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TOM TAT

Trong linh vuc ché tao linh kién dién tir va quang dién t trong sudt trén nén chuyén tiép p-n viéc
ché tao dugc mang béan dan oxit trong sudt loai n va p cé vai trd mang tinh quyét dinh, dac biét la
loai p do cyc dai clia vuing hda tri dugc hinh thanh bai cac obitan 2p clia oxy va su phan tan cuc
bo (hep) clia chiing da hinh thanh cac mdc sau dan dén viéc pha tap cac tap chat nhan (acceptor)
trong ban dan oxit loai p gap rat nhiéu kho khan. Trong s6 cdc mang ban dan éxit trong suét loai
p da va dang dugc nghién ctu hién nay, mang SnO, loai p vai dd dan dién va do truyén quang
cao |a Ung vién séng gia dap iing dugc cac yéu cau dé hinh thanh chuyén ti€p p-n véi mét loai ban
dan loai n khac & dang dong thé hodc di thé. Trong béo céo nay, mang SnOy pha tap Na dugc ché
tao tU bia hop kim Sn + 3 at% Na bang phuong phap phiin xa phan ting tai nhiét do dé 200°C. Anh
hudng clia thai gian phin xa dén cac dac trung cau trug, tinh chat dién quang ctia mang SnO,:Na
da dugc khao sat bang phuong phap XRD, XPS, AFM, Hall va UV-Vis. Két qua khao sét cho thay khi
thai gian phin xa tdng tir 7 phdt [én 14 phdt, 21 phat va 35 phut thi do day mang tang dan dén
tang kich thudc tinh thé, gidm bién hat, tdng do linh dong hat tai, két qua la dién tré sudt clia mang
gidm. Tuy nhién dé day mang tang lam gidm do truyén qua va dé rong viing cdm quang clia mang.
Turkhoa: chuyén tiép p-n, mang moéng loai p ~SnOx, phun xa phan Uing magnetron mét chiéu (DC)
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MG PAU

Oxit ban dan trong suét (TSO) dugc biét dén nhu 1a
mot loai vat liéu quan trong bdi tinh chét thu vi, trong
sudt nhung lai dan dién va da dugc stt dung rong rai
trong nhiéu linh vuc mang tinh d6t pha nhu: thiét bi
quang, linh kién quang dién tu... 12 Ké ti bdo cdo
dau tién vé CdO, vét liéu oxit dan trong sudt vao nim
1907 cho dén nay céc vit liéu SnOy, Iny O3, ZnO3°
va céc phién ban pha tap ctia chung 1a TSO loai n néi
tiéng dugc nghién ctiu va trién khai lam 16p thu dong
(dién cuc quang) hodc 16p hoat dong trong céc thiét
bi dién ti va quang dién tu trén co s& chuyén tiép p-n.
Tuy nhién, phan 16n TSO da biét déu 1a ban dan loai
n, trong khi d6 6xit ban dan loai p van con han ché vé
chting loai va ing dung do mdt sé nguyén nhén sau
day. (1) Trong hau hét cac oxit kim loai, ddy ctia viing
dan dugc hinh thanh bdi cic obitan s kim loai, dugc
m& rong vé mat khong gian; do dé, cac dién tii trong
oOxit kim loai c6 khéi lugng hiéu dung nho va d6 dan
dién tt cao c6 thé dat dugc bang cich pha tap cic tap
chét cho (donor) dé dang. (2) Mit khéc, cuc dai cua
vung héa tri dugc hinh thanh béi cac obitan 2p cua
oxy, chung khd cuc bd lam cho khéi lugng hiéu dung

clia cac 16 trong 16n dan dén do linh dong cta ching
rit thdp’. Hon niia, sy phan tan cuc b (hep) clia
vung héa tri da hinh thanh cic mic sau trong ving
hoa tri nén viéc pha tap cac tap chit nhén (acceptor)
trong ban dan 6xit loai p gip rit nhiéu khé khan 8. Tuy
nhién, c6 sy lai héa cac gitta cac obitan trong cdu tao
nguyén ti da mé rong dinh vung héa tri, gidm khoi
lugng hiéu dung 16 tréng, va viéc pha tap cac tap chét
nhén (acceptor) trd nén dé dang hon, giup tang do
linh dong va néng do hat tai (16 tréng). Vi du nhu vét
liéu Cuy O, obitan 3d'° ctia ion Cu™ rét gén véi obitan
2p® ctia O va ¢6 x4y ra sy lai hoa giiia hai obitan nay®.
Diéu nay clng tuong tu véi vat liéu SnO, obitan 5s
clia Sn®* lai hoa véi obitan 2p® ctia O. Vi céc obitan
s ¢6 kha nang md rong hon so véi cac obitan d, sy lai
hoéa obitan 2p ctia O véi cic obitan s c6 thé dan dén
st phan b6 vung héa tri 16n hon va do d6 khéi lugng
hiéu dung ctia céc 16 trong thdp va dé dang pha tap
cdc tap chét cho (acceptor) dan dén tiang d¢ linh dong
va nong d6 16 tréng '%!!, cho thdy SnO 1a mot ting cli
vién sang gid cho vat liéu o6xit loai p da va dang thu
hut dugc sy quan tam nghién ciu trong thoi gian gan
day.

