Download Tai li€u, bai giang, bai tap
va dé thi cac nam trudc tai dia chi:
https://goo.gl/YjpcKk



https://goo.gl/YjpcKk
http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

¥ < Trwong PH Khoa hoc Tw nhién Tp.HCM

Q 2
2 cz Khoa Khoa hoc Vat liéu
> x
2 m 5

v S

TP.HO CHIMINH

Chuong 1:

Gi¢i thidu vé Iinh vec mang mong

Pham Van Viét
(pvviet@hcmus.edu.vn)

https://fb.comy ntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Noi dung:
1.1 Gigi thiéu
1.2 Cac khai niém
1.3 Cac Ung dung
1.4 Cac budc tien hanh

1.5 Cau hoi va bai tap

cccccccccccccccc


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

[ 1.1 Gidi thiéu J

Co6 4.810.000 két qua (0,86 gidy) vai tir khoa

GO ()8[6 “vat ly mang mong” va 23.000.000 két qua (0,38

giay) voi tir khéa “thin film physics”
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@4 % BM Vat liéu Nano & Mang méng:

@@Q Nghién cUu ché tao cac loai mang mong
c6 cau trdc micro va nano nham Ung
dung trong rat nhiéu linh vuc.

Vat ly Mang mong 4
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1.1 Gigi thiéu — Lich str

~1650:

~1850:

Observation and interpretation of interference patterns (e. g. oil on water) by
R.Boyle, R.Hooke, .Newton.

Development of first deposition techniques (M.Faraday; W.Grove; T.A.Edison) and
of methods of thickness determination (Arago, Fizeau; Wernicke; Wiener)

Commercial introduction of electrochemistry (Galvanics) for gold plating of
uniform-accessoires.

End of 19'" century - unusual properties of deposits on the walls of glass discharge tubes

erosed interest of researchers: optical&electrical properties (P. Drude, Ann. der Physik, 36(1889)532)

1927:

19301-
1940th

~1940:

~1965:

~1990:

- electron diffraction on thin films (Davison - Germer)

- practical application: high reflectivity surface mirrors on non- conducting substrates

- vacuum and thin film (PVD) techniques, devices;
- electron microscopy (Ruska);

Industrial manufacturing of coatings for optical, electronical and mechanical
applications (mostly military).

Thin film technology develops to an integral part of the mass manufacturing
processes in semiconductor and optical industry.

Thin films of High Te-Supercondugtorsg mong
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1.1 Gigi thiéu — Lich str

~1995:

~2000:

~2004:

~2006:

Thin film processing allows for the tailoring of microstructures of atomic and
mesoscopic  dimensions  (,,Quantum-Dots* by PVD, ,Cu-technology” by
electrochemistry applied to integrated circuits).

Manufacturing of nanocrystalline materials with defined composition and structure
for applications as protective coatings and in tribology. Deposition of highly ordered
two and three dimensional objects with sizes in the nm range.

Upscaling of complex reactive coating processes for industrial applications (coatings
on glass, thermal management). Combinatorial investigation of ternery and
quartenery material systems.

Investigation of organic coatings leads to the emergence of organic electronics
(OLED, printable circuits).

Vat ly Mang mong 6
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[ 1.1 Gidi thiéu — Lich sir

The pioneering reviews - books

W. Espe and M. Knoll: Werkstoffkunde der Hochvakuumtechnik,(1936)

S. Dushman: Scientific Foundation of Vacuum Techique, (1949)

H. Mayer: Physik dinner Schichten, Teil | (1950) und Il (1955)

0. S. Heavens: Optical Properties of Thin Films (1955)

L. Holland: Vacuum Depaosition of Thin Films, (1956)

M. Auwarter: Ergebnisse der Hochvakuumtechnik und der Physik diinner Schichten, (1957)
K. L. Chopra: Thin Film Phenomena, (1969)

L. I. Maissel, R. Glang: Handbook of Thin Film Technology, (1970)

H. Mayer: Physics of thin films Parts, | and Il, (Complete bibliography), (1972)

B. Lewis, J.C. Anderson: Nucleation and Growth of Thin Films (1978)
Vat ly Mang mong
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1.1 Gigi thiéu

Elements of Thin Film Science

Vat ly Mang mong
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1.1 Gigi thiéu

TOPICS OF INVESTIGATIONS AND THE CAUSALITY
Important aspect of technology: evolution of the material structure

TECHNOLOGY
PREPARATION METHOD

- material(s)

- source

i \ I
- parameters \
PHYSICAL and CHEMICAL
- PROPERTIES

TECHNOLOGY
STRUCTURE EVOLUTION
self organizing process
controlled by technology parameters
- nucleation
crystal growth
grain growth - restructuring

surface chemical interactions
phase formation, transformation

STRUCTURE

» phase state

= morphology of grains and
surfaces

» structure of crystals

= orientation of crystals, texture

» chemical composition

» homogeneity

» substrate - film interface

_.(_E _}; Relationships investigated generally === Causality
4—¢ Relationships to be understood: . |\ e rmomy
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[ 1.2 Cac khai niém ]

Mang mong la gi?
thin = less than about one micron ( 10,000 Angstroms, 1000 nm)

film = layer of material on a substrate
(if no substrate, it is a "foil")
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[ 1.2 Cac khai niém |

Tinh chat bé mat

Khi vat liéu c6 kich thudc nm = SO NGuyen tlr trén be mat/
tdng s6 nguyén tr TANG

hidu (na b2 mat <& trd nén tinh chat cua vat liéu co kich
o trgn - »thu‘c'ic nanomet khac biét so
q Ng véi vat liéu 6 dang khéi.

N'm

Vi du. trong cac vat liéu sat tur, g vat liéu dang khéi, di
hudng tu tinh thé dnh huodng rét Ion dén tinh chat tu,
nhung khi ché tao & cac mang du mong, di hudng tu tinh
thé cd thé bién mat ma thay vao d6 la di hudng tua bé

[
mat- Vat ly Mang mong 12
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1.2 Cac khai niém |

Mang don I6p va mang da I6p

Mang don I8p (Single-layer film): chi gom mot I6p vat liéu
dudc ché tao trén mot I&p dé.

Tinh ch&t cia mang dudc tao ra tir IGp vat liéu do (va co thé
anh hudng bgi tac dong tu IGp dé).

Vi du: Mang ZnO, TiO,, TiN, Ta,Oc, V,0x,...

Vat ly Mang mong 13
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1.2 Cac khai niém

Anh hién vi bé mit quét cua
mang don Iép ZnO

100 nm EHT = 5.00 kV SignalA=InLens  Date :7 Apr 2010
H WD = 6.9 mm Mag=10846KX  TIFR Mumbai Photo No.= 566

Anh hién vi bé mat quét cua
mang TiO, (Viet V. Pham, 2010)
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[ 1.2 Cac khai niém |
Mang da I6p (Multi-layer film) la mang mong gom nhiéu IGp

vat liéu khac nhau, xé€p chong lén nhau, dugc tao ra nham
thay doi cac tinh chat cua mang mong.

Anh TEM cét ngang mang mdng
da IGp
Si/SiO,/Cu/IrMn/CoFeB/MgO/CoFe
B/Ta/Cu/Au.

1¢j ﬂf-ﬂ Vat ly Mang mong 15
| pomesm c
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1.3 Cac irng dung

Linh vu’c quang hoc:

» Mang phan xa, hap thu anh sang.
» Mang loc sac.

» May anh, camera (mang aSi:H).

» Mang selen VDH cho Photocopy

» Thiét bi do luong quang hoc

» May phat laser ...

17
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MANG PHAN XA QUANG HOC

Phan xa quang hoc khéng chi dugc hi€u dan thuan & vung kha
kién, ma co6 thé ma& réng sang vung tu ngoai, héng ngoai ...

Subsirate

Protective Layer

.............. Rotation of Polarity

Magnstia Layer

fefactie Layer

o

Substrate

Protective Layer —
Readng Layer icsal [

Memon, Lager Optical Disk
Intermedabe Layed]

vt oyer E External Magnetic Field

Inialising Layer
Proective Layer

Vat ly Mang mong
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1.3 Cac irng dung J

Linh vuc dién, dién tu:

-Linh kién dién tu, may tinh.

-Thi€t bi nghe, nhin.

-Thiét bi do dién, nhiét do.

-Pin mat trai ...

- Bong den LED

Vi du tiéu biéu trong quang dién tr dé 1a: pin mat troi

Hién nay trén thé gidi da dat cong suat PMT tdi trén 120
MWp. Hiéu suat si’ dung PMT khoang 5 -6% tucng ducng vJi
cac dang nang lugng dién khac.

Hinh: PMT mang mong trén
nén polymer

ang mﬁng 19
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[ 1.3 Cac irng dung J

Conventional Solar Cell

E Electrnns‘_
Anode |

':f ; n-type | C/>

F
. Dién tr va 16 tréng duge™tao ra va lién két yéu véi
nhau.

- Dién tur va 10 tr6ng dudc phan tach bdi dién trudng
built-in tai mat phan gidi.

- Pién tir va 10 tréng (hat tai tha cap) di chuyén vé
dién cuc tuong Ung dé thoat khoi cau tric pn >
dong dién. Vat Iy Mang méng 20
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[ 1.3 Cac irng dung ]

Linh vuc tu

Cac mang lam tir vat liéu Co-Ni va Co-Cr duoc sir dung chu yéu
vao cac loai bang ttr, ché tao theo phuong phap lam ngudi nhanh vat
liéu va bay hoi bang chum tia dién tu

... Audio, video and computer memories

... Magnetic read/write heads

Vat ly Mang modng 21
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1.3 Cac i'ng dung

Physically separated microcrystals in
CoCrTa recording media (Sinclair, 1992)

S8 s o S s
e AL
:

: NP S
Cross-section

cross section

Vat ly Mang mong
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[ 1.3 Cac irng dung

Linh vuc co
- Mang Cr trén b6 phan chat

déo ctia xe hoi dung dé tang

do cirng, anh kim va chong

tia cuc tim.
- Mang TiN dwoc phu trén
cac dung cu cat got, tao do

cirng, chong oxi héa cho cac

dung cu.

Vat ly Mang mong 23
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1.3 Cac rng dung

Biomedicine

. Biocompatible implant coatings
. Neurological sensors

. Claddings for depot pharmaca

Vat ly Mang mong
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1.3 Cac irng dung

Va con nhiéu irng dung khac.......

Q Thong tin lién lac, truyén thanh, truyén hinh, tin hoc,

cac thiét bi nghe nhin, cac linh kién dién t, v.v...
Q NhG cong nghé ché tao mang da I8p epitaxy ngudi ta

cO thé ché tao ra hang triéu, thdm chi c6 nhiéu hon nira

cac linh kién dién tur trén mot dién tich vai mm?

Vat ly Mang modng 25
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[ 1.4 Cac budc tién hanh: |

Vat ly Mang mong 27
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Ngudn

\ 4

Ran, Long, Hdi, Khi

Van toc cung cap

l

v

Truyén

Tinh dong déu

Chan khong, chat luu, plasma

Trang thai dé, phan &ng cua vat
liéu nguén, nang lugng vao.

Cau truc va thanh
phan |

A 4

Phan tich

Cau truc, hop phan, tinh chat

Thay d6i qua trinh

So' do. Cac buoc tién hanh tao mang mong.

CuuDuongThanCong.com
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Cac ky thuat tao mang:

Thin Film Deposition

Chemical Chemical Vapour Deposition Physical Vapor Deposition
] : ]
— SolkGel Thermal Evaporatio Sputtering
— Electroplating Plasma I
lon Plating
—|  Electroless Plating Laser ,
— Diode
o Thermal
— Chemical Conversion Microwave Evaporation
— Triode
MOCVD E-beam
— ] : Magnetron
Evaporation

Pulsed Laser Deposition

Molecular Beam Epitaxy

Vat ly Mang mong
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Cac ky thuat tao mang:

PVD
(Phucng phap
Vat Ly)

»>Nguon: Ran, hoa hai
bang PP vat ly ( nhiét,
chum tia dién t&, chum
ion, laser,..

>Truyén: Vat lieu tu
nguon dén dé trong
chan khong cao

> Nhiét d6 de :
500°C

T, <

Vat Iy M

CVD
(Phucng phap
Hoa hoc)

» Nguobn: Khi, chat ran
de hda khi bang hda hoc,
chat long de bay hai

>Truyén: tao phan Ung
bé mat theo dong chat
uvu & ap suat khi quyén
noac chan khong thap

>Nhiét do d&: T = 900

Jz‘:mg mend 200°C 30
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1.5 Cau hoi va bai tap

o Anh (Chi) hay cho biét Vat Ly Mang Mong la
mon hoc nghién ctfu vé cai gi?

Hay cho biét cac budc tién hanh tao
mang va phan tich chi tiét cac budc tién
hanh do?

Vat ly Mang mong 31
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Anh (chi) hdy néu 5 (ng dung tiéu biéu
cua cong nghé mang mong trong doi
song? Doi vai tung Ung dung, hay néu vi
du vé loai vat liéu dung trong U'ng dung

dé?
Hay phéan biét tao mang theo phucong

phap vat ly (PVD) va tao mang bang
phuadng phap hda hoc (CVD)?

Hay néu khai quat vé hién tuong quang

dién? Ung dung mang mong trong ché
tao pin mat trdi ti€p xuc p-n?

Vat ly Mang mong 32
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Vat liéu mang c6 tinh chat gi so véi vat liéu khoi
cung loai? Giai thich? Néu vi du va phan tich cu
thé (VD: mang mong Si va vat liéu khoi Si).

Biét Si két tinh theo mang lap phwong véi
hang s6 mang a = 0,543 1nm.

a/ Hay vé cac mat mang (100), (110), (111) ?
b/ Hay xac dinh khoang cach mat mang doi
vai tirng bo chi s6 Miller & trén?

