Science & Technology Development, Vol 17, No.T3- 2014

Anh huwong cla thoi gian U nhiét va
thanh nano ZnO |én hiéu suat cua PIN
mat tro1 co cau truc lai hoa vo co — hiru

cO

eLé Khac Tép

eTran Hoang Cao Son
eHa Thac Chi Nhan
ePhan Bach Thing
eLé Van Hiéu

Trwdng Dai hoc Khoa hoc Ty nhién, BPHQG-HCM

eNguyén Nang Dinh
Trwdng Dai hoc Cong nghé Ha Noi

(Bai nhdn ngay 01 thang 10 nam 2013, nhdn dangngay16 thang 01lnam 2015)

TOM TAT

Trong bai bao nay, ching téi khdo sat
anh hwéng cda thoi gian G nhiét va thanh
nano ZnO dén hiéu suét cua chuyén dbi cua
pin mat tréi lai héa. Thanh nano ZnO duworc
téng hop bdng phuwong phdp dién héa 6n
dong hai buéc cho két qua thanh nano ZnO
phét trién déng déu, c6 dé dinh hudng tét va
thé hién ré cau tric luc gidc véi dudng kinh
trung binh khodng ttr 30nm dén 50nm, do
dai trung binh cac thanh dat khoang tir 200
nm dén 250 nm. Mang polymer P3HT:PCBM
(1:1) duoc ché tao bang phuong phép phi
quay 400 vong/phut va dwoc U trong moi
truong nito & nhiét d6 130°C véi cac thoi
gian 10 phuat, 20 phat, 30 phat va 60 phdat.

Két qué cho thdy mang hép thu cao trong
vung anh séng kha kién véi ba dinh hép thu
& cac buwdc séng 515 nm, 555 nm va 610
nm. U nhiét & 130°C vé6i thoi gian G nhiét la
30 phut mang P3HT:PCBM dat duoc hép thu
cling nhw d6 két tinh tét nhat nho dé lam
téng hiéu suét chuyén déi cda pin. Sw cé
mét cta thanh nano ZnO trong hé pin c6 st
dung va khéng st dung PEDOT:PSS déu
cho thay lam tdng dang ké hiéu suét chuyén
dbi ctia pin mét troi so véi hé pin siv dung
mang ZnO. Két quéa cho thay hiéu suét téng
tr 092% Ilén 1,23% (hé khbéng co6
PEDOT:PSS) va tang tir 1,38% lén 1,43%
(hé c6 PEDOT:PSS).

Twr khoa: Thanh nano ZnO, P3HT:PCBM, Pin mat troi lai hoa.

GIOI THIEU

Kha niang hip thu tao cap dién tu - 16 trong
va phan ly hat tai 1a hai yéu t6 chinh quyét dinh
dén hiéu suit cua pin mat troi néi chung va pin
mat troi lai hda noi riéng. Trong pin mat troi lai
hoa v6 co — hitu co thi P3HT:PCBM dong vai tro
chinh dé hap thu anh sang tao ra cap dién tu - 16
tréng. Cac nghién ctu cho thay ring

P3HT:PCBM hap thu manh trong ving anh séng
kha kién 1a ving chira nhiéu ning lugng trong
phd mat troi va d6 hip thu caa P3HT:PCBM phu
thudc vao thoi gian u nhiét [1]. Nghién ctru ciing
cho thiy, dé hap thy gan hét anh séng trong vang
UV-VIS va can hdng ngoai, vat liéu hiru co can
c¢6 d¢ day tir 100 nm dén 200 nm [11]. Tuy nhién,
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véi pin mat troi chi st dung vat liéu hiru co cho
thiy hiéu suat con thip. Nguyén nhan la do do
dai khuéch tan céc hat tai trong vat liéu hitu co
rat ngan (~10 nm) va d¢ linh dong nho [2,14] da
lam ting qua trinh tai hop cua dién tir - 15 tréng.
Nhim khic phuc nhuoc diém dé, viéc dan xen
thanh nano vao trong cau trdc pin mat troi c6 thé
tang kha nang phan ly va truyén dan cé4c hat tai ra
dién cyc, dan dén lam tang hiéu suat cua pin mat
troi [4,5]. Thanh nano ZnO la loai vat liéu ban
dan c6 cau trdc khong gian mét chiéu dinh huéng
mat mang (002) [1-3]. Véi cau tric nay, dong
dién tr duoc sinh ra trong qua trinh hap thy énh
sang mit troi s& di chuyén maot chiéu theo chiéu
ma& rong cua ZnO, va bi gidi han boi duong bién
cua hai chiéu con lai. Biéu nay 1am cho hiéu suit
lwong tir caa ZnO mot chidu cao hon so véi vat
lieu ZnO hai hay ba chiéu.Vi vay thanh nano
ZnO thuong dugc dung lam kénh dan dién tich ra
dién cuc va dugc ung dung trong pin mat troi
[4,5], LED [6,7], sensor khi [8,9]... Giai phap lai
hoa vt liéu v co 1a cac thanh nano ZnO vao
trong I6p vat liéu hitu co gitip qua trinh phan ly
va truyén dan dién to duoc thyc hién d& dang
hon, nhd vay hiéu suat cia pin mat troi lai hoa
duoc cai thién dang ké [4,5].

