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Abstract

Abstract

In this article, we used molecular beam epitaxy (MBE) to fabricate Co nanodots,
quasi-one-dimensional nanochains and films on Si(111) substrates. By ‘using in situ
scanning tunneling microscope (STM), magnetic force microscope (MFM),
magneto-opticél Kerr effect magnetometer (MOKE) and ex situ rotate
magneto-optical Kerr effect magnetometer (ROTMOKE), we investigated the
morphology and magnetic properties of the low dimensional Co nanostructures.
Besides, we used coherent rotation model and self-correlation function to investigate
the magnetization reversal mechanism and the morphology induced magnetic
anisotropy. The main results are as follows:

1. The ferromagnetic quasi-one-dimensional Co nanochains have been dopesited on
4°-miscut Pb/Si(111) substrates by molecular beam epitaxy (MBE). With
increasing the coverage from 1.7 to 6.7 monolayers, in situ scanning tunneling
microscope (STM) and magneto-optical Kerr effect (MOKE) magnetometer
present a per(.:olation of the Co nanodots along the chains and an enhanced
uniaxial magnetic anisotropy. In situ magnetic force microscopy (MFM)
demonstrates that the magnetic domain structure of the quasi-one-dimensional Co
nanochains is stripe type separated by Néel domain walls. The effective uniaxial
magnetic anisotropy is calculated to be 6.1x10* J/m® in terms of average domain
wall width.

2. We fabricated quasi-one-dimensional Co nanochains assembly and
two-dimensional Co nanodots assembly on Pb/Si(111) substrates by step
decoration. Using in situ scanning tunneling microscopy and magneto-optical Kerr
effect measurements, we investigated the morphology and magnetic properties of
these two kinds of Co nanodots assemblies. The results suggest that the steps can

not only improve the uniformity of the Co nanodots, but also increase the critical

temperature 7, by introducing an in-plane uniaxial magnetic anisotropy. Monte

Carlo simulation suggests that the ferromagnetism is mainly originated from the

8!



Abstract

dipolar interactions and the critical temperature 7, can be enhanced via the step

tuned dimensionality variation of the nanodots assemblies.

3. We report an investigation on magnetic anisotropy of Co/Si(111) films deposited
at oblique incidence. An in-plane uniaxial magnetic anisotropy (UMA) with the
easy axis perpendicular to the incident flux plane was observed to superimpose on
six-fold magnetocrystalline anisotropy of Co films. We built a total energy model
to investigate the magnetization reversal mechanism around hard axis. The
simulated value of UMA is K,=1.7x10° erg/cm3 » which is consistent with Kshape
=1.1x10° erg/em’ calculated from scanning tunneling microscope image. This
good agreerﬁent suggests the in-plane UMA is mainly originated from the shape of

the oblique deposited Co stripes.
Key words: magnetic nanodots, quasi-one-dimensional magnetic nanochains,

magnetic films, magnetic anisotropy, magnetization reversal mechanism, Monte Carlo,

self-correlation function, magnetic force microscope
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HES R go=2K _ (1.2.7)
Mgy MR

2. ERBRLTF

HRA R - =K Ly, (1.2.8)

(a) (b) (©)

B 122 WHERBACRIHH () WRHE OTRKIHGE OBPET

7 i N 3 (Magnetization Buckling)™ |
LIS B B S AR e R B R AR, Kb — S g e
FRIZHAR A, 5341 Aharoni Rl Strikman T/ & 4778 55 = b A E R — 7 g 0563,
XA e Rl — B3, v B B SR AT [ MY = .
R E B AR TE PR A TR R ISR RS T 5 R A, 2 BETE PR B M4 24 R~
DTRANMGTAEN RAE—BET), 2R~ KT FE R % 237 dh 2t 4t
JEK Aharoni X THEBRVAHE— BT EM R T =Mt MR TS AR ©2, 1
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TR YETIE 183

& 1.2.3 FiR, ot T AT AR AR R S I KBRS R LRI SC R . HAN
LR, BEHC L m BEE, TTUUE AT m ST 4.6:1 FEHEER
R RS — B, ST m BRI, R B =R

14 b ] Curling

y Gi¥ (]‘\2 ﬂ:.i.i {;A O.’S 0\.‘51 (;.7 (;8 *OTQ 10
PRUER ¥ { 1 P
E@m3%%%ﬂ%%%%&%ﬁﬁ%ﬁ%*%sﬂ%%mW%A“
(K8 1 AT REF=Le7 iR EE Bk — B 3h; FEROR TP al g2k
I iR B B W e e Bl)

ES T SR R R R A RS, SN SR R R
peS B R, B 124" T BB R R, P ST AR

43
=%,
H 1 ¥ 1 ] H
2 b
. Roistion in dJnison

Buckling
i (13 \ -
&
=
iogy \{Iuriing
\\
s
.05 3 kN -
002 - \ .
el : : : TR :
02 o ; 2 s B 2o 50
AR, e

