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Tom tat

Mang mong ZnO pha tap Ag duoc ché tao bang phuong phap phin xa r.f. magnetron. Anh huong cua ndng do pha tap
va cong suat phin xa lén céu tric, tinh chat quang va tinh chat dién dugc nghién ciru chi tiét bang cac phép do nhiéu xa
tia X, phép do truyén qua, hap thy va phép do hiéu umg Hall. Cac két qua nghién ctru cho thiy cong suit phun xa anh
hu’ong manh dén do két tinh ciia mang thu dugc trong khi nong d¢ pha tap quyét dinh d9 dan. Nong d6 pha tap 1% cho
mang c¢6 do dan cao nhat (dién tré suat ~ 8x107Q. cm) va ¢6 xu hudng glam & cac nong do pha tap €ao hon. Bo truyen
qua cua cac mang mong ZnO:Ag trong vung nhin thiy bi giam di khi ting nong d¢ pha tap nhung van d4p mg yéu cau
dé 1am mang dan trong sudt trong céc linh kién quang dién tu.

Tir khéa: Mang dan trong subt; ZnO pha tap Ag; phun xa; phép do Hall.

Abstract

Ag doped ZnO thin films were successfully prepared by r.f. magnetron sputtering. The effects of doping concentration
and sputtering power on the structure, optical and electrical properties were studied thoroughly by X-ray diffraction,
UV-Vis (ultraviolet-visible) spectroscopy and Hall measurement. The results show that sputtering power has a clear
effect on the crystallinity of the thin films while the doping concentration plays a key role on tuning conductivity of the
films. Doping concentration of 1% atm offers the highest conductivity, corresponding to the resistivity of 8x10-*Q.cm
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and tends to decrease at higher concentrations. The transparancy of ZnO:Ag thin films in the visibile region decreases
with increasing doping concentration but still meets the requirement of transparent conducting thin films in

optoelectronics applications.

Keywords: Transparent conductive oxide; Ag doped ZnO; sputtering; Hall measurement.

1. Pit van dé

Trong thoi gian gan ddy, mang oxit dan dién
trong sudt (Transparent Conductive Oxide -
TCO) duoc sir dung rong rai va 1 thanh phan
quan trong trong cac thiét bi dién tir nhu tim
nén chiéu sang tinh thé léng (LCD), tim nén
cam ung (touch screen), didt phat quang (LED)
hay trong cac tng dung su dung hi€u Ung
quang dién (photovoltaic). Khi dugc st dung dé
lam dién cuc, yéu cau cua mang oxit dan dién
trong su6t TCO 1a phai c¢6 dién tré suét thap,
ddng thoi phai cho anh sang trong nhitng mién
budc song dinh trude truyén qua. Thuc té, cac
chat duoc dung dé 1am nén trong cong nghé ché
tao mang oxit dan dién trong subt chi yéu la
hén hop indium oxit va oxit thiéc - ITO, hon
hop indium 06xit pha flo (FTO) hay kém oxit
(Zn0). Mang ITO c6 céc tinh chét kha an tuong
nhu dién tr& sudt thip ¢ ~10*Q-cm va do
truyén qua 16n hon 80%. Mic dau viy, gia
thanh cua loai mang ITO nay lai kha cao do
Indium 13 nguyén té hiém va dat, d6 bén cua
san phém chua cao va doc hai. Do do, mang
mong ZnO dan dién khi pha tap cic nguyén td
nhu Al, Cu, P, v.v... [1-3] duoc nhiéu phong thi
nghiém tap trung nghién ctru dé thay thé loai
mang ITO nho cac wu thé nhu d6 rong ving
cdm 16n (c¢& 3,37eV ¢ nhiét d6 phong), ngudn
cung cap doi dao, gia thanh ré va dic biét la
than thién v&i moi trudng.

Trong cac nghién ctru gan dy, ZnO dugc pha
tap nhiéu nguyén t6 tiy thudc vao muc dich sir
dung. ZnO khéng pha tap thuong 1a ban dan loai
n do cac sai hong noi tai (nat khuyét caa Oxy,
Zn dién k&,...) 1a cac tdm donor dong gop dién
tr & ving dan. Pé ting d6 dan dién, cac nguyén
t6 nhom III nhu Al [4], Ga [5] hay In [6,7] ciing
dugc st dung dé pha tap. Mat khac, cic Ung

dung trong quang dién tir yéu ciu phai ché tao
ban dan ZnO loai p, trong khi gidng nhu hau hét
cac ban dan c6 do rong ving cAm 16m, viée tao ra
ZnO pha tap loai p 1a kha khoé khan, do c6 su bu
trir boi tap thuan hodc do kha nang hoa tan cua
tap 1a thdp. Cac nguyén t6 thudc nhom I va V
nhu Na [8], Li [9], K [10], Cu [11], Ag [12,13],
N [14], P [15] hay Sb [16] c6 thé dugc dung
nhim tao ra ban dan loai p. Tuy nhién, thuc té
cho thdy cac san pham tao ra c6 tinh 6n dinh
chua cao, co ché hinh thanh cic tim tap chua rd
rang, can phai tiép tuc nghién ctru sau hon.

