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TOM TAT

Mang ban dan logi p-SnOyx:Na duroc ché tao bang phirong phiin xa phan iing magnetron DC
véi bia hop kim gom thiéc va 3 at% natri véi khi phan iing 6xy. T7 1¢ phan trdam khi riéng phan 6xy
(O2) thay doi tir 7%, 12 %, 20 % va 45% va nhiér do dé (Ts) khong doi (200°C) trong suét qua trinh
phan xa. Khi ti 1¢ éxy thay doi tir 7% dén 45% thi ¢6 sw chuyén pha cdu tric mang SnOx:Na tir da
tinh thé SnO, d@én vé dinh hinh SnO, Sn304, SNO; va da tinh thé SNO.. Céc dic trung ciia mang
SnOx:Na duge ddnh gid théng qua phé UV-Vis, gidn do nhiéu xa tia X (XRD), hiéu i:ng Hall. Mang
SnOx:Na logi p diroc 1mg dung vao ché tqo photodiode véi cau trac n-i-p (FTO/n-nc-Si:H/a-Si:H/p-
SnO/Cu), €6 t7 56 lon/lot = 56.

Tar khoa: N type SnO»; Photodiode n-i-p; P type SnO; reactive DC magnetron sputtering;
Tin oxide thin films

1. Giéi thigu

Pé thoa man yéu cau lam dién cuc trong sudt trong cac linh kién quang dién thi mang
dan dién trong sudt can c6 dién tro suat thap (p < 0,001 Q1.cm™), d6 trong sudt quang hoc
cao (T > 80%) va niang lugng viing cim quang Ion (Eq > 3,5 eV), duoc sir dung rong rai nhat
cho dén nay 12 oxit indium pha tap thiéc (ITO) (So et al., 2015). V6 Trai P4t chira In, nhung
ham lwong cta né 1a 0,00001% va né 1a san pham phu cua qué trinh san xuét Zn va Pb. Do
d6, dé co6 dugc mang In203 pha tap thiéc doi hoi cac khoan dau tu tai chinh dang ké. Trong
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s6 tat ca cac dxit din dién trong suét (TCO) nhu CdO, ZnO, CuO..., Oxit thiéc 1a tng vién
sang gia thay thé 1TO vi chling 1a vat liéu két hop gitra tinh dan dién va do truyén qua cao
trong viing anh séng nhin thay, nguoc lai hip thu manh trong viing tir ngoai, ciing nhu phan
xa &nh sang hong ngoai do mat d6 dién tir cao. Ngoai ra, mang oxit thiéc c6 wu diém nguyén
t5 Sn c6 ngudn cung trong tu nhién rat ddi dao, cé tinh chét dién, quang hoc, dién héa hap
dan va kha niang khang hoa chét tt khi tiép xdc véi axit va bazo. Hon nita, chiing bén nhiét
va bén co hoc (Luangchaisri, Dumrongrattana, & Rakkwamsuk, 2012). So v&i mang oxit
thiéc thi mang oxit kém (ZnO) duoc biét 1a khdng bén vai axit va kiém hon nira mang oxit
thiéc c6 ndng do hat tai dién cao hon va kha ning truyén qua cao trong ving anh sang nhin
thiy (Minami, 2000).

