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TOM TAT

Coéng trinh nay nghién clu dnh hudng ctia déng pha tap Zn va N dén cau tric tinh thé, tinh chat
dién va hiéu Ung quang dién clia cau truc dj thé p-Sn0,:Zn-N/n-Si. Cac mang SnO;, déng pha tap
Znva N (ZNTO) dugc lang dong trén dé silic loai n & 300°C trong hdn hgp khi phin xa Ar/N, khac
nhau (96N = 0%, 30%, 50%, 60%, 70% va 80%) tu bia SN0, chiia pha tap 5 wt % ZnO bdng phuong
phap phun xa magnetron DC. C4u trdc tinh thé, hinh thai bé mat, thanh phan hoa hoc, tinh chat
dién va hiéu Uing quang dién ctia mang ZNTO dugc khao sat bang cac phép do nhu nhiéu xa tia X,
FESEM, AFM, EDS, Hall va I-V. Két qua thu dugc cho thdy tét ca cac mang déu cé cau tric td giac rutile
va mat SnO; (101) I mét troi & diéu kién ché tao t6i uu nhat 70% Na. Su thay thé Sn*t bai Zn2t
hay 02~ bai N3~ dugc chiing minh bai gidn dé nhiéu xa tia X (XRD), phé tan xa nang lugng tia X
(EDS). Bién tr3 suat thdp nhat déi véi mang ZNTO-5-70 la p = 6,50 x 10~2Q.cm, tuong Ung ndng d6
hat tdin=146x10"" cm™3 va u =652 cm? V157! D3c trung -V clia cau tric p~ZNTO-5-y/n-Si
G diéu kién chiéu sang cho thdy tinh chat dién loai p clia cadc mang ZNTO-5-y va khé ndng ting
dung lam cam bién quang. Ngoai ra, ddc trung dong dép (ng quang clia cac mang ZNTO-5-y ¢

do nhay cao va lap lai tét.

Tu khoa: phun xa magnetron DC, ciu tric di thé p-Sn02:Zn-N/n-Si, XRD, EDS, d&c trung |-V

GIGI THIEU

Cam bién quang tia cuc tim (UV) la thiét bi dugc st
dung rong rai trong nhiéu linh vuc dan su nhu gidm
sat moi truong, anh quang hoc, cam bién lta, diéu
khién tif xa va thong tin truyén thong hay quén su.
Tia UV c6 budc song tii 100 — 400 nm bao gébm UV-A
(315-400 nm), UV-B (280-315 nm) va UV-C (100—
280 nm), trong d6 tia UV-A va UV-B dugc hép thu &
tang khi quyén . Tuy nhién, do tdng ozon bi ph4 hity
nén anh sdng mit trdi c6 thé tan pha mua mang va
anh huong stic khoe (gia tang bénh ung thu). Vi vay,
linh vuc ché tao thiét bi phat hién tia UV tli dnh sang
mat trGi thu hat rat nhiéu nha khoa hoc. C4u trac
cam bién quang tia UV dugc quan tdm nghién ctu
nhu quang dan, kim loai - ban dan - kim loai (MSM),
diode Schottky, tiép xtc p-n....2. Trong dé, cdu triic
kim loai - ban dan - kim loai s& hitu nhiing vu di€ém
nhu s6 lugng photon quang sinh, hoi dép 16n, d6 lip
lai va dé ché tao. Tuy nhién, cdu tric nay gip han ché
vé ty s6 gitia dong quang sinh va dong t6i thép, hiéu
suét hoat dong bi gi6i han do ton tai sai hong va bay
trong vat liéu>. Cdu tric cdm bién quang Schottky c6
nhiéu vu diém so vdi ciu truc quang dan va MSM vé
hiéu suit lugng ti cao, tdc do phan hoi cao, dong ro &
diéu kién khong chiéu sang thip va hoat dong & dién

