4 ;8% Céc Phuwong Phap Téng hop Vat lidu 2

Chwong 1: PHAN U'NG PHA RAN - HO'l
2.1. Ky thuat chan khéng
2.2.lang dong hoi vatly (PVD)
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‘4 8o Cac Phuong Phap Téng hop VAt lidu 2

2.1. Ky thuat chan khéng

p-V-T phase diagram O mot nhiét do cb dinh T, hoi c6 thé chuyén
thanh pha long hay pha ran néu luc nén du
16n (con khi thi khéng).

Xét trang thai hoi thay doi theo gian do pV
tai mot nhiét do cb dinh:
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Cac Phwong Phap Téng hop Vat liéu 2

2.1. Ky thuat chan khéng

Phan b6 Maxwell Boltzmann

Céac phan tir khi va cham ngau nhién lién tuc véi
nhau va véi thanh binh chira. Trong qué trinh va
cham sé& trao doi nang lwong lam cho van toc cac
phan tir phan b6 cin bang theo phuong trinh

Maxwell Boltzmann:

3 / 32
dN/dv )

= 4T

m
4y exp
N \ 2wk T

N: tong s6 phan tir trong hé
V: van toc phan ti, m/s

—mv-

kT

dN/dv: s6 phan tir dN véi do bién thién van téc dv

tal v
m: phan t lugng, kg

kB: hé sb Boltzmann, 1.38x10-23 J/K

T: nhié d6 tuyét d6i, K
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Cac Phwong Phap Téng hop Vat liéu 2

2.1. Ky thuat chan khéng

Thong lwong phan tir va cham

(phan tir m2s-1) 13 mot thong s6 co ban dé xac dinh toc d6 lang dong mang mong.

UL T e

LI S0 2

n: number densit - 1
] =nv, Y Ve =—V
- of molecules g)
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e 3172 —mvy
n../dav m
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4 ;8% Céc Phuwong Phap Téng hop Vat lidu 2

2.1. Ky thuat chan khéng

Pinh luat khi ly twéng

- La mdt phuong trinh trang thai mé ta mbi quan hé giita ap suat, thé tich va nhiét do trong
ving khi va hoi c6 thé tich 16n.

Theo Newton, luc tuong tac F trong qué trinh va cham giita phan tir va bé mat can bang voi
tdc do trao d6i moment dong lugng. Véi dién tich bé mat A:

p=F/A =%(mﬁx )(Zr;'wx) = nnn{f =%nnr?
N,RT RT
p=nkgl =n_RT = -
VoV
p: ap suat, N/m2
n = N/V: mat do phan tir, molecules/m? DPinh luat khi ly tuéng dugc ap dung
Nm = N/Na: nong d6 mol, mol/m? khi tong thé tich cac phan tir khi nho

N, = N/N,: s6 mol khi

q hon rat nhiéu so véi thé tich khi va bé
V. thé tich mol, m3/mol

qua luc két dinh giira chiing
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2.1. Ky thuat chan khéng

Pon vi do 4p suit

Pressure Units
pound-force kilegram-force
pascal bar atmosphere torr ) )
P SqUare inch PEr SqUare cemimeter
{Pa} {bxar} {atmi) (torr) _ 3
(psi) {kKgfiem©™)
1Pa = 1 Mim? 107% 9.5692:107° | 750061077 145 041078 1.0197 21075
1 har 100,000 = 1% d':.fm'nzm2 0.95692 Fa0.06 14 504 1.01972
1 atm 101 325 1.01325 =1 atm YEO 14 596 1.03323
3 3 =1 torr 3 3
1torr 133322 1.3332=10 1. 315810 19337 =10 1.35951=10
# 1 mmHg
1 psi 6594 76 65.948x107% 65 046x107 51 715 = 1 Ibfrin? 7 030591072
1 Iiig’f.-'-n::n'l2 95 0665 0 930665 0967333 TI55576 14 22357 =1 kg:lf.l'nzrﬁE
Example reading: 1 Pa=1MN/m? = 1077 bar =9.8692=107% atrn = 7.5006=1077 tarr, etc.
Note: mmHg is an abbreviation for millimetre of mercury
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4 ;8% Céc Phuwong Phap Téng hop Vat lidu 2

