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CAC PHUONG PHAP CHE TAO MANG MONG

ThS. Vo Thanh Bwoc

« Phwong phap boc bay nhiét
 Phuwong Phap phun xa



CAC PHUONG PHAP CHE TAO MANG

Phwong phap Phwong phap
ngwng tu vat ly (PVD) ngwng tu hoa hoc (CVD)

Physical Vapor Deposition Chemical Vapor Deposition
® Céac hat vat lidu ngwng tu trén dé,

® Cac hat vat liéu ngung tu trén dé — Mang ohan (rng véi chat khi — Hop chat — Mang

Tas < 500°C T, =900 — 1200°C ¢
o .~ @cCacphan = P © Mot chét
8" > trng hinh o » khi duwgc dwa
& thanh hop \ vao (precursor)
X X 7 »
® Cachatvat | o O chat (néu cd), || @ Cac hat vat o
liéu di chuyén O x xayratren [l jigy dichuyén x
g) / dwong di () /0O

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;

® V&i mét tdc nhan cung cap nang luong, ® V&i mot tac nhan cung cip nang lwong,
vat liéu can phd mang bi héa hoi. vat liéu can phd mang bi héa ho:.



% HA| PHUONG PHAP PVD PHO BIEN

~ Phwong phap Phwong phap
boc bay chan khong phun xa

Anode ¢ +
|V ~ kVolt




1. Phwong phap boc bay
chan khong (Evaporation)

Phwong phap Phwong phap
boc bay trwce tiep boc bay gian tiep
Boc bay Boc bay Bay ho
nhiét dien  bang chum phan rng Ma ion
tror N dién tw (RE)
= Electron-beam < ~lon Plating:

C6 kich ~ Maion
hoat (ARE) o

/

Thermal ~ Evaporation: Khoéng
Evaporation: Boc bay bang "
Béc bay nhiét chuam dién ti kich hoat/, ;
Reacting Evaporation:* Activated Reactive Evaporation:
Bay hoi phan tng B.hoi p.trng co kich hoat

N — —



1.1 Phwong phép boc bay trpce tiép

% & ¥« Nguyén tac chung

/%.
6\ 9(,
N3 @,29
© Vat ligu (ran, Iéng, bot) @ Hoi vat liéu boc © Cudi cung, hoi vat liéu ngung
dwoc cung cap E — héa hoi  |én phia trén tu trén dé, phan bo va két tinh

Tac nhan hoéa hoi la nqubn nhiét,
mau dwoc qilr bang dién tro

BOC BAY NHIET DIEN TRO |-~

Tac nhan hoéa hoi la chum e ¢co6
doénqg nang Ion

BOC BAY BANG CHUM e |--




Sodé méthé bécbay  ( BOC BAY NHIET DIEN TRO' )

chan khéng don gian
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Mot hé boc bay chan khéng gom
4 bo phan chinh:

= Hé bom chan khéng
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¥ Buong chan khong

& Nguon nhiét
&d Hé gilr & dieu chinh T
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Mau dwoc gitr bang “gia dién tré”, Y.

dwoc dot néng dén héa hoi bang
dong dién theo DL Joule-Lenz: %
T - Cuwong doé
Nhiét lwong _Q — R 2 t dong dién 5 ——— - -
tdara © " — M0 b qua‘thuyén” Cac loai “gia dién tro’”: day
Dién tr& cda thuyén « - - L, Thoi gian téa nhiet  (@-d), thuyén (e-g) va chén (h)

e)



GIA BIEN TRO

Vong day dién tr& R 1 hay nhiéu vong day

W

R~ VAt liéu can boc bay dwoc quan
trong cac vong day

B> Lam bang

Thuyén dién trd ) Tam kim loai dang thuyén dé chira
vat lieu
> Lam bang

74 18384 |73 18085 |42 o594

W Ta Mo

TUNGSTEN | TANTALUM MOLYBOENUM

Chén dwoc dot ndng bang cac soi
dién tro quan quanh noi

¥ Lam bang

Thach anh
_chiu nhiét -

N

geology.com



Toc dd bay hoi): Phwong trinh Hertz-Knudsen

Ap suat hoi can bang
cua ch?t bay hoi

~ - — Ap suét cla
% ‘~ ' chatbay hoi trong

-~ PP budng chan khéng
I
\/272' m. KBT— - »Nhiét do tuyét doi (K)

S6 nguyén t&r boc bay
trong 1 don vi thc‘7i gian

L__d :

Dién tich bé mat cla « A\e dt )
nguon boc bay.