Thiéc (Sn) 1a kim loai chuyén tiép cé nhiéu héa tri, do d6 khi két hop véi O tao thanh
thiéc oxit da hinh thanh nén SnO g vé&i héa tri 1, va SnO2 tng véi hoa tri 11 va Sn203 hoic
Sn304... tng Vi trang thai hoa tri hdn hop (Pham et al., 2019). Chinh vi kha nang két hop
vé6i oxi dudi nhiéu dang thu hinh khac nhau nén vat liéu oxit thiéc da thu hut dugc nhiéu su
guan tdm cua cac nha khoa hoc va céng nghé trong thoi gian gan day, nham tng dung ching
vao ché tao cam bién khi ¢ trang thai ran, x(c tac quang khtr chat nhuém mau, chét hitu co
dé bay hoi (VOC) (Pham et al. 2019), dién cuc cho man hinh LED, 16p phi bao vé cia pin
mat troi mang mong (Lee et al., 2021) va transistor ban dan hiéu tng trudng trong subt (TFT)
(Jang, Lee, Char, 2020). Trong cac dang tha hinh khac nhau cua thiéc oxit, SnO; 1a mot chat
ban dan loai n tu nhién, do su ton tai cua cac nat khuyét dxy (Vo) va nguyén tir Sn ngoai
mang (Vsn), c6 d6 rong viing cdm quang 16n (3,2-3,8 eV) (Ali et al., 2013). Mang SnO 1a
chat ban dan loai p ty nhién, 15 trong hinh thanh do nat khuyét thiéc va nguyén tir 6xy ngoai
mang (Togo, Oba, Tanaka, & Tatsumi, 2006; Granato et al., 2013). Do c6 su lai hoa gitra
van dao Sn 5s va O 2p lam cho d¢ linh dong hat tai trong mang SnO cao va nang lugng hinh
thanh nat khuyét Sn thip nén nong do 15 trong trong mang 16n, dé rong viing cim quang
nam trong khoang 2,5-3,4 eV cho chuyén muc thing va 0,7 eV cho chuyén muc xién (Phys
et al., 2019; prijanka, Hymavathi, & Knumar, 2020; Becker et al., 2019). Day la cac yéu té
quan trong quyét dinh tinh chit din dién bang 15 tréng cuia mang SnO cao va |a ang cir vién
sang gi4 cho vat liéu dan trong sudt loai p (Togo et al., 2006; Varley et al., 2013). Mot sb
phuong phap ché tao mang mong SnO loai p phd bién nhu: Bbc bay bang cham electron
trong chan khéng cao (electron beam) (Pan et al., 2019), Bbc bay nhiét trong chan khéng
cao (Wasly et al., 2022), ling dong Iép nguyén tir (Kim et al., 2019), phin xa magnetron rf
(Hien et al., 2014), va phan xa phan tng magnetron DC (Guillén, & Herrero, 2019; Pham et
al., 2017). Mang SnO c¢6 xu huéng bi dxy héa thanh SnO; tlly thugc vao ti 1é phan tram khi
6xy va nhiét do dé trong qué trinh ché tao mang, do d6 thong s ti 1¢ phan trim 6xy trong
phuong phap phun xa phan ing magnetron DC (direct current) co vai tro quan trong da thu
hat dugc sy quan tdm caa nhiéu nhém nghién ciu (Luo et al., 2012; Caraveo-Frescs et al.,
2013; Lee et al., 2018).
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Tir cac tai liéu tham khao lién quan, cho thdy hau hét cac cong trinh nghién cau trude
day tap trung cha yéu vao mang SnO;, trong khi dé cac bao cdo khoa hoc nghién ciru vé
mang SnO chua nhiéu vi khuynh huéng bién dbi thanh SnO2 & diéu kién ché tao vai ti 18
phan trim Oxy cao. Sy quan tam dén SnO gan day da dugc khoi phuc lai, do viéc ché tao
dugc mang ban dan oxit loai p chét lugng cao nhu ZnO pha tap loai p (Dai, Deng, Mao, &
Zang, 2008; Bu, 2016), NiO (Singh, Roy Choudhury, Sutar, & Sarkar, 2021), Cu.O (Yang,
Pritzker, & Mi, 2019)... gap nhiéu kho khan. Tuy nhién, d6 dan cua mang SnO van con thap
chwa dap yéu cau khi tng vao linh Kién quang dién nén dé ting nong do 15 tréng thi céc tap
chét kim loai nhém héa tri | hoic phi kim héa tri V dugc chén vao trong mang tinh thé thay
thé Sn hoac O trong mang tinh thé mang SnO (Pham et al., 2019). Nhu pha tap Ag (Pham et
al, 2017), Cu (Ahn, Pode, & Lee, 2016), H, N (Phys et al., 2019). Trong bao cao nay, ching
t6i da pha tap Na vao mang SnO nhiam ting ndng do hat tai 15 tréng va khao sat tac dong cuia
ti 18 phan tram khi 6xy (Po) dén ciu tric, tinh chét dién - quang caa mang SnOx:Na dugc
ché tao bang phuong phap phun xa phan (ng magnetron DC, véi nhiét d6 dé 200°C dugc
nang tryc tiép trong qué trinh phdn xa. Mang SnOx:Na ché tao duoc ¢ diéu kién Po tdi uu
duoc trién khai g dung lam photodiode ciu tric FTO/n-a-Si:H/a-Si:H/p-SnOx:Na/Cu.

