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Surface Treatment Techniques in Fabrication of GMR and TMR Films
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This paper describes surface treatment techniques,
such as plasma treatment and oxygen exposure, for
preparation of GMR and TMR films. We found that
when an oxygen exposure process is applied on a Cu
spacer layer in GMR film, the magnetoresistance MR
ratio and interlayer coupling field are improved from
15.49% to 16.3% and from —5 Oe to —13 Oe, respective-
ly. In TMR film, both plasma treatment and oxygen
exposure processes improve the MR ratio from 6.8% to
more than 279% while slightly increasing the resistance
area product RA from 3.2 Qum? to about 8.0 Q-um?.
We also found that the interlayer coupling field was
reduced from about 90 Oe to less than 35 Oe. A surface
morphology study using AFM showed that a plasma
treatment process applied before Al film deposition
reduces the surface roughness of the Al-oxide barrier
layer. We suggest that this is the dominant factor in
the origin of MR ratio improvement and interlayer
coupling field reduction in TMR film. The above re-
sults show that the plasma treatment and oxygen ex-
posure techniques are effective in improving the per-
formance of GMR and TMR films.

Key words: GMR film, TMR film, interlayer coupling,
surface treatment, plasma treatment, oxygen exposure

1. @BUC&®IC

Spin-valve # 1% @ GMR (giant magneto-resistance)
BEY 12 HDD (hard disk drive) OBAZRF& LT 1998 4F
WWERALE N TLIK, HDD Ot EE omR Eic K& 151%
A H 7L T&7 —F, TMR (tunnel magneto-
resistance) &2 ¥ 3 GMR JEICE & #:b 2 kIR OBASR
FELTHEBINTEY, F 7 MRAM*® (magnetic
random access memory) “NDIHHIC & KX SRS
LNTWVWA. NS GMR EE LU TMR EIZE nm # —
F—omEBEARERE L HELEETh L, BEREKSE
B HREI S RBRE S A E K EEE R U 7o SREaE
FFTHB. ZO1DHRHERKHC S W CIBREEOEE
HH DA 6T REOEHIE S THER LB TSI
WV, PERDFER /BT 75 2B T AL BEFR S o
2T, #ELEVEVET nm RO % BistC 1
[ 1Bl AERSD LD IERTIZHEI BN THY, B
BREEEET L VI CERBEAE WL 124
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o GMR Eb 2D & 5 HHETERI T, Ll
15535 HDD O FmESRBINC LR L EFB0T
BEERDERAEDE E TRE 575 GMR M E it
LY, MERALHHT 2EMSLELLE > TE
fz. Z LTIRMHKO TMR BEofERlic B WTIE, CORME
HIEEH A TMR ~ » K% MRAM EHO A £ %4B - TV
5E6FA LD, AT, GMR/TMR D RHEH|HE &
13 3 REMEEEAIC > W TR &85 % s BN g
3.

2. REMEE & Interlayer Coupling

GMR/TMR i3 ERMIC I 10 BLL Lo BETH 2
7, GMR/TMR R +=HHET 20 3witE (v @) /3
W /wE (7 ) -8 0 3BEEDHNTH B, I

MR (%)

Fig. 1 Interlayer coupling field H;, is defined as
the shift of the MR hysteresis curve.

Interlayer coupling:
2 Hiy = Hygky + Hyea

. / Néel’s orange-peel coupling
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Fig. 2 Hi, as a function of Cu layer thickness for
spin-valve GMR film.
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TIHMMED Cu TH 385513 GMR 2R %, BR{LAID
O IEBRETH BI5A 13 TMR SREHKET 5. JERME:
BOMEZCuT2~3nm, B{LAIT1I~15nmTH
%. GMR/TMR % B ic B\ TEE L EEY 12 GMR/
TMR %R OEIES & KIEFLO R (MR 1) Td 575, 1
K~ v K MRAM ~OIGH %% A 1358 € NS DR
HHZEELLINIEE SV, 200 interlayer cou-
pling (Hi,) &\ s S 5, Hy, ZIERMHEREN LT
EVEE 7Y -BOMIIERT AMEHIBHEETH S,
BN IE Fig. 1 RT & 5 ICHIIRR & R iEHT & DB
BAERT MREIRICBWVWTERT Y Y 2O E R, S
Ov7 bELTENS. GMRETIE CuB0HE 8513
EEWVWMR BB LHh S, Cul@x# LTWwL & Hy
PHERTBZENS b L — F4 7RSS 59, B~y K
~DIGHA%EEZ 1358, Hald —100e 2»5 +10 Oe OF
FicA-> TR SRy, 25D Cul@z@d LT
EMRHABLYETEEE, LDIKLT Hin OERE
ZEHpBHRA VN ERB,

