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TOM TAT

Mang SnO, pha tap N (NTO) vai cac bé day khac nhau (320, 420, 520, 620 va 720 nm) dugc ché tao
dugc 1dng dong & 300°C trong hon hop khi phiin xa Ar /N (ty 1é 1:1) bang phuong phap phin xa
magnetron DC. Anh hudng ctia bé day dén cau tric tinh thé, cac hdng sé quang hoc ( chiét sut
hay hé s6 tdt) va tinh chat dién dugc khao sat bang cac phép do nhu nhiéu xa tia X, phé UV -Vis
va Hall. Két qua thu dugc chét lugng tinh thé va hang sé quang hoc cai thién khi bé day tang. Cu
thé, mang NTO & bé day 620 nm cé cdu truc tinh thé tét nhat va cac gia tri nhu kich thudce tinh thé,
chiét sudt va dé linh dong hat tai Ion nhat cing nhu hé s6 tat nhd nhat. Ngoai ra, cac mang NTO
déu cé cdu tric cubic vai mat uu tién la (111). Bén canh do6, do linh dong 16 tréng tang khi bé day
tang va dat gid tri I6n nhat 14,95 cm? V! s=1 d@6i véi mang NTO — 620 nm. Tinh chat dién loai p
clia mang NTO dugc kiém dinh bang phd quang dién tir tia X (XPS) va dac trung |-V khi dugc chiéu
séng clia cau trdc dj thé p — NTO/n - Si. Trong dé, mang loai p NTO - 620 dugc ché tao trén dé loai
n Si cho ty s6 dong phan cuc nghich khi chiéu sang va khong chiéu sang 58 lan & - 6V, két qua nay
cho thdy mang loai p NTO hita hen trong tuong lai dugc st dung lam cam bién quang hoc.
Turkhoa: phun xa magnetron DC, XRD, dac trung |-V, cau trdc di thé p-SnO2:N/n-Si

GIGI THIEU

Hién nay, mang dan dién trong su6t (TCOs) do s hitu
tinh chat ddc ddo nhu d6 truyén qua trong viing anh
sang kha kién cao dong thoi do dan t6t nén né duge
sti dung trong céc thiét bi quang dién nhu man hinh
phing, pin mit tr&i, LEDs . Ngoai ra, trong nhiing
ndm gin déy, cac thiét bi dién tii trong sudt dugc xem
la linh vic méi va nhan dugc su chu y clia cac nha
khoa hoc trén thé gi6i. Tuy nhién, phan 16n TCOs
dugc sti dung trong cac ting dung trén déu 1a loai n
va dugc biét dén nhu ITO, ZnO pha tap (Al Ga hay
In) hay SnO, pha tap F>~8, Bén canh d6, TCOs loai p
trong nhiing nam gan day cing nhan dugc nhiéu sy
quan tdm nghién cttu nham két hop véi TCOs loai n
dé€hoan thién cac thiét bi dién tt trong sudt. Rat nhiéu
cac vatliéu TCOs loai p da dugc nghién ctu phat trién
nhu delafossite 1%, nhém perovskite !, ZnO pha tap
As, P hay N12714, Trong d6, SnO5 1a vat liéu TCOs
dugc xem la ting cu vién day hia hen do s6 hiiu céc
tinh chét ndi troi nhu bén co hoc, héa hoc, vat Iy va
thén thién moi truong. SnO; dat dugc tinh chat dién
loai p bing cach pha tap Al, Ga, Zn, Bhay In 1>-1°, Tuy
nhién, hién tugng bu dién tich xay ra gitia khuyét oxy
(Vo) va céc vi tri tap chdt nhin kim loai luén ton tai
trong SnO; loai p pha tap kim loai, nghiala cac dién tu
dong gop tit Vo khong tham gia vao qud trinh dan dién

