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HE MAGNETRON gm‘im; cAN BANG 6 AP SUAT THAP VA Une
DUNG NG BE KIM LOAI HOA COMPACT- DISKS (CDs)

Pao Vinh Af - Nguyén Hitu Chi - Lé Tran.
Trudng Pai hoc Khoa hoc Ty nhién
(Bai nhdn ngay 24/06/1999)

TOM TAT : Béng tinh todn Iy thuyét céng trinh ndy da chitng minh dugc réng , phéng dién

trong magnetron phdng cdn bdng cé thé ton tai & chdn khéng cao. Dign tich khéng gian
trong mién dp sudt nay dugc xem nhi trang thdi dm. Cuong d dong phdng dién I/p ~

V2 /B’ va c6 thé tén tai ¢ dp sudt dii thdp.Két quad tinh todn khd phit hgp vdi thuc nghiém.Hg

magnetron phdng nay hoan toan thich hgp cho qud trinh kim loai héa trén dé can nhiét d¢

thdp ,nhu dé polime hay cdc lpai d& cé nhay cdm vdi nhiét dg.

1.MG PAU.

Mic du phéng dién Penning & chén khong cao di ra doi tif 1du, nhung nhitng
nguyén tic cd ban clia né vin dudc 4p dung cho cédc loai phéng dién khdc nhau nhu

phéng dién magnetron try, magnetron ngudc trong thi€t bi do chan khong; bom ion-getter
| ;ngudn ion ;dic biét ngdy nay phéng dién trong magnetron phing (MP) di dugc tng
dung rong rdi trong cong nghé phd mang .

C6 thé chia phéng dién MP ra 1am 2 loai :

e Phéng dién MP khong cin biang (unbalancing the magnet) 8 d6 plasma thda diéu
kién gid trung hoa ,ndng d dién t& n. gin biing ndng do ion n; vasy mat mat cia ching
dugc xdc dinh bdi qua trinh khuéch tdn lwdng cyc . Ap sut phong dién loai nay vdi p >
10 torr .

e Phong dién MP cén bing — § d6 dudng stc cdm dng tlif hoan toan c6 hudng song
song (hay gin song song) v4i bé mit catdt . N&u chiing 1am viéc & 4p sudt thdp

p< 1073 torr , thi n; << ne va plasma chi tdn tai mot loai hat n. — plasma dién ti 2
Du6i tdc dung clia tit trudng manh , dién ti bi him hoin toan & khong gian gin bé mit
catdt , con ion hau hét dap 1én bia thyc hién chifc ning phin xa . Do d6 bé mit d€ s&
khong twdng tdc véi plasma , khong bi dot néng — hai yéu cdu quan trong cho qua tring
phi mang trén dé polime hay c4c loai d€ nhay cdm v4i nhiét d6 . Tuy nhién dén nay vin
chwa thdy cdng trinh nao nghién citu chi ti€t né ngoai cong trinh thuc nghiém [1] .

P& hiéu ban chdt cla loai phéng dién nay cin nghién citu cu thé cé 1y thuy&t 1an
thuc nghiém . Bdi vay cong trinh nay bing tinh todn 1y thuyét s& x4c dinh cd ch€ vat Iy
va c4c thong s6 phong dién t&i uu clia loai phéng dién trén ,nh¥m thi€t k& hé phin xa
MP phi hop cho qua trinh phii mang méng trén d€ polime néi chung va cho d€ PMMA
hay policarbonat ctia CD; néi ri€ng .

ILL1 LY THUYET Vi DONG PHONG PIEN CUA HE MP CAN BANG G
AP XUAT THAP.
Xudt phat tit thuc nghiém ") c6 thé dua ra 2 gid thuy&t sau day :
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e Dién tich clia khong gian phéng dién MP cén bing & 4p xuit thidp 13 dién ti.
Mudn viy cudng do tif trudng phai dd 16n d€n mitc d€ hé s& khuéch tdn D.; cida dién ti
phdi nhd hon hé s6 khu€ch tdn D;; clia ion (L 1a k¥ hiéu huéng tryc giao véi tif trudng).

e Su phin b3 thé trong mién phéng dién dudc md phdng theo hinh 1 ; véi 3 viing 12"

1 : Viung sut thé cat6t Vi ; § d6, cudng d6 dién trudng Ex = Vg /ds ; cdn d; -
khodng sut th€ catdt .