B 12.4 =FAMERHRAR EHERPR N HC TRRZRMRR ©




1.2.2 AL R EERERY
RS R A, BT SRR AR, R ER
2 BUIREAL SEERE T . Stoner-Wohlfarth STFIERAEEREI , I % i P Ak 700

RIS it

Stoner-Wohlfarth ytic) |

BT B B T B BN & ) e, T TR BT DA X IR B AL B 1 —
BB R E—iTi8, B 125 AWK TR RE TR RER. x5
R Bt F R 75 ) e S B 5 AL S VR AR A S O 1« S SR B PR TR R B A

N

E=E,+E,+E,+E, (1.2.9)

T2, THREEE, =0, TWHHEGSE RSB S AR E

[ S B S AL ) v R R [, BRI 3 & T e e i — & 2 f0
Bl: K=K,+K,, FHIEREEN:

E = K sin® ¢ — uM  H cos(6— ¢) (1.2.10)

REARLETRERS, FHL

az(/f)i (1.2.11)
>>0
op

BiEQ.2.10, 775

2—E = K sin2¢ — u, M (H sin(6 - p =0
@ (12.12)

2
OF _ 2K cos2¢ + p,M H cos(f — ¢) > 0

=
Kfg LR TR, ISR 5 5 A AT R e S I I RE R 1 2% . Uiy
AT . X BEIATHITIE 6=0°, 90° FIRFERRIE B«

1. =00}, R(1.2.12)F 4R

15



TR BB IS iR 3C

. _ s =0
{ Ksin2¢p - pyMH sing (1.2.13)

2K cos2¢ + pyMH cosp >0
-k MH
uﬁﬁtﬂsm(o 0 8% cosp =— &i—/[KiIi, EﬁﬁEZE>O, %%’ﬁo?**—slﬁﬂ
@

IMH _ - M H
241 5 5 2 - Hos T gy < BT BRI W M T

Hs—ﬂg—iéﬂﬁ}iH>ﬂ°§i sH w5 e R AT S, WA I 42 0 TR
WETY, EHz%ﬁﬁiﬁyKﬂiﬁ%ﬁJ%llﬁﬁ% Hie
2. 6=90°Kf, F(1.2.12)TIfE{tA:

{Ksinz(o—/loMsHCOS(p:O (12.13)

2K cos2¢ + pyM Hsing >0

MM H ,
2K

AT LLfiRH cosp = 0T sing =

MsH| 15, BiALEREE 475
2K |

. w (oM H , . .
M=Mscos(9—(p)=MSsm(p=—I-{H—; é%zlﬂa‘, BEAG SRV + M J5 1A,

k

A RS R A, AR

BRERATF 6=0°,90° Ik F—BUE 3 I B R RS, R RATE LK
Stoner-Wohlfarth #8%, HAPRL# A FEHE K W LURBLG S mFE. TR
B B & T SR E LR ) R A

zZ
A

v

& 1.2.5 MEERTE mk b T — B S R R R R
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EREEIRY

AN St A 35 8 TR VR SR — BB B R AL S FR R B
BRI, HLHKE TR A4 Stoner-Wohlfarth 7 TSkl i sz 3 45 5
AT o SCHReRE 2 I8 H A T IT R T — Mo e Rk Rk, e %
BRXFF R ORI U — AR R BREE, S BR S 18] S B N AE AT Al A
P, AUHEEERPRIAR T AR A . BN TRt T — PR, A5 — A akoh
WA E — B gy, TUAFIER P REAERE B AT AR, BB BRR <SR
RAFE R, ECSCRTRR BTG R AN R AR MUK —ME B, 3T B &
1 H S ML RV BR BT TR BB UEEAT T PR 4R

B 1.2.6 XK B AR BURBEARR B AL R e I AR R B
BH n MHAEBORH R —ME, PIAHSEER S EATIRAE R, R BRI
Resh, RARBREMMIEARTIER . EEMEREMBER EER R
E = Hilj

y 3
Ty

[cos(6, —6,)—3cos b, cosb, ] (1.2.14)

Holt, g, = 1, = p R EABRIGREE . 7, HPTIREIRIER. 6, 0, BT i Mg
Sr, 2 WRA, KATERO, =—0,
BEEE E,

2

E, =Y E, =*nl, (cos20-3cos’ 0) + Lo nM, (1-3cos? 0)  (1.2.15)
a a

n is

Hv, a AFRIVER, LA M, SEET R TFH n X, b TR

n-1 __ n+l n-2 . n
Ear s 2,0
L= Y ) =y 2 p ek (216
S n2j-1) = n(2))

L, ZIGAAMEA 0, 2, 4+« DERAGHEFESKFT; M, REMHE R 1, 3, 5+« BRI
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RS BB £ RS

WEFESRAN, BEEEA:

