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TOM TAT

Trong cong trinh nay, ching téi trinh bay quy trinh ché tao I6p hdp thu quang CZTSSe ¢6 cau tric
tinh thé cao. Trudc tién CZTS dugc ché tao bang phuong phap quay phi sau d6 mang dugc chuyén
déithanh CZTSSe théng qua qua trinh selen hda bang hép than chiva o nung éng. Bang céch gilr
cho nhiét d6 0 khong déi va thay déi thai gian 0, cac dac tinh cdu tric, quang hoc, dién va thanh
phén ctia mang mong CZTSSe dugc khao sat. Nhiéu xa tia X va quang phd Raman cho thdy nhimng
mang moéng nay thé hién do két tinh cao va dinh hudng uu tién manh mé theo hudng (112), xac
nhan su hién dién cla pha Kesterite CZT Se. D6 rong ving cdm quang cla mang mong CZTSSe,
thay d&i tir 1,19 eV dén 1,62 eV, tly thudc vao thdi gian selen héa. G thdi diém G nhiét 540 °C vai
thai gian U nhiét 60 phut, mang CZTSSe loai p c6 nang lugng viing cdm quang la 1,19 eV, néng do
16 tréng va dién trd suat lan luot 13, 2,68 x 101%cm =3 va 0,86 (©.cm) pht hop cho ting dung quang

dién.

Tur khoa: c4u tric tinh thé, selen hoa, Kesterite CZTSSe, phd UV-Vis

MG PAU

Trong nhiing ndm gin d4y mang mong CZTSSe da
thu hut dugc sy chu y ctia cac nha khoa hoc nghién
ctiu v€ pin mit tr6i mang mong bdi cac yéu t6 nhu
cac thanh phan nguyén t6 déi dao, chi phi thip, cé hé
s6 hép thu cao (>10* em™1) va c6 do rong ving cim
(0,9 -1,5 eV) t6i uu cho pin mit trdi' =, Viéc xuft
hién thanh phin nguyén t6 Se trong mang CZTSSe
gitp mang hép thu & budc song dai hon so v6i mang
khéng c6 nguyén t6 Se?, sy thay déi vé budc séng hip
thu ctia mang phu thudc vao néng do % ctia nguyén
t6 Se trong mang >°.

DéE ché tao mang hép thu CZTSSe, nhiéu cong trinh
nghién ctiu da dé xudt cac phuong phap ché tao khac
nhau nhu: phuong phap dién hoa, phuong phap sol-
gel, phuong phép phun xa magnetron DC hodc RE...
Trong nhiing phuong phap ché tao trén thi phuong
phép solgel thudng dugc lya chon bdi nhiing uu diém
ctia né nhu tao dugc hgp chit véi do pha tap 16n,
c6 thé dé dang tao hinh cdc vat liéu c¢6 hinh dang
phtic tap, do khuyéch tan d6ng déu cao, lam viéc &
nhiét d¢ thdp hiéu qua, kinh té, don gian dé san xuit
nhiing mang cé chét lugng cao. Véi nhiing uu diém
d6 nhom chung toi da chon phuong phép solgel dé
tao mang hap thu CZTSSe, cu thé la st dung phuong
phép quay pht d€ ché tao mang CZTSSe. Sau d6 khao
sat anh hudng ctia Se 1én cdu tric va tinh chét quang
ctia mang CZTSSe.

Trong nghién ctu nay, d€ ché tao cac 16p hép thu caa
CZTSSe cdu truc tinh thé cao, chung toi da ap dung
quy trinh hai budc. Thit nhat, cic mang mong CZTS
dugc diéu ché boi tién chat khong doc hai, don gidn
va ky thuat quay pha va sau d6 cdc mang dugc chuyén
d6i thanh CZTSSe bang cach selen hoa trong 16 nung
Ong thach anh. Trong budc selen hoa, mang mong
CZTS va bot selen da dugc dua vao mot hop than chi
va dit vao tdm 10. Khong giong nhu HjSe, st dung
bot selen dé u gitip han ché doc hai, dé bay hoi 7. Mic
du da c6 mot vai bao cdo vé anh hudng cua thoi gian
u nhiét trong mdi trudng selen lén tinh chit quang,
dién va hinh thai bé mit clia mang méng CZTSSe®.
Tuy nhién cdc cong trinh nay khdo sat cac di€u kién
0 nhiét tu tién chit ban ddu 13 cdc mang kim loai
(Cu/Zn/Sn, CuS/ZnS/SnS) bang ky thuat chan khong.
Su khdc biét gitia nghién ctiu ctia chung toi véi hiéu
nghién ctiu khéc 1a tién chat CZTS dugc ché tao bing
phuong phap dung dich va khao sat anh hudng cua
thoi gian selen hoa 1én céu tric, tinh chit quang va
tinh chét dién ctia mang CZTSSe. Nhiém vu nay chua
dugc thuc hién va dé cip trong bat ky nghién ctiu nao
cho dén nay. Diéu quan trong 1a cdu truc tinh thé cta
16p hép thu dugc ting cuong va cac mang kesterite
CZTSSe sau 1t nhiét khong c6 sy hién dién cta cic
pha thi cip nhu ZnS, Cu;S, SnS, Cu,SnS3 1a vo cung