2 : Viung ion héa cia plasma , § d6 cudng d6 dién trudng E << Ex .
3 : Vung plasma dién tif ; E << Ey .

Véi m6 hinh phan bd don gidn nay dién t& (¢’) phat xa thi cip tif catdt, ddu tién
chiing rdi vao mién trudng dién tif truc giao nhau . Quy dao clia ching 14 cycloide . P&
phong dién dat t8i wu , d§ cao cuc dai hy cia quy dao nay phdi ludn 16n hdn ds.
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Hinh 1 Hinh 2.S¢ d6 nguyén tic hé magnetron

Do d6 , sau khi dudc gia toc trong mién sut th& Catdt tit ci dién t¥ déu di vao mién
ion héa va tham gia ion héa chdt khi . Ion sinh ra do ion héa dugc gia t&c trong mién sut
th&€ CatSt va thuc hién chic ndng phin xa . Con dién t& chuyén dong tinh ti€n theo
hudng truc giao vdi trudng [ E , B ], theo qiii dao kin hinh ovan clia viing &n mon bia nhu
dugc chitng t6 & hinh 2 . Piéu d6 s& bdo ddm xdc xuit va cham clia e vdi hat khi bing 1,
va phéng dién sé& ton tai v4i 4p sud't di thdp .Sau khi va cham khéng dan hdi , dién tk
mat hiu hét ning lugng , dudi tdc dung cla dién trudng E chiing s& di ddn dén Anét.

Dé tim dong phéng dién J, , cin xuit phat tir 3 phuong trinh

AV=»4.zp, .Y

Jo = PeVe ; (2

ve = p . E O

v@i cdc diéu kién bién :
1% =0,
y=0

_‘EK '=0:®
dyly=0

& d6 p.Vep.s - mat dd, van toc va do linh ddng cla dién t¥ trong mién phéng
dién.Tir diéu kién ditng :
38 \ op,
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ta c6: VI=0®
Tir d6 d6i vi hé phing J(y) = const .D linh dong cla dién ti s, khi c6 t trudng bing
31,

H, (N

0, )
2 (_HLJ
Vm
8 do’, i, - d6 linh dong cla dién tif khi tiY trudng biing khdng , ym-tin s6 va cham giita

dién tlf va nguyén ti khi, oy = {e.B(y)}/ m,.c , véi B(y) 14 tif trudng song song v4i bé mit
Catdt vané gidm tiY bia d€n d€ theo qui luit duge md ta nhu hinh 3 1,

1u¢J. =

B(y) A F
N 8
Bo —_| 6
e
0,580| -
i 2
i g 3
; > y 2 4 " R = ylem)
Hinh 3 Hinh 4
Mot céch gan ding , ta xem B(y) x4p xI dang ham sau :

B()=——
()

G d6, Bo - gid tri cuc dai ctia B(y) ; d, - d6 ban rong clia dudng cong B(y)
Gid sif cudng do tir trudng 16n dén mic , dé

Ope >> Y
2
= Ju(l'ym
Hey = 2
ch

Khi d6 (7) xdp xi béng :

Trong phong dién Ar véi ning lugng dién ti > 10 eV thi
4 do’, Ymi- tin s8 va cham ciia dién t¥ khi p = ltorr .

Gidi (1), (2), (3) vdi cdc diéu kién (4) \(3), (6)va (T)tach:

2 2
d V=4’de' e.B;

dyd = 2)?
#o m,.}'m;ﬂ".m,.cz.(l+i—2J i—v
0 Y

Ti€n hanh 18y tich phan theo dy thi ta nhin dugc :
_ Yarpm V2
* " 4md? A'B?
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i i
y 1
A= T+——arclg dy
0J1:dg d, doj|

Tich phin A tinh bing phudng phap gii tich dugc m6 td nhu hinh 4 : (vdi d, cla hé
MP trong cong trinh "'=1.4 cm)

Hay
d 0,84. V ®
et A
P d2 A’B (/ cm? Pa) ' .
Trong biéu thifc nay J alp 13 ham ctia V,*/Bo’ . Thong s8 nay s& dugc ban ludn &
: }ghan H 5

I1.1.2. BAN LUAN KET QUA VA SO SANH THUC NGHIEM

A. P& x4c dinh diéu kién gidi han cda tir trudng B, trong (8) ta xuét phét tlr gid
thuy&t thi nhat : ;

D,, <D:‘.L;(9)

g dé,
D¢
D, = !