Hét chwong 1

Vat ly Mang mong 33
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1. PONG HOC CUA

VAT LIEU

Vat ly Mang mong
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1.1 Phan bo Maxwell - Boltzmann

Phan bé Maxwell — Boltzmann duoc biéu dién bai:

3/2 5
f(v)= dN /v _ amv?| - exp| — mv (2.1)
N 270k, T 2k T

Trong dé, N 1a tong s6 phan tir trong phan bo
v 1a toc do ciia cac phan tir (m/s)
dN/dv 14 so ting cac phan tir dN voi sy ting dv
m 1a khoi luong phan ttr (kg)
kg 12 hiang s6 Boltzmann = 1,38 x 10 J/K

T 1a nhiét do tuyét doi (K).... 37

ongThanCong.com https://fb.com/taili
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= =
— —

WITH A GIVEN SPEED —

FRACTION OF MOLECULES

=
LR

3

I

Lad

M

-

=

MOST PROBABLE
SPEED (o)

12 (X 10)
MOLECULAR SPEED (cm s~ 1) —

Van toc trung binh ciia khi trong phan bo:

— /SkBT /SRT
V= = N2 (2.2)
m M

Van toc ciin quin phuwong Trong do,
R kKgNa = 8,31 J/mol.K

/ 3k T 3RT = 6 02 1023 phan tir/mol: 1a s6
Avogadro

Vat 1y mang mal = MN, la khéi lugng mol -,

tps://fb.com/tailieudientucntt
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Gas constant

Values of R sl 8.314472x107%  |LbarK "mol”’
[1] wPT 'nh
8.314 4621752 [JK T mol™" 62.363 67(11) L mmHg K mol™
14 —1 —1 _ _
5189 x10 VI mol 6236367(11)  LTorK ' mol”

0.082 057 46(14) |LatmK ' mol™

1085 8775(34)  |calK 'mol™ 6.132.440(10) oK™ g-moi”

8.314 472(15) =10 |erg K~ mol™" 1,545.348 96(3) fIbf°R " Ib-mol”"
-1 -1

8 314 472(15) LI;::F’a K™ mol 10.731592) 3 " T

8 314 472(15) m> PaK "mol”] 3 1 1

8.314 472(15) em®mpak Tmor? |0-7302413(12) " atm°R " Ib-mol

8.314472x10°  |m>bark ' mol”] 1314 42 a3 atm k1 1b-mol™?
8205 746x10"° |m>atmK "mol”] . ’ v

- — 996 .9701(17) fi” mmHg K Ib-mol
82.057 46 em® atm K™ mol

_ o _ -1 o~
8478402x10° |m’kgfiem?K 'mol”' |1.986 ~ Biulb-mol "°R
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Quang dwong tw do trung binh:1a quang duong ma trén do
tinh moQt cach trung binh phan tir khong b1 va cham v61 phan
tor khac

Q” fv : ol

BI __ L
O.% 2d &_ﬁﬂﬁgr? x/_ﬂ’(?'P
ez Vv ;3"}

L

Vidu:

Khi Oxy, c6 duong kinh hiéu dung phan tir 1a d = 0.29
nm.Trong diéu kién binh thuong T = 300K, p = 1at thi
quang duong tu do trung binh 1a 27 nm.
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1.2 Dinh luat cua khi ly twong

Vat ly Mang mong 41
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Phuong trinh trang thai khi ly tuong la phuwong trinh
thé hien mo1 quan hé gitra ap suat, thé tich va nhiét
do ¢ thé tich khi cao va khi quyén

N,RT _RT
V

p= % nmv? = nk,T =n RT = (2.4)

m

Trong do,

p 13 ap suat ( N/m2 = Pa = kg.m/s2)

n 1a nong d6 phan tir

N, 1a nong d6 mol (mol/m3) = n/N, = 2,4.10% phan tir/cm? & 25°C
N,, = N/N, : 1 s6 phan tir khi

V 14 thé tich (md)

V... 13 thé tich mol & PKTC = 22400 cm3/mol ¢ 0°C va latm

Vat ly Mang modng 42
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1.3 Phwong trinh Knudsen

* Thong lugng va cham cua cac phan tu tai bé mit
duoc xac dinh tur toc do lang dong mang

A

J; 1a thong luong va cham cua cac phan tir khi (phan tir/m2.s)

Trong do:

V 14 van toc trung binh ctia cac phan tir khi tinh ¢ (2.2)
Bay gid chiing ta thé hién (2.5) bang cac thong so ning
luong, tbc d6, néng do va téc do chay cua cac phan tir khi
trong g161 han cua cac dai lwong vi mo.
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Ta co:

.J NAp

' 2zMRT @©

O pt (2.6) J. ta dung don vi 1a phan ti/ m2.s.
Thé so N, va dung don vi cho J; 1a phan tir/cm?.s, ta dugc
phwong trinh Knudsen nhu sau:

J =2,63.10% MpRT 27

Vat ly Mang mong 44


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

1.4 Phwong trinh Fick I, |1

« Trong thé ran, su truyén khoi luong duoc thuc hién
bang su khuéch tan

 MOoi quan hé giita gradien nong do véi dong khuéch tan
duoc cho boi phwong trinh Fick |

. dC
—_D=—= (2.8)
. dx
* H¢ s6 khuéch tan D c6 dang:
E
D =D, ex D 2.9
0 €XP T (2.9)

trong d6, Ep - ning luong kich hoat d6i véi khuéch tan
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Figure 8.3: Diffusion coefficient (also called diffusivity) as a function of the
reciprocal of temperature for (a) silicon and (b) gallium arsenide.
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* Vi C khong chi phu thudc vao X ma con phu
thuoc vao tnén (2.8) duogc viét dudi dang.
oC(x,t) o 0°C(x,1)

ot OX*
Dady chinh la Phuwong trinh Fick |1.

(2.10)

Giai phuong trinh Fick Il bang cach dit an so6 phu
Boltzmann
A= (2.11)

Jt

; | oC _dC 04 dC x
The (2.11) vao (210) —==——"— T dA o
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2
58°C _

va =
OX

d2c(dA) _d*C 1
D —D——.=

t
)

dx dA?

Phuong trinh (2.10) tr¢ thanh:

Chon:

;¢
dA

d°C
dA’

=—-2D

A

Trong d6, A va n 1a nhitng hing sb

(2.12)

(2.13)

(2.14)
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Thay (2.14) vao (2.13):

Ae ™ 1=2DAe“ .ani"

Pong nhat hai vé ta dugc:

1
n:2 a:E
12
d_C:Ae_E (2.15)
dA
A 2
C:Aje }%Dd/1+B (2.16)
0

Trong do, Awa Brlaweac hang so tich phdn  «
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X

g_L_
- 2JD 2Dt

Dat

Ta dugc &
C=A2/D[e“dé+B
0

X

2./Dt )
C=A | e“dé+B (2.17)
0

Tich phan trong (2.16) dugc tinh san dudi
dang bang ham sai s
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Z
Pinh nghia ham sai so: erf % j ' &
0

Tinh chat quan trong ctia ham sai so:
erf (0)=0; erf (OO) =1

erf (—z) =—erf (z)

Dudi day s€ giai phuong trinh (2.17) trong mot vai
truong hop vo1 nhirng di€u kién bién cu thé
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A. Khuéch tan giira hai mau véi kich thude
du 16n ¢6 nong do ban dau la C,va C,.
Truong hop nay cé thé xem nhu 1a khuéch tan
gifra hal ban mat v han véi cac diéu kién bién
sau é }

c, | ¢
0 C=C, neux>0 .
- |C=C, neux<0

A

C, Jt=0

0 {C:cl neu X = +oo \ :
C=C, neux=-w % C,

0

. 4

Phédn bo nong d6 theo phwong
khuéech tan trong hé 2 bdn mat vo
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Thay diéu kién t = 0 vao pt (2.17) ta dugc

C, = A’ﬁJr B
2
C, :—A'ﬁJr B
2
2 C,-C,
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Néu C,=0 thi :

C r X \ C X
C(x,t)=—2<1—erf .= —2 grfc
0= (Zx/Dtj) (Zx/DtJ

(2.18)

.

eric =1-er
2/ Dt 2+/ Dt
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Bang tinh chat ctia ham sai s6

erf (x) = %]Se‘yz dy erfc(x) = {1_ erf (X)}
T % 2
erf (0)=0 erfo(X)=——° khi x>>1
erf (oo) 1 ( ) \/% X
erf(X) TX khi x <<1 erfc(y')dy':XerfC(X)+%(l—eXZ)

dixerf (x)= %e‘xz
2

| n
|

erf(x)= _ 4 xe

dx? Jr
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B. Khuéch tan ciia hat c6 mat d§ mit 1a khong doi

Khi @6, diéu kién ban dau va diéu kién bién la:

C=C, neux=0

t=0
C=C, neux>0
Cs
—> C,
C=C, neux=0 }
t>0
C=C, neux=+owo .
o S
C.=A0+B X
0 T
/ Phan bo nong do theo
C =A 4 - B phwong khuéch tan
© 2 vao mau vo han
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Do do B=C,

A'=(C,-C,)

va C(x,t):(Co—Cs)erf(

2
Jz

X j+C
2./Dt

Néu C_=0, thi PTtrén c6dang:

S

C(xt)=C

\

(

1—erf

(ZF j

C(x,t):CSerfc(z\%j
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Figure 8.4: Diffusion profiles. (a) Normalized complementary error function
(erfc) versus distance for successive diffusion times. (b) Normalized
(Gaussian function versus distance for successive times.
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C. Su khuéch tan cua hat pha tap véi tong so hat
cua no la khong doi

Mot luong tap chat cho trude dugc phit mot 16p mong trén bé
mat ban dan, va sau do chung khuéch tan vao sau bén trong
ban dan. Di1éu kién bién:

C(oo,) =0
Diéu kién bién:

_C(C(x,t)dx=8 (2.19)

& do, S — tong s6 lwong pha tap trén 1 don vi dién tich.
« Nghiém cua phuong trinh Fick 11 (3.10) véi cac diéu kién ban
dau va di€u kién bién trén c6 dang:

S NG
C(xt)= exp| —
( ) «/ﬂ'Dt p( 4Dt)
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Figure 8.5: Normalized concentration versus normalized distance for the erfc and
Gaussian functions.

10
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Bai tap vi du
Phosphorus is added to a silicon wafer from a gaseous source at 975°C for 30

minutes. Determine the junction depth for: (a) 0.3 QQ-cm p-type substrate and

(b) 20 Q-cm p-type substrate. Assume that the diffusion coefficient of
phosphorus is 107" cm’s™ and that its solid solubility is 10*' cm™ at 975°C.

Cho biét thém: Resistivity = 0.3 Q-cm p-type or N, = 6.3 x 10'° cm™
Resistivity = 20 Q-cm p-type or N, = 6.8 x 10'* cm™
Solution

The diffusion mechanism 1s governed by the complementary error function:

C(x,t)=C en%{zr}

Cs=10"cm™; D=10" cm’ s at 975°C

Cau a) Resistivity = 0.3 Q-cm p-type or N, = 6.3 x 10" cm™
C/Cs=63x10"°/10"=63x107
. 8.5

QJ_
x;=(2.83)(2)[(107°)(1800)]"* = 7.6 x 10”° ¢cm = 0.76 um ‘o
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Cau b) Resistivity =20 Q-cm p-type or N, = 6.8 x 10"* cm™

C/C;=68x10"/10"=6.8x10"

—~_=3.5 from Fig. 8.5 (Extending the erfc line linearly on a log scale is

2./Dt

reasonable in this range)

x;=(3.5)2)[(107)(1800)]* = 9.4 x 10° cm = 0.94 pm
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2. NHIET PONG

LUC HOC CUA
VAT LIEU
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2.1 Mot so khai niém

HE HOA HOC

MOGi trudng
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Water vapor
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Hé doan nhiét - khdng trao doi chat va nhiét.

- C4 thé trao ddi cong

Hé dong thé - khdng c6 bé mat phan chia

|

Hé dong nhat- thanh phan tinh chat nhu’ nhau
Hé di thé - cd bé mat phan chia
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PHA

> La tap hop nhitng phan dong thé cua hé

> Giong nhau vé thanh phan hda hoc va tinh
chat hoda ly.

> Pbugc phan cach vdi cac pha khac bai bé mat

phan chia pha.

> Hé 1 pha: hé dong thé

» Hé nhiéu pha: hé dj thé

Vi du: Néu hé gom chat long va hoi. Thi nguoi
ta noi hé co 2 pha: pha long va pha hoi
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> Thanh phan:la hop phan tao thanh hé, ma ham
lucng cua no khong phu thuoc vao ham lugng
cua cac hgp phan khac

Vi’ du: pha khi thi gom nhiéu thanh phan nhu khi CO,, N,, H,,
He, ...

»>QUA TRINH: 1a con dudng ma hé chuyén tir trang
thai nay sang trang thai khac co su’ bién doi it nhat
mot thong so trang thai

State A State B
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HAM TRANG THAI

 La ham cua cac thong sob trang thai
- Ham trang thai phu thudc vao trang thai cua hé

» Cac thong s6 trang thai co thé la ham trang thai
nhung cling co thé 1a bién s trang thai

Vi ' du.: Cac ham trang thai thuong gap
> Entanpr (H)

» Entropi (S)

> Nang luong tu do (F)

> Nang luong tu do Gibbs (Z hoac G)

>
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Phu luc

ENTANPI: (enthalpy) ham trang thai nhiét dong cua
hé. Ki hiéu la H, dugc dinh nghia nhu sau: doi voi

mot hé nhiét dong cd thé trao ddi nhiét va cdng vdi

moi truéng xung quanh H = U + pV,
trong do U la ndi nang, p - dp sudt va V - thé tich.

Va H co thu nguyén cua nang lugng.
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ENTROPI: (entropy), dai lugng dac trung cho trang thai nhiét
dong cua mot hé, thuong ki hiéu la S.
Do bién thién cua S tic AS thudng cé y nghia hon la chinh gia
tri cua no.
Q D6i v4i mot qua trinh thuan nghich, dS = dQ/T; trong
d6 dQ 1a lugng nhiét trao doi khi trang thai cia hé thay doi

vO cung nho & nhiét do T.
Qd DA6i véi mot qua trinh khong thuan nghich, S cua hé luon

lubn tang Ién va do d6 dudc xem nhu' la s6 do tinh khong

thuan nghich cua cac qua trinh trong mot hé cd lap.
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Theo Boltzmann, S cia mdt hé & mot trang thai xac dinh

lién hé v6i xdc sudt nhiét dpng W cia trang thai d6 bang

h¢

thirc
S = KInW:; K 1a hang s6 Boltzmann.

» S cua hé cuc dai ¢ trang thai vi m6 c6 xac suat 1on

nhat (gom nhiéu trang thai vi md nhat, ciing 1a hon don

nhat).

» Vé mit dinh tinh c6 thé hiéu: S cua hé tang, tirc 1a murc

dd hon don trong hé ting. Nguoc lai, mirc do trat tu trong

h¢ tang thi S giam.
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Nguyén li thir hai cua nhiét dong hoc: S cua
mot hé co lap chi cd thé tang va dat cuc dai khi
hé & trang thai can bang.

Thong tin cua
hé giam
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ENTROPI HOAT HOA: (ki hiéu: AS), bién thién
entropi cua phuc hoat dong so voi cac chat phan
ung.
Q AS < 0: Trang thai chuyén tiép it tu do hon
so vOi chat ban dau.
Q AS > 0: Trang thai chuyén ti€p tu do nhiéu
hon so vai cac chat ban dau.

Vat ly Mang mong


linkvinapedia3csoft:entropi
http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

s N\

Trong qua trinh bién doi trang thai, bién thién cla
ham trang thai chr phu thuoc vao trang thai dau va
cudi cha khong phu thudoc vao dudng di.

v

Altitude
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2.2 Hé nhiét dong véi sd hat bién doi

Qua trinh chuyén pha luén kém theo su thay doi
nang luong
Nang luong tu do Gibbs:
Z=H-TS
Trong do, H — Enthalpy, S — Entropy, T — nhiét do tuyét doi cua
hé
P bién do6i ndng lugng tu do:
A =AH —TAS
Odé AH va AS 13 bién doi Enthalpy va Entropy

AZ < 0: Phan ('ng hoa hoc xay ra
AZ =0: Hé dat trang thai can bang

AZ > 0 v:Pham ung khong xay ra 76

T = const
P = const
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Do Cong,nhiét
Khi s6 hat bién doi m—) NOi nang bién doi
Va su’ bién doi s6 hat

mmmm) Dinh luat nhiét dong thd nhat co dang:

dU =5Q+5A+ ) N,
k

TU dd,ta lan lugt cod cac biéu thic cho ndi néng U,
nang lugng tu do F, thé nhiét dong Gibbs va
enthalpy H la:
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NOi nang U:

dU =TdS — pdV + > z4dN,
Nang lugng tu do F: k

dF =—SdT — pdV Jr;,uidNi
Thé nhiét dong Gibbs

dZ =-SdT +Vdp+ > zdN,
Enthalpy H: ‘

dH =TdS +Vdp + > zdN,

"
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Tu do suy ra ,thé hoa hoc p cua hat i:

=

(Q] Lij sz (@j
' ON. sy ON. y ON. - ON. 5.

