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Surface magneto-optic Kerr effect study of

ultrathin Fe/FeysCoos/Cu(001) system

Yongrok Oh

Department of physics
Pukyong National University

Abstract

The magnetic properties of Fe/FegsCops/Cu(001) system were investigated in this
research. Fe/Cu(001) system is well studied as a complicated spin structure and
magnetic properties for few mono-layer of Fe films. Also, it is well known that the
Fe films, epitaxially grown on Cu(001) substrate show the perpendicular magnetic
anisotropy below 11 ML region. According to recent theoretical research, however,
there was an interesting result that the Fe/Co(<1 ML)/Cu(001) system have an
slteration of magnetic anisotropy depend on the thickness:of Fe film. So, with this
concern, this study was carried’out:

This experiments performed the surface magneto-optic Kerr effect(SMOKE)
experiment to find out the magnetic anisotropy of Fe/FeysCoos/Cu(001) system. After
several cycles of sputtering and annealing to prepare the Cu(001) single crystal,
Fe/FeosCops films were deposited by molecular beam epitaxy(MBE) and the
magnetic properties were measured by SMOKE measurement. The whole
experiments were performed in ultra high vaccum(UHV) chamber as in-situ growth

and measurement..
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SMOKE Intensity: (arb. unit)
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SMOKE Intensity. (arb. unit)
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SMOKE Intensity. (arb. unit)
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SMOKE Intensity (arb. unit)
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SMOKE Intensity. (arb. unit)

13 14. 85 KoA] 4

:
.

1,00 ML 129 ML
.

168 ML 2.07 ML

2.46 ML 2.85 ML

o TVUNA LT

324 ML 3.63 ML

4.02 ML

’
.

4.41 ML

4.80 ML

=
X

5.00 ML

-03 00 03

-03 00 03

H (kOe)

A8 o2

|

47 ol

FeosCoo.s/Cu(001) A2

A

_31_




4.3 Fe/FeosCoos(1 ML)/Cu(001) A2l A7 o] HhA]

a3 15-195 204l AZSE Fe/FepsCoos(1 ML)/Cu(001) A=2]
Fe =9 FA ol that #A7] o8 FAojt} z2+7 4423} 85 K
exoA 2 @ £ Wi wd By A B APS 53

J2o A AL HoHE A ©ed £ 2] oS Wos
AE AT 5 AT

sHAIRE 19 17, 189 85 KollAl A3 HolHES Fe 59 F7
of mEtx 27| oAl HEA YErdue AS AT + AT
Fe 59 A7} 141, 1.81, 220 MLY W& ¥|ws) HH, 1.41 MLY
eols FEHSHA 2 A7) ol Ads 7HvE As AT 7 3
ot} 183 Feso F471 220 MLl Y2 FA-E 4%, +HAY]
oA S THRITGE A& AT & Anh A7 A 1.81 ML F-oll Al
FeZol FAZE F7% Aol E}E‘r FAOA FHOoFo AW WEF

mSZ

Mol Aol Yerdde AL 21t

I3 19¢ 85 Ko 2EoA 32 ’gkolA 9 boJElo|t}. Fed

o FAE & ¢ AEFA 2 tﬂOIEMtﬂ, 1.41, 1.49 ML 7}%

FA A7 o AL SR 5T 1.81-2.20 ML Aol A 4= b
Z A7) o|ufA o] nHE Y= AL F A

=

09; [‘ll‘

_32_



SMOKE Intensity(arb. unit)

0.00 ML

0.24 ML

0.63 ML

1.02 ML

141 ML

1.81 ML

|

2.20 ML

2.59 ML

\

2.99 ML

3.38 ML

\

3.77 ML

/ J

4.93 ML

|

-03 00 03

-03 00 03

H (kOe)

¥}aFol| Al Fe/FeosCoo.s/Cu(001) A2

A7) olg 2A

_33_




SMOKE Intensity. (arb. unit)

:
y

0.00 ML 0.24 ML
0.63 ML 1.02 ML
141 ML 1.81 ML

220 ML

i
%

2.59 ML

2.99 ML

i
3

3.38 ML

377 ML

%

|

4.93 ML

-03 00 03 -03 00 03
H (kOe)

Eg Hol- 3.

3

A7) o]

_34_

&F Fe/FeosCoos/Cu(001) A Z 2]

=2
1




SMOKE Intensity, (arb. unit)

0.00 ML 0.24 ML

0.63 ML 1.02 ML
| —

141 ML 181 ML
pUONAFZS

220 ML 2.59 ML
F 400 N

299 ML 338 ML
.- um oy

3.77 ML 4.93 ML
03 00 03 -03 00 03

H (kOe)

I3 17. 85 KollA] 42 Hhek

Fe/FeosCoo.s/Cu(001) Al Z2]

A7) o1¥ Al

- 35




SMOKE Intensity. (arb. unit)

-
~

0.00 ML 0.24 ML
0.63 ML 1.02 ML
141 ML 181 ML
220 ML 2.59 ML

2.99 ML

-
.

