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HOAN THIEN QUI TRINH TAO MANG ZnO:Al VOI KiCH THUGC LON
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(Baz nhdn ngay 10 thdng 12 ndm 2004, hoan chinh sita chita ngay 27 thdng 12 ndm 2004)

TOM TAT: Céng trinh nay da hoan thign qui trinh ché tao mang ddn dién trong sudt
Zn0:Al vdi kich thude (50x100) cm®. P§ truyén qua & viing khd kién T > 85% va d¢ phdn xa &
viing héng ngoai R > 80%; ndng d hat 1di va dg linh dong 167 wu ldn lugt la 6,12.10°(cm™) va
13(cm®/Vs).

I. Mé ddu

Ming din dién trong subt di dudc nghién cifu rt nhiéu va dia dudc i¥ng dung rdng rii trong
quang, quang dién ti¥, quang nhiét, v.v... Truéc ddy, mang din dién trong sudt ITO d3 dudc nghién
cifu v d&n nay di dat dugc dién trd sudt 10™ Qcm, d6 truyén qua 16n hon 85% trong viing kha kién.
Tuy nhién, vat liéu 1am bia ITO c6 gi4 thinh cao. Thi gian gdn ddy, ngudi ta da bit ddu tap trung
vao nghién cifu mang ZnO khong pha tap va pha tap cdc nguyén to nhém IIL

Trong cong trinh [1]; chiing t6i dd khdo sdt dnh hudng cla cdc ion 4m oxygen dugc thanh lap tir
bé mit bia do ion héa b& mat, dugc gia tdc bing sut thé cathode va bin phd mang, lam dnh hudng
dé&n tinh chat dién cia mang. P& trdnh sy bin phd mang cla ion 4m va cdc hat trung hda ning lugng
cao, ching t6i d thuc hién phudng phdp khdc v6i phudng phédp trudc day[2] — dat d& vudng géc vdi
bé miit bia.

Do viy, muc dich ciia cdng trinh ndy 13 hoan thi&n qui trinh tao mang ZnO:Al v6i bé mit d&
50x100cm’ dugc dit vudng géc véi mit bia clia hé magnetron — truyén dong.

II. Thye nghiém
I1.1. Tao mang din dién trong sudt ZnO:Al

Mang dudc ché tao tit phuong phip phiin xa Magnetron dc v6i bia gém c6 kich thudc 8x65cm’.
Bia gom 12 mdt hdn hop bot 98% wt ZnO:Al (99,5%) va 2% wt Al,Os (99,9%) dudc nén vdi dp luc
9000kg/cm?, sau d6 nung trong khdng khi & 1500°C trong 2 gid. Qu4 trinh 1ing dong mang dudc thuc
hién trong khi Ar (99,99%) v6i 4p sudt phiin xa 9.10” d&n 10~ torr va cong suit phiin xa tif 400W dén
720W. D& 1a loai kinh x4y dung day 2 mm véi kich thudc (50x100)cm?, va d€ nay dugc dit vudng goc
véi bia[3]. Khodng céch tiY tim viing 4n mdn d&n d&€ 14 3,5cm. P6 truyén qua quang hoc dudc do bing
m4y UV-vis. P phin xa héng ngoai dugc do bing mdy Uquinox . P§ ddy mang dudc xdc dinh bing
phuong phdp R.Swanapoel . Pién trd mat mang dudc do bing phuong phdp bdn mili do. Nong dd hat
tdi dugc xdc dinh bing budc séng plasma clia ndng d6 dién ti A,
I1.2 K&t qui va ban ludn
I1.2.1 Tinh chét Quang

Hinh I1.1 trinh bay d6 truyén qua T & viing budc séng A =330 — 1100 nm ciia mang ZnO:Al trén
d€ thiy tinh va thdy tinh trong sudt. T hinh v& cho thdy ring:

° Trong viing kha ki€n, d6 truyén qua cla cdc mang thay d6i khong nhncu va déu 16n hon

85%.

e  Trong viing hdng ngoai gin d truyén qua gidm manh, khi cong sudt phin xa ting dén

gid tri ngudng 640W nhu hinh IL.3.

Hinh I1.2 trinh bay d6 phdn xa R cda d€ thdy tinh vd mdng ZnO:Al trén d€ thuy tinh trong viing
budc séng A = 1,6 m — 25 4am . Tit hinh IL.2 cho thdy sy khdc biét vé do phin xa R trong viing hong
ngoai clia thly tinh dugc phi mang ZnO:Al va ciia thly tinh chua dugc phd mang.
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Hinh I1.1 va I1.2: Trinh bay d6 truyén qua T va d6 phdn xa R cla cdc mang ZnO:Al

b6 phdn xa R cla cic d&€ dugc phi mang ZnO:Al :

. La ddng nha't khi cdng suit phin xa P < 540W, ting ddng k€ khi P = 640W, sau d6 gidm

néu P > 640W.

e  Ddng nhit v8i nhau (R > 80%) trong ving A >18um .

