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SUMMARY

[. Title
A Study on Structurally Modulated Magnetic Alloys
[1. Objectives and Significance

1. Development of new soft magnetic alloy ribbons with high magnetic flux
density and high permeability.

2. Development of new soft magnetic thin films with high magnetic flux
density and high permeability.

3. Improvement of soft magnetic properties of nanocrystalline alloy ribbons
through proper control of induced magnetic anisotropy, which i1s from the
practical point of view one of the most important factors in determining
soft magnetic properties.

4. Determination of optimum alloy composition of Fe-Hf-C-N soft magnetic
thin films which exhibit high magnetic flux density and high

permeability.
[II. Contents and Scope

1. Fe-(Zr Nb)-B-(Cu) Nanocrystalline Soft Magnetic Ribbons

(1) Effects of initial phase separation before crystallization on the



microstructure of crystallized Fe-Zr-B based alloy ribbons

(2) Effects of magnetic field annealing on the magnetic properties of a
nanocrystalline FegaeZr7B4Cu; alloy ribbon.

(3) Effects of cooling rate immediately after annealing on the magnetic
properties of a nanocrystalline FegsZr;B4Cu; alloy ribbon.

(4) Disaccommodation behavior of a nanocrystalline FegZr;BsCu; alloy
ribbon.

(5) Determination of optimum composition of Fe-B-Nb-(Cu) based soft

magnetic alloy ribbons.

2. Fe-Based Nanocrystalline Soft Magnetic Thin Films
(1) Fabrication of Fe-Hf-C-N soft magnetic thin films by sputtering
(2) Effects of sputtering conditions on the physical and magnetic
properties of thin films.
(3) Effects of heat treatment on the microstructure and magnetic
properties of nanocrystalline Fe-Hf-C-N films.

(4) Soft magnetic mechanism of nanocrystalline Fe-Hf-C-N films.

IV. Results

1. A Study on Fe-(Zr,Nb)-B-(Cu) base soft magnetic alloy ribbons with
ultrafine grain structure
(1) The microstructure of amorphous Feg ZriB,x (X=2,468) alloy ribbons

both before and after crystallization was investigated by TEM. Before



crystallization the phase separation was observed for all the
compositions, although the crystal structure i1s still amorphous. lThe
phase separation pattern, however, is slightly different depending
composition; typical spinodal-like pattern was observed for the alloys
with composition X=2 and 4, while isolated grain pattern for the alloy
with composition X=8. The difference in the phase separation before
crystallization is considered to affect the microstructure of the alloys
after crystallization.

(2) When the alloy ribbons were annealed under magnetic field the
direction of which is in the thickness direction, the remanence ratio
decreased significantly with increasing annealing temperature. This
indicates that the induced magnetic anisotropy can be formed in these
nanocrystalline alloys.

(3) Good soft magnetic properties of the permeability, coercivity and
remanence ratio were achieved when the cooling rate immediately
after annealing was high. (The maximum permeability achieved was
40,000.) The good magnetic properties can be explained by the
suppression of local induced anisotropy when the cooling rate is high.
The intensity of disaccommodation was observed to be low when the
cooling rate is low. This may be due to the domain wall stabilization
which results from the local induced anisotropy formed during slow
cooling.

(4) From the results for the annealing temperature dependence of

disaccommodation, we observed the existence of disaccommodation.



The intensity of disaccommodation of optimally annealed samples was
found to 6 2. The intensity of disaccommodation increased with the
fraction of amorphous phase present. This result suggests that the
origin of disaccommodation is due to the atomic redistribution of Fe
and B 1n the remaining amorphous phase.

(5) The soft magnetic properties of Fe-B-Nb-(Cu) alloy system were
investigated and the results are summarized as follows. The best
soft magnetic properties were obtained at the composition of X=9 and
Y=7 for Fej-x-yBxNby alloy system, X=1 for Feg-xBeNb;Cux alloy
system. The detailed values of magnetic properties for the
nanocrystalline Feg-xBgNb7Cu; alloy annealed at 650C for 1 h are
1£e=20,200, Hc=183 A/m, and By=146 T. These good magnetic
properties are confirmed to be due to the size of bcec—Fe crystallites

( about 10 nm ).

2. A Study on Fe-Hf-C-N soft magnetic thin films with nanocrystalline

suructures

This study tries to investigate the sputtering conditions to fabricate
nanocrystalline Fe-Hf-C-N thin films with high permeability and good
thermal stability by rf magnetron sputtering apparatus. The detailed

results are as follows :

(1) We could fabricate nanocrystalline Fe-Hf~-C-N soft magnetic thin films

by reactive sputtering in Ar + Ny plasma. The films annealed at 550
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(2)

C exhibited high 44 of 8200 and 42M; of about 17 kG in the

composition range where the Hf content 1s 6~8 at% and the ratio of

[C+NIAHf] is around 15. The films with Py, ranging 2~5% show

excellent thermal stability, H. being less than 0.3 Oe and 4« being
4000 for the films annealed up to 700 TC.