2.1. Ky thuat chan khéng

Phwong trinh Knudsen

7 = Nyp

" 2AURT

Xét M=40g mol?t, T=25°C, p=0.001Pa,J; =2.4x10% phan tr cm?s,

V6i duong kinh phan tir la 0.3 nm, ¢6 1.x10%° phan tir cm2 trén mot don 16p (ML).
(}iéi str tat ca cac phan ti va chan} trén b¢ mat deu dinh 1én trén bé mat trong qua trinh
lang dong mang mong thi toc do lang dong la 1.7 ML/s = 1.8 um/h.

Néu khi trong budng tao mau 1a khi tap chat thi mang mong s& c6 chtra lugng tap chat
rat 16n. Pé lang dong duoc mang mong c6 do tinh khiét 99.9 % voi téc d61.8 pm/h, &p
suat p of khi tap chat phai nho hon 10-6 Pa = 10-1t atm (UHV).

Do tinh khiét bo phim c6 thé duoc cai thién bang cach ting thong luong va cham cac
phan tir tao mang hoac giam gia tri ap suat riéng phan p cua tap chat.
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Cac Phwong Phap Téng hop Vat liéu 2

2.1. Ky thuat chan khéng

Quéang dwong tw do trung binh

Quéng dudng tu do trung binh, 1, 1a khoang céch trung binh di chuyén cua khi trudce khi va

cham vai cac phan tir khi khac.

L ion or molecule

Puong kinh phan tir khi a

Puong kinh va cham hiéu dung 2a

Trong 1 s, phan tir chuyén dong trong thé tich ma2v
Néu nong do khi la n, sé va cham ma phan tir khi nay
phai chiu la nmav.

—> Quéng duong tu do trung binh:

% |
J: 7 - g
nmtv N

Trong treong hop va cham phéan tir - phan tir doi khi
phén tir va cham truc dién hay va cham bén hdng
Tinh trung binh, ching va cham theo 90°. Vi vay, van

toc trung binh 1a sqrt(2)v
—> Quang duong tu do trung binh:

|

f=—*
V’E:em‘ﬂ
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8%& Cac Phuwong Phap Téng hop Vat lidu 2

2.1. Ky thuat chan khéng
Quéng dwong tw do trung binh

Hé s6 Knudsen /

L: kich thuéc ctia quéa trinh lang dong (k/c nguon ling dong — dé)

V6i Kn > 1, qué trinh thuc hién trong chan khong cao. Pay la ché do dong chay phan tt,
nghia la cac phan tir chuyén dong mot cach doc lap nhau va chi cé va cham véi thanh budng.

Nguoc lai, véi Kn < 0.01, qué trinh tuan theo dong chay chat long,
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8:99 Cac Phwong Phap Téng hop Vat liéu 2

2.1. Ky thuat chan khéng
Pic diém truyén

Bao gom tdc d6 truyén khoi (khuéch tan), moment dong luong (d6 nhét), ning lugng (dan
nhiét) thong qua dong khi. Qua trinh truyén dién ra bai cac phan tir chuyén dong ngau nhién
trong pha khi.

