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TOM TAT

Mang méng dan dién trong subt ZnO cé
do linh déng dién tr cao duoc phd trén dé
thiy tinh bang phwong phadp phin xa
magnetron DC trong hén hop khi argon va
hydrogen (Ar + H,) & nhiét d6 phong. Mot
Itrong nhé khi H, dwa vao trong khi phin xa
Ar céi thién déng ké do linh dong dién ti cua
mang mdng ZnO. Vi ti 1é H,/Ar theo Iuwu
luong dong khi dwa vao tir 7,2 % dén 19,2
%, dién tré suat cia mang ZnO c6 H
(ZnO:H) én dinh va dat gia tri la 6.6x10™
Q.cm. O ti 1é dong khi H,/Ar 1a 7,2 %, d6 linh
déng Hall cda dién t& trong mang ZnO:H dat
gia tri cao nhat Ia 61 cm>V''.s™, I6n hon rét

nhiéu so voi gia tri 23 cm*>V''.s* dat duoc
trong mang ZnO pht bang phun xa trong khi
Ar thuén (ZnO) véi cung diéu kién ché tao.
Bén canh do, gia tri néng do dién tir 1,5x10%°
cm™ trong mang ZnO:H ciing cao hon gia tri
6x10" cm™ trong mang ZnO. Két qué XRD
va FESEM cho thdy mang ZnO:H c6 kich
thuée hat tinh thé I6n hon so véi mang ZnO.
V6i d6 day 600 nm, céc phép do phé UV-
Vis-NIR va ddu do 4 mdii cho thdy mang
ZnO:H (cung véi dé) c6 dé truyén qua trung
binh trong vung buwéc séng 380-1100 nm la
83 % va dién tré mét la 11 Qlvubng.

Ttr khéa: dan dién trong sudt; mang méng ZnO; phin xa magnetron DC; do linh déng dién ti.

MO PAU

Ngay nay mang mong trong sudt dan dién da
dugc tng dung hét sic rong réi trong rat nhiéu
céc thiét bi quang — dién tir, chang han nhu la
trong thiét bi diod phat quang (LEDs) [1], man
hinh hién thi phang [2], pin mat troi [3, 4]...
Mang mong ZnO la mét lya chon duoc nhiéu
nhém nghién ctru quan tdm phét trién dé ung
dung trong cac thiét bi quang — dién tir trén, boi
vi mang mong ZnO c¢6 nhiing dac tinh uvu viét

nhu 1a: d6 rong vang cam lon (~3.37 eV) [5], co
trir lwong nhiéu trong tu nhién [6], khong doc
hai,...Tuy nhién, dé dat dwoc mang mong ZnO
Véi cac tinh chét dién tt (dién tro suat thip) can
phai pha tap cac chit nhu 1a Al Ga, In, F,,
H,,...vio mang ZnO. Trong mang ban din TCO
(oxide dan dién trong sudt) ndi chung ciing nhu
trong mang ZnO noi riéng, dién tro suat dugc xac
dinh boi do linh dong va nong do hat tai thong
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qua biéu thuc 7/p=Nue (1) (trong d6: p 1a dién
tro suat, N 1a ndng do hat tai, p 1a do linh dong va
e 1a dién tich dién tor = 1.602x10™ C). Néu ting
N thi s& giam dugc p, tuy nhién diéu nay s& lam
giam do6 truyén qua ciaa mang ZnO trong ving
kha kién (Vis) va hdng ngoai gan (NIR) do hiéu
ng hap thu hat tai ty do. Hap thu cua hat tai tu
do trong vuing kha kién, hong ngoai gan va hong
ngoai xa duoc cho bai cac biéu thic [7]:
2%2e3Nd

am3egc3nm* 2y (2)

4
App = ﬁ (3)

Avis—nir =

Trong d6: Avisnir 1a @6 hap thu trong ving
kha kién va hong ngoai gan, Agg 1a d6 hap thu
trong viing hdng ngoai xa, 4 1a budc séng cua anh
sang, e dién tich dién tir, N 12 ndng do hat tai, d la
bé day mang, &, 1a do tham dién chan khong, ¢ la
van toc &nh sang, n la chiét suat trung binh trong
viing kha kién va hong ngoai gan, m* khéi luong
hiéu dung cua hat tai tu do, p 1a d6 linh déng.

Tur c4c biéu thuc trén, dé giam dién tro suat
cia mang ma khéng lam anh huong dén do
truyén qua trong ving Vis va ving NIR thi can
phai ting d6 linh dong mang ZnO.