&p 0V 3. Dic biét, cam bién quang cdu tric tiép gidp
p-n ¢6 vu diém vugt troi nhu téc d6 phan hoi nhanh,
dong dién t6i thip va c6 thé hoat dong ma khong can
dién 4p>. Do dé, c4u tric diode quang p-n hay p-i-
n 1a lya chon phut hgp nhét cho tng dung cam bién
quang trong tuong lai. Vat liéu ban din cdm bién tia
UV da dugc nghién ctu la vat liéu ban dan c6 d6 rong
vung cdm 16n nhu ZnO, GaN, TiO;, SiC, kim cuong
hay SnO,%. Trong d6, SnO; s6 hiiu nhiéu vu diém
hon so véi cdc vat liéu khac nhu than thién véi moi
truong, do bén héa va nhiét, nang lugng lién két exci-
ton 16n 130 meV °. Tuy nhién, mot trong nhiing thach
thiic16n d6i véi cac thiét bi quang dién tt dua trén nén
vat liéu SnO; 1a su thi€u hut SnO; loai p. SnO; khong
pha tap cho thdy su dan dién loai n do sy ton tai ctia sai
hoéng nhu thiéc ndm ngoai nat hay khuyét oxy, do do,
hién tugng bu dién tich gitia acceptor tap kim loai v6i
Kkhuyét oxy c6 thé xay ra®. Vily do nay, da s6 cac cong
trinh vé thiét bi quang dién nén SnO, da dugc nghién
ctiu bang céch ché tao tiép xic di thé gitta SnO; loai
n v6i cdc vat liéu loai p khac. Pa c6 rdt nhiéu nd luc
trong viéc ché tao SnO; loai p bang cach pha tap cac
nguyén t6 don chét kim loai nhém IIT, I, ching han
nhu Ga, In, Sb, Zn %!, phi kim N '>13. Bic biét, céc
cdng trinh nghién ctiu dong pha tap cta cac kim loai
(AL In, Ga) v N'4"17 hay hai kim loai Ga va In'® dé

Trich dan bai bao nay: Tran L, Phtic D H. Anh huéng pha tap N dén tinh chit cdm bién quang ctia cau
tric di thé p-SnO, déng pha tap Zn va N/ n-Si . Sci. Tech. Dev. J. - Nat. Sci.; 5(2):1157-1166.
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cai thién tinh chat dién cia mang loai p SnO;. Tuy
nhién, van chua c6 cong trinh nao dé cip dén mang
loai p SnO, ddng pha tap kim loai nhém I nhu Zn?*
v6i Np (ZNTO). Bén canh d6, tap kim loai Zn c6 uu
diém 1a ban kinh nguyén ti gan x4p xi vdi Sn trong
mang chti vi vay hién tugng léch mang it xay ra. Cong
trinh nay nghién ctiu anh hudng ctia phén traim pha
tap Ny dén cdu tric, hinh théi bé mit, tinh chét dién
va hiéu ting quang dién ctia cdu tric p-ZNTO/n-Si.

VAT LIEU VA PHUONG PHAP

Mang SnO, déng pha tap Zn va N (ZNTO) dugc
ling dong trén dé€ n-Si bang phuong phép phun xa
magnetron dong 1 chiéu (DC) tii bia gém chiia hon
hgp 95% wt SnO; va 5% wt ZnO, trong moi trudng
Ar/Nj véi cac ty 1€ khac nhau (%N = 0%, 30%, 50%,
60%, 70% va 80%) & nhiét do ling dong 300°C. Céc
mang dugc ling dong trong moi trudng ty 1é Ar/Ny
khéc nhau dugc ky hiéu la ZNTO-5-y (Bang 1).
Pé€ Si dugc xi ly theo quy trinh: dau tién ngam
trong dung dich NaOH 10% va acetone déloai bo tap
bén, sau d6 lan lugt ngdm trong dung dich Piranha
(4:1 H,SO4/H03) va flohydric acid (HF). Budc cudi
cung rua lai bing nudc cdt va siy kho trude khi duge
dua vao budng chin khong. Bé mit bia dugc tdy sach
béng cach phdng dién plasma trong thdi gian 15 phut
& moi trudng khi argon vé6i dp suit khoang 10~3 Torr
tru6c khi ché tao mang. Ap sudt khi nén ban diu
va tao mang lan lugt 1a 1075 torr va 3 x 1073 Torr.
Thong s6 ché tao nhu cdng sudt phun xa va khoang
cach gitta bia va d€ dugc giti c6 dinh 15 W va 7 cm.
T4t ca cdc mang dugc khao sat bang cac phép do nhiéu
xa tia X (XRD) (D8-ADVANCE), kinh hién vi hiéu
ung trudng (FESEM), phé luc AFM, phé tén xa ning
lugng tia X (EDS) va phép do Hall (HMS3000) dé
phén tich cfu tric tinh thé, hinh thai bé mat, thanh
phén héa hoc va tinh chat dién. Hiéu ting quang dién
ctia cdu truc tiép xuc di thé p-ZNTO-5-y/n-Si dugc
khdo sat bing dic trung I-V (Keithley 2450) trong
diéu kién chiéu sdng va khong chiéu sang. Trong diéu
kién chiéu sang, miu dugc chiéu dudi dén LEDs tring
dugc hiéu chuén ti nguén dén Solar chuidn AM 1,5
v6i cong sudt 80 mW/cm?.