Tir cdc hinh IL.1 va I1.2 cho thdy khi céng suit phin xa ting thi d§ truyén qua T gidm manh
trong viing hdng ngoai gin, vad do phin xa R ting manh trong viing hdng ngoai xa. Ching td ring,
ndng dd hat tdi ting khi ting cong suit phin xa. G diy cdn luu § ring cong sudt chi ting d&n mot gid
tri ngudng (P = 640W — vdi mau Z02), n€u tiép tuc ting (P = 720W — d6i v6i miu Z01), trong ving
kha ki€n dd truyén qua vin dudc duy tri, tuy nhién
trong viing hdng ngoai gin d6 truyén qua gidm chim, hay ndng dd hat tdi ting chim hon, diéu nay
din d&n do phin xa trong viing hdng ngoai gidm.

Mic khic, nhitng tinh chit clia vat liéu s& bi ddt bién khi &’ = 0 (&’ - him dién mdi phic) va tir
d6 xdc dinh d6 dai séng ngudng A, clia mang. Khi A< 4,-c6 dd truyén qua cao clia vat liéu twong

tr - dién modi. Diéu nay cho phép ching ta xdc dinh d0 diy mang d theo phudng phdp
R.Swanepoel[4] :
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Chiing ta da suy dodn ring nong dd hat tdi tang
khi cong sudt phin xa tang. P& khdng dinh diéu nay

ching tdi ti€n hanh tinh ndng d¢ hat tdi n.. Nong d6 hat o s
tai n, xdc dinh théng qua cong thitc (néu ching ta biét e p
dugc budc séng ngudng 4,)[5]:
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m6i khi tin s6 rat 16n, m” 12 khdi lugng hiéu dung cia
dién ti t do trong ving dan.
K&t qua tinh todn d va n. dudc cho trong bing 1.
Béng 1 : Bude séng plasma 1, d§ day d va ndng dd hat tdi n, ciia cic mang.

Miu 701 702 703 704 705
d (nm) 1001 1264 987 1020 750
A, (cm) 194.10* | 1,55.10* | 1,72.10* | 1,88.10* | 1,93.10"
n(em) | 3,89.10° | 6,12.10° | 497.10° | 4,16.10° | 395.10%

I1.2.2 Tinh cha't dién.
Ta c6 thé tinh d6 linh dong 4, ciia hat tai, n&u biét dién rd sudt p va n,, theo biéu thifc :

H, = (I1.3)

Trong d6 p = Rqd; R 5- dudc do bing phuong phdp bon miii do, d — d6 day mang. K&t qui
tinh todn x, dugc cho trong bing 2.
Bang 2 : Trinh bay céc gi4 tri Ry p va x, clia mang ZnO:Al dugc ché tao theo cdc thong s6 khdc nhau.

Miu Céngsudt | Do day lﬁ? P ne U,
phiin xa mang d @ (Qcm) (cm™) (cm*/Vs)
(W) (nm)

Z01 720 1001 18,0 15100 3,89.10%° 8,92
702 640 1264 6,0 75107 6,12.10%° 13,00
703 544 987 12,0 1,18.10° 4,97.10% 10,06
704 433 1020 14,5 1,48.10° 4,16.10%° 10,15
705 400 750 21,0 1,5710° | 39510 10,07
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Pién trd sudt t3i tu ma cong trinh nay dat duge 1a 7,5.107*(Qem), va da duge cdi thién mot
cdch ddng ké so vdi cong trinh [6]( o =11.107" Qcm). Tir bing 2 ta thdy ring, n€u cdng sudt phin xa
ting 16n hon 640W thi dién trd sud't ting do nong d6 hat tdi gidm.

Khi ting cong suit phin xa, ning ludng va xung lugng cdc hat phin xa ting, va di chuyén
sang nhitng nguyén t& nim sdu bén trong mang (~5A°), khi dé chiing sé& ting do linh dong va 1am day
dic vi cdu tric mang, thdng qua qua trinh phin xa va tdi phin b6. Vi vy trong trudng hgp ndy mang
¢6 ciu triic sdi bé chit, khéng con 186 x6p. Thuc nghiém ciing cho thdy ring khi chiing t6i ting cong
sudt phiin xa tir 480W [6] 1én 640W d3 linh ddng x, da tang ti 6,26(cm*/Vs) [6] 1&n 13(cm?/Vs).
I1.2.3 Pénh gi4 @ déng déu.

