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Tom tat 

Phaang phap phan tich pho tdng tro la mgt cong cu hu-u ich di nghien ciiu tinh chit dien eua nhieu loai vat 
lieu ban din va cae ciu true lai. Trong nghien cuv nay, cfiuyin tiip dj thi giira day nano SnO; va dng nano 
carbon (CNTs) da dagc ehi tao bing each moc trgc tiip day nano Sn02 tren dien cgc Pt bing phuung 
phap CVD nhiet. sau do nhung trong dung dich ch&a CNTs phan tan. Hinh thai va ciu true cua ehuyin tiip 
duxyc khao sat bdng phaang phap SEti/l va Raman. Phi tdng tra eua chuyin tiip Sn02/CNTs da dugc khao 
sat trong dai tin so 13 tJIHz- 5 Hz vol dien ap phan eac DC ± 0,4 V va dien ap xoay chiiu AC 10 mV. t/16 
hinh maeh tu'ang daang da dugc xay dgng tCr cae kit qua phan tich tong tra nhim hiiu sau han vi ban 
chat cua chuyin tiip Sn02/CNTs. 

Tu" khda: Pho tdng trd, chuyen tiep dj the, day nano SnOa, ong nano carbon. 

Abstract 

Impedance spectroscopy is a powerful method for charaetenzing the eleetncal properties of semiconductor 
materials and hybnd structures based on them. In this study, the heterojunctions of Sn02 nanowires and 
carbon nanotubes (CNTs) were fabricated by first growing the Sn02 nanowires on Pt electrodes using a 
thermal chemical vapour deposition (CVD) method and then dip-coating solution of CNTs. The morphology 
and charactenstics of the SnOi/CNTs heterojunctions were charactedzed by a scanning electron microscopy 
(SEti/l) and Raman spectroscopy. AC impedance spectroscopy of the Sn02/CNTs heterojunctions were 
investigated in the frequency range of 13 MHz to 5 Hz with an oscillating voltage of 10 mV during DC bias of 
± 0,4 V at room temperature. The AC equivalent circuit model was developed to gain a deeper 
understanding ofthe heterojunctions. 

Keywords: Impedance spectroscopy, heterojunctions, SnOz nanowires, carbon nanotubes. 

1. Gioi thieu 

Tit lau, cac chuyen tiep dj t!iS ciia nhiSu loai vat 
lieu da ducrc nghien cmi de iing dung trong cac ITnh 
vuc nhu pin Mat troi, pin dien boa, sieu ni va cac Ioai 
cam bien...Gan day, voi viec ch8 tao thanb cong cdu 
true nano tbap chieu ciia cac oxit kim loai ban dan 
cung nhu vat lieu nano carbon, chuyen ti4p di tbS 
nano tren co so cac vat lieu nay the hien nliiSu linh 
chat thii vi. Trong do, chuyen tiep di the giua day 
nano SnO: va ong nano carbon (CNTs) tbu hiit duac 
nhieu quan tam nghien cuu. Tu cac cong trinh da 
cong bo, CO the thay cac chuyen tiep di the 
Sn02/CNTs chii yeu duoc che tao o dang composite, 
pha tap, cau tnic loi vo hoac cac dao xiic tac nam 
trong vat lieu nen [1-4]. Ve mat ban cbat, cac vat lieu 
lai nay se tao ra cac tiep xiic di the pban bo roi rac 
trong vat lieu nen. Mdi cbi co mpt so it cong trinb 
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ngbien cuu dang chuyen tiep dot ngot ciia bai loai vat 
lieu Sn02 va CNTs. Trong do, ngbien cim ciia tac gia 
J. Yoon [5], da chiing minh chuyen tigp di thi giiia 
ong nano carbon don vach va day nano Sn02 moc 
dinh huong co do nhay UV cao, co tiim nang img 
dung hrong ITnh vuc quang dien tic. Ngbien cim ciia 
tac gia Jaehyun Park [6] da chi ra chuydn tigp di the 
giira ong nano don vacii va day nano Sn02 chi tao 
tren de polymer mem deo co do nhay UV cao, thich 
hgp lam cam bien UV. Trong cac cong b6 titrac day 
cua tac gia va nhom nghien cim [7-8], chuyin tilp di 

u" ^i?i?^^' '^ ^^^ " ' " § ^^ ^ 4 trong cac cam 
bien khi NO2 CO do dap img rat cao, hoat dong a nhiet 
do thap. Nhuvay, cac ket qua ngbien cihi da cho thiy 