/

____IIQ\

Ha sb béc bay@ « - - Khéi Iuo’ng - - - »Hang so Boltzmann
. nguyen tor (1,3810_23\]”()

Trong do, ap suat hoi can bang la 1 ham theo nhiét dé:

Ly~ —->Nhiet an boc bay cua 1
kBT nguyén t& hay phan tw

M) Téc dd bay hoi: S6 nguyén t&r bdc bay di qua 1 don vi dién tich trong 1 don
vi thoi gian.

2 Hé sb bdc bay (Evaporation Coefficient): H& s6 dinh chat ctia nguyén tl bay
hoi trén bé mat.



Sw phan bé hwdng clia cac nguyén tr boc bay:

Pinh luat phan bo Cosine: N, =N,.cos¢,

+ Ny Ny No: s6 hat nam trén
phwong phap tuyén
N, N, L vOi mau trong 1 don
\ / \ vi thoi gian
\\ N;: s6 hat nam trén
"\ phwong hop voi
N, : \ phuwong phap tuyén
N, \ 1 géc a.
N1 4 \\ g |
N5

* Ju diém & han ché cla p.p boc bay nhiét dién tré



( BOC BAY BANG CHUM ¢ )

Mau dwoc cung cap ndng luong
dé héa hoi t sw va cham vOi
chum dién tw c6 déng nang Ién.

Cau tao cua sung dién tw
Cuon tu Vat liéu
truong Chum electron can phu
Anode Cathode

t

é Ce}’ahocll? du;o’c dAot néng = Phat E Chén dung
xa nhiét dién tl, tuan theo phuong ‘ | &
trinh Richardson: nhiat 45 kim loai |
Matagdong = /ﬂ—ﬂ\x Cong thoat
nitgonw = ADT% & ciaera N S j

— g s khéi kim loai = Thé giatéc —°

Hang s6*~ Hé Sévtruyén Hang sb Boltzmann (6-10kV) Thé dot

kim loai qua trung binh



Cudn tir vatlicu g Chum electron dwoc

tru’(‘)’ng N I t Cé‘\ln ph{l - A o A A
Chum electron J gia toc trong dién trurong,
O O

Anode Cathode

@] Ch, d 1/ Ve ~
\O | <£] _— é Chén dung mau dugc
giai nhiét bang nwéc dé

tranh hao mon.
Thé gia toc Thé dbt

(6-10kV)

* u diém & han ché cla p.p boc bay bang chum e

dinh hweong tronq toe
trtrong, va cham voi bé

mat vat liéu.




[ BOC BAY BANG XUNG LASER |

(PLD — Pulse Laser Deposition)

° Electron Chum laser xung céng
O Nguyén te suat Ion dwoc chiéu vao bia.
& trung hoa

Bia hap thu nang luvong
laser, nong Ién va bay hoi

Phia trén bia hinh thanh
mot vung khdéng gian chira
plasma phat sang

CAac hat vat liéu bia
ngwng tu = mang trén dé

Théng tin vé nguon laser xung thwong st dung
J Laser Excimer KrF: A = 248nm
J DO dai xung: ot = 25ns
) Mat do coéng suat: j = 2,4.108W/cm?

3 Vung dién tich chiéu roi [&n bia: A = 0,1cm?
) Tan s6 1ap lai: f = 50Hz



Nang lvong

Cung cap dong nang Pha v& lién két
LASER : - ’ -
- |&n cho hat vat lieu mang thoat khoi bia
bia hap thu
Kich thich e thoat Nguyén tr, cum
ra khoi bia nguyén t& trung hoa
Kich thich, ion hoa Kich thich ion

nguyén tr vat lieu nguyén tr vat liéu

Trong qua trinh dén bia

HINH THANH PLASMA

Nguyén ter e = e
kich thich N Gian do dich
chuyén nanq
o lwrong cua e,
PEnG thai P,hat nquyén tw, ion +
)
=®=
Ion (®) (@) (®) _C ™\ ‘
p p », =®$
kich thich

