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Tém tat

Phuong phép phén tich phé téng Ird Is mot cong cu hiu lch dé nghién cou tinh chél dign clia nhiéu logi vat
Jiéu ban dén va cac chu truc lai. Trong nghién cdu ndy, chuyén tiép dj thé gica day nano SnOz va éng neno
carbon (CNTs) dé duoc ché tao bdng cach moc tryc tiép déy nano SnO:z trén dién cue Pt béng phuong
phap CVD nhiét, sau do nhing trong dung dich chira CNTs phén tén. Hinh thai va céu tric cda chuyén tiép
duoc khdo sét béng phuong phép SEM va Raman. Phé ng tr& ciia chuyén tiép SnO2/CNTs da duwc khdo
sét trong dai 1én s& 13 MHz- 5 Hz voi dign ap phan cyc DC t 0,4 V vé dién 4p xoay chiéu AC 10 mV. Mo
hinh mach tuong duong d3 duoc xay dung I cac két qud phan tich tong ird nhdm hiéu séu hon vé bin
chat cia chuyén liép SnO/CNTs.

Tir khéa: Phé tdng trér, chuyén tiép di thé, day nano SnOz, éng nano carbon.
Abstract

P P is a p methad for ch, izing the el | properties of semiconductor
malerisls and hybrd structures based on them. In this study, the heterojunctions of SnO2 nanowires and
carbon nanolubes (CNTs) were fabricated by first growing the SnO2z nanowires on Pl electrodes using a
thermal chemical vapour deposition (CVD) method end then dip-costing solution of CNTs. The morphology
and charactsristics of the SnOz/CNTs i were i bya ing electron micr Py
(SEM) and Raman spectroscopy. AC impedance speciroscopy of the SnOz/CNTs helerojunctions were
investigated in the frequency range of 13 MHz to § Hz with an oscillating voltage of 10 mV during DC bias of
* 04V at room femperature. The AC equivalent circuif model was developed lo gsin a deeper

of the hel
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1. Gi6i thigu

Tu lau, cée chuyen liép di thé cua nhidu logi vat
ligu dd dugc nghién ciny d¢ ing dung mong cac linh
vye nhu pin M3t 61, pin dign hoa, siéu tu va cac loai
cam bién...Gan ddy, véi viée ché 1o thanh coog chu
tric nano thap chi¢u cua cac &xit kim logi ban din
cing nhu vat liéu nano carbon, ch_uyén liép di thé
nano trén co s& cac vit ligu ndy thé hién nhiéu 1inh
chat thi vi. Trong do. chuyén tiép dj thé giita day
nano SnO; va ong nano carbon (CNTs) thu hit duoce
nhiéu quan tam nghién ciu. Tir cic cbng trinh d3
cong bd, co thé thay cic chuyén tigp di thé
SnO»/CNTs chit yeu duge ché tao & dang composite,
pha tap, cau m_‘.lc 16t vo ho{ic che dao xuc thc ndm
trong vt li¢u nén [1-4]. V& mat bén_ché(, cdc vat liéu
lar ndy sé tao ra cac tiep xic di thé phin bb i rac
trong Vit liéu nén. Mai chi c6 mdt s6 it cong trinh
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nghién clru dang chuyén tiép dot ngdt cua bai loai vit
liéu SnO2 va CNTs. Trong d6, nghién ciru cba tac gia
J. Yoon (5], da chimg minh chuyén tiép di thé giira
6|_1g nano carbon don vich va ddy nano SnO» moc
dinh huéng c6 dé nhay UV cao, cb tiém nang img
d_\lng_nong linh vuc quang dién tir. Nghién cinr coa
tac gia Jaehyun Park [6) dd chi ra chuyén tiép dj bé
gilta Ong nano don vach va day nano SnO; ché wo
trén d¢ polymer mém déo c6 do nhay UV cao, thich
hop lam cam bien UV. Trong cdc cong bé e day
cua 1ac gia va nhom nghiéa ciru (7-8], chuyén tiép di
lh? SnO/CNTSs c6 kha ning mg dung troug cic cim
bren khi NO; ¢ dd dip tmg rit cao, hoat dong & nhiét
go tha _T‘hu Vvay, cic k&t qua nghién ciry d3 cho thiy
roc tiem nang img dung g vén 1
SnO»/CNTs trong nhiéu linh vire 'lc':j: m?ihél:l)ir;w :zs
nay c:éc nghién ciru chua lam 14 duoc bz‘m’chér cua
chuyén tiep va vaj o cua 16 xc giira $nO, vi
CNTs trong céc img dung cy ° nox v
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Viée hiéu duge bén chal vit ly cing nhu tinh
chAl dién ctia che chuyen tiép dj thé déng vai tro quan
trong rong viéc phat tmén cong nghé nhém ning cao
chal lugng cﬁng nhur mé réng 1ing dung cac chuyen
uép trong nhiéu logi linh ki¢n kbac nhau. Phd long o
duoe sir dyng phé bién dé pghién ctru tinh chit dién,
phén tich ddng hoc 16p bién hay do lmh déog cda
dién tich...trong vl ligu khéi hay mjt uep xUGc giira
che vt liéu trong céc linb kién nhu pin mat tréd, pin
ohiéo liéu, cim bién hod hoc.. .[9- 11]. Trong nghién
el cda thc gid Yim va cong sy [11], phwong phap
phd thng tr duoc st dung dé xiy dung mach tuong
duong v cdc tinh chét cia chuyén nép CI/Si. Trong
nghién ciu clla tac gi1d Fattah va cdng su [12], tinh
chit cia chuyén tiép di thé G/Si trong tmg dung nhay
khi ciing duge phéan tich biing pbuong phap phd tong
irdv. Trong nghién ciru cla tac gla Mrinmay Das (13],
mach tuong duong vA tinh chit cua chuyén tiép
Al/rGO-TiO cling dugc phan tich biug phuong phép
phd tbng wd.

