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Tém tit

Viéc ché tao mang mong ban din ¢6 y nghia quan trong cho cac tng dung céng nghé hién dai nhu pin mat troi, quang
dién tur va vi dién tu. Trong cac phuong phap dugc s dung, phuong phép phun nhiét phan c6 uu diém ndi bat nho quy
trinh don gian, chi phi thap va dé dang ma rong cho viéc ché tao mang mong dong déu trén dién tich 16n, dic biét khong
y&u cau méi trudng chan khong. Trong nghién ciu nay, hé thong phun nhiét phan tu ché da duoc thiét ké va gigi thiéu
chi tiét nham phuc vu quéa trinh Iang dong mang mong. Dya trén hé théng nay, quy trinh ché tao mang mong Cu,ZnSnS,
(CZTS) dugc md ta mot cach hé thong, bao gom qua trinh chudn bi dung dich tién chét, phun |ang dong, xur ly nhiét sau
ling dong va cac diéu kién cong nghé anh huong dén chat lwong mang. Két qua tir gian db nhidu xa tia X va anh hién vi
dién tir quét SEM cho thidy mang mong kesterite CZTS c6 d6 day khoang 1 um duoc ché tao thanh cong trén dé Mo véi
d6 két tinh t6t. Ti I¢ nghéo Cu va giau Zn trong mau CZTS ¢ thé d& dang dwoc diéu chinh théng qua viée thay ddi ndng
d6 cua ching ¢ dung dich tién chat. Pac biét, mang CZTS ché tao dugc ¢ két cdu dic sit cu thanh tir cc hat dong déu
¢6 kich thuéc 16n tao diéu kién thuan lgi cho qué trinh van chuyén cac hat mang dién. Két qua nay cho thay su linh hoat
trong viéc diéu chinh ciing nhu lya chon vt li¢u cua phwong phap phun nhiét phan ph hop cho viéc ché tao mang mong
trén dién tich I6n véi trién vong ing dung san xuat quy mé cong nghiép.

Tir khda: phun nhiét phan, phuong phap khong chan khong, mang méng, Cu,ZnSnSs, vat liéu ban dan

Abstract

The fabrication of semiconductor thin films plays an important role in modern technological applications, such as
solar cells, optoelectronics, and microelectronics. Among non-vacuum techniques, spray pyrolysis offers distinct
advantages due to its simple process, low cost, and easy scalability for depositing uniform thin films over large areas. In
this study, a home-made spray pyrolysis system was designed and described in detail for the deposition of thin films.
Using this system, a systematic fabrication process for Cu.ZnSnS4 (CZTS) thin films was presented, including precursor
solution preparation, spray deposition, post-deposition annealing, and optimization of the processing parameters that
influence film quality. The X-ray diffraction (XRD) patterns and scanning electron microscopy (SEM) images confirm
the successful growth of kesterite CZTS thin films with a thickness of approximately 1um on Mo substrates with good
crystallinity. The Cu-poor and Zn-rich composition of the CZTS films could be controlled by adjusting the concentrations
of the constituents in the precursor solution. Notably, the obtained CZTS films exhibit a dense morphology composed of
large grains, which is favorable for charge-carrier transport. These results demonstrate the flexibility in compositional
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control and material selection offered by the spray pyrolysis technique, highlighting its suitability for large-area thin-film
fabrication with promising prospects for industrial-scale production.

Keywords: spray pyrolysis, non-vacuum methods, thin films, Cu,ZnSnS,, semiconductors

1. Mé dau

Mang mong CZTS 1a vat lidu ban dan céu tric
kesterite dang thu hut sy quan tam manh m¢ cua
cac nha nghién ctru trén thé giéi nho nhimg wu
diém noi bat voi tiém ning tmg dung rong rii
trong linh vuc nang lugng tai tao. CZTS duoc
ciu thanh tir cdc nguyén t6 phd bién, ré tién va
khong doc hai, qua do khéc phuc cac han ché vé
chi phi va anh huéng dén méi trudng cta nhimg
vat liéu hap thu truyén thong nhu CdTe hay
Cu(In,Ga)Se: [5, 11]. Vat liéu nay sé hiru do
rong ving cam truc tiép khoang 1,4-1,6 eV cling
hé s6 hap thu quang 16n, rat phu hop cho viée
hap thy hiéu qua phd buc xa mit troi [4, 9, 15].
Nho cac uu diém trén, mang mong CZTS da
duoc tmg dung chu yéu lam 16p hip thy trong
pin mit troi mang mong, dong thoi cho thay trién
vong tng dung trong cac thiét bi quang dién,
cam bién quang va cac hé chuyén doi nang lugng
bén vitng. Ngoai ra, kha nang diéu chinh céc tinh
chat cdu trac va dién tir théng qua phuong phap
ché tao va xur 1y nhiét d3 khién mang mong
CZTS tr¢ thanh mdt trong nhiing vat li¢u trién
vong cho céc thiét bi chuyén doi nang luong hiéu
suét cao.