The as-deposited films having phases of amorphous and bcc a -Fe or
near fully crystalline a-Fe phase showed excellent soft magnetic
properties upon annealing. The fine grained a -Fe structure, together
with finely dispersed Hf(CN) precipitates which formed at an early
stage of crystallization is considered to be one of the main factors for

the excellent magnetic properties and thermal stability.
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Fig. 2-1 Schematic diagram of apparatus used for manufacturing
amorphous ribbons
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Fig. 2-2 Schemetic diagram of magnetic annealing furnace
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E o2 AA AN LxA Yk IJVE ¥ bec-Fed R A7 v|Z A
deol o]lFTEE JHAL AN XulA AAYZE A7IH FAo] o]HF o|F T
o oM =LA Wztmz E AFdrs X-A E4d o3y o|FFxE %
T A4 &8 EAE 2%d HE FFHY 4L A=A dUURYeR
¥ Fe K.41(1=1.9373A)0] Graphite monochromator& 4-3}3}e| 260 =25} A
125742 A4 FAPHLZ2 ZF Alde] AAAHQ 3 HEe xolE BHSIULL
3 A3 ZF AHe HarFEH A3 Yol XY x4 nHAM ES &
A ¢ AU AL TAR FEI ME & R Zo] W vAA ¥MIE
E@ets F8<Q 20=43-71°9] FolA monochromator& A3t X-d =
Y FAEL2E (0.2°200sec) B E3HA FA3{ALH Lo AdI4AH &
2 Ao o3ty F@ AN FAI} dXAZT. APFA 9 fitting& 3t
A2 e @7l2¢ AA ¥WIAol= Lorentzian F4& o] Y& ujAA 39
€ Gaussian® J4-& AT, AAIM dig v FA JAHe VHH=E
FE AFuAAge] £&& oA

Aldtel AR A& ARHH}A S 24

F(x)=AL (x)+BG (x)

L (x) : Lorentzian function
G (x) : Gaussian function

Lorentzian function : A3 A ¥ Ao 3L
Gaussian function : H}A3AZA 3| I ML
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fm—Jx e + o exp (- B(x-7)?) - dx

a

fw=f:( bxz +CIGXD('B(Xi"'Y)2))
1=1] 1+..L
a

[ficas ~ fea]°=> minimizing

L=[fa (xX) - % ——-—bxz— +aexp ( -B (x; -r)?] -bgr

e

L(a,b,a,8,7,bg) => minimizing

Used method : Hill - Climbing method
a,p : Degree of divergence (2413 %)
o,b : Maximum Intensity

v : Crystal®] »]39]X]2} Amorphous |3 ¢ X]2}2] 2}o]
bg : Background

398 2-39 ¥ FesZrBLCu; 3& S00TA 1 A A AJHY X-
A 3E eI 46 3t B8 F Ao FAHE YErd Aol o] A
S00C 1 A EA T AlHoA 27 vFAFe] ol 30% =P &<
g 4 AU

. AA3} 259 FF
ZF N A ¥s9 4B 2k R AU HE 2E& XA A8HS
AAE A4 (DTA) 4¥€& 83d. DTA 482 S 1~2 mm 372 A&
¥ 43 27 @3 Ar £97] FolA A4&elA 1000C7HA] 10 T/ming] ¢
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Fig. 2-3 X-ray diffraction pattern (a) and line fitting pattern of
crystalline (b) and amorphous (c) peaks of the
FegsZr7;B4Cu; alloy annealed at 500 C for 1 h
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Fig. 2-5 Changes in #. as a function of annealing temperature for
Fegs-xZriBx (X=24,68) alloys
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Photo 2-1 TEM microstructures and SAD patterns of FegZr/B:
alloy annealed for 1 h. (a) 350TC, (b) and (c) 4007,
(d) 4507TC,(e) and (f) 600TC
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Photo 2-2 TEM microstructures and SAD patterns of FegZriB4
alloy annealed for 1 h.(a) 350TC, (b) 400C, (c) and (d)
450C (e) 5007TC, (f) and (g) 600T
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Photo 2-3 TEM microstructures and SAD patterns of Feg/ZriBs
alloy annealed for 1 h. (a) 350C, (b) 400C, (c) 4507,
(d) and (e) 500C, (f) 550C, (g) and (h) 600TC
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Photo 2-4 TEM microstructures and SAD patterns of FegsZr:Bg
alloy annealed for 1 h. (a) 350C, (b) 4007C, (c) 4507,
(d) and (e) 5007C, (f) 5507C, (g) and (h) 600TC
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B1u=15.5 kG
H.=37 mQOe
B=11.8 kG
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|
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Fig. 2-6 B-H curves of nanocrystalline FegZr;B4Cu; alloy. The
alloy was annealed under (a) no magnetic field and (b)
transverse magnetic field
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Fig. 2-7 Changes in p, H., B./Bi as a function of annealing
temperture for FesZr:B4s«Cu; alloy. The alloy was
annealed under no-magnetic field
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Fig. 2-8 Changes in #,, H; B/Bi as a function of annealing
temperture for FegZr;BsCu; alloy. The alloy was
annealed under tranverse magnetic field
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Fig. 2-9 Frequency dependence of effective permeability for
FegsZrB4Cu; alloy
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Fig. 2-10 The effective permeability(#.) at 1 kHz as a function of
annealing temperature for FegsZr7B4Cu; annealed for 1 h
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Fig. 2-11 The coercive force as a function of annealing temperature
for FegZr;B4Cu; annealed for 1 h
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1 h for FegsZr:B4Cu; alloys
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Fig. 2-18 Change in the intensity of disaccommodation as a function
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76