Céc nghién ctru 1y thuyét va thuc nghiém
trong thoi gian vira qua cho thay tap kim loai
Ag lam ting tinh dan ciia mang tinh thé ZnO,
c6 thé tao ra tinh dan loai n hodc loai p, tuy
thudc diéu kién ché tao mau dé tao ra tap Ag &
vi tri thay thé Zn hay dién k& trong mang tinh
thé ZnO. Pay 1a tinh chat dic biét cua tap Ag
trong vat liéu ZnO. Tu nhiing thyc trang trén,
chung t61 da chon vat liéu ZnO pha tap Ag la
d6i twong nghién ctru trong bai bio nay nhim
ché tao mang trong sudt ¢ dién tré suat thap va
cho 4nh sang trong ving kha kién truyén qua.

2. Thuc nghiém

Trong bai bao nay, cac mang mong ZnO:Ag
(0%, 1%, 2%, 4% mol) duoc ché tao bing
phuong phap phun xa r.f. magnetron. Thiét bj
phin xa duogc su dung la hé mini Sputter
(ULVAC - Nhat Ban) tai Vién Han lam Khoa
hoc va Cong ngh¢ Viét Nam. Ban dau hé duoc
hat chan khdng dén ap suit 10 Pa. O giai doan
tiép theo ap suét trong budng mau dugc duy tri
¢& 1 Pa bing cach bom thém khi Ar. Ap suit
nay duoc duy tri 6n dinh trong qua trinh phun
xa. Cac mang duoc ché tao véi 3 cong suét
phun xa khac nhau: 125W, 150W, 175W voi
thoi gian phun xa dugc gilr trong 20 phat va
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khong gia nhiét dé. P9 day cac mang thu dugc
tang dan tir 800 nm 1én 1000 nm khi ting cong
sudt phun xa tir 125W 1én 175W.
3. Két qua va thao luan

Céc tinh chdt ciu trac, tinh chit quang va
tinh chit dién cua cac mang ZnO:Ag duoc khao
sat sau khi ché tao thanh cong véi cac nong do
pha tap Ag khac nhau bang phuwong phap phiin
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175W) trong thoi gian 20 phat. Gian db nhiéu
xa tia X cac mau mang ZnO:Ag (trén dé thuy
tinh khong gia nhiét khi tao mang) ché tao véi
cac nong d6 Ag trong bia khac nhau 0%, 1%,
2% va 4% & ap sudt khi Ar 1Pa va cong suat
phun xa 125W, 150W va 175W dugc trinh bay
trén cac Hinh 1, 2, 3.
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Hinh 1: Gian d6 nhidu xa tia X (hinh trai) va phong dai ving dinh (002) (hinh phélj) cia mau mang ZnO (a)
va ZnO pha tap Ag: 1% (b); 2% (c) va 4% (d) phun xa & cong suat 125W.
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Hinh 2: Gian d6 nhidu xa tia X (bén trai) va phong dai vang dinh (002) (bén phai) cua mau mang ZnO (a)
va ZnO pha tap Ag: 1% (b); 2% (c) va 4% (d) phun xa & cong suat 150W.
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Hinh 3: Gian d6 nhidu xa tia X (hinh trai) va phong dai ving dinh (002) (hinh phai) cua mau mang ZnO (a)
va ZnO pha tap Ag: 1% (b); 2% (c) va 4% (d) phun xa & cong suat 175W.

Sy dich manh vé phia goc thap cua dinh
nhiu xa ctia mat (002) trén cic mau mang
ZnO:Ag c6 ndong do 2% va 4% xay ra khi phiin
Xa tao mang & cong suat nguén RF 150W, ¢o
thé hiéu 1a do tap Ag di lam thay d6i hing sb
mang khi duoc khuéch tan vao tinh thé ZnO.
Tuy vay, su dich dinh nhiu xa Ung voéi mit
(002) cua tinh thé ZnO rat nho khi phun xa tao
mang & cong suat nguon RF 125W va 175W
trén cidc mau mang ZnO:Ag. Céac nghién ciru
XRD tiép theo s& phai thuc hién tiép trong diéu
kién chii dong dugc viéc thay doi nhiét do dé
ling dong dé 1am sang to van dé trén. Tuy nhién
cac mau déu c6 gia tri hang sb mang gan véi gia
tri hang s6 mang cua ZnO & diéu kién thudng
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Hinh 4: Pho truyén qua ctia mau mang ZnO (a) va ZnO
pha tap Ag: 1% (b); 2% (c) va 4% (d) phun xa ¢
cong suat 125W.

