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Nghién ctru pho tong tré ciia chuyén tiép di thé
gitra day nano SnQO: va ong nano carbon
Impedance Spectroscopy Analysis of SnO, Nanowires/Carbon Nanotubes Heterojunctions
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Tom tat

Phuong phéap phén tich phé téng tré Ia mét cong cu hitu ich dé nghién ctru tinh chét dién cta nhiéu loai vét
liéu ban dén va céc céu truc lai. Trong nghién ctru nay, chuyén tiép dj thé giita day nano SnOz va éng nano
carbon (CNTs) da duoc ché tao bang céch moc truc tiép ddy nano SnO: trén dién cuc Pt bang phuong
phép CVD nhiét, sau d6 nhiing trong dung djch chira CNTs phén tan. Hinh thai va céu tric cta chuyén tiép
duwoc khao séat bang phuwong phép SEM va Raman. Phé téng tré cta chuyén tiép SnO2/CNTs da duoc khdo
sé&t trong dai tdn sé 13 MHz- 5 Hz véi dién &p phén cuc DC + 0,4 V va dién 4p xoay chiéu AC 10 mV. M6
hinh mach tuong duong da duwoc xdy dung tir cac két qué phén tich téng tré nhdm hiéu sdu hon vé ban
chét cda chuyén tiép SnOz/CNTs.

T khéa: Phd téng tré, chuyén tiép dj thé, day nano SnOz, 6ng nano carbon.
Abstract

Impedance spectroscopy is a powerful method for characterizing the electrical properties of semiconductor
materials and hybrid structures based on them. In this study, the heterojunctions of SnO2 nanowires and
carbon nanotubes (CNTs) were fabricated by first growing the SnO2 nanowires on Pt electrodes using a
thermal chemical vapour deposition (CVD) method and then dip-coating solution of CNTs. The morphology
and characteristics of the SnO2/CNTs heterojunctions were characterized by a scanning electron microscopy
(SEM) and Raman spectroscopy. AC impedance spectroscopy of the SnO2/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 of the heterojunctions.
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1. Giéi thiéu

Tir 14u, cac chuyén tiép di thé cua nhiéu loai vat
liéu da dugc nghién ctru dé ung dung trong cac linh
vuc nhu pin Mat trdi, pin dién hoa, siéu tu va cac loai
cam bién...Gan day, voi viéc ché tao thanh cong cAu
trac nano thip chidu cua cac oxit kim loai ban din
cling nhu vat liéu nano carbon, chuyén tiép di thé
nano trén co so cac vat liéu nay thé hién nhiéu tinh
chat tha vi. Trong d6, chuyén tiép di thé giita day
nano SnO; va 6ng nano carbon (CNTs) thu hut duoc
nhiéu quan tdm nghién ctu. Tur cac cong trinh da
cong bd, cb the thdy cac chuyén tiép di thé
SnO»/CNTs chu yéu duoc ché tao ¢ dang composite,
pha tap, céu tric 16i vo hodc cac dao xuc tac nam
trong vat li€u nén [1-4]. V& mit ban chét, cac vat liéu
lai nay s& tao ra céac tiép xuc di thé phan bd roi rac
trong vat li¢u nén. Méi chi ¢o mot s6 it cong trinh
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nghién ctru dang chuyén tiép dot ngot cua hai loai vat
liéu SnO, va CNTs. Trong d6, nghién ctru cta tac gia
J. Yoon [5], d4 chimg minh chuyén tiép di thé giita
dng nano carbon don vach va ddy nano SnO, moc
dinh hudng c6 d6 nhay UV cao, ¢ tiém ning tng
dung trong linh vyc quang dién tir. Nghién ctru cua
tac gla Jachyun Park [6] di chi ra chuyén tiép di thé
gilta ong nano don véach va day nano SnO; ché tao
trén dé polymer mém déo c6 dd nhay UV cao, thich
hop 1am cam bién UV. Trong cac cong bd trude day
clia tic gia va nhom nghién ctru [7-8], chuyén tiép di
thé SnO2/CNTs c6 kha nang ing dung trong cac cam
bién khi NO; ¢6 do dap img rat cao, hoat dong & nhiét
do thap. Nhu vay, cac két qua nghién ciru da cho thay
dugc tiém ning Ung dyng cua chuyén tlep
SnO,/CNTs trong nhiéu linh vye. Tuy nhién, cho dén
nay cac nghién ctru chua lam rd dugc ban chat cta
chuyén tiép va vai tro cta tiép xuc gitra SnO, va
CNTs trong cac tng dung cu thé.
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Viéc hiéu duoc ban chét vat Iy cling nhu tinh
chat dién cua cac chuyen tiép di thé dong vai tro quan
trong trong viéc phat trién cong nghé nham nang cao
chat luong ciing nhu mo rong ng dung cac chuyén
tiép trong nhiéu loai linh kién khac nhau. Pho tong tro
dugc sir dung phd bién dé nghién ciru tinh chét dién,
phén tich dong hoc 16p bién hay dd linh dong cua
dién tich...trong vat liéu khéi hay mit tiép xuc giita
cac vat li¢u trong céac linh kién nhu pin mat troi, pin
nhién liéu, cam bién hod hoc....[9-11]. Trong nghién
clru cua tac gia Yim va cong su [11], phuong phap
phé tong tro duoc st dung dé xay dung mach tuong
duong va céac tinh chat ciia chuyén tiép C/Si. Trong
nghién cru cia tac gia Fattah va cong sy [12], tinh
chét cua chuyén tiép di thé G/Si trong tng dung nhay
khi ciing dwoc phan tich bang phuong phap phd tong
tre. Trong nghién ctru cia tac gla Mrinmay Das [13],
mach twong duwong va tinh chdt cia chuyén tiép
Al/rGO-TiO; ciing dugc phan tich bang phuong phép
pho tong tro.