S
S

~—~24000 S Fegq-xBgNb7Cuy
3
1 o X = 0.5

20000 ® X = ]
= o X = 1.5
0O | X v 2
D 16000
-
,
49,
Q- 12000
D
2
O
O 8000 .
G
|

4000

200 550 500 650 700

Annealing Temperature (°C)

g, 2-28 Effective permeability at 1kHz as a function of

annealing temperature for Feg;-xBsNb;Cux
(x = 05, 1, 15, 2) alloys annealed for lhr.

77



8L

Exothermal (arb.unit)

ot

50

45

40

35

320 400 430 500 250 600

FesaBoND;Cus

FegasBalNbCu s

FegaBsNb:Cuy

FegssBaNCugs

B850 700 750

Temperature (TC)

Fig. 2-29 DTA curves of Fegs-xBoaNbCux (x = 05, 1, 1.5, 2)

amorphous alloys.

E00

850

300



Feg4_ngN b7C U x

N
E15 O X = 0.5
N @ X = 1
<< n X = 1.5
QO m X = 2
=
810 ' %
Nl
o,
L
1),
2
@,
—
L 5
O
O
0 .
450 500 550 600 650 700

Annealing Temperature (°C)

Fig. 2-30 Coercive force as a function of annealing temperature
for Fess-xBaNb Cux (x = 05, 1, 1.5, 2) alloys annealed
for lhr.

79



o Cu H7tell ]3] bee-Fe H4 Tl U@ ¢4 4 U Fe-B-Nb-Cu 4
YA #H59 beec-Fe 874 el ¢F 300C A2 433 2= EHLo=E ¢
A% 54¢ Jeha ek

39 2-308 dAE 2kd mE HAEe] ¥MIE YEW ZA2EA, Cul
at. %4 183 A/m 9] o}F 5 HAL wolx Atk. Cu 05 at. %7t #F
H ZAo] A2 A HAFHe] AUiHoz I el g, ol Cu’l &
A o7 Hol AA3e Aoz vlu3 n27tA] v|AZAAI] bee-Fe 7 EA)
g E¥FZ(mixed structure)2 EA8}7] & Aoz Aztd.

29 2-319] By &S 14 ~ 15T ¢ & @€ Yelyx gen, Cu 9
$Fo)  9P& wx &3 Aok 100 kHz, Bp= 02 T oA 2A% A4d&4
AFE 29 2-329] Jehgglen] Fe-B-Nb 3948t B]&¥ 32 Kol A&
< ¢ F Ut

a9 2-33% /Mg 548 A7 §4E& YEh FesBNbsCuy 2uj4] HA
59 590 C, 1 Al dA g 27894 B=02 T &2 1A A7 Fi40 o
S AAUEAE ZALE Aot AAEL L T E3e A AL FHdHoe=
7t staL AT

AER 2-58 Cu #7tdl 93 dR7|EAdo] 7l E €UE A #
3] FesBoNb; 3 A9t FewBoNb;Cuy 44 wiRAARTY HHY 4L FAol
7V 3 Ad 620C, 50T A 2+ 1 At EAE§ Alge] PA| o} &
Alobd B AR AEYPo|n, F Y EF AAAFEHYA A= DY bec-Fe
AP R FAHD AAT BAYE 27| 2F 30 m A 10 m 2 Cu FH7te
o3 HA3I wAstA €€ ¢ 4 A wEHA Fe-B-Nb 384 =94 Cu
7hAl AA)1EAGe) A AL AAYE WA F2E YUdol #HEHAN
o}

80



20

Feg.a,_ng N b7C Ux

O X = 0.5
18 o X=¢

o X = 1.5

S X =2
16

B
o

12

10
500 550 600 650 700

Annealing Temperature (°C)

Fig. 2-31 Change in the magnetization in an applied of
800A/m (Byjg) as a function of annealing temperature
for Feay xBaNbCux (x = 0.5, 1, 15, 2) alloys annealed
for lhr.

81



170

-

n
Q

NN
D
h'd .
~_130 - 3
O 7 o
_— F634._x BQN b,Cuy
- 90 c O X = 0.5
O o X = 1
O o X = 1.5
B X = 2
/0 _ Bm 0.27
f=100kHz
: .
%OO 550 600 650 . 700

Annealing Temperature (°C)

Fig. 2-32 Core loss as a function of anriea]ing temperature
for Fegs-xBoNb/Cux (x = 0.5, 1, 1.5, 2) alloys annealed
for lhr.