A general form: (flux of A) = (proportionality factor) x (gradient in A)

3} B o Jﬁ(n-:t);f(dmvn]x—J(up]m,
: __eé_rf_o_.-
X ? ¢ 5 J (net) 1& - (1_!“1:7'%
-3 - - Jylnet)=—An,v=— —v |—
O“__O O n, ~Any A . A ¥ J T
O O O y
mass diffusion J\(net)=-D, s

dx

10
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2.1. Ky thuat chan khéng

Pac diém truyén

Bao gom toc do truyén khoi (khuéch tan), moment dong luong (d6 nhdt), ning luong (dan
nhiét) thong qua dong khi. Qua trinh truyén dién ra bai cac phan tir chuyén dong ngau nhién

trong pha khi.

o dT
O/'mP_?_,u ®=-K —

d
T, f
Omo

momentum transfer

Ts
< 2373577373737
f ‘——‘\ ,"

e B S 7,

1 - Cll{ b Ci : \\ :

T= J(mAu) =——nvml — o 0-?0 X o f y
- dx @’7’7’7’7’7’7’7’”‘\/
!rh

7(/\

K, <<1
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Cac Phwong Phap Téng hop Vat liéu 2

2.1. Ky thuat chan khéng

Murc chan khong

Classification Vacuum Level 21 [P) (<) [d]
Pa Torr
Low or "Rough" Vacuum 133.3to 1.33 x 10" 1to1lx10™

Intermediate or "Soft" Vacuum

<1.33x 10 to 1.33 x 107

<1x10° to 107

High or "HV" Vacuum

<1.33x 107 to 1.33x 10°

<1x10°to 10"

Ultrahigh or "UHV" Vacuum

<1x107to1x10®

7.5x 10" to 7.5 x 107!

Extreme Ultrahigh Vacuum

<1x10"

< 7.5x 10"

Interstellar Space

in'l?

7.5 x 107
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ltra-High Yacuum

ROTARY WVANE

ELOWER/BOOSTER ‘
QL“D MITROGEN TRAF

2.1. Ky thuat chan khéng

High Yacuum

DRY MECHAMNIZAL PURMP
MECHAMILAL PUMP
SORPTION PUMF EAArr
F"LJMF'

{ENTUR) Pl

RIOTARY PISTON MECHANICAL PUME E£LAAA

Rough Yacuum

#

DIFFUSICON PUMP

__m

A CRYOFPUMP

r

A TUREBOQOFPUMP

K AT A AIISSS

| PLINE

TI SUBLIMATICN PLF

-12

-10

-5 -G -4 -2 0
Fressure in Torr (units are exponents of ten) o

I
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l.lltr.-l?b?.cm H?Vm Med. Yacuum Rough VYacu
<107 mbar 107 _103mbar 103 1 mbar 1.ca.103mba
<10-SpPas 10°S 101" Pa 1007 _ 101" Pa 102¢a. 105

l Liquid Level Manomete
1 Elastic
%om ression

L

Pressure Balance
Yiscosit

Thermsl Conductivity Gauge
Thermomolecular Ga

Radioactive lonization Ga
Pennt ng Gauge

h-frequency Yacuum Test

Hot-cathode lonization

‘gh- pressure lomzation Ge= o

B-agrd-Alﬁrt Gog
Modulator Gauge
W
Extractor Ga
W

- Ccathode netron

|
10 1013101210M 1010 10¢ 108 107 106 10S 104 103 102 101 100 10 102 103

Intake Pressure wy mbar
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Cac Phwong Phap Téng hop Vat liéu 2

Qua trinh tao mang mong
PVD: Vit liéu rin duoc hda hoi bai nhiét

hodac nang lugng cua cac dién tir, photons
hay cac ion duong d¢ van chuyén hat tdi de.

CVD: Cac vat liéu nguon tir pha khi, hoi
chat 16ng, chat ran dang khi hda hoc...