Trong nghién ctru nay, cac chuyén tiép di thé
giita day nano SnO; va CNTs di duoc ché tao bing
cach moc truc tiép day nano SnO; trén dién cuc Pt,
sau d6 nhiing dién cuc dd moc day nano trong dung
dich chira CNTs phan tan dong déu va xt Iy nhiét dé
tao thanh chuyén tiép. Cac dic trung ciing nhu tinh
chat dién cua chuyén tiép dugc khao sat bang céc
phuong phap FE-SEM, Raman, phd tong trd...Mb
hinh mach tuong dwong cia chuyén tiép da dugc xay
dung tir cac két qua phan tich tong tré dé hiéu sau
hon vé ban chét ciia chuyén tiép SnO,/CNTs.

2. Thye nghiém

Hinh 1. M6 hinh chuyén tiép SnO»/CNTs va cach dit
dién ap phan cuc DC.

Céc chuyén tiép di thé SnO»/CNTs trong nghién
ctru nay dugc ché tao trén dién cuc Pt ¢6 céu triic nhu
Hinh 1. Dau tién, day nano SnO» dugc ché tao trén
mét bén dién cuc Pt. Khoang cach gilra hai dién cuc
duogc thiét ké du rong va cac thong sO cong nghé
trong qua trinh ché tao duoc diéu khién sao cho céac
day nano SnO, c6 mat d¢ du lon dé che phu kin dién
cyc nhung khong du dai dé bic cau giita hai dién cyc.
Sau khi ché tao day nano SnO,, CNTs dugc phu lén
dién cuc dé hinh thanh cac chuyén tiép SnO,/CNTs.

Day nano SnO, dugc moc truc tiép trén cac dién
cuc Pt bang phuong phap CVD nhiét tir vat liéu

59

ngudn 1a bot Sn tinh khiét (Merck; 99,8%) [7]. Trong
do, 0,1 g bot Sn chtra trong thuyén nhom 6xit va cac
dién cyc Pt dugc dat trong mot éng thach anh nhoé véi
khodang cach thuyén va dién cuc 1a 2 cm. Sau do, dng
thach anh dugc dua vao budng phan ung va dit tai
tam 16. Nham tranh sy hinh thanh 16p oxit SnO, do
bot Sn phan tng véi 6xy du trong buong phén (g
khi nang nhiét, khi Ar (99%) dugc thdi vao budng voi
luu lugng 300 scem két hgp véi bom chan khong co
hoc dé loai bo hoi nudc va 6xy. Sau d6 budng phan
mg dugc hut chan khong dén ap suat khoang 1,5.10™!
Torr. Lo dugc gia nhiét tir nhiét d6 phong 1én 750°C
trong 15 phut va gitt ¢ nhiét d§ nay trong 20 phut.
Khi 6xy dugc th01 vao budng phan ng véi luu lugng
0,5 sccm trong sudt qua trinh moc day. Cudi cing, 10
duoc tit va dé ngudi ty nhién vé nhiét do phong. Cac
dién cuyc dd moc day nano SnO, dugc nhing vao
dung dich chita CNTs phén tan (CNTs thuong mai
cua hang Shenzhen Nanotech, duong kinh 20- 40
nm), sau d6 xur ly nhiét tai 350 °C dé tao thanh
chuyén tiép SnO»/CNTs.

