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Tom tat

Trong nghién ctru nay chuing toi tap trung vao viéc ché tao mang dién cuc trong sudt day nano bac/ éxit thiéc
indi va nghién ctru déc tinh dién va quang ctia ching. Cac day nano bac duoc téng hop bang phurong phap
polyol. Puong kinh va chiéu dai clia céc day nano bac da téng hop duwoc nam trong céc khodng tuong tng 1a
40-70 nm va 5-30 um. Pién curc trong sudt duoc ché tao ttr ddy nano bac cé dién tré bé mét (Rsh) khé cao,
~210,1 /0. Sau khi phiin xa mét I6p vat liéu éxit thiéc indi 1én bé mét dién cuc day nano bac, Rsw da gidm
manh xuéng con ~30,1 O/ tuong (rng véi dé truyén qua 83,9% tai buée séng 550 nm. Hé sé chét luong cla
dién curc trong sudt tét nhat dat 68,3. Két qua nay cho thay céc dién curc trong subt da ché tao duroc réat cé
tiém néng trong viéc (rng dung lam dién curc cho pin ndng luong mét troi va linh kién diét phét quang.

T khoa: Bién cuwc trong sudt, AGNW, Indi-thiéc oxit , dd truyén qua, dién tré bé mat.
Abstract

In this study, we analyze the optical and electrical properties of silver nanowires/indium tin oxide transparent
conductive electrode (TCE). Silver nanowire was synthesized by polyol method. ITO was deposited by direct-
current sputtering. The diameter and length of the synthesized silver nanowire are in the range of 40-70 nm
and 5-30 um, respectively. The silver nanowire TCEs have a rather high resistance (~ 210 Q /r). After a layer
of indium tin oxide sputtered on silver nanowire TCE, the resistance dropped sharply (~ 30.1 Q/0)
corresponding to 84.1% transmittance at 550 nm. The figure of merit of this TCE is 68.3. This result shows
that the fabricated silver naowire/indium tin oxide TCEs have great potential in application as window

electrodes for solar cells and LED devices.
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1. Giéi thiéu chung

Céc dién cuc trong sudt dan dién (Transparent
Conductive Electrode - TCE) da va dang dugc ung
dung rong rai trong cac thiét bi quang dién tir nhu pin
mit trdi [1,2], man hinh tinh thé long [3], didt phat
quang (Light Emitting Diode - LED) [4], man hinh
cam tng [5]. Cho dén thoi diém hién tai, cac TCE van
chu yéu 1a cac oxit kim loai (Transparent Conductive
Oxide - TCO) nhu 6xit thiéc indi (Indium Tin Oxide -
ITO), oxit kém pha tap nhom (Aluminium doped Zinc
Oxide - AZO), 6xit thiéc pha tap florine (Florine doped
Tin Oxide - FTO) va mét sé 6xit khac. Tuy nhién cac
TCO truyén thong ton tai nhuoc diém 1 khong thé ing
dung dugc trén céac dé mém déo do khi bi udn cong
nhiéu lan, cac mang TCO bi nut gy din t6i hong linh
kién [6]. Trong nhitng nam gan day, cic nha khoa hoc
da va dang tim kiém vat liéu thay thé TCO nhdm huéng
t6i muc tiéu 1a ché tao duoc cac TCE trén cac dé mém
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transparent conductive electrodes, silver nanowires, Indium-tin oxide, transmittance, sheet

déo nhim ung dung cho cac thiét bi co thé gap duoc.
Mot trong nhitng doi tugng co thé thay thé tdt cho TCO
14 day nano bac (Silver nanowire - AgNW) [7,8]. Uu
diém cua AgNW la c6 dd din dién cao, co thé ché tao
duoc cac TCE ngay & diéu kién phong, tbc d6 ché tao
nhanh va kich thuéc 16n. Thém nita, cac TCE dugc ché
tao tir AgNW c6 thé uén cong ma khong bi nut giy.
Khi ché tao mang mong din dién tir cac AgNW, dién
tro tiép xtic gitta cac AgNW véi nhau 1a kha cao, diéu
nay lam ting dién tré bé mat (Rsy) ciia TCE. Dé khic
phuc cac han ché trén, trong bai bao nay chiing t6i s&
tap trung cai thién dién tré tiép xuc gilra cac day bac
v6i nhau nham hudng t6i giam Rsy ciia toan TCE.