Trong nghiéu ctu ndy, cdc chuyén nep di thé
gira déy nano SnO; vi CNTs da dugce ché tao bing
cich moc tmre hep ddy nano SnQ; trén dién cuc Pt,
sau dé nhing dién cyrc 43 moc déy nano trong dung
dich chira CNT's phéin tin ddng ddu vA xir 1y nhigt de
ta0 thanh chuyén ucp Céc dic mung ciing nhu tinh
chit dién ca chuyén tiép dugc khio sat bing cic
pwong phép FE-SEM, Raman, pho téng trd. Mo
high mach arong duong cta chuyen tiép da 1 duge xay
dymg 1r cde két qua phan tich tong try d& hiéu sau
ton vé bin chét ciia chuyén 1iép SnO»/CNTs.

2. Thye nghifm

CNT,

Hinh 1. Mé hinh chuyén tiép SnO»/CNTSs v cch dat
&ién 4p phén cyre DC.

Chc chuyén tiép dj thé S0O/CNTs trong nghién
¢l nay duoc ché 130 trén dién cuc Pt co chu tric nhu
Hinh 1. DAu tién, day nano SnO; dugc ché tao trén
mot bén dién cyre Pt. Khoérlg cach giffa har dién cyuc
duoe thiét ké di rong va cdc thong s6 cong nghé
frong qué trinh ché tao duoe didu kh|en sao cho cdc
diy wano Sn0; cé mét 4o du lén de che phu kin dién
cye nhung khong du dai dé bic cdu gira hai dién cuc.
Sau khi ché tao day nano Sn0,, CNTs dugc phu léo
dign cuc dé hinh thanh chc chuyén tiép SnO/CNTs

DZy\nano Sn0; duge moe trirc uep ttén cac dién
cue Pt bang phuong phap CVD nhiét tir vat lidu
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ngudn la bét Sn tinh khiét (Merck; 99 ,8%) [7]. Trong
a6, 0,1 g bdt So chira trong (huyén nhém 3xit va cac
dién cye Pt duoc d3t trong mdt ong thach anh nhé v(n
khoang céch thuyén va dién cuc 14 2 cm. Sau db, bng
thach anh duoc dua vio budng phin img va dit tai
tam 18. Nhim trénh su hinh thanh 1ép 8xit SnO; do
bt Sn phan img v6i 8xy du trong buéng phén (mg
khi nfing nhit, khi Ar (99%) duge théi vao budng vér
luru lugng 300 scem ket hop voi bom chan khéng co
hoc dé loai bo hoi nirée va oxy. Sau d6 budng phan
img duoc hit chan khong dén 4p sudt khoang 1,5.10"
Torr. Ld dugc gra nhiét tir nhiét do phong 1&n 750°C
trong 1S phut vA giir & nhiét 49 ndy trong 20 pht.
Khi 8xy duge thdi vio budng phan img véi lru lugng
0,5 sccm trong subt qué trinh moc day Cudi cung, 16
dugc tat va dé ngudi tu nhién vé nhiét 46 phong Cac
dién cye dd moc day nano SnO: dugc nhing vio
dung dich chya CNTs phén tAn (CNTs thuong mai
cla hang Shenzhen Nanotech, dudng kinh 20- 40
nm), sau d6 xir Iy nhigt tai 350 °C @& tao thanh
chuyén tiép SnO2/CNTs,

