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FMR spectrum-linewidth and spin diffusion length in Cu/Nig,Fe,i/N(N=Cu,Cu/Pt)
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We have investigated the magnetic damping in two
types of multilayer films, Cu(10 nm)/NizFe,(3 nm)/Cu
(de) and Cu(10 nm)/NigFey(3 nm)/Culdc,)/Pt(2 nm).
Temperature dependence of the damping parameter
and FMR linewidth with various Cu thickness d,
were measured. Spin diffusion length increased
with decreasing temperature. We also measured the
temperature dependence of FMR linewidth for the Cw/
NigFe,/Culd.)/Pt films with d¢, = 400 nm, 800 nm. The
increase of FMR linewidth with decreasing temperature
suggested that the damping increased by spin diffusion
in Cu layer.
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I, AZNA—HLAE) L LTHEAIATV AR
UMK v X LT 7R AEY (MRAM) BHLDH
FIC & o THBOEBZARETH> TS, #£->T MRAM
OEERECREEEICRZKELTV . BILRER#E
MICHBIZBEHRL L TATVETYAX, BREENE
AHNDH, KVIBRANEZRE U THEAOBEOERL
EZZLNTVAHEKENYSHS. ChIEAE Y OERNCH
LT EROIS ANTHY, BILREICEZRERT
REEZOY EBHORDBOICKEEET S, B, L
DIN—T, COMEICHLTEETSHLLEALGNT
W REAS AT T2 BEMSEICBUO TR RICRE
B A EMEAOBER X URTREICRECERRT ST
EEMELE"Y. LALUAYS, JEREADICKI DR
TEMDO AN XL U TR TRHEAS B, &L R
¥ FsA ADFERBICL - Tk, BEKBRIOEK, B
UCZOHIBANBETHS.

AEid, SR (Ferromagnetic Resonance:FMR)
EFRAOCCEEIERBEDOETICB I ZHKEMERK
PSRN, ZEBIEEICE) 2HEENDO AN A LER
HT 22 ZEEELTVS. TITRAYVOERICK
ZUERENDREEAS. TRICEET L OMEERIC
SOTHEULAMEEMAN=_ZALTHY, ChETICER
2 BERY OWmEASEEIN TS, Figl lKZOBES
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Fig. 1 Schematic view of the conduction electron spin

diffusing from ferromagnet F to normal metal N.

TY. BEOSIERME N ISR LR (F) I
BUIIBMERE— A MO DENRES Ay L BEXEZK
EEEBLTVRIBEEEADL. KEEHL TR E—
A2 MIEENES ), TOREHE L TIZEET AL
CHEMMEANLRT 5. EREBENTEEET AL D
S BBAINKRZ NI T 2 A A, #ReL
TFILBUZHAENNKELLS. E->TFILBIS
BKEMEHEANL I EICE D, REUH S T EEMNE#RAH
FTARIENTED. KL TRIEEET ALY DIRICE
BHRSENIROBEREEIC OV THRET 2.
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#HFHE 1737glass HHR_ED Cu(10 nm)/NigFe,(3 nm)/

Culdy) ¥ & U Cu(10 nm)/ NigFey (3 nm)/Culde)/Pt(2
nm) D2 @BETHH, CufiE dCu ZR{LET S TERL 7=
CCTPURERL A RIS 20 DBEHIOKZ
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ST (FMR) &, ~ A 7 v 3 A i %% 9.0 GHz,
TEO11 F ¥ BT ¢ ZHVT, RS 0.1 mT TRIEL
Fr. BEEUBRIER o 1& FMR A7 M VERIEZ ENIREER O
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HAISHBESEA5E  Vol. 29, No. 4, 2005

NI | -El ectronic Library Service

X0



The ‘Magnetics Society of Japan

HOKRT T4 o540 732 LIC&DRDE. Ee,
FMREMED B BERIE % 4.5~-300 KDBB TITo 2. & 8,
ZDE EROBISBEmEAICETML 7.

3. RBEER

3.1FMR A7 | ILOEIINEES M B

Fig.2 iZ Cu(10 nm)/ NigFey, (3 nm)/Cu(400 nm)/Pt(2
nm) BICE T 5 (a) HBRIR B KT O)FMR AR F LR
DA EEREFEEORERERT. TI7T, 6,=0" XKE
EA ISR ZEMUZI8E, 6,= 90" ISMEMICHIA%Z
HmLIgETHD. CORREFEH KT FMR AX7 b
IV DA ERFEEICH LT, SREEEROHREMB K
U T DHEBBIEC TR AN T T v T4 VT %
1o

- dHyes
Aw+ | AdmMpp + %‘A()Hl

1
AHpy = — 122 _Gfires -
w= 7\ |dH dirM,s; P j o

——

o (LB R B A o (X ILIBREIR. AnM, RREK R A2
ZRLIAIRERTHS. AL FENTRKE

MO —T1 T T T 1
1200 _Ea) | Cu/NjjFe,/Cu(400nm)/Pt (300K)
5’%’3 M.y, = 684G
1000 =51 %) Ms = 857G (SQUID) —
o~ o !
= P —
g 800 3
w I 1)
£ 600H 1 ~
S Y
400 : \ —
|
200 v‘\:)\‘:\‘(:)——q’:)__." — —
o+ 17
(b)' o = 0.0075
20 ' AdrMygy = 5.7 107° —
: Ay = 3.0-107°
GZ‘(O]\/[;ff =
—~ i
Eé 15 !
|
2 10} :
o .
~N 5 |
*\‘I/‘
ST el
L8 I R R T B
0

