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Dimensions ! D=4{I)nm J ' ' ! ! i
B . D=20nm -
=r . -
g - ..c 5= 20nm .
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/ : Nanomagnetism \\\ E . " %oglllex G D=10nm
/ A o =
(9]
= o) Transverse =
perfoct Higher - o Wall |
;ndde@cbgns gfﬂm T L - o BV T B
External field (kA/m)
| d, | SETEEE 2.5%10-1
| de A E (RS E ~10-1- ~1
| dey RKKY{EFIsE B ~10-1- ~10
. d. R R <t 10-10*
| DM BRI ~1- ~102
D, B ANBEIE R~ ~10- ~103
5 o W ~1- ~102
b, REKE ~1- ~102
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Nanowire growth principle in vapor-solid method:

/) Bu it is commonly accepted two dimensional nucleation
probability on the surface of whisker ig:
] o] 9
¥ h -] Powder PN = Bexp(_ m)
v B-constant
:};]EJ%L?JFE nanopartiel® -surface energy of a solid whisker

k-Boltzmann constant

§§:¢ e T-absolute temperature
Q

a-supersaturation ratio (p/p,) where p is actual vapor pressure
and p, is equilibrium vapor pressure corresponding to T

3D growth > 2D growth > 1D growth
powder thin film nanowire

Younan Xia, Peidong Yang, Yugang Sun, Yiying Wu, Brian Mayers, Byron Gates, Yadong Yin,
Franklin Kim and Haoquan Yan, One-Dimensional Nanostructures: Synthesis, Characterization
and Application, Advanced Materials, 15(5),2003:353-389 (8834)
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Fe (A2)
Paramagnetic : Im3m
Ferromagnetic ; 4/mm'm'

Moment Direction : [001]

Ure = 2.218 pp/atom
T, =1043 K
a =20932A
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Landau-Ginzburg free energy for non-centrosymmetric magnets (B20 structure):

© F(r) =3 A(S2 + S3+52) + bS - (V x S) +3 By [(VS)? + (VS,)" + (V8,)2] +

1 as,\~
1p (_x
2 2 dax

————————————————————————————————————————————————————

! - Exchang-e ! Dzyalos}.unsky \  Additional softenmg of the amplitude of
; interaction L —Moriya B the magnetization |
! coupling term i 1 dnteraction | TTTTTTTTTTTTTTTTTTTTTTTTTTTTTmmmmmmmemmees |
Near Tc, free energy is minimized by periodic structures B, <0 kis parallel to (111)

1 _ . o
S(r) = ﬁ[sk exp(ik - r) + Spexp(—ik - 1)] B, > 0 Kkis parallel to (100)

1 2, N 2 2
F(k):EAlskl +lbk'(5k><5k)+§5’1k |Sk| +582(kx|5kx|

+ K21S0ul? + k215,12
1
F(r)= §A|5k|2 + 2bk (|ag || Br|sin(ax™Br))cos(k”(ay X Pi)) + -

-15 -1 -05 o 0.5 1 15

1 . L1 1
F(r)= EA|Sk|2 + bk - (S X Sp) + §B1k2|5k|2 + 532(k§|5kx|2 et

1 ) 1 1 ) 9
2 2 2 2 2 2 6
+ k2[Syy|” + k2|Skz1?)

P Bak and M H Jensen, Theory of helical magnetic structures and phase transitions in MnSi and FeGe, Journal of Physics C: Solid
State Physics, 13(31), L881-885
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05 S . B B,
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940 -\\
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‘ < A-phase
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2-dimensional systems (2)
3-dimensional systems (5)
Carbon-based materials (3)
Applications of soft matter (2)
Atomic & molecular structure (2)
Cold atoms & matter waves (2)
Spin-orbit coupling (2)
Dizordered systems (2)
Elecironic structure (4)
Spin-orbit coupling (2)
First-principles calculations (2)
Interactions & forces (2)
Magnetic techniques (1)
Magnetism (7)
Magnetic texture (2)
Spintronics (4)
Mathematical physics methods (2)
Methods in magnetism
Micromagnetic modeling (1)
Phase fransitions (3)
CGuantum theory (2)
Resonance technigues (2)
Structural properiies (4)
Superconductivity (3)
Topological materials (4)
Transport properties (3)
X-ray technigues (2)

