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Tom tat

Trong nghién clru nay, cdc mang mong kesterite Cu,ZnSnS, két hop Indium (In-CZTS) véi céc ti 1é khac nhau da
dugc ché tao bang phuwong phép phun nhiét phéan. Két qua phan tich tir phd tan xa nang lugng EDX, anh nhiu xa tia X
va phd tan xa Raman cho thay cac mang mong CZTS va In-CZTS da dugce ché tao thanh cong c6 thanh phan nghéo dong
va giau k&m t6i wu véi d6 tinh khiét cao. Tuy nhién, viéc két hop Indium c6 tac dong khong t6t vé mat hinh thai cua cac
mang mong vai kich thude hat thu dugc bi giam va khong dong déu. Khi tang ti 1¢ thay thé Indium vao mang méng CZTS
co the quan sat thay sy chuyén ddi do rong vung cam. Vung cam cua cac mang mong giam tr ~1,4 eV cho mang CZTS
xudng ~1,25 eV cho mang In (50%)-CZTS. Didu nay s& co lgi cho viéc hip thu ning luong anh sang & ving kha kién cua
cac mang mong In-CZTS, dan dén ting hiéu suit ciia cac thiét bi quang dién.

Tir khéa: CupZnSnSy; thay thé In; cong nghé phun nhiét phan; mang mong.

Abstract

In this study, Indium-incorporated Cu,ZnSnS4 (In-CZTS) thin films with different Indium ratios were fabricated using
spray pyrolysis. From the EDX analysis, XRD pattern, and Raman spectrum, the fabricated CZTS and In-CZTS films
exhibited optimal Cu-poor and Zn-rich compositions with high crystallinity. However, the incorporation of Indium had
negative effects on the morphology of the thin films, with the grain size becoming smaller and non-uniform. We observed
a bandgap transition when the Indium ratio increased. The bandgap energy was decreased from 1.4 eV for CZTS to 1.25
eV for In (50%)-CZTS film. This should be beneficial for the absorption of sunlight in the visible spectrum of In-CZTS
thin films, resulting in the improvement of the conversion efficiency of photovoltaic devices.

Keywords: Cu,ZnSnSy; In incorporation; spray pyrolysis technique; thin films.
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1. Mé dau

Nhu ciu sir dung ning lugng sach va ning
lwong tai tao ngay cang ting da thac day cac nha
khoa hoc nd luc nghién ciru phat trién cac vat
lidu quang dién méi c6 hiéu suat chuyén doi cao
va c6 quy trinh ché tao don gian. Mot s6 hop chét
ban dan da duoc sir dung dé ché tao cac 16p hap
thu cho cac pin mit troi mang mong. Trong 6
d6, hop chit Cu2ZnSn(S,Se)s
(CZTSSe) 1a mot trong nhimg vat ligu tiém ning
v6i hé s6 hap thu cao hon 10* cm™ va do rong

kesterite

ving cam thich hop cho viéc hép thu anh sang
mat troi hiéu qua ndm trong khoang 1,0 eV dén
1,5 eV tuy thudc vao ti I¢ S va Se [1-3]. Lién
quan dén d6 than thién moi truong, Cu2ZnSnSy
(CZTS) dugc wa chudng hon vi cc thanh phan
céu thanh déu doi dao va khong doc hai. Dac biét
viée sir dung cac cong nghé ché tao chi phi thap
va khong st dung cac phuong phép dung chan
khong s€ co6 loi cho cac ung dung cong nghiép
sau nay.

Mot sb ky thuat khac nhau da dugc st dung
dé ché tao mang mong CZTS nhu trang phu
quay, dién phan, phun nhiét phan, va phu nhing.
Trong d6, phuong phap phun nhiét phan 1a mot
k¥ thuat hap dan vi tinh don gian va linh hoat
trong viéc ché tao mang mong dién tich 16n, cac
thanh phan ciia mang ciing d& dang duoc kiém
soat hi¢u qua bang cach thay doi nong do trong
dung dich tién chit dé c6 thé thu duoc cac mang
mong nhiéu thanh phan. Pin mat trdi mang mong
CZTS dugc ché tao bang phuong phap phun
nhi¢t phan dugc bdo cdo c6 hiéu suét cao 1én toi
8,1% bang cach t6i wu hoa cac thanh phan tién
chat [4]. Tuy nhién, so v&i pin mat troi mang
mong CuzInGaSs dugce biét dén rong rai, thi hi¢u
suat chuyén doi nay con thép, lién quan dén su
tham hut Voc cao cua pin mat troi CZTS [5, 6].
Do d6, hiéu suét caa pin mat troi CZTS co thé
duoc cai thién bang cach tang gia tri Voc. Theo
bao cdo trong cac tai li€u, viéc st dung 16p dém
d6i InpS3/CdS 1én 16p hap thy CZTSSe gitp ting

