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Effect of Dy/ Cu Cap Layers for Nd-Fe-B Thin Films After Heat Treatment
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In order to understand the coercivity mechanism of Nd-Fe-B magnets, we have

investigated the effect of Dy/ Cy cap layers for Nd-Fe-B thin films after heat treatment. Remarkable
enhancement of the coercivity was obtained for the Nd-Fe-B thin films prepared at 520 °C followed by
the post annealing at 625 °C. Especially, the value of H. was changed from 5.7 kOe to 25.0 kOe for
Nd-Fe-B (100 nm)/ Dy (4 nm)/ Cu (2 nm) thin film. This result suggests that the volume fraction of
Dy and Cu layers is close to a eutectic composition of binary Dy-Cu alloys, and Dy is thought to
infiltrate into both Nd,Fe,B phase and grain boundary phase.

Keywords:

AREX DENERTT

A 30
R. Nakagawa, M. Doi, T. Shima: “Effect of Dy/ Cu
cap layers for Nd-Fe-B thin films after heat
treatment”, Proc. of The 23
Workshop on Rare-Earth and Future Permanent
and their Applications (REPM2014), 154/156,
(2014)
ZHERLIZB DO THY, PRETSRIEZZV,

International

1 [XC&HIC

Nd-Fe-B BEAERLA 1114 CTORAREA DHT
MOEWRKZRAX—EE R T 2ENBEIEI
LT 7V —raifElshD, &b, A
TV RHESLCER B B8 HEOREE —X ~Df A
DU CTERY, F-BREME~DOBLEND
FFRICIEV NG 52 & RA ED, Nd-Fe-B £
FEREAIE 315 B LR 2 ) — IR AR
728 | W2 FEH 457201213 Dy ° Tb D
JOERA TR LENd EOBEH M B AR R E
725 TND[2], L L7eRnD, BEAT LFEHTR O A
DHELRIEMEIZEY Dy 7Y —<%4 Dy 128157k
DG DR ML IELESNTND, B Z - T
DOIIRIE ) THDH, PRI B3 57
HIZIE Nd,Fe, B 8 [ D& stk St O & LA 0
MEE N E BB ZRTZL TODENRSIL T
%o WTAEDOWFFE TITHERE B O BLERIZ L > T

* AL R R BT

Nd-Fe-B thin film, grain boundary phase, diffusion, eutectic reaction

Nd Vv F KO Cu VT &Mz A T D8 bt
2% Nd,Fe,B #HM OBIA MG A 2D SELFHM
oM oT2(3-4], LTzD3> T, LW ED Dy I
BT DARRE T BN D 728D\ Ik bR R o il 1 23
WA EIRD, DT |Z1% Dy % & te Nd-Fe-B BE#
A O #E di B SN OB AR 2 3 A 2 2 &
HETHD, MMz T, Nd-Fe-B 1A DFLARAY M4
AR 2 2T D7D (I A B 23 TR F7 70
SFEMEDBHDFEED1SEL THISNTWS[5],
AWFFE Tl Nd-Fe-B BERG A DOIRRE S % B1
fit 35728, Nd-Fe-B J& FIZEkE % 725120 C
Dy KON Cu Fvy 7 AL 7= 3B A ERLL |
BULEZ L D% v 7 T8 O fthL R~ D YEEL D %)
RAETECHA L,

2 EEBRAE

EHIE Em B~ Rhar ARy X 7 E
WZEDERL 7o, BB ZEEIL S x 10° PaLL R T
5, Nd-Fe-B J&D#H k1% Fe. Feg,B,, (at%) M Y
Nd DX —7 v RREA Ry ZIZIOHI#EL ., o
W~ A27aT A% (EPMA)IZLY Nd,,,
Fes,B, ¢ EIRTE LT, PIOIZEAERAL B2 AT Si HeAlk
12 520 FEI28\\C Mo JE#% 10 nm &L, =D
% Nd-Fe-B Jg Zil5 L 7=, Nd-Fe-B J&/Z13 100 nm
\ZEE L, F£72 Nd-Fe-B J&(% Dy X U* Cu ¥y~
JE DRRIERTIC 2 DD R/ DIRREEHEMLTZ, 1 D



