve under a vertical dc field Hy. from an electromagnet.

dot

Magnetization curves of the single Co/Pt dots exhibit a rectangular shape, and show a Stoner-Wohlfarth like
angular dependence of coercivity, which suggesting a nucleation reversal

mechanism in the dots with bi-stability magnetized states. To analyze the switching ST w 13
process, switching probability P, of the dot is evaluated by repetition of g ** N N
magnetization curve measurements. The Py, plotted as a function of Hg. is well gﬁ""'- <~ Si‘;
fitted by the Néel-Arrhenius law P, = 1 — exp{—tfoexp[—Ey/ksT]}. The ™ S
behaviors of P, changes drastically below and above d = 400 nm, indicating the 0| —> I’

i - . . . 200 400 600 1600
change of energy barrier E,. The fitting analysis on the P, by assuming a simple diameter (nm)

energy barrier function of E, = E,(1 — Hy./H,)" gives the intrinsic switching ~ 9-2 Eo/keT (black circle) and Ho (red
field Ho and energy barrier height Eo/ksT, as shown in Fig. 2. Note that these two ~ Square) as functions of dot diameter d.
parameters exhibit dramatic change at d ~ 400 nm, strongly indicating the change of reversal mechanism. For d < 400
nm, the value of Eq can be well explained by the single barrier of reversed embryo. On the other hand, d > 400 nm, the
evaluated value of E, by assuming simple energy barrier function is hard to be explained, suggesting the somewhat
complicated reversal mechanism, such as multi-barrier.

Reference

1) J.W. Lau, X. Liu, R. C. Boling, and J. M. Shaw, Phys. Rev. B, 84, 214427 (2011).

2) N. Kikuchi, S. Okamoto, and O, Kitakami, J. Appl. Phys. 109, 07B904 (2011).

3) M. Delalande, J. de Vries, L. Abelmann, and J. C. Lodder, J. Magn. Magn. Mater., 324, 1277-1280 (2012).
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SRR T LA 121 D A B R & B

AR R CEILEZ P Z8WE P ZRTE L NFER?
Lo L5 T AN TR S5 RN N N i €
Spin wave coupling in ferromagnetic wire arrays
S. Kasai', H. Tsukahara’, S. Hirayama1’3, S. Mitani'?, C. Mitsumata', and K. Ono*
(NIMS', KEK?, University of Tsukuba®)

[TLC&HIZ

A, Ay har=2 A58 G, fiA B UiEWTERME S A F 7 ZADRHE & IR 2D T
D, TTH AL UAR—ANRITENRICHA C A AR T2 2 LN TE 5720, BUERE I MTH
NTWD W) KR TIIER AR A Ay FEEE2AETDET U F Ry MEFICBIT S A RS A T
U AR A LT, BBV T LA DO SN D 7 o F Fy MEEIL, kil L 0SS bk s h
HAIEENFORERELTEHZAZENTELD, AL UVKHEERAEZHRRL 9 2 TCRVWEFLRERD
e NS,

EEBRAE

PUBHE RF A% # 5 TRl L 7= Permalloy/Pt @K%, E1HRY V77 7 4 —BIXOPAr A A IV 7
EEHWD Z L TR L, X1 ICRIR 7253080 SEM 4 2R3, #iEIL 100 nm, #& 7O & #1% 500 nm T
Hb, FEEERZEHZIAMT 2 Z LItk > T, RSB LI OAE a2 AR L, BAMERSHT R
EHWERES A VRRIEIZE - T, AV ORI EIT > 7, F 2SR 4% 3 L 7= Landau — Lifschitz
- Gilbert FREAZFMEMNCHES ZLICL - T, AV EX A F I 7 AOFEMIZ OV TRETZ1T - 72,

R

X 2 126=60-90° 28I} D AT hLZERT, 0=90° TIIH 0B — 7 NS TWD DI LT,
0=60-80° TIX oD =7 IZHHT DA DBHARICBHI SN TS, 2, K a Fofifk e, b Hm
DI THIEISGDORE SRR D720 Th D, —hH., BRGANCEN S B — 2 ORI ELN S
=7 OMELY b REW, v 7 a7 32T ¢ 7 AFHEIZIIUL, 6=90° DOGAITITA RS DR 3B
MIZNDIZHRT LT, =80 OLEITIL, R DI OEE D FHBEL STV D, SV UL, SRR
DHFMNC L > T, REEIN LIZAE U EHAAERHOBENGIFEFTEECH L Z AR LTND

S E R

1) V. E.Demidov et al., Nat. Mater.11, 1028 (2012)
2) S.Kasai et al., Appl. Phys. Lett. 104, 092408 (2014)
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Fig. 1 SEM image of a sample. Fig. 2 ST-FMR spectrum under

various conditions.
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Pt(2nm)/GdFeCo(100nm) B2 1) % B Eﬁﬁb@i@%@

BRE—RR, JIAHL, FEEpEY)
(BHITHERT)

Current induced domain wall motion in Pt(2nm)/GdFeCo(100nm) bilayer magnetic wires
Yuichiro Kurokawa, Masaya Kawamoto and Hiroyuki Awano
(Toyota Technological Institute)

FFi
B L DMBEDOREENL, L—ARNT v 7 AF Y 2T LD E LIHRBER A TV R T~ OIS H A
HHEINDAE L ba=g ZAOFH LWHESE CTH D, ZHE TOMIET, Fex OV —7 TIIBEIEFR
SRR 72 BIZHW B U5 TbFeCo CTIIMEEE 2 BREN ™25 72 O DGR BFR B L 5.8 X 10'°A/Mm* &0 H /NS 7 fEIC
705 Z EaFER LTz, GdFeCo % TbFeCo & [F] U < RN FicdkiRic v 6 2 LHEREM Bl Ch 5, &
[BlDO#FFETIL Z D GdFeCo % VW CEIMBRENEERS B 2 Bl LT,
RBRAE