hiéu suét cua pin mat troi. InpS; s& khuéch tan vao
16p CZTSSe lam tang mat do hat tai ciia I6p mang
CZTSSe do sy hinh thanh ciia InSn. Két qua 1a
thu dugc céc pin mat trdi cd gia tri Voc cao dén
600 mV [7]. Mot nghién ctru khéc ciing cho thay
viéc st dung 16p dém In>Ss qua qua trinh xu 1y
nhiét s& lam khuéch tan In vao 16p hép thy CZTS
dan dén viéc tang néng do chat nhan va tao ra sy
m& rong phan (mg hiéu suat lugng tir cia pin mat
troi dén ving bude song dai tir d6 ting hiéu suat
cua pin mat troi thu duoc [8].

Chung ta dd biét rang kesterite duoc hinh
thanh bang cach thay thé cic nguyén t6 In va Ga
trong cdu trac chalcopyrite bang cac nguyén t6
Zn va Sn, do d6 In c6 thé duoc két hop vao céa vi
tri cia Zn va Sn trong ciu tric CZTS. Tir nhiing
li do trén, trong nghién ciru ndy chiing t6i nd luc
thay thé In vao mang moéng CZTS bang phuong
phap phun nhiét phan va nghién ctru anh huong
cua viéc thay thé In lén dic tinh cu trac, hinh
thai ciing nhu d¢ rong ving cdm ciia cac mang
mong thu duoc nham tao tién dé cho nhiing
nghién ctru sdu hon dé tang hidu suét pin mat troi
CZTS.

2. Thwe nghiém
2.1. Ché tao mang méng CZTS

Céc tién chat sir dung cho viéc ché tao mang
méng CZTS bang phuong phap phun nhiét phan
gdém co6: Pong (II) nitrate (Cu(NOs),), Indium
(ITII) nitrate (In(NOs)3), kém (II) nitrate
(Zn(NOs),), thiéc  (II) methanesulfonate
(Sn(CH3S03)2), thiourea (SC(NH2)2) va bot luu
huynh tir Sigma-Aldrich.

Cac mang mong CZTS duoc ché tao bang
cach phun dung dich tién chét 1én cac dé thuy
tinh da dugc nung nong dén 380°C boi cac tim
kim loai nong. béi véi cac dung dich tién chat,
chung t6i str dung dong nitrate Cu(NO3)2 (19
mM), kém nitrate Zn(NO3)2 (9 mM), thiéc
methanesulfonate Sn(CH3SO3); (12,5 mM), va
thiourea SC(NH2)2 (60 mM) dugc hoa tan trong
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nude khir ion. Sau do, indium nitrate In(NO3)3
duoc thém vao dung dich tién chat dé thay thé
cac nguyén t& Zn va Sn trong Zn(NOs)2 va
Sn(CH3S03), véi cac ti 1€ khac nhau 1a 0, 10, 20,
50, 70 va 100%. Cac mau da ché tao dugc dit
tén twong ung theo ti 18 phan trim cua In 1an luot
la CZTS, In (10%)-CZTS, In (20%)-CZTS, In
(50%)-CZTS, In (70%)-CZTS, va CIS. Cubi
cung cac mang mong thu dugc sé dugc dat trong
6ng thuy tinh da duoc hit chan khong cung véi
20 mg bot luu huynh va nung trong 10 nung &
nhi¢t d6 600°C trong 30 phut.
2.2. Ky thudt phéan tich

Théanh phan kim loai ctia cic mang mong da
ché tao dugc phén tich bang cach sir dung phd
tan xa nang luong (EDX) ¢ cac vi tri khac nhau
trén bé mit miu. May nhiéu xa tia X Rigaku
MiniFlex vd may quang phd Raman JASCO
NRC 3100 duoc st dung dé phén tich ciu trac
tinh thé ctia cic mang mong boi anh nhiéu xa tia
Xva phé Raman tan xa thu dugc. Hinh thai cua

mang dugc danh gia bang anh SEM sir dung kinh
hién vi dién tr quét phat xa truong Hitachi S-
5000 FEG (SEM) ¢ dién ap gia toc 20 kV. Do
rong ving cam ciia cac mang mong duoc tinh tir
két qua phan tich pho phan xa.