Ho3RELHIFBEZ>oBFICL > TRELTL
5. —=iz RKKY (Ruderman-Kittel-Kasuya—Yosida)
coupling EEbh, EVRELE 7Y —BOMNNLHILS
mhs Cu BECSK U C AT/ IRCETIREZ L 0,
ZOREAWAE CUBENES B3I NTHET S, b
5 —=213, Néel's orange-peel coupling L EH N, EVE
&7 ) —BOMKSHALARASEATICN 5 & 5 ik
FICkES L, ZORAWRIE CuBENEC L 3iIcoNT
BIIcELT 5. £ L TERBICEBAIZN S Hin 13 Fig. 2 i
79 &9 RKKY coupling & Néel's orange-peel cou-
pling o1& LTHEHNSE., 2Fh Cul@EAEC LTV
fEEICHALUE HyOWRKAEIZ 51291213, Néel's
orange-peel coupling Z/N&{ 33T EEEI TN,
Néel's orange-peel coupling D FH » H = X A 13 Néel
model & » THEAEN TV AP 8, Néel model IT £ % &7
Witk & e o REHH & SR & WBA, Fig 3 WWRT
LI ICRED S R OUNCHBHEL 3120 v E/FE
etk B R & JERE B 7 ) — BRI RIS S
%, T T Néel’s orange-peel coupling DFEED T IV
¥—%], 2R OREE A SRVOFEEE A, o0
RO (=IEREBOIE) % t, > OmE (¢

Fig. 3 Schematic diagram of the Néel model for
magnetic pinned layer (P)/non-magnetic layer
(NM)/magnetic free layer (F).
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VBET Y —B) ORULEENEN Me, My 5L,
Hrx¥—LRAEAHS EORMRRERROL I RSN
3.

J=n*h*ueMeMp/(/ 2 2)exp(— 27/ 2t/)
OS5 B  EiE Néel's orange-peel coupling
DESGTANVF-DREZIRIHINRYORIIB L O 2FICH
BILTWBREWS T ETHAD, oF H REVHVEIEES
IANF-FRELHBBZDOTHA, DI LD Néel's
orange-peel coupling %Kik d 2 /cdicidy 74/ £ —
MvA — & — T TR EAERG 2 C LB ELE S
na.

3. GMR BRI ITIBERET 0 XAOME

Spin-valve #1#& ® GMR f§13 1991 &< IBM @ 7 v —
FiLk - TRESNTLERY, MECEBEE BiE7 o
22 DFEbIck > THELWESERIF TS/, L0b
\f CoFe WiHEY, RuANL7BEE7 = V<% v +!O,
NiFeCr ¥ — FI@"Y O =>3HED GMR ~ v FIZIZRD»
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Fig. 4 Magnetoresistance MR ratio and interlayer
coupling field H;, as a function of Cu thickness for
spin-valves with a structure of NiFeCr (4 nm)/
PtMn (14 nm)/CoFe (1.8 nm)/Ru (0.9 nm)/CoFe (2.2
nm)/Cu (2 nm)/CoFe (1.3 nm)/NiFe (2.5 nm)/Cu
(0.6 nm)/Ta (3 nm).