Cac dai lugng nhiét dong la:

U= Nf(S Vj Z=Nf3(T,p)
N N
F= Nf{T,%) H = Nf4(%’ pj

Néu hé gom nhiéu hat khac nhau,thi:

U :ZNi f(i’l\N/cj

Z=>'N, f(T,p,C,)
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Do d(,) Z:ZHiNi

Nhung: U,H,F khong thoa dk do

Xet hé mot thanh phan Z =N .,

—  u =’ +RTINE

Po

Vat ly Mang mong
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2.3 Phan &'ng hoa hoc:

Phan ('ng hda hoc c6 dang la: aA+bB — cC

Bién ddi néng lugng tu do cua phan (ng cho béi

AZ=clZ —aZ,6 —bZ,

(2.21)

Trong truong hop cac chat tham gia phan Ung

déu & trong pha khi va la ly tuong:

Z. =7 +RTIna,

(2.22)

Trong do, R I3 héng s6 khi, Z. la ndng luong tu do cua hat &

trang thai chuén va a; Ia néng dé nhiét dong hiéu dung khi

khong 0 trang thai chudn =\ s mens
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Thé (2.22) vao (2.21) ta dugc

a:
—) AZ=AZ°+RTIna ‘;b (2.23)
B

Néu hé can bang thi AZ =0 vagia a;, =a
tri

0=AZ° +RTIn aac<eq> } i AZ:RTIn{( b 200 b}

A% e) 8 e0) 8 /@A) f -(aB/aB(eq))

I(eq)

N . nr a - N\? .- A ’ ~ \ ?
M0Gi s hang - —>1  Bijéu dién su qua bado hoa cla
i(eq) hat
a

——-<1  Bjéu dién sy dudi bdo hoa clia
igeq), hat
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Thermodynamics of Materials
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Do thi biéu dién ning luong tu do ciia mot s6 hop chat oxit theo nhiét do
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Bai tap vi du:

Cho hai kim loai du tuyén la Cu va Al dung
dé pha 1én SiO, — lam mang ndi ti€p trong
vi mach dién t’. Theo anh ( chi ) thi kim
loai nao dugc chon dé phu? Biét rang mang
dugc phu ¢ 400°C?

Vat ly Mang modng 84
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Giai

Dua vao hinh (1.2.1), ta co
Si + 0, - SiO, (la) ; AZS,(400°C)=-175Keal

413A1 + O, — 2/3A1,0, (1b) ;AZ3,, (400°C)= 230 Keal

2Cu + O, = 2CuO (1c); Az, (400°C)=-45 Kcal
Tru (1a) cho (1b) va cho (1c) ta nhan dugc SIO, :
4/3Al + SI0, — 2/3Al,0; +SI
(2a) AZ°(400° C)= —55 Kcal
2Cu + SI0, —» 2CuO +Si ;
(2b) AZ°(400° C)= +130 Kcal
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Nhu vay, phan Ung (2a) la cd6 kha nang vi
AZ°<0 con phan Ung (2b) la khong c6 kha
nang.

> Do dd, Al cd khuynh hudng khir SiO, va dé
lai Si tu’ do.

> Con Cu khong xay ra phan ng nén
ducc dung trong 'ng dung nay.

> DGi vGi Al sé dugc st dung dé lam mang
chan khuéch tan bang cach phu thém mot I6p
TiN hodac W vao gilra SiO, va Al.

Vat ly Mang mong
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2.4 Su chuyén pha:

GOm cac qua trinh thay ddi trang thai, thu hinh,
su’ thanh 1ap pha mdi kém theo su’ thay doi
nang lugng tu do.

50g 50g 50g
H,0 (1) I(;Ezco (s)

Heating
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2.4.1 Cac loai chuyén pha:
> Chuyén pha loai 1:

AKEt tinh tu pha long

Vi dur Khi ta duc thi kim loai chuyén tU trang thai Iong
sang ran

Q Chuyén bién pha 4 trang thai ran

> Chuyén pha loai 2:

Trang thai vat chat chuyén tir dan dién sang siéu dan,
sat tUr sang thuan tu, ...

> Chuyén pha loai 3 va cao hon: Thuc nghiém
chua quan sat dugc.
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2.4.2 Chuyén pha loai 1

Khi chuyén pha, néu cac dao ham bac nhéat thé hda
hoc dot bién (tdc thé tich v =(%} va entrop S:_(ﬁ_Zj)
thi dugc goi la chuyén pha loai 1

Khi hai pha can bang:
1, (T,p) = 1,(T,p)

== du,(T,p)=du,(T.p)

= ()@

Vat ly Mang méng 89
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(ELLZJ [Ekl’lj

dT [ﬁulj [ﬁuzj
op ). op ).

T (2.34)

vi:  du, =-S.dT +v,dp

Phuong trinh Glausius. Claypeyron

90
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Qua mot vai phép bién ddi dan gian, ta thu dugc
dang khac cua PT Clausius — Clapeyron nhu’ sau:

dp Ly,
dT TAV

(2.37)

Trong do, L,,la nhiét én chuyén pha
Néu L,, >0: xay ra su’ hap thu nhiét
Néu L,, <0: xay ra su’ toa nhiét
Truong hgp: V la thé tich 1mol thi L;, la nhiét an

ddi vGi 1 mol va néu V la thé tich 1g thi L, 1a nhiét
an dadi vdi 1g
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Substance

Alcohol, ethyl

Ammonia

Carbon dioxide

Helium
Hydrogen
Lead

Nitrogen

Oxygen
R134a

Toluene
Turpentine
Water

Latent Heat
Fusion
kJ/kg

108
339
184

58

24.5
25.7
13.9

334

CuuDuongThanCong.com

Melting
Point
°C

—114
=75
—78

—259

327.5
—210

—219

—101

—93

Vat ly Mang mong

Latent Heat
Vaporization
kJ/kg

855
1369
574

21
455

871
200
213
215.9
351
293
2260

https://fb.com/tailieudientucntt

Boiling
Point
°C

78.3
—33.34
=57

—268.93
—253

1750
—196
—183
—26.6
110.6

100
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2.4.3 Chuyén pha doi véi vat chat don gian
N
Long C
Ran
Khi

T
Hinh: Gian do pha cua vat chat tuong tu’ nuotc.

t — diém ba; C — diém tdi han.

Vat ly Mang mong 93
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2.4.5 Tinh gan dung cua ap suat hoi

TU pt Clausius — Claypeyron (2.37) ta thay nhiét an
chuyén pha L, bang nhiét an cta su bay hdi aH,

dpy _ AH,

dT TAV

Suy ra:
Phuong Trinh phu thuoc ap suat hoi theo nhiét do

— B AHV
Py = BEXP| === (2.39)

Trong do, B la hang so tich phan

Vat ly Mang mong 94
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Trong truéng hdp hé gom 2 pha: Pha ngung tu (c) va
pha haoi (v) thi nhiét an chuyén pha dugc tinh bang
cong thuc sau:

AH = AH, — AH_
S0 T ; I I T T
i 2010 Comstock Instrument
40} -
a HED MNaCl MgClz
E
& 30F Licl /_
=
un
un
o
o AME[EHrT
o HUMIDITY B
%20
o
=L
= w
v o
s
q —
Z| &
2
ol
|-
| | | ] | ¢ |
O 10 20 30 40 50 60 70

TEMPERATURE , °C

Hinh biéu dién sy’ phu thudc ap suat hoi clia mét s6 chat theo nhiét
Vat ly Mé‘j@ mong 95
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Bai tap vi du
Nhiét d6 thiang hoa cua TiF, 1a 284°C. Biét rang & nhiét do
T, nhiét an cua pha ngung tu va pha hoi lan luot l1a

AH_ =-1639KJ / mol AH, =-1551KJ / mol
a/ Viét phuong trinh cua p, tinh bang Pa theo nhiét 4o T
(tinh bang K).

b/ Tinh p,, & nhiét do phong.
¢/ Tinh &p suat dé TiF, chuyén sang pha hoi.

Sinh vién tw gidi
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Phuong phap xay du'ng gian do trang thai

Dua vao dinh luat pha cua Gibbs

F = m+ 1-y (trong diéu kién p = const)
Va gian do trang thai gdm 2 truc: truc tung biéu thi
nhiét do con truc hoanh biéu thi thanh phan.
Trong hé 2 thanh phan, cong thuc bién dor gidda chung

/a.
(Wt%A)/(at.Wt.A)

T ((WE%A) /(@ WELA)} + { (Wt%B)/(at.Wt.B)!}

O do, (at%A) Ia phdn trdm nguyén tu’cua thanh phdn A; (wt%B) phdn
tram khoi luong cua tphan B, (at.wt.A) la khoi luong nguyén tu A.

at%A

x100%

97
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Nguaoc lai:

(at%A) x (at.wt, A
{(at%A x(at.wt.A)} + {(at%B )x(at.wt.B)}

Gian do trang thai duoc xac dinh bang thuc nghiém
nhu sau.

> Ché tao cac hgp kim co lugng thanh phan A va B
khac nhau.

> O moi hgp kim vua ché tao, ngudi ta sé di tim
nhiét d chuyén pha cua nd.

> Lam ti€p tuc nhu vay ta sé thu dugc 1 bo so liéu
cla nhiét d6 chuyén pha theo thanh phan.

> Xac dinh cac diém trén do thi va ndi lai ta dugc
gian do trang thai

WL%A = X 100 %
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- L: Diém xac dinh nhiét dd bat dau két tinh hop kim

S: Piém xac dinh nhiét dd két thuc két tinh

S0 do xady dung gian do trang thai

Vat ly Mang mong 99
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O trang thai can bing, trong hé chi c6
thé co cac thanh phan pha voi ning
lwong tu do cuc tiéu tai nhiét do xac
dinh

A Vat faMang mon® B 100

0,
CuuDuongThanCong.com B /0 https://fb.com/tailieudientucntt
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3. CAU HOI VA

BAI TAP

Xem trong sach “Bai tap Vat ly Mang
mong” — Lé Van Hi€u, Pham Van Viét,
2011.

Vat ly Mang mong 101
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¥ = Trwong PH Khoa hoc Tw nhién Tp.HCM

Q i
2 cz Khoa Khoa hoc Vat liéu
:

" 3

TP.HO CHIMINH

4. SU PHU MANG
(DEPOSITION)

4.1 Céc phan tng hap phu trén bé mit thé ran
4.2 Sy khuéch tén bé mat
4.3 Nhi¢t dong hoc cua su tao mAam
4.3.1 Strc cang bé mit va ap suat bé mit
4.3.2 Dang can bang cua tinh thé . Pinh 1y Wulff
4.3.3 Vai tro cia strc cang bé mat khi thanh 1ap pha hoi. Mam dong thé
4.3.4 Sy tao mam dj thé
4.4 Sy phat trién cau trac

Vat ly Mang mong 102
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\ 4

v

Ngudn Ran, Long, Hdi, Khi

Van toc cung cap

| _

Truyén Chan khoéng, chat Iuu, plasma

Tinh dong déu

Trang thai dé, phan trng cua vat

— Phu I liéu nguén, ndng lugng vao.

Cau truc va thanh
phan |

A 4

Phan tich Cau truc, hop phan, tinh chat

Thay d6i qua trinh

So' do. Cac buoc tién hanh tao mang mong.

Vat ly Mang modng 103
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Cac phan budc trong phu mang: 6 budc
>Budc 1: Phai hap thu trén bé mit

>Budc 2: Khuéch tan trén mot vai khoang cach trude khi hop
nhat vao trong mang

»Budc 3: Phan (g cta cac hat hap phu véi nhau va voi bé mat
de thanh lap lién két cua vat liéu mang.

»Budc 4: Sy két tu dau tién cua vat liéu mang - Su tao mam
»Budcs: Phat trién cau tric hodc hinh thai hoc

>Budc 6: Tuong tac khuéch tan xay ra bén trong mang va voi dé

Vat ly Mang mong 104
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[ 4.1 CAC PHAN UNG HAP PHU TREN BE MAT THE RAN J

Hap phu: 13 qua trinh trong d6 cac nguyén tir va phan tir dap vao
va tuong tac bén trong mién chuyén tiép giira pha khi véi bé mat
de.

C6 hai dang hap phu:

Hdp phu vdt Iy - Néu hat bi gian ra hay bi uén cong do lién két
gitta n6 v6i bé mit bang luc Van-der-Waals, nhung van con giit

nguyén thé.

Hap phu hod hoc ; Khi hat bi bién d6i nguyén thé ctia né do lién
ket 1on hay dong hoa tr1 va1 nguyén tur de.

Vat ly Mang mong 105
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U(r)

PR LT U UORRIN

N
%ITI
\
O

L
Q.
~~
Q)
N—

Eom)= Eap)

T Hap phu vatly

Hap phu héa hoc

Hinh 4.1.1. Thé ning twong tic ciia hat hdp phu véi bé mdt thé rin.
E, ~ 3-8 Kcal/mol, E, ~30-200Kcal/mol

t ly Mang mong 106
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Van toc phan Gng

R=Kn=Kn2o (4.1.1)

O ds, R, vadn t6¢ phan ung bé mat thir k trén 1 don vi dién tich bé mdt (mc/cm?s)
K, :hang sé vén toc, st
Ng :néng dé mdt cia chat phdn ing (mc/cm? )
O :phdn bé mat bi phii béi chat phan ing

Tu phuong trinh Arrhenius

B
K VOk e RT

0 do, vy la hang sé tan s6 hay hé s cia luy thira
E, nang luong kich hoat phan ving (Kcal/mol )
R: hc%ng s6 khi;
R = K.N = 1.38x10-%%erg.K-1x6.023 x 10%® = 8.32 x107 erg. Kt = 2 cal.mol-1.K-L,

Vat ly Mang mong 107
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Phwong trinh cAn bang khéi lwong d6i véi hap phu:

d

Ji5(1—6?):Rr+R =

EKr+denSOH

(4.1.3)

& do, J; - dong phan tir t6i, [mc/cm?s]. (p, M, T la torr, gr, K.
Néu p theo Pa, thi hé s6 ty 18 bang 2,63.102)

R, van toc phan ing hap phu hoa hoc

R, van toc giai hap
0. xac suat bat phan tur

O day, chiing ta da dua vao mot gia thuyét hop 1y 1a hap phu khong
xay ra trén dién tich da c¢6 hat hap phu chiém . Ttr (4.1.3) ta co:

0 —

J.0

il

Nos

+Kr+K

(4.1.4)

d

Vat ly Mang mong
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Pua (2.1.4) vao (2.1.1):

J. 0K,

I OS

1
n

OS

— |
R =K¢n o0= 1.5
+Kp+K

(4.1.5)
d

Nhu vay, hé so6 dinh chinh xac trong pht mang bang:

(4.1.6)

0 do, J, - dong phan tu td,

R, _van toc phan tmg hap phu hoa hoc

Sc phu thude ca J, va hang s van toc K (s1); su phu thudc d6 co

vai tro quan trong do6i véi cau tao dia hinh cua mang CVD.

Vat ly Mang mong
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Trong truong hop J; bé va do d6 bé, phuong trinh (2.1.5) duogc

don gian (Weinberg, 1991):

| 4

1+ 0d e RTs

Yor

[E<E (4.1.7)

Xac suat phan
trng hap phu hoa
hoc

Vat ly Mang mong
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Khéo sat su can bang giita hap thu va giai hap khi 6 << 1
> Van toc giai hap:

Ry =kyn,0=n,0 v,exp(-E4/RT,)

> Khi 0 << 1 thi tir (2.1.7) ta c6 van toc hap thu hoa hoc
R, = J:S,

> S6 phan tir trén 1 cm? dién tich bé mat:

_Ed
n . Ov,e"s =JS_
Eq
Hay: 0=JSv;ne"® (4111

Vat ly Mang mong 111
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Vi mét 16p don nguyén tir voi 293K ¢ ng, = 5.10* cm2, nén:

O d6 T — nhiét d6 khi, T, — nhiét ¢ bé mdt, p(Torr).

Tir pt (4.1.12) ta co nhdn xét.

