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(Bai nhdn ngay 02 thdng 7 ndm 2003)

TOM TAT: Céng trinh nay da khdo sdt bing Iy thuyét vé nguyén nhan phdt xa ion
am tit bia ZnO va ZnO:Al. Chiing t6 rdng, ion dm Oxygen dugc sdn sinh tit bé mdt bia do
ion héa bé mdt. Két qud tinh todn khd phi hgp thuc nghiém. Ngodai ra céng trinh ciing
khdo sdt sy dnh hudng cia qud trinh tdi phiin xa ion dm Oxygen ndng lugng cao lén tinh
chdt di¢n ciia mang ddn dién trong sudt ZnO:Al theo cdc vi iri khdc nhau trén dé. Két qua
cho thdy, nhiing mdu dugc ddt ngodi bién plasma cé chdt lugng mang t6t, ddc biét la mdu
ddt vudng goc vdi bia, ¢d dién trd sudt dat dugc p = 5.10%Q2cm.

I. M¢é diu

ZnO 1a ban din loai n ¢6 dd rong viing cAm I6n. Do gid thanh vit liéu ré, c6 thé t6ng
hgp mang vdi nhiét dd d€ thap, nén nhitng ndm gan day ngudi ta da tip trung nghién cifu
chiing dé€ thay thé din mang trong sudt dan dién ITO; ch€ tao mang (ZnO:Al) d€ lam
cita s3 trong sudt phat xa thip (Low-E) va cita s6 trong sudt chdng nhiéu dién tr (EMI).
Pic biét ZnO ¢6 d6 bén nhiét héa hoc 16n hon ITO trong plasma Hydrogen, nén rat thich
hgp d€ ché tao pin mat trdi va céc linh kién dién phdt quang (EL)!".

Pé& ché€ tao mang ZnO c6 kich thudc bé mit 16n, thudng ngudi ta dung phudng phip
phin xa magnetron DC. Tuy nhién, Tominagam dd quan sdt dudc ring, ion 4m Oxygen
ning lugng cao (biing thé cla bia) dugc thanh ldp truc ti€p trén ving in moOdn cla bia.
Mot phin ion nay s& bi trung hoa khi di qua khodng phéng dién. G 4p sudt thap (P < 10
torr), mét d6 ion Am Oxygen cd bing mét d6 hat trung hda, nhung khi 4p suit cao thi hat
trung hda rdi hon. Nhitng hat Oxygen ning lugng cao nay sé€ bin phd mang dang ting
trudng, do dé tinh chat va cdu triic mang sé& bij bi€n ddi 1on.

J.J.Cuomo va cong su'®! da gidi thich hién wwgng nay. Ho cho riing ion 4&m Oxygen
dugc thanh 14p khi (V; - S)< 3,4 eV, & d6, V; — th€ ion h6a thdp nhit cia nguyén t6
thanh 14p bia, con S 12 4i lyc dién ti clia nguyén t8 con lai. Tuy nhién Donald L. Smith'*!
da ghi chi ring, gid tri (V; —S) d&i v48i bia ZnO 1a qué cao, nhung vin td tai dong ion 4m
phat xa tir bia vdi mic dd 16n.

B&i vAy, muc dich clia cdng trinh nay 1a thit dwa ra mot co ché khdc vé sy thanh lap
ion 4m trén bia ZnO, va nghién citu dnh hudng ciia n6 1én tinh chit dién va quang cla
mapg.

II. Co ché thanh lap ion Am tif bia ZnO

Hé chan khong dé tao mang bing phuong phap phin xa magnetron thudng lam bling
kim loai sau mdi lan md budng, lai khdng duge d6t néng budng nén khi con lai trong hé
16n nhat 12 H,0, N, va O,. Thanh phin 16n nhat trong budng chin khdng bing thép.
khong 11, khi & ngoai khong khi 3 gid, chinh 1a nudc vdi dp sudt riéng phin ~107torr sau
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mot gid hit khi®®!. Trong plasma phéng dién khi, nuéc d& dang phan ly dé thanh 1ip
nguyén ti¥ Oxygen. Nhu vdy, ngay cé khi khi phin xa 12 Ar tinh khiét, nguycn td Oxygen
vin ton tai trong hé.