Céc dic trung cua chuyén tiép da dugc khao sat
bing cic phwong phiap FE-SEM (JEOL 7600F),
Raman (Micro-Raman InVia, RENISHAW, H44840,
Laser 633 nm). Pho tong tré ciia chuyén tiép da dugc
khao sat trén hé HP-Hewlett Packard 4192A tai nhiét
d6 phong trong dai tan sb tir 5 Hz dén 13 MHz véi
dién ap phan cuyc DC + 0,4 V va dién 4p xoay chiéu
AC 10 mV. Chuyén tiép dugc phén cyc thuan béng
cach ndi CNTs véi cuc (+) cta ngudn, ndi day nano
SnO; véi cuc (-) nhu trong Hinh 1 va ngugc lai trong
trudng hop phan cuc nguoc.

3. Két qua va thao ludn
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Hinh 2. Anh FE-SEM cua chuyén tiép SnO»/CNTs
trén dién cuc Pt (a), anh phéng dai cao cua chuyén
tiép (b), anh phong dai cao cia CNTs (c), anh phong
dai cao cua SnO; trén dién cyc Pt (d).

Két qua phan tich anh FE-SEM trén Hinh 2a cho
thdy, CNTs tao thanh mot 16p mang bam dinh t6t trén
mdt dién cuc dd moc day nano SnO»> va mét dién cyc
Pt. Hinh 2b cho thdy, CNTs hinh thianh mang luéi
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phan b ngiu nhién phu 1én trén day SnO, dé hinh
thanh chuyén tiép SnO,/CNTs. Anh phong dai cao
trén hinh 2¢ ctia CNTs cho thiy CNTs dugc phén tan
dong déu. Mt khac, trong nghién ctru nay diy nano
SnO; ché tao truc tiép trén dién cyc Pt bang phwong
phéap CVD nhiét c6 duong kinh khoang 20- 60 nm
(hinh 2d).
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Hinh 3. Phd Raman cta chuyén tiép SnO,/CNTs.
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Phé Raman cua chuyén tiép SnO,/CNTs trong
Hinh 3 cho théy su xuét hién cua cac dinh ddc trung
ctia CNTs. Dinh D tai s§ song khoang 1330 cm™ dic
trung cho cac khuyét tat hay sai hong trong cau tric
ctia CNTs. Dinh G tai sb song khoang 1580 cm™ dic
trung cho cac dao dong trong médt nguyén tir carbon
lan can trong mang luc giac, bao gom ci kéo dan va
ubn cua cac lién két carbon. Tuy nhién, rat kho dé
quan sat cac mode dao dong cua SnO vi tin hi¢u
Raman cua CNTs rét cao [7].
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Hinh 4. Phd tong tr& Nyquist cia chuyén tiép
SnO,/CNTs & dién ap phan cyc DC += 04 V
tai nhiét d¢ phong.

Hinh 4 1a phé tong tro Nyquist ciia chuyén tiép
SnO»/CNTs & ché dd phan cuc thuén va phan cuc
nguoc voi dién ap DC + 0,4 V tai nhiét d6 phong, tAn
sO giam tir 13 MHz dén 5 Hz tir trai sang phai doc
theo truc x. C6 thé thay, phd tong trd cta chuyén tiép
c6 dang hai ban cung, ching té6 mach tuwong duong
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ctia chuyén tiép bao gdm cac cum (R//C) méc ndi tiép
v6i nhau. Dudng kinh cua cac ban cung dic trung cho
tong tro ctia chuyén tiép. Ban cung & phan tan sO thap
¢6 duong kinh 16n hon so véi ving tan s6 cao. Khi
thay do6i dién ap phén cyc, duong kinh cua ban cung
& phan tan s6 cao thay dbi khong dang ké, trong khi
duodng kinh cua ban cung ¢ tan s6 thap ting manh khi
chuyen tir phan cyc thudn sang phan cyc ngugc.

Dé hiéu sau hon vé tinh chat dién cia chuyén
tiép SnO»/CNTs, chung t6i d& xuat mé hinh mach AC
tuong duong cua chuyén tiép nhu Hinh 5. Mach
trong duong gém dién tré Rs nbi tiép véi ba cum
R//C dac trung cho ba phin chinh tao nén chuyén
tiép: R1//C, ddc trung cho diy nano SnOa, Ry/C, dic
trung cho tiép xtic SnO,/CNTs va Rs//C; ddc trung
cho CNTs.
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Hinh 5. So dd mach twong dwong cia chuyén tiép
di thé SnO,/CNTs.