ma bi bat gili bai cac vi tri tap chét nay vi vdy nong
d6 16 tréng ludn bi gidi han. Ngoai ra, SnO;, ciing c6
thé dat dugc tinh chat dién loai p bang cach pha tap
nguyén t6 phi kim nhu N ma khong géy ra hién tugng
bu29-22, Cac cong trinh cong bé vé SnO, loai p pha
tap N20-22 (NTO) van con rét it va han ché. Trong cac
cong trinh trén cho thdy tinh chéit quang dién va ciu
tric tinh thé ciia mang NTO c6 méi quan hé mit thiét
v6i thong s6 ché tao nhu nhiét d6 lang dong, nhiét d6
0, ap sudt va khoang cach bia va d¢, phan tram khi
hén hgp phun xa. Ngoai ra, mot thong s khac c6 thé
anh hudng dén tinh chit quang dién va ciu truc ctia
mang NTO la bé day mang van chua c6 cong trinh
deé cap. Vi véy, trong cong trinh nay nghién ctiu anh
hudng ctia bé day mang NTO dén cdu tric tinh thé va
tinh chit quang dién dugc ché tao bing phuong phép
phtin xa magnetron DC tii bia gdm SnO», trong moi
trudng ty 16 Ar /N (1:1) & nhiét d¢ lang dong 300°C.

PHUONG PHAP THUC NGHIEM

Mang NTO dugc ché tao bing phuong phap phun xa
magnetron dc ti bia gdm SnO,, trong moi trudng ty
1é Ar/N (1:1) & nhiét d¢ ling dong 300°C, trong hé tao
mang Univex 450. D& dugc xt ly theo quy trinh: dau
tién ngam trong dung dich NaOH 10% va acetone dé
loai bo tap ban, sau d6 riia lai bang nudc cit va dugc
sdy kho trudc khi dugc dua vao budng chan khong.

Trich dan bai bao nay: Tung N T, Phic D H, Tran L. Anh huéng bé day dén cau tric va tinh chat
quang dién ctia mang SnO,pha tap N. Sci. Tech. Dev. J. - Eng. Tech.; 2(4):240-245.
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Bia dugc lam sach bang cach phéng dién plasma trong
méi trudng khi Argon & dp sudt khoang 1073 Torr
trong thoi gian 15 phut, trudc khi ché tao mang. Ap
suft khi nén ban d4u dat 10~ Torr, 4p suft trong qué
trinh tao mang 3 x 103 Torr, bén canh d6 céc thong
s6 cong sudt phin xa va khodng cach gitia bia va dé
dugc giti ¢6 dinh 15W va 7cm. D¢ day mang duge
xdc dinh bdng phan mém mo phong Scout bing lam
khép phé truyén qua UV-VIS v6i mo hinh dugc xay
dung. Ngoai ra, két qua thong s6 quang hoc ctia mang
NTO nhu chiét suét, hé s6 tat thu dugc ti két qua
mé phéng bing phan mém Scout'®. Céc mang c6 bé
day dugc thay d6i tui 320, 420, 520, 620 va 720 nm va
dugc ky hiéu mau NTO - x (x = 320, 420, 520, 620 va
720). Thanh phan nguyén tl va ty 1é cdc nguyén td ton
tai trong mang NTO - 620 dugc xac dinh bing phd
quang dién tt tia X (XPS). Céu truc tinh thé cia mang
dugc xac dinh bang phuong phép nhiéu xa tia X trén
mdy D8 - ADVANCE. Phg truyén qua trong viing ti
200 + 1100 nm dugc do bang may UV-Vis Jasco V-
530. Tinh chét dién dugc xac dinh bang phép do Hall
Van der Pauw trén may do HMS3000. Dac trung I-V
cuia tiép xic di thé p - NTO - 620/n - Si dugc xac dinh
trén may do keithley 2450 trong diéu kién chiéu sang
va khong chiéu sing. Trong diéu kién chiéu sing, mau
dugc chiéu dudi dén LEDs trang dugc hiéu chudn
ti nguén dén Solar chudn AM 1,5 véi cong sudt 80
mW/cm?.