82



o0 FegsByNbyCu, i’
@ Fe738igB13 7
0 Fe—3.5 mass & Si

Bm=0.2 T

(W/KG)

Core Loss

10 P 14| — 1 | l_L__I_J_A_l_I

10 10 2 103
Frequency  (kHz)

Fig. 2-33 Relation between core loss and frequency for

FersBsNbCu; amorphous alloy. The data of
the Fe-35 mass % Si and FexsSigBi3 alloy are

also shown for comparison.

83



Photo. 2-5 Bright and dark field electron micrographs and selected
area diffraction patterns of (a) FegsBsNb; alloy annealed
at 620 C and (b) FexgBsNb;Cu; alloy annealed at 560 T.

84



A44d 3 &

dqAFIYPez ARF Fe-Zr-BA nAA 39 ZHA} AFH,
FegZr:Bs«Cu; ZulA #F3dA A3 dAzis, dA=F dd4&x: ®34
disaccommodation H&& &Ab &% A3 2 Fe-B-Nb-(CwANA 4%
713 BAdo] AdoljX = HAH AL AR A3 vhg e HES I

(1) FeyxZrBx(X=2,468) vl A A¥F2] A3 AFoA e vAzaE F34A
AfR B o2 ZAG H3 2AG AR HHA ATRE FHAEA
e Aol BFEUY. X=2, 49 @& BE XY= AARTo]AHAA
AYHYA 239xg £3) 4L BAgFE ddd, X=8dA= &Y HAH
o] EYE AAY YA FAHY. oHF viAW YoM FEE A
o] zo]7} A3} o|F wAxZF e WIlo] 3 YUojFa YZHEH.

(2) 2|& FHAgor AFIAAYUFE A3 4Yuirl A & S/
wel F43% FA3Ae, oJRAL o] Y Xu)4 FFAAE FEA]
oliAdo] HAE F UL L v

Q) ¥AE$xEE ME7 33 W FALo] Hd 40,0007tx] Aoz, B}
g 9 Zgr] 25 HYARg w3 g By, oy 4% 273
S54S W52 E BE ¥o2 A IHEH FEA7] oA A=
A A9E 5 9o, W45 o) disaccommodation® A A3 D
T AEE Aol §9% ARO W= o]AL MPA ojn] FAPE IF
A Fxa7] ol 7% AFAAE Fojstn AZE

(4) o] A B A disaccommodation®] Az 2= &EHE F2AYLE FA]
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gk @3N disaccommodationo] EA3E AL HAY 4 AW HAH
AY 2E4X 6 % AEE BYUY. A 2Xxd & DA9 #AA
T3 BAFNAALY EEPYAE ZAY A F dXsienz o] A
7oA 9] disaccommodation®] WAYUAL XHFH|AFAAAN A Fe-B A
T X 7igdste Aoz IS

(5) Fe-B-Nb-(CwA 2uA] AARITY GA7IEAHS ZAE 23 3949
49 A HA 24L& 42} FepBNby ® FegBgNb/LCuy ot 6307T, 1
Al A e 49 4] FewBgNbCuy a8l E-9] QAZIEAGLS  #.=20,200,
Hc=1.83 A/m, By=1.46 T2 397 FegBoNbroll ®13) 34 7N HIAY. o]
AF 49ANX EYMLNL Cu A7t &) ¢ 10 m FEZ AAH Yol
n A3t =Hrl dEolh.
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A 3% Fed 9A4 waga A7
A1d A& <

AT ARAY77Y aAE - FHES} 2A0 W oo 2aHE ZE
AAF-FELE 17153} - 3 Hs}e] Wgo 2 7]E HII o]Fojxn glomy
olo] W&3= FAAAMREE 283 - TSI Ho 7tz k. ol { A=A
29 LA goiH A & FojoASE SHEHT Y= Hof 39 st A
ARG 715 FFets AR AR Fopoln).

AFE, 54771 R 4F Fur)E2r)rde Az, #ghs), AdE
(inductor) So] Y4502 285%Ed o RFA QYA $P5i= o
A4 ArE @A £3Ho) & Fol(core)YHE AHRE T Uy whao] HhE A,
UM, A% 5 J2 Y3 7leo) FEESZ W ANRE 1Y
des} ¥ FWAY3Hsurface mounting)o] Z thg3t: Uk oY JEF
goz B o AJARY7 AYFHERE JHME ANEF 2yl
o] FojFof &, WA 97l WAHE AP AR A2Y¥IE YFHY =
dol Arh. E% A4 ARE 149 FRAT R TUE YEJ|Sd B
Ax71719] nFoste] & d§ 4 Aojok ot

ol Tt 71€FHA HEY & YT AB/NEZNE ARY A=
o] wtutsiz}t 7bg ol AAHQ Wtz AAHI: k. MAITEL 0dY xW
2H old¥ ¢ T dotsd nFEN di¥ S4¢ AN ®¥udRdle
(SMDIE HEe Az etz AL FFHoz FAstd Hd:
B AFAFHE Uy AFsta Uk
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ol 7 ARG WA g FEEcIE HA FHRIFE AUH =T T4
Hi ow, = HY=z E o MIG(metal-in-gap)¥ 3} @ty oz FEF
o Ao, MIGEL A 8mm camcorder, DAT(digital audio tape recorder),
Super-VCRe|| {855 e MiAE(sendust) ¥} R CoAl w|AHZA a3t
=