Bk B TR — MR K =4 iR e 45 1
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Yu, Nature Comm,
3,988,2012
Joietz,Science,330,2010
Niklas, Science,341,2013
Mubhlauer, Science,323,2009
Albert Fert, Nature Nano,
8,2013
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Name Mn % Si % Relative Mn:Si

S
1

(from outside to (atomic) (atomic) composition

First band (scattered

Second band

(Nanowires plus

scattered particles

Third band

Nanowires

(c) (d)

Inner band

Continuous film
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Chemical vapor deposition (Mn
powder touch with substrate)

Chemical vapor deposition (System
open to air)

Details of nanooctopus prepared

Nanowires favors growth near
melted SiO,
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Home-build tube furnace chemical vapor deposition

syste m
- Software controls flow

0-5slpm

. Flow
controller
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lDDD—D DDDl TDrr ol 1
Pressure ol J
mEter [I) ; 1‘0 1‘5 2‘0 2‘5 3‘[)
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A F1irm aco ‘."al\.re 1000 [~ -8— Trus Prassurs 2
Ar gas Valve Tube furnace Fithunctionof T pressure ="
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Rough pump g | e
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Gas flow direction = 1 .
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Window

Substrate
Plume

Laser

Target

Condition Thickness (nm) Photo

oy Sy

e fis 60 mTorr Nitrogen plasma 307.6
Nitrogen

Voltage 3.2 kV

60 mTorr Nitrogen gas 77.48

100 mTorr Nitrogen plasma 198.9

Ground connect

100 mTorr Nitrogen gas 46.40 i\

150 mTorr Nitrogen plasma 4452 i
neon transformer

(PO“’EI‘ supplv) 150 mTorr Nitrogen gas 48.07
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Silicone Dioxide Thickness, A Application
10-100 Tunneling gates
150-500 Gate oxides, capacitor dielectrics
200-500 LOCOS pad oxide
2000-5000 Masking oxides, surface passivation
3000-10,000 Field oxides

|S' lid) +O — Si0, (solid
i (solid) , (gas) . i0,(solid)

N

Si (solid) + H,0 (gas) T— SiOy(solid) + 2H, (gas) 4



http://www.csu.edu.cn/

o] & B R —F TR B

=
o 1414}
1= —F
c —_—
x 1 -
é’ = - 1283 - 1270 —
1246/ = > || = —
12009, <1205 ~ 1237 T —
1138 l/\‘ﬁis 7 1150 ~ 1149
© oo ._.,_J?DGD 1075
e A
~
[] = /| |1040
= = N =
& E o I
© = “Un| @l __8s0
£ 800] /| §
(] 7 /|
P €/ [l
\esy | |
600 - =
12| ‘ @ =
T | d§| é I o = 2
=/ g Qa 9 (7] ?
1~ | clc c [= (=3 =
400 | s=s = = 9?’
T ! | T
0 10 20 30



http://www.csu.edu.cn/

o) 2 HY i

FTRVIEIE I\

-4 ' T
“°r —— 40 min ( ) = Lo —— 40 min (b)
EE‘[L/(HTJ‘ I‘ETJ %) —— 80 mins % 1.0x10™ —_— £130m|n
€ 30r —— 160 mins = ] —— 160 min
A b 8 5|
Ko R A 2k g ° 500
E/ 20 = 5|
fap=Al! % § 6.0x10
S 10 un S 4.0x10°f
S I T IS
i k ﬁ Mn = 20x10°f
0 7/ ! 0.0 L 1 Y
6 50 100 150 200 250 300
Temperature (K)
50 5 A e
e o
(W5l —— 1500 um
j:
w20
E Mn
=11 10 i
A3 W &S

ﬁiﬁﬁ%‘ﬂ?ﬂ]
KL FE

- —— 100um

—— 1500 um

S 30m0” H= 1000 Oe

50 100 150 200 250 300
Temperare (K}

A B[R] A A4 R YR BE B AT AR ST PR HITE S, R IR P e

DI

CENTRAL SOUTH UNIVERSITY



http://www.csu.edu.cn/

o] B Y iR

SRl k%d

CENTRAL SOUTH UNIVERSITY

FEYEIE A

AR BE X 24
KE I

12x10” F

‘e 1 Eoramiot}

=3

=3
o
]

=}

&.0xia™ |

4ox1a™ |

Normalized counts

Magnetization (arb. u

20107 |

0.0

50 100 150 200 250 300

Energy (keV)