CuuDuongThanCong.com

Y

R solid
liquid
Source supr
gas
Eupply rate
l vacuum
Transport fluid
r plasma
e
Uniformity
l S substrate condition
Deposition reactivity of source material
l energy input
' Annealing I
Structure and composition
l structure
Analysis composition
i properties
Process modification

l
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2.2. Phwong phap lang dong hoi vat ly (PVD)

PVD

Sputtering l Evaporation I
T
Diode Magnetron lon Beam l Triode
. - . Dual Magnetron
Radio Frequency Pulsed Cathode DC Sputtering HIPIMS l HIPIMS Sputtering (DMS)
1 1
f 1 f
l Balanced | ' Unbalanced \ l Balanced \ l Unbalanced \

0

71'|

16
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2.2. Phwong phap lang dong hoi vat ly (PVD)

PVD

Evaporation

Resistive ATC Inductive E-beam

Steered Random

17
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2.2. Phuong phép ling dong hoi vat ly (PVD)

Boc bay nhiét dién tré

. Chuting chan khing

.a-

(A égén iy va
Ity At nong dé

Cém bin d chidu diy

[

f * "“'..\, ‘ElE

. .II lllurlﬁt I|EU ba‘f h':”

. Thuyén dién
Thigt bi hiit chin khing cao (6 dét)

P =105 hoac 10-° torr

Ky thuat phti mang bang
phuong phap nhiét chén khong
bao gom viéc dun nong trong
chan khéng cho dén khi co su
bay hoi cua vat liéu dé phu
mang.

Hoi vat liéu cudi clng s&
ngung tu dudi dang mang mong
trén bé mat lanh cua dé (va trén
thanh budng chan khong).

tranh phan g gitra
hoi vat liéu va khéng khi
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2.2. Phuong phép ling dong hoi vat ly (PVD)

Boc bay nhiét dién tré

W acuum

T 1
vesse Holder
(rotating)

Y
é) £ Aperture
é

p I
il
Fumace Pump

Boc bay chan khong la qua
trinh vat liéu nguén dugc
héa hoi bay dén dé ma
khong xay ra va cham voi
phan ta khi trong khong
gian gitta ngudn va dé.
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Cac Phwong Phap Téng hop Vat liéu 2

2.2. Phuong phép ling dong hoi vat ly (PVD)

Boc bay nhiét dién tré

S v

Ngudn tda nhiét

}_“ <- Chiun electron
!

Bay hoi truc tiép

Tao cac mang tir don kim loai (Au, Ag,
Al, Cr..) hoic cac hop chat bay hoi
khong bi phan li (SiO, TiO, MgF,,
Al,O,..)
Thanh phan hop thic ctia 16p phu phu
thudc cac théngsd ctia qua trinh.
Co6 thé dung Plasma dé tang nang luong
thuc hién cho qua trinh phan ung cua
cac hat vat liéu.
Phuong phap nay khéng ap dung duoc
cho vat liéu c6 d6 nong chay cao va cac
hop chét trong d6 cac chat thanh phan
c6 do bay hoi khac nhau.
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Cac Phwong Phap Téng hop Vat liéu 2

2.2. Phuong phép ling dong hoi vat ly (PVD)

Boc bay nhiét dién tré
Vat liéu lam day toc

\
Nhiét @6 nong chay cao

Wolfram (T,,=3380°C)
tantalus Ta (T,,=2980°C)
Molibdene (T,,=2630°C)

Nhiét luong

toara «-—-Q=RI"t

Dién trd cua thuyén  «--

—— -

Vit liéu boc bay

Nhigt d6 néng chay thap

Al(660°C)
Ag (961,93°C)
Au(1064,33°C)
SIO, Cr...

Cuodng do dong dién qua “thuyén”

Thoi gian toa nhiét
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2.2. Phuong phéap ling dong hoi vat Iy (P

Vong day dién tro

%7 / @ * B’ Vat liéu can boc bay duge quan
trong cac vong day

Thuyén dién tré » Tam kim loai dang thuyén dé chtra vat liéu
e . 74 18384 |73 180.85 *'az 95.94
> Lambang |W | Ta | Mo

Mm

Chén dién tr Chén duogc d6t néng bang cac soi
dién tré quan quanh noi

) Lam bang
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2.2. Phuong phép ling dong hoi vat ly (PVD)
T6c do bay hoi®: Phuong trinh Hertz-Knudsen