E=E, +nuH cost (1.2.17)
-] aE A /\ VA= -
E55=m H4 0 =0 FE/HF S

M
6

H, =—'L—l3—(6K" —4L)="25(6K, —4L,) (1.2.18)
a

T DAE tARYE BREE R T 1 B (VS AR 1 7 [ SR He 1E B T AL s L
B Her=0,

1.3 REMEGIR 451 R A 454

TERTTEIRRAT R IHR T 4kRa ik O DUF A &, BI: ZCHRAE, Thdh & 10 R RE,
SERL ARG, O E— R, fEXPUR AR R ROFEAL b, TRATIHE T BRBGHER
BIIRE AT H o AT, T T RZHERT, HBHREMEEE]. RFEAIIFERE
B, FaSE IR — R R XT L T4RMEAA v 5 B e BRROIR MEDIR A« 35 BRI T051
REH BRSNS  HPE ], BLACHe R AR & & 10 R AR IR/, T B R B R E R
Be S A TE R RLAR I — A B REAL T 1. PR T RARR AT 7= B RERE, Do T BEuk
—SBIERG R, R EAWBIS. R, H—7E, BARSTERK T IEMR
g, (BRI TISREMEINT — AL E-HVSEERS, PRI T LR O0E. BRARAIWEEE
AR L3 4 YR8 T A RL R ERE O FEAR AR /D o

1.3.1 FEBEEEH
TEBATEANE LR TR A 451 .

1. ZR0E
xﬁ%: 2K"2 o1, BT B P O, BRI A, AL
d M

RS, BORDE, REEE, TAIGRCHSRE. WE 1318 Y.




;‘g__

Bl

% it

Kooy #1 Enz t18 T 4 REEHERERE ©.

2
E, :ZﬂMSZD(M) + 2 8 Dy s sinz[%[l+M£H[l—exp(—27ma)]

Mg 1+u 7 a = s
| (1.3.1)
M W"W o Ry )] oy 2 LY
/\I:FIM =I/171+W2’ I/Vl’ Wzﬁ\ﬂUﬁ%Eﬁzz%ﬁE7 D%#%EE’
N 1 2
a= D\/;
W+,

%%%%%oﬁ,m:m:w,%;o,ﬂD»Wﬁ,Eﬁ%%
S
E, =1.71x107 MW .

R

B

BREER/D, WLUARRERET, UHEEELW =

FORWETLE W S WEEER B y FIAPRIRE R IS D 2. T y SR R e B %
EHFAEERHER. FiUw REMESE A4, M, KFERE DB,
2. W&k
W& LI 1315w, &K SR SRR A W TR R N S, 4
HETREBUZ N . B AR SR 22 FIB 0 e R RS, &
HE P BB A
NTF K, >0, SHACHR[100177 7 M35 B kg i . BEms3E B Rk 75

p=_2_ | 2% (13.2)
ﬂ1100] G,

HA, Ao AIL00VF MBBUNGE RS C,, WA RS S,

3. D ECIREE

I3 BOR S AR KSR P B 1P R T BB — RS . 2R BTN, T
MRS DL N B BARE . TIZERPY, b TRUNBEEERE, ST IR, X
IROERER th b PRI BR R Y, LR 50T 820 5 BAL 7 1 8 H G 26

EWoF
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R G BT I R 3

R, R BACKSERTE, LEEHE T BRI, ME 1310,

1%Mnﬁﬁﬁ%%%ﬁﬁ7#%%ﬁﬂ”ﬁ%ﬁﬁﬁﬂ%%iﬂ@@mﬁ&
KRR R (B 1.3.2 (a), (b)) FI=gE4 R (B 1.3.2(c)). MRRLTT R L5
ABOEFET U A BIARAMEE, FEREREGN (LI AR B PR SE R 2 AROY
7 E@%%% h¢ AP BREALTT TR 58 R o

B 132 BRSSO R ), 0) N =%k ™
S B SRR, RAEWA ST, HESBRR AR, HE,
TESIHT BARRER, FE— @ R4 T s IR ) 1L
75 AR P A SRR 702 TR T RS B B A48 T S8 £ W BE
fs, 5P LR, RS RRNRRAE. T — RN D
RIS FT, RSB G SRR AR B RE RN -

€y =2 j (7, /W (2))+ F,(dW (2)/ dz)’ ]dz +2C W (1.3.3)

Hrh00° RAEMBEE, y, REEEEE, FHCHHANGRIBHRERE
2 BRETHA AN, mEHPOITETHE, F SHAKER D RS R RER
M RR:
F =05K,/u* (1.3.4)
Cy =0.136K,, /(1+Ju*) (13.5)
P BRESRS % SRS R SR, =1+ K, /K, s PR IRR
W B HEISL T Sk, B ur=1+K, /K, . WEBEAKEERERILTRE, 7
u*=1-3K,/2K,, K, AILTTEERE R

20



B %R

i (1.3.3) Ak, ATUBRBER Sy, , FURCHIKR. MM
v

JEEEARFERT, RS TR W MABR ST EE W, 4055, FOBLIBEBE AN AL 0B BT

W = /Dy, 12C; (1.3.6)
%#%Eﬁi?mwymzéﬁmEH@J%ﬁ¢%%%%%E%éﬁm,
FORBEZEE AL, DI/ MBRERE. B3R W, LL D B

w, =3J(4D* 1% Yy, I F,) (13.7)
T2 T 38 7, AR RS

Ws =4y, F,/Cg (1.3.8)

1.3.2 BEEEZEH

FEREBE T R LR, B A ARRERE I REAL SR 7 R Al B B EEE —4
TELAN 10° BT RERSER R, FROBEE, XAt RIS N SR E
B/NRIR, 1HE—E MR T . TR S AT MR, AR
W5 B RBGAGTRE T M RIS TERA R AR . —RAMSERAH 180° BiE. 4
Wi BE T (U B ) B R BGAGSR B R B T A2 180° , T2 90° , 107° ,71° 4%,
SRR 90° BEEE, FENIHTMAT, WTK, >0M&E, BB M R&[10017
6}, SHIL90° RABEEE.

