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wng dung lam dién cwc TCO cho pin
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TOM TAT

Dién cwc anode trong pin mat troi nhay
quang la I6p dan dién trong sudt (TCO) véi
yéu céu c6 do bén nhiét cao dé cé thé phu
I6p khé day tinh thé nano TiO, & phia trén vi
diéu kién két tinh cua tinh thé nay & nhiét d6
400 — 500°C. Trong khi d6, mang dén dién
ITO c6 wu diém la do truyén qua cao va dan
dién tét, nhung lai khéng bén nhiét. Trong
cbng trinh nay, chung téi s& dung phuwong
phép phin xa magnetron DC dé phu I6p
SnO; Ién mang ITO va nghién ctru tinh chét

bén nhiét cia chung. Két qud cho théy,
mang ITO/SnO, v&i dé day SnO, khoadng
190 nm c6 do truyén qua trén 80%, dién tré
méat 13 Q/square (Q/2), bé mat mang déng
déu, kich thwéc hat nhé, min, ddc biét tinh
chét quang dién cua mang khéa bén & nhiét
do 450°C. Vi vay, mang kha phu hop cho
chirc ndng TCO dé phd I6p TiO, 1én phia
trén tng dung lam dién cwc anode cho pin
mat troi nhay quang DSSC.

Twr khéa: TCO, DSSC, ITO, pin mét tréi nhay quang

MO PAU

Pin mat troi nhay quang (DSSC) do Graezel
[1] phat minh, thugc thé hé pin mat troi thi ba.
Loai pin nay hoat dong khong dua vao nguyén
tic hoat dong cua lép chuyén tiép p — n, nén
khong sir dung ban dan Si. Pin nhay quang dang
thu hit sy quan tdm ctia cac nha nghién ctru do
vu diém qua trinh ché tao don gian, gia thanh
thip so véi cac thé hé pin Si. CAu tao cua loai pin
nay gém: dién cuyc anode TCO, 16p nano TiOy,
chat nhay quang (dye), chat dién ly, dién cuc ddi.
Mot sb cai tién loai pin nay dé ting hiéu suat
chuyén déi quang dién, ting do bén...nhu thay
thé chat dién ly long bang chat dién ly dang gel,
rn [2-4], tim chat nhay quang két hop keo chim
lugng tir [5-6].

Dién cuc lam viéc anode cua pin 1a mang dan
dién trong sudt(TCO) can dat cac yéu cau vé dan
dién tét, truyén qua cao, do bén nhiét cao. Mang
FTO thuong dugc su dung trong loai pin nay [7].
Ngoai ra nhitng nghién ctu gan day st dung
mang indium kém oxyt 1ZO (In,O3 pha tap Zn)
[8], ITO/FTO [9], ATO [10] thay thé mang FTO.
Trong tng dung cho pin nhay quang DSSC, lop
dién cyuc dan TCO duogc phu tinh thé nano TiO:
roi thiéu két & 450°C dén 500°C dé gia tang tiép
xuc dién gitta cac hat nano, gitra hat nano voi
nguon cung cap electron [11]. Uu diém chinh cua
mang ITO 1a c6 d6 dan dién va do truyén qua cao
hon mang FTO [12], viéc ché tao mang ITO ciing
kha don gian va dé thyc hién bang phuong phép
phun xa (phuong phap dang duoc ung dung kha
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nhiéu trong cong nghiép ché tao TCO), nhung do
bén nhiét khong bang mang FTO. Mang ITO ¢6
do bén nhiét khong cao do cac vi tri nit khuyét
oxy ¢ nhiét do cao sé bi oxy hoa va lam giam do
dan dién. Vi vay tinh chét dién cua mang ITO sé
giam khi thiéu két & nhiét do cao, dan toi giam
hiéu suat cuia pin khi ding né lam dién cyc. Do
d6 dé ung dung lam dién cyc trong pin nhay
quang, can phai khic phuc nhugc diém nay dé
tan dung wu diém vé do truyén qua va do dan
dién cao cua mang ITO.