ARELO R L R X 2 U o 735 E & T T 72, GdFeCo % 100nm A% (ZF0E D ERE % B < 72 812 2nm
@HE%G&&bLK%ﬁLtoﬁﬂ@ﬁﬁm@MIi*%t LYY TTT 44—V T hATEERNT
1To7=, ML LUZARROMER 1.5um T, £ 31X 20um TH D, Z DHIFRIZ 20ns D7V AME 2 523V 2R EHE
ZHIINT 5 2 & CEIRBREEES B A 8152 Lo, BIRBREIREERS BT — b R B EE A VTl Lz,
ERER

Fig. 1 |2 PYGdFeCo REMERMAR O BEIEE FEIZ %3 2 WEREHE 271 L7, KIZ L 5 & Pt/GdFeCo it AE#R O i i
BIRAEEIL 1.1620.04 X 10"A/M* FRECTH 5, F7z, BIHE J=1.55X 10" A/m* FL B CREREESE v =36 m/s
’@Jéﬁ—é ZEMWGhots, I, WEEXERICL -

BT NIEREI XD Z & b ymoT-, W DE 50

i

Kﬁ&%%@fi\m%%%®x5/ﬁ@ﬁ%®ﬁf@ 40
LIZ & » CThghE 2 BREh 4~ 5 O T, BEREILER & 130 71,
BV OBRE N LR CHBICEBI?T S, —FH. O ,330 +
FETII A VLB BER O KR EWESE & BERO R E %
HTIIAE VR —ILhR ey a o A — - SFTAMEA ‘; 20 Jﬁ |
YER DB L - TER G RICHEESBENIT 5 2 & AR 10 l
SNTWD, LLAERL, ZA50RRF m TRl %
T 57, REEHEOMES 27~ 3 WA TIER B L7 0 .
WEEZ LD, EEIZ, Ueda 512X 5 &, PY/[CoNi], 10 12 r4 16 I8
SBIEOBE. 7 OBITAR L T< b REO BB J (107 A/m?)
X< 720 6.6nm LA Co/Ni IEJE TIIREEE N ER IT1H &
MBI 5 = L ARER TS, U AEOBETIE, fx  Fig 1 GdFeCo BALMHRIZI 1T 2 B
100 nm &5, FEFICIEN GdFeCo Rtz T g,  EKy SHEREL S & @F*E”*

ZDOZ NG, ARIOFK 2 OFEFIL. GdFeCo MeMEMIKEH Tk
AEUR—IVIRRLV ¥ u v AF—  SFAFAAER & W o I RmIZ B0 B EAER ASIE S ORI b
_RPENSTFHFICEVWIREECH - THHERFF SN Z LA RLTWE EEZBND,

L ZDEN

1) K. Ueda, K. J. Kim, Y. Yoshimura, R. Hiramatsu, D. Chiba, H. Tanigawa, T. Suzuki, E. Kariyada and T. Ono, Appl.
Phys. Express 7, 053006 (2014)
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[Co/PdRsM: MR~ DRE X A 35 1T 2 8t T HiJg o %h 3R

BLE M 0 EA R IR BR L ER de— L GERR SR AR B I S
('NHK Ft BATRFZERT. 2 #OR LERFER PR
Effect of Soft Underlayer on Formation of Magnetic Domains in [Co/Pd] Nanowire
M. Okuda'?, Y. Miyamotol, M. Kawana', E. Miyashital, N. Saito', N. Hayashil and S. Nakagawa2
('NHK, *Tokyo Institute of Technology)

[FL®HIZ

VAR, BEPERIRR SR D REBED BIRERENC B+ 2 A58 DICIEE M EE D, L—A F T v 7 AE® ) DITfAES
O LWEEOAEY BREINTWD, &0 DITREMRIRRZ TN AEERELE L, 26 ORX 2 B
INZ & o CIRMBRE T & AUE AEH T 7 7 A2 & 2 BmERERGE T S A2 £ 2 Z Enifrsng Y,
Z 2 CHA I, [Co/Pd)FEE A LRENEMBR H DOREX Z 2LV ZEHRIC &L 0 @RS S 58 LW T /31 A D
%Eﬁﬁ’”%ﬁé&bﬂ\é HDD iR~y NIZNTET 2 TMR B~y Nz, 2koca 27 b AFx v v
T 5 Z LI Lo TREO LR HBALIREE 2 81239 5 nano-MDS (Magnetic Domain Scope for wide area with nano
order resolution) Y75 % T, [A U < WAET B iidk~ v RERIC X o THEMEMIBR P ISR 2 TR L 72 #%, 7SV A
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EEBRAE
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AR U=, HIARRIEIX 150 nm, fAREIEL 20 pm & L7, nano-MDS DFidk~y REIZ LV | T &M%
DU 7278 B REPEMAR R 2 £ L CEORME T ME TR T TR EICEAZ THHE L=k, e~y K%
AR L OB R CHEE LT RR &R ZEIN L, 2 Ok K E D2 b &2 FAE~y FEIC L - THlIE LTz,

EERER

Fig.1 i%(a). (b). (c). TNZN D SUL KTV T, [Co/PdIBEMERIRR & ok~ > N DOHIRRIE J5 16 O AH L
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