2. Vatli¢éu va phuong phap nghién ciru
2.1. Vatligu

Thiéc hat c6 do tinh khiét 99,95% (Sigma), natri khdi co do tinh khiét 99,99% (Sigma)
1a hai ngudn vat liéu chinh ché tao bia phin xa hop kim Sn +Na. Ngoai ra con c6 cac vit liéu
khac nhu dé thay tinh, dung dich tay rira @& nhu NaOH, aceton, khi phan ung Og, khi Ar
phuc vu cho qué trinh phin xa ché tao mang bang phuong phap phin xa phan wng
magetron DC.

2.2. Ché tgo bia phin xa

Bia phan xa st dung trong phun xa phan trng magnetron DC la kim loai Sn hoac hop
kim gitra Sn va cac kim loai can pha tap nhu Ag, Cu, Mg, Na... Trong bai b4o nay, bia phin
xa duoc sir dung 1a bia hop kim Sn va Na duoc ché tao boi phuong phap duc (niu chay kim
loai va d6 khudn) gdm cac buéc sau: (i) Chuan bi vat liéu gdm thiéc hat va natri khéi dugc
bao quan trong dau hoa; (ii) Can khdi lwong thiéc Sn va Na sao cho lwong Na trong hop kim
Na+Sn la 3 at%; (iii) Bo hdn hop Sn+Na vao coc graphite va niu chay ching trong chan
khong, khudy déu hdn hop kim loai long, loai bo xi va d6 ching vao khudn; (iv) Céc bia
phin xa vira diic xong dugc gia cong co khi (tién, phay) dé tao bé mat phang va loai bo 16p
oxit bé mat. San pham cudi cuing 1a céc target tron véi duong kinh 7,5 cm va day 0,5 cm.
2.3. Ché tgo mang Na pha tgp SnOx

Mang SnOx duge ché tao bang phwong phap phun xa phan ng magnetron DC véi 6xy
1a khi phan tmg va bia hop kim Sn + 3 at% Na. C4c thdng s6 ling dong mang tdi wu, &p suat
ling dong mang P = 5.10° torr, cdng suat ling dong (p = U.1) p = 30W, Ts = 200 °C giir
khong ddi trong qua trinh tao mang SnOx:Na, chi c6 ap suat khi riéng phan dxy theo ti Ié
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phan trim (P, =%100% v6i F 1a luu luong khi (sccm)), thay doi tir 7% dén 45%.
Ar T o,
Trong qué trinh ché tao mang chung toi diéu chinh thoi gian sao cho d6 day cua cac mang
bang nhau (300 nm) thong qua phép do d6 day truc tiép dao dong thach anh, d6 day mang
sau d6 dwoc kiém ching lai thong qua phép do Talorstep profilometer (Rank- Taylor-
Hobson, UK). Tinh chat dién caa mang (ndng do hat tai, do linh dong hat tai, dién tré suat)
dugc xac dinh bang phép do Hall trén may BIO-RAD HL55001U. Cau trdc tinh thé cua mang
dugc phan tich thdng qua gian dbd nhidu xa tia X (XRD). Tinh chit quang cia mang duoc
danh gia qua phd truyén qua UV-Vis (DS5, England) trong dai budc song tir 200 nm dén
1100 nm. Cac dic trung cua photodioe dugc danh gia thong qua phép do dac tuyén 1-V trong
diéu kién chiéu sang va khong chiéu sang véi ngudn dong - thé (Keysight, U2722A) va dén
phd gia mat troi theo chuan 1 sun (AM 1,5).
3. Két qua va thao luan
3.1. Anh hwong cia ti 1¢ oxi dén tinh chdt quang ciia mang p-SnOx:Na
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Hinh 1. (@) Phé truyén qua UV-Vis theo Po, (b) duong biéu dién (ahv)?
theo hv vdi Po thay doi tir 7%, 12%, 20% va 45%.