Trong bai bao nay, chung toi nghién ciru dé
tang d6 bén nhiét cho mang ITO bang cach phu
16p SnO; 1én mang ITO vdi tac dung cua lop
SnO, nham ngin can oxy khuéch tan tir khong
khi vao mang ITO & nhiét do cao gy ra sy Oxy
hoa & céac vi tri nit khuyét oxy, dé duy tri d6 dan
dién cua mang, dong thoi bao dam do truyén qua
trong ving kha kién khoang 80%. Mang co cac
tinh chét nay c6 thé ng dung lam dién cuc trong
sudt cho pin nhay quang ma khong lam giam
hiéu suat chuyén ddi quang dién cua pin.

VAT LIEU VA PHUONG PHAP

Trong nghién ctru nay, ching toi ché tao
mang ITO bang phuong phap phtn xa magnetron
DC theo diéu kién cua cong trinh [13]: 4p suét
phin 3,7 mTorr, cong suit phun 50 W, khoang
cach phan 5 cm, thoi gian phin 7 phuat, nhiét 6
dé 350°C. Céc tinh chit cua mang ITO: d6 day
mang khoang 300 nm, di¢n tr¢ mat 7€Q/square
(Q/1)), d6 truyén qua trong ving kha kién cao
nhét 85%. Sau d6 tién hanh phi mang SnO; trén
dé thay tinh tir bia SnO, bang phuong phap phiin
xa magnetron DC véi cac do day khac nhau tir 50
nm dén 190 nm. Mang ITO/SnO; dugc & nhiét &
nhiét do cao 450°C trong cac khoang thoi gian
khac nhau tir 1 gio dén 4,5 gio. Khao sat cac tinh
chat quang dién cua mang bang phuong phap 4
miii do va hé do do truyén qua V — 530 UV/Vis
spectrophotometer. Trang thai bé mit cia mang

dugc danh gia thong qua anh SEM va do két tinh
duoc xac dinh qua gian d6 nhiéu xa XRD.

Mang ITO va SnO; duoc ché tao bang
phuong phap phun xa magnetron DC tir bia gém
ITO va SnO; trong mdi truong khi Ar (99,99%)
duge dua vao budng chan khong bang hé van
kim. Hé chan khong c6 thé dat dén 105torr va
chan khong phin xa duogc duy tri trong khoang
10%torr. Hé mang dugc phu trén dé thay tinh
thuong va thuy tinh chiu nhiét Microscope slides
hiéu Marienfeld-Germany c6 kich thudc bia 80 x
80 x 6 mm.
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Hinhl. Phé XRD cua mang ITO va ITO/SnO: (a),
mang ITO/SnOz trude va sau khi u nhiét (b).
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KET QUA VA THAOLUAN

So sanh hinh thai bé mat cia mang ITO va
mang ITO/SnO; (Hinh 2) qua anh SEM cho thay
bé mat mang ITO/SnO, dong déu hon, kich thudc

hat nho hon rat nhiéu, d6 ghd ghé cao hon mang
ITO. Tinh chét nay thich hop cho viéc bam dinh
cua 16p tinh thé nano TiO, 1én dién cuc.

@)

) 10.0kV 6.4mr

(b)

Hinh 2. Anh chup bé mit mang ITO (a), ITO/SnO; (b) bang kinh hién vi SEM
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Hinh 3. Anh chup bé mit bing kinh hién vi SEM mang ITO/SnO2 trudc va sau khi @ nhiét & 450°C

Phan tich trang thai bé mat cua mang
ITO/SNO; trudc va sau khi 1 nhiét (Hinh 3) bang
chup anh SEM, ta thdy bé mit mang ITO/SnO2
sau khi u nhiét ddng déu hon, kich thudc hat nho
hon so v&i truéc khi i nhiét. Didu nay chimng to,
bé mit ciia mang sau khi két tinh kha min sau khi
u nhiét. Bé mit nay khé t6t dé ting do bam dinh
cua 16p TiO; khi phii 1én trén trong céu tric pin
nhay quang (DSSC).