S n O / ^ N T l . " ' " ^ • ' ^ ^ , ^ -"^ '^^ chnyin tilp 
Sn02/CNTs trong nhieu lmh vuc. Tuy nhien, cho din 
nay cac nghien cm, chua lam ro duoc ban ch4t c 
chuyen tiep va vai tro cua 1 ' 
CNTs trong cac iing dung cu th> 

Hep xiic giua Sn02 va 
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Viec hilu duoc ban chat vat ly ciing nhu tinh 
chit di&n cua cac chuygn tiep di the dong vai tro quan 
trong trong viec phat tnen cong nghe nham nang cao 
cMt lugng ciing nhu md rpng img diing cac chuyin 
tigp trong nhilu loai linh kien khac nhau, Ph6 tSng tro 
duac sir dung pho bi6n de nghien cim tinh chat dien, 
plian tich dong hoc lop bien hay d6 linli dpng ciia 
dien tich...trong vat lieu khoi hay mat tiep xuc gma 
cac vat lieu trong cac linli kien nhu pin mat troi, pin 
nhien heu, cam bien hoa h o c . .[9-11]. Trong nghien 
Cliu ciia tac gia Yim va c6ng su [ I I ] , phirong phap 
ph6 ting tro duoc su dung de xay dimg mach mong 
dirimg va cac tinh chat cua chuyen tiep C/Si. Trong 
nghien cim ciia tac gia Fattah va cong su [12], tinh 
chSt ciia chuyen tiep di the G/Si trong img dung nhay 
khi ciing duoc phan tich bang phucmg phap phfl t ing 
tro. Trong nghien cuu ciia tac gia Mrinmay Das [13], 
mach tuong duong va tinh chat ciia chuyen tilp 
MJtGO-JiOi Cling duoc ph3.n tich bang phuong phap 
pho tong trcr. 

Trong nghien cuu nay, cac chuygn tigp di th i 
giiia day nano SnOz va CNTs da dugc che tao bang 
each mpc tmc tigp day nano SnOi tren dign cue Pt, 
sau do nhiing dien cue da moc day nano trong dung 
dich chiia CNTs phan tan dong deu va xii ly nbiet dg 
tao thanh chuyen tiep. Cac dac trung ciing nhu tinh 
chat dien cua chuyen tiep dugc khao sat bang cac 
phuong phap FE-SEM, Raman, pho t6ng tra. .Mo 
limh mach mong duong cua chuyen tiep da dugc xay 
dtmg tic cac kgt qua pban tich tong trd dg hieu sau 
hcmve ban chat ciia chuyen tiep Sn02/CNTs. 

2. Thirc nghiem 

Hinh 1. Mo binh chuyin tilp Sn02/CNTs va each dat 
dien ap phan cue DC. 

Cac chuyen tiep dj th i Sn02/CNTs trong nghien 
Clhi nay dugc chi tao tren dien cue Pt co cdu tnic nhu 
Hinh 1. Dau tign, day nano SnOz dugc che tao tren 
mot ben dign cue Pt. Khoang each gma hai dien eye 
duoc thiet ke du rgng va cac thong s6 cong nghe 
trong qua trinh chi tao dugc dilu khign sao cho cac 
day nano SnOi co mat do du ldn dg che phu kin dien 
circ nliung khong dii dai d l bSc cliu giiia hai dien cue. 
Sau khi chi IELO day nano SnOz, CNTs dugc phii lgn 
dien cue dl hinh thanh cac chuyin tigp SnOz/CNTs 

