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Characteristics of Nd-Fe-B/Ta Multilayered Permanent Magnet Thin-films and Their Application to Magnetic Devices
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This article discusses the characteristics of Nd-Fe-B/Ta multilayered permanent magnet
thin-films, and reports their application to magnetic micro devices. The Nd-Fe-B-based
films having specific multilayered configurations with Ta have demonstrated improved
magnetic properties and thermal stability owing to the microstructure composed of
uniformly-sized fine Nd2Fei4B grains with perpendicular magnetic anisotropy. Two
devices equipped with these thin-films have been fabricated and show interesting features
in industrial applications. The switch device with a large gap and mechanical latch system
is expected to work as an RF-switch. In the linear motor, noticeable miniaturization due to
the use of the thin-film magnets, along with acceleration above 2 G has been verified.
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2. Nd-Fe-B/Ta ZB K AHBERDIFE
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Fig. 1 Demagnetizing curves of [Nd-Fe-B (200 nm) /Ta (10 nm) ] x10
multilayered permanent magnet thin-film
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Table 1 Permanent magnet properties of [Nd-Fe-B (200 nm) /Ta (10
nm) | x10 multilayered permanent magnet thin-film

Remanent Intrinsic
Energy product | magnetization | coercivity
(BH) max J Hey
kd/m3 T kA/m
(MGOe) (kG) (kOe)
Thin-film

[Nd-Fe-B/Tal 364 1.39 1430
(Thickness: 5.8 um) (45.7) (13.9) (18.0)
Sintered Nd-Fe-B 358~390 1.36~1.42 1114
(NEOMAX-48BH) (45~49) (13.6~1.42) (14.0)
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Fig. 2 Scanning electron micrographs of fractured cross-sections of
Nd-Fe-B/Ta multilayered permanent magnet thin-films with
thickness of (a) about 1 um, and (b) about 10 um

ZRHEED D ) —2oOFEIZ, Ta@d LICNd-Fe-Bg#
s 52 LT, Hif & IR L L 72N doFe BOREAL
BwHE (clh) OFEEEMESL VA ET S EE25T5
ZEMNTE B, M3 T, [Nd-Fe-B (200 nm) /Ta (10
nm)] X5OXHME/ ¥ — > ZNd-Fe-BE G PEBERERA O
HbOLWE L7 WELRZ PIVOFINE, RS
Jiln), BERS AT A IE R OB Y 1T bo Bl ZIE
(105) &1z, (001) 25T NZBED SO —2
OARXFIREE L, BEASRA & D DERIED S5, L
DI L VB EMLTWAE I EAIRENT WS, 2D
R CHl LM AR AL 2 e R O BTl Sk o 72
RIEIZF THED, BRI ALF—Fom &N,

HI£BEHI® Vol. 28 (2012) 15



(a) (006)
(004)
(008)
(105)
d Nd L
(b) (006)

20 30 40 50 60 70

2-theta (degrees)

3 X{#&M@EF/¥2—2 (a) Nd-Fe-B/TaZEME, (b) Nd-Fe-B
EAHMEEEA

Fig. 3 X-Ray diffraction patterns (a) Nd-Fe-B/Ta multilayered thin
film, (b) Nd-Fe-B anisotropic sintered magnet
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Fig. 4 Irreversible thermal flux loss of Nd-Fe-B/Ta multilayered
permanent magnet thin-films
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Fig. 5 Demagnetizing (J) and differential susceptibility (yqi) curves of

[NdFeB (200 nm) /Ta (10 nm) ] x 25, defining coercivity (Hcy) and
knickpoint field (Hyp) , respectively
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Fig. 6 Correlation between heat-proof-temperature (Hg,) and
coercivity (Hcy) , or Knickpoint field (Hig)
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Fig. 7 Microphotographs of line-and-space patters of Nd-Fe-B thin
films fabricated by argon-ion milling; L/S = (a) 100/100 u m,

(b) 50/50 um, (c)20/20 um
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Fig. 8 Demagnetizing curves of Nd-Fe-B thin films before and after
fabrication into line-and-space patterns by argon-ion milling
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Fig. 11 Photographs of the fabricated linear-motor (a) over-all view,
(b) front-side and (c) reverse-side views of the slider



