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Chwong 1: PHAN U'NG PHA RAN — HO'l

1.1. Khai niém co ban cua pha hoi
1.2. Hap phu, hap thu

1.3. Sv hinh thanh mang

1.4. Lang dong hoi vat ly (PVD)

1.5. Lang dong hoi hda hoc (CVD)
1.6. Hgp mang chum phan t& (MBE)
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1.1. Khai niém co’ ban cta pha hoi

Hé: 1a mot tAp hop cac thanh phan twong tac 1an nhau hodc phu thudc 1an nhau,
cung tao thanh mot thé phirc hop.

— I | > “’ralCT'lﬁpor _
€ J
Heat —>‘ i
S
MOi truGng
khi H, va O,
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Cac Phwong Phap Téng hop Vat liéu 2

1.1. Khai niém co’ ban cta pha hoi

Thanh phéan: 1a hgp phan tao thanh hé, ma ham luong cla né khdng phu thudc vao
thanh phan khéc.

Matter

| |

Pure
substance

Mixture
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1.1. Khai niém co’

ban cta pha ho'i

Pha: 13 tdp hop nhirng phan déng thé cha hé, gidng nhau vé thanh phan hda hoc va tinh
chat ly hda. Cac pha dwgc phan cach véi nhau bédi bé mat phan chia pha.

Sublimation
Melting Boiling/Evaporation
P
(atm)
Solid Liquid Gas
Freezing Condensation
Deposition

¥ Saulibrium —Eauilibrium

\
CRITICAL

melting liquid POINT

freezing

solid vaporization
condensation
sublimation \ gas
jjeposition TRIPLE POINT
T {C)
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1.1. Khai niém co’ ban cta pha hoi
Khi: 13 trang thai cla vat chat ma & dé qua trinh bay hoi cla chat 1dng d3 dién ra hoan toan

Hoi: tén goi cla trang thai khi trong diéu kién khi pha khi & trang thai can bang védi pha long
hay pha ran cla cung vat chat dé.

Pé phan biét khi hay hoi nguoi ta can clt vao nhiét do tdi han: nhiét dé cao hon nd thi vat
chat chi cé thé & trang thai khi va khong cé kha ndng ngung tu.

Khi thay d6i nhiét do va ap suat, khi van duy tri trang

A , thai khi (ngoai trir trong diéu kién dac biét). Khi thay
| > W n N 7 N . V' ~ . v
o b doi nhiét d6 va ap suat, hoi co thé bi nguwng tu hoac
3 1 ! ~N .
@ . '. ' boc hoi.
E Solld phase : compressible : iti Iﬂ id s A 7 . A s N . N n
: Lquid | pererueatiu Khi tuan theo cac dinh luat khi con hoi thi khong.
] |
critical pressure l: L NN
Pa i. liquid critical point
1 phase
]
Po triple point E gaseous phase
vapour
critical
temperature
Tip

T(‘I’

»
>

Temperature
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1.2. Hap phu, hap thu

Hap phu: |a qua trinh lién két cha cdc nguyén tk, ion, hay phan tl tir pha khi, pha long hay
pha ran lén trén mot bé mat nao d4. Qua trinh nay s& tao mot |&p mang mong cua chat bi
hap phu trén bé mat hap phu.

Hap phu bao gdbm: Hap phu vat ly va hdp phu hda hoc (yéu/ manh)

Hap thu: Trong hda hoc, hdp thu la mét hién twong vat Iy hay héa hoc hodc la mét qud
trinh ma trong d8, nguyén tl, phan tl hodc ion di vao mdt pha vat liéu (ran, 1dng, khi)

Adsorption

PHASE | ® o ® o
PHASE 2 000 OO0 OO

Absorption (“partitioning”)

PHASEI | @ o @ @

Absorption | Adsorption

PHASE 2
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1.2. Hap phu, hap thu

