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Seedlayers to Control Microstructures and Magnetic Properties

in Magnetic Recording Media

bk - FLOTEEE R LA
S. Nakagawa and S. H. Kong, Tokyo Institute of Technology

Seed layers with low surface energy, which lead to
increased density of nucleation sites in the initial
growth region of the upper-layer deposited on them,
were effective in attaining fine grains in a magnetic
upper-layer. The reduction of grain size in a Co~Cr—
Ta-Pt recording layer on an Ni—Fe-O intermediate-
layer with low surface energy led to decreased noise
level in the high-recording-density region. Grain size
of an Fe—Co—B soft magnetic layer deposited on [Ni—
Fe/Si] double seed layer with low adhesive force also
reduced the grain size to about 82% of that of the Fe—
Co-B single layer. Coercivity of an Fe-Co-B layer on
an [Ni-Fe/Si] double seed layer decreased with im-
provement of the microstructure in an Fe-Co-B layer
deposited on a seed layer with low adhesive force. The
in-plane anisotropy field of the Fe-Co-B layer on an
[Ni-Fe/Si] double seed layer increased to 380 Oe.

Key words: Co—Cr-Ta—Pt recording media, Fe-Co-B
soft magnetic underlayers, fine grains, low adhesive
force, low surface energy, microstructure, high aniso-
tropy field

1. LIS

WG R BRI N 2R E T IS
EltelBbH T3, CRBOERIECERERMYE,
R E I RS EFIE S E P EFHTECH O EEMS
ks Vs IEREARO VLA EMDLY, FTETEEL
B-oTW3a, ULhrbEREILBEERT I LOIGEEBD
BEEFIFITROLTETED, F/ X —bLH A XD
HHE & BAADI &, FEFEA — & TREEHIEZTS
TEMESBETETHREELL -TVWA, FEILEL X
N 5B A R I T 2 O EE TER ¢
Bizoicid, WHENHEET 2 REORHNSEEICL - T
(3., FFAIRAEOHEETS LT, BOBHED
A KIBICHET 2L TERLIICH - TELED
Z3. oy, THIE, FEHEE v- FB, BER
VA MEEEI F S EUFUH TR O 72D 0T
LR A@SRBANCRST s TE TV R, —F, BEES
ERARCBVWCHRRBLEIT b RBEB E L TR S

HAIGRE RS2 Vol. 27, No. 12, 2003

N3 BEEA S SEEEE GRS A L L TR SN
TWw523 o BEEMKECHEAEE RV CHES0R
FEAERT 319, SBREBLTX SN IBTRENLE
KanTw s, 10 nm BEOBEREE T b SHRMIYE
B R T 2B 0T, FidBo THIBIC S
12 3BT SRREMEB ORI 4 X DML & B FHE
WBMBBELEINTVLBRYD, DL ICEBETEREICB TS
MR R SRS C DI S - S RRE O FIH S KGO A
ERUC B 2 RERBEL L -TWVWE, DO RRMRE
EOMIMERBEEFIE T 2 S TS TR THIBSIRES N
T3 HEESITHRBICEEST 22y FHRFDOE
HEERELI THEOER I A L — Itk - TRELED
D, R 1 FEBEEOEbIc L O HEREOR T A4 X
DBHIETZS I EARELTVWAY, ZOEh TRIEZRY
A N EEOINE AWV TR T4 1 XEAEIZ T
KF5 A4 XOMIMLEEIR L 28910 AfETiR, K/ 4 X
LEBEBEELERT 510, BREATALVE-%b-5
V- FEBILkB CoCrREREPBa7 =51 FEED X
T 5 =25 —FRiERB, SR L AE T 2 Fe-
Co—B HFT b iRTH 8 O MAIkE RAEHIE 75 K> W TR
T 5.

2. BAUFRIES+L v IREREODR

—HHSEFUEET L2 CoHELSELE CrESELD
(100) BoJa)i bicifE & U CHERS L BRI, Co-HALism
DECRIFIE A2 5 2 L &  RHMLAS D EE N A RN
BEd 5 EPRFHIGCHFEFOERL L - TW
51012 CHIGEHE IS Co BAS0BAeRINE & 13
AIREETH S clfi ((001) HD) AEAREICFITE M5 &
Did, Cr (100)[H&H 53 (110)FE & Co (100) H, (110)
HHAVF (10 ES~NF oL E Y+ 2 v LHIC CrEiC
BELILASBzAVF BRI TH B Eick 3, L
MLERS PO E Y+ v+ VBREBEFANE O TH
D, TSICCrEEmd 2IRTLS v & LMD SRS
2L D, HNABDREICHEOIFE BT EORES )
R&ELILB, Dk Co BELEESBEML TV,
P TRATOERBHEOLEIETL, CoEasBKk