Hinh 1(a) trinh bay két qua do phd truyén qua UV-Vis cia mang SnOx:Na ché tao
duoc Véi ti 16 8xy Po thay déi tuong ting tir 7% (PO7), 12% (PO12), 20% (PO20), va 45%
(PO45), thi mang c6 do truyén qua ting dan va cé sy dich chuyén bd hap thu tir budc séng
500 nm vé budc séng ngin 350 nm, tuong Gtng véi do rong ving cam quang 16n hon. B
truyén qua ciia mang giam tng véi ti 16 dxy thap cé thé do trong mang van con kim loai Sn
chwa 6xy hda hét. Hinh 1(b) biéu dién (ahv)? theo hv véi Po thay ddi va bang phuong phap
ngoai suy Tauc, ta c6 thé xac dinh dugce d6 rong ving cim thay doi tir 2,55 eV, 2,66 eV,
2,77 eV, va 3,22 eV tuong tng véi Po 12 7%, 12%, 20%,va 45%. Két qua nay cho thay ning
lwong viing cam quang caa mang thiéc oxit tang gan nhu tuyén tinh véi ti 1 phan trim 6xy
(Luo, Liang, Cao, Liu, & Zhuge, 2012). T két qua tham khao vé d6 rong viing cdm quang
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da dé cap ¢ phan gidi thiéu cho thiy gia tri ning lwong ving cim quang ciia mang thiéc oxit
thu dugc dic trung cho mang SnO (vao khoang 2,5 eV dén 3,4 eV) va SnO; (vao khoang 3,2
eV dén 3,6 eV), hay vai ti 18 6xy ting c6 sy chuyén hop phan thiéc 6xit tir mono-6xit sang
di-0xit va s& duoc 1am r6 khi khao sat cAu tric mang théng qua gian do XRD.
3.2. Anh hwong cia ti 1¢ oxi dén cdu tric ciia mang p-SnOx:Na

Két qua phan tich nhidu xa tia X (XRD) trinh bay trong Hinh 2 chi ra, khi ti 1& Po 1a
12% thi xuat hién cac dinh nhiéu tai vi tri goc 26 1a 18,3°, 29,9°, 33,42° va 37,2° twong &g
véi cac mat mang (001), (101), (110) va (002) cua tinh thé a-SnO (Liang, liu, Cao, & Pan,
2010; Caraveo-Frescas et al., 2013; Guo, Zang, Liu, & Wu, 2010). O ti 1& Po = 7% ngoai cac
dinh nhiéu xa dic trung cho a-SnO con xuat hién hai dinh nhiéu xa tai goc 26 1a 30,7 va
32,1 dic trang cho pha B-Sn. Chinh su “ton dong” Sn trong mang khi phin xa & ti & dxy
thip lam cho d truyén qua va do rong ving cim quang giam nhu quan sat thiy & phé UV-
Vis. Con véi Po = 20% mang ¢6 cu trac v dinh hinh, hoan toan khong c6 dinh nhidu xa va
két qua nay rat twong ddng véi nhdm nghién ctu Caraveo-Frescas va cong sy (Caraveo-
Frescas et al., 2013). Khi ti 1¢ Po = 45% tir gian d6 XRD cho chiing ta thay c6 dinh dic trung
Xuat hién & goc 26 1a 26°, 34° va 37° trong tng voi mat mang tinh thé (110), (100) va (200)
ciia mang SnOz (Suman et al., 2015). Két qua XRD néi trén khing dinh c6 su chuyén pha
c4u truc cua mang thiéc oxit khi ti 1¢ Po tang, cu thé 1a cac dinh nhidu xa dic trung cho ban
dan SnO loai p (khi Po thip) chuyén sang vo dinh hinh (khi Po ting), va cubi ciing vé cu
trdc tinh thé SnO2 loai n (khi Po cao).
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Hinh 2. Gidn do nhiéu xa tia X ciza mang SnOx pha tap Na véi t7 1é phan tram oxy khdc nhau
3.3. Anh hwéng cia ti 1¢ oxi dén tinh chdt dién ciia mang p-SnOx:Na
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Bdng 1. Két qud do Hall cuia ban dan logi p-SnO va logi n-SnO>

ML Dactrumg  \3ng d¢ hat tai (cm?) B"’(:E:;\ff)ng pién tror suit (Qem)
PO7 1,114x10"° 151 3,71x10!
PO12 1,603x10"° 4,35 9,07x10%?
PO20 Khoéng do dugc Khéng do dugc Khoéng do dugc
PO45 -6,78x10%8 8,39 1,09x10*