3 itk vbeby

=i - o

HglelE Folol 71 BBA Mulalal il 3oi2 o

= 704 2 olF EYXAIAE o] &3 AHFE AEHo fen, R0
(permalloy) ¥t2}g =30 AHRRA o|f3t3 UH. FF old2a HZE
o] &35l= MIGY & =% HDTV U8 VCR % camcorder o 8% FH%o|H
gxgd 43§ o83t ¥y HEs By dxe HFHEE H X3y
DCC(digital compact cassette), 9 X|& TV, HDTVe] of-$-3t= VCRe| &%
olF WHZ Aoz AYH .

A7V = o]9fe] BEE AAHE F5L2 MHzO Y o3 FoggdM
3= A9 3 A Y(switching mode power supply)§ ulebwiqly] @ A7) FF
7], AA2AS} A7 A2AE AT YUY vlola2 Ar]AAH(magnetic IC R
LSD& A8 % ndF A7|AA Fof &88 Aoz AddY. Al
EEolNA 7HEFLE Tled¥y¥e Ry 7|EUEC dHE&s= AoH,
Gigabit/inch’®) Z37]EWx FopidAE u=F IBMALZE 1990dd] 71&&
inductive &=, A4S MR =2 3= dual e A7HEE /MLty A=
¥+ 99 MFIAUD. HFF o] HEJ|eL XAYEIIESR AR = HA
¥ ARV 7] FHASA §44E ZoE AdEy.

A7I1EEREE 47 9% ¢ 71X e VISHEE ;A st AEERE
A 3= Aol I8y WUZ|FY B¢ 710 #FHobx|A HE wHAH
(demagnetizing field)e] 7}3}A o] {37 BAA S22 13 2E
715w A& o] 8stedol Bt ol muAHY JFujA MZE FAHINA
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7183871 e A=Y A(gap)o 2 HE 7 AAJ dAEH o o).
dA4 AEEHT JE A A FoA ¥ Rol(permalloy)Ad #a ol
ol E(ferrite)e] X ASUEE FX 7] WjFo] 1000 Oe o]39 ¥ BAH
= e 7|15AlY nRAYH Ay AstE WNRAL F Yo AFE F
At 7188 5 Ao JLEAEEY 7|IEWAE FEI AR A7) 93
e = ZojAge EJALAUE(Bs)ZE Eolok #vh. W A7 F
UOIME =29 Fie2 £ 87 A= A5 (main magnetic pole)
FAE kA stojof EE FE AAE 2HAIHE YA LEIASUET]
dasith. E 7|EEE&E Eol7] AiME 3 B39 A4 $EXE 3334 3§
= o] AFFHolnz Y ¢ XASEUET 2 AHARE o/ &% MIG
HEX Wol AMHL Y. MIG = AxFTH FodAe =9 NP L &
Y HHoz AVHE 3] FEd HEHE T o Aud HAL WY 9
271 U HAAE & HIAFEe gubd o2 §Hol 27| dEY 2
ME QAo E3HA] g AUl 27HTY WA HE2E &7
2 Fu

¥RAEYEE A8 ZAZAT FAHE IRFHIRZ o] EANEUE

& Eol7) AANE AR A7|RAES HolA oW ddr. H2AA 7B

e

A48 YEUE Fe Co, Ni 2% A/RHES Z4z} 22up 17245 06up
olB® ¥JIANFEUEE Fo|HYH Feg 7|XHY4AERE 3lHof #r).

A7l =2 ZojAiREe XFASUEIF ¥ A ojfdkE FAEC L
Bago] &2 Axy] EAe] gFdY. JEviMY WrE dxs} EobFd
M2t Z|EHEG SAsE &Y GE FAINEE oA AEHoE AEKA
7171 13 =R r Y A7 EAo] 4ok &

