% 36 % 4 10 3 Y B ¥ R vol. 36, No. 10

1987 #£ 10 A ACTA PHYSICA SINICA Oct., 1987

’

EEREESR Pr-Co HIRAIHME

7o BEE O FRE XX
(EEKXZEHER)
1986 ££ 10 F 29 A I 5
] # g
AR TIEREE PrCo,_« HESSHMAEE SEENBIILER. BRERESAE
Pr-Co FE BN MEMIISEIE. X R BT RIS LS G ik 35 1% IR A B, 85 % R
CHEE-REMK A BB TXFHHENHEEERE. BBENELOHRUMESRNNXR
BHIE, 53 5l 20 Pr [ T AR T REE SR B HIR R AR Co JHTZE © = 0 WA R T #
8.

—. 7l

HTEANANEE, FERABI-IBEASOHARZIAMEREMR. BN
TbFe, REEAFARKNOBBEMEY, TRETRAVIERE GdCo, HEHRF S
BLBhEE TEEN AL R, TREREMEY. BET,LL Gd, Tb-Fe, Co Xk
HNELAERSESBEERNCFERARGTEONHAEEARTY, REeagFmhias
HEHLBR T ZEM. A, FERESRL-TEKAEHTEA BB R EEW
FI T R 1RA LB,

EESRERI-SEKREST, B TH LR FREZIBNRB TN LTSN E
W, EENERTENE S TREA=MIERERERY, RIS Ek#MY  (speromagne-
tism), Bkt (asperomagnetism) FIE(WkREM: (sperimagnetism), W TFEBE -
EBREREEPUEECEE TITENAREWR. BB LALLM RELTERERE. B
7E 1978 £ Taylor % APbX BN Ndi_.Fe, f1 Nd,_,Co, IEREE SIERAL 2 B,
FE BN B E/RIESEHE#TT RENH R, NHERIET —ENIH. 7Eib
A ERATTIERE Nd-T(T = Fe, Co, Ni, Cu) SE&RIRERERIBMBEEIE T #
MR, R BAEREBBR T4 Nd-T & &7 — a4y b o] #E B & 78 #k SOk ik
MR A G, H BRI T AR — LR A,

AN FEREEEE Pr-Co HERENEEEENIEIT T HARE LR E, 15
BT EESTFEEARBENS R, N HHENEEERERT T ERITE.

=, BaEWHESNE
| FIRBEAREEHE TR PrCo. M, HSMAERR &R L TR RMBNG

e



10 43 ’ T ERAEAS vr-Co WISHIRIYE 1365

BaE. FAETFEESHERIES IS RMRAERLE. fearh PrEFENETES
e84 6%, 13%,32%, 41% , 46% , 53% , 57 % , 65% 5 80% , 84% , 86 %,

SR R AR E T ARSI LR B BIRENBIIIX R, BEE
LB 1.5—300K, BEGHEE X% 0—70kOe, FIRADFESBIRHTNE T SR 4 0 #
LR SR BRI R, EEEEX 300—500K, MBIZTEHDH 0—18kOe,  SISMNHZ AR
A B EAE IR B 1.5—200K JEEANWE T8RRI E, KRy % 3—
50e,

SOHRERB

B 1A TIERE Pr.Co, BN LSK BHRECRE ¢ SRS HTX R, BE
1 W0, fEE i AR B AR R A TR, RTDIE & Sy R AL 5E B RO A 4 43
BIH 1 X 107 M2 X 107 724, BEEIMESYHARESH =0, 5208055
o, T T = LSKIREEGE 0K, XM RRm b i vl R RN OK (B K #ifbis . A
RUEACSREE 0o 5B MNE S FRAEMBURE T g A TIIER:
%.%a'“““’)"’wh"" (1)
Hy N
Weas Wee 53514 Co TERN Pr U RIVEERBIE. NAMRMBTHE., A&5THHE
BB m.Pr RTFHIENMEN Co FFHEMBAESRG X XRMENA 2, &4
5 THHE RREIE e ATRLS3 M0 BV
fe = fc(l — x) + feex, (2)