2. Thye nghiém
2.1. Tong hop AgNW

Phuong phap polyol [9] duoc lya chon Wdé téng
hop AgNW. Cac hoa chat dugc st dung dé tong hop
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AgNW bao gom: dung méi ethylene glycol (EG,
Sigma-Aldrich), tién chat bac nitrat (AgNO3, Prolabo-
Phap), chat hoat dong bé mat polyvinylpyrrolidone
(PVP, China), mudi NaCl (Xilong-China), mudi KBr
(Xilong-China), acetone (Xilong-China) va ethanol
(Xilong-China). Pau tién 0,5 g polyvinylpyrrolidone
(PVP) duoc phan tan déu trong 10 ml ethylene glycol
(EG) bang khudy tir. Tiép theo, thém 300 ul KBr (IM),
300 ul NaCl (1M) cung véi 10 ml dung dich chura 0,1
g AgNOs va nang 1€n 160°C. Gilt nhiét d§ nay trong
1 h @é khir Ag" thanh Ag. Toan bd qua trinh trén déu
tién hanh trong moéi truong khi N,. Qua trinh phan ting
va san pham thu dwoc mo ta nhu sau:

CH,OH-CH,0H —> CH;CHO + H,0
2Ag" + 2CH;CHO — 2Ag° + CH;COCOCH; + 2H" .

Sau khi phan tmg két thic, dung dich duoc 1am
ngudi tu nhién vé nhiét 46 phong. Day AgNW duoc
loc rira bang cach thém lan luot aceton va ethanol vao
dung dich rdi quay ly tim véi toc d6 3000 vong/phit.
Qua trinh loc rira nay dwoc thyc hién 2-3 lan. Bude
cudi cing, cac diay AgNW dugc phan tan trong dung
moi isopropanol voi néng d6 50 mg/ml dé tao muc in
nanowire bac.

2.2. Ché tao TCE t6 hop AgGNW/ITO

Dé Polyetylen terephtalat (PET) dugc lam sach
bing dung dich acetone va nudc cit. Sau d6 muc in
AgNW (ndng d6 0,05 g/ml) duoc phu trén bé mat dé
PET bang phuong phap in gat dé tao TCE [10]. Kich
thude cia mau 1a 2 cm x 2 cm, duge phit v6i 40 pl muc
AgNW. DPé cai thién d6 dan dién cua cac TCE lam tir
AgNW, chiing t6i da pha mot 16p vét liéu ITO bing
phuong phap phan xa 1én trén AgNW/PET [11] 6 nhiét
d6 phong. Mang phu ITO dugc phin xa bang ngudn
mot chidu, cong sudt 40 W, ap suét 3 mtorr, ty 1é dong
oxy/argon = 3%, nhiét d phong; thoi gian phun xa la
5, 10, 25, 40 va 60 phat.

2.3. Cac phwong phap phdn tich

Kich thu6c cia AgNW duoc xac dinh bang kinh
hién vi dién tir quét (FESEM) (JSM-7600F, Jeol). Ciu
trac pha cua day nano dugc xac dinh bang phd nhidu
xa tia x (D8 Advance, Bruker). Do truyén qua cua cac
TCE duoc do bang may UV/Vis (Cary 5000 UV—Vis—
NIR). Piént tro bé mit duoc do bang may do 4 mili do
(Jandel RM3 Test Unit).

3. Két qua va thio luin

Hinh 1 1a phé XRD ctia day nano bac thu duoc
sau khi tong hop. Céc dinh nhidu xa duoc nhin thdy &
cac vitri 38,2°,44,5°, 64,4° tuong trng v6i cac mat tinh
thé (111), (200), (220) cua Ag (JCPDS-01-087-0717).
Céc dinh nhiéu xa sac net va cuong do kha manh. Diédu
nay cho thdy miu ché tao hoan toan don pha Ag va c6
d6 két tinh tét.

D¢ quan st hinh thai bé mit cac day AgNW,
chung t6i tién hanh do FE-SEM cho mau da tong hop
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duogc va két qua duoc thé hién ¢ trong Hinh 2. Pudng
kinh ctia cic AgNW trong khoang 40 - 70 nm va chiéu
dai trong khoang 5 - 30 pm. MAu ché tao sau khi loc
rira thu dugc hoan toan 1a AgNW va khong ton tai cac
hat nano chimg t6 hiéu suit cua qué trinh tong hop va
loc rira 1a rat cao.
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Hinh 1. Gian d6 nhidu xa tia X ctia mau AgNW tong
hop bang phuong phap polyol.

Hinh 2. Anh SEM ciia AgNW di tng hop dwoc bing
phuong phép polyol.