Mot sb phuong phap vat 1y va hoa hoc khac
nhau d3 dugc nghién ctru va ap dung dé ché tao
mang mong CZTS c6 thé ké dén nhu phin xa,
bay hoi va ling dong bang laser xung véi uu
diém ndi bat 12 kha ning tao ra mang mong chit
lugng cao véi do 1ap lai tdt nho st dung moi
truong chan khong. Trong do, phun xa 1a mdt
phuong phép lang dong hoi vét 1y duoc st dung
rong rdi nhat trong ché tao mang mong CZTS,
v6i nhidu bién thé khac nhau nhu phun xa chim
argon, phiin xa chum ion, phin xa dong mot
chiéu, phun xa cao tan, phun xa magnetron lai va
phtin xa magnetron phan trng. Cac mang CZTS
thuong duge ché tao thong qua viée lang dong

céc tién chat kim loai Cu-Zn-Sn/Cu-Zn-Sn-Cu
hodc cac hop chit Cu—ZnS-SnS 1én bé mat dé,
sau d6 tién hanh hodc khong tién hanh qua trinh
sulfur hda [7]. Phuong phap bay hoi, bao gdm
bay hoi chum dién tir, ddng bay hoi va bay hoi
nhi¢t, cling thuong dugc st dung dé ché tao
mang mong CZTS. Mang CZTS co thé duoc
hinh thanh theo hai quy trinh chinh: (i) quy trinh
mot budc, trong do tat ca cac tién chat duoc léng
dong dong thoi, tiép theo 1a qua trinh sulfur hoa;
hoic (ii) quy trinh hai buéc, bao gdm viéc ling
dong tudn tu cac tién chat kim loai Cu—Zn-
Sn/Cu-Zn-Sn—Cu hodc Cu-ZnS-SnS, sau do
thuc hién qua trinh sulfur héa hodc 1 nhiét [10,
15]. Phuong phép ling dong bang laser xung dic
biét phit hop cho viée ché tao cac mang mong c6
thanh phan hoa hoc phuc tap. Mot chum laser
xung cong suét cao dugc hdi tu trong budng chan
khong dé ban pha bia vat liéu, lam vat liéu bay
hoi khoi bé mit bia va lang dong 1én dé. Mat do
ning luong laser xung va nhiét do dé 1a cac
thong sb cong nghé quan trong, c6 anh hudng
dang ké dén céu trac tinh thé va cac tinh chat vat
1y cia mang CZTS thu dugc [12].