1. PT (4.1.12) xac dinh luvong khi cuc dai co thé hd’p phu vat ly
o nhiét do phong

2. Néu E, [on hon thi can tang T, dé khi bat dau gidi hap

3. Khi nhiét do thap, thi 0 tro nén lom, ngay cad khi Ey nhé nhu
trieong hop hap phu vt Iy.

Vat ly Mang mong 112
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Dé giai hap hoi nudc hap phu vat 1y trén thanh budng chan khong
con lai ¢& 10 16p don, nguoi ta dung phuong phap dét nong
budng va hut chan khong. Néu d6t ¢ 600K thi ap suat téi han cia
budng bang bao nhiéu, biét ning lwong giai hap E,= 4 Kcal/mol;
hé s6 dinh S, = 1 va nhiét d6 khi trong budng chan khong la
300K?

Vat ly Mang méng 113
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6=10° Bai giai

600K Xuat phat tir cong thirc xac dinh s6 16p
don
0 =7.10" S,.p(MT) 2y 1gEdRTs

!

_O(MT)"?v, 107°(18.300)2.10"

P= 7107 e5/RL T 5 107 o#(210%600)

Suy rap = 3,75.10 torr

Vat ly Mang mong 114
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4.2 SU KHUECH TAN BE MAT

Sw khuéch tan bé mdt la mét trong nhitng phwong thirc quan trong
cua cdu truc mang, vi no cho phép cac hat hdp phu tim den lan nhau,
tim dén vi tri hoat hoa nhdt, hoac tim dén vi tri epitaxy.

4.2.1 VAN TOC KHUECH TAN BE MAT

Xét thong lwong ctia chat bi hap phu Jg (phan tu/cm?2.s) di ngang
qua hang rao Eq gitra hai vi tri 1 va 2 theo hudng X ctia hinh
4.2.1b.

Néu khoang cach giira hai vi tri 13 a, thi van toc dich chuyén
ngang qua hang rao bang trang thai chuyén ti€p cua phan tu trén
1 don vi dién tich bé mat bang:

J S
R, =—  (mc/lcm2s) (4.2.1)

at ly Mang mong 115
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E, KI/mol
X a |

“ | a)
-40 -
400 |-
— _ — _
—— —
Hap phu vatly HAap phu hod hoc

Trang thdi chuyén ti€p

-600  — Vi trf 1 Vi tri 2

b)

X

Hinh 2.2.1: Su khuéch tan bé mat
a/Su phu thuéc CL’Ia’ thé nang theo x doc theo bé mat.
b/Vi tri hap phu dién hinh trén mang bé mat.

Vat ly Mang mong
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Khi chat bi hap phu 1a khi 2 chiéu trong can bang nhiét. Ap dung
ham phan bo Maxwell — Boltzmann, pt (4.2.1) thanh

R =i E_ D / KT (4.2.2)
4 "a a \2zM

O do, ng* (melem?) la nong do mat ciia chat bi hdp phu trong trang thdi chuyén
tiep
Va J,= Z”: C  la so phan tir 3 chiéu ddp lén 1 dvdt bé mat trong 1 gidy.

Theo Boltzmann, ham phan bo cta n; hat c6 mirc ning luong gian
doan g; co dang:

n, = C.exp(-Be;)

O dé, C- hang sé dwoc xdc dinh tir dk chudan héa; B= 1IKT.

Vat ly Mang mong 117
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Néu hé c6 N hat trong thé tich V véi nang lugng toan phan U thi:

\ :Zm:ni P S (4.2.33)
U=Yne=CYae” (4.2.3b)

Lay vi phan (4.2.3a) theo dC va df véi N va ¢; khong doi:

dC> e —dBCY ge™ =0
dc U i=1 i=1

Tir d6 C = exp(-U/KT), & d6 R = KN, — hang s6 khi. Nhu vay:

U m
N=eK > e’ (4.2.3c)
i=1

Dai lugng y ie—Bsi
i=1

Pugc goi 1a tong trang thai cta hé, hay “ham phan bo” ctia hé.

Vat ly Mang mong

ongThanCong.com https://fb.com/tailieudientucntt

118


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Néu gi(e) 1a sO trang thai twong tmg voi mot hé nang luong g; thi:

L= i‘,gie_BSi
i1

Ning luong toan phan cta mdi phan tir do:

& =&, +¢&, +&; (4.2.5)

O do, ¢, la nang lu’ong quay, &, la nang luong dao dong va e, la nang lwong
chuyen déng tinh tién cia phan tir

Pua (4.2.5) vao (4.2.3¢) ta nhan duoc:
n, Z2,2,Z; ‘5 (4.2.6)

S RT

n L L,Z,

S

0ds, 7. ARV ARGV tong trang thdi ciia chuyen dong quay, dao
dong va tinh tzen cua phan tir & vi tri hdp phu va vi tri chuyén tiép tuong img.

E. = Ens+ —-E, la thé ndng giita trang thai hap phu (n) va trang thdi chuyén tiép (ng*)

Vat ly Mang mong 119
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Ap dung vat Iy thong ké lugng tir, ta suy ra cac gia tri Z,*, Z,, Z,*, Z,,
ZvaZ déumang gia tr1 la 1.
Do do, (4.2.6) tré thanh:

+ + —E,/RT
ng =nze (4.2.8)
Va 7+ = a*/Z”r']v'kT (4.2.9)

Thay (4.2.8) va (4.2.9) ta thu dugc phuong trinh ctia van toc khuéch

tan.

R =n, (kTT)e—Es/KT v e ST Cnk (4.2.10)

sVos sKs
MEs
Vor k, =v e Rt
_ES

Vi R, = nyelt (4.2.11)
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4.2.2 PO DAI KHUECH TAN VA HE SO KHUECH TAN

Du61 tac dong cua nhi€t A0, cac nguyén tir trong tinh thé Iuon ludn
chuyén dong ngau nhién. Gia st mot nguyén tir ndo dé cé N, lan
doi chd.

Goi A, la vecto ndi vi tri ban dau va vi tri cudi ciing ciia nguyén
to do, con T, ;1a vecto rng va1 budc nhay thur 1.

Khi do: -

1

. N N, No—1 Ny—]
ANOANO - r' r' +22 Z r' rH'J
1=1 j= i=

Vat ly Mang mong 121
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Goi GI i 1a goc gitta 2 vecto Fva T, j thi:

Cos @

i+ ]

rr ._\r\

I+j

Néu xem riang, trong mang tinh thé moi do di ctia vecto budc nhay
déu bang khoang cach gan nhat gitta hai vi tri 1 va 2 trén hinh
(4.2.1), tirc 14 a, thi:

9 No=1 No-j
Ay =Nga° 1+N—Z > cosb,;,.
=1 =l
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Tir d6, @9 dai khuéch tan bang:

(4.2.12)

g do t - thoi gian dé nguyén tir thuc hién N, budc nhay.
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al Goi t la thoi gian gifa hdp phu va bi ldp di bang mét I6p don phu
tiép theo.

n,
t=_0
] (4.2.13)

O d6, ny— vi tri hap phu/cm?, J- dong hat hap phu, mc/cm?2.s

e 2RT

A —a VosnO
J

r

Nhu vy, A ting lily thira voi T. Tinh chat d6 xuat hién nhu dudng
thang v&i d6 doc am - E/2R trén do thi Arrhenius: InA theo 1/T
(hinh 2.2.2).
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Do thi Arrhenius: InA theo 1/T (hinh 4.2.2).

].I'.I..Eﬁlu. '

~E, /2R

he Ja che do
gidi bAp' bi 14p

> 1
T
Hinh 4.2.2. Tinh chat ciia dd dai khuéch tan bé mat A theo nhiét dé de T

Cuc dai ctia A twong (g voi T lac bat dau tai — bay hoi ctia mang.

A dai s& dan dén mang phang, min hon, dong nhat hon va sai hong
trong tinh thé.

Do d6, thuc nghiém d3 tim thay chat luong ciia mang cao nhat ding tai
tho1 di€m tai — bay hoi. Ve 1 M
at ly Mang mong 125
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b/ Néu t 1a thoi gian song ciia hat hap phu

t — 1 _ 1 eEC/RT
I‘<C VOC
Két hop véi pt (4.2.10)
Rs — ns (kTT)eE IRT — nsvose—E IRT

Thé vao (4.2.12), Suy ra:

A=a [—e %

V Voc

Vat ly Mang mong
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> Su khuéch tan bé mit c6 thé biéu dién dudi dang phuong trinh
truyén:

), o
dx

(4.2.17)

J. va n, dugc lay theo don vi dién tich bé mit: me/cm.s va

mc/cm? twong tung. D ciing ¢6 don vi cm?/s nhu trong truong
hop khuéch tan thé tich.

> Trong truong hop khuéch tan thé tich:

D=1zl (4.2.18)

A
Khoang duong tu do trung binh 1 & day 1a khoang cach nhay a,
con van toc trung binh sé la Ka. Tu do:

D:EKSa2
4

(4.2.19)

Va A=aKt= 2,/Dt (4.2.20)
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Dung phuong trinh (4.2.10) d6i voi K, chiing ta c6 thé biéu dién
D theo dang Arrhennuis:

1 =
D==v_a’e 7RT (4.2.21)
4 0S

D thuong lién quan dén dai lwong thuc nghi€ém vé su khuéch tan cua
hat hap phu, trong luc dé A 1a dai luong lién quan dén qua trinh phu
mang mong.

CuuDuongThanCong.com :
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4.2.3 NGUYEN LY BOLTZMANN

+ +rz+rz+ E

g _ ZaZVZt e_RT (4.2.6)
ZrZVZt

S

O d6, 1a tong trang thhi cia chuyén dong quay, dao dong va tinh
tién cta phan tr & vi fri hap thu va vi tri chuyén tiép twong Gng;
E. = (E - E) - thé nailg giita trang thai hap phu (n,) va trang thai
chuyén tiép ()

Bay gio ta hay trién khai hé thire d6i v6i truong hop khuéceh tan bé mit.
P6i v6i hé can béng, g14 tr1 thé hoda hoc u cua tat ca cac thanh
phan déu bang nhau. Nhu vay, d61 vo1 phan rng - kich hoat
khuéch tan, u = p* va tu

\aty-Manrg-mong 129
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—— In(Ej: In(E]:—(M0+ W) _ Az (4.2.22)

P n RT RT

S

Khi can bang, van toc phan tng thuan bang van toc phan tng
nghich va do1 vo1 phan irng bac nhat nay, ching ta co:

R, =R hay n.K,=n /K

(4.2.23)
— Hé"mg s6 can bé‘ing:
+ AZ°
Ko Ks N _ 7 (4.2.24)
K n

=5 S

Dung dinh nghia nang luong tu do Gibbs: Z = U + pV — TS, ching ta
c6 thé viét:
AZ? = AUY + pPAVO - TASY (4.2.25)

Vat ly Mang mong 130


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Pua vao (4.2.25) vao (4.2.24) ta co:

+ ASO —Es
Ns _e R erT
nS
So sanh pt trén véi (4.2.6) ching to rang,
AS° =—RIn il L (4.2.27)
2.2.7,

Két qua nay tuong duong vdi biéu thic biéu dién moi lién hé giira
entropy vO1 xac suat trang thai trong nhi¢t dong thong ké:

S=kInQ (4.2.28)
0 do, k -hang sd6 Boltzmann; QQ -s6 trang thai luong tir. Theo bicu thirc
nay, entropy cua h¢ s€ ty 1€ vad1 In cua so trang thai vi mo ¢6 thé co cua
hé.
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{ 4.3 NHIET PONG HOC CUA SU TAO MAM ]

4.3.1 SUC CANG BE MAT VA AP SUAT BE MAT

DPai luong o dugc goi la sttc cang mat ngoai gitra 2 pha (N6
bang luc bé mit trén 1 don vi d dai trén bé mit (dyn/cm)), hay
nang luong tu do trén mdt don vi bé mat:

S Y (4.3.1)
dx

Khi bé qua hién tuong bé mat, diéu kién can bang cta hai pha co cung
mot vat chat la:

TI — T”; pl — p”; H' — !J,” (4.3.3)

Co thé chimg minh duoc rﬁng, néu tinh dén hién tuong bé mit, thi diéu
ki€n can bang hal pha ciing la:

/ ”. / 4
T - T ) ,vl Vé‘t‘lMéng mong 132
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Con ap suat trong hai pha?
Hay tim diéu kién cAn bang d6 trong hé 1ong () va hoi ("), xuat phat
tir dieu kién nang luong tu do cuc ti€u khi T, V = const.

Ning lugng tu do ctia hé gom chat 1ong, hoi va bé mit phan cach
gitra chung, Khi T va p cua hai pha giong nhau

dF = —p'dV' —p"dV" +odS  (4.3.4)
Khi can béng, dF =0:;
odX —p'dV'—p"dV"=0

Virang V' + V" =V = const, thi:

/ " dz

_p" 4 (4.3.5)
P =P de,

Pai lugng dx/dV’ 1a do cong ctia bé mit phan cach 2 pha.
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Q Trong truong hop mit cau:
dx  d(4nr?) 2

dVv q ﬁnrg, r
3

(r dugc tinh 13 duong, néu d6 cong ctia bé mit hudng vao pha (')).

QTrong trudng hop bé mit tuy y:
dx 1 1

av’ .,

0 dor, var, _nhing ban kinh chu yéu ctia do cong bé mit.
Nhu vdy, khi can bang giita giot long hinh cau (') voi hoi () thi h¢ thirc
gilra ap suat p’ trong giot va ap suat p” trong hoi1 c6 dang:
s 2 436
» Bé mit phan cach 2 pha (giot-hoi) ¢ ton tai sy dot bién ap suat, bang
201

Dai luong G[EJFEJ hayz_g duoc goi 1a ap suat bé mit
hnon I vatiy Mang méng hay ap suat Laplage

ongThanCong.com
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3 Trong trudng hop mit phang (r — oo ), ap suat bé mit bang khong
va di€u kién can bang co hoc trung vt diéu kién khong tinh hi¢u ung
bé mat:

p! — p"

Theo dinh nghia, ¢ 1a nang luvong trén 1 don vi dién tich bé mit can
thi€t dé tach tinh thé, tic dé cat durt cac moi lién két trén bé mat. Cho nén
chung ta co the viét: -

L
& do, E, - niang luong lién két thé tich; ZJZ - s6 lién két twong d6i bi cat dut (trén
mot nguyén tr bé mat) do tach tinh thé. N - mat do nguyén tr mat.

Néu phan loai theo vat liéu: Kim loai co o cao hon o cua cac oxide, hop chat
halogen kiém, sulfide va vdt liéu hitu co.