Két qua do Hall duoc trinh bay trong Bang 1 thé hién rd dau cua hai nong do hat tai
ctiia mang ché tao véi ti 16 6xy thap 7%, 12% va mang ché tao ¢ ti 18 xy cao (45%) trai diu
nhau (d4u duong chi ra hat tai 12 15 tréng hay ban dan loai p va diu &m chi ra hat tai la dién
tir hay ban dan loai n, trong (ng). Mang ché tao & 20% dxy ¢6 cau trac vo dinh hinh nén do
dan kém, khong xac dinh dugc bang phép do Hall. Viéc khang dinh vé chiing loai hat tai doi
V6i 2 miu PO12 va PO45 thong qua phép do Hall di tai kiém chang qué trinh chuyén pha
c4u trdc tir dang bdn phuong (ciia SnO) sang dang rutile tir phuong (cuia SnOy) khi ti 1& khi
riéng phan 6xy ting nhu chi ra trong phan khao sat XRD.
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Hinh 3. (a) Pdac tuyén 1-V ciia photodiode trong diéu kién téi-sang,
(b) Bdc tuyén trong thang semi-log
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Két qua phan tich ban dan loai p-SnOx:Na giita mau PO7 va PO12 cho thiy tinh chat
dién cua mau PO7 thip hon so v6i PO12, cu thé 12 ndng do hat tai giam, d6 linh dong giam,
c6 thé do su “ton dong” Sn lam ting dién tu, tai hop 15 trong (Ahn, Pode, & Lee, 2016).
Chung tdi chon ti 1& oxy 12% dé ché tao mang p-SnO wng dung trong ché tao photodiode,
vé6i cau tric FTO/n-a-Si:H (50 nm)/a-Si:H(300 nm)/p-SnOx:Na (50 nm)/Cu. Céc lép vat liéu
silic vo dinh hinh dong vai tro hap thu &nh séng (a-Si) va thu dién tir (n-a-Si:H) ché tao bing
phuong phap ling dong hoi hoa hoc ting cudng plasma (PECVD) duoc khao sét chi tiét va
da dugc cong bd trong céc két qua nghién ciru trude. Tir két qua do dac tuyén 1-V ti trinh
bay trong Hinh 3(a) cho thay da hinh thanh dugc chuyén tiép n-p véi ciu tric n-i-p, trong
diéu kién chiéu sang cho thay mat 6 dong ngan mach ting manh, dic trung cho tinh nhay
quang cuia photodiode. Trong thang semi-log (Hinh 3(b)) thi mat d6 dong téi va sang trong
diéu kién phan cuc nguoc cd su khéc biét rd rét, va c6 ti s6 lon/loff = 56. Két qua nay cho thiy
l6p SnOx:Na ma ching t6i ché tao dugc thoa vai trd thu 13 trong trong photodiode céu tric
n-i-p.

4. Kétluan

Thong qua viéc phan tich tinh chit quang tir phd truyén qua UV-Vis, tinh chat dién tir
phép do Hall, khao sat cdu tric tir gian d0 nhiéu xa tia X cac két qua thu duge déu khing
dinh mang thiéc 6xit ché tao bang phuong phap phin xa phan tmg magnetron DC chiu tac
d6ng manh cua ti 18 6xy riéng phan. C6 su chuyén pha tir thiéc mono-6xit (SnO) 1a ban dan
loai p sang thiéc thiéc di-oxit (SnO2) 12 ban dan loai n khi ti 1¢ riéng phan oxy ting. Két qua
nay cho thdy vu diém cta phuong phap phun xa phan tmg DC magnetron, chi tir bia Sn kim
loai, tly theo lwong 6xy dura vao trong qua trinh phan img ma chiing ta c6 thé thu duoc ban
dan loai n hay p, nho do co thé trién khai ché tao cac linh kién ban dan theo muc dich
nghién cuu.

KD

% Tuyén bé vé quyén loi: Cac tAc gid xac nhan hoan toan khéng c6 xung dét vé quyén loi.

KD

% Loi cdm on: Nghién ctru nay duoc tai tro béi Truong Bai hoc Thd Dau Mét trong dé tai
m& s6 NNC. 21.2.004.
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ABSTRACT

The p-SnOy:Na semiconductor membrane was fabricated by DC magnetron sputtering using
an alloy target composed of tin and 3 at % sodium, and an oxygen-reactive gas. The fractional
oxygen gas (O2) was varied at percentages of 7%, 12%, 20%, and 45%, while the base temperature
(Ts) was kept constant at 200°C during sputtering. As the oxygen ratio increased from 7% to 45%,
the SnOx:Na membrane underwent a phase transition in its structure, transforming from SnO
polycrystalline to amorphous SnO, Sn3O4, SO, and SnO, polycrystalline phases. The SnOx:Na
membrane properties were evaluated using UV-Vis spectroscopy, X-ray diffraction (XRD), and Hall
effect measurements. The p-type SnO membrane was then used to fabricate a photodiode with an n-
i-p structure (FTO/n-nc-Si:H/a-Si:H/p-SnO/Cu). The resulting photodiode exhibited a high ratio of
lon/lott = 56.

Keywords: N type SnO-; Photodiode n-i-p; P type SnO; reactive DC magnetron sputtering;
Tin oxide thin films
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