Do linh dong phu thugc vao thoi gian hoi
phuc © va khéi luong hiéu dung cua hat tai m*
trong ving dan theo biéu thic u=ev/m* (4). Do
d6, dé tang do linh dong thi c6 thé ting 7. Tang ¢
doi hoi mang mong phai ton tai it sai hong, nong
d6 hat tai thap, it bién hat va it tap chét trung hoa.
Céc co ché tan xa chi phdi do linh dong dién tir
trong ban dan TCO c6 thé ké dén nhu sau [8, 9]:
(i) tn xa bién hat, sinh ra do su bat lién tuc tai
c&c bién hat trong vat liéu mang mong da tinh
thé, tao nén mot rao thé ddi voi dién ta. Tan xa
bién hat chi anh huéng dang ké khi kich thudc
hat nho hodc bang quang duong tu do trung binh
cua dién ti. (ii) Tan xa tap chit ion héa sinh ra do
viéc dua thém vao cac tap chat va cac sai hong
chang han nhu cac tap chat xen k& hodc cac nit
khuyét. (iii) Tan xa phonon mang gay ra bai cac
dao dong mang cua cac lién két. (iv) Tan xa tap

chat trung hoa gay nén bai cac tap chat khong bi
ion hoa. Gan day, viéc pha tap hydrogen vao
mang mong ZnO dé cai thién tinh chat dién trong
do6 co viéc giup lam tang d¢ linh dong dang thu
hat sw quan tdm va nghién ciru m¢é rong cua cac
nhom nghién cau trén thé giéi [5, 10, 11].
Hydrogen dong vai tro 1la mét donor ndng trong
mang mong ZnO theo quan diém da dugc chap
nhan rong rai cua tac gia Van de Walle [12]. Do
do dé dat dugc tinh chat dién téi wu ciia mang
ZnO bing cach dwa thém khi hydrogen vao trong
qua trinh phin xa thi can phai kiém soat tot cac
diéu kién ché tao mau. Trong cong trinh nay
chung t6i tap trung khao séat sy thay d6i luu
lwong khi hydrogen trong qua trinh ché tao mang
ZnO.
PHUONG PHAP

Mang mong ZnO duoc ling dong trén dé
thuy tinh soda-lime Marienfeld (Germany) bing
phuong phap phun xa magnetron DC trén hé
phin xa Univex 450. Bia phin xa duoc st dung
la bia gbm ZnO thuin dugc ché tao tir bot ZnO
c6 do tinh khiét 99,999 %. Ap suat nén la 6x10°°
torr, 4p suat lam viéc 1a 4,5x107 torr, khoang
cach bia dé 1a 5 cm, cong suit phin xa 14 60 W
va luu lwong khi Ar la 25 sccm. Khi hydrogen
dugc dua vao mang ZnO trong qua trinh phiin xa
vai ti 1€ Hy/Ar (%) theo luu lugng dong khi dua
vao thay ddi tir 0 scem dén 19,2 % trong hdn hop
khi phan xa Ar + H,. Mang ZnO trong cong trinh
nay c6 bé day xap xi 600 nm. Truéc khi phin xa,
dé thuy tinh duoc tay rira trong bé siéu am bang
dung dich NaOH 1 %, acetone, nudc cit va sau
d6 tiép tuc duoc tay rira bing plasma trong budng
chan khong 15 phut truge khi phin xa. Cac gia tri
dac trung tinh chét dién nhu 1a néng do hat tai, do
linh dong, dién tré suit dugc xac dinh bang phép
do hiéu tng Hall trén may do HMS3000. Binh
huéng tinh thé ciia mang dwoc xic dinh bang
phuong phap nhidu xa tia X trén may Siemens
D5. Phép do hién vi dién tir quét phét xa truong
(FESEM) dugc dung dé danh gia hinh thai hoc bé
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mat mang ZnO. Phé truyén qua trong ving tir 0.3
— 1.1 pm dugc do bang may UV-Vis Jasco V-
530. Bé day mang xac dinh bang phuong phéap
dao dong thach anh va phuong phap Stylus voi
may Dektak 6 M.
KET QUA VA THAO LUAN