; N Ap suat hoi ¢an ban
SO nguyén tir boc bay P &

trong 1 don vi thoigian cud Ch?t bay }}_OE —~ Ap sult cua
oo A T -
L-! N\ * chat bay hoi trong
\_e‘\: ,é[\’ p p buongchan khong
A gt A =, e,
Di¢n tich bé mitcua «-A\dt; "7 271.M.K_ T- - > Nhiét do tuyét déi (K)
A1 A S, I B vl dO LUuYy¢
nguodn boc bay. = . o
I , AR A
Ho s6 béc bay® « -2 Khéi lugng Hang so Bc_JZI;zmann

Trong d6, 4p suit hoi can bang 1a 1 ham theo nkiét do:

L,- - -> Nhiét 4n boc bay cua 1

. , KT nguyén ti hay phan tu
Hingsd <-4 P~ = Py.€

(D Téc @6 bay hoi: S& nguyén tir boc bay di qua 1 don vi dién tich trong 1 don vi thoi gian.
@ He¢ so boc bay (Evaporatign, Coefficient): HE so dinh chat cia nguyén tu bay hoi trén bé mat.
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2.2. Phuong phap lang dong hoi vat Iy (PVD)

Thermal evaporation system

24
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Cac Phwong Phap Téng hop Vat liéu 2

Bdc bay bang chim dién ti (EB)

Deflection Coating
coils Electron beam material
Anode Cathode
' .
\O ' Crucible
l {:]

L2

= —
Acceleration Heating
voltage voltage

Mau dugc cung cap ndng lwong dé hoa
hoi tur su va cham véi chum dién tir O

dongnang lon.

Electron source
(filament or filamentless)

Electromagnetic lens
for confinement and
focusing

Electromagnets
for beam
scanning/rastering

E-beam gun

Power 0.030-1.2 MW
Voltage 20-50 kV

2.2. Phuong phép ling dong hoi vat ly (PVD)

> Pumping
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d. Ba Cac Phuong Phép Tong hop Vatliéu 2

2.2. Phuong phép ling dong hoi vat ly (PVD)
Bdc bay bang chim dién ti (EB)
Backscattered electrons—energy up to the beam energy

Secondary electrons—up to ~ ) eV
Thermionic electrons—up to - | eV

s ] Heat radiation—related
to surface temerature
X-rays—energy
up to beam energy
o
, N — o5
é" Cathode dugc dot ndng = Phat TS L= 565
xa nhiét dién tir, tuan theo phuong
trinh Richardson: iat d6 kim loai
VAL 66 de Nh|§t do kim loai Thermal conduction
a;hé?c X:ng — /; —%\\ Cong thoat
? Sop — B ?
hict dien tir ) = o PT €5 | caera
JPie | " khoikim loai
Hingsd * Hé s(")'Y[ruy‘én Hang s& Boltzmann
kim loai qua trung binh
26 |
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2.2. Phuong phép ling dong hoi vat ly (PVD)
Bdc bay bang chim dién ti (EB)

C6 nhiéu loai sting dién tir khac nhau: chim e truyén thang dén vt liéu can boc bay hoic di
theo 1 géc nao do.

E-Beam Control
The beam of

| &—Clhiamber wall .
‘ electrons 1s
bent and guided
by electromagnets.
Molten zone
Hort filament
source of
electrons
Cl‘llcil?le Of eithel' 180’ e-bea"l gun
ceramic or water
cooled metal 2707 e-beam gun
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@QQ

2.2. Phuong phép ling dong hoi vat ly (PVD)

Nguon dang hinh cau, JO phy thudc 0. Véi toc Sl J
dd boc bay tong cong la Q (phan tu/s) ta co: = - &
— — ..2 in8 /-7'\{— 5 8 > \
Jy=J,=0/4m; e i

A A , A / &k N r. —r Jecos

Jo: thdng lugng bdc bay theo hudng vudng goc 7 /0 28 \\" .
/ \ .