W AH ¢ €48 9AA-L veErdA T vt ¥ A8 2gE F
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2R TR JFst EF R YAV AR WEd ¥ER AR
E4E€ d+ 22 v$ o Mg LE¥RALEUEE FE A4 AR
T8 AT WS A5 <« Fed $IFUALE A7t A2 & HFHS] Ao
st AR SAE TAATIE dd AFHY A, wEA TEJRASTEY
AFEF MY AFEAEE FAN HAde 9AE ARE NL3y] A8 €
€ Feell 439 7t 4428 Wo EIALYUEE 71588 A FAAND 4
oA wAT2E HA3 Ao¥ozN AAA7| WAL A2 § T
249 Aun& A3 Y Y3t A2 J4Y 5+ UG-
ol ¥ Mo wEt HA AAY dYAmY ATEEFE dF oS
AR 2 £/ 4 A
1) €8 8AY FF (C, SiO; F)olv A4 F3% (Co-Nb-Zr, Ni-Fe
)l o3 Fst oM FAY Fxo HF L At Feg v A3}
A7l Y
2) <AL N; £97] FoA &4 29EHY L 39 AREE U= W
ol v} AgtFH uARFE FFed 4F3 gt Y (Fe-N, [Fe/Fe-Nl,
%)
3) £ ¥EHULE /M3t n|AAY ¢ F HANAA 2vAER X
(nanocrystalline structure)& ZEE AHojst= ¥¥
He PHE EF FAEE ASANA FE ARAVNEAEE RAR §
= A& FEE ¥ HoA FFHE F3 UG-
A< 9 nm 7)Y ZAFYLE o|FojF Fe-M-NA R Fe-M-CA(M=Zr,
Hf Ti §9 27]Holg&)d A vuzx 2 ¥AESUEY FI3F 4A
4 540 dgude o] Bu=Ho Uoh[1-6] ol& #IAA dAP Fo ¥
48 MC(&3E)olv MN(H3E)L AAY AL JAAFH, A% a-Fe
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RPo AH FAR/ o FAol #AH ARr] BAo] Yl Ro=
daA k7,81 28U Fe-M-N9 A$E n3H4dA nFAge ey
= 2499 A9] ERAEYES} 15 kG FEO|T 550 T ol A=A
o] d3}slo] dAH Aol ¥3EsH, Fe-M-CAS A$= Fe-M-NAo] )
st dLEE 650 C AES HA% 17 kGE dol7l: ERASUES T
ZHGYANNE FE3H B40] YojAX @1 RFFo| M RALE CoA ¥l
43 FFol} Fe-M-NA | ¥t 2& Aol 3ot

o] g3} o] ZIEARI Ad EAYL ANy 93] £ AFNME X
JA&EESG TFEAE R TUHEAY S FA9 BRdte M=E A8E 43
= 23& 53 Atk gurxoz HIE B2 M(x71d034)e MNA
3}E) ¥4 AR E MC(E3}2) 84 Afoluix Bt & oz By
o] tt[9] watA Fe-Hfol C 3 N € $Alo] A7 o 2u]MaAo] 3
4Ee HA3 ao] BE ArH 49 ¥WRE AW A4 wute) YA
7sAdE ALY 98 et 2 AFE $YsAt

2 dFqAe 1FEs Fgy vt EE 2HEHY FRE ARSI} Fe:dl
wlulgtE g AxsE © YoM AzzA BE FHEE, =4 L WATR
5 wtate] FAEA] s nAsta o] FI}E EYE 3o Fe-Hf-C-NA X
nA 2R gug AR A7F 4 R TR 59 W tste 1@
st '
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A 243 48 %Y

2-1. 2¥EY R Ny 4¥

£ AYgdA A8 2¥EHY FA= SN ARG AezA nF
¥ 25 &g vi2Y|EE (RF diode planar magnetron) 4o}, o] FA|&=
BAEZL offF, 7|¥ol HFd HxE up-sputtering¥ o™ EAEE 72
2 3t 83 29 EH (cathode sputtering) FXleltt. X EAESY o}
' 97A4E FHFS HPEAEY ring8 o2 HAA3e I FEAHAC 93
Eet2vl dAAd] B7le Ar °|28& HAE SN rig¥ s FJSAA
utulo] FALEFE F/MANE  UEE 4AHY U9 gAEE FF 10 cm
ol &% 999%¢2] Fe 9% $lo] Hf R Co A¥E pin-holef o2 wjxg EY
E} Al E(composite target) W4 22 T3t wepe] x/4-E& THFSA WIRANA
T UEEF AU

EF 2HEHP S X 99999%2 Ardt N9l Ef7TE FollA ¥WEd &7
E] ¥ (reactive sputtering)& #lom ojuf AL iAo ¥9F2 0~10%71A] A
FAZHRL =88 7129 §4L 20 SCCMez 3¢y, Z|#He =+ Corning
glass (#7059)& AHg3tict ¥ate] =rle A7|H B9 FA) A3 JH
10 mm9] 23 7l HEF 2HRIEL G2 XFE WHEOA 7|HE I
BAIA 3 Yo 29 EHIPE AR

AWE|Ho] o3 e A FS¢ 7Y BHYY LHEAL dvte W
A3 B A FL 4L FA HE2 &9 MIYJE o)E3H °lAE
& AASI oIME, ¥IAEE AT F A=A AREIHAA. FHIFIES G



F& HA337) A%ld WF2 U9 AFEEF 7x107 Torr o3tz syed
AFZXE 719 A |FAE 8F L9E€FZE AAE F 3sid. eHAES
£ 4% R 098 AARD, NAFANN QTZ W) dolgle H2E B
9l AYstaa 3t AVEHY R¥I{AA FEtxvle] QA E =23}
A3 ov A9 P (pre-sputtering)-& 40 ¥ P, I O9¢ o8 2
d A& AIAA Fe-Hf-C-NA x4 wiurg Az37] 98 A A¥H
Fd XJE&E AL oY LojW AR 2MEHY 2UdANAM F 2MEHTY
(main sputtering)& 34T F 2HWEHIE P APYXF L F320] YeH
A tt.