Mic du cho phép ché tao cac mang mong chat
luong cao, cic phuong phéap ché tao trong méi
truong chan khong thuong yéu cau hé thiét bi
phtc tap, chi phi du tu 16n va tiéu thy nhiéu
nang lugng. Do do, xét trén khia canh hiéu qua
kinh té va kha ning mé rong quy mo san xuit,
cac phuong phap ché tao khong st dung chan
khong dugc xem 1a nhitng giai phap thay thé phu
hop hon. Céac phuong phap nay co thé ké dén
nhu phun nhiét phan, ling dong dién hoa va ling
dong sol-gel. Trong do, phun nhi¢t phan 1a mét
k¥ thuat ling dong khong st dung chan khong
dugc st dung rong rai nho quy trinh cong nghé
don gian, dé kiém soat va kha ning phi mang
trén dién tich 16n. Trong phuong phap nay, dung
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dich tién chat duoc phun 1én bé mat dé da duoc
gia nhi¢t, tai d6 cac phan ung nhiét phan xay ra
dé hinh thanh hop chat CZTS. Thanh phan hoa
hoc cua mang co thé dugc diéu chinh hiéu qua
thong qua viéc kiém soat ndng do cac thanh phan
trong dung dich tién chat [2, 8]. Lang dong dién
hoa 12 mot ki thuat chi phi thap, trong d6 dong
dién duogc stir dung dé khir cc cation cua vat liéu
mong mudn tir dung dich dién phan va ling dong
chung dudi dang mang mong 1én bé mat dé dan
dién. Mang CZTS co6 thé duge ché tao bﬁng
phuong phap ma dién tuan tu cac tién chit hoic
léng dong dién hoa mot budce, sau do6 tién hanh u
nhiét nhidm thyc hién qua trinh sulfur hoa trong
cac moi truong thich hop [13]. Lang dong sol—
gel 1a mot ky thuat ling dong tir dung dich hoa
hoc, trong d6 dung dich sol-gel cua tién chat
duoc phu 1én dé bang cac phwong phap phu quay
hodc phii nhiing. Qua trinh ché tao mang mong
bang sol-gel thudng bao gdm hai budc chinh:
chuan bi dung dich sol-gel va phii dung dich tién
chat 1én bé mit dé [1].

Két ndi vai binh khi
|

Van khoa

Pau phun

T4m gia nhiét

Quat hut

Bd gia nhiét

V&i muc tiéu hudng téi giam chi phi san xudt
va kha nang trng dung quy mo 16n, k¥ thuét phun
nhiét phan dugc danh gid 12 mot trong nhiing
phuong phéap ling dong khong sir dung chan
khong phu hop nhét nho tinh linh hoat, quy trinh
cong nghé nhanh va don gian. Hon nita, hé thiét
bi cho phun nhi¢t phan quy mo 16n twong tu cac
hé théng phun phu truyén théng dang duogc sir
dung phd bién trong cong nghiép.

2. Gi6i thiéu hé théng phun nhiét phan va qua
trinh ché tao mang méng CZTS

Trong nghién ctru nay, hé thong phun nhiét
phén ty ché duoc thiét ké va sir dung cho qua trinh
ché tao mang mong. Hé théng ndy bao gdm
budng phun, bd tao swong dugc trang bi voi phun,
binh chira dung dich tién chit, may nén cung cép
khi tai N2, bo gia nhiét va b diéu khién nhiét do
(Hinh 1). B phén trung tim cuia hé théng 1a bo
tao suong, dugc thiét ké véi hai duong cép va cac
van diéu khién riéng biét cho dung dich phun va
khi tai N2, cho phép diéu chinh téc d6 phun théng
qua viéc kiém soat Iuu lwong khi Na.

Dung dich
tién chat

Van khéa

Ngudn dién

Hinh 1. So d6 hé thong phun nhiét phan

Pé mau duoc dit trén bod gia nhiét, trong do
nhiét d6 dé dugc kiém soat chinh xac bing bo
diéu khién nhiét do. Khoang cach tir voi phun
dén bé mat dé duge ¢b dinh & muac 20 cm. Qua
trinh ché tao cic mang mong tién chat CZTS

bang thiét bi nay co thé duoc chia thanh ba giai
doan chinh: (i) phun dung dich tién chét, (ii) van
chuyén cac giot dung dich t&i bé mat dé va (iii)
qué trinh nhiét phan céac giot dung dich trén bé
mit dé.
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K¥ thuat phun nhiét phan chiu anh huong ctia
mot sb tham sb cong nghé quan trong. Trong do,
yéu té then chdt 13 qua trinh chuan bi dung dich
tién chat, doi hoi cac ngudn vat lidu phai co do
hoa tan da 16n va dung dich phai 6n dinh, khong
xay ra hién tuong két tiia trong sudt qua trinh ché
tao. Ngoai ra, cadc tham s6 khéac nhu nhiét do dé,
tdc do phun va diéu kién u nhiét cling ¢6 anh
huong dang ké dén do dong nhét, do nhin bé
mit, kich thuéc hat va mtc d6 két tinh cta cac
mang mong thu duoc.