can thiét d€ cai thién hiéu suit.

Trich dan bai bao nay: Tuin D A, Loan P T K, KE N H, Hung L V T. Anh huéng ctia thai gian selen héa
Ién tinh chit quang, dién va ciu tric tinh thé cia mang méng CZTSSe. Sci. Tech. Dev. J. - Nat. Sci,;

5(1):1015-1023.
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VAT LIEU VA PHUONG PHAP

bau tién dung dich sol CZTS dugc ché tao
ti cac tién chit nhu Cu(CH3COO0);.H20,
(CH3 COO)ZZn.ZHQO, SnC12.2 H20 va H2NCSNH2
theo ti 1é tuong ting 14 2: 1: 1: 8. Céc chit nay dugc
hoa tan trong 20 mL 2-methoxyethanol va khudy &
45 9C trong khong khi trong 20 phut '°. Sau d6, dung
dich triethanolamine (TEA) dugc thém vao dung
dich ban d4u va khudy lién tuc trong 2 gid dé c6 dugc
dung dich mau vang (CZTS sol). Cudi cung, dung
dich nay dugc lam mat trong khong khi trong 24 gio.
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Hinh 2: So dé quy trinh nung mau trong 16 6ng '’

Tiép theo d¢€ thuy tinh dugc lam sach trong NaOH,
acetone, ethanol va nuéc cat trong mét bé siéu am.
Sau d6 cadc mang CZTS dugc lang dong bang phuong
phép pht quay sdy kho & 200°C trong 10 phut trong
khong khi. Qua trinh nay dugc ldp lai cho dén khi dat
dugc d6 day mong mudn. Cudi cung, mang CZTS
dugc 0 6 nhiét d6 540°0C trong moi trudng selen véi
ham lugng (2 mg Se) va thay déi thoi gian 0 nhiét 14n
lugt la 5 phut, 15 phut, 30 phat va 60 phut. Riéng mau
CZTS chiing toi it nhiét & 540°C tron thdi gian 60 phut
trong moéi truong khong chia Se d€ so sanh véi cac
mau CZTSSe.

1016

Cac déc trung cia mang mong CZTSSe dugc phin
tich bang cac ky thuét do hién dai. Cac dic tinh quang
hoc va cu truc dugc phan tich bsi quang hoc (Jasco
V-530 UV-VIS-NIR) tii 200 nm dén 1100 nm, nhiéu
xa tia X (XRD) véibticxaCu Ky = 1,5418 ;\ va quang
ph6 Raman (Horiba Jobin Yvon — XploRA Plus) dugc
phén tich v6i budc song kich thich A =532 nm.

KET QUA VA THAO LUAN

Khao sat anh huéng cta théi gian nung dén
tinh chat quang ciia mang CZTSSe

Dé nghién cttu dnh hudng cta thoi gian nung 1én ciu
truc, tinh chit quang - dién ctia mang mong CZTSSe,
ching téi tién hanh quay pht dung dich sol 10 16p
trén d€ thay tinh sau d6 dugc dem di nung trong moi
trudng bot selen & nhiét d6 540°C trong cac thoi gian
nung khéc nhau 1a 5 pht, 15 phut, 30 phut va 60 phut
trong moi trudng selen 0,006 g.

Hinh 3 biéu dién phd hép thu ctia cdc mang CZTSSe
véi thoi gian 0 nhiét thay déi tit 5 — 60 phut. Phé hip
thu ctia cdc mang c6 xu huéng md réng vé vung budc
song dai hon CZTS khi ting thoi gian t nhiét.