A" N BARAZRAMNA 2u|M ZAH LY FeA AAAY wepg A|x3}7] 4
8 AF FolA AANHYE ¥AD. 5x10° Torr o]3te] AF FoA FA%
A& WA By AME dAaE 2309 A £33 HERRUH.

95



¥ 32 A2MEHHY 4A4E 3

Parameter Condition
Vacuum < 7x 10" Torr
Ar Pressure 1 mTorr
N; Partial Pressure 0 ~ 10 %
Target(T) Fe (100 mm ¢ )
Hf, C pellets
Substrate(S) Corning Glass (#7059)
T-S Distance 6 cm
Input Power 300 W(3.82W/cm?)
Film Thickness 1 ym
Deposition Rate 470 ~ 620 A /min

E 33 <EAx7 49 =4

'|
parameter condition
Vacuum < 5x 10° Torr
Annealing Temperature 350 ~ 700 C
Annealing Time 30 min




2-2. 9tete] E4EAH R 54971

arel  FAl=  surface-profiler® FA3(AL, 442 EDS(Energy
Dispersive Spectroscopy) ¢ AES(Auger Electron Spectroscopy)® ¥43g o
o 3 YF digle] A& RBS(Rutherford Backscattering Spectroscopy)el
AT FASIAT. e ¥RASEAX(4rMs)st BAE(He)e JFAR
& 214 Al (Vibrating Sample Magnetometer)® A3 Y. o] X3RS E T
= 10 kOeg] A7IAAZ M3 XA FHAM, BAEL HY 100 Oes
AgE e A SARRYG. W] dXFAE(us)2 ferrite core
method[10]& A}-8-3t4 impedance analyser2 1 MHzol|A &A%t dtete
n|q 72 XRD(X-ray diffractometry) R F 323w 3 (TEM)E AH4-3
F4slgien dx7] B4 AFARYAEAE AHESEA 10 kCes] &G 8o
A - 196 T ~ 800 T7A 3t}
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A 34 48 39

s &g vladEE 2HEHY FAE AHESY ArtN; ERUtE B
A7) FhAM WA A¥Egoz Fe-Hf-C-NA otz & A=xss d 3o
A AzzAo] wE vty o FHEYF A7)H A R uATE 59 |
glo] diste T3} Zo] A ZABUL

3-1. Fe-Hf-C-N7| #uol A wte Zamye] s}

2¥31& Ar+N; E@712 FolA g4 29E 3P 3o Fe-Hf-C-NA
g FASAUE B¢ N £ & FIASEY vlE vEE Aol
dollA BY N; ¥4to] 7ol &t Moz FAEEI F4stq N2 &
to] 10%% A%9 FASEE 0% ol vz 20% AE AA vEaL 3
k. dut SAA] AN AME 7t29 ¢¥E 1 mTor®: dA}EE Nz £
HE FAEEY ARE ArFd N9 BAE 40 g 2HEHE Aol2 4
¥ 4 . Almend} Bluceol 9J&d Ars} Nz o] 23} 7/}29] Cuol Wi 29
HE&2 ¢ 41 A= Aoz Yy t(ll] weA Nz ¢ F7td BE
FdEx ) FAE Ngol Ard] vl ElAIES ZF g2 d¥ 2¥E o] R
7] & Aoz LAY 4+ U

19328 ArtNz ER7I2 FoA gAY 2HE YL 39 Fe-Hf-C-NA
dlulg S AU FF N £9o & vt =49 ¥stE Yegd Aot
o] 2Pl BA Nz ¥<to] F7Ho] wtgt N9 #Fo] A9 AHdHo= F7}
&te] Fe, Hf 9 Co 32 #Iadx ot add N £l 10% 3¢
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- Fe—Hf-C-—N

<
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o 1 2 3 4 S5 © /7 383 9 10 11

Nitrogen Partial Pressure (%)

3% 31 Fe-Hf-C-NA ululoflA] N; £ & Fad&x o] w3l
(FAEYE  34W/em’ 2AWE LY : 1 mTorr)
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0%l H|3] Fe ¥ C& ZtZ} 14, 19% Ax A3 HIE 33% Ax= 3AA 7T
233 gich. ol Hif) 9A%o| Feul Col 943 et W4 23 ANWE 7}
29 N¢| 9A3& Ar Bt %] fEo] N Hfel gt 29 go| Fer} Co
g AMEE BT 94 3¢ Foz AZYY. wEA N, B¢ F7te] na
vtuhy Feut Co} 4% Rt} Hfe) gago] ¥4 #AA Rez @yudn