FRAR RS P I REAG IR B M 235 35 ) SIAR AR P RE W R R MK SR B 5 1)
. A 1.3.3 FiR.

Bl 1.3.3 WissEER T BiEEEEATREE
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PRI FTIE R

m%%&*mﬁﬁﬁ%%ﬂﬁﬁﬁﬁ,%@ﬂ%ﬁ%ﬁ%ﬁ(mmm55m
2R (Néel) BE.

Bloch B 45 R 75 1t P 1 PR b SR 2 AR5 AT T WEBE 1, 7EWREE ROE H |
P I, RU7E SRR B R B IR . ST RS E, TR
JERE D HLBSEE (I BT 6 K55, WEBESPTH A MRE AR TR/, IXFF, BRI
RS IR, (B R RLAE T LA RS AN o TR R AR AR A B
B B TAT R HEE . TOS FERES, TR R D By, FERREESHE MR
T 93 AR oA I B R RSN AR 2R T o 24 S JE B/ B — e KR I,
BER R L Neel B, BIRGSEPAT FHBREZE DR X, ik T RE
mﬁmﬁipMd@ﬁﬁ%%ﬁ%,%ﬁ%ﬁﬁ%ﬁD¢?%@%EE5ﬁ,
AP L Ndel BE 40,

8 T W EE ) B BERT R A AR INE B AR, RRTEREAWREE Y, WiKE
B I I, A AR S 1 B R R A . T 180° Bloch BEEERIWREERE y

FOBERE 55 6 W] 5 Al

y =4 4K, (13.9)
o=rm A (1.3.100
Kl
AS? e ke
Hep g = Pl a BN R EEL, A RIS, K A& R

y = (k e XKJ (13.1D)

Hep 7. BRI BIREE, k, RPURERHEEL

1.4 BEPESKR S % 5RAE

TERGVE QR SRS, WMHEPKEERITHE SRMLRFEFER, &
BEEENAZNLN. X—%, BIBEENBEBREENAETHITRIME
SKEI BRI G . FENBABRKRAIEH, BERIETTVE.
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1.4.1 REHEGK SRl 2%

SHFREMESK ST S, ST R BE SR RS MR, BT
(R AR, B%, HREEEEET (<10°mbar) RGP HI%E ik
. TE, B TEERgkESREN S, BmETHRhES THEESERIEA
. |

HAT AT HRSE (MBE) AR EFHRE RS (VI-SPMD /RIETHER
JR¥M (SMOKE) BEEERZ (B 1.4.1) RHBEE Omicron AFAFH. K&
REGE - ERENESEZYS, AEIWME. 2 T7E. KA EENETRAR. X
i, MR 549 FRIEFIENIFRERA, THERRESERTE 10%mbar. BTE
FERFHEFAEABRE, BNREAERFE 2.0X 10" 'mbar A7 .

DT RAEFA R —FERERMN G EESETHRT, ZRERAR
FEHE HETAE Im HESEHWRFREAK . SRS T RIME SR

K 1.4.1 4% [E Omicron 2 & 4= K14 FRAME (MBE) ARR R ERE

PRI B M S . MBE FZERERBS AP #EEMBTRER.



PR E TR

ABRNEES TR AME, LEWNE 142 ir, 815 1. BREDRAH
(PBND 48, ATLUAE] 1500 CHIERTIA R 2. MAAHEFELZ, EH¥d
TafHlA: 3.  Ta MURMI&BFR, ATLMEHSRBSMmE; 4. BB, WEH
BEURE, n_E—ANE AU AT DUBES T N Ta 22 1 IR SR RIZE K KR .
FEVE TS 7 4R A EL A B4R, FA LU S ZE R I IA) o ZEIH RS T ARG v 2R 7K

£, A DLATEYEH, WX B ERENRESN . AERNERIFEFELA TR
KV FE MR A BN Pb. Mn. Al 2. XHTREEERERME, LU Fe.
Co. Ni (FEREBEL 1000CLLE,), HHARZRFES LABENBFRELAE

FHERE, M—BRARTFRERE, ME 143. ZTEREN: BT
LRI TR, GTRAO B R 2 R IR BB AT b, PR
SERER BN, BB RS BN R REBAT KV . Bk, WP ARG AT L
T IR RS . W TRRZERYEL, WLUNMER, BERteBE
G E 2, MTREERHERYF . HEt s T RN R E
WA A RGUHE, PEEREK.