Tl Hinh 4 d6 thi biéu dién (ahv)? theo ning lugng h
ta c6 thé suy ra dugc do rong vung cdm ctia cdc maa
nung 5 phut, 15 phut, 30 phut, va 60 phut l4an lugt
la: 1,19 eV, 1,27 eV, 1,34 €V, 1,61 eV. D) rong vung
cdm ctia cdc mang giam khi ting thoi gian G nhiét tu
5 - 60 phut, di€u nay co thé giai thich do hai nguyén
nhan. Thu nhatkhi tang thoi gian 0 nhiét 6 kha nang
Se tham gia vao mang tinh thé thay thé cho S nhiéu
hon'!. Tha haila do su cai thién cdu tric tinh thé khi
tang thoi gian 0 nhiét, tuy nhién vin d€ nay sé dugc
phén tich r6 hon & phin khéo st cdu truc tinh thé caa
mang.

Khdo sat anh hudng cta thai gian G dén cau
trac mang CZTSSe

Tiép d6 d€ khao sit anh hudng cta thoi gian nung
dén cdu trac mang CZTSSe ching t6i da tién hanh
phan tich phd nhiéu xa tia X (XRD). Dya vao Hinh 5
chung t6i nhén théy tit ca cdc mau déu xuét hién dinh
nhiéu xa & goc 2q vao khoang 27,7%; 47,4 © va 56,24°
tuong dng v6i miat mang (112), (220) va (312) dac
trung cho pha cu truc kesterite ctia CZTSSe [JCPDS
$6 26-0575]. D6i v6i mau CZTS ciing xuét hién cac
dinh nhiéu xa tuong Gng véi mit mang (112), (220) va
(312) déc trung cho pha cdu truc kesterite cia CZTS
[JCPDS s6 52-0868].

Trong cuing diéu kién ché tao va nung & cic khoang
thoi gian khac nhau ta thu dugc cac dinh phé dic
trung cho cdu truc kesterite ctia CZTSSe dac biét
khong thdy xudt hién cta cic pha thi cip khac. So
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Hinh 3: Dudng cong phé hap thu quang clia mang CZTSSe theo thai gian G nhiét

sanh gitta phé XRD clia mang CZTSSe v6i thoi gian
nung thay d6i tii 5 - 60 phut, ta nhan thdy cdc mang
CZTSSe ¢ cuong do dinh (112) tuong ting tang va
do6 ban rong hep lai. Diéu do cho thay cu tric tinh
thé ctia cdc mang dugc cai thién khi ting thoi gian 0
nhiét.

Quan sat Hinh 5 va Bang 1 ta thdy rang vi tri cia dinh
(112) dich chuyén nhe t6i goc nhiéu xa thdp hon khi
tang thoi gian selen héa so v6i mau CZTS. Su dich
chuyén nay 1a do sy thay thé€ mot phin cta S bing
cdc nguyén ti Se trong mang thinh thé cta CZTS.
Bén canh d6 ban kinh ctia nguyén ti Se 16n hon céc
nguyén ti S, chinh diéu nay tao ra su léch mang trong
ciu truc, dan dén sy dich chuyén cta cdc dinh nhiéu
xa'%, Su dich chuyén vi tri ctia dinh nhiéu xa vé gbc
nho cho thay ring khi ting thoi gian selen hoa kha
nang Se sé tham gia vao mang nhiéu hon. Duya vao
gian d6 XRD chung tdi xac dinh dugc kich thude hat
& cac thoi gian nung khac nhau theo cong thiic Scher-
rer:

0,94
dcosO

(1)

Wrawm =

Trong d6, d: Kich thudc hat trung binh (nm);
Wrawwm: DO ban rong ctia dinh nhiéu xa (rad) 8: Goc

nhiéu xa cua dinh phé (rad); A: budc song dic trung
clia tia X st dung (A = 1.5406 /Ol).

Hinh 5 cho thdy ph6 XRD ctia cic miu mang mong
CZT Se véi thai gian nung nhiét khac nhau cho cdu
truc tinh thé dinh hudng (112) chiém uu thé trong tét
ca cac mang mong ctia CZTSe va khong quan sat thay
cac dinh vugt tri tuong Ging véi cac pha kim loai hodc
céc hop chit khac. D€ danh gid anh hudng cua thoi
gian 0 nhiét theo mic d¢ dinh hudng uu tién, ching
t6i da dinh nghia bién R1 1a ty 1¢ cuong do ctia dinh
(112) véi téng cudng do cua tit ca cac dinh trong phd
XRD. Tuong tu, chung t6i da st dung bién R2 cho ty
1é cudng do ctia (220) trén tong cudng do cla tat ca
cac dinh.