Cdc nguyén tf Oxygen khi dip 1én bé mit bia dudc dot néng, ching c6 thé bay ra
dudi dang ion 4m- dudc goi 13 ion héa bé mit vdi sy thanh lap ion 4m. Bic ion héa «,
thda phuong trinh Saha_Langmuir'®;
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& do;, n, va n, _ mat dd dong ion 4m va nguyén & trung hoa g, va g, _ khoi lugng théng
ké cta trang thdi ion 4m va trang thdi nguyén t trung hoa tuong @ng. Khi e(¢ -S) >>
KT, chiing ta ¢6 n, >>n,, tifc 1a n, # n, , n,=n. Vivdy hé sd ion héa bé mit:
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Néu trong qud trinh thi nghiém n = const, thi mat d6 dong ion 4m J, ¢ dang:

e(S— tp)} 3)

J,=enf, —en&e 2exp{———

DSi v6i bia ZnO ¢6 g0y = 4,5 + 4,4 eV, con Sy = 3,1 eV. D& don gidn cho 2 =1.

g
Néu nhiét do tai ving dn mon cla bia ZnO ¢ T = 900 K; 4p sudt riéng phan Oxygen
Poyy = 107 torr (n ~ 3,9.10"° em™), thi mat d6 dong ion 4m thodt ra trén mét don vi dign
tich bé mit bia theo (3) ¢ J, ~4.10"a/em?

Thyc nghiém '® da quan sdt dong ion 4m Oxygen dép 1én d€ bling 3,8.10™'a/cm’. Sy
tring hop t6t k&t qua tinh todn vdi thyc nghiémd ddy chi 1a ngéu nhién, bdi vi khi tinh
En
s
dong phét xa ion Am tiY bia bing dong ion 4m do dugc trén dé€ ...

Nhung sy triing hop nhau vé bic giita thic nghiém va 1y thuy&t ¢6 thé cho ta két ludn
ring, su phédt xa ion 4m Oxygen tif bia 12 do ion héa bé mit khi bia dugc dot néng tai
ving dn mon cla no.

bing s6 phuong trinh (3), ching ta di gid thi€t =*=1; bé mit bia ddng nhat ¢= const ;

III. Anh hudng ciia cdc hat oxygen ning lugng cao Ién tinh chat dién va quang cla
mang (Zn0:Al)

Cong trinh nay di tdng hdp mang (ZnO:Al) v6i bia gom (ZnO + 2% wt ALO3) c6
dién tich 8x8 cm? bing hé phin xa magnetron DC khong cin bing, nhim hdi tu dong
plasma vao bé mit c6 dién tich nhd, ddng thdi c6 thé ndi plasma 16n (hinh 1).
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Hinh 1
Cic thong s6 phong dién:
I =300mA; Pa, = 2.107 torr; nhiét d6 d&€ T, = 150°C;
Cdc miu a, b, ¢, d dit cdch bia 9cm 8 d6 mang a
dudc dat tryc ti€p vdi chim plasma, mang b, ¢, d _
bién ngoai cda chim plasma, con mau e dat vudng

b,c d: BE- d

o T

Dong plasma

géc bia vi mép dudi cia méu cdch bia 3cm, va cich . 30/ 16
viing &n mon ciia bia 13 2,5 cm nhu hinh 1 e 7 ‘
Thoi gian phiin xa t = 40 + 60 phit [ e ]
Pién trd mat cia mang dudc xdc dinh bing N S N ;
phuong phdp 4 mii do,tinh chdt quang hoc cua - B
mang dugc xdc dinh t¥ phd truyén qua UV_ViS. T i
1) Tinh chit dién clia mang
Bang 1 trinh bay dién trd ciia mang a, b, c, d €
Maiu a b c d g
{t =60 (t=40 (t= (t=60 (t=
phut) phiit) phiit) phut) phut)
Rg 7000 14 12 4,6 2.5

Tit bang 1 ta thiy, cdc mang d4t ngodi chim plasma c6 dién trd mat Rs nhd, con mang
dat trong chiim ¢6 Rs rat 16n. Piéu nay dudgc gidi thich ring, chim plasma da tdp trung
jon 4m va hat trung hdoa Oxygen ning lugng cao vao tdm cda d€. Ching bdn phd mang
dang ting trudng, 1am tdi phiin xa nhdm hodc lam gidm ndng dd cation Zn. Do d6 Rs clia
mau a rit 1n, ngoai ra ion 4m Oxygen dich chuyén theo hudng ciia dién trudng, vi vay
ma mau e tranh dugc hoan toan sy bdn phd cia dong ion 4m Oxygen ndng lugng cao, vi
thé miu e c6 dién trd mat khd bé.