Bang 3 : Trinh bay dién trd mit clia ming ZnO:Al & cdc vi tri khdc nhau sau thdi gian thi nghiém.

Vi tri 1 2 3 4 ) 6 q 8 9 10
Ro(Q) | 144 | 132 | 132 | 13.6 | 160 | 156 | 132 | 13.6 | 160 | 164
Q) 14,5+ 1,6
Tit bdng 3 va hinh IL9 cho thdy ring do déng | 1 9

déu cia mang rit t6t R,=14,5+1,6 trén dién tich 5 8
(50x100)cm?. Pién trd mit 8 cdc vitri 2, 3,4, 7, 8 1a
thdp nhit, hay do day cia ming 13 cao nhit. Piéu 3 10
nay 12 do mit d6 plasma & tdm clia magnetron bao
e e o B 1 4
gi® cling cao hon bién clia né, c6 nghia ring mat do
hat dugc két tinh trén d& 12 16n nhat tai tim cda d&. | © 5
Hinh I1.9. : Trinh bay cdc vi tri do dién trd mat
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I1.2.4 Panh gid d6 1o hod ciia mang ZnO:Al

Mang ZnO:Al trudc va sau thi nghiém déu dugc ching t6i do dd truyén qua T(%) trong viing
kha ki&n, va d6 phdn xa R(%) trong viing hdng ngoai.

Tir hinh IL.10, I1.11 cho thdy d6 phan xa va truyén qua sau th&i gian thit nghiém 04 thing. Mic
dd, dudi tdc dong clia ning, mudi, axit (hdu hét cdc miu nu6c thi nghiém déu cé dd PH < 4), nhung
dd truyén qua T va d6 phan xa R hiu nhu khéng thay déi.

Déng thdi véi viéc khdo sat tinh chdt quang, dd bén cd hoc clia mang ciing dudc ching téi quan
tam. Nhy da biét, d6 bén cd hoc dugc phan dodn qua dng sudt cia mang. Ung sudt mang dudc suy ra
tir phS nhidu xa tia X. D6i v6i ZnO:Al (d8i xing hexagonal) , nén diing hé thic sau[7]:

XRD _ 2C123 —Cy(C, +Cy,) a —a
D 2C; . a,
& db, a, ap 1an lugt 12 hiing s6 mang cia ming va clia khéi; a duge x4c dinh tir phd nhiu xa tia X, ap =
2,603A% C; 12 hiing s6 dan hdi.
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DPsi v6i ZnO:Al c¢6 C,, =2088GPa; C,, =2138GPa; C,, =119,7GPa; C,; =104,2 GPa.
Hay ta c6

o = 38 5Ny (IL5)
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Tit hinh I1.12 va IL.13 trinh bay ph8 nhi€u xa tia X clia mang Z02, cho thdy déu xuit hién mét
vach (002) véi cudng dd khdc nhau. Nhu vdy, mang ZnO:Al 1a vit liéu, & dé né ting trudng uu tién
theo truc C, ddng thdi cé ing sudt nén, \ing v6i di€u kién tao mang da cho.

IIL K&t ludn
Coéng trinh nay da dat dugc nhitng k€t qué chinh y&u sau:
% Hoan thién qui trinh ch€ tao mang bdn din dién trong sudt ZnO:Al véi bé mit d€(50x100)
cm® dugc dat vudng géc véi bé mit bia.
% D& truyén qua & viing kha ki€n T > 85% va dd phdn xa 8 viing hdng ngoai R > 80%.
< D6 déng déu va dd bén cd hoc clia mang trong mdi trudng khi quyén, nudce 19, nudc bién
khé t5t, | _
< Néng céng sudt phin xa tir 480W [6] 1én 640W, tinh chét clia mang khong thay ddi, gop
phan rit ngdn thdi gian tao mang.

IMPROVING THE PROCCESS OF MANUFACTURING ZnO:Al
THIN FILMS

Le Van Hieu; Dao Vinh Ai, Ho Van Binh, Nguyen Huu Chi, Tran Tuan
University of Natural Sciences — VNU-HCM

ABSTRACT: This work studied and manufactured ZnO:Al thinfilms with the dimention
(50x100)cm®. The average transmisstion coefficient in the visible range (350-800nm) is greater than
85% and the reflection coefficient in the infrared range is greater than 80%, the moveability about
13(cm?/Vs) and the concentration of charged particles about 6,12.1 0% (em™).
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