‘ng=

20~

olemu/g)
#lg)
“ _«

H(kOe} x

ficos fiee 3812 Co JFFIPr HFHIBERB/RETE, BIHARRE X R ®ME
Jaccarino-Walker B[] % Buschow® #:ip, Co EH-FBITARAMA 8 ML LRy Co A
TAREGE—NETFHE, MbE2EEY =0, B4iCo, FRETHEN
L.36 uy, ﬁﬁu



1366 # i1} =4 54 36

fico = 1.36f(x),

R

= 12!,____, — n,12—n -
1) = 3y, €

H2)MOBI)XFALUEE gn(2), HEBRLE 2. »<40% I, an(e) EEXLE, 40
L.6ps. PrRTREKEX 3.27py, be(%) 5SBAPHIXRN

fiee = 3.27 X % X (1 + cosg). (4)

FRLL fipe = 1.6p, IR T @ = 90°, Rl Pr T RER MRS, i x> 40% A, g,
AR, Pr [ FREAESBUAIEK,

120p, .,
i eeme Prresstssrtssnsersssrtesssirrinens 6%
h
‘e,
100
N (Trreeranverscvereacrecsrstararerrisrian we 13%
1.0} s
3 80F b, )
=] b
= e et o 69 T e e aurtetrate 329
VO.S --------------------------------------
£ "
-40 e e, .
o BRI e 415
s e, .
=i i 20 0:."“ * fHereveenrnntennse trartniesaes 057
0 ’ to a 15 2.0 e AR O AR .9.’ :’Z:"u 6%, L
0 %0 W 10 200 20 3007
B3 B BEEES«NRA A 4
; ; o .
0.020f ®
= r , . 65%
£ v
< i 'RLAd
* 0.0I5F LI
. lu“'““l
e, S : 3
0.0101 a%
e s att
L . o « 80%
0.0 . e, .nh“':...: Sere T 46% "
L005 |- R I L .
[T
D% v . - ﬂ'v-q oo
T A RN s P e v.nre s , 86%
g A 2 1
0 50 100 150 200
T(K)
]

HRASTHERMNEIEN (J—>oo) FHRITELONBES e =D/Z4 %
RO EEL, Y o = 0 i, AEIAEXN 1, BIRERATHES, DBUAHAE, 3 e —oofit,
WACHEFER 1/2, RAERXIRS M, SBAN /2 (LA 3). XE5LE Pr-Co NEHLE
AR, HE 2 B3, RIMEZE Co A RUR TR £ KR, Pr K TFROLKMRIEDTIER /N
F1/2, HIAXMARWEETEEHRD, 1) BEH Pr-Co HBHBBS R
BN ARREER/INE, Bt 5HREEFR/INSITENBZEAR, 2) PriETHH



10 T oEL%E: JERAESES 4 Pr-Co MIEAIRIHE: 1367

YEREAR o1, AESERB R TIRE.

B 4 Awi H = 70kOc T, & Pr.Coi_, BESLIORALIRE o SRS T4, mE
4 v, FrEREREMRE THE—~MER, AT « < 65% HIRERTIERENE G RELIRE R
B, TR —NEBKHIE, X511 Nd-T(T = Fe, Co, Ni) JEZAF|h W
RAEBUNE., REZihE Nd-T & HBEFINREAA 20K WL, RER G2k, o
Pr-Co FESLUREMF RO AHEEML, »=>65% WS EEREEHSKRT » <
65 % MIFE N,

Bl s AR R A R EREN X AWML, T 41% F146 % WA FE TR
S0K MIEZ i mifl RA —IEM. 11« > 65% WFERAELER,. £ LSK T3 ik
FE—BER, ATEUAGHEIEER/N, EEENN, RIS, 32 L SR a0 5 5 F— 4
TR, 5 4 AN, X BRI AR S,