IR IR EE . — HFIXT BT RIRREETH D, %
*Ji«mr“ 75> 520 JET% TlX Nd-Fe-B J& D& 1L
RN EE R T IFEAL 2127:&/1/772

DAKFE fa‘bé L7235, 600 FE (230N T 30 49
OB 2 fin 9 F CHEEIIMEERD,
Nd-Fe-B J& % [ fEit% . FeA=IRIZHmEL, Dy &
W Cu F vy 7 fgzapklEL7-, Dy B/EIX 0 nm 5
10 nm O#FiJH TA LS, Cu JBEIX 2 nm I[Z[EH E
L7z, ZD% ., RELOMALIRFEDO =D R I W)
T Mo J&% 10 nm &L=, H %12, v 7 @D
JEB D=9, 625 FEIZRBWT 30 /oL %
1T o7z, HEEMENTIX Cu @ Ko #2 AV X
[l 47 2% & (XRD)IZ L VIT 722 o 70, Bk AR I3 K
FIINESE 3270 kOe %A 3 D58 &1 T W
HEHSQUID)Zf FH LI E L 7=,

3 FEREEBR
3.1 Nd-Fe-B EBRIRZ(CRNIBELI-BZEED
Dy RU Cu FvvTEBDFE

Dy J& DRFE 7 55 b L7 Nd-Fe-B 5D
g~ IE T BE P50, Dy BIEEZEL
72, Nd-Fe-B (100 nm)/ Dy (tpy nm)/ Cu (2 nm)
WEEED X ARBIHTZ— B X R T, 2,
T RTCOREHZTIBWT Nd-Fe-B BIZBIT5
Nd,Fe,,B FHD ¢ HMNHOE — 27 5 FE AN AP 1 281 2%

A Nsze1 4B

(008)
Si
= [z

——__Z)_
g_._. | h (©)
(]

S N
£ L] A L (@)

N
F
—n
=

(\iﬁ?

20 30 40 50 60 70 80
2 theta (deg.)

[X] 1 Nd-Fe-B (100 m)/ Dy (t,, nm)/ Cu (2 nm) &
D X MR8 —2, Nd-Fe-B J@ k%, skEHE
600 FEIZIBWTEMLBR AT o7, NI ZNZE
N(a): vy 7 JE#EL, (b) Dy JE/Z 0 nm, (c) 1
nm, (d) 2 nm, (e) 3 nm, (f) 4 nm, (g) 5 nm, (h) 10
nm THD,

N7z, 2L Nd-Fe-B J& 23 ¢ il i 1 B 5 0] 12
T L —iEEER LR EL TWAIEE R
LTW%, AT, Dy JE/E2 10 nm OFEHI I
T 20 = 28.6 2 Nd,Fe, ,B FHD((220)[EH1HDE
—IDNEESNT, LIL7eA 5, Dy KON Cu Bl
FIY o8 — 213l g S otz
WIZZNHRBHI BT DAL AR A X 2 12T,
}f@ufwr VR T IR T [ (2R | ST K SE T
(A B W CTHIE Lz, 2 &Y, Nd-Fe-B &
\Z Dy KT Cu F¥ > 7 TEZ R RLIZEARE Tl
SO =k d AT SR EIF o3 /Ry e AT 773
TR UTe, LU G| BRI ) O BAZE 2B
BlEzsNeh T, ZHUE, fEf b L7= Nd-Fe-B /&
FlzEFES N7z Dy & O Cu vy 7 @8 625 FED
BULER T+ ICR B LIRS ZEAURIB S

Do
1000f(a)  plgpmmsesssed (o) s
7 s L -
-1000-541 N ‘LJ L
o 1000f 4 r pseesd () f‘ o
S o J-£f 1
5 -1000};’?”{’ - l”fj L
% 1000%—(0) [ 77 ) f |
© 0: I o <1 J
S 1000 fresisseed j B e
1000} (q) m—ssessedl (1) p—s
O 'j[ ‘J[
1000 pmsiosmtd R ;

-60-40-20 0 20 40 60 -60-40-é0 0 2I0 4IO GIO
Magnetic field (kOe)