Trich dan bai bao nay: Phuong P H, Nhi P N Y, Hi€u B T, Phuong N N, Trung T Q, Tudn N M. Anh huéng
cha thai gian phiin xa dén cac dac trung ciia mang loai p-SnO:Na dugc ché tao b&i phuong phap
phun xa phan tng magnetron DC. Sci. Tech. Dev. J. - Nat. Sci.; 2022, 6(3):2297-2305.
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Mang mong SnO la chit ban dan loai p tu nhién, 16
trong hinh thanh do nuat khuyét thiéc (V,) va nguyén
tli oxy ngoai mang (O;) 1>
quang tng véi chuyén muic xién 14 0.7 eV hodc chuyén
muc thing nim trong khoang 2,5 - 3,4 eV 14~16, Nhg
cac tinh chit dién quang thd vi nén mang mong SnO

, €6 do rong viing cim

da dugc ting dung trong nhiéu linh vuc ché tao linh
kién dién ti nhu: transitor hiéu tng trudng (TFT) 7,
photodiode '8, pin mit tr&i'®. D6i véi pin mit troi
céu trdc n-i-p, mang SnO dugc st dung nhu 16p dém
hodéc 16p thu 16 trdng nén 16p SnO phai ddm bao yéu
cdu c6 nong do 16 trong va do dan dién cao. D€ ting
nong do 16 tréng thi cac tap chit kim loai nhém hoéa
tri T hodc phikim hoa tri V dugc chén vao trong mang
tinh thé thay thé cho Sn hodc O trong mang tinh thé
mang SnO °. Thai gian gin d4y, mot s6 nhém nghién
ctu da co6 khdo sat vé sy pha tap cho mang SnO tuy
nhién két qua cong bé gitta cdc nhém van ton tai cac
két luan trdi ngugc hodc cac tinh chit dién quang thu
dugc khong nhu mong dgi. Nhém tac gia Y. Kim va
cong su?? sit dung phuong phap phtin xa phan ting
dung ngudn khi N d€ ché tao mang SnO pha tap N thi
cho tinh chat dan loai n trong khi d6 nhém M. Becker
va cong sy '* diing phuong phap phtin xa chim dién
tt v6i khi pha tap N lai cho mang ¢ tinh dan loai p.
Ngoai ra nhom téc gia nay ciing chi ra pha tap hydro
cang lam ting ndng d6 16 tréng song H c¢6 xu hudéng
khuéch tdn ra khoi mang sau mot thaoi gian luu mau.
Mic du 6 tang néng d6 16 trong nhung do truyén
qua ctia mang giam manh va sy giam d¢ truyén qua
ciing xdy ra tuong tu khi pha tap Ag19 su giam do
truyén qua c6 thélién quan dén tinh dic thu cta kim
loai quy va kim loai chuyén tiép. Qua tim hiéu cua
ching t6i méi c6 duy nhit mot bdo cdo viéc pha tap
Na vao mang SnO ctia Nhém T. Yang va cong sy?!.
Tuy nhién, trong qué trinh lam thuc nghiém nhém
nay gdp kho khin khi st dung phuong phép phun RF
véi bia gdm.Véi rat nhiéu nd lyc ho da pha tap thanh
cdng Na vao mang SnO bang phuong phép cdy ion va
duing lai & khéo sat so b cdu tric va tinh chdt dién
cla vat liéu.

Trong qué trinh nghién ctiu va phat trién mang SnO,
loai p nhiéu phuong phdp ché tao mang da dugc s
dung nhu bdc bay bang chum electron trong chan
khong cao (electron beam)??, béc bay nhiét trong
chan khong cao?’, ling dong 16p nguyén tii%4, phiin
xa magnetron rf>°, v phin xa phan ting magnetron
DC?%%’, Trong d6 phucong phép phtn xa phan ting
magetron DC cé nhiéu uu diém vugt hon so véi cac
phuong phép khéc nhu: Bia kim loai Sn thuén va pha
tap dé ché tao, chi dong ngudn khi phan tng oxi dé
diéu khién sy chuyén pha cdu truc vét liéu... Déi vé6i
phuin xa phan tng, cac thong s6 ché tao bao gébm cong
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sudt phun xa (P = UI), nhiét d¢ d&, ti1é phin tram oxi,
thai gian phin xa dnh hudng manh dén cdu tric va
céc tinh chét dac trung ciia mang SnO, loai p. Trong
s6 d6 thong s6 thoi gian phin xa anh huéng manh
dén d6 day mang, su gia ting do day c6 thé gép phan
cai thién chét lugng tinh thé va d¢ linh dong cta hat
tai dién nén gidm dién trd sudt. Tuy nhién, 6 day
cao hon anh hudng xdu dén tinh chit quang hoc ctia
mang SnO,. Do d6, viéc khao sat chi tiét cac dic tinh
quang dién tl phu thudc vao d6 day mang SnO, thong
qua diéu khién thoi gian phin xa la cin thiét dé ting
cudng cac ddc trung quang dién cta mang cho cic
hoat dong ctia linh kién quang dién.

Trong bdo cédo nay chung toi ché tao target hop kim
Sn+ 3% at Na va sti dung phuong phép phtn xa phan
tng magnetron DC d€ ché tao mang SnOy pha tap Na
& nhiét do thdp. Khdo sit anh hudng cua thoi gian
phin xa dén cic dic trung cdu truc, tinh chat dién,
tinh chit quang ctia mang.

VAT LIEU VA PHUONG PHAP

Vat liéu

Thiéc hat c6 d¢ tinh khiét 99,95% (Sigma), natri khoi
c6 d¢ tinh khiét 99,99% (Sigma) la hai nguoén vét liéu
chinh ché tao bia phtin xa hgp kim Sn +Na. Ngoai ra
con co cac vat liéu khac nhu dé€ thuy tinh, dung dich
tdy rua d€ nhu NaOH, aceton, khi phan ting O, khi
Ar phuc vy cho qué trinh phtn xa ché tao mang béng
phuong phap phtin xa phan ting magetron DC.

Ché tao bia phin xa

Bia phun xa sti dung trong phin xa phan Ging mag-
netron DC 14 kim loai Sn hodc hgp kim gitta Sn va cac
kim loai can pha tap nhu Ag, Cu, Mg, Na.... Trong bai
bdo nay bia phun xa dugc st dung la bia hgp kim Sn
va Na dugc ché tao bdi phuong phép duic (ndu chay
kim loai va d6 khuon) gém cdc bude sau: (i) Chuén
bi vat liéu gom thiéc hat va natri khéi dugc bao quan
trong diu hoa; (ii) Can khoi lugng thiéc Sn va Na sao
cho lugng Na trong hgp kim Na+Sn 1a 3 at%; (iii) Bo
hén hgp Sn+Na vao cdc graphite va ndu chdy ching
trong chin khong, khudy déu hon hgp kim loai long,
loai bo xi va d6 chiing vao khuon; (iv) Cac bia phun
xa viia duc xong dugc gia cdng co khi (tién, phay) dé
tao bé mat phing va loai bd 16p 0xit bé mit. Sdn phdm
cudi cung la cac target tron véi duong kinh 7,5 cm va
day 0,5 cm.