Truéc khi u nhiét, hau hét cic miu mang
ITO/SNO; Véi cac do day khac nhau co do truyén
qua trong vung kha kién trén 80%, cao nhét

khoang 90% (Hinh 4a). P9 truyén qua cua mang
ITO/SNO; cao hon mang don 16p ITO, do truyén
qua cao nhit trong ving kha kién 1a 85%. D6 day
mang SnO; tang lam giam do truyén qua, khi d6
day cta SnO; 1a 190 nm thi do truyén qua chi
khoang 70%, ngoai ra by hap thu cia mang
ITO/SnO, dich nhe vé ving kha kién so v6i mang
ITO va mang SnO,. Sy dich nhe nay duoc giai
thich boi do rong ving cdm khac nhau cua hai
loai vat liéu ban dan hinh thanh khi c6 tiép xuc di
thé voi nhau. So sanh sau khi  nhiét (Hinh 4b)
do truyén qua déu tang hon vai trude khi u. Diéu
nay giai thich duoc tir phd nhidu xa tia X (Hinh
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1), sau khi u nhiét co su két tinh tét cia mang,  va (400) dbi voi ITO va mat (110), (101) di véi
cuong d6 cac dinh tang 1én va do ban rong thu mang SnO;.
hep lai. DBinh hudng uu tién theo mat (222), (400)
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Hinh 4. Phd truyén qua ctia mang ITO/SnO; véi cac d6 day khac nhau (a); Phd truyén qua trude va sau khi ¢ nhiét
mang ITO/SnO2(b).

Hinh 5a cho thdy d6 truyén qua cua mang khi u nhiét mang ITO/SnO; trong moéi trudng
ITO/SnO; day 190 nm thip hon mang ITO nhung khong khi ¢ nhiét do 450°C, thoi gian o 4,5 gio,
cao hon mang SnO,. Co thé giai thich didu nay  khao sat phd truyén qua cua mau 1TO/SnO, day
bai sy kho phan xa nhe cua mang da 16p 190 nm cho thay dé truyén qua 1a 80% ting hon
ITO/SnO; lam tang do truyén qua ciia mang. Sau S0 véi trude khi u (70%)(Hinh 5b).
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Hinh 5. Phé truyén qua ciia mang ITO, SnO va ITO/SnO2 190 nm (a); Phé truyén qua ciia mang ITO, ITO/SnO;
190 nm trudc va sau khi @t nhiét & 450°C (b).

Tinh chét dién cua mang ITO/SnO; sau khi u  nhiét & 450°C (Hinh 6a) dién tr& mat thay doi tur
nhiét dugc quan tdm vi muc dich phi mang 7 Q/11 dén 35 Q/1 (mang ITO tu ché tao), tir
Sn0,. Mang ITO khi chua phu SnO; sau khi 0 10 Q/[1 dén 57 /01 (mang thwong mai). Két qua
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nay tuong tu nhu [13- 15] dugc giai thich do khi
nung trong khong khi & nhiét do cao thi cac
nguyén tir oxy trong moi truong khuéeh tan vao
trong mang, ldp ddy cac nat khuyét oxy cua
mang. Vi tri cac nit khuyét oxy nay hoat dong
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nhu chit cho hai dién tir lam tang do dan dién cua
mang khi pha tap oxy thiéc vao oxyt indium. Vi
vay khi bi lap ddy cac vi tri nay thi d6 dan dién
cua mang ITO giam.
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Hinh 6. Dién tré mat sau khi u nhiét & 450°C trong 5 gid cia mang ITO thuong mai va mang ITO tu ché tao (a);
Dién tr6 mat mang ITO/SnO2 véi cac d9 day tir 40 nm dén 190 nm (b).

Hinh 6a cho thiy mang ITO ché tao ciia cong
trinh nay sau khi u nhiét c6 dién tré mat it bi thay
dbi hon so véi mang ITO thwong mai (mang nay
dugc nhap khau tir cong ty ciia Singapor, chuyén
cung cip TCO cho cac phong thi nghiém cua
truong chung t6i). Tur két qua nay, chung toi
khong str dung mang ITO thuong mai ma chi sir
dung mang ITO tu ché tao tai phong thi nghiém
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Ky thuat cao. Hinh 6b cho thiy véi cac bé day
mang SnO; tang tir 40 nm dén 190 nm thi dién tro
mat cua mang hai 16p 1TO/SnOzkhong cé su thay
ddi nhiéu, nhung khi d6 day nay ting hon 190nm
thi dién tré mat cua mang hai 16p ting dang ke.
Vi vay, cong trinh nay chon do day SnO; khoang
190 nm dé khao sat.
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Hinh 7. Pién tr6 mat trugc va sau G nhiét cia mang ITO/SnOz2 (a); Pién tré mdt sau G nhiét cua mang ITO va

ITO/SnO2 day 190 nm (b).