Ta (3 nm)
Cu (0.6 nm)
NiFe (2.5 nm)
CoFe (1.3 nm)
Cu (2 nm)
CoFe (1.6 nm)
CoFe (0.6 nm)
Ru (0.9 nm)
CoFe (1.8 nm)

PtMn (12 nm)
NiFeCr (4 nm)

< on Cu spacer layer
<« on CoFe reference layer
< in CoFe reference layer
<— on Ru spacer layer

Fig. 5 Schematic diagram of the GMR stack and
the film surfaces exposed to a low-pressure oxy-
gen atmosphere in this experiment.
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BIEVWERTH S, #LTINSOEMOMHERICL-T 02 exposure (Langmuir)

Fig. 4 WRT L KHRETRERL VOO TS MR 165 ° 24 48 72 96 120
A9 512 159% 2R 5Lt L Luss 16.0 \
HDD ® & 55 2 BB ~NOEFITH L TL D&V MR — 155

R onTwad, MR E S B1c0ici3 v hs §1s.o

L UREITB T B IEEFD diffusive 7S EELEZ ML, "E 14.5 \“ -
EVEL7 ) —BOWALKETIKEETH 3 & & D mean g 140 |——— \
free path £ TX 3RS TELicHb. TOREN 135 j$ic:|ncque ]
#2f]& LT NOL (nano oxide layer) @ X <& 2 5 — %8 13.0 [ _4 on CoFe

o & 3 MR O EAEE CRES ATV BA1219, :iz Ceme )T
HEHICBRIYEZFERT A EICL3 74 )y bbb "o 120 240 360 480 600
EREA~OFE DI 50, 02 exposure time (sec)

—71, FE O BERETREERATERCRET 5 Fig. 6 Magnetoresistance MR ratio as a function
ERE>TMRHUDE EARKS -, BERTEICL S MR of oxygen exposure time for spin-valves with
Hom ke Hi, OEBIZEEIC & EEFLBEFO 19 pé various surfaces exposed to oxygen.

D ZOMRFITIRETFSNTVEY, EESOERHIT

13 & ERH spin-valve B ZFH L TV 3 &, 02 exposure (Langmuir)
EBCHEES A v THRBLTOREBLEL bOAFHERL 0 24 48 72 96 120
TVBEVS EAMOR s B 5, AERTHEA L 1: A o ofu 4 oncore ]
spin-valve ORI Fig. 5 IR d & S IC B LIS X 0~ in CoFe =%~ on Cu

Si ##k /NiFeCr (4 nm)/PtMn (12 nm)/CoFe (1.8 nm)/

Ru (0.9 nm)/CoFe (2.2 nm)/Cu (2 nm)/CoFe (1.3 nm)/ g

NiFe (2.5 nm)/Cu (0.6 nm)/Ta (3nm) T 5. BERE £

%4T- 12fRFEIZ 1) Ru b, 2) reference layer (RL) @ T

CoFe (2.2 nm) DfE4 06 nm & 1.6 nm @ 2 [Blic 913

t2 & &® CoFe (0.6 nm) & bk, 3) RL @ CoFe (2.2 nm)

D% 1B T - #2 & & @ CoFe (2.2 nm) Eifi b, 4) 30 120 z:l;o 3(‘;0 280 600
spacer layer ® Cu (2 nm) E® 4 {HFIZOWVTHE A~ K 02 exposure time (sec)

RET %A ORK~ » F/MRAMAZ/¢» 5 %8 [C- Fig. 7 Interlayer coupling field H;, as a function
7100 ZFEM L7 RRIRRTOFERZER L 5X 1077 Pa k) of oxygen exposure time for spin-valves with
T, BREHFEEIDC 7% bo vy yEEERR, BKIE various surfaces exposed to oxygen.

oA ZRER 0.02~003PaThH b, BERE o LRIT

SN — Pas SN — =4 - -
BT v o S WRIOHZETF ¥ ¥ /N=HTIT-7. 2O 02 exposure (Langmuir)

F v N—DFRFEEEEIZ2X10PallTT, BERE 0 24 48 72 9% 120
7o BT IE 0.02 scem OEEE A 2 %iﬁ;/\ffﬂj& 2.6 18.5 T~
X107° Pa Ic#ERF L 7o, BRI IS 13 8 KOe D ERIA % HIM 18.0 115 incoFe >-oncu | }']1
L7EH35 300°C T 4 R0 B2 hEMILE 1T > 2. GMR 17.5