Tir cac két qua tinh chit dién dugc xac dinh
bang phép do Hall trong Hinh 2 cho thay rang chi
can thém mot lwong nho khi hydrogen (2,4 %)
trong qua trinh ché tao mang ZnO ciing din dén
mot sy thay doi dang ké gia tri do linh dong (tur
23 dén 44 cmiV1tsh), dién tro sudt (giam tor
4x107° dén 2x10° Q.cm), tuy nhién trong gia tri
nong do hat tai hau nhu chua thay d6i so voi
mang ZnO thuan ban dau, diéu nay co thé duoc
giai thich 1a vi v4i mot lwgng nho khi hydrogen
nhu vay chi da dé thu dong héa mot phan cac
khuyét tat gitp tang gia tri 6 linh dong. Khi tiép
tuc tang ty 1& khi hydrogen thi ndng do hat tai va
d6 linh dong tiép tuc tang con gia trj dién tro suat
giam. Gia tri do linh dong tét nhat &ng ty 1¢ khi
hydrogen trong khoang 7,2 %, twong tng véi gia
tri 12 61 cm?/Vs, tng véi gia tri dién tro suat 1a
6,6x10. Khi tiép tuc tang ty 1& khi hydrogen Ién

gia tri trong khoang tir 14,4 % dén 19,2 % thi
ndng do hat tai tang cao (1,8 -2,0x10%° cm®) diéu
nay dan dén sy tan xa hat tai dién tir ty do khién
cho gia tri d¢ linh dong giam xudng con 46 va 45
cm?/Vs. Biéu nay cho thiy ring su thay ddi ham
luong khi hydrogen trong qué trinh ché tao déng
vai trd quyét dinh Ién tinh chat dién ciia mang
ZnO. Thong thuong mang ZnO dan dién loai n,
su dan dién nay la do su dong gop dién tir tir cAc
sai hong noi tai mang ZnO chang han nhu 14 nat
khuyét oxygen, cac nguyén tir Zn xen k& hozc do
tap chat pha tap vao [5], tuy nhién trong truong
hop nay yéu t6 chinh quyét dinh Ién tinh chat
dién mang ZnO lai chinh la cac nguyén tir
hydrogen xuat hién trong qua trinh ché tao.
Hydrogen c¢6 trong mang ZnO c6 thé gidp thu
dong hda cac sai hong noi tai cia ZnO nhu 1a cac
nGt khuyét Zn [13], cac donor ndng hydrogen c6
thé chiém cac vi tri oxy phan lién két (anti-
bonding) [14] hoic céc vi tri tam lién két (bond-
centered) cua lien két Zn-O [13] (dwoc md ta
trong Hinh 1), va cac lién két O-H tai cac vj tri
bién hat [15], cac diéu nay gitip mang ZnO ting
cuong do dan dién loai n va do linh dong dién tu.

€T 6 6T°¢

Vi tri phan lién két

Vi tri tim lién két

Hinh 1. M6 hinh vj tri phan lién két (anti-bonding) va tm lién két (bond-centered) ctia hydrogen trong mang ZnO

[13].
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Tile khi Hy/Ar (%)
Hinh 2. Sy phu thudc ciia ndng d6 hat tai, do linh dong va dién tro sut theo su thay dbi cia ty 18 khi hydrogen
(Ar/H,) theo Iuru lugng dong khi dua vao trong qua trinh phun xa mang ZnO.

Céc két qua phd truyén qua cua mang ZnO  ving kha kién xap xi 83 %. Khi cang ting ty 1é
trong Hinh 3 cho thiy rang bo hip thu naim trong  khi hydrogen trong qua trinh tao mang thi bo hip
khoang tir 365 nm dén 380 nm trong khi d6 d6  thu cang dich vé phia ving tir ngoai, diéu nay c6
hip thu ving hdng ngoai (tai buéc séng 1100  thé duoc giai thich 1a do hiéu tng Burstein—
nm) van rat cao va do truyén qua trung binh trong ~ Moss.

100

Do truyén qua (% T)

400 600 800 1000

Budc séng (nm)

Hinh 3. Két qua phd truyén qua ctia mang ZnO theo sy thay ddi ty 1& khi hydrogen (Ar/ H,) theo luong khi dwa vao
trong qua trinh phun xa.
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Tir cac két qua nhidu xa tia X trén Hinh 4A.
cho thdy rang tat ca cac mau déu phét trién theo
dinh huéng mit (0002), diéu nay ching to rang
mang mong ZnO phét trién dinh huéng doc theo
truc ¢ cua ciu trdc wurzite caa ZnO. Hinh 4B.
duoc suy ra tir Hinh 4A. cho thiy rang khi cang