[%] 2 Nd-Fe-B (100 m)/ Dy (p, nm)/ Cu (2 nm) 5

DAL, Nd-Fe-B [ i . 3UEH 600 I

BWTELH T o7, 3UEHIENZE H(a): F

Y7 JEEL, (b) Dy & 0 nm, (c) 1 nm, (d) 2

nm, (¢) 3 nm, (f) 4 nm, (g) 5 nm, (h) 10 nm TH5,

3.2 Nd-Fe-B BREZ(CHANIEBEZLLGWNSGE
M Dy R Cu F¥yTBOFE

Dy BOKRRDENT E/LT 7 AREED
Nd-Fe-B J# DO~ IE T BE R D720
Nd-Fe-B (100 nm)/ Dy (#p, nm)/ Cu (2 nm)#[EoD
X BRE 2 — % 3 1277, 520 EICBWT
Nd-Fe-B J@% Bt BIREAEIRIC TS, £
D% Dy KO CuJgZplilE LTz, ZaLdkD, 3 TD
AEHZ BT Nd-Fe-B J# D ¢ HNHOYE — 275§ i
DEARRICBIZE SN, M1E ki L CHEERE b
TR SR 0T,



- o A Nd,Fe,,B
g g8 g .
<4 .- — < <]
e N S BN
e \®)
s U e . (c)

Intensity (arb. unit)

20 30 40 50 60 70 80
2 theta (deg.)

[X] 3 Nd-Fe-B (100 m)/ Dy (t,, nm)/ Cu (2 nm)7#/iE
DX n‘%lﬁl?ﬁ/\&~/ Nd-Fe-B J& sl 4% . AR
FEZIRIC N7z, BBHIZNZE L(a): v
JE4EL , (b) Dy JE/Z 0nm, (c) 1 nm, (d) 2 nm, (e) 3
nm, (f) 4 nm, (g) 5 nm, (h) 10 nm TH5,

RIZZHRBHT
&Y, Dy JEEABEIMSEDITHE RIS ) 131
L. Dy /& 4 nm |23\ T K 25 kOe 278 L
720 ZOEENNT Dy K& O Cu & DFA LA 2 7T Dy-Cu
AEOHIHRIIFEAE TSV EZ R LT
W5, ED72H Dy KTY Cu BRFEMHTHD
Nd,Fe B #H M OV bz FUT IR & L T2 D TIEZ2 W0
75 &%z%ms LM L72235 Fe & Dy OR&E— A

B DK GEBEIERE A D79 | 7B D3
’)\LTCO

33 &85 2 DDIKRED Nd-Fe-B BIZHITD
RN DLLE

Nd-Fe-B (100 nm)/ Dy (tp, nm)/ Cu (2 nm)7é &
(2B T Dy J8E DO RIZX T DM D% X
5 ICHEM LT, 2D, Nd-Fe-B J& 4 12 2L
BT 72 o 23R CITBAE R 2RI O RN A3,
— JF CEVLEE AT 72 W iR EN Tl Dy BIE D1
INZHEVRBE S BN L T=, FFlZ, Dy JEEN 4
nm DOFEHTIBUNT 25.0 kOe & e KDIRKE T 535
BTz, 2 Nd,Fe, B HLD & FHIC SRR X T
Ji% & 6 BE 7 8 & 1) 1F 5 (Nd,Dy),Fe,, B = /L i
[6- 9T ESNT-T-DLE 2 BN,

B oMLz X 4 1287,

1000

-1000
1000F

-1000
1000

-1000%
1000F

-1000%
1000}

Magnetization (emu/cc)

-1000%
1000F

-1000
1000 (g)

-1000

1000 (h)

-1000

-60  -40 —éO 0 20 40 60
Magnetic field (kOe)

[X] 4 Nd-Fe-B (100 m)/ Dy (t,, nm)/ Cu (2 nm) &[5

ORAL TR, Nd-Fe-B 8 ol , Mo o2 iR

IRz, EHIZER E i) Fry 7 JEEL,

(b) Dy J&J£ 0 nm, (c) 1 nm, (d) 2 nm, (¢) 3 nm, (f)

4 nm, (g) 5 nm, (h) 10 nm TH 5,

w
o

\e]
[6)]
R
[ J
1

N
o
T

Coercivity, H, (kOe)
o> _ o

al

O-cryst Nd-Fe-B/ Dy/ Cu |

C @®:amor Nd-Fe-B/ Dy/ Cul| ]