At
.1
Ymj
Vi j - dién tif va ion tudng Ung . G day chi khdo s4t cudng do tif trudng B, trong mién tif
héa dién ti (@ge/Yme)® >> 1 , nhung khéng i héa ion , vi néu B 16n d€n mitc d€ tif héa

¢4 ion thi s& sinh ra hién tugng bat 8n dinh diocotron 1. Do d6 :
D? D?

3 <
P | 14 (2&}
}/,,,, ymt‘
& d6.D.°.D° 1ahésd khuéch tan ciia dién t va ion khi tit trudng B = 0;@p;i=(e.B)/mic ,

Ymi - tAn s8 larmor va tn s& va cham clia ion Ar véi nguyén tif khi .
Theo hé thic Einstein i1,

2 i
D == bt
ie 3 lul.e e
& do’, 4 - 6 linh dong cla ion ,U; .- ndng lugng trung binh clia ion va dién ti¥ .

Thay céc gid tri trén vao (9 ) ta nhdn dugc :
—\1/2 (10
B @.)" P

4]

C (I_j yl ﬂe [7 #lz )1/2

V6i V,~600 V ; p~ 107 torr thi G~ 10 eV *.Theo ") 4~ 0,16 m?/V s.torr va s,
~ 36 m%/V .s.torr. Gid s& nhiét d6 ion bing nhiét do khi lam vi€c trong hé magnetron
(300°C), do d6 { ~ 0,049 V. Pua cic gi tri trén vao (10) ta nhan dudc B, > 190 Gauss .
Thyc nghiém ®lching t6 ring vdi p =~ 102 torr , V ~ 1 KV thi dic trung Volt — Ampere
khong con tudn theo dangI ~ V' (n=5+ 9 )bat diu vdi Bg = 200 Gauss . Nhu vy diéu
kién (10) khd phit hgp vdi thuc nghi€m .

B. Tit gid thuyét thit 2, d€ phong dién dat t6i wu, tic latat cd e’ phdt xa th cdp
déu di vao viing ion héa thi :
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e.Ex.hy = eV; 'V .
8 d6, hy = 2.m.Ey/e.By’> va V;1a th€ ion héa cla khi lam viéc . Dua hy vao (11) ta

112
V ey,
: =[ ‘ ] A, =eonst."™

B 2.m,

dudgc

3 d6, d, c6 thé xem 12 hiing s& ' khi p < 107 torr vaV,» V, (xem hinh 1) .

Thuc nghiémm'm ,da cho thdy riang V/B,~ (2 + 5 ).Theo 2l h&u p=< 10torr thi d,
=0.01cm do d6, tir (12) ta duge V,/B, =~ 30. '

Trong thuc t&€ khong phai t4t cd e phat xa thit cdp déu di vao mién ion héa , va B,
gdn bé mit cat6t bi gidm do dong Hall,nén da c6 sy khdc nhau gita 1y thuy€t va thyc
nghiém nhu trén.

Tém lai v6i Iy thuy€t trén ta nit ra dugc hai k&t ludn sau:

1.Véi V, va By cho triide thi J/p = const ;

2.Véi By cho trudc, thi J/p la ham bdc 2 ciia V, .

Thuc nghiém ") ching t3 riing , 2 k&t luan trén khé phit hgp vdi hé MP c6 tiY trudng
16n (B > 1000 Gauss ) va 4p sudt thip (P< 10~ torr) . Piéu d6 khing dinh gid thuyét vé
dién tich 4m cla khong gian phéng dién MP cén bing & 4p sudt thdp 1a ding .Thuc
viy,trong hé MP thong thudng ,do mat dd dién tich khong gian p=ne+ni=0 nén ching
chuyén dong vé andt bing qua trinh khuy&t tin luSng cyc T d6 dat trung Volt -
Ampere thda qui luat I, ~ V," ¥ va tn tai th€ ndi V=K T./e.In(mi/me)"? {* ! néu ham
phén bd theo niing lugng clia dign tlt 1a Maxwell. Do do, d€ duge cdp nhiét mot cdch li€n
tuc bdi sy bdn phd cla ion .