2.1. Dung dich tién chit

- Hba chét duoc sir dung bao gdm: Dong (II)
nitrate (Cu(NOs)2), kém (1) nitrate (Zn(NO3z)2),
thiéc (II) methanesulfonate (Sn(CH3SO3)2),
thiourea (SC(NH2)2), bot luu huynh tr Sigma-
Aldrich va nuéce khir ion.

- Dung dich tién chat gébm c6: dong nitrate
Cu(NO3)2 (19 mM), kém nitrate Zn(NO3)2 (9
mM), thiéc methanesulfonate Sn(CH3SOs):
(12,5 mM), va thiourea SC(NH2)2 (60 mM) dugc
hoa tan trong nude khir ion.

Luu y trong qua trinh chuan bi dung dich tién
chat, viéc sir dung mudi chira ion Cu?* duoc
danh gia phu hop hon so vé6i cac mudi chira ion
Cu*, bdi Cu* dé tham gia cac phan tmg tu oxy

3. Két qua va thao luan

Cu
Zn

Cuong d¢ / dvtd

Cu

L Lom

hoa - khir hoac bi oxy hoa trong qua trinh bao
quan va pha ché, lam anh huéng dén d6 tinh
khiét cua dung dich tién chéat. D6i voi ngudn
thiéc, mudi thiéc Sn*" dién hinh nhu SnCl
thuong khong duoc uu tién st dung do c6 xu
hudng thiy phan manh va tao két tiia ngay ca
trong diéu kién dung dich c6 tinh axit cao. Vi
nhing 1y do trén, ching t6i lya chon cac mudi
Cu?* va Sn?* 1am vat lidu tién chat.

2.2. Qua trinh phun nong va lwu huynh hoa

- Pé Mo trén nén kinh duoc lya chon lam
dién cuc tiép xtc nho c¢6 d6 dan dién cao, kha
ning 6n dinh trong qua trinh ché tao va nung
néng ¢ nhiét do cao, va d¢ tuong thich tdt véi
16p hép thu CZTS thuan loi cho viéc thu gom va
van chuyén hat tai dién. Trong nghién ctru nay,
dé Mo dugc dat trén tim kim loai da duoc nung
néng dén 380°C.

- 8 ml dung dich tién chit bao gom 2 ml dong
nitrate, 1 ml thiéc
methanesulfonate va 4 ml thiourea dugc st dung
cho mdi 1an phun néng trén dé Mo.

kém nitrate, 1 ml

- Cac mang moéng thu dugc sé dugce dat trong
6ng thuy tinh ciing v6i 20 mg bot luu huynh va
duoc hut chan khong sau d6 nung trong 10 nung
¢ nhiét do 600°C trong 30 phut.

(b)

o
s
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@
o
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10 12 14 16 18 20

keV,
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Hinh 2. Ph tan sic nang lugng tia X ctia mang mong CZTS (a) trude va (b) sau khi nung
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Phd tin sic ning luwong tia X (Energy
Dispersive X-ray spectroscopy - EDX) duoc
thuc hién dé kiém tra thanh phﬁn cling nhu ti 1¢
clia cac nguyén t6 ciu thanh trong mang mong.
Hinh 2 cho thiy su xuat hién dinh phd cua céac
nguyén t6 Cu, Zn, Sn va S & ca hai mang mong
trude va sau khi nung. O day, S ¢6 dinh phd cao
nhat v&i ti 16 phan tram 16n nhat, 1an luot 13 48.7
va 47.6 % tuong ung cho mang mdng trudc va
sau khi nung. Két qua cho thidy ham luong S
giam nhe sau qua trinh nung. Bén canh S, thi ti
1¢ Sn cling giam tir 14.2% cho mang mong trudce
khi nung xubng con 12.2% cho mang moéng
CZTS sau khi nung. Do d6, & dung dich tién chat

thanh phan Sn c6 ndng d6 16n hon dugc sir dung
dé tranh su that thoat trong qué trinh nung &
nhi¢t do cao. Ngoai ra, ti 1¢ Cu/(Zn + Sn) thu
dugc ndm trong khoang 0.87 dén 0.94 va ti 1¢
Zn/Sn tuong ung trudc va sau khi nung la 0.94
va 1.21. Nhu vay, mang mong CZTS sau khi
nung c6 ti 1€ nghéo Cu va giau Zn, day dugc xem
12 ti 18 t6i vu ctia 16p hip thu nham thu dugc hiéu
sudt cao cua pin mat troi kesterite [6, 14]. Diéu
ddc biét & phuong phép phun nhiét phan la ti I¢
cac thanh phan c6 thé d& dang duoc didu chinh
thong qua viéc thay ddi néng do cua chung &
dung dich tién chat.
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Hinh 3. Gian dd nhidu xa tia X cua mang mong CZTS (a) trude va (b) sau khi nung