Ché tao mang Na pha tap SnOy

Céc thong s6 ché tao dugc giti ¢d dinh gobm: cong suit
phtn xa (P = UI) 30 W, nhiét d¢ dé (Ts) 200°C, 4p
sudt phun xa 5.10 3torr, ti 1 phan tram oxi 12 % (1a
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céc thong s6 da dugc t6i uu hda trong qua trinh thuc
nghiém), chi c6 thong s6 thoi gian phiin xa thay d6i tu
7 phut, 14 phut, 21 phat va 35 phut tuong ting véi ki
hiéu maulaT7, T14, T21 va T35 d€ tién theo doi trong
bai viét. D€ thuy tinh dugc rta sach bang NaOH, két
hgp véi siéu am trong khoang 10 phdt, sau d6 dugc
rtta troi bang nudc khi ion, sau cling 1a dénh siéu
4m trong dung dich aceton va ethanol ti 1¢ 1:1. D¢
dugc sdy kho trong moéi trudng chan khong. Trong
qua trinh phtn xa ché tao mang bu6ng phun xa dugc
giai hdp bdi viéc nang nhiét thanh buéng va hit chan
khéng dén ép sudt 10° torr. Phép do Talorstep pro-
filometer (Rank- Taylor-Hobson, UK) dugc st dung
xdc dinh bé day mang. Tinh chét dién va tinh chét
quang ctia mang SnOy dugc danh gid thong qua phép
do Hall (BIO-RAD HL5500IU) va phé truyén qua
UV-Vis (DS5 Edinburgh Instruments). Vi ciu truc
tinh thé, hinh thai bé mat va trang thai dién tu cua
cdc nguyén t6 trong mang SnO, dugc dinh gia bdi
phép do nhiéu xa tia X (D8-ADVANCE), Kinh hién
vi luc nguyén tit (AFM, Nanocute, SII Nano Technol-
ogy), va phd dién tu tia X (Thermo Scientific), tuong
ung.

KET QUA THAO LUAN

Phan tich phé quang dién tir tia X (XPS)

Hinh la trinh bay phé XPS téng quat ctia mang SnO,
pha tap Na phun xa trong 21 phut cho thdy sy hién
dién ctia cic dinh phé déc trung cho cic nguyén t&
Sn (39,84 at%), O (48,53 at%), va Na (2,56 at%). Két
qua nay cho biét thanh phan nguyén t6 héa hoc co
trong mau gém Sn, O va Na. Bén canh d6 c6 su dich
dinh phé (0,9 eV) vé ving ning lugng lién két thip
cua 16i Sn3d va l6i Ols ctia mang SnO,, pha tap Na so
v6i mang SnO, khdng pha tap (dugc trinh bay trong
mot cong b6 khic ctia ching t6i)%%. Su dich dinh
phé nay cho thiy Na da chén vao trong mang tinh thé
mang SnO,. Vindnglugnglién két ciaNa-O1a-377.1
KJ/mol nho hon ning lugng lién két ctia Sn-O (-229.5
KJ/mol)>*3*°. Hon nita, ph§ XPS gii chap ctia 16i Sn
3ds , trinh bay trong Hinh 1b cho thdy trang thai ion
cia Sn trong mang SnO, gém: Sn’, Sn®*, Sn** tuong
ting Sn nam xen ké ngoai mang, Sn lién két v4i O trong
thtt hinh SnO va thi hinh SnO,. Két qua giai chip
dinh Ols (Hinh 1c) ciing cho théy trong mang ton tai
hai trang thdi ion O?~ va O*~ ctia Oxi tuong ting vé6i
trang thai lién két SnO va SnO; ctia mang SnO,:Na.
Hinh 1d la phd XPS dic trung cho nguyén t6 Na, va
khi gidi chép chi ra dinh phé cé ning lugng lién két
1071 eV dic trung cho Na® va dinh ph6 c6 ning lugng
1070 eV dic trung cho Na™ 31,32 v& dinh tinh cho théy
dién tich dinh phé Na™ 16n hon so véi dién tich dinh

ctia Na®. Diéu nay cho thdy, khi pha tap Na vo trong
mang SnOy thi Na c¢6 xu hudng cheén vao niat mang
tinh thé nén tang hiéu hiéu suét pha tap va d6 dan
16 tr6ng ctia mang loai p SnO,. Két qua XPS 14 bing
chiing dang tin cdy minh chiing cho su hién dién cta
Na, ndi cach khac da pha tap dugc Na vao mang SnOj
ti bia hgp kim Sn +3% at Na thong qua phuong phap
phtn xa phan ting magnetron mét chiéu (DC).

Phan tich két qua gian dé nhiéu xa tia X
(XRD)

Hinh 2 trinh bay gidn d6 nhiéu xa tia X (XRD) caa
cac mang T7, T14, T21, T35 tuong tng véi thdi gian
phun xa tao mang SnO,:Na trong 7 phut, 14 phut, 21
phut, va 35 phut. Két qua 6 Hinh 2 cho thay tat ca cac
mang SnO,:Na déu xuit hién cdc dinh nhiéu xa tai goc
20 la 29,9%, 33,4°, 47,8° va 57,4° tuong tng v6i mét
mang (101), (110), (200), va (211) clia cdu truc tinh
thé bén phuong ( 4/nmm group). Piéu nay cho thiy
mang c6 cu tric da tinh thé va mat (110) 1a mit vu
tién phat trién trong qua trinh hinh thanh mang khi
thoi gian phin xa mang ting. Ngoai ra, dinh nhiéu
xa ctia mau T7 ¢6 cudng do yéu va d6 rong dinh phé
16n ngugce véi dinh nhiéu xa ctia mau T35 ¢6 cudng
do ting manh va d¢ rong dinh phé hep. Diéu nay cho
théy khi ting thoi gian phdn xa thi mang c6 tinh tinh
thé cao va kich thuédc hat 16n (Bang 1). Hon niia, phd
nhiéu xa ctia mau T7 con xudt hién dinh phd & goc
26 = 30,57 dic trung cho pha f3-Sn, cho thiy véi thoi
gian ling dong ngan thi mot s6 nguyén tti Sn dugc but
ra ti bia kim loai Sn chua 6xi h6a hoan toan.