KET QUA VA THAO LUAN

Két qua Hinh 1 cho thdy tit cd cdc mang ZNTO-5-y
déu c6 cdu tric td gidc rutile (JCPDS No. 41-1445)
véi mat SnO, (110), (101) va (211). Sy xuat hién cta
mit SnO; (101) va (211) d6i v6i mang ZNTO-5-0
chiing t6 sy thay thé Sn** bdi Zn?>* nhu da dugc quan
sat & cong trinh®. Céng trinh® cho thdy mit SnO;
(101) 12 mit khit chtia nhiéu ion Sn?™ va mit nay xudt
hién do sy thay thé Zn%t & vitri Sn**t sé hinh thanh vi
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tri khuyét Vo lan cn tuong ting v6i nhiéu vi tri Sn>*+
trong mang cht SnO,. Bén canh d6, cudng do cha
mat SnO; (101) ting theo phan trim N; trong hén
hop khi phin xa va kém theo sy xudt hién cta pha
trung gian SnpO3 (030) (JCPDS No. 25-1259), xac
nhén qua trinh thay thé 0%~ b&i N3~ nhu dugc dé cap
trong cong trinh '2. Pha Snp O3 14 pha trung gian gita
pha SnO va SnO; do sy xudt hién cta vi tri Sn2* thay
vi Sn** trong mang chii xay ra trong qué trinh thay
thé®. Trong cong trinh nay, cic sy thay thé néu trén
1a gitta Sn** bai Zn?* hay 02~ bsi N3~ va dugc thé
hién qua phuong trinh khuyét (1) va (2). Tuy nhién,
su hoa tan N trong mang qué nhiéu dan dén suy giam
chét lugng tinh thé, két qua nay xay ra d6i v6i mang
ZNTO-5-80.

Zn+Sn¥, +20% — Zng, +2ho +Sn0, +2V, (1)

! 1
N)O(+0)é—>N0+h0+Vg+§02 @)

Trong dé, ky hiéu Sn§, va OF lan lugt1a Sn va O & vi
tri ndt mang. V,, dugc ky hiéu khuyét tat oxygen.
Anh FESEM bé mit ctia cdc mang ZNTO-5-y dugc
lang dong tli cic phan trdim Ny khac nhau dugc trinh
bay & Hinh 2. Két qua cho théy cho thdy cac hat c6
hinh da dién véi kich thudc hat 16n va nho xen ké
nhau d6i v6i mang ZNTO-5-0. Ngoai ra, hinh dang
hat ctia cdc mang ZNTO pha tap 30, 50 va 60% Ny
rat khé xac dinh va cac hat 16n va nhé nim xen ké
nhau. Péc biét, hat tré nén dong déu va kich thude
hat 16n hon & mang ZNTO-5-70 so v6i cdc mang cd
phén tram N, thip hon nhung van con 1an cac hat
nhé. Kich thuée hat déu va 16n nhat déi véi mang
ZNTO pha tap 70% Ny, diéu nay 1a do su cén bang
gitta lyc hut clia céc acceptor Zn>t-N3~ va lyc ddy
clia N3—-N3~ 19, Sy chénh léch gitia cac luc nay két
qua 1 sai hong noi tinh thé dan dén kich thudc hat
gidm & mang ZNTO-5-80.