Tiép theo, céu trac tinh thé cua vat liéu duge
phan tich bang phuong phép nhidu xa tia X (X-
ray Diffraction + XRD) nhu duoc biéu dién ¢
Hinh 3. Béi véi mang mong trude khi nung, chi
c6 thé quan sat thdy cac dinh phd cia d¢& Mo.
Trong khi d6, dbi voi mang mong CZTS sau khi
nung, bén canh Mo con ¢ su xuét hién dinh phé
cia MoS2 va cac dinh phd twong tmg cho céu
truc kesterite véi cuong dd cao. Pac biét, dinh
phd & vi tri 28.5 d6 cho mat phang phan xa (112)

sdc nhon va c6 cudng do cao nhat. Cac dinh phd
khac tuong tmg véi cic mat phing phan xa
(103), (200), (220), (312), (224), (008), va (332)
cho céu tric kesterite cling dugc hién thi 1 rang
[3]. Su xuét hién ctia cic thanh phan tap chit 13
khong dang ké, chiing ta gan nhu khong quan sat
thay 1& cac dinh nhifu xa dic trung cua cac pha
phu nhu CuzS, ZnS. Nhu vy, ¢6 thé thiy mang
mong CZTS voi cdu trac tinh thé kesterite da
duoc ché tao thanh cong véi do két tinh tot.
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Hinh 4. Anh SEM ctia mang méng CZTS (a) trude va (b) sau khi nung

Hinh thai hoc cua mang mong CZTS dugc
khao sat bang kinh hién vi dién tor quét (SEM).
Hinh 4 cho thdy mang CZTS véi do day khoang
1 um duoc phu trong ddi ddng déu trén toan bo
dé, khong quan sat thiy cac vét nit hay bong troc
16n, chtng to chit lwong hinh thai cia mang
CZTS la kha tt. Trudc khi nung, mang mong
duoc ciu thanh tir cac hat nhé c6 kich thude c&
nanomet, lién két chit ché véi nhau. Qua trinh
nung da lam tang kich thudc hat mdt cach dang
ké 1én toan bo do day mang, voi kich thudc hat
16m, két cAu dic cua mang mong s¢€ tao diéu kién
tt cho qua trinh van chuyén cac hat mang dién,
thuan loi cho cac ung dung quang di¢n. Tuy
nhién, Hinh 4 ciing cho thdy vung t6i & trén dé
Mo do sy hinh thanh ciia MoS2, diéu nay da duoc
x4c nhan thong qua két qua tir gian dd nhiéu xa
tia X.

4. Két luan

Nhu vay, trong nghién clru nay chung to1 da
gidi thiéu chi tiét vé phuong phap phun nhiét
phan mang moéng CZTS. Ti 1é cac thanh phan
trong mau CZTS c6 thé dé dang duoc diéu chinh
thong qua viéc thay doi ndng do cua ching &
dung dich tién chat, tir d6 thu dugc mang CZTS
c6 ti 1& nghéo Cu va giau Zn nhu mong mudn.
Gian d6 nhi€u xa tia X va anh SEM x4c nhan sy

ché tao thanh céng mang moéng kesterite CZTS
c6 d6 day khoang 1 pm trén dé Mo véi d6 két
tinh tot. Pic biét, mang CZTS ché tao duoc co
két cAu dic sit cu thanh tir cac hat ¢ kich thudce
16n tao diéu kién thuén loi cho qua trinh van
chuyén cac hat mang dién. Cac két qua nay cho
thdy trién vong ctia phuwong phap phun nhiét
phan khong chi trong ché tao mang méng CZTS
ma con linh hoat trong viéc lya chon vat liu,
cung voi quy trinh don gian, chi phi thip, khong
yéu cau méi truong chin khong, phu hop cho
viéc ché tao mang mong trén dién tich 16n va san
xudt quy mo cong nghiép.
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