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TOM TAT: Mang dan di¢n trong sust ZnO: Al duoc ché tao bang phuong phéap sol-gel
Véi chdt ban dau Zn(CH;COO),. 2H,0, chat pha tap Al(NO;)s.9H;0, chdt tao phirc MEA va
dung mdi 2-methoxyethanol. Phé XRD cho thay mang cé cdu tric da tinh thé wurtzite khi u
nhiét 1 gio ¢ 500°C trong khdng khi. Bg ddn dién thay doi theo diéu kién mdi truong u nhiét,
cu thé khi « trong chan khodng (10 Torr) dé dan dién c6 thé tang 1én khoang 10° lan. Bién tré
thdp nhdt cia mang dat 372 W* véi ham luwong pha tap Al 2%. D¢ truyen qua cia mang T
I6n hon 85%. Anh SEM phan gidi cao cho thdy dg dong déu ciia mang teo bang phuwong phap
sol-gel.

Tir khoa: sol-gel, ZnO:Al, mang ddn dién trong sudt.

1. MO PAU

ZnO: Al lamat trong nhirng loai vat liéu dan dién trong suét nhiéu trién vong cho céc trng
dung quang dién khac nhau nhu man hinh phing, pin mit troi, cira sd dién sic... Vé6i cac dic
tinh than thién véi mdi truong, ré, doi dao, do dan dién va do truyén qua trong vung anh sang
kha kién cao, c&c mang ZnO pha tap ngay cang dugc tap trung nghién ciru nham thay thé
mang ITO trong c&c &ng dung néi trén. Cé nhiéu phuong phdp dé ché tao mang ZnO:Al nhu
phan xa, nhiét phan phun, CVD, trong d6 sol-gel dugc xem la mét phuong phap hda hoc hiéu
qua dé ché tao mang ZnO:Al. Phuong phap nay dé dang tao cac mang oxide kim loai tinh khiét
hoic phatap theo c&c thanh phan va ham luong khéc nhau.

Trong béo c&o ndy ching tdi ché tao mang dan dién trong sudt ZnO:Al bing phuong phép
sol-gel va khao s& sy anh huong cua céc théng s cong nghé dén tinh chit mang, dic biét 1a
s anh huong caamdi truong o nhiét dén do din dién caamang ZnO:Al.

2. THUC NGHIEM

Mang mong ZnO: Al dugc ché tao bang phuong phép phu quay dung dich sol 1én dé thuy
tinh. Zn(CH;C0O0),.2H,0 (Xilong-Trung Quéc) 99,5%, Al(NOs);.9H,0 (Guangzhou-Trung
Qudc) 99,5% duoc khudy lién tuc 2 gio trong dung mdi 2-methoxyethanol (Merck) va chit tao
phirc MEA-Monoethanolamine (Prolabo) tao dung dich trong subt. Nong do ion Zn** 0,75M,
ty 16 mol MEA:Zn?* 1a 1:1. Nong do phatap AlI**:Zn?* thay déi tir O dén 8% (% nguyén tir).
Tbc do pha quay 3000 vong/phit. Mang uét duoc cho vao 10 nung ¢ 450°C trong 10 phit dé
bay hoi dung méi va phan hity hop chét hitu co. Sau khi lap lai quatrinh trén 3 dén 14 lan dé
thu duoc mang ¢ d6 day mong muébn, mang dugc  nhiét 1 gio trong mdi trudong khdng khi ¢
500°C dé két tinh va 6n dinh mang (a nhiét 1an 1). Dé khao s sy anh huong cia méi truong o
nhiét dén tinh chat mang, cac mau duoc cit déi, mot nradé ddi chirng, mot nira duoc u nhiét 1
gid & 500°C trong chan khéng 107 Torr (u nhiét 1an 2).

CAu tric mang duoc phan tich bang nhidu xa ké Siemens Kristalloflex Diffraktometer. Bé
mat mang dugc danh gia bang kinh hién vi dién tir quét Jeol IMS-6480LV. Bé day mang duoc
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do bing Profilometer Veeco Dektak 6M. Do truyén qua duoc do bing phd ké Jasco UV-Vis
V530. D6 dan dién dugc do bang thiét bi 4 mii do QuadProS-302-8, Lucas Labs.
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Hinh 1.So d6 ché tao mang ZnO: Al