Hinh 3 trinh bay anh AFM ctia cac mang ZNTO-5-y
léng dong 6 300°C ti bia SnO; pha tap 5% wt ZnO véi
phén tram N2 khéc nhau (y) trong hén hgp khi phin
xa. Két qua thu dugc cho thdy anh hudng ctia N dén
gid tri d6 go ghé hinh thdi bé mit cia cdc mang. Trong
do, do gb ghé ciia mang giam dot ngdt khi lugng nho
N thay thé O trong mang chtt SnO; déi v6i mang
ZNTO-5-30 (RMS = 0,648 nm) va dat gia tri 16n nhat
déi v6i mang ZNTO-5-70 (RMS = 1,081 nm). Két qua
nay phtt hgp véi két qua va gidi thich anh FESEM bé
mdt clia cac mang da dugc dé cip & phan trén vé su
can bang luc tuong téc tinh dién gitia cac cap acceptor
Zn>t-N3~ va N3~-N3~ anh huéng dén kich thuéc
hat.
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Bang 1: Mau lang dong & 300°C trong hén hgp khi phin xa Ar vay % N, titbia SnO;, chita 5% wt ZnO pha tap va

dugc ky hiéu ZNTO-5-y.

Mau %Ar trong hén hgp khi phtin xa %N, trong hon hop khi phin xa
ZNTO-5-0 100 0
ZNTO -5-30 70 30
ZNTO -5-50 50 50
ZNTO -5 -60 40 60
ZNTO -5-70 30 70
ZNTO -5 -80 20 80
100
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Hinh 1: Gian d6 nhiéu xa tia X clia cdc mang ZNTO-5-y lang dong & 300 °C tu bia SnO, pha tap 5 %wt ZnO véi
phan tram N, khac nhau (y) trong hén hgp khi phiin xa
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- 4

Hinh 2: Anh FESEM clia cdc mang ZNTO-5-y ldng dong & 300°C tir bia SO pha tap 5 %wt ZnO véi phan tram N,

khac nhau (y) trong hén hgp khi phidn xa

Thanh phan cdc nguyén t6 ton tai trong cdc mang
ZNTO-5-y dugc khéo sat bang phuong phép tén xa
nédng lugng tia X (EDX) va dugc trinh bay ¢ Hinh 4.
Hinh 4 cho théy céc dinh dic trung khic nhau cua
cac nguyén t6 N, O va Zn trong mang ZNTO, trong
d6, dinh dac trung duy nhit ctia N(O) 1a K1 va caa
ZnlaLol. Két qua ctia sy xudt hién dinh Kal va Lol
do tia phat xa dudc tao bai su chénh léch nang lugng
gitia hai 16p vo N (O) Kl hay Zn Lal. Qua trinh
chiéu chum tia kich thich 1én mau lam giai phéng ra
mot electron tit 16p vo trong cing ctia nguyén tt (16p
K d6i v6i nguyén ti N (O) va 16p L d6i v6i nguyén
ti Zn) va dé€lai vi trf trong, khi do electron tit 16p vo
ngoai ldp day vi tri d6. Nguyén t6 Sn dugc xac dinh
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bdi hai dinh dic trung chinh 1a Sn Lol va Sn LB1 va
ba dinh dic trung phu 1 Sn LB2, Sn Lyl va Sn Ly3,
v6i thanh phén L cho biét 16p v nguyén ti da bi ion
héa va o, B, y biéu thi cudng do tuong ddi ctia vach
bén trong mdi l6p vo.