KET QUA VA THAO LUAN

Tinh chit dién cta vat liéu SnO5 13 ban dan loai n
bdi vi ban than vt liéu ludn ton tai cac sai hong nhu
khuyét oxy (Vo) hay thiéc ngoai nut (Sni). Trong
nghién ctiu nay, mang SnO; dat dugc tinh chét dién
loai p béing cich pha tap N béing phuong phip phin
xa magnetron dc. Cac thong s6 ché tao nhu cong sudt
phun xa, ty 1& phan tram khi N trong hén hgp khi
phin xa N/Ar va nhiét d6 lang dong anh hudng dén
su thay thé O boi N trong mang chtt SnO, da dugc
trinh bay trong cong trinh Nguyen et al.?2. Két qui
cong trinh Nguyen et al. 22 x4c dinh diéu kién ché tao
t6i vu & nhiét d6 ling dong 300°C trong hén hgp khi
N/Ar = 1. Bén canh d6, thong s6 bé day dong mot vai
tro rat quan trong quyét dinh hiéu sudt, cing nhu do
bén clia cac thi€t bi quang dién. Vi véy, trong cong
trinh nay tdp trung nghién ciu anh hudng ctia bé day
dén céu truc va tinh chdt quang dién ctia mang NTO.
Theo cong trinh Nguyen et al.?? sy thay thé 0>~ bai
N3~ géy ra hién tugng chuyén tit pha rutile sang pha
cubic, két qua nay dugc gidi thich do luc ddy cta ac-
ceptor N3~ ké can din dén mang tinh thé bi nén. That
véy, két qua gian d6 nhiéu xa tia X ctia cdc mang NTO
- x (x = 320, 420, 520, 620 va 720) dudgc trinh bay &
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Hinh 1a, cho thdy ciu truc cta tit ca cic mang NTO
- x déu ton tai pha cubic (JCPDS No. 50 - 1429), v6i
mdt cubic (111) la mat vu tién. Cuong do clia mat
cubic (111) tang sic nét khi bé day thay déi tit 320
nm dén 620 nm. Ngoai ra, vi tri cubic (111) c6 xu
huéng dich vé phia bén phai khi bé day cua mang
tang. Két qua ndy dugc gidi thich, sy thay thé O~
bai N3~ trong mang chtit SnO; gép phan dan loai bo
céc sai hong nhu khuyét Oxy trong mang chu, day la
nguyén nhéin gy ra sy nd rong mang tinh thé hay vi
tri dinh nhiéu xa ¢6 xu huéng dich vé phia goc nho.
Su dan loai bo cdc sai hong nay dan dén mang dugc
phuc hoi, nghia la mang bi co lai tuong tGing véi vi tri
dinh nhiéu xa dich vé phia géc 16n. That véy, s6 lugng
céc sai hong nhu khuyét Oxy giam tuong ting véi chat
lugng tinh thé ctia mang ting khi bé day mang thay
d6i tit 320 nm - 620 nm. Tuy nhién, mang NTO -
720 ¢6 cudng d6 nhiéu xa gidm dang k€ do béc tinh
thé gidm. Bén canh d6, mit rutile (101) ton tai d6i v6i
cac mang NTO - 320 va NTO - 420 bai vi mat cubic
(111) chua tinh thé tuyét d3i. Ngoai ra, kich thudc hat
trung binh ctia mang NTO dugc xac dinh bang cong
thiic Scherrer (1) v6i d6 ban rong ctia mit mang cubic
(111).
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Trong d6, hé s K dugc goi la hé s6 hinh dang va dugc
xac dinh la 0,9, budc song cua tia CuK a1 (0,154056
nm), f3 14 d6 ban rong cuc dai, géc nhiéu xa Bragg va
d 1a kich thudc tinh thé. Két qua Hinh 1b cho thdy
kich thudc tinh thé (d) ctia mang NTO ting theo bé
day va dat gia tri 16n nhat d6i v6i mang NTO - 620.
Tom lai, két qua nghién ctiu gidn d6 nhiéu xa tia X cho
théy chit lugng tinh thé ciia mang NTO ting khi bé
day ctia mang tiang.

.
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Hinh 1: a) Gian d6 nhiéu xa tia X va b) d6 ban rong
va kich thudc tinh thé ctia cdc mang NTO - x (x =
320, 420, 520, 620 va 720) lang dong & nhiét do
dé 300°C.

Anh huéng ctia bé day dén tinh chit quang clia mang
NTO dugc nghién ctu, phé truyén qua UV-Vis cta
cac mang NTO dugc trinh bay & Hinh 2. Két qua cho
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théy tat cd cac mang c6 d¢ truyén qua trung binh trén
80% trong viing dnh sang kha kién va hong ngoai gin,
bén canh phd truyén qua cing cho thdy sy thay déi
khi bé day ctia mang ting. Hinh 2b cho thdy ro su
dich b& hdp thu vé viing buéc song dai khi bé day cua
mang tang.