3. KET QUA VA THAO LUAN
3.1. Phé nhiéu xa tia X

Pho nhidu xa tia X ciiamang duoc tao trén dé thay tinh voi ham lugng phatap 2%Al trudc
va sau khi 1 nhiét trong chan khéng (hinh 2) déu c6 ciu tric datinh thé wurtzite va tuong doi
gidng nhau, tinh thé dinh huéng tét chi yéu theo phurong (002) vudng goc véi bé mat dé do co
nang luong tu do thip nhat, chang to qué trinh u nhiét trong chan khdng khéng |am thay doi
cAu trdc cia mang. Su dinh huéng mat mang theo mot huéng nhat dinh [am ting d6 xép chat
ciiamang, déng thoi 1am ting do linh dong caa hat tai, gép phan |am tang d6 dan dién [2, 10].
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Hinh 2.Phé XRD mang phatap 2%Al trudc (a) vasau (b) khi a nhiét trong chan khang.
3.2. Anh SEM
O nhiét do cao hon 530°C, c&c nguyén t6 kim loai kiém trong dé thiy tinh bét dau khuéch
tan vao trong mang lam anh huong den cau trac vatinh chat cia mang, do dé chung toi chon
nhiét do u nhiét 500°C trong 1 gio. Chang téi khéng nhan thay rd sy khéc biét hinh thdi be mat
mang khéng phatap (33) vaco phatap (3b) khi quan sé&t trong anh SEM (X20.000).
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Hinh 3. Anh SEM cia mang khong phatap (a) vaco phatap (b) 2%Al (X20.000)

Quétrinh u nhiét 1an 2 trong chan khéng khdng |am thay dbi nhiéu ciu trdc tinh thé mang
(hinh 4a va 4b) két hop véi két qua XRD. Kich thudc hat 16n khoang 70-80nm, kha ddng déu
va gan két tt vao nhau. Ciu trdc mang c6 do xép chit cao, 16 xbp it va cé kich thusc nho.
Piéu ndy chung té mang co do dong déu cao, két tinh tét. Viéc chon ché d6 u nhiét 500°C
trong 1 gior 1a hop ly cho quéatrinh két tinh va hinh thanh mang, khir dwoc céc sai hong va cho
mang cé dinh huéng tot.

Kich thudc hat 16n va dong déu s8 1am tang d6 dan dién cia mang do giam sy tén xa cia
hat tai tai céc bién hat vasai hong trong tinh thé, |am ting d6 linh dong cua hat tai [2].

Vi nhitng mang cd do day nho (5a) thi d6 dan dién thip do co nhiéu |5 xdp. Viéc lap lai
qua trinh trang phu lam tang do xép chat cia mang (5b) va khép kin dugc céc 15 x6p.
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ang phatap 2%Al trude (a) vasau (b) khi o nhiét trong chan khoéng
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Hinh 5.Anh SEM cia mang phatap 2%Al phu 316p (a) va 10 [6p (b) sau khi 1 nhiét trong chan khéng

3.3. b§ day mang

Két qua do do day mang bing Stylus Profilometer cho thay do day mang sau 10 lan tréng
phu khoang 350nm. Mang ¢6 do day tuong doi dong déu va do gho ghe be mat thap. D6 day
cho méi lan tréng phii khoang 40nm.

"ang ZnO:Al
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Hinh 6. D6 day mang sau 10 |4n trdng pha
3.4. Pj truyén qua ciia mang

D¢ truyén qua cia cac mang ZnO véi ham lugng phatap Al tir 0 dén 8% trén dé thiy tinh
truoc va sau khi u nhiét trong chan khong déu 16n hon 85% trung vung anh sang kha kien va
hong ngoai gan. Qué trinh 0 nhiét lan 2 trong chén khong khéng 1am anh huéng nhiéu dén do
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truyen qua cua mang. Biéu ndy chirng to tinh chat truyén suét quang hoc cao cia mang lam tir
vat lieu ZnO:Al, dong thoi cho thay kha nang ché tao mang ZnO:Al véi d6 trong suot cao caa
phuong phép sol-gel.
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Hinh 7.D¢ truyén quatrong viing UV-Vis caa mang truéc (a) va sau (b) khi a nhiét chan khong

Phé truyén qua cia c&c mang ZnO pha tap tir 0 dén 8%Al khdng cho thiy rd su dich bd
hap thy caamang (I ,=370nm). D¢ rong viing cim twong tng vao khoang 3,35 eV.

3.5. P din dién ciia mang

Sau khi & nhiét 1an 1 trong khdng khi, dién tré' cia mang giam manh khi ting ham luong
phatap Al tir 0 dén 2% (hinh 8a). Khi mét lugng nho Al duoc dwra vao mang, Al s3 bi ion hda
thanh AI** vathay thé vao vi tri cia Zn?* vamot electron tu do s3 dugc tao thanh tng vai mot
vi tri Zn bi thay thé. Do d6 nong do hat tai tang ciing véi sir ting nong d6 phatap, vadat giatri
Ion nhit tai giatri 2% phatap Al. Tuy nhién, khi tiép tuc ting nong do phatap Al tir 2 dén 8%,
dién tré mang lai tang Ién. Diéu ndy cho thiy AI** chi ¢ kha nang thay thé Zn®* & mot ndng
d6 nhét dinh. Khi ting nong 6 phatap vuot qua giéi han ndy co thé tao thanh cac khuyét diém
trung hoa vé dién (neutral defects) va cac nguyén tir Al trung hda dién tich s3 khéng tham gia
va0 Viéc tao thanh electron tu do [10]. S6 lwong Al hoat tinh dién trong mang cang giam khi
nong do phatap Al cang lén (nhiéu nguyén tir Al bi trung hoakhi néng d6 phatap Al cao).
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Hinh 8. Sy thay dbi dién tro' mit theo ham lwgng phatap Al cia cac mau truéc (a) vasau (b) khi a nhiét
trong chan khong.