Hinh 3 1 anh FE-SEM bé mit cua cic AgNW TCE
dugc phu ITO trén bé mat véi cac thoi gian phun xa
ITO khac nhau. C6 thé thay rang khi thoi gian phun xa
ITO ting, dwdng kinh ciac AgNW ting 1én dang ké.
Puong kinh tang tir 40 - 270 nm tuong Gng voi thoi
gian phun xa tir 0 - 60 phiit. Quan sat cac diém tiép xuc
giita cac AgNW véi nhau c6 thé thay hau hét cac diém
giao nhau cua cac diy AgNW da dugc két ndi véi nhau
(twong ty nhu mdi han xem Hinh 3(e)) boi vét ligu ITO
thong qua phin xa; ddy 1a yéu t6 quan trong dé lam
giam Rsu ciia mang TCE. Van d& nay s& dugc thao luan
k¥ hon trong phan dic tinh dién & phia duéi.
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Hinh 3. Anh SEM bé mit cac miu phun xa ITO trén
nén AgNW: (a) Khong phun xa; (b) 5 phut; (c) 10 phut;
(d) 25 pht; (e) 40 phut; (g) 60 phut.

Hinh 4. Anh mat cat ngang cua dién cuc TCE véi thoi
gian lang dong ITO 10 phut.

Dé xéc dinh bé day cta cac 16p ITO ching toi da
do anh SEM mit cit ngang ciia cac mau duogc phun
theo thoi gian khac nhau. Hinh 4 12 anh SEM mat cat
ngang ciia mau duoc phin xa trong thoi gian 10 phut.
Chung ta c6 thé thay 16p vét liéu ITO di phu 1én toan
b6 day AgNW va bé day 16p ITO trong trueong hop nay
1a ~ 42 nm. Cac mau duge phan xa véi thoi gian 5, 10,
25, 40 va 60 phut co bé day lan luot 1a 19 nm, 42 nm,
77 nm, 125 va 187 nm.

Hinh 5 14 phé truyén qua cua cac TCE véi thoi
gian phun xa ITO 1én AgNW khac nhau. Khi tang thoi
gian phun xa ITO, d6 truyén qua cia cac TCE giam
mot cach rd rét. Chi tiét hon, do truyén qua tai 550 nm
ciia cac mau phiin xa: 0, 5, 10, 25, 40, 60 phut tuong
ung 96,3%, 94,7%, 88%, 84,1%, 83,9%, 74%. Mac du
ITO 14 vat lidu c6 do truyén qua twong ddi cao, tuy
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nhién n6 khong phai 1a 100%. Do d9, khi phun xa ITO
1én cac AgNW TCE s& lam cho d¢ truyén qua giam
xudng. Nén nguyén nhan cua sy giam d¢ truyén qua
nhu nhin thdy & trén 1a do sy ting chidu day cua 16p
ITO phin xa.
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Hinh 5. Pho truyén qua cac TCE AgNW/ITO véi cac
thoi gian phtin xa ITO khéc nhau: 0, 5, 10, 25, 40 va
60 phat.
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Dbi voi TCE, hai thong s6 quan trong nhit 1a do
truyén qua va Rsu. Hinh 6 13 gia tri Rsu cia cac
AgNW/ITO TCE voi thoi gian phun xa 16p ITO khac
nhau. Rsy da gidm manh trong khoang thoi gian phin
xa ITO tir 0 dén 10 phut. Cu thé Rsy di giam tir
210 /] xubng con 55.6 1. Sau do, toc do giam cia
Rsu giam dan; va trong khodng thoi gian tir 25 dén 60
phiit thi Rsy dudng nhu khong thay ddi dang ké. Dé
giai thich cho su gidam Rsy ciia cac AgNW/ITO TCE,
chung t6i da v& so dd mach tuong dwong nhu duge mod
ta trong Hinh 7. Dién tré vudng cta cac di¢n cuc TCE
1a do 2 nguyén nhan gy nén, gdbm dién tré cia ban
than day AgNW va dién tré ciia mang ITO [12]. Dién
tro AgNW bao gém dién trd ban than s¢ nano bac
(Ragnw) va dién tro tiép xtic (Rrx) gitta cac AgNW véi
nhau. Cac nghién ctru truée ddy da chi ra rang Rrx rat
16n 80 v&i Ragnw, do d6 viée cai thién dugc Rrx s€ lam
giam manh dién tré ctia cac TCE. Trong nghién ctru
nay Rrx dugc cai thién bang cach phu ITO bén ngoai
cac AgNW va két qua cho thy: trong khoang thoi gian
phun xa 0-10 phut, Rsy gidm manh dugc cho 1a do dién
tro tiép xuc giita cac AgNW da duoc cai thién. Trong
khoang thoi gian phiin xa tir 10 dén 40 phut, su giam
dién trd chu yéu l1a do dién tré nén ITO giam. Tuy
nhién khi tang thoi gian phin xa 1én 60 phut, dién tré
Rsu cua céc lai ting 1én; sy ting 1én nay co thé co thé
dugc giai thich nhu sau. Nhu chiing ta da biét, dién tro
sudt ciia ITO (7.56 x 105 Q-cm) [13] 14 kha 16n so voi
Ag [14], nén cac dién tir vin chii yéu di qua kénh dan
la cac day nano bac. Sau khi phu ITO, céac dién tr di tir
cyc 4m qua 16p ITO dén soi day bac va di sang cuc
dwong. Khi 16p ITO méng, thi dién tré cua bé day 16p
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ITO la khong dang ké. Tuy nhién gia tri dién tro nay
s& tang 1én khi bé day 16p ITO 1a du 16n. Do do, sy ting
1én cua dién tré bé mat cua cac dién cuc TCE & thoi
gian phun xa 60 phit ¢6 thé do sy anh huong cia bé
day 16p ITO. Pién bé mit cua dién cuc AGNW/ITO,
v6i 16p ITO duge phun xa 60 phut, 1a kha thap so véi
mang ITO khong c6 s¢i nano bac (~ 200 Q/0)).