. y circle == \

Nguodn dang dia: “lobe" —\—= Jo=J cosd \
J,=J,cosf 1 e e \
7 7 9 1 N\
Toc do boc bay tong cong tir nguon dia: ! , ~ |
source:disc —»
Tl 2
0= L J, cos 027m;, sin 6, d6 = m2J, ol ,
~
J’ — Q ﬁC P 4
0 }IT'; :collimated - 7

Vi J ty 1€ nghich voi r?, nén thdng luong qua
mdt cau 10 tai vi tri d¢ S: Toc d6 lang dong tai diém S, vubng goc voi dé, J-,

_ 2
Js=Jgc08" 0 J, =J,cos' =

Ocos* @

2
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2.2. Phuong phép ling dong hoi vat ly (PVD)

monitor monitor
of M \ substrate /7 ofY
\

~ 5 MHz e

electrode

crystal, Pe SN
*hq ’ 9.8 \

\ e ]
source » source —
of M O shield O of Y * * T
film, pg by

QCM Diameter 25mm
vapor 2 :
4 hf indicated — fan ) -
f--
-l |<_cooldown
: transient v,: resonant frequency, Hz
| _ L _ L i T,: vibrational period, s
1 I Vi = - k: spring constant (stiffness), N/m
mode : r, 2z \m m: mass, kg
op
heatu l
oz ol transi?ent
TRt
start deposition stop -

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


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

4 ;8% Céc Phuwong Phap Téng hop Vat lidu 2

2.2. Phuong phép ling dong hoi vat ly (PVD)

Phan xa (sputtering)

Atom, ion
Atom ar ian with kinetic energy

Surface

¥ ¥ ¥ ¥ ¥ ¥ ¥r Ty yw v

A A A& A A A A A A A A & A& A 4 A A A A A A4 A
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2.2. Phuong phép ling dong hoi vat ly (PVD)
Phun xa (sputtering)

Kim loai/

Hop kim (dAn dién/

dién mol
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2.2. Phuong phép ling dong hoi vat ly (PVD)
Phan xa (sputtering)
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2.2. Phuong phép ling dong hoi vat ly (PVD)
- Phln xa diod phang 1 phuong phap

&\\\\ \}\Xb\% pht mang bang phlin xa trong
%

ot khoing i catdt plasma. Tao plasma tir dong khi Ar,
;;cnguy&ntfl N2, C2H2 hay 02
phin xa

r

| - Mang tao thanh 1& cac hop chat oxid

Evﬁ b x4 it 1 Al,O;, SnO,, SiO,, InO,..., nitride
TaN, TiN, Si3N,..., carbide TIC,

WC, SC.., sulfide CaS, CusS, ZnS...

- Hiéu dién thé DC c6 cuc (+) dit vao dé, cuc (—) vao bia. Cac ion khi duoc gia toc
boi dién trudng gitta hai dién cuc ban pha bé mit bia, 1am bat cac nguyén tir bia,
phinxa vé phia ¢é va lang dong thanh mang.
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2.2. Phuong phép ling dong hoi vat ly (PVD)

Phun xa magnetron

substrate free electrons @

Ar ions o
target atoms O

negatively charged electrode

magnets
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Cac Phwong Phap Téng hop Vat liéu 2

2.2. Phuong phép ling dong hoi vat ly (PVD)

| Substrate I

Film

Balanced Magnetron Sputtered
Source (Conventional)

TW trwong Cac e chiu tac dung
khép kin cla tlr trvong ngang
Péitbje e cht yéu chuyén

va dap dong gan bia
P& it bi Thich Aop tao mang cho

cac loai dé khong chiu

dot néng ‘
duwoc T0 cao: nhya, giay, ...