O C L L L L | L L L L | L ]
0 5 10

Dy thickness (ny nm)
5 Nd-Fe-B (100 m)/ Dy (t,, nm)/ Cu (2 nm) /i
DRIEI N K5 Dy RO 2, AALERIUT
ZILE I Nd-Fe-B J& il & (CBLEL 21T 72~ 7=
e AT ST B 2R L TS, R IT S
7 JE % R L7220y Nd-Fe-B (100 nm) B & D #
BAERL WD,



4 FEH

AMFFETIE Nd-Fe-B J8OHEIREEKL T €L 7
7 ARBEIZH LT Dy KON Cu Fry 7 @A LIET
WA A LU, fi b L7Z Nd-Fe-B & _E 2 plfis
L7z Dy &N Cu JE1X 625 FEIZ BT HELEE Tl
TR BET, ~FTTEILT 7 ARRED
Nd-Fe-B & LI EL =R E TIXEMTHD
Nd,Fe ,B fHERE SR ITIRIEZETHHDOEE 2L
%, FEFEL T, Nd-Fe-B J& pli 1% (2 BVLEE 21T
DIRNGEA Nd,Fe,,B LAY SIEE T 5 ATSi 359
L RERERE B & 1) 1F 5 (Nd Dy),Fe,,B ¥ = /LfH 3
AL, Dy JEJE 2 4 nm OFREHI I T 25 kOe &
KOBERES B FHNT=,

5 H#iEF

APZEIE, SCHRBH R ICLDNNAT 7V —TF &
A —B RO Ik KA Z T, RS
KEFBDONAT IV —F o H— |2 THTDIT,

S5 3K

[1] M. Sagawa, S. Fujimura, N. Togawa, H.
Yamamoto, Y. Matsuura: “New material for
permanent magnets on a base of Nd and Fe”, J.
Appl. Phys., Vol.55 (1984),2083/2087

[2] M. Sagawa, S. Hirosawa, K.Tokuhara, H.
Yamamoto, S. Fujimura, Y. Tsubokawa, and R.
Shimazu: “Dependence of coercivity on the
anisotropy field in the Nd-Fe-B type sintered
magnets”, J. Appl. Phys., Vol.61 (1987),
3559/3561

[3] S. Suzuki, Y. Hatayama, H. Iwama, and T.
Shima: “Effect of heat treatment on the
magnetic properties for Nd-Fe-B/ Nd-Cu
multilayer films”, IEEE Trans. Magn., Vol.47
(2011),2796/2799

[4] T. Sato, N. Oka, T. Ohsuna, Y. Kaneko, S.
Suzuki and T. Shima: “Enhancement of
coercivity for Nd-Fe-B thin films by the
infiltration of Nd-Cu alloy cap layer”, J. Appl.
Phys., Vol.110(2) (2011),023903/023903-4

[5] T. Shima, K. Sato, Y. Mishina, Y. Ohtsuki, H.
Iwama: “Magnetic domain observation of
Nd-Fe-B/ Nd-Cu thin films deposited on Si
substrate”, J. Jpn. Inst. Metal, Vo.76 (2012),
52/58

[6]

H. Nakamura, K. Hirota, M. Shimao, T.
Minowa, M. Honshima: “Magnetic  properties
of extremely small Nd-Fe-B sintered magnets”,
IEEE Trans. Magn., Vol .41 (2005), 3844/3846

H. Suzuki, Y. Satsu, M. Komuro: “Magnetic
properties of a Nd-Fe-B sintered magnet with
Dy segregation”, J. Appl. Phys., Vol.105(07)
(2009), A734/A734-3

K. Hirota, H. Nakamura, M. Shimao, T.
Minowa, M. Honshima: “Coercivity
enhancement by the grain boundary diffusion
process to Nd-Fe-B sintered magnets”, [EEE
Trans. Magn., Vol .42 (2006),2909/2911

H. Seperi-Amin, T. Ohkubo K. Hono: “Grain
boundary  structure and  chemistry  of
Dy-diffusion processed Nd-Fe-B sintered
magnets”, J.Appl. Phys., Vol.107(09) (2010),
AT45/AT45-3