ORIE [ BEFUEFET £2 kOe OEHRRAEL +75 5 17.0 /B/

Oe DR FARIE 2 RN DV TIT - 2. % 165

Fig. 6~8 3T W ZH MR It, Hy ¥ — MEHR OBE 4

KT (BB KERETRL TV, BREREAMS 16.0

BV 7 7Ly RRETIE 154% O MR & —50e @ 155 - ==X

Ha DB 5N TW3, Ru LIKBEERE LR DES, 60 15.0 0 1‘20 2"‘0 350 4#0 500
# (12 Langmuir*') OFEE < MR H45 1568%  TLERL 02 exposure time (sec)

fehsE Ll ERET 5 & MR L BEICHD L, Hy & Flg.8 Sheet resistance R, a8 a function of
- ! s . eet resistance R as a function of oxygen
R BMEFRRBRE & & bITEAL TV 2 D TREASEEL L exposure time for spin-valves with various sur-

1 13%1074 Pa OEEBMARIARE | DEIBEL & 20 faces exposed to oxygen.
RIEREL | Langmuir & EHET 3.
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fz&3&EAZIT W, CoFe RLH, CoFeRL FARZEL K
b EThEh 2107, 180T MR IhHEAEIEL,
ZDfEIF 15.8%, 15.7% Th -1z, LI LRTET 5 &
MR HLRBEFHCRED L., ChiBREBEREICLD
CoFe BOBLISEIT Lz d EBbN 3. R HBERE
WKk EHT 555, MRIDERRELEEZATRERDLT
W3 &SI D MR LEOBEMIZ Specular FRICL 5 b
DEEDLNG, £/ Hin OB 1313 MR LLOEFE Y v
7LTEBY, MREMERAKEIEEIATH, 3IR/NEE
3, Chiz o BERBICL - THEOREE— FH 2K
TEHNC I O SR ENEB O N TV A EHETX 3, L0b
i 3 RTS8 BIREER D[R 235 W Cu DERE R DR
R% (1bb CoFe RL LOERE) IcB\WTZORELS
PEICHNTEY, Hinld —250e LI EOIFEFICRELE
DE%ERLI. —F, CuZXRADMERZEIC OV TEHEK
600 TORBIIH L T MR LLIEIECH I EH LED
163% IcxTELK. R & Hy BEDICRBERICHLT
BODITEDT ABEER L. ThiZ CufEL CoFe B
DOREICHFAT AHENCuEL CoFe @D I +v v 7%
MHIL, diffusive BHELOBEREZ2REIF Vv 7B
EELLTWAHEEZIONS.

4. TMR BERICHIZ TS X2 bU—bX Vb E
BEEREODR

TMR 2 % DEW MR > 5 MRAM R ORISR
~y FIOADEHSE/RS TV E, LhLEXSZAS
EFNA ZNBHT3ICH L0 FERL BTN SV
EHrWL ohdb b, #0—2&LTEVREEZ Y —BOR
WKHERS 2 Hn 2 TE B FESMA B2 EBEREh
A, LDDLIFHZR~ v FOX S I bias point = EBHRMA T
BT B ENTERLVYMRAM TREFBED Hy, ¢
OiZgTARCENEFLL, LAB->TTMRIEIZBEWTH
PR Hiy 2 T 3720 OBEERUESNEELL S, LT
I TMR JED MR e b8 L O Hy KBO e DFEE
LTO7S3 X< — b2y D (PT) EBRERBICO WL
THINT 5.

PT 370% GMR R D Hi (&2 BH & U TEE S0
ENCBAZE L A REWETFETH B, 7ow &L TRHEE
Ar BFESIC BV TEMKIC RF N4 7 R ZHML TITS &
RNy Ty FTHBW, EROBERERZ ) —=v 71
HwonzWz vy ¥y FItHR3 EEATS Power
D 1IHPLEE Y, EROER Y ) —= v T ovxTRE
WEREOARHY ZBREL, B oFEREEREHT LD
CREBMICERRBAYI DI - T, —74, PT 3EKIEE
BOFELSBERMCHLTITI 7o R TH 50 THE
BREAHT E VS BRE EREAY 0 NS KBTI
VW, B LUABEERAEISKWIEEDO Y 7 M Ar A 4 V1
BEBEEMICTRAVF—E2E5X 3 itk - TRAXE %
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15 T EPERITH 5.