Céc dic trung cia chuyén nép 44 dugce khio sat
biang cac phuong phap FE-SEM (JEOL 7600F),
Raman (Micro-Raman InVia, RENISHAW, H44840,
Laser 633 nm). Phd tdng tr&r cia chuyén tiép da duge
khio sét trén h¢ HP-Hewlett Packard 4192A tai nhiét
dg phong trong dai thn s6 tr 5 Hz dén 13 MHz voi
dién 4p phan cye DC + 0,4 V vi dién &p xoay chidu
AC 10 mV, Chuyen tiép duoc phan cyc thudn bing
cich nbt CNTs vai cue (+) cia ngudn, nbr diy nano
SnO» véi cye (-) nhur trong Hinh 1 va nguoe lai trong
truong hop phin cuc nguge

3. Két qud v thio luin

Hinh 2. Anh FE-SEM cua chuyén tiép SnO/CNTs
trén di¢n cuc Pt (a), anh phong dai cao cua chuyén
liép (b), 4nh phéng dai cao ctia CNTs (c), anh phong
dai cao cia SnO; trén dién cyc Pt (d).

Két qu phén tich anh FE-SEM trén Hinh 25 cho
thdy, CNTs tao thanh mgt [6p mang bim dinh 1t trén
mét dién cuc d3 moc diy nano SnOs v mit dién cye
Pt. Hinh 2b cho thdy, CNTs hinh thinh mang lu¢
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phan bé ngjfxu ohién pha 1én trén day SnO: dé hini
thanh cbuyén tiép SnO»/CNTs. Anh phong dai cao
trén hinh 2c cia CNTs cho thdy CNTs dwoc phin ian
dong déu. M3t khic, trong nghién clru nay day nano
SnO: ché tao tryc tiép trén dién cyc Pt bing phuong
phép CVD nhiét ¢6 duomg kiph khoang 20- 60 nm
(binh 2d).
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Hinb 3. Pb Raman cia chuyén tiép SnO/CNTs.

Phd Raman cua chuyén tiép SnO/CNTs trong
Hinh 3 cho thay sy xudt hién cua cac dinh dic fnumg
cia CNTs. Dinh D a1 s6 song khodng 1330 cm dic
trumg cho cac Khuyét tat bay sai hong trong cau tic
cia CNTs. Dinh G 1ai so song khoang 1580 cm'! dac
tnmg cho cic dao dong trong mat nguyén nr carbon
lan cn trong mang Juc gide, bao gdm ca kéo dan va
uén cia cic lién két carbon. Tuy nhién, rat kho dé
quan sét cc mode dao déng cia SO, vi tin bigu
Raman ciia CNTs rét cao (7].
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Hinh 4. Phé topg tr& Nyquist cia chuyén tiép
SnO»/CNTs ¢ dién 4p pbin cuc DC + 04 V
tai nhiét d6 phong.

Hinb 4 1 pho tdng tr& Nyquist cia chuyén tiép
SnO,/CNTs ¢ ché d§ phén cuc thuan va phin cyc
ngugc vai dién ap DC + 0,4 V (ai nhigt 4 phong, tan
s0 giam tor 13 MHz den 5 Hz nr trdi sang phai doc
theo tryc x. C6 thé thay, pho tong tro cia chuyén tiep
c6 dang bai ban cung, chimg 16 mach twong duong

cua chuyén 1iép bao gém cac cur
vl nhau. Budng kinh cua cac ba
t6ng ré cha chuyén tiép, Ban cun
c6 dudng kinh 16n hon so vér vun
thay ddi dién &p phan cuc, duong
& phén tin s6 cao thay déi kho

<inh cua ban cung
ké, trong khi

duémg kinh cda bén cung & in 50 thip 1ang oanh khi
chuyén tir phan cyc thudn sang phan cuc ngUocC.

Dé hidu siu hon vé tinh chit di¢n cua chuyén
tiép SnO2/CNTs, chiing 15i dé xvat mé hinh mach AC
tuong duong cua chuyén tiép chu Hioh 5. Mach
twong duong gom dién trg Rs ndi tiép voi ba cum
R//C diic trung cho ba phan chinh tao nén chuyén
tiép: Ri//Cy diic trung cho day nano SnOa, Ry/Cs dic
trung cho tiép xtc SuOyYCNTs va Ry//Cs diic tung
cho CNTs.

c c c,

R, R,

Hinb S. So dd mach twong duong ciza chuyén tiép
di thé SnO»/CNTs.