Thanh phan phén trdm clia cic nguyén t6 trong cac
mang ZNTO-5-y dugc trinh bay & Bang 2. Két qua
cho théy c6 sy thay d6i r6 rét thanh phén phén trim
ctia nguyén t6 O va N ¢6 trong mang ZNTO khi thay
d6i phan tram N trong hén hgp khi phtin xa. Phan
trdm cta N trong mang ting tuong iing v6i phan trim
khi Ny trong hén hgp khi phin xa ting, dong thoi
phén tram O trong mang gidm ching to sy thay thé
ctia N cho vi tri cia O trong mang chti SnO,. Ngoaira,
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Hinh 3: Anh AFM clia cdc mang ZNTO-5-y l&ng dong & 300°C tir bia SnO, pha tap 5%wt ZnO véi phan tram N,

khac nhau (y) trong hén hgp khi phun xa

phén tram ctia nguyén t6 Sn va Zn trong mang khong
6 sy thay d6i dang ké khi thay d6i phan traim hén hgp
khi phun xa.

Tinh chét dién ciia mang ZNTO dugc quyét dinh bsi
su chiém wu thé gitta hai hat tai mang dién duong la
acceptor Zn>* hay N3~ va hat tai mang dién 4m nhu
khuyét oxygen (V,) tu nhién hay Zn; (sai hong Zn
nidm ngoai nut) °. Vi vay, cic thong s6 tinh chét dién
nhu dién tr6 sudt, noéng do hat tai, 6 linh dong cua
cadc mang ZNTO - 5 - y dugc khao st bang phép do
Hall (Bang 3). K&t qué cho thdy mang ZNTO-5-0 dat
tinh chét dién loai n. Két qua nay dugc giai thich do
s6 lugng acceptor Zng, thip hon so véi khuyét tat ty
nhién ton tai trong mang. Tuy nhién, mang ZNTO khi
dugc ling dong trong moi trudng hén hgp khi phin
xa Ar/N véi gid tri y 3 30% (y = 30, 50, 60, 70 va 80)
déu co tinh chit dién loai p, diéu nay do s6 lugng ac-
ceptor ting én dang ké tui sy thay thé 0%~ bgi N3~
trong mang cht SnO;. Nong d6 16 tréng clia cdc mang

ZNTO-5-y ting theo gid tri y ting, chiing to s6 lugng
acceptor N3~ ting theo phan trim N, trong hén hop
khi phin xa. Mang ZNTO-5-70 dat gia tri dién trd
sufit thdp nhét p = 6,50 10~2Q.cm ciing v6i ndng do
hat tai va do linh dong tuong ting 1a n = 1,46x10"°
em 3 vap=652cm?V-1sL

Tinh chét dién loai p cia cdc mang ZNTO va hiéu ting
quang dién dugc khdo sat boi déc trung dong thé I-V.
bic trung I-V cta tit ca cdc mang dugc khao sat &
diéu kién dugc chiéu sang va khong dugc chiéu sang.
So d6 cdu tric In/p-ZNTO-5-y/n-Si/In dugc trinh
bay 6 Hinh 5. Déc trung ti€p xtc kim loai In v6i mang
loai p SnO; va In véi @€ Silic loai n la dac trung Ohmic
nhu da d cip trong cac cong trinh >'2,

Pic trung I-V sang va t6i ctia cdu truc diode di thé p-
ZNTO-5-y/n-Si dugc biéu dién basi d6 thilog I-V va
trinh bay 6 Hinh 6A va B. Dic trung I-V t6i cho thdy
déc trung phi tuyén tinh hay déc tinh chinh luu diode
v6i cudng d6 dong nghich cua tit cd cdc mang x4p xi
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Hinh 4: Ph§ tan xa ndng lugng tia X (EDX) ctia cdc mang ZNTO-5-y(y = 0, 30, 50, 60, 70 va 80)

Bang 2: Thanh phan phan tram cac nguyén té trong cac mang ZNTO-5-y (y = 0, 30, 50, 60, 70 va 80)

Mau % N % O % Sn % Zn
ZNTO-5-0 19,23 43,52 30,66 6,59
ZNTO-5-30 22,89 40,92 29,75 6,44
ZNTO-5-50 27,60 35,11 30,35 6,94
ZNTO-5-60 28,30 34,20 30,60 6,90
ZNTO-5-70 29,87 33,57 29,92 6,64
ZNTO-5-80 30,31 33,13 30,01 6,55
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Bang 3: K&t qua phép do Hall cia cdc mang ZNTO-5-y ldng dong & 300°C tir bia SnO, pha tap 5 %wt ZnO véi

phan tram N; khéac nhau (y) trong hén hgp khi phin xa

Tén mau Dién tro sudt p (Q.cm) D6 linh dong p (cm2.V-lsh) Noéng d6 hat tai n (cm™3)  Loai