AEER TR L7 TMR BE DR (3 BB LEEAT = Si
FEtr/Ta (5 nm)/CuN (20 nm)/Ta (3 nm)/PtMn (15 nm)/
CoFe (2.5 nm)/Ru (0.85 nm)/CoFe (2.5 nm)/PT or g%
&#&/Al (0.56 nm)/Radical Oxidation (35 s)/CoFeB (3
nm)/Ta (6 nm)/Cu (20 nm)/Ta (6 nm)/Ru (7 nm) TH
5. PT LERRZBE IV I ALEERRIES 5H]D CoFe
RL Lot LTiTyw, 0 LR R 2 5~ 12,
BRERBOENEGMRIETHER L 2EHLRHL 26X
107°Pa 2 U7z, BRIE%IC I 8 kOe OEBIAZHIML
12735 270°C T 5 Bl 0 BZEhBILIE AT - /.. TMR R
D MR ERA GRFIEIEY A XD OHIE R
CIPT'® (current-in-plane tunneling) ZZH\\ /2. Hi i3
MOKE % W\ CHRIE L 7z.

Fig. 9 & Fig. 10 3z h T MR [k & RA @ PT {LHEH
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30 |
25|
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10 — F;—PT
57 , | —B— O exp.

0 L Ll
0 100 200 300 400
PT treatment time (sec)
Oxygen exposure time (sec)

MR ratio (%)

S A S S S SN SN SO SN S T

Fig. 9 MR ratio as a function of treatment time
for plasma treatment (PT) and oxygen exposure
time (02 exp.) for TMR films with surface treat-
ment of the CoFe reference layer.
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10 | /B
< ol O
£ 8¢
= -
g 6f
s,
é —— PT
_ —B— 0O, exp. ||
0’1 P [ FNSRN SN TR SN S S N
0 100 200 300 400

PT treatment time (sec)
Oxygen exposure time (sec)

Fig. 10 Resistance area product RA as a func-
tion of treatment time for plasma treatment (PT)
and oxygen exposure time (Oz exp.) for TMR films
with surface treatment of the CoFe reference
layer.
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% L CBERBHMKEE LR LTV 5. RELEE
M EWETIZ RA=3.2 Qum? T 6.8% © MR AR L
fz. #hIcXt LT CoFeRL kic PT %475 &, PT JuER:
& & bIC MR H, RA &b IEBIC LR L, 50 Pk
I RA=73Qum?IcHB VT 27.1% © MR thaEB1, —
H, BERBIIOVWTR, BERBETHILICLD MR
H, RAEdii—KIcEHRL, 60 WEDRETRA=80
Qum? MR h=24.7% %181, 0%, BERBEEEbIC
MR & RA 3P LEHF L, 300 W OMETRA=
10.7 Qum?2, MR }=3817% <& L. PT SBMERED
BHOEWE LD S IS 51D RA & MR OB
%% 75 7{L Lt (Fig. 11). Fig. 11 Ic& 3 LBERREED
FHBPTICHRTHO TP BN SFH MR BB LOPT
WS, RA b5 < 153 T EMbir - fo. #ic PT TIR{ERA
ZBRIENTEZDT, 10 Qum? LITOE RA HEXR
ENBAWK~y FRARICEBELTWAELEEZ S, Fig. 12
i3 Hin © PT LB 8 L OBRBBERIREREEZRL T
WA, FREFERL LOKTIR Hi 13 894 0e EFEFICHV

(2]
o

3]

= N N
o O

MR ratio (%)

=
]
-
|

o o
T

0 5 10 15
RA (Q-um?)