3. Két qua va thao ludn

Két qua ti 1¢ phan trim thanh phan kim loai
Cu/(Zn + Sn + Zn) va Zn/Sn clia cac mau da ché
tao thu tir két qua phd EDX duoc liét ké & Bang
1. Chung ta c6 thé thay rang cac mau thu dugc
cho thiy ti 16 Cu/(Zn + Sn + Zn) nam trong
khoang 0,68 dén 0,98 va Zn/Sn trong khoang
1,58 dén 2,63. Theo cac bao céo vé pin mat troi
kesterite, thanh phﬁn hoa hoc cua lop hép thu co
anh huong dang ké dén hiéu suét ctia pin, cc pin
mit troi kesterite hiéu suét cao duoc tim théy co
ti 1€ nghéo Cu va giau Zn [9, 10]. Nhu vay, céc
mang mong ché tao dugc déu co ti 18 Cu/(Zn +
Sn+Zn) < 1 va Zn/Sn> 1, day 1a ti 1 thanh phan
tdi wu véi ky vong s€ co6 11 cho viéc tang hi¢u
sudt cta pin mit troi kesterite.

Béng 1. Thanh phan kim loai ctia cic mang mong CZTS, In-CZTS, va CIS

Mau

Cu/(Zn +Sn +In) Zn/Sn

CZTS

In (10%)-CZTS

In (20%)-CZTS

In (50%)-CZTS

In (70%)-CZTS
CIS

0,68 1,95
0,71 1,70
0,75 1,58
0,87 2,05
0,79 2,63
0,98 O

Hinh 1 hién thi anh nhiéu xa tia X cta cac
mang moéng véi cac ti 18 In khac nhau. Péi véi
mau CZTS véi ti 18 In 0% ta c6 thé d& dang quan
sat thdy cac dinh chinh twong tmg véi cac mat
phang phan xa (112), (103), (200), (220), (312),
va (224) dugc gan cho céu truc kesterite [11].
Trong khi ¢6 mau CulnS, (CIS) ciing hién thi
céc dinh nhidu xa manh mg v&i mit phang phan

xa (112), (200), (220), (312), va (224). Quan sat
r0 hon ¢ hinh 4nh phong dai tai 20 =27° - 29° ¢
Hinh 1(b), va 20 = 46° — 48° & Hinh 1(c), ¢6 thé
thiy dinh (112) va (220) cta miu CZTS dich
chuyén dan vé vung c6 gia tri 20 nho hon khi ti
1¢ In ting 1én cho dén dinh (112) va (220) cia
mau CIS [12, 13].
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Hinh 1. (a) Anh nhidu xa tia X va hinh anh phong dai tai 26, (b) 27 —29°,va (c) 46 — 48° cua cac mang mong CZTS,
In-CZTS, va CIS da che tao.

Bén canh gian dd nhiéu xa tia X, phé tan xa
Raman cua cdc mang moéng ciling dugc do véi
kich thich laser c6 budc séng 532 nm. Nhu trinh
bay ¢ Hinh 2, c6 thé thdy dinh dao dong ctia mau
CZTS & 335 em™! twong tng voi dao dong diic
trung clia cau tric tinh thé kesterite [14]. Khi ti
1¢ In tang 1én thi dinh dao dong nay bi dich
chuyén vé viing c6 ning lugng tan xa thap hon.
Véi cac mau In (50%)-CZTS va In (70%)-

CZTS, mot dinh dao dong thtr hai dugc quan sat
thdy & gan vi tri 290 cm’!, day 1a dinh dao dong
dic trung cua CIS [15]. Nhu vdy chung ta c6 thé
thdy sy chuyén pha ctia cac mau tir CZTS sang
CIS khi ti 1€ In tang lén trén 50%. Céc dinh dao
dong cua tap chat co cuong do hau nhu khong
dang ké, diéu nay cho thiy viéc ché tao thanh
cong cac mang mong CZTS, CIS va In-CZTS
v6i d tinh khiét cao.