& 1.4.2 Knudsen-Cell ZZRIEHMEH = E

S /‘ |

v DA Y b
gas inlet T I -.
itiar ! =
R = ey
V7
flux

colfector S\ WP o }’ feecitrough
g F L EER |
—‘f—/‘l/fl‘r‘—'"‘/ () o . stutter
. ,%(“Q-'\‘F ” T vilfoge 2 achuator
¢ b eeditr
@’f‘ﬁ‘\""ﬂ‘ o cytinder f dlekdrode
‘ ’ facunsing \)J)J)’UJ))
shutter ' fens 50 mm
o

K 143 BFRZERBENGHRER
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1.4.2 BEHEGURGHRITERRA

R T8 8 BATEIS M50, Ak R TE R R IR SR 1 M0 562 B
2o MOMIEGORMEITESTEE R T RS KE AR E EEN—2 . THEEA]
BRI S R SURAE I HREE BB, [T ) BB R A R e SR
LR RAE R 7RIS, =BERTIHEMRANA

H#%E B8 (Scanning Tunneling Microscope STM)

AMREBMBENYEEMERTRERN .. 4P SEE AL ERIT
f, BTE—EMETAUFES2A—NSRERES - WE 144,
K &Rt SRR AR EER, THNETEIEERALE.

8} macroscopic scale; b) atomic scale:

unneling
voltage

i ®

Uy

seanning
direction

K144 AHRBREEHEREREE
RARREEF SN XN VHRE, WREBRRIS VEWTXA:

4ﬂe,[b[fs(E —eV+6‘) fT(E +8)]Xps(E eV+g)pT(EF+6‘1M| de

(14.1)

Kok £ (B ~eV +8)s ps(Ep—eV + )W f(Ep +6), py(E, +6) A BIAHE
B, SR T AR AR T AR M USRI, SREEERE JH%.
Mg A 0.1 nm B, TERAE—ABHIISAE. STM BRI T S0 Rk
SKARIRE 5 O E ETE S
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R BE Y EE i 1 R 3

@) i View

Voltage

1.4.6 (a) Si (111) 7x7 REHMREE. (b) =R X adatom I rest atém
BRI REREERE . (c) (8 nm x 8 nm) Si (111) 7x7 REEFHE. (d) (8 nm x § nm)
rest atom ] mapping.

STM B3 55 —/~ sL il B8 2 & o] LU 2 #iB% 18 2943 (Scanning  Tunneling
Spectroscopy STS). HHF7E STM TAEIFEH, FEIE FBIRIE bL T4 m 3 oK i fial
WEBE VEEAMBEFEZEERS, o (140, RERETENSEEAR
A, 8141 XX WE BIRMS, MATRRES BT

dI

Wocps(E —eV +¢) (1.4.2)

M ERATU A EHEY, #oaSELTFHERROMNBTEEE. ik STM &
SRR LA EPET PR, FURIA STS Hinl LLSEIsL =% [iif T 51 F 58
FERESEEI L. B 146 BERIMESEZET, 4 Si (11D 7x7 BHREK
B R T (rest atom)fi§ ¥ 3550 mapping.

HAPE-08V B, EEBETRILE THE®RPE, MINKETFIRE. XEKE
EIXPIRRF RGBS 0.8V

BT B M B14E (Atomic Force Microscope and Magnetic Force
Microscope)

fE FEIAET, B STM BB EERHERNPE, [ERSLALEH
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BB & ®

MR X BRATEAE B BT B (AFMD, BT
PSRRI R BOTE S, 72 AFM &, FIST U 5725 d R L fgssind b
R EE MG o B 5 R 0 2T 1 1 P B T MR o IS
WRSHER RS S, TRERSRERS, WE 147, BFRESHAZ
IRVHEFL A PR A FL/R B 7 AFM 45 BEfbist R A=t . 7 Bt o,
B RHAN, RIVSEHRE OB, (0 APM 0RBH A5 LR EE

B— BB, MR RN, EREER P, AFM MBI
LR ES . SERMETRAERIRS) . ERE SRS,
H T AR LA F D T S B RS BAR R R A B o DX SRR B AR R RS AE
RMES, RATLVERNREEER. ERREAT, B ERNGEE
ANEEP

Left-right  Detector and Angles

Laser baam

Cankiyer

| K 1.4.7AFM 7R E

BHEAEMEEMRET, FENEROEEHCI L. B g, RINAE
ATELERE L NEN RIRES, T B Wi R m R E . mE
1.4.8(2), B s RSB RIEREGREN WS M. YEETEELEmN, &
TR AR 1A% . TS BN RREE R, ERADRAEZ NI, A
WER G A EHF. EEBERBESHN, BHESAERIHHR—B&. &
Z, AeBREERRIN (LEMmE, MEIERISIIER, B3, &5
A, B 1.4.80) MBI T Co gk A, B 148C)FM)RERRBERT
09 Co 9K mie EATATLUER], MM TEAEXT S, BRI )P
IR %

IR ILATIE AFM BB TR ERED CBH R BRmrEe, Marimst
SR SR THAH EAE R D B T L T0R B M AR SR T, B S E

27



TR BT RS

710 MEHHAR T AR A IR WA /R KB E, FTARATT LB

i el

e

K 1.4.8 ()71 #%. (O)BEMAERT (250 nm x 250 nm) Co gk EEgi. (o)
ZEE T (50 nm x 50 nm) Co Gk TSR, (&) ERERT (250 nm x 250 nm)
Co #K R TES.