1112

1= o (2)
Elp
Do

2= (3)
Llpig

Céc gid tri dugc tinh todn ctia R1 va R2 thu dugc cho
mang mong CZT Se dugc biéu dién qua Hinh 6 cho
thdy rdng gid tri ctia R1 gidm d4n va gid tri R2 ting ddn
khi tang thoi gian 0 nhiét ti 5 - 60 phut. Mang mong
CZT Se v6i thoi gian @ 60 phut c6 gia tri R2 cao nhét
(R2=0,25), diéu nay cho thiy ring & diéu kién 0 nhiét
nay dinh hudng uu tién theo hudng (220) c6 nhiéu
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Hinh 4: D6 thj Tauc cla mau CZTS va céc mau CZTSSe véi thoi gian U nhiét khac nhau
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Hinh 5: a) Gian d6 nhiéu xa tia X clia cdc mau CZTS, S5, S15, S30 va S60; b) Gian d6 nhiéu xa tia X & mat mang (112)

clia cdc mau CZTS, S5, 515, S30 va S60
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Bang 1: P ban rong va kich thudc hat tinh thé theo mat mang (112) ctia mang CZTSSe theo thai gian nung

Thoi gian nung (pht) 26 (112) (do) D6 ban rong (112) (do) Kich thuéc hat
(nm)
5 27,85 0,712 40
15 27,63 0,522 55
30 27,61 0,386 75
60 27,69 0,197 147
0'90 * 1 I | | 1 1 026
] ® |
0.85 L 0.24
0.80 - - F_o.zz
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i * L0.18 o
= ] L =
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Hinh 6: Phé Raman clia mang CZTSSe theo thdi gian

thuén lgi € phat trién. Mang CZT Se dinh huéng mit
mang (220) tao nhiing 1¢i thé 16n vé tinh chat quang
dién cho cac ting dung trong cic thiét bi quang dién
(tam tai hop khong btic xa v6i méat d6 thdp hon 12,13
va it anh hudng bi bién hat ). Mang méng ctia CZT
Se dinh huéng (220) cao hon sé cung cdp cic dic tinh
quang dién tl vugt trdi cho cic ting dung pin mat troi.
Quang phé tén xa Raman la céng cu quan trong dé
phén tich cdu truc, né thé hién su lién két gitia cac
nguyén t6 trong hgp chét. Trong phan tich Raman ctia
mang méng CZTSSe ta thu dugc két qua nhu Hinh 7.
Duia vao hinh trén ta nhan thdy 6 bon phd déu ton tai
2 dinh phd dic trung tuong tng v6i dinh phd Selen
va luu huynh tit ca déu tuong Ging mode dao dong
A ctia pha cdu truc kesterite. Céc dinh Raman tuong
ung v6i dinh phé cta Selen duge quan sit & s6 song

c6 gia tri tii 204 cm~! dén 216 cm ™! va tuong tng
v6i dinh phd luu huynh duge quan sat & s6 séng c6
gid trj tf 326 cm~! dén 330 cm ™! trong mang méng
CZTSSe'>"7 Nghia 1a tit ca cic mad déu thé hién
cung mot hinh thai cdu truc kesterite cia CZTSSe.
Ngoai ra, chung t6i con nhan thiy 6 maa nung 5 phut
dinh cta luu huynh va Selen ¢6 d¢ cao nhu nhau do
trong khoang thoi gian lugng Selen tham gia vao cdu
triic mang it. Quan sat ph6 ctia maa nung trong 15
phut va 30 phut. Ching to6i nhén thdy dinh phd dao
dong tuong tng cta Selen ting dan va dinh phd dao
dong tuong ting ctia luu huynh gidm xudng khi ta ting
thdi gian nung. Sy thay d6i nay do selen du thoi gian
tham gia vao cdu tric mang va thay thé cac luu huynh.
Sau khoang thai gian dé, c6 thé do lugng Selen trong
modi trudng bi that thoat va tiéu hao nén lugng Selen
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Hinh 7: Phé Raman ctia mang CZTSSe theo thdi gian

tham gia vao thiéu hut dan dén dinh phd ctia n6 giam
xuéng va dinh Ivu huynh tang Ién ¢ méaa 60 phut.

Khao sat anh huéng cta thoi gian G dén tinh
chat dién ctia mang CZTSSe

Dé khao sat tinh chdt dién cia mang chung t6i tién
hanh phuong phap do Hall trén cic maa & cac thoi
gian khac nhau. Cac thong s6 dac trung dugc thé hién
qua Bang 2.

Bang 2 cho thdy noéng d¢ 16 trong, d¢ linh dong va
dién trd suit ciia cdc mang selen hoa véi thai gian thay
d6i tuong ting 1a 15, 30 va 60 phuat. Két qua Hall cho

1020

thdy cdc mang mong CZTSSe sau khi selen héa déu
thé hién tinh chét dan dién loai p v6i ndng d6 hat tai
cao trong khoang bac 10'7-10%° cm 3. Khi ting thoi
gian selen héa ndng d6 16 tréng ting tli 5,28 x 1017 dén
2,68 x 1020 va d6 linh déng tuong tng giam.