Dé danh gia tuong quan giira tinh chét dién va
tinh chat quang ctia cac TCE, chung t6i tinh toan thong

qua cong thirc sau [15]:
1 2
|:(Tj - l:l RSH

188.5

FOM =22 =
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trong do cop(h) la do dan quang (tai 550 nm) va epc la
d6 dan dién mot chiéu ciia mang mong, T 1a d6 truyén
qua tai bude song 550 nm, Rsw la dién tro bé mat. Ty
s0 6op(A)/epc chinh la hé s6 chét luong (FOM) dé S0
sanh tinh chat quang va tinh chat dién giita cac mau
[16]. Theo nhu két qua thu duoc & trong nghién cuu
nay thi Rsy dd dugc cai thién dang ké, tuy nhién do
truyén qua lai giam di.
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Hinh 6. Rsy ciia cac TCE AgNW/ITO véi thoi gian
phun xa ITO khéc nhau: 0, 5, 10, 25, 40 va 60 phut.
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Dé dénh gia chat luong cac TCE chiing toi phai
dya vao gia tri FOM, nhu dugc mo ta ¢ trong Bang 1.
Mau nao c6 gia tri FOM 16n nhat dong nghia voi chat
lwong ciia mau dé t6t nhit. Quan sat gia tri FOM ta
thay, vé co ban thi gia tri FOM tang dan khi tang thoi
gian phun xa. Tuy nhién, khi thoi gian phin xa 1a 60
phut thi gia tri FOM lai giam. Theo bang s6 liéu gia tri
FOM 16n nhét da thu duoc 12 68,3 tai mang TCE duoc
phin xa ITO véi thoi gian 40 phat. Do truyén qua va
Rsu cuia mang nay tuong ung la 83,9% va 30,1 Q/0.
Céc dién cyc TCE ly tuong dugc st dung trong cac
linh kién quang dién céd gid tri dién tré bé mat la
10 Q/17 va d6 truyén qua 90% tai budc song 550 nm.
Tuy nhién, thong thuong cac dién cuc nay phai dugc
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ché tao & didu kién nhiét do cao, do d6 n6 chi phu hop
voi mot sO loai linh kién nhat dinh vi nhiét d6 cao
thuong anh hudng den cac 1op vat li¢u khac.

Béng 1. Gié trj truyén qua, Rsy va hé sb chat lugng
cua cac TCE AgNW/ITO

Thoi gian T(%) Rsu FOM=
phin ITO | @550nm | (/D) | oop(M)/ opC
(phat)

0 96,3 210,1 47,1

5 94,7 150,5 454

10 88 55,6 51,4

25 84,1 453 46

40 83,9 30,1 68,3

60 74 45,7 25,4

AgNW Khéng ph ITO/ PhiITO 19

5y

-

Ragnw1 Rrx Ragnwz — Ragnwi

R\TO

Hinh 7. So d mach dién twong duong ciia mang moéng
AgNW va nanocompozit AgNW/ITO

4. Két luan

Chung t6i da tong hop thanh cong AgNW bang
phuong phap polyol voi duong kinh day tir 40 - 70 nm
va chiéu dai tir 5 - 30 um. TCE véi thoi gian phtn xa
ITO 40 phit thu duoc d6 truyén qua 83,9% va Rsu
30,1 Q/1 ing véi hé sb chét lugng (FOM) bang 68,3;
day 1a mang c¢6 chat luong t6t nhat di thu dugc trong
nghién ciru nay. Két qua chi ra ring mang dién cuc
nanocompozit AgNW/ITO rat c6 tiém ning ting dung
trong pin nang lugng mat trdi va linh kién LED.
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