Day nano SnOz dugc mgc tru'C tilp tren cac dien 
cue Pt bing phucmg phap CVD nhiet tir vat ligu 

nguon la bpt Sn tmh khigt (Merck; 99,8%) [7]. Trong 
do, 0,1 g bgt Sn chiia trong thuyin nhom oxit va cac 
dien cue Pt duac dat trong mgt Ing thach anh nho vdi 
khoang each thuyin va dien circ la 2 cm. Sau d6, Ing 
thach anh dugc dua vao budng phan iing va dat tai 
tam 16. Nham tranh su hinh thanh ldp oxit SnO; do 
bpt Sn phan li-ng vdi oxy du trong budng phan ung 
khi nang nhiet, khi Ar (99%) dugc thdi vao budng vdi 
Iim Iugng 300 seem ket hop vdi bam chan khong co 
hgc dg loai bd hoi nude va oxy. Sau do budng phan 
img dugc hut chan khdng din ap suit khoang 1,5.10"' 
Torr. Ld dugc gia nhiet tit nhigt dd phong Ien 750"C 
trong 15 phut va gm d nhiet do nay trong 20 phiit. 
Khi oxy dugc thoi vao budng phan img vdi lim lugng 
0,5 seem trong sudt qua trinh mgc day Cudi ciing, Id 
dugc tat va de nguoi tu nhien v l nhiet do phdng Cac 
dien cue da moc day nano SnOz dugc nhiing vao 
dung dich chira CNTs phan tan (CNTs thuong mai 
cua hang Shenzhen Nanotech, duong kinh 20- 40 
nm), sau do xir ly nhiet tai 350 "C d l tao thanh 
chuygn tilp Sn02/CNTs. 

Cac dac tnmg ciia chuyen tiep da dugc khao sat 
bang eac phuang phap FE-SEM (JEOL 7600F), 
Raman (Micro-Raman InVia, RENISHAW, H44840, 
Laser 633 nm). Phd tdng trd ciia chuygn tigp da dugc 
khao sat tren he HP-Hewlett Packard 4192A tai nhiet 
do phdng trong dai tan sd tir 5 Hz dgn 13 MHz vdi 
dien ap phan cue DC ± 0,4 V va dien ap xoay chieu 
AC 10 mV. Chuygn tiep duge phan cue thuan bang 
each ndi CNTs vdi cue (+) ciia ngudn, ndi day nano 
SnOz vdi cue (-) nhu trong Hinh 1 v^ ngugc lai trong 
tmdng hop phan cue ngugc 

3. K i t qua va thao tuan 

Hinh 2. Anh FE-SEM ciia chuyen tigp Sn02/CNTs 
trgn dien cue Pt (a), anh phdng dai cao cua chuyen 
tilp (b), anil phdng dai cao cua CNTs (c), anh phong 
dai cao cua SnOz tren dien cue Pt (d). 

Ki t qua phan tich anh FE-SEM tren Hinit 2a cho 
thay, CNTs tao thanh mgt ldp mang bara dinh tdt tten 
mdt dien cue da mpc day nano SnOz va mdt dien cue 
Pt. Hinh 2b cho thiy, CNTs hinh thanh mang ludi 
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pban bd ngau nhien phii lgn trgn day SnOz de hinn 
thanh chuygn tilp SnOz/CNTs. Anh phone dai cao 
tren hinh 2c ciia CNTs cho thay CNTs duoc pban tan 
dong deu. Mat khac, trong ngbien eiiu na\ day nano 
SnOz chg tao true tilp tren dien cue Pt bang phuong 
phap CVD nhiet co dudng kinh khoang 20- 60 nm 
(hinh 2d). 

SnOyCXT', 
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BTmh 3. Phd Raman cua chuyen tigp SnOi/CNTs. 