Cao nhdt thuong la Kim loai chuyén tiép;

thcfp nhat thuong la Kim loqi kiem, kim logi héa tri 2, d kim, khi tro. Poi véi cdc
chat hitu co, o< 100 erg/cm?. ndng lirong bé mdt giam rat it véi nhiét do. dofdT
~-0.05 erg/cm? C. (13/m? = 10° erg/emi). . mong -

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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4.3.2 DANG CAN BANG CUA TINH THE . PINH LY WULFF

Wulff: Xuat phat tir diéu kién can bang tong quat cua hé vai T va
V = constan.
OF = 0, °F > 0 (4.3.7)

Vi phan nang luong tu do cua hé:

dF = —p,dV, —p,dV, + > c,d=, (4.3.8)

2 i - . e A 9
¢ do X, _ dién tich cua mat tinh the thtr I; o; _ ndng luong mat ngoai riéng cua
nd. Khi can bang;:

viV,+V, =V = const., nén:

Y c.dZ, —(p,+ p, )dV, =0 (4.3.9)

Vat ly Mang mong 136
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sy Hinh 4.3.1: Hinh anh mo phong thé tich ciia tinh
| R
the

RO rang rang:

1
vlzézzihi @ @V, =X (Sdn +hdz) (310

Mic khac, trong gan ding bac 2, bién doi thé tich dV, bang su
dich chuyén bé mdt X, trén sy bién do61 do cao dh.:

av, = > %dh, (4.3.11)

ongThanCong.com https://fb.com/tailieudientucntt
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Twr (4.3.10) va (4.3.11) suy ra:
ZZidhi = EZhidzi

Do do: AV, = ZZdh = Zh dx. (4.3.12)

Pua (4.3.12) vao (4.3. 9) ta co:

Z{Gi _%(P pz)h }dZ =0 (4.3.13)

1

Vi dZ; 1a doc 1ap, nén tir (2.3.13) ta nhan duoc diéu kién can biang co hoc:

P,— P, = (i=1,2,....,n) (4.3.14)

Ap SUAL mat tinmmmémmwﬁ
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20, G, O, c

D, P, =——m)p L=-"2_ —""_const.=W (4.3.15)
hi h, h, h,
hay hy:h,:h;:...:h =0,:0,:0;:....0,
( Binh Ly Wulff)
(010) G O :
| ‘J\ L G Poi véi vi tinh thé nay 6, trén mat 1on
[_TIO,/ (110) hon 20% so v61 6, trén mat , vir, = 1,2
| fo . fo

<o) i " llo0)  Véinhiing mit o/h. > W, thi chiing s&
(100, \. o bay hoi hay nong chdy, con vdi ci/h; <

/ et 110

TN

, I

"W thi nhitng mit ndy sé& ting trudng. Van toc ting trudng U, cta tinh
thé (khi gan can bang) theo hudng truc giao voi mit tinh the sé ty 16
vO1 o; cua mat do:

va U; ~ O; (él'DBgThan:!-gSma)
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Cau tric Vi du Mt ¢6 o thap
Lap phwong tam khoi (bee) | Cr, Fe, 110}

Lap phwong tam mat (fce) | Au. Al 188Y

Luc gic bi chat (hcp) Zn, Mg, {0001

Kim cuwong Si, Ge, 11

Zinc blende GaAs, ZnSe 110

Fluoride MgF,, CaF; 111

Rock salt NaCl, PbTe 100

CuuDuongThanCong.com
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4.3.3 VAI TRO CUA SUC CANG BE MAT KHI THANH LAP
PHA MOIL. MAM PONG THE

> Su thay doi nang luong tu do lién quan dén sy tao thanh mat

ngoai 1a duong, tirc 13 su ting mit ngoai ctia mam 1am cho F ting

> Véi giot mam nho, Fy ~ r2sé ting nhanh hon sy giam F,, ~ r3

Vi vay, thé nhiét dong ting va hoi khong c6 kha ning ngung tu.

» Khi giot 16n, bat dau tir ban kinh r ctia nd béng r, nguoc lai, $O

hang thé tich ting nhanh hon s6 hang bé mat, su ngung tu bat dau cé

kha nang.

Sw két tu pha mdi cé kich thwée cwe tiéu nhu vay dugc goi 1a mam
Ge., 2

r :
-/ mam
De

S S S
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Tinh r, cia mam
Trong truong hop tong quat:
Z=F+YX
AF = AZ - A(YX)
Trong truong hop nay (Y = -o;, X = X) sy bién
do cua hé khi thanh 14p giot bang

AF = (Hc _HV)N +sz

d6i nang lugng tu

(4.3.16)

& do, p, - thé hoa hoc pha cii (hoi); p, - thé hoa hoc pha méi (giot); N - so hat trong
pha méi; o, - stic cang mdt ngoai cia mam; X - bé mat pha moi.

Pai luong N vaX dé dang biéu dién qua ban kinh
3
Y =4nr’; N= dmr
32t

C

0 do ?*, - thé tich ctia mdt hat pha méi. Nhu vay:

4 3

AF =" (i, —p1, )= +Anrlo,
o (%

C
CuuDuongThanCong.com https://fb.

g1ot:

(4.3.17)
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O Truong hop thtr nhat (n. > p,) la khong bén.

Su xuat hién giot long trong hoi (hay bot trong chat 1ong) véi moi kich
thudce r déu dan dén ting AF. Vi vay, sy thanh 14p pha méi, vé quan diém
nhiét dong, 1a khong thuan loi: giot nhanh chéng tan mat.

Q Truong hop thir hai (u. < ), pha méi (kich thudc 16m) 13 bén viing.
Tuy nhién tir (4.3.17) thay rang dau tién AF tang dat dén cuc dai ro1
glam

AFMN
3 Iy A -
Kich thudc r, thoa di€u kién:
8(AF) . O - 2GfVc
| = hay r = (4.3.18)
r=r, (/uv — M )
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Néu hai pha hoi_18ng hay hoi_rin can bang, thi pu, = p, va hoi ¢ tai
ap suat bao hoa p, cua no

J
M, —H, =RT |np£ =RT |nJ—C (4.3.19)

J C( m;: j =35.10% (M"If))l — dong hat ngung tu; p — 4p suat qua bao hoa (torr)

J V( mg j =35.10% (MI')FV)l —  dong hat bay hoi; p, — 4p suét bao hoa (torr)

Pua (4.3.18) vao (4.3.17) dong thoi st dung (4.3.19) ta nhan duoc:

167 op

AF, =—"F— "L (4.3.20)
3 |RT, p

o |n L

V., P,

C

Do lon AF, chinh la cOng can thiét.dé hé.fao mam tG1 han

ongThanCong.co ps://fb.com/tailieudientucntt
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So sanh (4.3.18) va (4.3.20) ta nhan duoc:

1

AR = gcfzk (4.3.21)

o do, 2, - dien tich bé mdt cia mam téi han.
— Muén tao mam t&i han phai can ning luong bang 1/3 ning luong bé
mat mam
Hay:
Yéu tb thé tich AF,, chi du bu cho 2/3 nang luong bé mit, phan con lai
phai duogc sinh ra do nguyén nhan khac. Nguyén nhan nay chinh la su

thang giang nang lugng.
O dau phan nang luong ting thém do hién tuong thang giang co tri SO
bang hoac 16n hon AF, thi ¢ day s€ tao ra mam co6 kich thuoce t61 han,

Nhu vay, su xuat hién cac mam c6 kich thuéc t6i han phai tuan theo
dinh luat thong ke.

CuuDuongThanCong.com
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4.3.4 SU TAO MAM DI THE

Tao mam di thé la truong hop phé bién cia sy chuyén pha. Di thé &
day la be mat de.

Mam di thé xuat hién trén bé miat dé phai phu thudc vao strc cing bé
mat dé (o) va strc cang bé mat tiép giap mam - dé (o;).
D¢ xac dinh val tro cua chung, hay gia dinh mam c6 dang chom cau

Hap phu Hﬁid{ Giai hap O

00
Dé

Vat ly Mang mong 146
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Go1 r 1a ban kinh cong cua chom cau, 0 la goc ti€p xuc gitta mam véi
bé mat dé.
Thé tich cua mam:

V:%rg(Z—Scose+cos3 0)

Dién tich tiép xtc gitta mam voéi dé:
> =mnr’sin‘o

Dién tich tiép xtc gilta mam véi hoi:
>, =21 r*(1-cos6)

Bién d6i ning luong tu do cua hé co dang;

AF = (1, —p, N+ D 0,2, (4.3.22)
Kk

o do, ZGmZm 1a nang luong bé mat bao gom ning lugng ton hao dé tao ra bé mat Z
va su biefi doi nang lugng khi dién tich X, trude 1a bé mat phan chia gitra pha hoi va de
bay gio da trd nén bé mat phan chia gifta mam va dé

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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> 6nZm =02 +(0; -0, )%, (4.3.23)
k

N =\% _ s6 hat trong pha méi.

\ e \ A3 Y . X
Do can bang co hoc gitra cac thanh phan nam ngang, luc tai diém O tiép
xuc gitra 3 pha dugc biéu dién boi phuong trinh Young:
G, =G, +0C; C0SO

Thay cac tri s6 da biét vao (2.3.22), ta c6

AF, =2mr?*(1-cos0)o, —mr?sin®0cosh o, (4.3.25)
=nr’c, (2—3cose+0053 6)

V re
— =(u — 1 )=—(2-3cos8 >0 4.3.26
y (1.~ 1) oy (2—-3cos 0+ cos® ) ( )

C c

AR, =, —1,)
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Tu do:

AF = {4—375 (n, —p, )r_ + 4Tcrch}f(9) (4.3.27)

f(0)= %(2—3COSG+COSB 0) (4.3.28)

Thay (4.3.18) vao (4.3.27) ta nhan duoc ning luong can thiét dé tao
mam c6 kich thudce téi han:

3 {kT p T (4.3.29)

hay: AR, = f(@)% G2,

0 do, X, - dién tich cia mam co ban kinh t61 han.

ongThanCong.com https://fb.com/tailieudientucntt
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O Khi 6 = 180°. (hinh 4.3.3). Pé khong bi tam udt bdi mang;
f(0) = 1, do d6 cong tao mam (4.3.29) trong trudng hop nay
chinh bang cong tao mam dong thé (4.3.21). Theo (4.3.24)
trong truong hop nay:

3 Khi 6 = 0°. Pé bi tam u6t hoan toan bdi mam; f(0) = 0, do do
cong tao mam (4.3.29) bang 0. Theo (4.3.24), trong trudng hop
nay:

Of +O; =0 (4.3.31)

Day la truong hop 1y tuwong

Vat ly Mang modng 150
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4.3.5 ANH HUONG CUA NHIET PO PE VA VAN TOC LANG

PONG LEN QUA TRINH TAO MAM

‘ . 20V n
Tu pt: % (,uv—,uc) ) ZO'f 2(7f
— K = — = —
1 (,Uc —Hy )/Uc AF,
Ma AI:V :(:uc _/uv)v_
‘ o (3.3.39)

(Nang lugng tu do cﬂa,nguyén tur
trong 1 ddn vi thé tich)

Néu gia thiét rang, van toc bay hoi can bang tir mam tai
nhig¢t do dé, R.ti 1€ vo1 ap suat P, con R - ti 1€ v&i1 ap suat
qua bao hoa P, thi AF, c6 dang:

= TP P R) aaan
UC I:)V UC €

Vat ly Mang mong 151
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Lay vi phan pt (3.3.39) theo T, ta dugc:

{Gf OAF, AF, acf}
(ark) _y oT oT
R

ar (aF,

V6i céc gid tri dien hinh: o, ~10%erg/cm?; &6, /éT ~—0,05erg/cm”.’K ;
OAF, [oT ~ AS, ~8.10" erg / em’ °K; |AF,|<<1,6.10"erg /cm® (khi hing a0 mam ton

ta1) thi:
B -

Lay vi phan pt (3.3.40) theo T, ta dugc:

2
(5AFK j _ 167 (O 3 {3 aGf AFV B ZGf aAFk }f(@)
or ) 3 (AF,)’ | oT oT
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0G ;
cT

-

Vi phan timg phan pt (3.3.39) ta duoc:

5 ) ok

Vi AF, <0 | nén

AF

ﬂLQF${iLIﬁm

(***)

at ly Mang mong 153
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Tuong tu, ta cing co:

o

(*): khi nhiét d6 dé tang, thi kich thudc r, cia mam téi han
tang.

(**). Hang rao cua sw tao mam co thé ton tai o nhiét do dé
cao, trdi lai no se giam o nhiét do de thdp. Hon nita, mdt
do mdm co kich thuoc toi han phu thuoc AF, theo ham mii,
nén so mam toi han sé giam rat nhanh theo nhiét do.

(***): Tang van toc phu mang thi oc dao nho hon. Do AF,
cling giam, nén tao mam vo1 van toc cao sé& lam cho mang
lién tuc ¢ dO0 day mang nho hon.

Vat ly Mang méng 154
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> Néu ching ta két hgp dong thoi cho r, va AF, ciing 16n:
vi tinh thé 16n. Piéu do6 twong tmg v&i nhiét do dé cao va
van toc phu thap.

» Nguoc lai, nhiét do dé thép va van toc phu cao thi sé
thanh 14p mang da tinh thé.

Cac nguyén nhan thanh lap cau tric oc dio
1. Nhiét do dé cao;

2. Vat liéu mang c6 diém soi thap;

3. Van toc phtt mang thap;

4. Luc lién két gitta mang va dé yéu;

5. Nang luong bé mit cua vat liéu mang Cao;
6. Nang luong bé mit cua vat liu dé thép
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4.4 Sw Phat trién cau tric J

| MO HINH CAU TRUC |

< Su lién két cta cac mam bé mit ting trudng dé thanh 14p mang
lién tuc goi 1a su phat trién cau trac mang.Qua trinh nay rat quan
trong dé xac dinh cau trac, hinh thai, thuong duoc goi 1a vi cau tric
va hinh thai hoc
% Trong truong hop phil mang bang phuong phap bay hoi, nhiing
thong sb chu yéu la:

>Ban chat dé

>Nhiét do dé

>Van toc lang dong
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Goi T 1a nhiét d6 cua dé va T, 1a nhiét Ao nong chay cua vat liéu

tao mang (K)
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Mo hinh cau trac dau tién ctia Movchan va Demchischin (1969)
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MO0 hinh cua Thornton nam 1974
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zone |
P N'g
zone T BT INT, T
S
™~
|~

Messier (1984)
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Structural zone
models

of thin film growth

1 0,1
Zone Temperature ‘Diffusion Other processes Structure
I 1<0.2-0.3T,, limited Small grains,
many voids
T T<0.2-0.5T,, surface renucleation during Mixed size
growth fibrous grains,
fewer voids
Il 1<0.3-0.7 T, surface grain boundary Columnar
migration grains
1 T>05T, bulk + surface recrystalization Large grains

http://www.uccs.edu/~tchriste/courses/PHYS549/549lectures/film2.
html
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Operation of oxygen as
inhibitor additive at the
deposition of Al films

Grain morphology and
texture of Al films deposited
atTg=03T,,

as a function of

Koxygen - Joxygen’ JAl
the incident Oxygen (Jo,ygen) tO

Aluminium (J ;) flux ratio

P.B. Barna, M. Adamik, Thin Solid Films,
317(1998)27

CuuDuongThanCong.com

a) ZONE 11

J /A, ~107

ZONE 11

2ars -

=15

€) 3,
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STRUCTURE EVOLUTION IN ZONE T: COMPETITIVE GROWTH OF
Aluminium CRYSTALS ON AMORPHOUS SUBSTRATES at T = 100K

(Simulation experiment: F.H.Bauman, D.L.Chopp, T.Diaz de la Rubia, G.H.Gilmer, J.Greene,
H.Huang, S.Kodanbaka, P. O’Sullivan, [.Petrov, MRS Bulletin, 26 (2001) 182)

(111) crystals, (100) crystals
oo1 oriented crystals of low diffusivity (low potential energy) grow faster
than 111 oriented ones of high surface diffusivity (high potential energy)

Characteristic for Zone T: coalescence (grain growth) does not operate

On amorphous substrates nuclei are randomly oriented, growth competition
takes place among the crystals of various orientation during film growth
developing V-shaped columns and changing texture with film thickness
(competitive growth texture).