X W AN BT DU B, 78 28 i A0 S I VR FE BRI, R0 A e, TRIE XA
BEPERSHAAETEARN., XNT x < 65% RS, EEEEMNRSEHREHL TIHES. X
A G A AR R AL R R MRS AR REA AR IOE B, T »r < 65% 1kt
ot RV ER R AR RN, XM AT AR R TIER A PrCo BESMRUIDEL 5 46 12
Fo il 3 ik, ZRBEIR T &R EEBRNRETE & R Sk, K ddedhgn,
XFAE A RE AR ERREAR. — NMETR Co WET &R KD, Pr JJ TRUEMN B KA, s
RERME. F—MEd Co HF&REBRE, Pri/fl FRAENSEABUN, R ER S, R
7 38 AH IR TR IE BARRO ARG A AR, AR AR RS X =5 B9 4E6 B AR

H o T i3 8 SR ML R T R2 %

1 A
=N0th[——< + H)]
o3 12 /(T N e g 22 . (5)

PR R O W AR I 5 TR 36 7R MO ok I B A S BRI A 1, W),
25 %

o — o,th (Vl?z‘fﬂli,), (6)
0y, D, HER A FRFE R
17 A
1) fiAsEl
o, = o, th {'\DIUI [_L_-H‘ ) (T <0p);5 (7)
2) HERE
c
O )
T B A
1) FHAE /Y
o= outh (P2 ALY (7 <,y )

2) %R



1

’ olemu/g)

125

L da
" E_'\\ “\\““A\A_‘«

- 13%
75
50

l“‘

3 N
25 1%

r

Loy L 1 e L
0 100 200 300

1368 £z i 2 54 36 &
= —Cjep, (T > 65,). (10)
BT M-T 28 RE— N, BTl B R AEEEE AT N EEENERE,
R SRR IR B 4
o = moy + myo,, Q8));
my M my 53 50 4 A #5R0 B BV E 4 L.
(IDKXAEX
o = ma,th (Qg—‘—;f_—l—ii) + myo,, th (D—zaz—;-lji) (T < 6,)s (12)
7= mlanth (Dzo.z x Hz) + T fl@h (T - epl) (13)
a5a ﬁ%‘]ﬂﬂ(ﬂ*ﬂ@)iﬁ%)‘(.
Z B3| B AHH AR R A, (12) XN ¥4
= Do, + H, m
0 = moyth ( po ) + mop, (T< eﬁ,). (14)
FR(13)M(14)3% M- T fiZRi& 7T DU 25X S 3
41% PSS
moy = 46.6emu/g, D,/m =12, H, = 3.5,

m0 = 24.6emu/g, D;/m, = 17.7, Hy;= 0,

C, = 836.4,
WAL SR L BILA 6,

61: = 561.

A FERY RS P B AR B 4 aP, = 56.1K, Hgkpifs BIREX 0r, = oy X D, = 559K,

T(K)

Eo6 LLNTHED

BRNMEERREAREERERFBTS. BHBSHERREX 65, =0 X D,

alemu/g)

60

40

20

- 300

-

-
.

Qbﬁ%
[ 80%
e

350 400 450 500
TK)

et 2B 4

&7

435.4K, BHMEMEBHNREEEN Tc&, XESHEN, 5HE RE-Co FRE& &



10 4 % EREEE Pr-Co EEARM: 1369

4 R R —B,
NT 13% BRESET RERRE 155

mo, = 18.6, D,/m, = 2.6, H = 0.6,

m;0; = 88.7, Dy/my=73, H,=0,

C, = 233.3, 6, =548,
5 41% PERLLER L, 41% BESLR A MR R ANEE L IR LRI TR EL 13 % RESLPAOR. X
T 41% Fedoh Pr HFER K REE PrXBEMSE. WML A HEERE
FAZEARAR, T B AER AR EEAEEIR R, 13% BESRREY 0p, = 6475K IR ST 41% 1%
i XRAHER RN, B Co BUFHURL , MR RE3ESE, B IR B G,