(c = 5206A, ¢ = 3,249A) chung té pha tap
khong 1am bién dang qua nhiéu mang tinh thé
ctia ZnO. Kich thudc tinh thé trung binh ciia cac
mang ZnO pha Ag véi nong d6 khac nhau duoc
udc tinh thong qua do rong ¢ nira cuc dai cla
dinh (002) bang cach st dung cong thirc Debye
Sherrer. Kich thuéc nay thay doi trong khoang
tir 20nm dén 28nm, tuy diéu kién tao mau.

Hinh 4, 5, 6 thé hién két qua do phd truyén
qua trong ving anh sang nhin thay ciia mang
Zn0:Ag (1%, 2%, 4%) phun xa & cac cong suit
khac nhau. Cac van giao thoa xuat hién trong
phd chimg to cac mang tao ra c6 do phang cao
va dong déu tot.
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Hinh 5: Pho truyén qua ctia mau mang ZnO (a) va ZnO
pha tap Ag: 1% (b); 2% (c) va 4% (d) phun xa ¢
cong suat 150W.
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Hinh 6: Pho truyén qua ciia mau mang ZnO (a) va ZnO
pha tap Ag: 1% (b); 2% (c) va 4% (d) phun xa &
cong suat 175W [17].

Do truyén qua ciia cac mang ZnO 1a trén
90%, trong khi d truyén qua clia cic mang
ZnO:Ag bi giam di khi ting nong d6 Ag pha
tap vao mang ZnO. Tuy nhién, do truyén qua
van dat khoang 70% cho mang pha tap 1%. Khi
lugng Ag pha tap tang, bd ving hap thu dich vé
phia bude song dai, d§ rdng vung cAm nho lai.

Do cédu tric vung nang luong cta tinh thé
ZnO 1a ving cim thang nén khi biéu dién sy
phu thudc cia (ohv)? vao hv ta co thé tinh duoc
ning luong ving cdm cia mang ZnO va
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Hinh 8: 6 thi Tauc ciia mau mang ZnO (a) va ZnO
pha tap Ag: 1% (b); 2% (c) va 4% (d) phin xa ¢
cong suat 150W.
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Hinh 7: D6 thi Tauc cia mau mang ZnO (a) va ZnO
pha tap Ag: 1% (b); 2% (c) va 4% (d) phin xa ¢
cong suat 125W.

Zn0O:Ag (Hinh 7, 8, 9). Gia tri d§ rdng vung
cam Eg ciia cdc mang ZnO va ZnO:Ag gidm so
v6i Eq cia miu khdi ¢ nhiét d6 phong la
3,37eV (Bang 1), tuong tu nhu két qua thu trén
mau mang ctia R.K. Gupta [18] . Gi4 tri 0 rong
ving cdm ctia Eq mau mang ZnO:Ag phu thudc
vao cong suit phun xa va luong Ag pha tap ban
dau: do rong ving cdm Eg ctia mang ZnO:Ag
pha tap manh c6 xu huéng gidm hon so v6i Eg
cia mang ZnO, trong khi Eg cua mang ZnO
khong thay doi theo cong suat phun xa.
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Hinh 9: D6 thi Tauc ciia miu mang ZnO (a) va ZnO
pha tap Ag: 1% (b); 2% (c) va 4% (d) phun xa &
cong suat 175W.
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Bang 1. Gia tri d6 rong ving cim Eg cia mau mang ZnO:Ag véi cac ndng do khac nhau (0%,
1%, 2%, 4%) phun xa & cac cong suat 125W, 150W va 175W.

Mau
Zn0O Zn0:1%Ag Zn0:2%Ag Zn0:4%Ag
Cong suat
125W 3,23 3,21 3,23 3,07
Eq (eV) 150W 3,22 3,22 3,03 3,15
175W 3,23 3,23 3,12 3,20

Tinh chét dién véi cac théng sé nhu do linh
dong, né)ng do hat tai, dién tré suét... 1a tinh
chét quan trong ciia mot mang ban dan, giup ta
danh gia duoc kha nang tng dung miu ché tao
trong cong nghé linh kién ban dan. Két qua do
hiéu ung Hall cia mau mang ZnO pha 1%, 2%,
4% Ag phtin xa & céc cong suat 125W, 150W,
175W duoc trinh bay trong Bang 2.