Vat ly Mang mong 162
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ZONE T structur in TIAINC coating grown on oxidized Si substrate
V-shaped columnar morphology and competitive 111 growth texture

N TN APTIN S SR LT a2 s MOSE PO YD S
P S Gt LN oD Rk
”. v -. % ay . - ".‘0’ . *
o \
flat - smooth surface we—lp

vonwn
. -

| 111 texture FFT
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I 10

STRUCTURE ZONE MODEL of oxygen doped aluminium film
(P.B. Barna, M. Adamik, in Protective coatings and thin films, (Eds. Y. Paulea, P.B.Barna, Kluver 1997, p.279)
Z()NF 11
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STRUCTURE EVOLUTION

—

realized in can be described by the
fundamental phenomena pathway of structure evolution
I course of the fundamental phenomena
related to thermally activated *
* temperature dependence
nucleation *
derived
‘ structure zone models
crystal growth *
basis for the evaluation
* of experimental results
grain growth

P.B. Barna, M. Adamik, Thin Solid Films, 317{1998)27; |. Petrov, P.B. Bamna, L. Hultman, J.E. Greene, J.
Vac. Sci. Technol.,21{2003)5117)
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Fundamentals of the self organising nature of thin film
growth

STRUCTURE EVOLUTION
<4---* controlled by

} N

determined by the TECHNOLOGY

o S PARAMETERS
- electronic structure of

constituent atoms
types of crystal structure

structural

preconditions | | - thermodynamics

- kinetics
phase state
material structure
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Role of kinetics: diffusion-limited two-dimensional aggregation of atoms

a-Ge islands grown on cleaved NaCl (100) surface. Computer
Au deposition on Ag(111) simulation of growth on a square lattice considering limited edge

M. Klaua, Proc. 2nd Collogium 3
diffusion (D,) (A.Bama, P.Thomas, et al., Thin Solid Films, 48, (1978) 163)

on Thin Films, ed. E. Hahn,
Budapest, 1967, p. 152. S N B

A4y ‘v’%_‘; a7 2
¢ AL, A e S S e AR e SR
Y ’ £ g o a. _ '.,.s b ‘,t'.‘:;.

N
1% iy 3
‘f"“(;?t'r".‘.‘ !

ST N

AR Ty
: '.,"}q-;‘“_;rx e
PO SRR AL R
E e
TR T ] ———
PRI MR i e

Variation of
the shape
with the edge
migration
distance (D,)
of adatoms:

a)D,=0
c)D, =4
f) D,=8
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3.1 Growth modes
3.2 Substrate

3.3 Characterization of thin films
3.4 Problems
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3.1 Growth modes

Sw két tu pha méi cé kich thwée cwe tiéu duge goi 1a mam

-::rfj

) :
/ mam
De

S S S S S

Vi o - sirc cang mat ngoai cua mam; X - bé mat pha madi va r la bdan kinh cua hat mam.

Vat ly Mang mong 170
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Tinh ban kinh téi han (r, )ctia mam

Trong truong hop tong quat:
Z=F+YX
Suy ra: AF = AZ - A(YX)
VoiY=-o, X=2,
Su bién d6i ning luong tu do ciia hé khi thanh 1ap giot bang:

AF = (!“tc — My )N + sz (3.1)

o do, u, - thé hod hoc pha cii (hoi); U - thé hod hoc pha méi (giot);
N - 50 hat trong pha mdi; o; - sirc cang mat ngoai cia mam; 2 - bé mat pha mai.

Pai lugng N va T dé dang biéu dién qua ban kinh giot mam:

Arr?

Y =4nr’; N=
32,

o do - thé tich cua mot hat pha méi.

Nhu vay:
. (3 ) 2) 171
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 Truong hop: p, >,

Su xuat hién giot 1ong trong hoi (hay bot trong chat 10ng) véi moi
kich thudc r déu dan dén tang AF.

Vi vdy, sw thanh lgp pha mdi, vé quan diém nhiét dong, la khéng
thudn loi: giot nhanh chéng tan mat.

Q Truong hop: 1, < p, pha méi (kich thudce 16n) 1a bén viing. Tuy
nhién tir (3.2) thay rang dau tién AF ting dat dén cuc dai roi giam

AFMN
ﬁFk———]
‘ rk\\ > 1
Kich thude r, thoa di€u kién:
oaF)  _, o 2oVe
ar - hay (zuv - /uC )

=TI} Vvatly Mang mong 172
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Néu hai pha hoi_long hay hoi_ran can bang, thi u, = p, va hoi ¢ tai
ap suat bao hoa p, cua no

4 =RT InP-—RT Ine (3.4)

P, J,

J C( mg j =35.10% (M i )1 — dong hat ngung tu; p — 4p suat qua bao hoa (torr)
cm”.s

JV(CIIII:S.SJ =35.10" (MI,)TV)l/z dong hat bay hoti; p, — ap suat bao hoa (torr)

Pua (3.3) vao (3.2) dong thoi sir dung (3.4) ta nhan dugc:

(3.5)

D¢ lon AR chinh la cong céinjthiét-dé hé tao mam toi han 173
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So sanh (3.3) va (3.5) ta nhan duoc:

(3.6)

0 do, 2, - dién tich bé mat cua mdm (01 han.

Nhu vay, mudn tao mam toi han phai can ning luong bang 1/3 ning
lwong bé mat mam

Vat ly Mang mong

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

SU TAO MAM DI THE
Tao mam di thé la truong hop phé bién cia sy chuyén pha. Di thé ¢

day la bé mat dé.

Mam di thé xuat hién trén bé miat dé phai phu thudc vao strc cing bé
mat dé (o) va strc cang bé mat tiép giap mam - dé (o;).
D¢ xac dinh val tro cua chung, hay gia dinh mam c6 dang chom cau

Hap phu Hﬁid{ Giai hap O

00
Dé

175
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Goi r 1 ban kinh cong ctia chom cau, 0 1a goc tiép xtc giita mam voi
bé mat dé.
Thé tich cua mam:
mr A 1 s .
V = 2 (2 3cos 0 + cos® 9) (Pay la bai tap, sv tu chr
Dién tich tiép xtc gitta mam voéi dé:
2 aitn2
2, =7r°sin“o
Dién tich tiép xtc gitta mam véi hoi:

>, =21 r*(1-cos6)

Bién d6i ning luong tu do cua hé co dang;

AF = (“c —Hy )N T Z(szm (3.7)
k

O do, ZGmEm 1a nang luong bé mat bao gdm ning lu’(yng ton hao dé tao ra bé mit 2
va su bién dbi nang luong khi dién tich Z, trude la bé mat phan chia gitta pha h0’1
va dé bay gid di trd nén bé mit phan chia gifta mam va dé

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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ngzm =0,%; +(0; — o), (3.8)
K

N :\% _ s6 hat trong pha méi.

J c ) \ 2 14
Do can bang co hoc gitra cac thanh phan nam ngang, luc tai diém O tiép
xuc gitta 3 pha dugc bi€u dién boi phuong trinh Young:

G, =0, + G, C0SO
Thay cac tri s6 da biét vao (3.6), ta c6

AF, =2nr?(1-cos@)o, —mr?sin?0coso o, (3.9)
=nrc, (2 —3c0s 0+ cos’ 6)

Vat ly Mang mong 177
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Tu do:

AF = {4—375 (n, —p, )r_ + 4Tcrch}f(9) (3.11)

f(e):%(2—3cose+cos3€)) (3.12)

Thay (3.3) vao (3.11) ta nhan dugc ning luong can thiét dé tao mam
cO kich thudc té1 han:

3 {kT p T (3.13)

hay: AR, = f(@)% G2,

0 do, X, - dién tich cia mam co ban kinh t61 han.

ongThanCong.com https://fb.com/tailieudientucntt
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3 Khi 6 = 180°. Bé khong bi tam udt bai mang; f(0) = 1, do
d6 cong tao mam (3.13) trong truong hop nay chinh bang cong
tao mam dong thé (3.6). Theo (3.9) trong truong hop nay:

G, +0; =0, (3.14)

3 Khi 8 = 0°. DBé bi tam w6t hoan toan bdi mam; f(0) = 0, do do
cong tao mam (3.13) bang 0. Theo (3.9), trong truong hop nay:

G¢ +O; =G (3.15)
Day la truong hop 1y tuwong
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Young’s equation: C, =0, +G; COSO

Ki hiéu: s: subtrate (dé); i: interface (bé mat tiép giap gilta mam va
dé); f: film (la giot mam)

v/ Véi tang trudng o6c dao, ) % do do:

Tir (3.16) suy ra rang, néu o, nho thi tdng truong oc dao xay ra khi

o, <O,

Diéu d6 giai thich tai a0 mang phu kim loai c6 khuynh huéng tao
dam hoac oc dao trén dé ceramic hoac ban dan.

Vat ly Mang mong 180
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: : T
v' Tang truong 16p, 16p phu s€ “tam uot” d¢, 0< O < >
Do do: o, 20, +0;

Nhu vay, vat liéu mang c6 niang luong bé mit thap sé tam udt dé
c¢6 nang luong bé mit cao.

Truong hop diic biét cia diéu kién nay 1a mang dong nhat 1y
tudng hay “epitaxy — dong chat”, & do 19p tiép giap gilta mang va
dé vé ban chat bj triét tiéu,o; = 0.

v’ Tang trudng S- K (Stranski - Krastanov),
o, >0, +0,

Pau tién mam tiang trudng theo 16p. Sau khi thanh 1ap 5 — 6 don 16p
thi mang s€ chuyén tir tang trudng hai chi€u sang ba chiéu.
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(1) Volmer-Weber: (island growth):

M. Volmer and A. Weber, Z. Phys. Chem. 119, p. 277 (1926).

(2) Frank-Van der Merwe: (layer growth; ideal epitaxy):

F. C. Frank and J. H. Van der Merwe, Proc. R. Soc. London, Ser. A 198, p. 205 (1949).

(3) Stranski-Krastanov: (layers + islands):

J. M. Stranski and L. Krastanov, Ber. Akad. Wiss. Wien 146, p. 797 (1938).

Hinh : Nhitng modes co bdn ciia sw tang truong mang

Vat ly Mang mong 182
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Example: CVD Al on TiN,
265 ¢ 2 torr
13 seconds

\
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Al Nucleation on Different Surtaces

TaN, 265 °C Ti-W, 265 °C

Vat ly Mang mong 184
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3.2 Substrate

* Provides the template for deposition and growth of films

» Has effect on interfacial structural, mechanical and physical
properties of films

= Clean surface

= The first few atomic layers are involved

Epitaxy

Epitaxy = growth of film with a crystallographic relationship
between film and substrate

» Homoepitaxy (autoepitaxy, isoepitaxy) = film and substrate
are same material.

»Heteroepitaxy = film and substrate are different materials
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3.2 Substrate

structures
ematched
ecOmmon in homoepitaxy, sometimes in heteroepitaxy
material S 200 eovcooe -
seecee L N N BN N g?dsgfmégsts
S>> P

substrate p o 90 @ &
2200
material S0 00 @

estrained (pseudomorphy)

ofilm grows with structure different from bulk

film * & @ @
material e ® & O strained

filrm

substrate g o 9 9 @
material SO S8 S

not stable at some thickness film will convert to
bulk structure
example: Co is hcp can deposit as fcc up to one
micron thick S

. Vat ly Mang mon .
example: strained layer superiattices.can.make
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3.2 Substrate

erelaxed
eform edge dislocations
film e & &0
material e & & @
® ® @ @ o o _o_o EF’Eﬁ
' BB R ISIOCa00nNs
swsuac eeeee o oo

strained vs. relaxed depends on minimizing energy of system
estrain energy vs. dislocation energy

i

Homoepitaxy Heteroepitaxy Heteroepitaxy
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3.2 Substrate

Surface and Interface Crystallography
surfaces - not always the same as the bulk
vertical changes outer layers may move in or out
from bulk positions lateral changes surface may
reconstruct atoms move laterally on surface
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3.2 Substrate

interfaces

use Miller indices to specify planes and or
directions

example: NiO on Ni: NiO(100)||Ni(111)
lattice misfit ¢ a,(s)—a,(f)

2,(T)

OR:
f = [na (substrate) - ma_(film)] / a (film)

a, = bulk lattice constant (function of temperature
I
Integers

ilm in tension

f
film_in_compréession ™ 199

n, m
f>0
f<O
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Xac dinh hé s6 khong trung mang dua Vao pho nhiéu xa tia X
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Hinh _Phé nhiéu xa tia X ciia mang V,0,
phii trén cdc dién cwe trong suét bang pp
phun xa Magnetron DC.

al V,Os phii trén dé ZnO:Al

b/ V,Of phii trén dé Sn0,:Sh

¢/ V,05 phii trén dé 1TO

(Viet V. Pham, 2009)
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3.3 Characterization of thin films

3.3.1 Electrical properties

Sheet resistance:

= Sheet resistance is a measure of resistance of thin films that are
nominally uniform in thickness.

It is commonly used to characterize materials made by
semiconductor doping, metal deposition, resistive paste printing, and
glass coating.

» Examples of these processes are: doped semiconductor regions
(e.g., silicon or polysilicon), and the resistors that are screen printed

onto the substrates of thick-film hybrid microcircuits.
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3.3 Characterization of thin films

Calculation Sheet Resistance
In a regular three-dimensional conductor, the resistance can be
written as L L

Re pm— p—
P A" Pwi

Where p Is the resistivity, A is the cross-sectional area and L is the length., W is
width and t is the sheet thickness .

=

W
Upon combining the resistivity with the thickness, the resistance can
then be written as:

R=L - _R =
tw W

R, then the sheet resistance
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3.3 Characterization of thin films

units

The units of sheet resistance are ohms. An alternate, common unit is
"ohms per square" (denoted "Q/sq" or " Q/o ™), which is dimensionally
equal to an ohm, but is exclusively used for sheet resistance.

current source and measurement

Measurement ),
A four point probe is used to avoid
contact resistance, which can often
be the same magnitude as the sheet
resistance. S =

http://pvcdrom.pveducation.org/CHARACT/4

pp.HTM
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3.3 Characterization of thin films

3.4.2 Optic properties

Why optical measurements

» Optical properties of materials can be
naturally measured with optical
measurements (i.e. measurements that
involve light generation or scattering)

» Optical properties can be used to
determine structural or other physical
properties

« Generally non-destructive
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3.3 Characterization of thin films

3.3.2 Optic properties
Thin Films

* A material is deposited (or coated) uniformly on
a substrate.

* Measuring optical propeties of the film we can
learn a lot about the material

» Semiconductors

* Band gap, absorption, refractive index,
Impurities, defects etc.

* Nanoparticles

» Size distribution, crystallinity etc.
» Organic layers
* Molecules

* Requires modelling of the measurement scheme
Vat ly Mang mong 195
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3.3 Characterization of thin films

3.3.2 Optic properties

Thin film measurements

incident

[ —-
2 substrate “-
<—m
transmitted
reflected
/ absorbed
Film of material to be characterized Support substrate of

known optical properties

Incident Power = Reflected + Absorbed + Transmitted Powers
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3.3 Characterization of thin films

3.3.2 Optic properties

If a solid sample is illuminated by a light beam of intensity |, the

Intensity of this beam Is attenuated after it passes through the
sample.

« Absorption. Makes electron transition from the ground
state to the excited states.

« Luminescence. The electrons excited by light absorption
return to the ground state via emitting light radiation.