Trong 1 gio dau u nhiét tt ca cac mang co
déu co dién tro mat tang kha cao nhung sau d6 6n
dinh dan (Hinh 7a). Didu nay chiing t6 ring gitra

mang ITO va SnO; c6 16p oxy hap phu do qua
trinh ché tao gian doan & hai hé thdng phu khac
nhau (mang ITO dugc phu & hé phin xa cua
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phong thi nghiém k§ thuat cao va mang SnO;
dugc pht ¢ phong thi nghiém V4t 1y chén
khong). Lép oxy hap phu nay c6 thé 1a nguyén
nhan lam giam d¢ dan dién clia mang trong 1 gid
dau khi u nhiét do oxy hoa cac vi tri nat khuyét
cia mang ITO. So sanh mang ITO va mang
ITO/SNnO,-190nm sau qua trinh u nhiét (Hinh 7b)
ta thiy tinh chat dién thé hién t6t khi c6 phu
mang SnO», dién tré cua mang ITO/SnO; sau 4,5
gid 6n dinh & 13Q/11 so véi khi mai a nhiét 1 gio
1a 30 Q/1). Tir két qua nay, ching té do day mang
SnO, khoang 190nm 14 kha hiéu qua dé chéng
dugc sy khuéch tan oxy tir khong khi vao mang
ITO gay ra sy thay doi tinh dan dién cua chung &
nhiét d6 cao.
KET LUAN

Trong cong trinh nay ching t6i da ché tao
mang ITO va nghién ctru tinh chit quang dién

cua mang da 16p ITO/SnO, véi muc dich Gng
dung lam dién cyc anode trong pin mit troi nhay
quang, nham dat nhitng yéu cau nhu ¢6 do truyén
qua, d6 dan dién va dic biét co do bén nhiét cao
dé c6 thé phu 16p tinh thé nano TiO; kha day va
doi hoi diéu kién két tinh trén 400°C. Ching toi
da tang do bén nhiét cho mang ITO bang cach
phi mang SnO; c¢6 do day thich hop bang
phuong phap phiin xa magnetron nham chéng su
oxy hoa tai cac nat khuyét oxy ctua mang ITO &
nhiét d6 cao. Két qua mang ITO/SnO, Véi do day
I6p SnO- 1a 190 nm sau khi u nhiét ¢ 450°C trong
khong khi vai thoi gian 4,5 gio co do truyén qua
trén 80%, dién tro mat 13Q/, bé mat mang dong
déu, kich thudc hat nho, min thich hop dé phu
I6p tinh thé nano TiO,, c6 thé ung dung lam dién
cuc anode cho pin mat troi nhay quang (DSSC).

Manufacturing ITO/SnO2 doubled layer
for anode electrode of dye-sensitized

solar cells (DSSC)

¢ Vo Kien Trung
¢ Vu Thi Hanh Thu
University of Science,VNU-HCM

ABSTRACT

Anode electrodes of dye-sensitized solar
cell(DSSC) are transparent conducting oxide
films (TCO) which being high thermal
stability to be coated with nanocrystalline
TiO, above sintered at 450-500°C. One of
the TCO films is ITO thin film having the
advantage of high transmittance and good
electrical conductivity, but not high thermal
stability. In this work, SnO thin film was
coated on the ITO film by DC magnetron
sputtering and their thermal durable

properties were studied. Our results showed
that ITO/SnO2 doubled layer on glass with
190 nm SnO; thickness could achieve optical
transmittance in visible light range above
80%, the sheet resistance about 13
Q/square, small particle size on surface,
being specially stable at 450°C. So, this
conducting glasses coated TiO, layer was
suitable to be used as anode electrodes for
DSSC.
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