NTouzo NTOS0  NTO-20

Do truyén quy T

0 - a0 o 0w, Y o
Bue séng . (am)

Hinh 2: Phé truyén qua UV -Vis trong viing buéc
séng a) 200 nm - 1100 nm va b) 200 nm - 400 nm
ctia cac mang NTO - x (x = 320, 420, 520, 620 va
720) lang dong & nhiét dé dé 300°C.
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Hinh 3: a) Chiét suat va b) hé sé tat cia cdic mang
NTO - x (x = 320, 420, 520, 620 va 720) ling dong
& nhiét dé dé 300°C.

Két qua phd truyén qua UV-Vis ciing dugc stt dung dé
xdc dinh céc hing s6 quang hoc nhu chiét suét (n), hé
s6 tdt va bé day cia mang NTO. Phan mém SCOUT
98 stt dung céc dii liéu thuc nghiém ti phé truyén qua
quang hoc dé1am khép véi moé hinh moé phong. Trong
do, cdc mo6 hinh moé phong dua trén nén tang ly thuyét
Drude, O’Leary-Johnson-Lim (OJL) d€ xdc dinh céc
hiing s quang hoc ctia mang NTO !¢, Hinh 3 trinh
bay phd chiét sudt n va hé s6 tat k trong ving budc
s6ng 300 nm - 1100 nm. K&t qua cho théy gid trj chiét
sudlt va hé s6 tit cha tit ca cdc mang gidm trong vung
budc séng 300 nm - 400 nm va thay d6i khong déng
ké trong vung budc song dai. Két qua cing cho thdy
chiét sudt cia cdc mang NTO - 620, 520 va 420 gan
xdp xi va gia tri 16n hon so v6i cac mang NTO 320 va
720, trong khi d6 hé s6 tt quy luat ngugc lai. Su thay
d6i cdc hing s6 quang hoc nhu chiét suit va hé s6 tit
dugc giai thich do chét lugng tinh thé ctia mang ting
khi bé day cia mang tang nhu da dugc d€ cap & phén

trén. Nghia 13 khi chét lugng tinh thé ctia mang dugc
cai thién sé anh hudng dén cac thong s6 nhu béc tinh
thé va mat do xép chit ctia mang ting dong thdi cac
sai hong bén canh tdm hép thu trong mang giam. Vi
vay, chiét sudt cia mang NTO ting va hé s6 tit giam
tuong Ging véi bé day ting, hién tugng nay ciing dugc
quan sit & cong trinh Dang et al. 1. That véy, ciu tric
ctia mang NTO - 620 c6 tinh thé t6t nhit tuong ting
v6i gia tri chiét sudt ¢ 550 nm 16n nhat va hé s6 tit
nho nhéit la 1,9827 va 0,0022.

Céc thong s6 tinh chét dién nhu dién trd sudt, do linh
dong va ndng d6 hat tai ciia cic mang NTO - x dugc
xdc dinh bang phép do Hall, két qua dugc trinh bay
& Bang 1. Bang 1 cho két qué tit cd mang NTO -
x déu cho tinh chat dién loai p v6i d¢ linh d6 ting
theo bé day, ngoai trii mang NTO - 720. D¢ linh
dong ctia mang NTO ting theo quy luat bé day do do
tinh thé ctia mang va kich thudce tinh thé ting dan dén
tan xa gitia bién hat giam. Két qua mang NTO - 620
dan dién t6t nhét véi thong s6 dién trg sudt, do linh
ddng va nong do hat tai tuong ting 13 0,03 Qcm, 14,95
cm?V-1ls—1va 1,39 x 10%cm—3,

Bang 1: Két qua phép do Hall ctia cla cdic mang NTO -
x (x = 320, 420, 520, 620 va 720) lang dong & nhiét dé
dé 300°C

Tén p(Qenx u(cmZV‘ls n/p(cm_3) Loai hat
mau tai
NTO 0,10 6,75 9,61 x10'8 p
-320

NTO 0,07 7,25 1,23 x10"° p
- 420

NTO 0,05 9,95 1,25 x10'° p
- 520

NTO 0,03 14,95 1,39 x10" p
- 620

NTO 0,09 4,95 1,40 x10"° p
- 720

Trang théai hoa hoc ctia cdc nguyén td N, Sn va O dugc
quan sat boi cac dinh ning lugng N1s, Sn3d va Ols
dugc st dung d€ kiém dinh sy thay thé 0%~ bgi N3~
(No). Cac dinh ning lugng lién két dugc xu ly bing
phdn mém XPSPEAK 4.1 va dugc hiéu chuin theo
dinh Cls (284,8 eV) do hién tugng tich tu dién tich
trén bé mat cia mang.