Temperatu e {K)

AR TR B R TR T 9K 2 B R ARG 1 e


http://www.csu.edu.cn/

SR

CENTRAL SOUTH UNIVERSITY

-~
) g

FTRVIBIE TRV EACHLH] (1

Si0, + Si—>2Si0

2510 + 2Mn —> 2MnSi + O,

2Si0 + Mn—> MnSi + SiO,
Si+Mn —> MnSi

o~
& Bp[m]

—1nm
=100 nm 7
=—1000 nm

Normalized counts
T T

Mn

0 200 400 600 800 1000
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m e
3 5
m N
: 850 3
s
F 800 B
750

1 " 1 " 1 M.nSiF " 1 " 1 " 1
40 60 80 100 120 140 160 40 60 80 100 120 140 160

A B FSARTTRMNS 1 99K £ 1) 2 K AR B 31



http://www.csu.edu.cn/

FF 58 UE

Sx10 . . , T
—e—in plane(a}_ 290K
4 —s— put of plane
4x10 H = 1006 28.7 K
—_ Te=20K
f 310 2 e 28.5K
I P H T |283K
a1 | EZ__
2 o, | 280k
1x10 . 20 . . 30 - 20 n.u:g. 7 8 K
Temperature (K) '
T 27.5 K
0.4 F
f 03l 27.4 K
x |
G 02 27.0K
E 0.1 -
! 26.5 K
0.0F
ol 26.0 K
0.0 0.2 0.4 0.6 08 | s 1 i L
B (T) 0 2000 4000
Field (Oe)

TG P I B3 BEMnS 1 99K 2R 7 26—29K S A2 7E ik B 48


http://www.csu.edu.cn/

R v) B 2 fe B R P

T ASIRATRI £ K

Atomic Composition( %)
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H=10000e —=— One bump

—a— Several bumps]
00 | —

Magnetic Moment (Arb.unit)
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oo T T et ordor
—— FeGe2 prepared by 600°C 1200 Torr ]
B0 T 1 This layer could transform
4010’ - 1 from FeGe, to hexagonal
o ] FeGe as reaction
< ] temperature decreasing
4 from 850°C to 700°C with
ol A e pressure around 760 Torr.
i :
j'z'o'50'40'30'65'7'0'85'90

2Theta
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Substrate control:
Cr layers and laser ablation particles as surfactant
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Making a microchip - in six steps
1. Making wafers 2. Masking 3. Etching

“aligniy

4. Doping 5. Testing 6. Packaging

. | &

i Y L
R I

' Preparation of Silicon Wafer

Ea
6. Edge Rounding “
=]

7. Lapping

" 1. Crystal Growth

(o

8. Wafer Etching
3. Crystal Trimming ’

g and Diameter

4’ Flat Grinding y 9. Polishing
5. Wafer Slicing
g" 10. Wafer Inspection

PROCESS STEP

1. Surface preparation

2. Photoresist apply

3. Soft bake

4, Alignment

5. Development

6. Hard bake

7. Develop inspect

8. Etch

9. Photoresist
removal (strip)

10. Final inspection

PURPOSE

Clean and dry
waer surface

Spin coat a thin
layer of photoresist
on surface

Partial evaporation of
photoresist solvents
by heating

Precise alignment of
maskjreticle o wafer

and exposure of photoresist,
Negative resist is polymerized

Remtmldumolynmud

Additional cyaporation
of solvents

Inspect surface for
alignment and defects

Top layer of wafer
is removed through
opening in resist layer

Remove photoresist
layer from wafer

Surface inspection for
eich imegularities and
ather problems

Wafer

P TSR A TR R
/////////////////////////////////////

S =
///////////////////// ///////////////

b b |

S0

AT,

Wafer

LI,

S,

’/////////////////////////////////////

YU
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1. e PMMA 1min, Copolymer 1min
2. HFEFIE:1300 coulombs/cm?

3. B%¥: 35sec

4. Cr/Au BIREE: 10nm/200nm
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Fe, -Ge nanowires and Fe;Ge nanowires

Fe:Ge=2.5:1 T Fe:Ge=3:1

6
Energy (eV)

i R B 4 B
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A person's character 1sn't determined by how he or she enjoys
victory but rather how he or she endures defeat. Nothing can
help us endure dark times better than our faith.
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