PREF BT B B ERE R RS M W 1.4.9 R AR T8 Hitachi 40
GB/3 inch AL _FRAVEARBIRDESUMBAL I . RIS T A vEd A

B 1.4.9(a) (2000 nm x 2000 nm) Hitachi &, (b) (2000 nm x 2000 nm)
TSAFIRLEE R . (c) (2000 nm x 2000 nm) FEZ5H .

PREL R O ST BE ST, A BIE B A RYEGURBRLR TR, TR — LSS A A

RECE R, (B T MPM ROEREEAE AFM #RAT L9 b — BRI, ALk
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BT &R

MR ”E“H?l’] S[E| AR EH AFM /MMREZ, B RF 50 nm,
KT HEEI RSB REA, BNEERKMNESGERNRARSG T, H
Labview m'5 T — /N EHEF. W& 1.4.10,

7

& 1.4.10 Labview BRI HIFEF

{REEFTFATS (LEED) MR TATS (RHEED)

BT B R A, 2 TS BRE R R, A R R T (R
FEE A P R 2k b B A AR R B . MR T RS B T E AL E ST
B, BIRMTEMEENSEHER. EREFEMT, X R R AT
IO, AR B T AT AT AT 4 8L BN SRR ISR .
rRE L, ATRESTFBERERR. FUATHRIELEDFR, BFERT
W TR RN SRR A R T X, WM RE SR REER.
S THERETREMEBNES, RFEAFEASNHEPEFESEAET. B TR T
BEEE RS A LR BN, FTClEF RIS BRI G R R i T RIS — R
No FH4b, Hﬁi)\ﬁa‘ﬁa?%ﬁ%‘éﬂﬁﬁﬁﬁcﬁa, BB, FTHUTHREA LD
B R EBRHARE— 8, MR & “487. W 14.11.
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PRBEE BT R

Fluorescent screen ) Detector/CCD

Eiectron Gun

_ Sample . .y

7 . ' § "‘“?{-ﬁﬁ. - k.

Electron ,
gun £
\V N _
> Sample Holder

1.4.11 fiRAEFETAT S M BYAN & BE LT AT S M B s R TR

R TE/RMN (SMOKE) g 7

TEATHG, @mRBUEMS BRI E RS, SMOKE 3 2 NH TGk
SN ES . NGO BV, BRI R Bt R S T ARl B e
EMHEAEATEN . L—HSEN TP EER, SCH B RESZ WA B b T
Mizzh. ARG AERTFRIAREE), AiRRBF-ERTHARES), HFH,
EIEER ARSI A FIELZAMR .. BEMSERTHRT LB, BTF%Ee
Z IR R A B LR N A R E LR R, TR, FAETAEER
WA, TR T BRI MR, XA 56 /RN . MR SRRE R
B M 5 AHEMAEAAFAENEE, FRBNEZFEE: (1) RIERER
BN — MR R & MO BUF IR BN 5T R AN (2) B LR —M
5N AT TAT, BERETEM ST TR (3) A FURN —M BE
FATTAFERE, SCPATTOOAS N KRN . mE 1.4.12.

NN N ]
M oM — M x y

Bl1.4.12 (a) IR FERFR, (b) BEFTE/RBN, () AT /RN REE
MR- RIKE 2 1l H— 3= 3R R R

1 Q. —iQ,
g=¢g-i0. 1 i0, (1.4.3)
i0, —iQ, 1

Hrbe AT, 0=(0,.0,.0.)%N Voigt RE, E—MEMT, 05k
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B—E %R

BRIE M RIELL, TR 0=0. EXEHCCRFEMAN:
¢, =1y 1, =EJ/E, (1.4.4)

EREEAHT, BEGEESMEKIIZ, TRE: Y nd <<, W

WA FRA SN TSR IR B, 7T AS b 5 R

n,cosd, —n,cosf,

.= (1.4.5)
g n, cosé, +n;cos,

. _ 4x n; cos g,

” A (n,0080, +n, cosf,)(n, cosf, +n, cosb)) (1. 4. 6).