« Refection with an intensity 1, from the external and
Internal surfaces.
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3.3 Characterization of thin films

a. Absorption

We have mentioned that a light beam becomes attenuated after
passing through a material. Experiments show that the beam
Intensity attenuation dl after traversing a differential thickness dx
can be written as

dl = —aldX (2.4)

where 1 is the light intensity at a distance x into the material and « is called the
absorption coefficient of the material. Upon integration of

Eq. (2.4) we obtain | = |Oe_ax (2.5)

which gives an exponential attenuation law relating the incoming light

Intensity 1, (Actually it is the incident intensity minus the
reflection losses at the material surface) to the thickness x. This

Law is known as the Lambert-Beer law.
Vat ly M&®8g modng
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3.3 Characterization of thin films

The transmittance, T=1/1,, and the absorbance, A=1-1/1:

Transmission

T=10""
A=1-10"" (2.12)
Transmittance
0.85
: ’\ /\\/v\
0.75 U
0.65

T
400

¥ T ¥ T ¥ T ¥ T ¥ T ¥ T v T ¥

600 800 1000 1200 1400 1600 1800 200C

vat Wiyslength (nm)
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3.3 Characterization of thin films

Example: Material Characterization using
transmission data

f
I
] & undoped
] e 1 at% doped
1 ) ’
| f

16 2 24 28 32 36
hv(eV)

Fig. 4. The plots of (ahe)® vs, photon energy of the undoped and indium doped
cdY 3y, Manginang. 200
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3.3 Characterization of thin films

Determine Band gap from Transmistance

3
2‘5_ zns_l —————
B Zns-2 7T
Znt-3
2 —

Absorbance
|_1
Ln
I

0 I -
200 400 600 800 1.000 1.200

Wavelength (nm)

Absorbance versusswavelength of incident radiation. 201
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3.3 Characterization of thin films

Determine Band gap from Transmistance

The theory of optical absorption gives the relationship between the absorption coeffi-
cient o and the photon energy hv, for direct allowed transition as

a=(hv—Eg)%. (1)

Using the fundamental relations of photon transmission and absorbance,

I =I,e™,

where t 1s thickness and

A=logl,/I,

we have a = 2.303A/t.

Equation (1) gives the band gap E,;, when the straight portion of a? versus hv plot
is extrapolated to the point a = 0.
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3.3 Characterization of thin films

b.Reflectivity

Reflectivity spectra provide similar and complementary information
to the absorption measurements.

The reflectivity at each frequency is defined by

|
R0 (2.13
IO

where I is the reflected intensity.
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3.3 Characterization of thin films

L uminescence

Luminescence Is, in some ways, the inverse process to absorption. However,
the absorption of light is only one of the multiple mechanisms by which a
system can be excited. In a general sense, luminescence is the emission of light
from a system that is excited by some of energy.

Table 1.2 The various types of luminescence

Name Excitation mechanism
Photoluminescence Light
Cathodoluminescence Electrons
Radioluminescence X-rays, a-, B-, or y-rays
Thermoluminescence Heating
Electroluminescence Electric field or current
Triboluminescence Mechanical energy
Sonoluminescence Sound waves 1n liquids
Chemiluminescence and Chemical reactions

bioluminescence

Vat ly Mang mong
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3.5 Characterization of thin films

Photoluminescence occurs after excitation with light (i.e.,
radiation within the optical range).

Luminescence can also be produced under excitation with an
electron beam, and in this case it is called cathodoluminescence.

Excitation by high-energy electromagnetic radiation (sometimes
called ionizing radiation) such as X-rays, a-rays (helium nuclei),
B-rays (electrons), or y-rays leads to a type of photoluminescence
called radioluminescence.

Thermoluminescence occurs when a substance emits light as a
result of the release of energy stored in traps by thermal heating.

Vat ly Mardg modng
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3.3 Characterization of thin films

Electroluminescence occurs as a result of the passage of an
electric current through a material.

Chemiluminescence appears as a result of a chemical reaction.
As a particular class of chemiluminescence, bioluminescence
occurs as a result of chemical reactions inside an organism.
Bioluminescence is the predominant source of light in the deep
ocean.



http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

3.3 Characterization of thin films

3.3.3 Mechanical properties

The mechanical properties of a coating/substrate system depend on
the microstructure of the coating/substrate and interface region.
Composition, phases present, porosity, grain size, grain shape,
defect types and density.

¢ Time-independent properties are:

— Elasticity (Young’s Modulus)

— Plasticity (Yield stress, work hardening exponent)

— Fracture (Toughness, crack driving force)

*» Time-dependent properties are:

— Viscoelasticity

— Creepl/viscoplasticity

— Slow crack growth (Fatigue strength)
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3.3 Characterization of thin films

The area of the residual indentation in the sample is measured and the
hardness, H,

IS defined as the maximum load, Pmax, divided by the residual
Indentation area, Ar, or

For traditional hardness techniques, the projected area may be
measured directly using light microscopy. As can be seen from

equation, are given load will make a smaller indent in a "hard"
material than a "soft" one.
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3.3 Characterization of thin films

N
o
...--'.'.',;::’.'_-‘l -

Bax
15 ¢ i
e
= Q,
7 10 | 1
g g
-
5... -

0 100 200 300 400 500 displacement, /2
Indentation depth, nm

Fig: Schematic of load-displacement curve for an instrumented
nanoindentaion test.

Nanoindentation of film/substrate system Probe begins to move towards
surface. Contact (1) occurs when stiffness increases. Load (2) to a
prescribed displacement. Holdvé@{)wat maximum load to assess creep

behavior. Unload (4),90% of the way. Hold (5) at,90%.unload to assess
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3.3 Characterization of thin films

Current

g — Displacement
S =00 detecting
1 T 0 — electronics

Coil

Il

Table control

100 nm/step
1 |
X-Y table ooh:::g.?ter

ol

Figure 3. Schematic is shown a machine of nanoindentation test [2]
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3.3 Characterization of thin films

Modulus of elasticity: The slope of the curve, dP / dh, upon
unloading is indicative of the stiffness S of the contact. This value
generally includes a contribution from both the material being
tested and the response of the test device itself. The stiffness of the
contact can be used to calculate the reduced modulus of elasticity

E, as
E - 1Jz S
B2 Ja(h)

(2)
where A(h,) is the area of the indentation at the contact depth hc (the depth of the

residual indentation prior to elastic recovery of its shape), and £ is a geometrical
constant on the order of unity.
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3.3 Characterization of thin films

The reduced modulus Er is related to the modulus of elasticity ES
of the test specimen through the following relationship from
contact mechanics:

I/E, =(1-v])/E,+(1-v})/E,
Here, the subscript i indicates a property of the indenter material and v is Poisson's ratio.
For a diamond indentor tip, Ei is 1140 GPa and vi is 0.07.

Poisson s ratio varies between 0 and 0.5 for most materials (though it can be negative)
and is typically around 0.3.

Figure 4. An AFM image of an indefitt leftMayng Berkavich tip in a Zr-Cu-Al metallic 212
glass:.theplastic flow of the material around the indenter,is.apparent.
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3.4 Problems

Xem trong sach “Bai tap Vat ly Mang
mong” — Lé Van Hi€u, Pham Van Viét,
2011.
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Noi dung

1. Céc khai niém co ban vé tir hoc
2. Mang mong tu tinh
2.1 Thé nao 1a mang mong tir tinh?
2.2 Hi€u tng tur dién tro
3. Phuong phap do mot so tinh chat ciia mang mong tur tinh
3.1 Tu mau ké rung
3.2 Kinh hién vi lyc tir
4. Ung dung cia mang mong tir tinh
5. Cau hoi va bai tap
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1. Cac khai niém co bdn veé tir hoc

a. Tw trroong H (magnetic field)

Hién twong:

Khi mét kim NC & gén mot thanh NC, hay mét dong dién — co luc
tr tac dung Ién nam cham — xung quanh thanh NC hay dong dién
c6 mot tw tredng

So sanh dinh luat Coulomb vé twong tac tinh dién:

Xét 2 cye tw co cuwdng dé m, va m, (Wb) — lwc tir twong tac tuan
theo dinh luat Coulomb:

1 mm,

F= N
dmu, r’ L]

Khai niém:
Tw treong la mot moi trwdng vat chat dac biét bao quanh cac dién
tich chuyén déng.

Vat ly Mang mong 216

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

1. Cac khai niém co bdn veé tir hoc

« Cach tao tr trrd'ng: |
- Dong dién thing: H=¥/(2mr) | [/ |,/

(— don vi tw tredng: A/m) —3
- Dong dién tron: H = 1/(2r) @ ® @
- Cudn solenoid: H = N.I/L = n.| R, 1 o
- Nam cham b o A &
(‘;; ' ()
b. Momen tir m (magnetic moment) [Wb.m, Am?]
+ TN:
Xét 1 NCVC dai t, cd cuc tr v&i cwwd'ng do m; dat trong mot tw
trr&'ng:

- H déu: NC chiu tac dung ctia mét moment xodn
L=-m.{H.sind

- H khéng déu: NC chiu tac dung cua mot lyc kéo
F =m,.L.(éH,/6x)

»  — Khai niém:
(m,.£) dac trurng cho kha nang chiu tac dung b&i H va dwoc goi la
moment tlr Vat ly Mang mong 217
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1. Cac khai niém co bdn veé tir hoc

c. Tir dd M (magnetization) [Wb/m?, A/m]

K/n: tbng moment tir trén mét don vj thé tich
M=m/\V

d. Cam rng tw B (magnetic induction) [T]

Trong chan khong: B =,.H

Trong véat liéu: B=u,.(H+M)=uH

vOi L= Wy (1 + ), x = M/H

U, = 4. 107 [H/m, Tm/A] - dd tham tr (magnetic permeability) chan
khong

1L - dd tham tlr cha vat liéu [H/m, Tm/A]

y - dd cdm tir, hé sb tlr hda (magnetic susceptibilty)
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e. Trweeng khee tir H, (demagnetizing field)

1. Cac khai niém co bdn veé tir hoc

Kin: ...
Tinh chét:
- Phwong, chiéu: H, 1| M
-Do Ién: Hy ~ M, khoang cach cuece ti,
dién tich cuc tw

H,=-N,.M
vOi N, - hé sb trwong khir tir
(demagnetizing field factor), 3 (N,). = 1
VD:
- Hinh cau: N, =N, =N, = 1/3

- Hinh tru dai vé han: N, =N, =1/2, N, =0

- Mang mong: N, =N, =0, N, =1

Vat ly Mang mong
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1. Cac khai niém co bdn veé tir hoc

Bing MOi lién hé gilra mot vai thong so trong

hai hé dan vi

Quantity E:ﬁgg} S.1. Units E“?Eﬂfffm’
Magnetic Induction (B G T 10t
Applied Field (H) Oe Am-1 103/ 4n
Magnetisation (M) emu cm™ Am! 102
Magnetisation (d=id) G - -
Magnetic Folarisation {.J) - T -
Specific Magnetisation (s) emu g IT-Meg-! 1
Permeability {u) Dimensionless Hm ! a4z 10"
Relative Permeability (u,) - Dimensionless -
Susceptibility () emu en-2 O | Dimensionless 4
Maximum Energy Product (BH 5. MG Qe k. m'3 10274
Vat ly Mang mong 220
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1. Cac khai niém co bdn veé tir hoc

Cac domen tu

Pomen tur Ia nhirtng vung trong chat sat tir ma trong
do cac momen tu hoan toan song song vdGi nhau tao
nén tu do tu phat cua vat liéu sat tu

1ﬂ‘\/r‘:—\\‘, /. - },

e
- ] 2010 etisation
——————- * Demagnetisation field

ianSSSqr 55 NN NSNS /Q\

S
(b) (c) (d)

Minh hoa su chia vat liéu thanh (a) don domen, (b) hai domen, (c)
Bon domen va (e) Cac domen khép kin.

Vat ly Mang mong 221

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

1. Cac khai niém co bdn veé tir hoc

SR N ¥
A I A : — = = = v v
ot Y g T
y B DSy e
A A A A A A ¥ v ¥ ¥ v ¥ \ D .
soreitifiesgie omains
g A A ¥ ¥ 4 ¥
T LN i T
A p A A ¥ + ¥
A LA v D PR
b o R AT N W
A A 4 ¥ ¥ ¥ - s
5 AN P e 7
One domain | Another domain /// ///
Domain wall /

S22

\

\ 1
\ \
\ \
\ 1

p

Domain
wall

Wall thickness about 1000 A (100 nm, 0.1 pm)
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1. Cac khai niém co bdn veé tir hoc

Hién tugng tur tré

a T — 11t
> Tu tre (magnetic ( SEE Twrcung
hysteresis) la hién Burémgleong tirhéa ban ddu

Puong cong JJ 1 T mém l | '
Khir toe R

tuong bat thuan He [Luc khang tu K oH
nghich gilra qua trinh J
tu hoa va dao tu G I J X

/4 N = A 9 \ J
cac vat liéu sat tur do H B

k,ha nang ,giu‘ AIai tu B(H)= 1 H+ A
tinh cua cac vat lieu

sat tu. ( =l
> 1—I|enutu‘<_5ng tu tre la BH) . =
mot dac trung quan d

trong va dé thay nhat /
& cac chat sat tu.

M6t chu trinh tré dién
vat ly MEl*wrfnfan?cua vat liéu sat tu 223
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2. Mang mong tu tinh

2.1 Thé nao 1a mang méng tir tinh?

Mang tir 1a mang dugc cau tao tir mot hay nhiéu 16p kim loai,
hop kim hay oxit cta cac chat co tinh chat tir.

Mot sé vt liéu sdt tir -
» Fe,Ni,Co va cac hop kim cua chung
= Oxid ferrite, Ni-Zn ferrite
» Hop kim FeCo
Phdn loai mang twr. co nhiéu cdch phan loai
= Mang tu cung
= Mang tir mém

Vat ly Mang modng 224
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2. Mang mong tu tinh

2.2 Hiéu vng tir dién tré khong 10
(Giant magnetoresistance - GMR):

a. Hi€u ing tur dién tro:

v Tir dién tré (tir tré) 1a tinh chat ciia mot so vat liéu, c6
thé thay doi dién tré hodc dién tro suat khi chiu tac
dung cua tur trudng ngoai.

v' 1856 :William Thomson (Lord Kelvin) phat hién hiéu
tng nay voi su thay doi dién tré khong qua 5%. Hiéu
Urng nay duogc goi la hiéu tng tir dién trd thuong.
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2. Mang mong tu tinh

Nguoi ta thuong dung khai niém ti s6 tir trd dé néi 1én do 16n cta hiéu
ung tur dién tro, cho boi cong thirc:

p(H) — p(0) _ R(H) — R(0)

p(0)  R(0)
Voi: p(H), p(0), R(H), R(0) lan lwot la dien tro sudt va dién tro tai tir
truwong H va twr truong H = 0.

MR(%) =

Tur-dién tro thuong (Normal MR/Ordinary MR (OMR))
Tur-dién tro di hudng (Anisotropic MR)

Tir-dién tro khong 16 (Giant MR)

Tir dién tré xuyén ngam (Tunnel MR)

Colossal MR

Vat ly Matg mong
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2. Mang mong tu tinh

b. Tir dién tré khong 16 (GMR)

CuuDuongThanCong.com

Dién tré ciia mang da 16p thay doi I R/ Re=0
phu thudc vao dinh huéng song Lol )
song hoac phan song song cua tir I\
do cac 1op sat tr dwoc ngan cach e snm/crienm L
nhau béi mot 16p khong tir. [
."II 08 | | ~+80%
AR R..—R
GMR = = —Af F . / 07 \
R (Fe 3nm /[ Cr 1,2nm) /" \
P — N—
..MRrétién — MR khéng 16 (10-102%) sf
. 200 -I Il 'Y
= > =2 TR (S
Low High Low H (kGauss)
resistance resistance  resistance @@= ,
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2. Mang mong tu tinh

* Co ché cua hi¢u ing GMR:
Pién trd cua cac chat ran duoc tao ra do su tan xa cua dién tur, va
co cac dong gop cho su tan xa nay gom:

Tan xa trén mang tinh thé do dao dong mang tinh thé - tdn xa trén
phonon.

Tan xa trén Spin cta cac phan t&r mang tir tinh - tan xa trén
magnon.

Tén xa trén sai hong mang tinh thé (defect).