Nd-Fe-B/Ta ZEBAKAMBBEDOEH ERMTT /N1 ANDIEH

TL, B#ELZ (B11 (c)). MBmEIEA T 4 ¥ oM
FRIFLNTBY, ZZIHA FICROALDOVEREZ,
RT3 VOKOHIC L 2R Ty F v 72 FIH LT
L 720

RA2ICHWEL72Y =7 E—FI2BWT, I VEREH
15 AT L7BED A T 4 ¥ OEMOFHIRER L, TOEM %
W L CEM L2 EZ R A4 FOisimh 5K
WCEBLA P —2730 mmP FOBREDTHER SR, RAHE
BE1 m/sPh b, 260 m/sS2ME Sz, T2, BUE,
EREIC LB Rm/NO a4 VERERE LA, BXZ
05 ADEDR SN, ZDOBEONMHEEIL ST m/s2THh - 72,
INSDFENS, BV =T E—FDiETE LT,
B AM720) OHENAHI200 uN, AT A FOfkEEE
FREEAT10, BYEEIBRARELAS05 L Vv ) DS E 7z

Zrlnl, BifEMGEE HAY & L7zNd-Fe-B/Ta% @k Akt
WA W) =7 =7 ORET, 2 GEEZ D hEME
MHEIEE NIz, I, &SI EMRBEEEOREA, 85
BRSO, ANLZ EOFGEIZIY A, TN ZADGE
BIERED T FETH b,

35 1,400
30 1,200
€ 25 1,000 %
E N
E €
_ 20 800 £
£ £
£ 15 600 =
[0} (9
8 k<]
5 10 400 ©
) =

a
e —Displacement 200
0 —Velocity 0
_5 —200
0O 5 10 15 20 25 30 35 40 45 50 55 60
Time (ms)

12 251 EDEM ERE
Fig. 12 Displacement and velocity of the slider

4. ¥ B

AL TIE, HYEEABS L7/2Nd-Fe-B/TaZ @ik A
A B O B AR AR R & B ORI EZ, 2o
TR R A DAL & OB TG L, L@ bIc
£F 9 NdoF ey 4B F s O — L2 T 5 2 E 2572
L7z 72, WROFEFCICLE RN T g LTT
VNI AF ) Y TERBEIL, 73 ZEENO @
Bl s Lz, 518, RilRARA M2 IS L7228
HOTNA AZBEL, KWF v v 7L HORFRERE % fii
Z7:MEMSZ A v F121&, RF— A4 v FADIEH M
EN, VETE=FIZBWTIIEIMEENEESI N, &
%Y, FEHLZ SUEITE W 7R AR AR O WFZE B %
aHDDLE LB, TNEFHLIERAT N ADOREE
1o TV FHETH 5o

5 = &

BT ERFEREREO MR, WU AGIEZIKIC
X, TN ADOBYE L FHICOWT TR R V27w,
CCICRLTHEEZET 5,

B, KUIFEO—IE, MIATBOE AR R R
DY =L I R—=2 g ACHEEHECAT—Y, BIOW
281N R R B SEA-STEPD 3 2 21 TiT b 72,

51

1) M.Sagawa, S.Fujimura, M.Togawa, H.Yamamoto and
Y.Matsuura: J.Appl. Phys., 55 (1984) 2083.

2) J.J. Croat, J. F. Herbst, R. W. Lee and F. E. Pinkerton:
J. Appl. Phys., 55 (1984) 2079.

3) M. Uehara: J. Magn. Soc. Jpn., 28 (2004) 1043. (in
Japanese)

4) M. Uehara, N. Gennai, M. Fujiwara, and T. Tanaka:
IEEE Trans. Magn., 41 (2005) 3838.

5) hEEBRM, Sen Yao, LM, BEN, RER, LK
HZ5& 45 17 Ml MAGDA 3> 7 7 L Ailiiiam 4k, HA
AEM %43 (2008), p.75.

6) S. Yao, S. Goto, J. Sakurai, T. Shinshi, M. Uehara and
H. Yamamoto: Proc. IEEE-NEMS (2009), p.411.

7) AfGIEE, Wadse, LA, LRER 822 [l [
D FAFIFR] VBRI AGREG U, HARBEM
£ (2010), p.704.

8) J. D. Livingston: J. Appl. Phys., 57 (1985) 4137.

9) M. Uehara, and H. Yamamoto: J. Magn. Soc. Jpn., 33
(2009) 227. (in Japanese)

TR %
Minoru Uehara

i [V 7 S EE i
NEOMAX 7 /3 =—

|E1.,ﬂ ;Imﬁﬂﬂﬂ%m

B+ B

Tadahiko Shinshi

B LR
L eRT %

F i (15)
'Y

HI£BEHR® Vol. 28 (2012) 19





