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We have investigated surface roughnesses and magnetic properties of Co ferromagnetic thin films evaporated on polyethylene
naphtalate (PEN) organic substrates. As a result, the surface roughness decreases from 1.3 to 0.55 nm with increasing the Co thick-
ness up to 55 nm, where a two-step smoothing phenomenon can be seen. As for magnetic properties, the coercive force and the square-
ness of the hysteresis loop show the maximum values at a Co thickness of 5.3 nm. This experimental result can be explained by the
competition between the shape magnetic anisotropy and the induced magnetic anisotropy of Co ferromagnetic thin films.
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Fig. 1 AFM surface morphologies for (a) PEN, (b) Co (20
nm)/PEN and (c) Co (55nm)/PEN, where the scanning
area is 500 x 500 nm?2.
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Fig. 2 Thickness dependence of surface roughnesses for Co/
PEN and Au/PEN.
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Fig. 3 (a)-(e) Co thickness dependence of magnetization
curves for Co/PEN and (f) the induced magnetic anisotropy
of Co/PEN and the direction of the external magnetic field.
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Fig. 4 Co thickness dependences of (a) the coercive force
and (b) the squareness of the hysteresis loop for Co/PEN.

Fig. 312 Co/PEN IZ &51F A AL BAR D Co B EAK 71 %
wY. Z T, ARSI Fig 31Tt L 5iT, Co @ik
Wt LTI (=x 5D, d7abh, FEmR R
CSEATICEIIRL 7=, Figs. 3(a)—(e) 1V, CoE/E435.3 nm
TR RRARE R RS ERbrsb. ARHICEL T
4, ColE/E235.3nm ffif Tk KfEi % /<9 . Fig.41Z Co/
PEN IZ 51 A1) & AR D Co BEMKAFE AR T . Co
JEE 7S 4-5 nm IZ 8\ C, IENE 2 HIZH5EV, REEIH
WAKT5. 2L C, ColREN5nm {3 CHEEIINTT Oe D

J. Vac. Soc. Jpn.



A —7fE%ZmrL, ColEEN 5-10 nm {2\ T, EEMN
JEL IR BITHE, RSP T 5. Col/E£10-30 nm
Tid, RBEIIE300e D—EfEA/RL, Colf)E530-35nm
T3, BREPEL LB/, BRI TIN5, £ LT,
Co )2 2335 nm LA ETid, REINIIRAICTFRS. TOMH
FEATICEI L CLRETH 5. CNHOERK R4 R
M, RO, BRETHOBS» LRI 5. 9 ColfEE
23 4nm LUFTid, PEN OKH S R,=1.3nm OFE L%
i, Co FIRITML & L TR S N7a\ o ORI A 7R S 7\,
Co lE)E 28 4-5nm Tid, Co HENEE SN, WRAI/ZHE
TERPAEL S C E0D, FEBIEFTEOMENBENS. =
DL E, BIREEREFTHOHREITITHERTELEE2DN
5. Ix¥7 5, ColEMN 4-5nm Tit, CoEHD R, 71.0
nm, 72, PENEHODOR, 781.3nm TH 57-8, Co H[x
OFIRICH L EH - REH S OPERBRSHNL 25 TH
L. o T, MREHELL TE, CodEotim (=
Fig. 3(DICBT % 2 1A 5L T 2 FERKE T D
TEE LY, BALE SO MLt s. ThiCk
0, B, RO, AREAENS. tk, CodEOET
FiE (=y ) (ChNRES (H=H,) %+ % &, Fig.
5@)ICRT £ D10, WAbiARIZREET) - AN,
FIFF S @ AR A RS C LD, BT AICRAL R
DR IN TS C EFERL TWw5 (Fig. 5(a) D AN
ICBWT, ERETFERIETE K PR oL,
MR LE S Ks 55\ C L&) . Fig.5(a)ic
i, WDz, Co#MlEORIim (=xJjm) (Z/HBRS
(H=H,) %HEIMML7z ¢ DML LRL Twb. KIZ,
Co [EJE7% 5-10 nm Tld, FEMREAEICNZ, HBRER

_ 15— ; I
o 10:_ (a) ! 3
S f H=H, !
E B —H=H,
(| TTNIRERSRRR: ) | i F—
I ]
e -5t i =
= F ' A X{_" ]
§ 100 P 2
o R A O i S G S
-400 -200 O 200 400
Magnetic field H (Oe)
~ 20— I T I
8’15?{b) ' E
T 10F H=H, =
E g ;
c £ n
L2 OF---ecccmemee e -
© _f 3
° o N
5-10; i >>/ _
2158 e 72
I, | S IR R I P N
-400 -200 0 200 400

Magnetic field H (Oe)

Fig. 5 Magnetization curves for (a) Co(5.3nm)/PEN and
(b) Co(21 nm)/PEN.
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