Pho Raman cua chuyen tiep SnOz/CNTs trong 
Hinh 3 cho thay su xuat bien cua cac dinh dac tnmg 
ciia CNTs. Dinh D tai sd sdng khoang 1330 c m ' dae 
tnmg cho cac khuyet tat hay sai hdng trong can tnic 
cua CNTs. Dinh G tai so sdng khoang 1580 cm'' dac 
tnmg cho cac dao ddng trong mat nguyen tir carbon 
lan can trong mang Iuc giac, bao gdm ca keo dan va 
udn cua cac lien ket carbon, Tuy nhien, rat kho de 
quan sat cac mode dao ddng ciia SnOz vi tin hieu 
Raman ciia CNTs rat cao [7], 

-
, , „ 

nr~\ 

..•••••". 
.• 

u 0.0 20.0k 

"" 

, 
•, 

% 
4aok 

• DC +0,4 V 
• DC - 0.4 V 

6a.ak so. 

Hinh 4. Phd tdng trd Nyquist cua chuygn tiep 
SnOz/CNTs d dien ap phan cue DC ± 0,4 V 
tai nhiet dp phdng. 

Hinh 4 la phd tdng trd Nyquist cua chuyen tiep 
SnOz/CNTs d che do phan cue thuan va phan cue 
ngugc vdi dien ap DC ± 0,4 V tai nhiet do phdng, tan 
sd giam tix 13 MHz den 5 Hz tit trai sang phai doe 
theo tmc x. Co the thay, phd tong trd ciia chuyen tilp 
cd dang hai ban cung, chiing td mach tuang duong 

X . ; , 1 . -i —-".i.' no i t i e p 
cua ehuyen tiep bao gom cac cun "̂  
vdi nhau. Dudng kmh cua cac ba, -uriJ dac iiung cho 
tdng trd ciia chuygn tilp. Ban cung a phan tan so thap 
cd dudng kmh ldn han so vdi ^-iing can so cao. Khi 
thay dl i dien ap phan circ, dudng kinli c i ^ ban cung 
d pban tSn s l cao thay ddi khdng dang ke, trong khi 
dudng kinh ciia ban cung d t4n sd thip tang manh khi 
chuygn tit phan cue thuan sang phan cue ngugc. 

Dg hilu sau hon v l tinh chk dien ciia chuygn 
tilp SnOz/CNTs, chiing toi dl xuit mo hinh mach AC 
mong duang ciia chuyen tigp nhu Hinh 5. Mach 
mong duang gdm dien trd Rs noi tilp vdi ba cum 
R//C dac tnmg cho ba ph5n chmh tao ngn chuyin 
tigp- Ri//Ci dac trung cho day nano SnOz, R2//C2 dac 
tnmg cho tilp xiic SnOz/CNTs va R3//C3 dac tnmg 
cho CNTs. 

Hinh 5. So do mach mong duang cua chuyen tiep 
di thi SnOz/CNTs. 

Ket qua nghien cim trude dd ciia tac gia va cong 
su [7] cho thay can tnic CNTs (khoang ban 100 ii) cd 
dien trd rat nhd so vdi day nano SnO; (khoang vai 
kQ.) va tiep xiic SnOz/CNTs, do do ban cung dae 
tnmg cho C^NTs eiing cd dudng kinh rat nhd, Ddng 
thdi, tiep xiic giira SnO; vdi dien cue Pt the iiien tinh 
Ohmic [7], Chinh vi vay, trong phd tdng trd eiia 
chuyen tiep Sn02/CNTs (Hinh 4) chi quan sat dirge 
hai ban cung dac tnmg cho day nano SnOz va tiep 
xuc SnOz/CNTs. Tit su thay ddi dudng kinh ciia cac 
ban cung theo dien ap phan cue, co the thay ban cung 
d tan so cao dae tnmg eho day nano Sn02 va ban 
cung d tan sd thap dac tnmg cho tiep xiic 
SnOz/CNTs 