20 40 60 80

6, (degree)
Fig. 2 (a)Angular dependence of resonance field #,,
and (b)FMR linewidth 44,,. Open circles represent the
measurement results. Solid line is the calculated results

100 120

and is fitted to the experimental data. Doted, broken
and dash-dotted lines are the three components of the
calculated results of intrinsic damping, fluctuations of

A6y and A4nM ., respectively.
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MCk 2T RRE— AV MBXUAEDESDEI
KZFED=ZDOEMERE. T4 v T 4 ¥ T DOMRERH
WCEGTHRETRT. £/ Fig 2 (b) POMR, — 8,
BRI ENFN (1) ROGEZHICHIE L TV 5. HIBREE
1 Hso AT DIVERIE 2H,, EEICRIFIET 4 v T 4 2
DEOLNT. FHT AT AV ITINGA—RTHLI M=
MJCDWT L, HREBEShTVAie —B L. D
HEHC DV TERBORIZZIT, T4 v T4 JIC&D
HMSEMERERI L.

3.2 B Cu MY KT

Fig.3 IC Cu/Nig,Fe,/Culde,) 3 & U Cu/NigFe,o/Culdc,)/
Pt #EBRIC I D @)300 K, (b)200K, (c)100K, (d)4.5
KIZBWTHEIZE L FMR AX”7 MLE DB U-HEKE
MERD Cu BEKELEEZRT. 2T, RPOEFIIH
RMICLEDVTT 4 v T4 U YICK D B UZRESER
D CuBEKEREZRT. WITHOBREICHEVTLE Culi
EA @O T AR ORI RE o 7ol
ZRLU, CuDBEZEL THICRECAEDEIRYTS.
CHIZAY OHEFNRIC K > TRAENIHDZ(LL TS
TriL&B. THOLE Cu BENEWIES, Cu/NigFey/
Culde,)/Pt BB T & NigFey M HHBL I HET R
¥ Cu/Pt REICEE L TRHRMT 278, NigFey, ®
HIKERMBE S LWMAT 5. —%, Cu/NigFe,/Culd,) B
BETE, BRUECEETFAYVE CUBDORETKRE
REMEZIHRv. 2075 Pt ERSH BI5E L RIIC
NigFe, DEKBAIOM AR RS hiz. Cu BESEL
B, HHMLUI-EEEFAC VR PLEH DIV Cu B
EAFE LARWT=8, WHICHV T NigFey, DRETFRMD
RZZICBNDHSNAL KD,
CDEIBAHNZALEEZDZZ LY, REEFA
Vi Cu NI 208 Ay ZRBEZ LN TZ 2.
THbHB, Cu/NigFey,/Culdy,)/Pt BEBICH VT L& Cu
e, ZELLEBA, H2EBROBEICEWTPLIC
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ERRERICHLTHEEA TV AEGRR Y KT T4 v
F 4V TEITO, JRIEEICET 2 RAE VHEE by BRSO
7. ZORRE Figd ITT. A VIERE A REIED
SARIEANRD S ICHENAZ < A D, FH|T 376 nm, KR
T 955 nm ICET 5. MDA ETHEEh TV
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O BIR 2 EENICRIE L TRIERTHIREERT
B¢, CNETHOPTRULEHETEZMTHELEALN
A.
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R ORERICBN T, d, ZERLERT- L EOHRE
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Fig. 3 Dependence of the damping parameter on the Cu thickness at (a)300 K, (b)200 K, (¢)100 K, (d)4.5 K. Circles are
our the measurements of the Gilbert damping in CwNigFe,,/Cu and Cu/NigFe,/Cu/Pt multilayers. Solid lines are

calculated results based on the theory of Tserkovnyak et al®.
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Fig. 4 Temperature dependence of spin diffusion length
Asp- Data reported by other groups are also shown.
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HBRICEVWTAE VHEBREMDPBE AT S &, Cu/
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Table. 1 Spin-flip time of this work and measured by
various methods”.

methods tsf(10-11 sec)
This work 1.0
Spin injection 4.1
CESR 200-900
GMR 4.0
AntiWeak localization 5.0
Energy-level spectroscopy 20-80
6 T T T T T
(@)

Cu/Nig Fe, /Cu(400nm)/Pt (exp)
Cu/NigFe, /Cu(400nm) (exp)

5r —— Cu/NjgFe, /Cu(400nm)/Pt (cal)
— - Cu/NiyFe, /Cu(400nm) (cal)

AH,, (mT)
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Fig. 5 Temperature dependence of FMR linewidth (a)
d., =400 nm, (b) d,=800 nm. Dots are the measurements.
Lines are calculations based on the modified theory of
Tserkovnyak et al.”
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