Hinh 4 trinh bay phé XPS ctia mang NTO dugc lang
dong & 300°C trong hon hgp khi phtin xa Ar va 50%
N, & bé day 620 nm. Két qua cho théy 16i nang lugng
lién két N1s thdy xudt hién 2 dinh, m¢t dinh & vi tri
397,5 eV, dugc xac dinh 12 lién két hoa hoc gifia Sn
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Hinh 4: Phd XPS cac dinh a) Sn3d va b) N1s
(duong lién) va két qua mé phéng (dudng dut
nét) cia mang NTO - 620.

va N nhu da dugc dé clp trong cdng trinh Nguyen
et al.?? va dugc ky hiéu No. Su xudt hién ctia dinh
lién két nay ching to sy thay thé N3~ & vi tri 0>~
xdy ra. DPinh ning lugng con lai 6 400 eV do su dong
g0p ctia céc lién két héa hoc Sn - N - O hay Sn - O
- N va dugc ky hiéu la Ni. Ngoai ra, phd XPS cua
Sn3d (Hinh 4a) cho théy xudt hién dinh d6i 1an lugt
G vi tri 487,6 eV va 496,1 eV, tuong ting véi trang thai
Sn3ds/, va Sn3ds 5. Su chénh léch nang lugng gitia
hai dinh Sn3ds/, va Sn3d;; 1a 8,5 eV, két qua chi ra
rdng trang thai héa trj ctia thiéc ton tai trong mang 4+
nhu dugc tham khao trong phd chudn??. Bén canh
trang thdi héa hoc cia N va Sn, trang thai hoa hoc
ctia O dugc xac dinh béi dinh ning lugng Ols bao
g6m cac dinh thanh phén & 530 eV (dugc xem la oxy
lién két trong mang cha Sn0O»), 531,5 eV (dugc xem
1a khuyét oxy) va 532,5 eV (dugc xem 1a oxy hdp phu)
(Hinh 5). Tu cac két qua trén, phin traim nguyén td
ton tai trong mang dugc xdc dinh bang ty s6 dién tich
tich phan ctia tiing dinh trén t6ng s6 cic dinh. Két
qua thu dugc, phan traim No ton tai trong mang chiém
1,8%, con phan tram nguyén tl Sn, Os30, Os31 5 va Ni
lan lugt 1a 78,08%, 11,70%, 8,06% va 0,3%.

240000

120000

526 528 s30 53',2, 534 s36
Niang lugng lién két (eV

Hinh 5: Phé XPS cac dinh O1s cila mang NTO -
620.

Dé kiém chiing tinh chét dién loai p, bén canh kiém
dinh kha ning ting dung lam cdm bién quang hoc ctia
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Hinh 6: Dac trung I-V a) mang NTO - 620 & diéu
kién khéng chiéu sdng b) mang NTO - 620 & diéu
kién chiéu sdng va khéng chiéu sang biéu dién
duéi dang dé thi Logl -V.

mang NTO - 620, mang NTO - 620 dugc ché tao trén
dé Si thuong mai (dién trd sudt va nong do hat tai 1
-5Qcmval x10" cm™3). Pic trung I - V ctia cdu
tric p - NTO - 620/ n - Si khdo sat & diéu kién khong
chiéu séng (t6i) dugc trinh bay & Hinh 6a thé hién
déc trung chinh luu ctia diode. Céu tric ti€p xuc nay
cho két qué thé ngudng la 0,62 V va cudng do dong
10 & - 6V 123,04 x10~* A. P4 thi semilog (log I - V)
cho théy ty s6 cudng d6 dong nghich sang va t6i cta
mang NTO - 620 dat 58 6 - 6 V (Hinh 6b). Ngoai
ra, cudng do dong phan cyc thuan cao hon cuong do
dong thuan t6i chiing té viing ngheo ciing ton tai bén
mang NTO - 620, khdng dinh mang NTO - 620 dan
loai p. Két qua nay phu hgp v6i phép do XPS, Hall da
trinh bay phén trudc.