AT R BHEEERESERERSGHER, BRFESEBEITUET M &SE H=
10kOe T @i XAREALIRE SEEWXAULE 7). HE 7 77, & FE &2 R 22—
R G WAL SR B RGE L7, B R B R R L R AR B FOREE, ST O, X
MrERMARIERS, XRAIBREALSEE LAIE—EN, REKIF—TEEE
R ERENERE, RAET R 5B, BUE AR BT,

M, & W
1. 468 Pr-Co &4 Co WA MR T WM A Z/L T LLELLE  Jaccarino-Walker

BRI R,

LAEREBLT, PPRERTERANT 40% I Pr EFRERERI G Pr B T&8
#m, S8 AEK, 5t RIEREEE LR AEA.

3. (EAR, BT RBREHKELATHRAADE, FEARMA. BT Co BTHE
TUECR [, XAk EAREY 2 B A R L

4 5% A AR LR B, N REAL IR IR B A AR BRI A, RTLUR AT 18 2B 48
OEIEE ;-

2 % X #&

{11 A. E. Clark. Appl. Phys. Len, 23(1973), 642.
{2] P.J. Grundy. J. Magn. Magn. Mar, 21(1980), 1—23.

{ 3] F.E. Luborsky ez al, IEEE Trans. Mag, 21 (1985), 1618.
{41 J. Chappert In “Magnetism of Metats and Alloys” Chapter 5 Ed. M. Cyrot, (1982).
{51 R.C. Taylor eral, J. Appl. Phys, 49(1978), 2889.

{61 D.S. Dai et al, J. Appl. Phys, 57 (1985), 3589.

{73 R. Y. Fang ez al, J. Magn. Magn. Mar, 58(1986), 273.
{81 D.S. Daier al, Chinese Phys. Lesz, 2(1985), 549,

(9] W%, YR, 35(1986), 475,

{10] K. H. Buschow ez al, Physica, 9TB (1977), 261.

{11} E. Callen ez al, Phys. Rev, B16 (1977), 263.

[12] R. W. Cochrane e al, Physics Reporis, 48(1978), 1—63.



1370 ] 5 R SN - 36 %

THE MAGNETIC PROPERTY OF AMORPHOUS Pr-Co
THIN FILMS

Wan Hong  Dar Dao-sueng  Fans Rui-vi Liv Zun-x120

(Deparsment of Physics, Peking Usniversity)

ABSTRACT

Amorphous thin films of Pr.Co:-; alloys were prepared over the composition range 0.06—
0.86 by the vacuum evaporation method with two sources. The magnetic properties of those films
were measured by using extracting sample magnetometer, vibrating sample magnetometer nd the
alternatin'g susceptibility set. 'The dependence of magnetization of these films on temperature and
field were studied. It was found that the magnetization has a sudden drop near the tempéra-
ture corresponding to the maximun of the value of the alternating magnetic susceptibility, and
for samples with x <65% the magnetization does ‘not disappear after the sudden drop. We sug-
gested that there may exist two magnetic phases for the ' sarﬁples with x<65%. Simulating the
magnetization —temperature curve by using molecular  field theory, . the temporature of phase
transition and the contribution of each phase to mgnetization of the samples were achieved. The
field dependence of magnetization g(H) 1n the range of 0-7T and at 1.5 K for all samples were
studied. According to the experimental data and the Jaccarino model the effective magnetic
nioment of Co atom [ico and Pr atom [ie: were calculated. The effective magnetic moment of Co
atom peo equals 1.36f(x), where £(x) is the probgbility for bearing magnetic moment of cobalt
atoms. The effective magnetic moment of Pr atom equals 1.6 gs in. the composition range 0-—
40% and decrcases rapidly in the range 0 4—0.86. ’ ' '
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