CuuDuongThanCong.com

Substrate I

. Film =

-, &puttered Particle
=3

UnBalanced Magnetron
Sputtered Source

Tu trwong
khong khép kin

Cac e it chiu tac dung
cua tlr trwong ngang

l

e theo dién truong
dén dé vaiv lén

Dé bi nhiéu e
va dap manh

|
DE bj -

dot nong

Thich hop tao céc
mang yéu cau T° cao
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@@e
2.2. Phuong phap ling dong hoi vat ly (PVD)
Phun xa magnetron DC va RF chinh dién thé
13. 5? Mtz
vIne) “-IE—“ﬂfN‘-
B 1 1 ol -=LCich dign ————
C ) bia —-I:::II:J
phong dién . phing dién
phét quang @ —. phat quang
= :F anot .-‘t:"[ — |—-] 1
khi phin xa  chén khi phiin xp  chén
khong khdng
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2.2. Phuong phép ling dong hoi vat ly (PVD)

Phun xa phan trng

Substrate

R0
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2.2. Phuong phép ling dong hoi vat ly (PVD)

Céac thong sé phinxa

1. Ngwong phun xa

« Pé xdy ra phin xa, cac ion dap vao cathode phai c6 mot ning luong toi
thiéu ndo d6 — goi & ning luong ngudng E, ctia qua trinh phin xa. Néu
ning luong cua ion ban pha nhé hon E, thi phin xa khéng xay ra.

«  Ngudng phln xa phu thudc it vao khoi lwong ion nhung phu thudc 16n vao
ban cha cua tirng loai bia.

«  Ngudng phin xa thudng nam trongkhoang 10 — 30 eV.

2. Hé s0 phin xa

H¢ so phiinxa S phu thudc vao :
o na v'Ban chat cuia vat liéu phin xa
S = — v'Loai ion va nang lrong cia ion bén pha Ién bia
N, v'Géc dap cua ion 1én bé mat cathode

o v'Phu thudc vao ap suat khi lam viéc
s la hé so phinxa

n,la sO nguyén ti bi phtin xa
n, la sd ion dap vao be mat cathode

38
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2.2. Phuong phép ling dong hoi vat ly (PVD)
Céac thong sé phinxa

2.5
2
=
. 15
_‘:;_
=
==
=
=
=
P
o
J.5
a
o 100 200 200 400 500 00 Toa
Argon lons Emergy (%)
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2.2. Phuong phép ling dong hoi vat ly (PVD)
Céac thong sé phinxa

3. Su phan bo theo gdc ciia cac hat phdn xa

- Tuy theo ning luong ban phé ctia c4c ion ma céc hat phiin xa s& phan bo theo cac g
khac nhau.

- Khi ning lugng ion cang 16n thi su phan bd goc ctia cac hat phiin xa cang gan véi
dinh luat cosin.

4. Nang lwong hat phdn xa
Ham phan bo theo nang luong ctia cac hat phin xa ¢ cuc dai trong khoang tir 1 — 2 e\
va trai rong dén hang tram eV.

5. Van toc phin xa (NL caa ion thap va trung binh)

szsl S= 3 4mm2E_ﬂV
>7 (mm,f E

Adt e
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2.2. Phuong phép ling dong hoi vat ly (PVD)

EVAPORATION SPUTTERING
low energy atoms higher energy atoms
high vacuum path low vacuum, plasma path
few collisions . many collisions
line of sight deposition . less line of sight deposition
little gas in film . gasin film
larger grain size smaller grain size
fewer grain orientations many grain orientations

poorer adhesion better adhesion
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8%& Cac Phuwong Phap Téng hop Vat lidu 2

Cau hodigoiy

1. Vai tro ctiia chan khong trong qué trinh ché tao vat liéu?

2. Liét ké cac phwong phap tao mang bang PVD?

3. So sanh bdc bay nhiét dién trd va boc bay bang chim dién ti
4. Nguyén ly cua qua trinh phin xa

5. Mai tro ctia hé magnetron trong qua trinh phun xa
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