KET LUAN

Trong céng trinh nay da nghién ctiu &nh hudng ctia bé
day dén cdu trac tinh thé, tinh chét quang va dién caa
mang NTO -x (x =320, 420, 520, 620 va 720). Két qua
thu dugc khi bé day mang NTO ting cho chét lugng
tinh thé t6t hon va kich thudc tinh thé ciia mang ting.
Bén canh d6, khi chét lugng tinh th€ mang tang cac
thong s6 quang hoc va gid tri 6 linh dong ctia hat tai
ciing dugc cai thién. Cu thé, mang NTO & bé day 620
nm c6 cdu tric tinh thé t6t nhét va cac gid tri nhu kich
thudc tinh thé, chiét sudt va do linh dong hat tai 16n
nhét ciing nhu hé s6 tit nho nhat. Ngoai ra, cic mang
NTO déu c6 ciu trac cubic v6i mat uu tién la (111).
Két qua gia tri t6i uu dién trd sudt, nong do hat tai
va d¢ linh dong ctia mang NTO - 620 14n lugt 1a 0,03
Qcm, 14,95 cm? V! 57! va 1,39 x10!2 cm™3. Tinh
chit dién loai p cia mang dugc khing dinh bing két
qua phd XPS va déc trung [-V ctia mang NTO - 620.
Trong d6, mang loai p NTO - 620 dugc ché tao trén
déloai n Si cho ty s6 dong phan cuc nghich khi chiéu
sang va khong chiéu sang 58 14n & - 6V, két qua nay
cho thdy mang loai p NTO hta hen trong tuong lai
dugc st dung lam cam bién quang hoc.
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LOI CAM ON

Nghién ctiu nay dugc tai trg béi Quy Phat trién khoa
hoc va cong nghé Quéc gia (NAFOSTED) trong dé tai
ma s6 103.03-2017.302.

DANH MUC CAC TU VIET TAT

DC: dong dién mot chiéu

NTO: mang SnO, pha tap N

XPS: phé quang dién tu tia X

XRD: nhiéu xa tia X

TCOs: mang dan dién trong sudt
LEDs: diode phéat quang

ITO: mang In, O3 pha tap Sn

Vo: khuyét oxy

UV-Vis: viing anh sang cyc tim - kha kién
AM: Air Mass ( trong lugng khi quyén)
OJL: O’ Leary-Johnson-Lim

XUNG POT LOI ICH

Tat ca tac gid tuyén b6 khong c6 xung dot lgi ich trong
cong trinh nay.

DONG GOP CUA CACTACGIA
Céc tac gia c6 dong gbp nhu nhau trong bai bao nay.
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Influence of thickness on the structure and electrical, optical
properties of N-doped SnO; film

Nguyen Thanh Tung', Dang Huu Phuc?, Le Tran3"*

ABSTRACT
N-doped SnO; films with varying thickness (320, 420, 520, 620, and 720 nm) were deposited at
’ 300°C in mixed - gas sputtering Ar/N (1:1) using DC magnetron sputtering. Influence of thickness
Use your smartphone to scan this on structure, optical constants (refractive index or extinction coefficient), and electrical properties
QR code and download this article were investigated by methods such as X-ray diffraction, Uv-Vis spectra, and Hall measurement. The
results show that crystalline quality and optical constants improve with increasing thickness. Specif-
ically, NTO — 620 film has the best crystal structure and maximum values such as crystal size, refrac-
tive index, and carrier mobility, as well as the lowest extinction coefficient. Also, NTO films have a
cubic structure with (111) peak as the preferred peak. Besides, the hole mobility increases with the
increase of the thickness and reaches the maximum value of 14.95 cm?V~!s~! for NTO - 620 films.
The electrical properties of p-type NTO films were verified by X-ray electron spectroscopy (XPS) and
I-V characteristic of p — NTO/n — Si heterojunction under illumination. P-type NTO — 620 films were
fabricated on n-type Si substrate had a light-to-dark current ratio of 58 at - 6V, these results showed
that p-type NTO films might have a promising future in optical sensors applications.

Key words: DC magnetron sputtering, p-SnO2:N/n-Si heterojunction, XRD, |-V characteristi
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