Gan day con c¢6 cac nghién ctru chi ra sy tan xa cua dién tur trén
cac polaron tir dé giai thich hiéu ing GMR

Vat ly Ma8g mong
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2. Mang mong tu tinh

M hinh hai dong clia Mott dé giai thich hiéu i‘tng GMR

Spin - FM WM FM Spin - FM MM FEM

S

t- B
| BT
Spin Sipan Ry
Pt S, Pt
II R R Il R B
) ' { !

Vat ly M2%g mong
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3. Phuong phap do mét so tinh chat ctia mang méng tir tinh

3.1 TU KE MAU RUNG
(Vibrating Sample Magnetometer- VSM)

Phat minh dau tién vao gitta
thé ky 20 boi TS. Simon
Foner, mdt nha nghién ctru
cuia Vien Cong nghé
Massachusetts (MIT), My
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3. Phuong phap do mét so tinh chat ctia mang méng tir tinh

*Phép do tir hoa, tir tré: do su bién d6i cia moémen tur
theo tir truong ngoai

*Phép do modmen tir theo su thay doi cua nhiét do
dud1 tac dung cua mot tu trrong ngoai: phep do tu
nhi€¢t. Dua vao phép do tu nhiét, co thé thuc hién cac
phép do dong hoc tir tinh, hay dong hoc két tinh ciia
vat liéu tu.

Do thay d6i momen tur theo thoi gian: do phuc hoi
*X4c dinh céc tinh chat di hudng dua vao viéc quay
vat li€u (bo phan quay cua VSM)
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3. Phwong phap do mét so tinh chat ctia mang méng tir tinh

May phat Khuéch dai

a. Cﬁu taO chirc nang

Bd dao ding
Cudn day thu
Bd tao tin

tin higu
\ hiéu chuan

Pau do Hall \
\ Mau do

N

Nam cham dién

Bd didu khieén quay

MO tor
huwdc
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3. Phuong phap do mét so tinh chat ctia mang méng tir tinh

b. B6 phian dit mau

3. Liquid sample holder:

2. Thin film holder:

Pickup coils 1 |
: l— 19.8mm —{ |«— 16 mm —
Magnet pole pieces (0.78 in) (0.63 in)

— 19MM = o6 4 moiNd 25

(0.75in) / i } 132mm>| }«147mm -
(0.52 in) (0.58 in)

(255 6 +0.0-04 mm
(0.219 +0.000 -0.015in)

4 Bulk sam)le holder: 1. Powder Sample holder

- o e 16mm __ 7 oA L lomm__
[e— 27 mm (1.06in) —{ | 0.625 i~ l— 27 mm (1.06in) —{ | 0,625 in
@5.6 MM — s - — 7 R 11 R — G
(0.22in) (SN ’ (0.22 in) hes- rimaes

]
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3. Phuong phap do mét so tinh chat ctia mang méng tir tinh

c. Nam cham dién

Pickup coils
Magnet pole pieces
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3. Phuong phap do mét so tinh chat ctia mang méng tir tinh

d. B6 phan thu tin hi€éu

Coil 1 Coil 2
'\\\ )
| Magnet
: Pole
. Piece

Vat ly Mang mong 235
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3. Phuong phap do mét so tinh chat ctia mang méng tir tinh

Hiéu dién thé sinh ra do hién twong cam @ng dwec cho boi biéu thirc:
dB

V= —na—.
nm;{if

Tir trwong xuyén qua cudn day truée khi cé6 mau dit vao la:

B = woH.
Tir truong xuyén qua cudn day sau khi c6 mau dit vao la:

B = wo(H + M).

AB = poM.

Suy ra:

Vdt = ~napoM.
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3. Phuong phap do mét so tinh chat ctia mang méng tir tinh

F Electromagnst

N, pole piece

AN
>
: ' , r N

Leads from -Quartz tube
FT - 100 Brass
fastening screw
PT-1 i i
- 100 S : Hylam coil
Temperature ' frame
Sensocr - :
‘ W S .y Caoil winding
- Sample cup
(Plastic straw)
Quartz tube
extention

/
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M in emu/gm

3. Phuong phap do mét so tinh chat ctia mang méng tir tinh

CuuDuongThanCong.com Temperature in K

https://fb.com/tailieudientucntt

20
15 4 ) LTH of 500°C
LTH of 500°C
15 4 10 hr at 80K
10 hr at 250K {q e
104 10 A /,//
54 g, 5
E]
§
i
0 c 0 /
= 4
-5
=10 4 /
10 - |
//
P 15 4
15 4
T T T T T -20 T T T T T T
8 -4 -2 0 2 4 8 8 -4 -2 0 2 4
in K.Qe. H in K.Oe
ZFC & FC Measurement of NiFe
—m—FC (1)
0.042 —e —7FC(2)
0.040 Mg
0.038 -\'K_
0.036 N - e,
0.034 " T,
2 o.s2 -® \'--\.\.\-
@ 0030 o R Ny = S p—
£ e “m .
= 0.028 e-e-e
£ 0.026 /
@ -
£ 0.024 g
o
£ 0.022 '/
0.020 /
-
0.018 /
0.016 Val
0.014 /'
0.012 .
0.010 a P > 2
50 100 150 200 Vdbsey Mdigy MOLY
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3. Phuong phap do mét so tinh chat ctia mang méng tir tinh

3.2 KINH HIEN VILUC TU

(Magnetic Force Microscope-MFM)
Pugc str dung dé xay dung hinh anh sy phan b cua tinh chat tir trén
bé mat vat ran dya trén viéc ghi nhan luc tuong tac (luc tir) gitta mili
do tir tinh v&i bé mat ciia mau.

TWO-STE?
SEPARATION METHOD

MFM Signal

]
P\ T Y ) <

©2005, IMediasoft® - Nanopolis™ | www.nanopolis.net e R, R RTINS

11 | For small tip-sample distances, atomic forces (e.g. Van der

+{| | Waals) are stronger than magnetic forces so MFM delivers a

'| | predominantly topo‘gr:gnic image. For distances (in the
order of 100 nm), ng range magnetic forces are much
more significant and the image will reflect the magnetic
properties of the analyzed surface.

Tapping Mode
scanning of
the surface
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3. Phuong phap do mét so tinh chat ctia mang méng tir tinh

b. Nguyén ly hoat dong

Luc twong tac gitta miii do va bé mit mau dugc cho bai biéu thire

I-Iz.sﬂm?m?
3 dV

s,
F z = —Hy f -ﬂfzﬂp

v0i My va Hogampie  lan ot I thanh
phan theo truc z cua do tir hoa cua miii
do, va cuong do twr truong tai bé mat

mau vat magnetically coated tip

w path of cantilever

* * — + + —— * * flat magnetic sample

magnetic
domains  Vat ly Mang mong 240
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3. Phwong phap do mdt so tinh chat ciia mang méng tir tinh

E Beam Spot Magn Det WD Exp | 350nm E Beam Spot Magn Det WD ST — 1 360nm
50kV 3.0 50000x SE 2.1 0 Nanosensors SR T ) D[ S B

k A : 5 K‘.mf‘( N . £ = 1 ar
E Beam Spol Magn Det WD Exp F { 360nm Egiflm ?%Ol GMOd(;J(;]Ox ggl \h;D] EXp S | 560nm
5.0kV 3.0 50000x SE 210 Nanosensors . & . B

e A i

LS,
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3. Phuong phap do mét so tinh chat ctia mang méng tir tinh

PPP-MFMR PPP-LM-MFMR PPP-LC-MFMR 555-MFMR

(standard) (low momentum) (low coercivity) (high resolution)
Force Constant (nominal) 2.8 N/m 2.8 N/m 2.8 N/fm 2.8 N/m
Resonance Fregquency (nominal) 79 kHz 79 kHz 79 kHz 79 kHz
Tipside Coating Hard Magnestic Hard Magnetic aoft Magnetic Hard Magnetic
Coercivity™ 300 Qe 250 Oe 0.75 Oe 125 Oe
Magnetization™ 300 emu/cm?® 150 emu/cm? 225 emu/cm? 80 emufcm?

Magnetic Tip Moment™ = 10"% emu x0.5 x0.75 x0.25
Guaranteed Tip Radius™ < 50 nm < 30 nm < 30 nm < 15 nm
Vat ly Mang mong 242
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3. Phuong phap do mét so tinh chat ctia mang méng tir tinh

Uu diém: Nhuoe diém:

 Mau khong nhat thi€t phai « Néu tir truong ctia mii do

la chat dan dién.

C6 kha ning phan tich cau
trac tor ma khong do1 hoi su
pha hay hay xt Iy mau
Khong doi hor phai ki thuat
xtr 1i mau hay bao phu gi
dac biét.

MFM c6 thé dung nhu may
STM hay AFM

qua manh né c6 thé lam
thay d6i domen tir trén bé
mit mau.

MFM ghi anh dua vao hién
trong quét nén kha nang ghi
anh cham. Déng tho1, viéc
ghi anh tirc thoi trong qua
trinh tir hoa cuia MFM kém .
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4. Ung dung ciia mang méng tir

e Cac mang mong tu duoc
(rng dung trong nhiéu bd
phdn trong 6 dia clitng
nhu trong dia tuw | Megencnmaad
(platter),trong dau @ . (Platter)

doc/ghi, trong cac cam re
bién, bd din dong.. e
/{peluwn

a

LoD A
AR ,

.Voice—cﬁ\\

..;-Actuatut Nes

e St /N
. »

Vat ly Mang modng 544

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

4. Ung dung ciia mang méng tir

U'ng dung trong cam bién (sensors)

-Cac mang mong tir dung trong cam bién thuong 13 mang
mong tir mém dugc lam tir cac vat liéu nhu NiFe81/19.

-Céc cam bién tur truong cling c6 thé tmg dung hiéu ung
GMR. Trong trudng hop d6, yéu cau cac cai chuyén mach
(sandwitches) mong chira ca cac vat liéu sat tir (NiFe81/19, Co)
va vat liéu phan sat tir (CoCrPt). P day cua mang thuong la
val chuc nanometre.
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4. Ung dung ciia mang méng tir

U'ng dung trong cam bién (sensors)

Suspended Slider

Inductive Write Head
P2 Layer

Copper Write Cails

Inductive Head P1
Shield2

Shield1

Spin Valve/GMR Sensor SAL MR Sensor

MiFe
MR Film
{Sensing Laye

Anfiferromagnetic
Exchange Film

Contact Contact

: s
Hard Bias = e, Hard Bias

Contact Contact
Hard Biag === == Hard Bias

NiFa GMR
Frea Film
[Sensing Layer)

Figure 2, MR and MR Read Stitictures. 246
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4. Ung dung ciia mang méng tir

U'ng dung trong cam bién (sensors)

Air
Bearing
Magnetic Surface
orientation {M)
of pinned and
sensing layers
are parallel --
low resistance
Magnetic Conducting
orientation of Spacer
pinhed and

sensing layers
are opposite --

high resistance

& = Spin up electron @ = Spin down electron

Figure 8. GMR sensor basigst Iy Mang mong 247
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4. Ung dung ciia mang méng tir

U'ng dung trong bo dan dong (actuators)

Cac mang mdng tUr dung trong bd dan ddng
gom ca mang mong tu ci’ng va mang mong tu
mém. Cac vat liéu thudng dung la SmCo83/17,
CoP.
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4. Ung dung ciia mang méng tir

Trong dia tu (platter)

bia tu dugc phu bdi
mot I6p mang mong
tur lam tu cac vat liéu
nhu NiP, hdgp chat Co
Cac mang mong nay
thudng dudc phu Ién
mot dé thuy tinh
bang phuong phap
ma hoac phun xa.

Mot dia tur phi mang mong 5.25”(phia trén) canh mot
dia tu phu oxide 5.25"(phia dudi). Bia tu phu mang
mong phan xa that su manh, chup hinh ching giéng
nhu chup hinh cua moét tam guong.
Vat ly Mang mong 249
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4. Ung dung ciia mang méng tir

Trong cac dau doc/ghi

Contact

Antiferromagnetic
Exchange Film

Co Cu
 Conducting
"y Spacer

NiFe

Free Layer

Vat ly Mang médng 250
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4. Ung dung ciia mang méng tir

Read Current W Write Current

J

Shield 2 J

/F‘1

MR or GMR

Sensor P2

Track Width Shield

S N[N

Read Element Inductive

Write Element

E \
Magnetization Recordinng medium

Figure 3. Magnetic recording process.

Qua trinh ghi
tw

Vat ly Mang mong
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4. Ung dung ciia mang méng tir

Hwdng phat trién
IBM 305 RAMAC
(Random Access Method of Accounting and Control)

S Megabyte Capacity This drive could store 2000
50 disks, each 24 inches in diameter pages of text with 2500

2000 bits/in” storage density. characters per page.

Hién nay, xu thé
dang tap trung la
nang cao mat do ghi
tur (pho bién dang la
100 Gb/in2) nang
dén Tbh/in2 bang cach
gh| vuong goc vdl bé

mg; I:L?.rlbgq ‘éagc? ::al?tu'vat ’ M‘gn%QT - JUST MINI"‘I"URIZATION" Ses
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4. Ung dung ciia mang méng tir

PMR

"Ring" writing element

L

Longitudal Recording (standard)

[ e |

"Monopole” writing element

IDG0GTDGG
T

#umm Flecording Layer
4 fdditional Layer

Vat ly Mang mong
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PMR( Perpendicular
Magnetic Recording) la ki
thuat ghi d{ liéu trén dia
cing

-Budc chirng minh nam
1976 bdi S.Iwasaki va
'ng dung thuong mai
trong HDD nam 2005

-Cé thé tang méat dd luu
trlr d{r liéu 1én dén gap
nhiéu lan so vdi ki thuat
truyén théng.
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4. Ung dung ciia mang méng tir

Prntectwe layer %

e L .-:|.-:!.-:|.-:|.-:|.E.-:|.-. e
':',g': ':_ ': i i

Co-alloy magnetic layer
| |
lntcrmcdiatc la }.’EI‘ SN A e e R e e e

Soft magnetic back-layer

ubstratc
%

Vat ly Mang mong
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LSp ghi tu bén trén la
mang mong tu cling, I6p
bén dudi la mang mong
tU mém. MOt I8p trung
gian sé€ dudc dua vao hai
I6p nay va n6 dong vai
tro diéu khién truc dé tu
hoa, dudng kinh hat, tinh
chét tinh thé cua I16p ghi
va ddng thdi diéu khién
tuong tac tu gilra hai I6p
tu.
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4. Ung dung ciia mang méng tir

hep-CoCrPt

hcp-CoC«rRu interlayer

(nonmagnetic)

S, ' Disordered r

1underlayer

B

CoercivityHc (kOe)
b2
i
|

;/ B CoCr,sRu,s/TiCr;,
4 O TiCry, —
0
10 20 30
Magnetic layer thickness (nm)
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4. Ung dung ciia mang méng tir

PMR

E
=2 1000
-
=
-
=
% 100
=
2
&
5
=

S dung mang clrng
[Co/PdSi], mang tir mém
FeSi/O, mang trung gian
PdSi =>cd thé tao moi
trwong ghi tu voi K, cao voi
tinh 6n dinh nhiét thap [1]

St dung Ru/RuTa lam mang
trung gian gitra mang tu
clrng CoCrPt-SiO, [2] cé thé
lam giam do day |&p mang
trung gian -> lam gidm sv
khdéng hop mang giira hai
|&p

CuuDuongThanCong.com

A A A
1 2 3 B s
O, gas flow ratio, O, O +Ar) (%)

Figure 2: The relationship
between electric resistivity and

O, gas flow ratio in sputtering
gas in FeSiO films.

Overcoat and lube layers

CoCrPt-Si0. mag layer

Soft Underlayer (SUL)

substrate

Fig. 1: Generic PMR architecture (individual layer thickness not scaled)
Vat ly Mang mong
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Hét
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