3.38 ML

3.77 ML

3

4.93 ML

&

-03 00 03

-03 00 03

H (kOe)

13 18. 85 KollAl 4% Hhek

Fe/FeosCoo.s/Cu(001) Al Z2]

A7) o1¥ Al

_36_




1.02ML | 1.18ML
T /

=

o

=

e 1.34 ML 1.41 ML

lav]

p——a

b I ] f

"7

e

Qo

e 1.49 ML 165 ML

[

M »

O

>

/9]
1.81 ML 270 ML
f L ey

-0.3 0.0 03 -03 0.0 0.3
H (kOe)

1% 19. 85 KolAl A Fe(1.02-2.20 ML)
/FeosCoo5/Cu(001)2] A7 o]¥ =X

_37_



oltt. HAAA o]

3L

Il
gl

EA3 19

o Aol e}

R _
%S Fex

=°l.

#471) #k

o] Aol FrI7F | A A vl
MLY W] 32 27] oA S 7HX g7}, 2.5 MLl S =729

wE
X

o FA7F 1.5

=

o

F7} A 2, Fe

Kl

}l\:l]—

W
of A

_38_



—e— polar
—o— longitudinal

M, (arb. units)

0 | 2 3 4
Fe thickness (ML)

1% 20. 85 Kol A Fe/FepsCops/Cu(001) =2 2717

_39_



I8 218 FeZ9 FA7F 149 MLYW 532 wekoA A& =7

£
N
>
N
ok
Ry
et
2
e
X
N
i

Z3t A7E Ue F(Me/Ms) 2=, A
7] olg FAe] mfo] AL JMhETE 19 JhE Fs 7HA
Aste AEE AMEE o AT

19 21& HWE 85 Ko ALoME 19 77k e ZAdnE v}
A7t =71 &g wel Z4gnuirt ol =g Zolx|grt
160 KAARE T3] Zolx 200 K oo &%= 0o 77}
+ e HAE AS g0 F koA 190 K 2A4 9 &=
oA Z+Eu|e] WalEo] J}A IAEE 190 KS Ho|leE g AT 5
ATt

olul kol 1”15, 169 ElolEZHE o FAAE A2A F
¥ A7) olHA g It A3E A3, 32 WA ]y
250 wek 398 213 Zo] HiEtE AF{ZHEE 190 KollA &=
of 9%k 23 W3 do] o] YEdnE AS

o] AelME LEr} Leigte] whek £aol o
B W golyh Ve, ok | L5 St W Eizo] o
3 dastol AX g Zlo] Udle] ol AF A7) olWAo] ks
£ ARA exol o 2w B Aol BHYL L & A

_40_



Squareness (M,/M,)

—e— polar (Fe : 1.49 ML)

[S—
S
T

=
Wn
T

50 100 150
Temp

200 250 300
erature (K)

19 21. Fe(1.5 ML)/FeysCoos/Cu(001)]l A1 2]
ool we 2]

- 41



£ Fe/FessCOs0/Cu(001) A& A7
17F A Yol MBE WHH O
A &3 AFE T3 A7) olF
ko] FA o g 2A71H E4S &

=4 v = s
g Aol A7) oAt
Aal =gket

Fe/Cu(001), FesCoos/Cu(001), Fe/FepsCops/Cu(001) & A|71A AZS
A2t g2 85 Ko 2ZoA A] oS Els] Kot
A¥ A3} Fe/Cu(001) A2l A% Fe =9 FA7F 1-5 MLY o, A&
7 85 KO A2oA FAL &= FHglel 2 A7

Hol= AL ol

Feo5Co05/Cu(001) A2l 4%, 1-5 ML9] 3550 tisfiA 23 85
Ko x4 3 8 A7) oA Hol= A el
Fe/FeysCops/Cu(001) Al Aol F2o = FeTd T &%
ol FH A7) oFAdE BHHAOo, 85 KO 254 & Fe

7l 2 MLE ZAAZE FA7F S713el ®etA 1.5 MLl = 53
7] ol AB & 7HA Y72 ML °)’e FA dHolA= £ A7)
g oz Azl o] Meks 23 W Mol S gl
&=, 97]A Fe Fo-F47F 1.5 ML FFol dsiAdes £=71 &
obfle] whel, 190-KO oAl 438 A7) ool A £ A7)
o|ig oo 2o o2y WYk HojE FRlstH T

Ae A¥, Fe HAAFo FA7F 1.5 MLAIA 25 MLZ SV & o,
oA oS o] 32 ] oA FH Ar] oWAHOE
zZkske]l gE Wko] vt e 2~ W o] dAde BEETh S
A8k 2.5 MLET 548 d9¢ disixe dF5HAd d3des o
2A F3 A7) oWAE FASteE AFAE Ao old Uid o