Tinh chit din dién loai p ctia mang mong CZTS
dugc dong gbp chu yéu ctia cac aceptor Vy, Vg, va
Cug, 718, Vi vay khi & cung diém nhiét d6 5400C va
thay dai thoi gian nung thi lugng Sn va Zn thét thoét
do bi héa hoi nén khi ting thoi gian @ nhiét nong do
16 tréng sé ting lén %20, Néng d¢ hat tai gia ting sé
lam tang tan xa hat tai diéu nay lam cho d¢ linh dong
hat tai giam khi tiang thoi gian 0 nhiét.
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Bang 2: Tinh chat dién cia mang CZTSSe theo thi gian

Mau Thoi gian nung Nong d¢ hat tai D9 linh dong Dién trd suit
(phut) (cm—?) (cm?/V.s) (Q.m)
S_15 15 5,28 x 10'7 13 0,87
S_30 30 9,56 x 10'8 0,32 2,02
S_60 60 2,68 x 101 0,27 0,86

Hinh 8: Anh SEM c&t I&p cia mau CZTSSe sau khi (1 nhiét & thai gian 60 phut

Tu anh SEM cit 16p Hinh 8 chung ta thdy mau
CZTSSe sau khi @ nhiét c6 bé day khoang 1,39 um
va mang c6 do két tinh cao, phan bg day dic phu hgp
cho ting dung mang hép thu quang.

KET LUAN

Mang mong hdp thu quang CZTSSe dugc ché tao
bang phuong phép dung dich két hop véilo nung 6ng
va hop than chi cho cdu truc tinh thé cao va chi ton
tai mot pha kesterite duy nhit. Két qua XRD va Ra-
man cho thdy mang mong CZTSSe sau khi selen hoa
kich thudc hat 16n hon va mode dao dong A; xung
quanh nguyén ti Se (204 cm~! dén 216 cm™1) chiém
uu th€ hon mode dao dong A| xung quanh nguyén tu
S(326cm™! d&n 330 cm™!) trong hgp chét da phan
tich. Bén canh d¢6 khi ting thoi gian selen hoéa thi dinh
hudng uu tién trong cdu truc tinh thé & mit mang
(220) ¢6 nhiéu thuén lgi phat trién hon. O thai gian G
nhiét 540°C véi thoi gian 60 phut, mang CZTSSe loai
p ¢6 ning lugng viing cdm quang, néng d¢ 16 trong va

dién trg sudt lan lugt 1,19 eV, néng do 16 trong va dién
trd sudt lan lugt 13 2,68 x 10%cm 3 va 0,86 (Q.cm)
pht hgp cho ting dung quang dién. Nghién ctiu nay
cung cp gidi phdp va thong tin hitu ich cho sy phét
trién hon nita cia mang mong CZTSSe ting dung cho

pin mdt troi.
DANH MUC CAC TU VIET TAT

CZTS : mang mong hgp chit Cuy ZnSnSy

CZTSSe: mang mong hop chét CupZnSn(S,Se)4
XRD: Nhiéu xa tia X

RI: Ty 1é cudng d ctia dinh (112) véi téng cudng do
ctia tat ca cac dinh trong ph6é XRD

R2: Cho ty 1é cudng d6 ctia (220) trén tdng cudng do
clia tat ca cac dinh

XUNG DOT LO1iCH

Nhom téc gid cam két khong méu thuin quyén lgi va

nghia vu ctia céc thanh vién.
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ABSTRACT

In this paper, we present a fabrication process of high crystallinity CZTSSe absorber layer. The CZTS
structure is firstly prepared by spin-coating method, and then the film is converted into CZTSSe
via selenization process using graphite box and tube furnace. The Se powder has been loaded
into graphite box and used as source of selenizing vapors. Keeping the annealing temperature as
constant, the structural, optical, electrical properties, and composition of CZTSSe thin films are in-
vestigated by changing the annealing time. X-ray diffraction revealed that these thin films are high
crystallinity and strong preferential orientation along the (112) direction. The Raman spectra show
the presence of the kesterite CZT Se phase which confirm the linkage of Se in structure. The band
gaps (E,) of the CZT Se thin films varied from 1,19 to 1.62 eV depend on the selenization times. At
optimal annealing times, the p-type CZTSSe film has bandgap energy, hole concentration, and re-
sistivity of 1,19eV, 2,68 x 10'° cm~3 and 0,86 Q.cm respectively which are suitable for photovoltaic
application.
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