tang ty 1¢ khi hydrogen trong qué trinh ché tao
mang ZnO thi ti $6 logeo/liora cang ting, diéu nay
ching to rang d6 tinh thé ciia mang ZnO trg nén
t6t hon khi tang ty I& khi hydrogen (Ar/ H,) theo
luong khi dua vao trong qua trinh phun xa.
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Hinh 4. A. Gian dd phé nhiéu xa tia X ctia loat miu ZnO theo su thay déi ty 18 khi hydrogen (Ar/ Hy) theo luu

lwong dong khi dua vao trong subt qué trinh phin xa

B. Gian d6 thé hién su thay ddi gi4 tri ti s6 tich phan cudng do nhidu xa XRD dinh (0002) trén tich phan cuong do

toan bd phd nhidu xa XRD (Ipgga/lioar) theo ty 18 Ho/Ar.
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Hinh 5. Anh FESEM cua mAu (A) khong ¢6 khi H, trong qua trinh ché tao va (B) ¢6 7.2 % ty 1¢ khi H, trong dong
khi dua vao qua trinh ché tao.

Tu két qua hién vi dién tir quét phat xa
truong (FESEM) trong Hinh 5 cho thdy ring
khong c6 su khéc biét nhidu vé hinh théi hoc bé
mat cua mang ZnO c6 va khéng cd hydrogen
trong qua trinh ché tao, tuy nhién mang ZnO c6
khi hydrogen trong qua trinh phin xa lai c6 kich
thudc hat 16n hon hin so véi mau ZnO khéng cé
hydrogen. Dé giai thich cho diéu nay cé thé Iy
giai rang cac hat tinh thé nho hinh thanh tai cac
bién hat da duoc loai bo bai viéc khir cac nguyén
tr k&m va oxygen bang plasma hydrogen, diéu
nay gitp kich thuéc hat tinh thé xuit hién dudi
dang cac hat 16n hon. Diéu nay c6 thé duoc hiéu
nhu 13 sy an mon (etching) bé mat bang plasma
hydrogen [5].

KET LUAN

Mang mong dan dién trong sudt ZnO trén dé
thiiy tinh duoc phu bang phuong phap phin xa
magnetron DC trong hén hop khi (Ar + H,) &
nhiét d6 phong c6 do linh dong dién tir cao nhat
la 61 cm® Vs o ti 18 Ho/Ar 1a 7,2 %. Do linh
dong dién tir cao va nong do dién tar khong qué
I6n dan dén sy hap thy rat thip cua dién tu tu do
trong ving kha kién (Vis) va hong ngoai gan
(NIR). Véi do trong sudt cao, mang ZnO:H c6
thé dat gia tri dién tro mat thap khi tang do day
mang. Do d6, mang ZnO:H s& la vt liéu dién cuc
trong subt rat tét cho cac linh kién quang dién tir.
Hon nita, qua trinh phan xa ché tao mang c6 thé
khong can sir dung céc bia ZnO c6 pha tap.

Loi cim on: Nghién ciru c?‘mfc‘ tai tro boi
DBai hoc Quoc gia Thanh pho Ho Chi Minh
(DHOG-HCM) trong khuon kho Nhiém vu
TXTCN md so TX2015-18-06.
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ABSTRACT

Transparent conducting zinc oxide thin
films having high electron-mobility are
deposited on glass substrates by DC
magnetron sputtering in gas mixture of argon
and hydrogen at room temperature.
Introducing a little amount of hydrogen gas
into sputtering Ar gas can remarkedly
improve the electron mobility in ZnO thin
films. With gas flow rate ratios of hydrogen to
argon range from 7.2 % to 19.2 %, ZnO films
with hydrogen (ZnO:H) have stable and low
resistivity of 6.6x10™ Q.cm. At H./Ar flow
rate ratio 7.2 %, electron Hall mobility in
ZnO:H film reaches a maximum value of 61

cm®V's™. This value is much higher than
the one of 23 cm®V™*.s™ in pure ZnO films
under the same deposition condition.
Morever, electron density of 1.5x10° cm™ in
ZnO:H films is also higher than the one of
6x10" cm™ in pure ZnO fims. XRD and
FESEM show that the average crystalline-
grain size in ZnO:H films are larger than the
one in pure ZnO films. The 600-nm-thick
ZnO:H films (substrate included) have
average transmission of 83 % in the wide
wavelength range of 380-1100 nm and low
sheet resistance of 11 (Ysquare.

Key words: transparent conducting; ZnO thin films; magnetron sputtering DC; electron

mobility.
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