2) Tinh chdt quang cla mang

Hinh 2, 3 trinh bay phd truyén qua clia mang a, b, d, e. Tir hinh 2, 3 ta riit ra nhén xét
sau:

a) b6 truyén qua T ciia cd bon miu trong vang dnh sdng khd kié€n cd 81 — 86%. Tuy
nhién trong viing hdng ngoai gin, dd truyén qua cia mang b, d, vd e gidm nhanh khi
ting budc séng. Pidu nay c6 thé dodn trudc duge ring mang b, d va e ¢6 do din dién
khd 16n( xem bang 1) dd hip thu dnh sdng bdi cdc hat tdi tr do. Ngu’dc lai, d6 truyén qua
clia mang a khéng bién ddi do ndng dd hat tdi ty do qué bé.

b) Tir dudng cong phé c6 thé tinh dudc ¢6 thé tinh duge do day mang d theo phuong
phap Swanepoel® (qua chuong trinh m4y tinh). K&t qui dugc trinh bay & bang 2:

Maiu a b d e
d, pm 0,76 1,9 1,9 1,4
p, Q.cm 53.10" 1,68.10° 8.10 49.10*
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Hinh 2 Hinh 3
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Tl bdng 2 ta thd'y, mac dd mang a va d déu phid dudi cdc diéu kién giéng nhau, nhung
do day clia ching rat khdc nhau: mang d day gip 2,2 14n mang a. diéu nay, mot 1dn nita
khéng dinh riing, van tdc t4i phin xa clia mang a do cdc hat Oxygen ning lugng cao 13 rat
I6n.

Cong trinh nay ciing t6ng hgp mang (ZnO:Al) bing phuong phdp phiin xa phin tng
magnetron tif bia hgp kim (Zn + 2%wt Al) v6i dp sult Par+ 02) = 3.107 torr (ti 1& Oy/Ar tir 5%
dén 30%). K&t qui nhin dudc tuong ty doi vdi bia gdm (ZnO + 2%wtAl;03). Tuy nhién do
mat dd nguyén tf Oxygen 16n, nén dong hat ion 4m 16n, va Rs ciia mang a ting 1én khodng
MQ/[.

IV. K&t ludn

1- B3 dua ra mot cd ché vé sy thanh 1ap ion 4m tif bia ZnO gém hay bia kim loai Zn. K&t
qud tinh todn phi hgp v4i thuc nghiém.

2- Nghién citu dnh hudng cda cdc hat Oxygen ning lugng cao 1én tinh chdt dién va
quang ciia mang dan dién trong sudt (ZnO:Al) theo cédc vi tri trén d€. K&t qua cho thiy,
nhitng vi tri nim ngoai bién plasma (hay nim ngoai viing 4n mon clia bia kim loai), dic biét
12 miu dugc dit vubng géc vdi bé mit bia s& tranh duge su bin phé clia ching va chat lugng
mang tot.

THE GENERATION OF NEGATIVE ION OXYGEN WITH ZnO:Al
TARGET IN DC MAGNETRON SYSTEM

Le Tran, Nguyen Huu Chi, Tran Tuan

ABSTRACT: This work investigated the theory of negative ion radiation on ZnO and
ZnO:Al target. Found that, negative ions Oxygen are generated from target surface due to
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surface ionization. Calculating result is nearly equal to experiment. Besides, this work also
study the influences of high enegetic negative ion resputtering on electrical and optical
properties of transparent conductive films ZnO:Al following different positions on substrate.
As a result, located outside plasma edge, films have high resistivity and transmittance.
Especially, film is set in perpenticularity to target, whose resistivity gets 5.1 0”*Qcm.
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