Két qua nghién ctru trude d6 cua tac gia va cong
su [7] cho thdy cu tric CNTs (khoang hon 100 Q) co
dién tro rat nho so v6i diy nano SnO, (khoang vai
kQ) va tiép xac SnO»/CNTs, do d6 ban cung dic
trung cho CNTs ciing c6 dudng kinh rat nho. Dong
thoi, tiép xuc gitta SnO, voi dién cyc Pt thé hién tinh
Ohmic [7]. Chinh vi vdy, trong phd tong trd cua
chuyén tiép SnO»/CNTs (Hinh 4) chi quan sat dwoc
hai ban cung dic trung cho ddy nano SnO; va tiép
xtc SnO,/CNTs. Tur sy thay dbi duong kinh cua cac
ban cung theo dién ap phan cuc, co thé thay ban cung
& tin sO cao dac trung cho déy nano SnO; va ban
cung & tin s thdp dic trung cho tiép xuc
SnO,/CNTs.

Trong nghién clru nay, cac gia tri R va C cua
chuyén tiép SnO2/CNTs dugc xac dinh tir dudng tinh
toan theo mé hinh mach twong duong trung khodp
nhit v6i duong thyc nghiém bang phan mém Ivium.
Phé tong tré Nyquist thyc nghiém va tinh toan theo
mo hinh mach tuong duwong (Hinh 5) ctia chuyén tiép
SnO,/CNTs & dién ap phan cyc DC + 0,4 V duoc
trinh bay trong hinh 6 va 7. Két qua phan tich duoc
trinh bay trong Bang 1. Do ban cung dic trung cho
CNTs c6 ban kinh rat nho nén khong thé xac dinh
duogc gia tri Rs, Cs. Dién tré ndi tiép Rs va dién tro
Ri, dién dung C; dac trung cho diy nano SnO; xac
dinh dugc tr m6 hinh mach twong duong c6 gia tri
thay d6i khong dang ké khi chuyén tir dién ap phan
cuc thuan sang phan cuc ngugc. Trong khi dién tro
R, dic trung cho tiép xtic SnO»/CNTs khi phan cuc
thudn co gia tri 1a 4672 Q, khi phan cuc ngugc dién
tré tang 1é€n 40570 Q. Dién dung C, dic trung cho
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ving nghéo cua tiép xGc SnO/CNTs c6 gia tri
9,12.10°'° F trong trudng hop phan cyc nguoc va tang
1én 1,19.10® F khi phan cyc thuan. Didu nay phu hop
v6i cac két qua phan tich dic trung I-V trong cong
trinh da cong bd cua ching t6i [8], cac chuyén tiép
SnO/CNTs ¢ tinh chinh luu, khi phan cyc ngugc thi
vung ngheo mo rong, dién dung cia chuyén tiép giam
di va dién trd cua chuyén tiép ting 1én so v6i phan
cuc thuan.
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Hinh 6. Pho tong tré Nyquist thuc nghiém va tinh
toan theo mé hinh mach tuong dwong ctia chuyén tiép
SnO,/CNTs & ché do phén cyc thuan DC+ 0,4 V.
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Hinh 7. Pho tong tré Nyquist thuc nghiém va tinh
toan theo mé hinh mach tuong dwong ctia chuyén tiép
SnO,/CNTs & ché d6 phan cuc nguoc DC - 0,4 V.

Bang 1. Cac gia tri dién dung va dién tr¢ cta chuyén
tiep SnO»/CNTs & ché d6 phan cuc thuan
va phén cuc ngugc.

Chuyén tiép | Phan cyuc thuan | Phan cyc ngugc
SnO»/CNTs DC+04V DC-04V
R, (Q) 414 351
Ri () 2951 2812
Ci(F) 2,91.10°1° 2,19.10°1°
R, (QQ) 4672 40570
G (F) 1,19.10°8 9,12.10°1°

4. Két luan

Trong nghién ctru nay, phd tong tro ciia chuyén
tiép da duogc khao sat trong dai tan s6 13 MHz- 5 Hz
trong hai truong hop phén cuc thuan va phan cuc
nguoc voi cac dién 4p DC + 0,4 V va dién ép AC
10mV. M6 hinh mach twong duong cua chuyen tlep
da duoc xay dung bao gom ba cym R//C méc noi tlep
v6i nhau dac trung cho ba phan tao nén chuyén tiép 1a
day nano SnO,, CNTs va tiép xiac SnO»/CNTs. Céc
gia tri dién dung va dién trd trong mach tuong duong
da dugc x4c dinh tir dudng tinh toan trung khop nhat
v6i duong thyc nghiém. Nhitng két qua nay déng vai
trd quan trong trong viéc nghién ciru phat trién va
mg dung cac chuyén tiép SnO»/CNTs trong cac linh
vuc khac nhau.
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