2 ~(m) . (m)
x (cos.Q,deanz +n,n,;sin6, Y d,0"")
m

Hefn . n, APHE, 0. 0, WIFEN TINS5 SR REFH M, B
<um>ﬂﬂ@%ﬁﬁﬁ%@ﬁ@}ﬂ@gﬁﬁ%ﬁ%ﬁ%%ﬁ%,ﬁ%ﬂ*
WiAEREYE R . Fh, 7ERMEBERTIRT, SRR QEAEERT,
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T SRR

3.5 4R

BAIZE Po/SINDHE LB REEH B S &H 4 Co FRRESH
HE—4E Co KBS I AL IS T8 BT ERRATEgK S5 & BT,
BATEMEEMIIES T, Co 4kAEaM FEINTH BN, R
JGTL IR I R AT T 4k Co kSRS, #E—4E Co JKMES AR
T H s SR T, L2 DA AR k. Bt —2D i, FATEY Monte Carlo
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TEHBING BRI R, BEBR T SuE RIS, E25IA
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B RER R Ot H T
1. — SRR v B s [l R R 7
DOUBLE PRECISION K1,K2,AF1,AF2, KU MS.H,DELTAE , MSTEP
DOUBLE PRECISION E1,E2,RAN2,AAF1,AAF2,BT1,BT2,Mx,MzN1,N2
INTEGER HSTEP,IDUM
PARAMETER(PI=3.14159265358979D+0)
OPEN(15,file="CoSi.dat',status='unknown')
IDUM=-91819
MSTEP=10000
MS=1430
AF1=PI/2.0
AF2=T7*P1/4.0
H=0.0
K1=-1.4D+6
K2=0.72D+6
KU=1.7D+5
N1=54.74*P1/180.0
N2=45*P1/180.0
WRITE(*,*)PLEASE INPUT BT1,BT2'
READ(*,*)BT1,BT2
BT1=BT1*P1/180.0
BT2=BT2*P1/180.0
DO 2 HSTEP=1,1000
M=0.0
DO 1 K=1,MSTEP
AAF1=AF1+(2.0*RAN2(IDUM)-1.0)
AAF2=AF2+(2.0*RAN2(IDUM)-1.0)

EI1=K1*((SIN(AF1)**2*SIN(AF2)*COS(AF2))**2

78



B 76 Si (11D HELAASVUR Co BBKRMPI S 71

+(SIN(AF1)*COS(AF1)*SIN(AF2))**2-+(SIN(AF1)*COS(AF1)*COS(AF2))**2)
+K2*(SIN(AF1)**2*SIN(AF2)*COS(AF2)*COS(AF1))**2
_KU*(SIN(AF1)*COS(AF2)*SIN(87.55*P1/180)*COS(136.73*P1/180)
+SIN(AF1)*SIN(AF2)*SIN(87.55*P1/180)*SIN(136.73*P1/180)
+COS(AF1)*COS(87.55*P1/180))**2
+2.0*PI*MS**2*(SIN(AF1)*COS(AF2)*SIN(N1)*COS(N2)
+SIN(AF1)*SIN(AF2)*SIN(N1)*SIN(N2)+COS(AF1)*COS(N1))**2
_MS*H*(SIN(AF1)*COS(AF2)*SIN(BT1)*COS(BT2)
+SIN(AF1)*SIN(AF2)*SIN(BT1)*SIN(BT2)+COS(AF1)*COS(BT1))

E2=K1*((SIN(AAF1)**2*SIN(AAF2)*COS(AAF2))**2
+(SIN(AAF1)*COS(AAF1)*SIN(AAF2))**2
+(SIN(AAF1)*COS(AAF1)*COS(AAF2))**2)
1K2*(SIN(AAF1)**2*SIN(AAF2)*COS(AAF2)*COS(AAF1))**2
_KU*(SIN(AAF1)*COS(AAF2)*SIN(87.55*P1/180)*COS(136.73*P1/180)
+SIN(AAF1)*SIN(AAF2)*SIN(87.55*P1/180)*SIN(136.73*P1/180)
+COS(AAF1)*COS(87.55*P1/180))**2

+2.0*PI*MS**2* (SIN(AAF1)*COS(AAF2)*SIN(N1)*COS(N2)

1 SIN(AAF1)*SIN(AAF2)*SIN(N1)*SIN(N2)+COS(AAF 1)*COS(N1))**2
_MS*H*(SIN(AAF1)*COS(AAF2)*SIN(BT1)*COS(BT2)
+SIN(AAF1)*SIN(AAF2)*SIN(BT1)*SIN(BT2)+COS(AAF1)*COS(BT1))
DELTAE=E2-E1

IF(DELTAE.LT.0.0) THEN

- AF1=AAF1

AF2=AAF2

ENDIF

IF(K.EQ.MSTEP) THEN
Mx=SIN(AF1)*COS(AF2)*SIN(BT1)*COS(BT2)
+SIN(AF1)*SIN(AF2)*SIN(BT1)*SIN(BT2)+COS(AF1)*COS(BT1)
Mz=SQRT(1-Mx**2)
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PRINT* ,H,Mx,Mz

WRITE(15,3) HMx,Mz

3 FORMAT(1X,F20.10,F20.10,F20.10)

ENDIF

1 CONTINUE

IF(HSTEP.LE.200) H=H+3.5

IF(HSTEP.GT.200 .AND. HSTEP.LE.600) H=H-3.5

IF(HSTEP.GT.600) H=H+3.5

2 CONTINUE

END

*random number generation*

DOUBLE PRECISION FUNCTION ran2(idum)