Adsorption Absorption

___ Adsorbate

Adsorbent Absorbent -
/ h

_____g» HeatRelease -

Solid Liquid

Desorption

Heat Addition

Solid Liquid
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1.2. Hap phu, hap thu

00 g0
® > ¢%0 00 0%0 %

@
Adsorbent Adsorbate Adsorbent
(porous structure) (‘flat’ surface)
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1.2. Hap phu, hap thu

E(d) >
@
=
s
. S h
T — d ('E" 1 V]l / I __________________ gas pnhase
Physisorption %
ol E{:[III'I'IIl .
Chemisorption — chemisorbed physisorbed
state state
I I I I I I
Distance above the substrate surface
Chemisorption Physisorption
Electron exchange Polarization
Chemical bond formation Van der Waals attractions
Strong Weak
> 1eV (100 kJ mol ") < 0.3 eV (30kJ mol ")
Highly corrugated potential Stable only at cryogenic
Analogies with coordination temperatures (N, 77K, He 4K)
chemistry Less strongly directional
Second phase can form Multilayers can form
for suitable T and P

10

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


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

e Mo g

d‘ g%e Cac Phuong Phap Tong hop Vit liéu 2

What is a "thin film" ?
* 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") /

:‘
B |

d,

Applications:

* microelectronics - electrical conductors, electrical barriers, diffusion barriers . . .
* magnetic sensors - sense |, B or changes in them

e gas sensors, SAW devices

* tailored materials - layer very thin films to develop materials with new properties
e optics - anti-reflection coatings

* corrosion protection

* wear resistance

11
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1.3. Sw hinh thanh mang
Cac budc dé hinh thanh mang:

1. Thermal accommodation
2. Binding
3. Surface diffusion
4. Nucleation
5. Island growth
6. Coalescence
7. Continued growth

Incoming atoms «—

w A Diffusion
Desorption 1:‘> ;“““““““‘“““““‘““““‘Eﬂ;ctm“ & 6"*
\ TR TE
3 O
JL WVan-der-Waals
} Strongly bonded bonded atoms
atoims

substrat |
| dﬁhp_ ubstrate
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1.3. Sw hinh thanh mang

Thermal accommodation

refiected (Ef) v\ /

substate (Eg)

vapaor (Ey)

RESULTS:
atom is trapped if E, < 25 E, .,
Ejesort, 1S typically 1-4 eV
trapped if E, < 25 - 100 eV
equivalently T, < 2500 - 10,000 K
most deposition processes have E,
<10 eV
MOST ATOMS ARE TRAPPED
thermal accommodation is very fast
around 104 seconds

ﬂ' E'l-' — En"' _ T:' — Tl"'
i E'I-' - E5 - T'I-' - T5
a.=0 = E =E = elaste collision (no energy loss)

= E =E,

= all excess enerpy lost

vapor

impinge
-

rebound
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LB Ogo
1.3. Sw hinh thanh mang
Binding Deposition 2
Hap thu vat Iy — Hap thu héa hoc # l Downward
funneling

Desorption

Toc do 1ang dong: R (nguyén tlr/cm?2.s)

Toc d6 gidi hap: V4 = V,. exp( -AG/KT) Nrel earion

Trong do: AG: nang luong giai hap
T: nhiét do dé
V,: tan s6 dao déng mang

Thoi gian ton tai trung binh cla nguyén ti trén bé mat: = 1/v,

D6 bao phu cla cac nguyén tlr hap phu trén bé mat: n, = R.t

14
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1.3. Sw hinh thanh mang

Surface Diffusion

@ ¢ 0 0 0 o o
Hé s khuéch tan: D
® ¢ ¢ o 0 o
® © © © © © D0 dai khuéch tan: L
®© 66 0 0 0 diffusion along
the edge
—— % deposition
d1ffus101.1 across adsorption at \
an atomic step . the edge ““ desorption ’
Ay \‘\ Y island
Y Y . Ea /
‘\‘ \‘ <4
surface € % . v ¥
diffusion <« E
Eq -~ o
—@°:
O"
substrate temperature e
nucleation mechanism

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

15


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

| wee HOA g

¢ KHo, ; .
N T4 = “,
’ .
QY OA @ 3
o e 3
2 P o
° 3 g
2 -3
¥ TP HOCHIMING T

Cac Phwong Phap Téng hop Vat liéu 2

Film
,..-—--.._z..-/_"‘“‘--—_..