Uu diém ndi bat nhéat ctia p.p PLD: pht mang trén nhitng dé tinh vi



1.2 Phwong phap boc bay gian tiép

Phwong phap béc 9P 14t LIEN TUONG S SENC
bay trwc tiép PHAN LY
S o OO
Mang khong tinh o
khiét / bi bién chat HEOR > °
C§ £ Q
KP: Ph hap bdc bay gian tié -
KP: wong phap boc bay gian tiép o
Bay hoi \_
phan tng —
(RE) S—
(khéng kich hoat) o ® % Bia la vat liéu don Chéto%o&)
Thwdng dung % Mot khi don chat dwoc oB o
& mang oxit o dwa vao budng chan khdng o o°
kim loai nhw 9&0 % Phan irng A & B = Vat liéu

hop chat (AB,) °Q &, %

TiO,, Si0,,... W@  =——



Bay hoi phan (rng (RE) PHAN UNG A &
£, B KHO XAY RA

. . Hop ch

Hop chat Carbides: TiC, VC, AP ,at ,

NbC, Cr,;C,...; Hop chéat Nitrides: Toc do lang dong

TiN, VN, ZrN,...; Oxides: Al,O, mang NHO

KP:  P.P. bay hoi phan &rng co kich hoat (ARE)

 C6 thém 1 day I6 xo, dwoc do6t nong
on dién V, = Phat xa nhiét dién tw

| ~\ b&i ngu
‘ N 4 .

# Dian tr phat xa dwoc gia tée bai dién
trwong V, = Va cham kich thich khi A, B

0
0o 0o Oo o o
0o o o O
0o 0o O oY o

o 0 o o

o

% 0 o
Q = o
m — > V4 "~ \ > 7 = 7
1 — % Phan rng gilra A va B xay ra v&i xac
i Va

e suatleon = Hop chatAB, @ & %

(ONONONONG)




5 Xuat phat tir mé hinh bay hei phan tng

Ma ion ,C0 O o @ o
(lon Plating) o A° ° %% 28,0 o ¢
O o~ o 0" el

b M6t day tée dwoe dbt nong
= Phat xa nhiét dién tuw

o Dién tlr phat xa gia téc trong
dién trirong = Va cham ion hoéa
phan te A,B, thanh ion (A,B,)

(2) (2) O o % (8)

=V2 AB & 7 (AB,) &
& () e 5% )
s (AXBy) gia téc trong dién ap
gira bia-dé, hwong vé dé voi
nang lwong I&n = Hop chat AB,

UU DIEM Do bam dinh mang-dé tot
> Mat d0 mang cao




2. Phvong phap phun xa
(Sputtering)

Phun xa Phudn xa

diode phang Magnetron
bia-dé

Hé magnetron I
l I N

N
P.X.M P.X.M DX M P.X.M
dong m6t  dong xoay cér; bé’m khong
chidu (DC)  chidu (RF) 9 can bang
P.X.M DC can bang || P.X.M DC khéng can bang o .
‘ ‘ Trwce tiép Phan wng
P.X.M RF can bang || P.X.M RF khéng can bang




2.1 Phun xa diode phang

-+
‘V ~ kVolt

o
®

O Hat vat liéu

nguwng tu trén de,

= |[&p mang.

® Trong vung khdng gian bén trong
budng chan khéng, c6 san mots6 @ Ap mot dién thé DC 1én bia-dé,

ion dwong va e ion + “tién” vé bia, e~ “tién” vé dé

#% lon + va cham bé mat bia = phat xa e th& cdp = va cham ion hoéa = san ® lon + “danh bat”
sinh ion + = duy tri plasma va phéng dién.

#% M6t khi don chét (thwéng 1a Ar) dwoc dwa vao dé lam gia tang ion + %Yﬁ:tlﬁrnt;:n bia

trong va cham ion hoa.