Fig. 11 MR vs. RA for the TMR films with surface
treatment of the CoFe reference layer.

a0

—— PT
—8— 02 exp.| |

Hin (oe)

0 100 200 300 400

PT treatment time (sec)
Oxygen exposure time (sec)

Fig. 12 H;, as a function of treatment time for
plasma treatment (PT) and oxygen exposure time
(O7 exp.) the TMR films with surface treatment of
the CoFe reference layer.
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fBERLED, PTAiT5 T &L » T Hiy 3BT
D 50 FBICIZ 2450e ICE T T -7/, —F, BRRE
K2WTd Hy BEOZRZEN, 60~300oNET
346~31.7 Ce DEME SN, I LREMEIZLS
TMR B D[] E i3 CoFe RL BE® O Al O RKE
EEFHSBTWEEEZON, TRk TREIF VY
JRBOERCEO T ERIIhTWS RSN
3., ZITPTOBERBICLARE + v v IBOERK
SR A BRI HED ¥ 5 11T CoFe/Al (Ox) REICE 1
% magnetic dead layer*? B % ¢ L 7-.

FERIC{ER L 72 iE#8EK 2 Ta (3 nm)/CoFe (2, 3.5, 5, 7.5,
10 nm)/Surface Treatment/Al (0.9 nm)/Radical Oxida-
tion (150 s)/Ta (3 nm) Th %, T DJEIZ, 1) Ref. (FKEM
B7Z L, AlE® Radical Oxidation &7 L), 2) No ST
(EFEMER L), 3)PT (F3 X< b Y—bAt v idHb),
4) 0. exp. (BERBZEDHY) DABEO o2 EEAL,
HE L 72, Magnetic dead layer 3 VSM BiliED» 5850
te BRI O LES CoFe KR LT7m v b L, Ih
AEBOAULTAEL, X#EoUR»oRD &
ke b 270°C X5 BRI OBME LTV, BLERIRICE
I3 % magnetic dead layer DIE X OE[L LT, 2D
B4 Fig 13 1cF &7, Ref RETRERUELES T
KEMHO AIBEEBE{LL TORW oY, Hifkic CoFe @
AlBD I+ v v 7tk b dead layer Z7RLTW5A. D
B D dead layer EIZHWER]T 0.8 nm, BAIEEIZIE
1.0nm IC&ET 3. %0 CoFe & Al DA R IIFEFIC
REIF V72 LPTVRTHD, ZLTZOR@MI+
v v 7' T&h CoFe DRIMEZHR I ETVWADTHA D LifE
gahbd, FHicW LT CoFe RL _EOREMEIIT->T
Wiz AlLBOBEA1T > TV 5 No ST RE T, Bl

E 1? Z 3 Before anneal %
-% 08 _Z After anneal
8 06 [ é 7
% 0.4 H é é —Z
8502 A 2 Y
1) Ref. 2)No ST 3)PT 4)O0,exp.

Surface treatment

Fig. 13 Magnetic dead layer thickness for Ta/
CoFe/Surface Treatment/Al/Radical Oxidation/
Ta with various surface treatments: 1) Ref. (=no
surface treatment and no radical oxidation), 2) No
ST (= no surface treatment), 3) PT (= plasma
treatment), and 4) O; exp. (=oxygen exposure).

*2EMEASTHKE Y 5 T L ETET.
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R D dead layer B304 nm, ELEE% A 0.6 nm T
bt AIBOBILEITY, A0, BEERT A &I
&£ > T Al D CoFe BNDETHMA SNTWE EEZ S
n3. —7h, PT %iT- il RlIAERD & 3 EREmUIE %
T>TWiEW No S T &k & OBAIEMTED 51, TMR
fsrERl L AR 2R IE O N, 7. No ST &
PT @ dead layer i38% 5 Al BBR({bEFOEBLIC X %
bOEEZ LN, TOHICEREE® dead layer [FiT
BotcdilBbhz, RENME L TRERBELZT-
O, exp. RE TIIEVLEER D dead layer [E45 0.4 nm, #4
L% DS 0.3 nm & dead layer Ebfic b xTE WS,
D TIE, BIER%O dead layer ENZIEFEILTH B
(22T, 04nm £ 03 nm DEVIZHNEEELEET S
EEETH B LKW L), CoFe/Al REICIEAET 2 ME
DEEFEN CoFe & AlORE I v v 7 %&iFHIL, 5E8»
2 Al EBRLEOBRILOETELLLEDTVLEDOTH S
D.