Tu gian d6 XRD xédc dinh dugc kich thude tinh thé
ctia mang SnO,:Na, theo cong thiic Debye- Scherer
D = %% (1) lakich thudc cta tinh thé (A), B 1a
d6 ban rong cua dinh ph6é (FWHM) (rad), 6 14 géc
nhiéu xa (rad) tai vi tri dinh phé, va 4 1a budc song
clia tia X (A). Bén canh d6, tii két qua XRD céc gid
tri méat d6 sai hong (), sai hong trén don vi dién tich
tinh thé, va bién dang din (¢) sé dugc xéc dinh boi
cong thiic (2) va (3) tuong tng:

5— % ®)
g Poos® CZSG 3)

Céc gid trj ctia D, 0 va € tinh dugc da dugc trinh bay
trong Bang 1. Két qua thu dugc cho thdy kich thude
tinh thé ting tli 36,9 nm t6i 51,1 nm ting véi mét (101)
va tli 69,6 nm, t6i 75,4 nm tng véi mat (110) khi thoi
gian phun xa tdng tuong tGing tu 7 phut, lén 35 phut
tuong ting v6i bé day mang 100 nm, 200 nm, 300 nm
va 600 nm. Két qua nay phu hgp véi sy tang cudng
do va gidm d¢ ban rong ctia dinh nhiéu xa dugc chi
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Hinh 1: Phé XPS t6ng quat mang SnO, pha tap Na (a), phé gidi chap 16i Sn(3ds 5) (b), 16i O(Ts) (c) va 16i Na(1s) (d)

Bang 1: Cac théng sé cau triic mang Sn0,:Na theo thai gian phin xa

Thoi Dinh 26 (do) Kich thuéc tinh  FWHM () 10-3  Matdosaihong Ung sudt din D¢ gd ghé
gian thé (D) nm rad (6) 1014m-2 () 10-4 (nm)
(phut)

(101) (110) (101) (110) (101) (110) (101) (110) (101) (110)

7 29,88 36,9 3,74 7,34 9,29 8,5
14 29,94 33,41 42,4 69,6 3,26 1,96 5,56 2,06 8,08 4,92 9,6
21 29,92 33,40 49,9 72,4 2,77 1,89 4,02 1,91 6,87 4,73 13,4
35 29,88 33,38 51,1 75,4 2,70 1,81 3,83 1,76 6,71 4,54 13,5

ra trong két qua nhiéu tia X (Hinh 2). Néi khac di,
khi tang thoi gian phun xa thi bé day mang tang dong
thoi véi thoi gian phin xa kéo dai hon thi s6 lugng
nguyén tl, phan ti sé bay t6i bé méat d€ nhiéu hon
lam tang hoat tinh bé mat mang, xay ra qua trinh ti
cdu truc, ting lién két gitia cac hat tinh thé nho hinh
thanh cdc hat tinh thé16n hon, lam gidm bién hat va
cdc sai hong trong mang **. Nhén xét nay phtt hgp véi
két qua tinh mét d¢ sai hong 8 va ting suit dan € giam.
Cu thé mat d6 sai hong gidm tii 7,34.10'* m~2 xuéng
3,83.10'* m~2 va (ing sudt din gidm 9,29.10~* xuéng
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6,71.10~* tuong ting v6i thoi gian phun xa ting tit 7
phut dén 35 phit. Nhu véy véi thoi gian phin xa ting
sélam tang bé day mang, dan dén ting kich thudc tinh
thé, gidm bién hat va cdc sai hong trong mang tinh thé
ctia mang SnOy:Na.

Phan tich anh AFM

Hinh 3 trinh bay anh AFM ctia mang SnO,:Na véi
thoi gian phin xa khéc nhau, véi két qua AFM 2D cho
théy kich thudc hat tang tuong ting véi thoi gian phun
xa tang con AFM 3D cho thdy d¢ go ghé bé mit ting
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Hinh 3: Anh 2 chiéu (2D) va 3 chiéu (3D) ctia mang SnOx:Na vdi thai gian phiin xa khac nhau (a) 7 phat (b) 14 phit,

(c) 21 phdt, va (d) 35 phut, tuong tng
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Hinh 2: Phé XRD clia mang SnO, pha tap Na vi thdi
gian phun xa khac nhau

tuong ung tit 8,5 nm lén 9,6 nm va 13,4 nm khi thoi
gian phun xa ting tii 7 phut 1én 14 phut va 21 phut.
Diéu thu vi 1a khi tiép tuc tang thoi gian phun xa lén
35 phut kich thuéc hat taing nhung d6 g6 ghé khong
tang niia hay lic nay bién hat gidm va bé mit mang trg
nén déng déu (Bang 1). Két qua AFM hoan toan phu
hgp véi két qua khéo sit phd nhiéu xa tia X khi thoi
gian phun xa ting lam ting cudng do dinh nhiéu xa
déc trung cho mét (101) va (110), gidm d6 ban rong,
tuong Ging véi viée ting bé day mang, ting kich thudc
hat, giam bién hat. Céc thay d6i vé ciu truc tinh thé
sé anh hudng dén tinh chéat dién va tinh chit quang
clia mang.