Substrate
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Nucleation

4)

)

(2)

(1)

COSO = (Y5~ Ya)/Vss
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1.3. Sw hinh thanh mang

Nucleation
neglect 1hi5 far
Now
+ / / almost all inital growth by
s surface diffusion
impunty

i
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1.3. Sw hinh thanh mang

Island growth

Island growth (Volmer - Weber)

Layer by layer growth (Frank - van der Merv&b.. '

20 0 0000000

I

Mixed growth (Stranski - Krastanov) — -

I

20 _ 0
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1.3. Sw hinh thanh mang

Island Coalescence

Ostwald ripening

Cluster migration

net flow
of atoms

Sintering

higher higher

jvity | \\ ‘,,f ity

lower
achivity
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1.3. Sw hinh thanh mang

Thick films - zone models //

* Phu thudc vao: khuéch tan trong _
khoi, khuéch tan trén bé mat, qua R
trinh giai hap, dia hinh bé mat. »
7 5,
» Anh huéng cla nhiét do6 dé va tdc ae ot
d6 Iang dong.
Zone Temperature Diffusion Other Processes
1 T<0.2-03T, limited
T T<0.2-0.5Ty, surface renucleation during
growth
grain boundary
2 T<0.3-0.7Ty surface

region with
similar structure

migration

grain boundary
bulk (dominates) +  migration;

3 T>05T,

CuuDuongThanCong.com

surface recrystallization
within grains

https://fb.com/tailieudientucntt

Structure

small grains, many
voids

mixed small and
large grains, fewer
voids

columnar grains
large grains

(sometimes
columnar) —_—
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1.3. Sw hinh thanh mang

Thick films - zone models

Kich thuwdc hat phu thudc vao téc do 1ang dong va nhiét do dé

grain
sSIZe

grain
SIZE

substate
temperature

—

annealin
ternperature

thick

thin

grain
SIZe

grain
SIZE

—_—
low Tg

deposition
rate

high Ts

low Tg

film thickness
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1.3. Sw hinh thanh mang

Cac yéu td anh huédng khac:

1. bé

- PO phang

- Cau truc trén bé mat: (ciu truc tinh thé cda mang > < cau truc tinh thé cha dé)
- Sai hong (cac vi tri hinh thanh mam)

2. Tap chét

T 4p suat nén, ngudn lang dong khdng tinh khiét, chat ban

Lam thay d6i nang luvong (ndng lvong bé mat/ gidi hap/ khuéch tan bé mat)
poor background pressure

dirty surface high background pressure
TN . ,

AP A 5

changes Ysy and Yis changes Ysy and Yfy

22
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1.3. Sw hinh thanh mang

Cac yéu td anh huédng khac:

3. Nang lwong cha cac hat téi dé

>10-20eV -------- > 100-1000 eV

thermal evaporation ----- sputtering --------- accelerated (bias)

Qua trinh twong tac cta hat tdi véi mang/ dé con gay ra:
Loai bd cac nguyén tir trén dé

Chén cac hat vao trong mang/ dé

Lam tang nhiét do cuc b6

Gay ra sai hong

RN

L]
[] ¥

& *

-

Irain Substrate
boundaries
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1.3. Sw hinh thanh mang

Cr acked Buclkded

] N

Plastic Micro- Viscous
deformation cracking Flow

24
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Cau hoi:
1. Phan biét cac khai niém khi/ hoi, hap phu/ hap thu

2. Cac qua trinh hinh thanh mang mong?

3. Céacyéu td nao anh hudng dén ciu tric mang mong?
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