(335)

Cuwong dé / avtd

_,_/—/\_—\ In(50%)-CZTS

CZTS

In(10%)-CZTS

In(20%)-CZTS

In(70%)-CZTS

CIS

250 300

350

400 450

Nang lwong tan xa Raman / cm™

Hinh 2. Phé tan xa Raman cua cac mang moéng CZTS, In-CZTS, va CIS.
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Anh SEM cua cdc mang mong CZTS, In
(50%)-CZTS, va CIS & Hinh 3 cho thay hinh thai
bé mit ciia cac mau thay doi rd rét & cac ti 16 In
khac nhau. Mang mong CZTS tinh khiét co cac
hat kich thudc micro mét 18 rang. Tuy nhién, khi

Bén canh cac phén tich ciu trac va hinh thai
bé mat mau, do rong vung cAm cla céc mang
moéng d4 dugc tinh toan bang biéu do Tauc tir phd
phan xa ctia cic mau di ché tao, két qua duoc
trinh bay ¢ Hinh 4. Mang mong CZTS c6 d6 rong
ving cdm thang ~1,4 eV pht hop voi cac gi tri
da dugc bao cao [16-18]. Khi ti 1€ In tang 1én tir
10-50%, do rong vung cAm cla céc mang mong
In-CZTS gidm dan dén ~1,25 eV, viée giam do
rong ving cAm nay 1a c¢6 loi cho viéc hap thu ning

Hinh 3. Anh SEM ctia mang méng CZTS, In (50%)-CZTS, va CIS.

ti I¢ In tang lén 50%, kich thudc hat tr¢ nén nho
hon, va mang méng CIS c6 kich thude hat khong
dong déu. Do d6, viéc thay thé In vao CZTS c6
tac dong khong tdt vé mat hinh thai, diéu nay co
thé anh hudng dén céc tinh chat cia mang mong.

luong anh sang trong ving kha kién. Tuy nhién
sau d6 xudt hién sy chuyén d6i do rong vung cam,
khi ti 1¢ In tang 1én dén 70% va 100%, ving cam
cuia cac mang mong tang lén. Mang mong CIS co
do rong vung cam théng thu duoc la ~1,46 ¢V,
phil hop véi d6 rong ving cAm ciia cic mang
mong CIS da dugc bao céo [19, 20]. Nhu vay, su
chuyén dbi d6 rong ving cim voi céc ti 16 In khac
nhau s€ c6 191 cho viéc tng dung cac mang mong
vao cac thiét bi quang dién.

— CZTS
= 1n(10%)-CZTS
— n(20%)-CZTS
— n(50%)-CZTS
= [n(70%)-CZTS
— C|S

(athv)?

1.2 1.3

1.4 1.5

hv (eV)
Hinh 4. Biéu d6 Tauc clia cdc mang moéng CZTS, In-CZTS, va CIS.

4. Két luan

Trong nghién ctru ndy, ching toi di ché tao
mang mong kesterite CZTS két hop In véi cac ti
1¢ khac nhau bang phuong phap phun nhiét phan.

Cac két qua phan tich tir anh nhidu xa tia X va
phd tan xa Raman cho thiy cic mang mong
CZTS, In-CZTS, va CIS da dugc ché tao thanh
cong voi do tinh khiét cao. Céac két qua con cho
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thiy viéc két hop In co tac dong khong tot vé mat
hinh thai cia mang méng CZTS, kich thude hat
thu dugc bi giam va khong dong déu. Tuy nhién,
khi ting ti 1¢ thay thé In vao mang mong CZTS
c6 sy thay d6i do rong ving cdm. Ving cim cia
cac mang mong giam tu ~1,4 eV cho mang
CZTS xudng ~1,25 eV cho mang In (50%)-
CZTS. Piéu nay sé& c6 loi cho viéc hap thy ning
luong anh sang & ving kha kién, dan dén ting
hiéu suét ctia cac mang mong In-CZTS trong cac
thiét bi quang dién.
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