Phan tich phé truyén qua UV-Vis

Hinh 4a 13 phé truyén qua UV-Vis clia cdc mau T7,
T14, T21, va T35 cac mang c6 d6 truyén qua trung
binh khoang 55% trong dai budc séng tii 600 nm dén
1100 nm va giam dan khi thoi gian phun xa ting.
Bénh canh d6 s6 van giao thoa ting khi thoi gian
phun xa tang vi: (i) Khi thoi gian phun xa ting lam
bé day mang ting va bé mat mang dong nhat; (ii) Su
khac nhau vé chiét sudt gitia 16p mang mong va dé
nén (thay tinh)>. Nang lugng viing cim quang ctia
cac mang SnO,:Na dugc xac dinh thong qua phuong
phép ngoai suy Tauce vé dudng biéu dién (athv)? theo
néng lugng photon (hv) tit bo hdp thu ctia phd truyén
qua UV-Vis. K&t qué chi ra trong Hinh 4b cho thdy
khi thoi gian phin xa ting tit 7 phut, 1én 14 phut,
21 phat va 35 phut thi nang lugng ving cdm quang
giam tii 2,88 eV, 2,78 eV, 2,62 eV dén 2,53 eV tuong
ung. D¢ 16n nang lugng viing cim ctia mang SnO,:Na
ndm trong khodang gia tri nang lugng ving cdm quang
clia SnO véi cdu tric bén phuong (2.5-3.4 eV) 14710,
Két qua nay cho thdy d¢ rong viing cdm ctia mang
SnO,:Na giam khi d6 day mang ting lén. D¢ rong
ving cdm gidm v6i d6 day mang ting c6 thé do nhiéu
yéu t6 khac nhau nhu: hiéu ting giam git lugng tu,
tang cudng do két tinh, gidm tap chét va khuyét tét, su
thay d6i kich thudc tinh thé va tng sudt dan. Trong
bai bdo nay, tit ca cdic mang mong ché tao dugc déu
la da tinh thé véi kich thudc tinh thé 16n hon 10 nm.
Do dé, hiéu ting giam ham lugng ti khong phai 1a ly
do thich hgp trong trudng hgp nay. Do dé, ching toi
cho rang d¢ rong viing cdm phu thudc vao d¢ day caa
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Hinh 4: Phé truyén qua (a) va dudng ngoai suy Tauce (b) xac dinh néng lugng viing cdm quang clia mang SnO,:Na

V@i thaoi gian phun xa khac nhau

mang c6 lién quan dén do két tinh va kich thudc hat
ctia mang. Cu thé theo két qua thu dugc tit Bang 1 thi
khi chiéu day mang tang, kich thudc tinh thé va kich
thudc hat cia mang cing ting. Két qua lam giam bién
hat va cdc khuyét tat din dén giam chiéu cao rao thé
& bién hat**. Suy luan nay phi hop véi két qua XRD
va AFM cua ching toi.

Phén tich két qua do Hall

Hinh 5 biéu dién nong d6 hat tai (Ng), d6 linh dong
(1) va dién trd suét (p) ctia mang SnOy:Na theo thoi
gian phuin xa khdc nhau. Khi thoi gian phin xa tang tit
7 phut 1én 14 phut thi néng do hat ti ting tii 1,95.10'°
cm 3 lén 2,98.101° cm3 (tdng 52,8%) va do linh
dong hat tai tang tir 1,46 cm?/VS1én 2,11 cm?/VS dan
dén dién trd sudt cia mang gidm manh ti 2,15.10~!
Qcm xudng 1,01.10~ ! Qcm. Két qué ting ndng d6 hat
tai c6 thé dugc giai thich la khi ting thdi gian phun xa
sé cung cép du thoi gian d€ oxit hoa Sn, gidm pha f3-
Sn, gidm sy mat mét hat tai 16 tréng, hon niia khi thoi
gian phun xa tang sé tang kich thudc hat, giam bién
hat nén tang d¢ linh dong hat tai ting lam cho dién trg
sudt mang gidam. Tuy nhién khi tiép tuc ting thoi gian
phuin xa 1én 21 phut va 35 phut thi néng d¢ hat tai cé
xu hudng gidm nhe vé 2,75.101% cm=3 va 2,35.10° 19
cm ™3 va d6 linh dong hat tai ciing tang nhe tu 2,41
cm?/VS lén 2,81 cm?/VS dan dén dién trd suit thay
d6i rit nho 9,39.1072 Qcm va 9,46.1072 Qcm. Két
qua nay c6 thé giai thich khi kéo dai thoi gian phun
xa thi 6 sy tai phun xa, c6 sy sdp x€p lai cdc nguyén
tt, phan t trong ciu trdc tinh th€ mang nén gidm
lugng Na pha tap trong mang dan dén néng hat giam,
tuy nhién diu nay lam ting d6 linh dong, dan dén
dién tr& sudt khong d6i. Do d6 dé can d6i gitra tinh
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chét dién va tinh chit quang ctia mang thi trong qud
trinh phitn xa cin chon thoi gian phin xa thich hgp.

KET LUAN

Tu bia hgp kim Sn + 3% at Na thong qua phuong
phép phun xa phan ting magnetron DC da ché tao
dugc mang mong SnO, pha tap Na trén dé thay tinh
& nhiét d6 thap la ban dan loai p. Trang théi ion Sn>*,
Sn*+, 027 O** vaNa’, Na*t phan tich tit phd XPS
cho thdy Na da chén vao trong mang tinh thé mang
SnO,. Mang SnOy:Na c6 ciu tric bon phuong va phat
trién theo cdc dinh huéng uu tién doc theo mit mang
(101) va (110) c6 xu hudng ting kich thudc tinh thé
khi thoi gian phin xa ting. Mang SnO,:Nala ban dan
chuyén miic thing, c6 ning lugng viing cdm quang va
do truyén qua giam khi thoi gian phin xa tang. Thoi
gian phun xa ting, tuong ting bé day mang ting, lam
cho néng d¢ hat tai, d¢ linh dong ting manh, dan dén
dién trg sudt ciia mang giam manh. Tuy nhién, néu
tiép tuc kéo dai thoi gian phin xa thi dién trg sudt
ctia mang SnOy:Na gidm khong déng ké trong khi do
do truyén qua va nang lugng vung cdm quang giam
cho nén viéc kéo dai thoi gian phin xa la khong can
thiét. Do d6 d€ can ddi gitia tinh chdt dién va tinh
chit quang thi thoi gian phin xa trong qua trinh tao
mang SnO,:Na bang phuong phap phun xa phén ting
dugc chon trong khoang 14 phut dén 21 phat.