Ngugc lai, trong hé MP cén biing & 4p xuit thédp ,do hi¢u ing bdy dién ti¥ gin bé
mit catSt 16n nén p = ne viplasma dién ti¥ s& cdch dién véi d€. Dieu d6 cho phép ta xem
tudng téc giita plasma véi bé mat d€ 12 khong ddng ké .

P& khing dinh diéu vita néi trén , cong trinh nay ti€n hanh do nhiét do dé€ theo
khodng cdch d cia hé MP cén bing dudi 4p xudt thap(hinh 5) . H¢ MP ctia phong thi
nghiém ching t6i ding nam chdm vinh ciu c6 dg rong 2.54 cm cdc cuc cdch nhau

3.81 cm . Cuding do tif trudng By trén bé mat bia ¢3 1800 Gauss . Thé& Anét — Catdt
khodng 600 Volt , cudng d6 dong phéng di€n 1,4+1,6(A) .Khodng céch tit bia d&n d€ thay
d8i tir 2,6 cm d&n 6,6 cm . Bia 12 vat liu Nhom (Al) c6 dién tich 18.18 cm? Nhiét d6 dé
dugc do biing cap nhiét dién . Thoi gian do khodng Sphut K&t gtia thi nghiém dudc trinh
bay trén hinh 6 . T hinh 6 thay ring khi d= 5,6cm thi nhiét d6 d€ T, ~ 45°C . Do d6, CDs
khong bi bi€n dang trong qué trinh kim loai héa.

_Cap nhi¢t dién
"QI ! > . DiaCDs

> Andt
-~

Nudc giai nhiét a1
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11.3 UNG DUNG HE MP CAN BANG PE KIM LOAI HOA MANG Al TREN CDs
IL.3.1 C4u tao dia Compact - Disks
Mit cdt va chinh dién mdt dia Compact — Disks dugc mé t& nhu hinh 7a va 7b

50

”"“’”’"“ 15

3 /4
A - 33 $}ientichdtt ligu \7_/

" reing aser o ién tich dit li¢u 10 nhl
120 -
" Pudng kinh ngoai
Hinh 7a&7b:Miit cit & chinh dién 1 CD

500 A reflecting Allayer 7.
disk material (PMMA)

bia Compact dugc lam ti¥ vit liéu PMMA hay Polycarbonat vdi dudng kinh
120mm , bé day 1,2mm ; mot 16p phén xa dudc phti 1én bé mit dia vdi hé s& phén xa 16n
hon 70 % ©'

PMMA (hay Polycarbonat) 1a loai Polime rdt nhay cdm véi plasma va bi€n dang &
nhigt do cao . D€ dia (da khic dif liéu) khong bi bién dang trong qua trinh kim loai héa,
nhiét d6 d& T, phai thap .

So do thi nghiém va cdc thong s6 phéng dién tuong tu nhu phin kh3o st nhiét d6 .
Khodng cdch dit d€ 1a 5,6 cm 4p xuit khi con lai trong hé& chin khéng 1 107 torr, ap
xudt khi Ar trong qua trinh kim loai héa 13 107 torr. Kiém so4t do day mang bing phuong
phap dao dong tinh thé thach anh véi thiét bi XT/2 . V4i cdc thdng s6 vat ly va phéng
dién trén , nhiét 6 Ts ~ 45°C va vén t&c 1ing dong Al trén d& CDs cd 200As .