1097

NI | -El ectronic Library Service



The Magnetics Society of Japan

Co83Crl7: 5 nm
200 nm

— — Co67Cr33: 5 nm
4 __ 200nm

400020000

44— Co83Crl7: 5 nm
— Co67Cr33: 10 nm

__ 200 nm
: .

A
20004007} (1c

0002000 02000400070

e Co83Cr17: 5 nm

T C067Cr33: 30 nm
200 nm

== 1 L. I 1 A ]
3000 2000 02000 4000 7y,
[0¢]

] 4— Co83Crl7: 5 nm
Co67Cr33: 50 nm k

~ 200nm

2000200002000 40007 o

0007000 ]0¢]

300020000

Fig. 1 M-H hysteresis loops of trilayered films
with a b-nm-thick CogsCri; layer for various
thicknesses of a Cos7Cras intermediate layer de-
posited at R.T.
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Fig. 2 Surface grain size [D]arm and its devia-
tion ¢ as a function of Ti content Cy; in the Cr
underlayer. AFM images for various Crj are also
shown.
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Fig. 3 Schematic illustration of typical growth
of thin films.
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Fig. 4 Schematic illustration of a force curve and situations of the tip and the sample surface in AFM

observation.
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Table 1 Surface energy of various kinds of

films
Specimen Film thickness Surface energy, mJ/m?
Si thin film 20 nm 55
SiO,/Si (Si wafer) | 300 nm / 500 um 101
Pt thin film — 5 nm 37
10 nm 74
3 9
Pd thin film fm 49
10 nm 38

Ni-Fe-O thin film
(reactive sputtered in 10 nm
O,/(Ar+0,) of 10 vol%) 27

Ni-Fe-O/Ni-Fe thin film
(naturally oxidized 2 nm / 209 nm 47
thin film) (Oxide) (Ni-Fe)

Table 2 Adhesive force of various kinds of
films estimated from force curve of AFM

Specimen Film thickness Adhesive force, nN
Si0,/Si (Si wafer) 300 nm/500 um 725
3 nm 655
Ni-Fe thin film
10 nm 735
3nm/2nm
(Ni-Fe) (Si) 440
Ni-Fe/Si thin film
10 nm /2 nm 475
(Ni-Fe)  (Si)
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(a) (b)

Fig. 5 AFM images of (a) BaM(50 nm)/Pt(10 nm)
and (b) BaM(50 nm)/Pt(4 nm).
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Fig. 6 AFM images of (a) Co—Cr-Ta(b nm) deposited on SiO./Si substrate and (b) Co—Cr-Ta(5 nm) deposited

on Si(6 nm) thin film (scan size: 300 nm).
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Fig. 7 Change of c-axis dispersion angle Afs, of
Co—Cr-Ta layer as a function of the thickness of
Si seed layer.
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Fig. 8 AFM images of 50-nm-thick Co—Cr-Ta
layer deposited on (a) Ni-Fe(400 nm), (b) [Ni-Fe
(65 nm)/Si(5 nm)Js, and (c¢) Ni-Fe-O/[Ni-Fe(65
nm)/Si(5b nm)Js underlayers.
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Fig.9 (a) MFM images and (b) dependence of
medium noise level on linear recording density of
Co—-Cr-Ta-Pt(50 nm)/Ni-Fe(200 nm), Co—Cr-Ta-Pt
(50 nm)/[Ni-Fe(50 nm)/Si(5 nm)}s, and Co—Cr-Ta-
Pt(50 nm)/Ni~Fe-O/[Ni~Fe(50 nm)/Si(5 nm)]s.
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Fig. 10 AFM images of (a) Fe-Co—B(160 nm), (b)
Fe—Co-B(200 nm)/Ni-Fe(3 nm), and (c) Fe-Co-B
(200 nm}/Ni-Fe(10 nm)/Si(2 nm) films.
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Fig. 11 Electron beam diffraction (ED) patterns and X-ray diffraction (XRD) diagrams of Ni-Fe/Si and Ni—

Fe/SiN, bilayers.
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Fig. 12 XRD profiles of (a) Fe-Co-B(160 nm), (b)
Fe-Co—B(200 nm)/Ni-Fe(3 nm), and (c) Fe—-Co-B
(200 nm)/Ni-Fe(10 nm)/Si(2 nm) films
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Fig. 13 M-H characteristics of (a) Fe~Co—-B(160
nm), (b) Fe-Co—B (200 nm)/Ni-Fe(3 nm), and (c)
Fe-Co-B(200 nm)/Ni-Fe(10 nm)/Si(2 nm) films.
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