ZNTO-5-0 1,60 x 10! 8,20 4,76 x 1010 n
ZNTO-5-30 8,00 x 10° 6,80 1,15x 10'7 p
ZNTO-5-50 9,62x 107! 4,50 1,44x10'8 p
ZNTO-5-60 9,53 x 1072 5,30 1,24x 10" p
ZNTO-5-70 6,50 x 1072 6,52 1,46 x 10'° p
ZNTO-5-80  8,50x1072 3,30 2,22x10" p

—— chuén véi cong sudt 80 mW/cm?) & thé - 3V. D6 thi

dong dap ting quang dién ctia cdc mang p-ZNTO-

5-y dugc trinh bay 6 Hinh 7. Cudng d¢ dong tang

dot ngot khi bat ddu chiéu sang va dat gia tri khong

d6i trong thoi gian chiéu sang, sau d6 giam dot ngot

khi deén tat. Két qua cho thdy dong dién quang sinh

s 4 thu dugc tu hiéu tng chiéu sing cua tiép xuc di thé

In p-ZNTO-5-70/n-Si 16n nhat véi cudng doé xdp xi 1,2

p—ZNTO mA, d6 nhay cao va tin hiéu c6 ldp lai t6t. Diéu nay xac

| Pe n-Si dinh tinh chdt dién loai p ctia cdc mang p-ZNTO-5-

Hinh 5: S d6 thi nghiém khao sat dac trung I-V ctia
cau trdc In/p-ZNTO-5-y/n-Si/In

nhau. § diéu kién chiéu sang, ciu tric p-ZNTO-5-
y/n-Si cho dic trung giéng véi photodiode véi dong
phén cuc nghich (dong quang sinh dugc vé nét lién &
Hinh 6) ting dang ké so v6i dong phan cuc nghich &
diéu kién khong chiéu sang (nét dut). Cudng do dong
quang sinh ctia cdu tric p-ZNTO-5-70/n-Si dat gia
tri 16n nhét bsi vi mang ting cuong hip thu dnh sang
do bé mat mang gob ghé nhit. Két qua nay dugc giai
thich do cac by dién tit quang sinh trong viing nghéo
la nhé nhat hay khuyét tat it nhat. Tom lai, dic trung
I-V clia cic mang & diéu kién chi€u sang va khong
chiéu sang da xdc nhén tinh chét dién loai p. Két qua
thu dugc hoan toan phi hgp véi cong trinh loai p
Zn02%2! Két qua nay xic dinh ré hon vai tro clia
16p ban dan p ZNTO co6 tinh chit quang dién ctia mot
photodiode, ddc biét hiéu ting quang dién cao nhét déi
v6i mang ZNTO-5-70, cang chiing té6 mang dat tinh
chét dién loai p t6t nhat nhu da dé cdp dén trong céc
phan trudc do.

Dé tim hiéu sau hon vé hiéu tGng quang dién, dic
trung dong theo thoi gian (I-T) dudi diéu kién bat va
tat dén theo chu ky 5s (tin hiéu on-off) dugc khao st
cho tit ca cc tiép xuc di thé p-ZNTO-5-y/n-Si duéi
ngudn Led trang (dugc hiéu chudn ti nguén dén solar

y dugc ché tao dap ting yéu cdu ciia mot photodiode
va c6 tiém nang l6n trong viéc ché tao cam bién anh
sang.