Trong nghien ciiu nay, eac gia tri R va C cua 
chuyen tiep SnOz/CNTs dugc xac dinh tir dudng tmh 
toan theo md hinh mach mong duang tning khdp 
nhat vdi dudng thue nghiem b§ng ph4n m l m Ivium. 
Phd tong trd Nyquist thuc nghiem va tinh toan theo 
mo hinh mach mang duong (Hmh 5) ciia chuyin tilp 
SnOz/CNTs d dien ap phan cue DC ± 0,4 V dugc 
tnnh bay trong hmh 6 va 7. Kit qua phan tich duoc 
trmh bay trong Bang 1. Do ban cung dac tnmg cho 
CNTs CO ban kinh rat nhd nen khdng thi xac dmh 
dugc gia tn R3 C . Dien trd ndi tilp R, va dien tid 
Rl dien dung C, dac tnmg eho day nano SnOz xac 
dinh dugc m mo hmh mach mmig duong cd gia tri 
hay do. khong d ng kg khi chuyin tir diln ap^phSti 

cue thuan sang phan cue ngugc, Tmng khi d ^ n trd 
Rz dac tnmg cho tiep xiic S n O - C N T . \ v Z-
thuan cd gia tn la 4672 a khi nhL"^' P ^ ' " ' ^ ' 
tra tang len 40570 a . Dien dun. r d J ^ ' ^ ' ° 't '-. aac trung cho 
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viing ngheo ciia tigp xiic SnOz/CNTs cd gia tri 
9,12.10'"' F b-ong tmdng hgp phan cue nguge va tang 
len 1,19.10"̂  F khi phan cue thuan, Dieu nay phi! hgp 
win cac kit qua phan tich dac trung I-V trong cdng 
trinh da c6ng bd cua ehiing tdi [8], eac chuyin tilp 
SnOi/CNTs cd tinh chinh lim, khi phan cue ngugc thi 
vimg ngheo md rong, dien dung ciia chuyen tiep giam 
di va dien trd ciia chuyen tiep tang lgn so vdi phan 
cue thuan. 

0.0 /-y^'V 
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Hinh 6. Pho tdng trd Nyquist thuc nghiem va tinh 
loan theo md hinh mach mong duang ciia chuyen tiep 
Sn02/CNTs d chi dp phan circ thuan DC + 0,4 V 
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Hinh 7. Pho tdng trd Nyquist thuc nghiem va tinh 
toan theo mo hinh mach mang duang ciia chuyen tiep 
SnOz/CNTs d chg do phan cue ngugc DC - 0.4 V. 

Bang 1, Cae gia tri dien dung va dien trd cua chuyen 
tiep Sn02/CNTs d chg do phan cue thuan 
va phan cue ngugc. 

Chuyen ti6p 
SnOj/CNTs 

_ R.(n) 
RiB) 

- _ C i i F I _ 
__M5 
—aiFi_ 

Phan circ thuan 
DC + 0,4 V 

414 
2951 

2,91.10-'" 
4672 

1,19.10' 

Phan cue ngirgc 
DC - 0,4 V 

351 
2812 

2,19 IO'" 
40570 

9,12.10'° 

4. Ket lu in 

Trong nghien cdu nay, phd tdng trd cua chuyin 
tigp da dugc khao sat trong dai tkn s6 13 MHz- 5 Hz 
trong hai trudng hgp phan cue thuan va phan cue 
ngugc vdi cac dien ap DC ± 0,4 V va dien ap AC 
1 OmV, Md hinh mach mong duong ciia chuygn tilp 
da dugc xay dung bao gdm ba cum R//C m5c ndi tilp 
vdi nhau dac ttung cho ba phJln tao nen chuyin tilp la 
day nano SnOz, CNTs va tilp xiic SnOz/CNTs. Cac 
gia tri dien dung va dien trd trong mach mong duong 
da dugc xae dinh td dudng tmh toan triing khdp nhit 
vdl dudng thuc nghiem. Nhiing kit qua nay ddng vai 
n-d quan trong trong viec nghign cim phat tn ln va 
ling dung cac chuyen tiep SnOz/CNTs trong cac linh 
vuc khac nhau. 

Nghien ciru duge tai tig bdi de tai Khoa hpe va 
cdng nghe cap trudng Dai hgc Bach khoa Ha Noi ma 
sdT2017-PC-135. 