Tat ca cac miu mang ZnO:Ag déu 1a loai n,
dan dién tot p~103Q.cm. Mang c6 dién tr& suét
nho nhat 1a p = 8 x 10“Qcm khi pha 1% Ag va
phin xa & cong suat 125W. Gia tri dién trd suat
thip nay twong duong voi dién tro suit thu
duoc trén mang ZnO:Ag ché tao bang phuong
phap ling dong bang chim xung laze [18], bdc
bay chum dién tu [12], phin xa RF [19]. Tap
Ag 1a tap ludng tinh, c6 thé tao ra cic miic
acceptor hay donor trong ving cam cta ZnO,
ty thugc Ag thay thé Zn hay & vi tri dién k&
[18,19]. Tuy thudc vao nong do acceptor hay
donor do Ag tao ra trong ZnO nhiéu hay it ma
vat liéu ZnO:Ag thé hién tinh dan loai p hay n.
Ngoai ra, ndng do acceptor do Ag tao ra con bi
bu trur boi cac donor tao do céc sai hdng nodi tai
cua mang ZnO (nut khuyét, dién k& Oxi,...).

Ban than sy khuéch tan Ag vao ZnO ciing c6
thé lam ting cuong ndng do sai hong ctia mang
Zn0. Do vay, phuong phap phin xa RF va céc
diéu kién thuc nghiém tao mang ZnO:Ag su
dung trong bai bdo nay chi tao ra dugc mang
dan ZnO:Ag tot loai n v6i hat tai dién cha yéu
1a cac dién tir. Pidu nay mot 14n nita khéng dinh
tinh dan cua tap Ag trong vat liéu ZnO bi chi
phdi manh boi diéu kién ché tao mau (ngudn
bia ZnO:Ag, ché do phun xa, ciu hinh hé phun
xa, nhiét do dé,...). Trong bai bao nay, su han
ché vé viéc chu dong thiét 1ap nhiét do dé trong
qué trinh ling dong da khong gitp giai thich
dugc tuong minh sy thay ddi dién tr& suét cua
mang khi thay d6i nong do Ag trén bia va cong
suat phiin xa. Cac nghién ciru tiép theo 1a can
thiét dé lam sang t6 hon van dé¢ nay. Khi ting
noéng do pha tap, nhin chung ndng d6 hat tai c6
xu huéng dat cuc dai & gia tri pha tap 2% dan
dén gia tri do dan cuc dai ¢ n@mg do pha tap
nay. O ndng do pha tap cao hon, cac nguyén tir
Ag c6 thé khong & vi tri thay thé cho Zn ma vao
cac vi tri sai hong nhu dién k& 1am giam d6 linh
dong dién tir ciing nhu d6 dan cua mang.

Bang 2. Gia tri cac tinh chat dién mau mang ZnO:Ag (1%, 2%, 4%) tai cong suat phun xa 125W,

150W, 175W.

Cong suit Man Nong do hat tai Do linh dong Dién trd sut
phin xa g (x10% cm3) (Cm2/IV s) (x10°Q.cm)

ZnO :Ag (1%) 8,6 18,2 0,8

125W ZnO :Ag (2%) 18,8 9,6 17,9

ZnO:Ag (4%) 0,5 6,6 17,4

ZnO :Ag (1%) 14 9,2 9,7

150W ZnO :Ag (2%) 2,2 27,8 3,0

ZnO:Ag (4%) 4,1 12 1,9




T.T.N.Anh, P.N.Hdi,... | Tap chi Khoa hoc va Cong nghé Pai hoc Duy Tan 6(55) (2022) 97-104 103

ZnO :Ag (1%) 19 18,9 3,1
175W Zn0 :Ag (2%) 4.9 13,7 18
ZnO:Ag (4%) 0,2 55 59,7

4. Két ludn

Cac mang mong ZnO va ZnO:Ag duoc ché
tao bang phwong phap phun xa r.f. magnetron
v6i cac cong suat khac nhau 125W, 150W,
175W. Céc tinh chat cdu trac, quang va dién
ciia mang dan trong sudt dugc nghién ciru chi
tiét dé tim ra ché do tao mang dan c6 do dan
dién tot nhat. Tinh chat dién ciia mang ZnO:Ag
bi 4nh hudng boi cong sudt phin xa va ndng do
Ag pha tap. Cac mang déu dan dién tdt, trong
d6 mang co dién tro suat nho nhat 1a mang ZnO
pha tap 1% Ag phin xa ¢ cong suat 125W c6
dién tré sudt p=28x10%Q.cm, cb thé ung dung
lam dién cuc dan trong subt trén céac linh kién
quang dién tur.
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