KET LUAN

Cong trinh nay da nghién ctiu anh hudng ctia dong
pha tap Zn va N dén cdu tric tinh thé, tinh chit quang
va dién cia mang ZNTO-5-y (y = 0, 30, 50, 60, 70 va
80). Két qua cho thdy vai tro ctia Zn gitp tang sy hoa
tan ctia N trong mang chtt SnO; dugc thé hién & ciu
trac tinh thé. C4u tric tinh thé cia cdc mang ZNTO-
5-y déu & trang thdi pha rutile v6i cic mat SnO; (110),
(101) va (211) so v6i su chuyén pha cubic ctia mang
SnO; pha tap N. Sy thay thé Sn** béi Zn?t va O,-
b&i N3~ dugce quan sat b&i quy luat hinh thanh va
phat trién mét SnO2 (101) va thanh phan nguyén t6
ctia phé tén xa tia X (EDS). Két qua gid tri t6i uu dién
trd sudt, ndong do hat tai va do linh dong ctia mang
ZNTO-5-7014 p = 6,50x10~2Q.cm, n = 1,46x10"°
cm 3 va n=6,52 cm2.v1s1, bictrungI-V cta ciu
triuc p-ZNTO-5-y/n-Si & diéu kién chiéu sang cho
thdy tinh chat dién loai p clia cdc mang ZNTO-5-y
va kha ning ting dung lam cam bién quang. Ngoai ra,
déc trung dong dap ting quang clia cic mang ZNTO-
5-y c6 d6 nhay cao va lap lai tot.

DANH MUC TU VIET TAT

DC: dong dién mot chiéu
EDS: phd tan xa ning lugng tia X
ZNTO: mang SnO, dong pha tap Zn va N
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XRD: nhiéu xa tia X

FESEM: Kinh hién vi dién ti quét phat xa trudng.
AFM: Kinh hién vi lyc nguyén tu.

LEDs: diode phat quang.

Vo: khuyét oxygen

AM: Air Mass (trong lugng khi quyén)
I-V: dong-thé

XUNG POT LOI iCH

Tét ca tac gid tuyén b6 khong c6 xung dot 1gi ich trong

cong trinh nay.

PONG GOP CUA TAC GIA

Ping Hitu Phic thuc hién thuc nghiém, thu thap va
xu ly két qua, gtii ban thao.

Lé Tran lén y tudng cong trinh, gép y chuyén mon
chinh stia ban thdo.
LOI CAM ON

Nghién cttu nay dudgc tai trg béi Quy Phét trién Khoa
hoc va Coéng nghé Qudéc gia (NAFOSTED) trong dé
tai ma s6 103.03-2019.04.
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Influence of N, doping on photodective properties of p-typed
Zn-N co-doped SnO,/n-Si heterojunction

Le Tran', Dang Huu Phuc?”

ABSTRACT

This work studied the effects of Zn and N co-doping on the crystal structure, electrical properties,
and photoelectric effects of p-typed Zn-N co-doped SnO,/n-Si heterojunction. Zn and N co-doped
Use your smartphone to scan this SnO; films (ZNTO) were deposited on n-type Si substrates at 300°C in different sputtering gas mix-
QR code and download this article ture Ar/N3 (% N = 0%, 30%, 50%, 60%, 70 % and 80%) from 5 wt% ZnO doped SnO, target by the DC
magnetron sputtering method. The crystal structure, surface morphology, chemical composition,
electrical properties, and photoelectric effects of ZNTO films were investigated by measurements
such as X-ray diffraction, FESEM, AFM, EDS, Hall, and I-V. The results showed that all films had a ru-
tile structure, and the SnO, (101) reflection was dominant on the optimal fabrication of 70% N,.
Substitution of Sn** by Zn?* and 02~ by N3~ were determined by the X-ray diffraction pattern
(XRD) and X-ray energy scattering spectrum (EDS). The lowest resistivity for the ZNTO-5-70 film
was p = 6.50x1072Q.cm with carrier concentration n = 1.46x 10 cm™3 and hole mobility u =
6.52 cm2V~ 157! respectively. |-V characteristics of the p — ZNTO - 5 — y/n — Si under the illumi-
nation condition showed the p-type electrical properties and their application as optical sensors.
The ZNTO - 5 -y films' optical response current characteristic had high sensitivity and good repro-
ducibility.

Key words: DC magnetron sputtering, p-Sn02:Zn-N/n-Si heterojunction, XRD, EDS, |-V character-
istic
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