REBIC PT IC & 2 ERE OFH{E3R % AFM Bl ic &
DI L7, Fig 14 (3580 TMR BRI B W T Al B
T®CoFe % THRIEL, %@ CoFe ZH % (a) fa] & AL
LIEWEE E (b) 50 D PT 217 - &0 2 I

(a) NoPT (b) 50sPT

Fig. 14 AFM images for the top surface of as-
deposited films consisting of Ta (5 nm)/CuN (20
nm)/Ta (3 nm)/PtMn (15 nm)/CoFe (2.5 nm)/Ru
(0.85 nm)/CoFe (2.6 nm) with (a) no PT and (b)
50 s PT of the CoFe RL.

(@) NoPT (b) 50sPT

Fig. 15 AFM images for the top surface of
annealed films consisting of Ta (5 nm)/CuN (20
nm)/Ta (3 nm)/PtMn (15 nm)/CoFe (2.5 nm)/Ru
(0.85 nm)/CoFe (2.5 nm)/ Al (0.56 nm)/Radical
Oxidation (35 s) with (a) no PT and (b) 50 s PT of
the CoFe RL.
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SW\WT CoFe RL BOEHE A YV —%HKLEEDTH
%. Fig. 14 OBEEIBIEL L TWIEWPT 2{T-7-% %
D CoFe BHEMAMARTVADTH 55, BERAOFIGHX
(Ra) & 2 TP & (RMS) i3madkt & b2 F U %R
L7z, Mi—, BREEEP-MITBVLWTPT HDDEDA
PEWEZR LA, AFM ORIERER 4 EZET 3 &
FHEE S BAIZ L ISV EY., T ARE A 270°C THE:
R BEEMEWES L 2B 2L T AT L - BN
5L OGE L EROBEREZRLTEY, KERPS PT A
EREABEANCEIELS TV BT TREWT b
Mot £2ITPT IEOXRAMELREL ZO LoD
BEE—-FEEEETVADTEEWALFEL, PT
%056 nm D AlBERKIEL S 5120 Al BEEBLS
SEOFEE, 2FD A0, N TEORAE O V%
FHB L. Fig. 15 i3 CoFe RL k4% (a) PT LIEWEAE
(b) 50 WD PT %17 - 1180 LBEIc o\ T, Bl
%o AIO, BREDE D Y —AHB LI bDTH 5.
AFM 55 ST PT & 0 OEO L MEETH 24
Fhbhh 305, R, RMS OEHEICBVWTLPT ook
BEVEEZRLTVWS, L0biF P-VEIISVTIEPT
BLT269nm THADICHLTPTH 0TI 1.53 nm
Td A EMAENEN., X-ThRBLEZPTICL S
TMR [E®D MR Hal b, RA ¥EK, Hi (KRZHERZ AlO, /¥
) T RERASI LI NTWAE I EN—KEBL->TWB T
Ehbio it

5. ¥ & ¥

AR Tld GMR RO b 72 b O R &
LTI BEOBRREZELY, TMR BBV TRBRERSE
EISICRTIR= MY —b XYM PT)DETHSC
EEAN L, Ih o oREMNIR IR A FEm 1 SEE
ftFaboTidll, BEREOA*HET I Eick-TRA
BT BEHEIF Y rEIEILICD, 2o hickET 5
oM AE T 36D TH S, LEkh-TIhoDHE
MAEIFRTIR S L CIRATER T 2 BB LU THIB & 5
MUDNHETHZ I ENRETH S, EF (4 ROEES
4 VIZBOLTEEILED S OFMROKREIREEIC & » TAE
EVEFEORBRELE - T BEWS T &2 FMAT
BhRIWERSEV, SROFEE L CdERERZE
BENCEI LT 2 L5 70 v R AR TEII LK AT
HAH9.
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