Két qua nghién ciru truée d6 cua tc gia va cong
s [7) cho thiy cdu tric CNTs (khoang hom 100 Q) ¢6
dién o rt nho so véi diy nano SnO, (khodng vai
k) va tiép xic SnOL/CNTs, do d6 ban cung dic
mmg cho CNTSs ciing cé duéng kinh rit nho. Déng
thari, tiép xiic gitra SnO; véi dién cye Pt thé hién tinh
Ohmic [7). Chinh vi viy, troog phd tong tré cia
chuyén tiep SnO/CNTs (Hinh 4) chi quan sat dugc
hai bin cung ddc tnmg cho day nano SnO; va tiép
xiic SnO/CNTs. Tir sy thay ddi dudng kinh cua céc
bén cung theo di¢n ap phan cuc, cé thé thdy ban cung
G tan s0 cao dac tnmg cho day nano SnO; va ban
cung & 1an s thip dic tung cho tiép xuc
SnO»/CNTs

Trong nghién ciru nay, cic gia tri R va C cia
chuyén tiép SnO,/CNTSs duge x4c dinh tir dudng tinh
todn theo mé hinh mach ruong duong tring khép
nhat véi dudng thuc nghiém béng phin mém lvium.
Pho tong tré Nyquist thyc nghi¢m va tinh toAn theo
W0 hinh mach tuong dwong (Hinh 5) cia chuyén tiép
SnOY/CNTs & dién ap phan cuc DC + 0,4 V duge
trinh bay trong hinh 6 vi 7. Két qua phén’ tich duoc
trinh bay trong Bang 1. Do ban cung dic tnmg cho
CNTs ¢6 bén kinh rét nho nép Khéng thé x4c dinh
ntra ndi tié 4 dién 176
R_., dién dung C, dic 1nmg cho déypnI:;c:laS:g:;Z
dinh dugc tr mé hinh mach tuong duong c6 gia tri
thay doi khong dang ké ki chuyén tir gizg 4 £ bin
cuc thuan sang phin cye nguge Trong k‘hi dp‘[r; e
R: ddc tnmg cho tép xic SnO- ‘VVT\bkhi ]l}:
thudn 6 gid i 12 4672 Q. Kii phin e pebree dia
5 tang 1én 0570 Q. Pién due ¢ f’:;;"c'ﬁz
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ving nghéo cia tiép xic SnOJCNTSs cb gid trj
9,12.10"° F trong trrong bop phan cuc nguoc va ting
Jén 1,19.10* F khi phan cye thugn. Diéu ndy phi hop
véi cic két qud phép tich dic tnmg I-V tron cdng
\righ d3 cbng bd ciia ching 161 [8], cac chuyén tiép
$n0/CNTs ¢6 tinh chinh uu, khi phin cue nguge thi
ving nghéo mé rong, d|¢n dung cia chuyen nep giam
i va dién trd cva chuyén tiép ting Ién so véi phan
eye thudn.
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Hinh 6. Phd tong tré Nyquist thue nghiém vi tinh
tokn theo m6 hinh mach twong duong cia chuyén tiép
$10,/CNTs & ché do phén cuc thuin DC + 0,4 V
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Hinb 7. Phé thng tro Nyquist thue nghiém va ||nh

todn theo m hinh mach tuong duong ciia chuyén tiép

StO/CNTs & ché dd pban cyuc nguoe DC - 0.4 V.

Biug 1. Cic gia 1rj dien dung va dién trd cia chuyén
llep SnOJYCNTs & ché dé phan cyc thudn
¥4 phin ey nguoc.

Chuyen tiép Phap cyc thugn | Phan cue nguoce

SnOJ/CNTs | DC+04V DC-04V
R(Q) 414 351
Ri(Q 2951 2812
Ci(F) 2,91.1070 2,1910"°
Ri(@ 4672 40570
G(F 1,19.10* 9,12.10°

6l

4. Két ludn

Trong nghién ciru nay, phd Ion g ctia chuyén
llEp 43 dugc khio sit trong ddi tin sb 13 MHz- 5 Hz
trong hai trudmg hop phén cyc thuan va phin cuc
ngugc véi cac dign 4p DC + 04 V va dién ap AC
10mV. M6 hinh mach tuong duong cua chuyen (1ép
da duge xdy dymg bao gdm ba cym R//C mic ndi nép
v6i nhau dic trung cho ba phan 120 nén chuyén tiép 1a
day nano SnO;, CNTs va tip xiic SnO»/CNTs. Cic
214 1 dién dung va dién tré trong mach tuong duong
da dugc xéc dinh tir dudng tinh toan tring khép nhét
vé1 dudng thye nghiém. Nhimg két qua nay déng vai
trd quan trong trong vi¢c nghién clu phat mén va
tmg dung cac chuyen tiép SnOz/CNTs trong céc linh
vure khac nhau.
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