LO1 CAM ON

Nghién ctiu nay dugc tai trg kinh phi tit Hoc vién
Khoa hoc Coéng nghé, Vién Han lam Khoa hoc va
Coéng nghé Viét Nam véi méa s6 GUST.STS.DT2020-
KHVL07. Nhém téc gia xin chan thanh cdm on.
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Hinh 5: Budng biéu dién dién trd sudt (p), néng dé hat tai (N ), va dé linh dong Hall (1) theo thdi gian phan xa

khac nhau trong mang SnO,:Na

DANH MUC CAC TU VIET TAT
AFM: Kinh hién vi luc nguyén tu
UV-Vis: Phd ti ngoai kha kién

XRD: Nhiéu xa tia X

XPS: Phé Quang dién ti tia X

DC: Dong mét chiéu

XUNG POT LOI iCH
Nhom tac gia cam két khong c6 xung dot loi ich.
DPONG GOP CUA TAC GIA

Pham Hoai Phuong, Trdn Quang Trung, Nguyén
Manh Tuén : Ché tao bia phun xa, téng hgp, dianh
gid két qua, viét bao.
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Phuong : Ché tao mang, tién hanh céc phép do phan

tich mang, viét bao céo.

TAILIEU THAM KHAO

1.

Ellmer K. Past achievements and future challenges in the de-
velopment of optically transparent electrodes. Nat Photon-
ics. 2012;6(12):809-17;Available from: https://doi.org/10.1038/
nphoton.2012.282.

. Kim JH, Kim UK, Chung YJ, Hwang CS. Correlation of the

changein transfer characteristics with the interfacial trap den-
sities of amorphous In-Ga-Zn-O thin film transistors under
light illumination. Appl Phys Lett. 2011;98(23);Available from:
https://doi.org/10.1063/1.3597299.

. Sakthivel P, Asaithambi S, Karuppaiah M, Yuvakkumar R,

Hayakawa Y, Ravi G. Improved optoelectronic properties of

Gd doped cadmium oxide thin films through optimized film
thickness for alternative TCO applications. Journal of Alloys

. Yanagi H,

and Compounds. 2020;820;Available from: https://doi.org/10.
1016/j.jallcom.2019.153188.

. Abbas S, Kumar M, Ban DK, Yun JH, Kim J. Transpar-

ent and flexible In203Thin film for multilevel nonvolatile
photomemory programmed by light. ACS Appl Electron
Mater. 2019;1(3):437-43;Available from: https://doi.org/10.
1021/acsaelm.8b00139.

. ZhuBL, Zhao XZ, Su FH, Li GH, Wu XG, Wu J et al. Structural and

optical properties of ZnO thin films on glass substrate grown
by laser-ablating Zn target in oxygen atmosphere. Phys B.
2007;396(1-2):95-101;Available from: https://doi.org/10.1016/
j.physb.2007.03.018.

. Doyan A, Susilawati, Imawanti YD. Synthesis and character-

ization of SnO2 thin layer with a doping aluminum is de-
posited on quartz substrates. AIP Conf Proc. 2017;1801(Jan-
uary);Available from: https://doi.org/10.1063/1.4973083.

. Kawazoe H, Yasukawa M, Hyodo H, Kurita M, Yanagi H, Hosono

H. P-type electrical conduction in transparent thin films of
CuAlO2. Nature. 1997;389(6654):939-42;Available from: https:
//doi.org/10.1038/40087.

. Hautier G, Miglio A, Ceder G, Rignanese GM, Gonze X.

Identification and design principles of low hole effective
mass p-type transparent conducting oxides. Nat Commun.
2013;4:2292;PMID: 23939205. Available from: https://doi.org/
10.1038/ncomms3292.

Inoue SI, Ueda K, Kawazoe H, Hosono
H, Hamada N. Electronic structure and optoelec-
tronic properties of transparent p-type conducting
CuAlO2. J Appl Phys. 2000;88(7):4159-63;Available from:
https://doi.org/10.1063/1.1308103.

. Jia J, Sugane T, Nakamura S, Shigesato Y. "p -type conduc-

tion mechanism in continuously varied non-stoichiometric
SnO x thin films deposited by reactive sputtering with the
impedance control p-type conduction mechanism in contin-
uously varied non-stoichiometric SnO x thin films deposited
by reactive’, vol. 185703, no. Journal of Applied Physics.
April 2020;127(18);Available from: https://doi.org/10.1063/5.
0005953.

2303


https://doi.org/10.1038/nphoton.2012.282
https://doi.org/10.1038/nphoton.2012.282
https://doi.org/10.1063/1.3597299
https://doi.org/10.1016/j.jallcom.2019.153188
https://doi.org/10.1016/j.jallcom.2019.153188
https://doi.org/10.1021/acsaelm.8b00139
https://doi.org/10.1021/acsaelm.8b00139
https://doi.org/10.1016/j.physb.2007.03.018
https://doi.org/10.1016/j.physb.2007.03.018
https://doi.org/10.1063/1.4973083
https://doi.org/10.1038/40087
https://doi.org/10.1038/40087
https://www.ncbi.nlm.nih.gov/pubmed/23939205
https://doi.org/10.1038/ncomms3292
https://doi.org/10.1038/ncomms3292
https://doi.org/10.1063/1.1308103
https://doi.org/10.1063/5.0005953
https://doi.org/10.1063/5.0005953

Tap chi Phdt trién Khoa hoc va Céng nghé — Khoa hoc Tu' nhién 2022, 6(3):2297-2305

11.