2
= & O gsfof E Ao =Z HIT

4 o

X o
L2t

o o

N

il

_42_



2

il

i

[1] Gordon E. Moore. Fairchild Semiconductor internal publication.
(1964)

[2] Gordon E. Moore. Electronics Magazine. 38. 8 (1965)
[3] David E. Liddle. Solid State Circuits. (2006)

[4] Seth Lloyd. Nature. 406. 1047 (2000)

[5] Michael Kanellos. CNET (2003-12-01)

[6] S. A. Wolf et al. Science. 294. 1488 (2001)

[7] Sankar Das Sarma. American Scientist. -89. 516 (2001)
[8] Hideo Ohno. .Science. 29. 854 (2001)

[9] Igor Zutic-et al. Rev. Mod. phys. 76. 323-(2004)

[10] Alexandre R. Rocha et.al. Nat.mMater. 4. 335 (2005)
[11] Johan Akerman. Science. 308. 508 (2005)

[12] Lizette Kodama et al. IBM. (2007-08-19)

[13] M. N. Baibich et al. Phys. Rev. Lett. 61. 2472 (1988)
[14] G. Binasch et al. = Phys. Rev. B. 39. 4248. (1989)

[15] M. Julliere. Phys. Lett. 54. 225. (1975)

[16] W. H. Butler et al. Phys. Rev. B. 63. 054416 (2001)
[17] Stuart. S. P.-Parkin et al.. Nat. Mater.-3. 862 (2004)
[18] V. L. Moruzzi et al.. “Phys. Rev.' B.38. 1613(1988)

[19] S. Blugel et al. Appl. Phys. A. 49. 547 (1989)

[20] G. M. Pastor et al. Phys. Rev. Lett. 75. 326 (1995)
[21] A. M. N. Niklasson et al. Phys. Rev. B. 59. 6373. (1999)
[22] Valentin Iota et al. Appl. Phys. Lett. 90. 042505 (2007)
[23] H. Sevincli et al. Phys. Rev. B. (2008)

[24] C. Liu et al. Phys. Rev. Lett. 60. 2422 (1988)

_43_



[25] J. Thomassen et al. Phys. Rev. Lett. 69. 3831 (1992)

[26] Dongqi Li et al. Phys. Rev. lett. 72. 3112 (1994)

[27] Dongqi Li et al. J. Appl. Phys. 76. 6425 (1994)

[28] S. Muller et al. Phys. Rev. Lett. 74. 765 (1995)

[29] M. Zharnikov et al. J. Magn. Magn. Mater. 174. 40 (1997)

[30] K. L. Man et al. Phys. Rev. B. 65. 024409 (2001)

[31] D. Qian et al. Phys. Rev. Lett. 87. 227204 (2001)

[32] B. Yu. Yaborsky et al. Phys Rev. B. 70. 014413 (2004)

[33] H. L. Meyerheim et al. Phys. Rev. Lett. 103. 267202 (2009)

[32] L. M. Sandratskii. Phys:— Rev. B. 81.-064417 (2010)

[35] Jisang Hong. Phys. Rev. B. 74. 172408 (2006)

[36] Dongyoo Kim, Jeonghwa Yang and Jisang Hong. “J. K. Physics.
56. 78 /(2010)

[37] M.T. Johnson et al. Rep. Prog. Phys. 59. 1409 (1996)

[38] Mathias Getzlaff.  Fundamentals of Magnetism. Springer-Verlag
Berlin Heidelberg (2008)

[39] AAH, o)X ¥z FFSAE FEZF (2001)

[40] P. Weinberger. Phil."Mag. Lett. 88. 897 (2008)

[41] Z. Q. Qiu et al: ~J. Magn. Magn. Mater. 200.,664 (1999)

[42] Z. Q. Qiu et al.~ Rev:Sci. Instrum. 71.-1243 (2000)

[43] J. -W. Lee et al. ~Rev.-Sci. Instrum.~71.73801 (2000)

[44] S. Polisetty et al. Rev. Sci. Instrum. 79. 055107 (2008)

[45] A. Dittschar et al. Phys. Rev. B. 57. R3209 (1998)

[46] J. Zabloudil et al. Phys. Rev. B. 58. 6316 (1998)

[47] A. Dittschar et al. J. Magn. Magn. Mater. 212. 307 (2000)

_44_



	1. 서론
	2. 이론
	2.1  자기 이방성
	2.1.1 결정 자기 이방성
	2.1.2 형상 자기 이방성
	2.1.3 표면, 계면 자기 이방성


	3. 실험
	3.1 박막 제작
	3.2 표면 광자기 커 효과

	4. 결과 및 고찰
	4.1 Fe/Cu(001) 계의 자기 이방성 
	4.2 Fe50Co50/Cu(001) 계의 자기 이방성
	4.3  Fe/Fe50Co50/Cu(001) 계의 자기 이방성

	5. 결론
	참고 문헌