11.3.2 KET QUA THI NGHIEM

Chiing t6i da ti€n hanh kim loai h6a mang Al trén 10 dia CDs vdi do day mang (L)
thay d8i tir 100 A® &&€n 1000 A° .K&t qiia cho thdy :

- V6i L <300 A°, 4m thanh khong déu trén toan dia va c6 hién tugng nhdy tric .
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- Vi L 2> 300 A bing thinh gidc thudng khong thé phan biét dugc d6 méo dang

clia 4m thanh , khong x4y ra hién tugng nhdy tric.
- Ph8 phéan xa clia mang nhdm trén cdc dia ¢ L > 300 A° hoan toan ging phd
phdn xa ciia dia CDs do Cong ty Sai Gdon — Audio sdn xuat .
- Kiém tra biing thi€t bi chuyén ding cho thdy cdc dia clia ching t6i c6 mét s
161 , nhung 13i do tinh trang dia trudc khi kim loai héa (K€t ludn ciia Cong ty Sai Gon —
Audio) .
I KET LUAN :

- Pi xay dung dudc 1y thuy&t vé dong phéng dién clia hé Magnetron cdn bing lam
viéc & 4p xud't thap (< 107 torr ) . Chiing 4 riing, hé MP nay c6 nhitng thong s8 dic trung
hoan toan khic vdi nhitng MP théng thudng 1am viéc & 4p xuit 16n hon 103 torr : I, ~
V,2; I, /p = const ; bé mit d&€ khdng bi d6t néng . Nguyén nhén cd ban ciia syt khdc nhau
dé6 12 do c6 su dich chuyén khong gian dién tich cia plasma tif gid trung hoa nj~ ne & hé
MP thudng sang dién tich khong gian dién t khi ti trudng 16n va 4p suit thip . K&t qla
tinh todn phd hgp vdi thuc nghiém nhédn dudc tiY cong trinh 1 ya cda phong thi nghiém
chiing t6i.

- Pa ding hé MP trén d€ kim loai héa nang Al trén dia CDs véi vén tSc ldng dong

200 A%s . Chiing t3 riing diing hé MP trén dé€ phi mang cho céc loai d€ Polime

hodc d€ c6 nhay cdm v&i nhiét d6 1a rat phd hgp .

A LOW-PRESURE PLANAR MAGNETRON WITH BALANCING THE MAGNETS
AND APPLICATION OF THIS DEVICE TO THE METALLIZATION OF CDS.
Dao Vinh Ai-Nguyen Huu Chi-Le Tran

ABSTRACT : This paper demonstrates the possibility of developing a low-presure planar
magnetron discharge . The space charge in this region as the negative state.Theoretical
caculation show that , the discharge intensity L/p ~ V,”/B” and discharge can be sustained at
hight — vacuum . Such results have been experimetally verified . This magnetron was
confirmed in this work to be a true low-temperature coating process quite suitable for plastics
and other temperature sensitive substrates .

TAI LIEU THAM KHAO

[1].K.Ishibashi and N.Hosokawa-High vacuum planar manetron discharge -J. Vac.
Sci . Technol .A. Vol 10.No 6 .Nov/Dec.1993 .

[2]. S.Schiller,U.Heisig-J. Vac.Sci.Technol,Vol 14,No 3,May/June 1977.
[3]. Nguyén Hitu Chi-Vat Ly Plasma-NXB PHTH 1995.
[4]. R.F.Mukhamedov,Sov-Phys.Technol.phys .18 ,1075 1974.

[5]. W.Knauer and R.L .Poeschel,Proceedings of the 7th intenational Conference on
phenomena in Ionized Gases,Belgrade(1966),Vol.2,P.719 .

[6]. John A Thornton-Magnetron sputtering - J. Vac. Sci . Technol .A. Vol 15.No 2
March/April. 1978 .

[7]. S.c.Brown.Elementery processes in Gas-Discharge plasma ,Atomizdat,Moscow
1961 (in Russian) .
43




Science & Technology Development Vol 2, No 8-1999

[8]. Donald.L.Smith, Thin film deposition,NXB Mc.Graw-Hill, 1995.

[9]. S.Schurz,R.Lacher,S.R.Reincek,and R.Seiler -Thin film development and
methods for compacts disks and laser disks manurfacturing- J. Vac. Sci . Technol
.A. Vol 10.No 4 .Jun/Aug/.1992 .

[10]. Nguy&n Hitu Chi- V4t Ly Va K§ Thuat Chan Khong -NXB PHTH 1995.