Tai lieu tham khao 

[I] Mendoza F, Hernandez DM, Makarov V, Febus E, 
Weiner BR, Morell G, Room temperature gas sensor 
based on tin dioxide-carbon nanotubes composite 
films. Sensors Actuators, B Chem, 190 (2014), 227-
233 

[2] Mubeen S, Lai M, Zhang T, Lim JH, Mulchandani A, 
Deshusses MA, Myung N V., Hybrid tin oxide-
SWNT nanostruclures based gas sensor, Eleclrochim 
Acta, 92 (2013), 484^90, 

[3] Naghadeh SB, Vahdatifar S, Mortazavi Y, Khodadadi 
AA, Abbasi A, Functionalized MWCNTs effects on 
dramatic enhancement of MWCNTs/SnOz 
nanocomposite gas sensing properties at low 
temperatures. Sensors Actuators, B Chem, 223 
(2016), 252-260. 

[4] Naijinary M, Rana P, Sen A, Pal M, Enhanced and 
selective acetone sensing properties of SnOz-
MWCNT nanocomposites. Promising matenals for 
diabetes sensor, Maler Des, 115(2016), 158-164. 

[5] Yoon J, Mm KW, Kim J, Kim GT, Ha JS. p-n hetero
junction diode arrays of p-type single walled carbon 
nanotubes and aligned n-type Sn02 nanowu-es, 
Nanolechnology, 23 (2012), 265301, 

[6] Park J, Kim Y, Kim GT, Ha JS, Faeile fabrication of 
SWCNT/SnOz nanowire heterojunction devices on 
flexible polyimide subsn-ate, Adv Funct Mater, 21 
(2011), 4159-4165. 

[7] Quan Thi Minh Nguyet, Nguyen Van Duy, Nguyen 
Thi Phuong, Nguyen Ngoc Trung, Chu Manh Hung, 
Nguyen Due Hoa, Nguyen Van Hieu, Chemical 
Superior enhancement of NOz gas response using n-
p-n transition of carbon nanotubes/SnO: nanowires 
heterojunctions, Sensors Acmators B. Chem., 238 
(2017), 1120-1127. 



Tap chi Khoa hoc \ a Cong nghe 1 JJ (Z«i9j u^e 

[8] Quan Thi Minh Ngu> et. N'gu\ en \'an Duy, Chu Manh 
Hung, Nguyen Due Hoa and Nguyen Van Hieu, 
Ultrasensitive NOz gas sensors using hybrid 
heterojunctions of muln-walled carbon nanonibes and 
on-chip grown SnOz nanowires. Appl. Phys, Len. 112 
(2018), !53110. 

[9] Arredondo B. Romero B. Beharis MJ. del Pozo G, 
Martin-Manin D, Biakesley JC. Dibb G. Krebs FC, 
Gevorgyan SA, Casuo F.A, Analysing impact of 
oxygen and waler exposure on roll-coated organic 
solar cell performance usmg impedance spectroscopy. 
So! Energy Mater Sol Cells, 176 (2018), 397-404, 

[10] Yadav P, Pandey K, Bhad V, Kumar M, Kim J, 
Critical aspects of impedance spectroscopy in sOicon 
solar cell characterizabon: A review. Renew Sustam 
Energy Rev, 76(2017), 1562-1578. 

[1 i] Yim C. McEvoy N, Kim H-V '•'•- ' " •- ^ ' 1 ^ ^ ' ' ^ 
GS, InvesiigatioD ofthe Interfa.'^i ••" >.'iL.uky Diodes 
Using Equivalent Circuit Models ACS Appl Mater 
Interfaces, 5 (2013), 6951-695S 

[12] Fattah A, Khatami S, Mayorga-Martinez CC, 
Medina-Snchez M, Baptista-Psres L, Merkoi A, 
Graphene/SiHcon heterojunction schonky diode for 
vapors sensing using impedance spectroscopy. Small, 
10(2014), 4193^199. 

[13] Das M, Dana J, Sil S. Dey A, Jana R, Haider S, Ray 
PP. Equivalent circuit analysis of Al/rGO-TiOz metal-
semiconductor interface via impedance spectroscopy; 
Graphene induced improvement in earner mobility 
and lifebme, Mater Sci Semicond Process, 82 (2018), 
104-111. 