* Ju diém & han ché cta p.p phun xa diode phang

2.2 Phun xa magnetron

4 T mo hinh p.x. diode phang, c6 thém hé magnetron,
hé cac nam cham dinh huwédng N-S nhat dinh ghép v&i nhau




Cac tém dém Céc duwong stre tir trwdng
md

+

4 H& magnetron dwoc gan bén dwédi bia, dwdi cing
|a tam sat noi tw.

n 8 e thir cap sinh ra tir va cham giira ion + va bia,

T4m sét ni tir chuyén ddng déc biét trong dién tir trwéng.



Khoang khéng gian gitra anode

va cathode c6 thé chia lam 3

Anode ¢ + V ~kVolt ving (M6i ving cé phan b thé
| : nang khac nhau):

“B Bac trirng clia qua trinh phan xa

Ving plasma: mat dé ion + gidm dan, do
do, dién thé am tang cham dan.

Wu e cFuye"n !cf)ng “‘dac biét”

trong dién t trwdng v&i v, da Ion, ion
hda nguyén t&r khi, [am tang mat dé e,
dién thé am tang dén gia tri nguéng, roi
giam do qua trinh tai hop.

o — .
Vung sut thé Cathode: e th(r cip vira
m¢&i dwoc san sinh tir va cham ion + va
bia, dién thé am tang dan (“sut thé”), v,
nhd va dwoc gia téc trong dién truong.

A V = |'Ve|

V,: van toc e thr cap l- Cathode . giode




G Quf dao chuyén dong clia e TLU’C Lorentz

X Tw trrong
e chuyén dongq tronq tw trironqg sé . /
chiu tac dung cua lwec Lorentz. Hwdng |
lwe tuan theo Quy tac Ban tay trai:

» e
............... }f : Van téc hat

..... = q.[Vxﬁ]

Trong hé phin xa magnetron, e chuyén ddng vira trong

: € tle tredng (khdng déu), vira trong dién trwéng (déu).
rro’n . :
L _g Xem nhu twr tredng déu ) 4 B
..... f ‘ & > .
e S i z B (hwéng vo)
...................... . %
X
= = = >
yvE §
E




2 Gia slr, e thir cap vira thoat ra khai bia
cov=0.TaiO, e chi cbiu te:]c dung cua
dién trwong E, di chuyén dén O'.

% Tai O, e c6 v, # 0, nén chiju tac dung
cua lwc Lorentz theo phwong x. V] v, CON
nho nén f, < F4e,- € di chuyén dén M.

% e gia toc trong dién truong. Tai M, e c6
V, > Vy, fio, 16N hon & O’ va tien t¢i bang
Fgien- € di chuyén dén N.

ZTaiN, e co v; > V,, fi, 16N hon Fge, , e di
chuyén dén P roi dén Q.

% Tai Q, f_, bat dau gidm nhwng van con
I&n hon Fgg,, € cO v, < V5. Clr thé, sau 1

lic, f_,, = Faien, © trd v& ndm trén truc Ox
va mot chu ky mai bat dau.

e chuyén déng theo quy dao cycloid (hay quy dao “trwdng dua”)

Dién truwdng

-

Hé magnetron lam tang quang duwong di
chuyén clia e = tang kha nang ion hoa.
(@) (@)

_

o O o °

OO O (@)




% Phwong trinh chuyén déng cua dién ti trong dién truong
va tr trerong vuong goc co dang:

Hé mag-
netron
can bang,
cac nam
cham co
cuong dé
nhuw nhau.
Cac duong
sirc twr
trrong
khép kin.

Trong do:

E,: d0 I&n cua vector cwong do dién
trwong theo phwong y

H: do lon vector cwong do tw triwong
t: thoi diém khao sat

Hé magnetron can bang va khéng can bang

Hé magnetron can bang

T
bé

B3PPSR PR IR PR S e e B I a
P e R % R
R R

9. %

Hé magnetron khéng can bang Hé mag-
netron
—Dé kb - g
can bang,
nam cham
& gilra co
cuong do
véu hon.
. Cac duong
g, B1a i
trwdong
khong
khép kin.