20.

21.

22.

23.

Guillén C, Herrero J. Comparing metal oxide thin films as
transparent p-type conductive electrodes. Mater Res Express.
2020;7(1);Available from: https://doi.org/10.1088/2053-1591/
ab600e.

. Togo A, Oba F, Tanaka |, Tatsumi K. First-principles cal-

culations of native defects in tin monoxide. Phys Rev B.
2006;74(19):195128;Available from: https://doi.org/10.1103/
PhysRevB.74.195128.

. Granato DB, Caraveo-Frescas JA, Alshareef HN, Schwingen-

schlogl U. Enhancement of p-type mobility in tin monoxide
by native defects. Appl Phys Lett. 2013;102(21):212105;Avail-
able from: https://doi.org/10.1063/1.4808382.

. Phys JA et al. "Controlling the p-type conductivity of

SnO by doping with nitrogen and hydrogen’, vol. 085703.
2018, 2019(August);Available from: https://doi.org/10.1063/1.
5052606.

. Priyanka L, Hymavathi B, Kumar BR. Effect of rotational speed

on structural and optical properties of spin coated SnO thin
films. IOP Conf Ser Mater Sci Eng. 2020;998(1);Available from:
https://doi.org/10.1088/1757-899X/998/1/012012.

. Becker M, Michel F, Polity A, Klar PJ. Assessing the growth

window of stannous oxide by ion beam sputter deposition
(IBSD). J Cryst Growth. 2018;498:17-24;Available from: https:
//doi.org/10.1016/j.jcrysgro.2018.05.009.

. Lee AW, Le D, Matsuzaki K, Nomura K. Hydrogen-defect

termination in SnO for p-channel TFTs. ACS Appl Electron
Mater. 2020;2(4):1162-8;Available from: https://doi.org/10.
1021/acsaelm.0c00149.

. Esteves B, Pimenta S, Vieira EMF, Freitas JR, Rodrigues

JA, Correia JH. SnOx and a-Si thin-films based photodi-
ode in a flexible substrate for visible spectral region. Mater
Lett. 2021;286:129251;Available from: https://doi.org/10.1016/
j.matlet.2020.129251.

. Pham HP, Nguyen THY, Nguyen AH, Vo NT, Thuy TGL, Nguyen

HH et al. Effects of substrate temperature on characteris-
tics of the p-type Ag-doped SnOx thin films prepared by
reactive DC magnetron sputtering. J Photochem Photobiol
A. 2020;388:112157;Available from: https://doi.org/10.1016/j.
jphotochem.2019.112157.

Kim Y, Jang JH, Kim JS, Kim SD, Kim SE. Nitrogen doped p -
type SnO thin films deposited via sputtering. Mater Sci Eng B.
2012;177(16):1470-5;Available from: https://doi.org/10.1016/j.
mseb.2012.01.011.

Yang TY, Zhao J, Li XL, Gao XY, Xue CF, Wu YQ et al. Improve
the P-type conductivity of SnO films by Na ion implantation.
Mater Sci Forum. 2016;848(100):477-81;Available from: https:
//doi.org/10.4028/www.scientific.net/MSF.848.477.

Pan L, Li W, Yang S, Zang J, Guo H, Xia T et al. Ef-
fects of annealing conditions on the properties of SnO
films deposited by e-beam evaporation process. Mater
Lett.2019;257:126737;Available from: https://doi.org/10.1016/
j.matlet.2019.126737.

Wasly HS, Abd El-Sadek MS, EInobi S, Abuelwafa AA. Morpho-

2304

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

34,

logical, structural, and optical properties of flexible tin ox-
ide(ll) thin film via thermal evaporation technique. Eur Phys J
Plus. 2022;137(1);Available from: https://doi.org/10.1140/epjp/
s13360-022-02349-8.

Kim HY, Nam JH, George SM, Park J, Park BK, Kim GH et al.
Phase-controlled SnO2 and SnO growth by atomic layer depo-
sition using Bis(N-ethoxy-2,2-dimethyl propanamido)tin pre-
cursor. Ceram Int. 2019;45(4):5124-32;Available from: https:
//doi.org/10.1016/j.ceramint.2018.09.263.

Hien VX, Lee JH, Kim JJ, Heo YW. Structure and NH3 sens-
ing properties of SnO thin film deposited by RF magnetron
sputtering. Sens Actuators B. 2014;194:134-41;Available from:
https://doi.org/10.1016/j.snb.2013.12.086.

Guillén C, Herrero J. P-type SnO thin films prepared by reac-
tive sputtering at high deposition rates. J Mater Sci Technol.
2019;35(8):1706-11;Available from: https://doi.org/10.1016/j.
jmst.2019.03.034.

Pham HP, Thuy TGL, Tran QT, Nguyen HH, My Hoa HT, Thi
Thu H et al. Characterization of Ag-doped p-type SnO thin

films prepared by DC magnetron sputtering. J Nanomater.
2017;2017:1-6;Available from: https://doi.org/10.1155/2017/
8360823.

Hoai Phuong P, Ngo HD, Bui HT, Phuong NN, Thuy Nguyen
AH, Nguyen THY et al. Effect of sodium doping on characteris-
tics of p-SnOx films prepared by reactive direct current mag-
netron sputtering. Ceram Int. 2022;48(9):13047-54;Available
from: https://doi.org/10.1016/j.ceramint.2022.01.179.

Ke NH, Khoa NLD, Loan PTK, Tuan DA, Le PH, Tran CV et
al. Characteristics of Cu 2 O:Na thin films prepared by DC
magnetron sputtering method at low temperature. J Nanosci
Nanotechnol. 2018;18(10):7170-6;PMID: 29954554. Available
from: https://doi.org/10.1166/jnn.2018.15526.

Yin T, Lee J, Moosavi-Khoonsari E, Jung IH. Critical evaluation
and the thermodynamic optimization of the Sn-O system. Ce-
ram Int. 2021;47(20):29267-76;Available from: https://doi.org/
10.1016/j.ceramint.2021.07.091.