Tuy nhién, c&c mang sau khi @ nhiét Ian 1 trong khong khi déu co dién tré con rat [on
(khoang vai traim kW'*), chuathé trng dung |am mang dan dién. Do d6, chiing tdi datién hanh
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u nhiét 1an 2 trong mdi truong chan khong dé khao sét sy anh huong cia méi trudng u nhiét
dén do dan dién caamang.

Sy anh huong cia méi truong G nhiét dén tinh dan dién cia mang la rat 16n (hinh 8b).
bién tro ciamang sau khi @ nhiét 1an 2 trong chan khéng giam hon 1000 lan. Diéu ndy co thé
giai thich 1ado sy giai hip Oxy tai c&c vi tri bién hat, dong vai trd nhu céc trang tha by (trap
states) [10], dan dén sy tang dang ké nong do va do linh dong caa hat tai 1am ting manh do
dan dién.
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Hinh 9.b¢ dan dién thay di thay bé day mang

Thay d6i d6 day mang ciing anh huong dén d6 dan dién (hinh 9). Khi ting d6 day mang thi
d6 dan dién tang Ién. Khi sb 1an phu tang tir 3 1an [én 7 1an, dién tré mang giam hon 20 lan.
Khi tiép tuc ting d6 day tir 7 1&n 10 va 14 1an phu thi do dan dién cia mang tang rat cham.
Diéu ndy ching té khi mang da dat dugc mot do day nhat dinh va khép kin duoc cac 16 xp thi
viéc tang bé day mang khong lam tang dang ké do dan dién.

Tat ca c&c mang déu duoc kiém tra lai do dan dién 1 thang sau khi ché tao, két qua cho
thay dién tré mang khong thay déi trong mdi truong khong khi & nhiét ¢ phong.

4. KET LUAN

Trong d& tai ndy, ching ti d& ché tao thanh cong mang ZnO:Al bing phuong phép sol-
gel. Céc théng sb anh huong dén ciu tric va tinh chat caa mang bao gom ham lugng pha tap
Al, méi trudong t nhiét vado day mang, trong d6 méi trudng t nhiét anh huong 16n dén d6 dan
dién cia mang. Dién tré mang giam hon 1000 lan sau khi 4 nhiét 1 gio trong chan khdng ¢
500°C, dat giatri thip nhat 372W™> véi ham luong pha tap Al 2%. Chiéu day mang sau 10 lan
phu khodang 350nm la hop 1y. D6 truyen qua trong ving anh sang kha kién cia cac mang
T>85%, ching to tinh truyén qua tot cua mang ché tao tir vat liéu ZnO:Al bang phuong phap
sol-gel. Cac mang tao duoc déu co ciu tric da tinh thé wurtzite, mang dinh huéng tt theo
phuong (002). Kich thudc hat I6n va ddng déu, do xop it va cd kich thudc nho. Cac yéu té nay
g6p phan |am giam sy tan xa cua hat tai trén bién hat, ting cao d6 linh dong va nang cao tinh
dan dien.Voi cac thidt bi don gian, ré tidn cé thé ché tao duoc mang dan dién trong subt
ZnO:Al rng dung duoc trong cdng nghé quang dién tir.

Tuy nhién dé dat dugc d6 dan dién mong mubn, phuong phép ndy can phai lap lai qua
trinh trang phi mang nhiéu 1an, diéu ndy gép phan |am giam kha nang tng dung. Do d6 xu
hudng nghién ciru tiép theo caa ching téi 1a thém céc chat hoat dong bé mat vao hé dung dich
sol dé tang d6 day mdi lan trang pha va giam s co ngét nit gy mang trong qué trinh xu |y
nhiét, tao mang c6 do din dién tét véi sd lan trang phu it nhat.
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THE OPTICAL AND ELECTRICAL CHARACTERISTICSOF ZnO: Al THIN

FILMSPREPARED BY SOL-GEL METHOD

Nguyen Ngoc Viet ¥, Tran Quang Trung®, Le Khac Binh @, ,Dang Mau Chien®”

(D) Laboratory for Nano Technology (LNT), VNU-HCM
(2) University of Natural Sciences, VNU-HCM

ABSTRACT: Thetransparent conducting ZnO: Al thin films were synthesised by sol-gel
method using zinc acetate dihydrate (Zn(CH;CQOO),.2H,0), Al(NO3)3.9H,0, 2-methoxyethanol
and MEA (monoethanolamine) as precursor, dopant agent, solvent and stabilizer, respectively.
XRD patterns showed polycrystalline wurtzite structure of ZnO: Al films annealed at 500°C in
air. The conductivity depends on environment annealling conditions, i.e the conductivity
increases 10° times by vacuum annealing (10°Torr). The minimum resistivity was
Ramin=372W* at 2% aluminum dopant. The transmittance of undoped and doped films were
higher than 85%. Uniformity films were evaluated by SEM.

Key words: sol-gel, ZnO: Al, transparent conducting thin films.
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