Hé magnetron can bang Hé magnetron khéng can bang

B (hwéng vo)
Dién truvdng

o

(@) 2 (@)

-‘ ‘9'9 ‘-‘ . SRR ‘9'@0 -‘ - ‘9'9 -9-‘ d“on -9 = =
o SR Dl o e o

SRR

T trrrong Cac e chiu tac dung T trrrong Cac e it chiu tac dung
khep kin cua ttr trrdng ngang khong khép kin cua ttr trrdng ngang
Pé it bj e e chil yeu chuyén Pé bj nhiéu e e theo dién trrong

va dap dong gan bia va dap manh dén dé voi v ion
pé it bi Tf,ﬂch h'ap;tao Améng gho Pé bi Th"'Ch h?’P télo cac
dét néng cac loai dé khong chiu g6t nong mang yéu cau T° cao

duoc T° cao: nhua, gidy, ..



s~ Hé phun xa DC va RF

Hé phun xa mét chiéu Hé phun xa xoay chiéu
(DC - Direct Current) (RF — Radio Freguency)

B6 tré khang

V ~ kVolt
Ngudn phat tin Vé hé tu dién
e
| Tang codng suat
BO TRO y ‘A
KHANG phong dién
Hetidion == Vanode-cathode la
xoay chiéu
Bia str dung
Moot cach dién
Viia e- ban pha
Vanode-cathode la duy tri Bia st dung BK%XES
mot chieu . phai dan dién
phong Hétu dién — — t
dién -

lon + ban pha



M Uu diém & han ché cua p.p phin xa magnetron
U DIEM HAN CHE

(1
@ Mang da/lo’p

Hé nwdce.lam mat

RE | FF 'Céng nghié RIOCE
TIEN f AP @\ _ tao

i ﬁ — X
m Qv ~ o]
\- [ \
[]
® o =t} o
.L L . j '
) W Vo4
PR Ay R Q"/_H s i

[3) Do chinh
Xac cao




PHUONG PHAP SOL-GEL
<~ ) & Hé cac hat phan tan,

. 4 g
kich thwde: 0,1 — 1um
¢ —
o # Luwc twong tac gitra
° . cac hat: Van der Waals
\_° ©° / { Cac hatchuyén dong
HE SOL Brown, va cham nhau | ° M@tsol HE GEL
¢y Sau mot thoi gian, Dung dich dong tu
cac hat sol hut nhau lai thanh keo

Mét sb precursor phd bién:
) . . = Tetramethoxysilan (TMQOS)
Chat ban dau tao nén HE SOL | PRECURSOR . Tetraethoxysilan (TEOS)
< Alkoxy Aluminate
< Alkoxy Titanate
< Alkoxy Borate

Coéng thue chung: M(OR),
M: nguyén td kim loai
R: nhém alkyl (C H,.1)



Cac qua trinh xay ra khi tr hé sol — hé gel

/\ > , > A
@ b Phan rng thuy phan
M(OR), + xH-OH — M(OR), _,(OH), + xROH
® e ® -““““"NMGH1akoﬂde(%)R)—PGnHoai
N
HE SOL 1 Nhom hydroxyl (-OH) — Kim loai
2 Thiéu két

m—— TO___: mau chuyén
Phan trng ngwng tu cao" 1Tt GHLY

3 pha v6 dinh hinh
& Ngung tu regu sang tinh thé
i
M(OH)(OR),,; + M(OR),, — (OR),;M-O-M(OR), , + ROH \_HE GEL

i Ngung tu nwéc
M(OH)(OR)nl * M(OH)(OR)nl - (OR)n—lM'O'M(OR)n-l s HZO

Sau phan (rng ngwng tu, dung dich cd dac lai thanh khéi ran



Hal phwong phap tao mang tw qua trinh sol-gel

Phu nhung
(Dip Coating)
Pé duwoc nhdng vao

P S dung dich sol, sau

do duwoc kéo ra
tr tr — mang/de

dmang PhU thudc: v,
e goc kéo, dd nhét, nong
do dd,... — Khéng déu

&

Phu quay
(Spin Coating)

Dung dich dwoc nhd
|én dé va cho dé quay.
Lure ly tdm — mau giot

lan téa déu trén dé

— mang/dé

dmang PhU thugc: do
NhOt, Vyay hois Vauay -
— DoOng déu

* Ju diém & han ché ctia phwong phép sol-gel
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