Lu Y, Gai Y, Zhang Q Liu L, Niu Z, Chen J. A compati-
ble anode/succinonitrile-based electrolyte interface in all-
solid-state Na-CO2 batteries. Chem Sci. 2019;10(15):4306-
12;PMID: 31057757. Available from: https://doi.org/10.1039/
C8SC05178].

Seh ZW, Sun J, Sun Y, Cui Y. A highly reversible room-
temperature sodium metal anode. ACS Cent Sci.
2015;1(8):449-55;PMID:  27163006. Available from:
https://doi.org/10.1021/acscentsci.5b00328.

Dhivya P, Prasad AK, Sridharan M. Magnetron sputtered
nanostructured cadmium oxide films for ammonia sensing.
J Solid State Chem. 2014;214:24-9;Available from: https://doi.
0rg/10.1016/j.jss¢.2013.11.030.

Yadav AA. Influence of film thickness on structural, optical,
and electrical properties of spray deposited antimony doped
Sn02 thin films. Thin Solid Films. 2015;591:18-24;Available
from: https://doi.org/10.1016/j.tsf.2015.08.013.


https://doi.org/10.1088/2053-1591/ab600e
https://doi.org/10.1088/2053-1591/ab600e
https://doi.org/10.1103/PhysRevB.74.195128
https://doi.org/10.1103/PhysRevB.74.195128
https://doi.org/10.1063/1.4808382
https://doi.org/10.1063/1.5052606
https://doi.org/10.1063/1.5052606
https://doi.org/10.1088/1757-899X/998/1/012012
https://doi.org/10.1016/j.jcrysgro.2018.05.009
https://doi.org/10.1016/j.jcrysgro.2018.05.009
https://doi.org/10.1021/acsaelm.0c00149
https://doi.org/10.1021/acsaelm.0c00149
https://doi.org/10.1016/j.matlet.2020.129251
https://doi.org/10.1016/j.matlet.2020.129251
https://doi.org/10.1016/j.jphotochem.2019.112157
https://doi.org/10.1016/j.jphotochem.2019.112157
https://doi.org/10.1016/j.mseb.2012.01.011
https://doi.org/10.1016/j.mseb.2012.01.011
https://doi.org/10.4028/www.scientific.net/MSF.848.477
https://doi.org/10.4028/www.scientific.net/MSF.848.477
https://doi.org/10.1016/j.matlet.2019.126737
https://doi.org/10.1016/j.matlet.2019.126737
https://doi.org/10.1140/epjp/s13360-022-02349-8
https://doi.org/10.1140/epjp/s13360-022-02349-8
https://doi.org/10.1016/j.ceramint.2018.09.263
https://doi.org/10.1016/j.ceramint.2018.09.263
https://doi.org/10.1016/j.snb.2013.12.086
https://doi.org/10.1016/j.jmst.2019.03.034
https://doi.org/10.1016/j.jmst.2019.03.034
https://doi.org/10.1155/2017/8360823
https://doi.org/10.1155/2017/8360823
https://doi.org/10.1016/j.ceramint.2022.01.179
https://www.ncbi.nlm.nih.gov/pubmed/29954554
https://doi.org/10.1166/jnn.2018.15526
https://doi.org/10.1016/j.ceramint.2021.07.091
https://doi.org/10.1016/j.ceramint.2021.07.091
https://www.ncbi.nlm.nih.gov/pubmed/31057757
https://doi.org/10.1039/C8SC05178J
https://doi.org/10.1039/C8SC05178J
https://www.ncbi.nlm.nih.gov/pubmed/27163006
https://doi.org/10.1021/acscentsci.5b00328
https://doi.org/10.1016/j.jssc.2013.11.030
https://doi.org/10.1016/j.jssc.2013.11.030
https://doi.org/10.1016/j.tsf.2015.08.013

Science & Technology Development Journal - Natural Sciences 2022, 6(3):2297-2305
@ Open Access Full Text Article Research Article

Effect of the sputtering time on the characteristics of p-SnOx:Na
films prepared by the reactive direct current magnetron
sputtering method

Pham Hoai Phuong’>3"*, Pham Ngoc Yen Nhi3*#, Hieu Trung Bui3, Nguyen Ngoc Phuong?, Tran Quang Trung?,
Nguyen Manh Tuan?

ABSTRACT
The fabrication of n- and p-type transparent oxide semiconductor films is critical in the production
. of transparent electrical and optoelectronic components on the p—n junction, particularly the p-
Use your smartphone to scan this type, because the maximum of the valence band formed by the 2p orbitals of oxygen and their
QR code and download this article local (narrow) dispersions have formed deep levels, making difficult in doping of acceptor impu-

rities in p-type oxide semiconductors. Among the p-type transparent oxide semiconductor films
that have been studied so far, the p-type SnOx film which had outstanding electrical conductivity
and optical transparency, is a good candidate for constructing a p—n junction with another n-type
semiconductor in homogeneous or heterogeneous form. In this paper, a Na-doped SnO, film was
produced from Sn + 3 at% Na alloy target using the reactive sputtering process at a temperature
of 200 °C. XRD, XPS, AFM, Hall, and UV-Visible techniques were used to evaluate the effect of sput-
tering duration on the structural and electro-optical properties of SnOx:Na films. The results of the
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Technology, Vietnam Academy of survey showed that when the sputtering time increased from 7 minutes to 14 minutes, 21 minutes,
Science and Technology, 18, Hoang Quoc and 35 minutes, the film thickness increased, resulting in an increase in the crystal size, a decrease in
Viet Street, Cau Giay, Ha Noi 100000, the grain boundary, and an increase in carrier mobility, all of which lead to a reduction in the film's
Vietnam. resistivity. However, as the film thickness increased, the transmittance dropped and the optical

bandgap shrinked.
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	Chế tạo màng Na pha tạp SnOx  

	KẾT QUẢ THẢO LUẬN
	Phân tích phổ quang điện tử tia X (XPS)
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