INTEGER idum,IM1,IM2,JMM1,JA1,JA2,1Q1,1Q2,IR1,IR2,NTAB,NDIV
DOUBLE PRECISION AM, EPS, RNMX

PARAMETER (IM1=2147483563,IM2=2147483399,AM=1./IM1,IMM1=IM1-1,
[IA1=40014,1A2=40692,1Q1=53668,1Q2=52774,IR1=12211,
IR2=3791,NTAB=32,NDIV=1+IMM1/NTAB,EPS=1.2e-7,RNMX=1.-EPS)
INTEGER idum?,jjj,kkk,iv(NTAB),iy

SAVE iv,iy,idum?2

DATA idum?2/123456789/ , ivINTAB*0/, iy/0/

if(idum.le.0) then

idum=max(idum,1)

idum2=idum

do 100 jjj=NTAB+8,1,-1

kkk=idum/IQ1

idum=[A1*(idum-kkk*IQ1)-kkk*IR1

if(idum.It.0) then

idum=idum+IM1

endif

1f(3j7.1e.NTAB) then
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iv(jjj)=idum

endif ‘

100 continue

iy=iv(1)

endif

kkk=idum/IQ1
idum=IA1*(idum-kkk*IQ1)-kkk*IR1
if(idum.1t.0) then
idum=idum+IM1

endif

kkk=idum2/1Q1
idum2=TA2*(idum2-kkk*1Q2)-kkk*IR2
if(idum?2.1t.0) then
idum2=idum2+IM2

endif

jjj=1+iy/NDIV
iy=iv(jjj)-idum2
iv(jjj)=idum

if(iy.1t.1) then
iy=iy+IMM1

endif
ran2=min(AM*1y,RNMX)
return

END

2. BXRBERICGIEREF
PARAMETER(N=400,PI=3.14159265358979)
DOUBLE PRECISION H(1:N,1:N), G(1:N,1:N)
DOUBLE PRECISION FF,KS0,KS1,KS2,KS3,DEN,DIS
DOUBLE PRECISION NXX.NYY,NXY
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DOUBLE PRECISION GXX,KXX,GYYKYY,GXY,KXY
DOUBLE PRECISION WIDFHEIF,FAC,S
INTEGER P1,P2,K1,K2,M1,M2,1.1,1.2,Q1,Q2
WIDF=0.5

HEIF=2.7/256.0

FAC=(HEIF/WIDF)**2

S=N*N*WIDF**2
OPEN(15,file="-50min.txt',status='OLD")
OPEN(25,FILE=FT.DAT' ,STATUS="UNKNOWN")
OPEN(35,FILE="1mage.DAT',STATUS="UNKNOWN")
OPEN(45,FILE='SELF.DAT',STATUSZ'U_NKNOWN')
DO I=1N

DO J=1,N

READ(15,*) H(1,401-J)

PRINT *,1.J, H(L,J)

ENDDO

ENDDO

DO I=1,N

DO J=1,N

WRITE(35,50) 1,j,H({T,J)

50 FORMAT(1X,15,15,F15.5)

ENDDO

ENDDO

NXX=0.0

NYY=0.0

NXY=0.0

DO K1=-N/2,N/2-1

PRINT *,K1

DO K2=-N/2,N/2-1

DIS=K1**2+K2**2
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TF(K1.EQ.0.AND.K2.EQ.0) GOTO 100
GK=0.0

GXX=0.0

GYY=0.0

GXY=0.0

DO I=1N

DO J=1,N

M1=1+K1

M2=J+K2

TIF(M1.GT.400) M1=M1-400
IF(M1.LE.0) MI1=M1+400
IF(M2.GT.400) M2=M2-400
IF(M2.LE.0) M2=M2+400
KS0=(H(I+1,J)-H(@))/1.0
KS1=(H(M1+1,M2)-H(M1,M2))/1.0
KS2=(H(L,3+1)-H(I,1))/1.0
KS3=(H(M1,M2+1)-H(M1,M2))/1.0
IF(1+1.GT.400) KSO=(H(1,7)-H(L1))/1.0
IF(J+1.GT.400) KS2=(H(I,1)-H(L}))/1.0
FF=FAC*(H(LJ)-H(M1,M2))**2/(DIS)
DEN=DSQRT(1.0+FF)
KXX=KS0*KS1*FAC
KYY=KS2*KS3*FAC
KXY=KS0*KS3*FAC
GXX=GXX+KXX/(DEN*S)
GYY=GYY+KYY/(DEN*S)
GXY=GXY+KXY/(DEN*S)

ENDDO

ENDDO
NXX=NICHGXX/(4*PI*DSQRT(DIS)*WIDF)
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NYY=NYY+GYY/(4*PI*DSQRT(DIS)*WIDF)
NXY=NXY+GXY/(4*PI*DSQRT(DIS)* WIDF)
WRITE(25,90) K1,K2,GXX

90 FORMAT(1X,15,15,F15.5)

100 CONTINUE

ENDDO

ENDDO

PRINT * 'NXX,NYY,NXY',NXX,NYY,NXY
END
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