3-2. Fe-Hf-C-NA| wejo]qd 24o] g 714 439 93

19332 ArtN; £97] FoAA F33teq 550 TolA 308t A&
Fe-Hf-C-N ulule] o)A Ny £¢to] ng g A5¥Aee] wsis Y
Bl Aojtt. oriofx HAIE Fe-Hf-CAH uvle] =243L £4% Ar 712 &
$7] FolA F2E dute] 2o 2 0% N 49 ut 248 JYehies A
ojlt}. o oA B N; ¥Stol wl Fe-Hf-C-NA utute] 713 A 7o)
37 9% wE Ao Y Ut RAHE N; ol F7Hge] we
FA%A FA3A 2%9 Ny £dollA HAgE 015 Oeg YEUN 1 o]doz
Nz &£¢f°] F713t8 RAE L QA F7H8tes 28-S Uegdd. AEFAEL
2%9 Nz EolA 7800 =& Yet Ny £3o] 5% oldeoe F713tA H
A F248 Faud. N, ¥ g v AaFEALe] AMNFHQ H
g AR ABoA AWtz yvEE JAT wATIRIR AL ¥ %)
© B%E YEY A

Y34 550 TolA dAMe 3 Fe-Hf-C-N vt}ojA C3 No &3F I
A3 17 Y43 ICI/IHYE AHAHE i N £ & AAFAEL] g
g YEd ZAon. o] ¥l Yed FewHfpsCos, FemsHf79Cszs R
FemiHfn:Css 249 [CUHME &% 11, 06 % 052 [CYIH¥IZ} 37HEs
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g Ay AEFALL UYeE N; £90] Wopah. &, o etehy [C/H]
o] ¥Fo] F7H%e] @t A4 dubg FAst=d /Y N §Fo) Fa%
< 9ujdte 2LE C3 No| #AI S 3t 222 A4 4 Y. =
¥ o] 2o nd [CI/AHINIZ Fadel wat 2z 249 a4 YEyE
HY AEFAEY @ F78e 4YE Yedn 0% N EdelA F&48
Fe-Hf-C 3€7 B dAgo] YeUA ¥ AeZ Hol C3 N9 &
Stof tha zlolst e Ao @yudth olgtEe dAA(E RE Fe-Hf-C-NA
dluto A 3 AAAGE A7l A= Hfol A C3 Neo| 33 o] &
C3 N Adjuj7t w4 F8%¥E & + Ut

2935 550 ColAq @xa ¥ Fe-Hf-C-N ¥iuloll A viulzxygo] wg 4
EFEAEI ¥ASUE] WBE YERW Aolt. o] O B ARAFA
& 6000 ol4, EJ}AELEUT 17 kG olFY 5% AL el
Fe-Hf-C-NA| utute] =AW9+= Hfol 6~8 at%olx [C+Nl/Hflvl& 15 &
E2 JeEytt. o] ¥ Fe-Hf-C-NA Xu|MdA uigte] Azy] B & 7€
o] dAA ARES EAI vmwtd Y360 YEFURITE o] afoA &
T %ol ¥ dAFojA M Fe-Hf-C-NA vt} e nEJRAELIAEE 74 3t
HA 71EY ARG Mg v LFEAES] FAH& HE .

3-3. Fe-Hf-C-N7 ¥tgte] ujq7x9 A% A&
2Y¥37& N; ¥9] & F3g Fe-Hf-C-N ¥9t9] X-ray A=Y
el Zeoltt. o] THAA BE Ny £¢40] 0% F-Foll= wee] 7271 ¥
A FHATRT N ol F7Heel o2 23 4z wHA =Hol 5% N

EgolE Ao A4A 728 UEL AT 22U N; 840 1 ojdoz
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25 ) =7 3490 10
1590 130 ffff fffff
15k 7
410 - 370 2490 B
1350 /
7083°  16kG 17kG 5

550 °C, 30 min — annealed
/

[ [ s ¢ f /4 s L L L LS LS
75 80 85 90

Fe (ats)

2% 35 550 TollA QA ae Fe-Hi-C-N utobol A wutzgo] oa
AEAFAEH ERASYES W
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\[e N2
25
— multillayered-—Fe
Q Y FeHf — () FeHfCN
X o —O c
= Fesi-Steel  FelrB ~ g
0 15
s FeHfC
- Amorphous FeAlSiN
~ 10 .
FeAlSi
NiFe
; ®
Ferrite
0 .
102 10° 10 *
 (at TMHz )

39 36 Z4F AA4 A8EY ¥RA&Ue JAFAE 54 vl
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Fe34 eHizgsCeo CUK a
HfC (111)

Pn: = 0 %

Hf(C,N) (111)

? - PN2 = 0.75 %
C | -
- |
- ® a -Fe (110)
O Pn: = 2 %
~
= °
7y
C N
Y
C PNz = 5 %
PNz = 10 %
30 40 50
29 (deg)

g 37 2339 Atgle] Fe-Hf-C-N dtetoAd N; £4¢to] & X-ray
FAEYe W3
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