VAT LIEU VA PHUONG PHAP

Ché tao mang ZnO

Mang ZnO duoc ché tao trén dé ITO (dé ITO
cua hiang Photonik Singapore, di¢n tré matl0
Q/cm?) bang phuong phap sol-gel vai tién chat 1a
Zn(CH3C00),.2H,0 va MEA
(Monoethanolamine) c6 ti 1€ 1:1 duoc hoa tan
trong dung méi ethanol dé dugc dung dich c6
nong do 0,75M. Mang sau khi duoc ché tao s&
duoc nung & nhigt do 350°C trong thoi gian 60
phut.

Ché tao thanh nano ZnO

Nham tao ra thanh nano ZnO phu hop hé pin
(46 truyén qua,khoang céch giira cac thanh, chiéu
dai duong kinh, mat d6 cac thanh...) ciing nhu

pht hop kha nang hip thu cia P3HT:PCBM.
Chlng tditién hanh ché tao thanh nano bing
phuong phap dién héa hai buéc va chon ti 1€
ndng d6 Zn (NOs),. 6H,0 va CeH1,N, 12 1:1[15,
16, 17].Thanh nano ZnO duoc ché tao trén dé
ITO di c6 16p mam bang phuong phap dién hoa
6n dong. Dung dich dién phan gébm mudi Zinc
nitrate hexahydrate Zn (NOs),. 6H,0, néng do
0,005 M va Hexamethylenetetramine CgH1oNy,
ndng d6 0,005 M. Dé tong hop thanh nano ZnO,
chlng toi str dung hé dién héa Gamry Intrusment
Series G 300™ Potentiostat/Galvanostat/ZRA,
san xuét tai My (sai s6 trong 6n dong la 10nA, sai
sb trong 6n thé 1a 10 mV). Thanh nano ZnO dugc
tong hop bang phuong phap dién héa 2 budc:
budc 1 sir dung dong 0,3 mA/cm?, trong thoi gian
10 phit va budc 2 sir dung dong 0,1 mA/cm?,
trong thoi gian 20 phat.

Ché tao pin mit troi lai héa

HGon hop P3HT:PCBM (cua hdng Aldrich —
Puc) dugc can theo ty 18 khéi lugng 1:1 [18], hoa
tan trong chlorobenzene dé dugc ndéng do 1wt%
[13]. Dung dich dugc khudy va gia nhiét & 50°C
lién tuc trong 12 gio. Mang duoc phu quay Vai
van téc 400 vong/phut. Dé khao sét vai tro cua
thanh nano ZnO trong viéc nang cao hiéu suat
cua pin mét troi lai héa vo co — hitu co, ching t6i
lan lwot ché tao cAu trdc pin mat troi theo hai
dang ciu tric 1TO/mang ZnO/P3HT:PCBM/AI
va ITO/thanh nano ZnO/ P3HT:PCBM/AI (Hinh
1). Sau d6 hé pin dugc U nhiét & 130°C véi thoi
gian khac nhau. L6p vat liéu PEDOT:PSS dugc
phu bang phuong phap phu quay 5000 vong/phut
va duoc u tiép ¢ nhiét do 110°C trong 10 phut.
Cudi cung, dién cyc nhdm Al day khoang 100nm
dugc phu bang phuwong phap bdc bay véi cuong
d6 dong 50A, ap suit chan khéng 10 torr .

Hinh thai hoc cia mang ZnO, thanh nano
ZnO ciing nhu cdu tric lai hoa duge vo co — hitu
co duoc khao sat nho anh SEM. Do héap thu duoc
do bang phd UV-Vis va hiéu suit cua hé pin
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duge xac dinh nho hé do dic trung I-V la may

110

A) ITO/ mangZn0/ PAHT-PCEM/ Al

P3HT : PBCM e

Thanh nano Zn() m—

Mang Zn0O

solar simulator SS150.

B) ITO/ thanhnane Zn0/F3HT-PCEM/ Al

Hinh 1. M6 hinh hé pin mit trdi lai hoa st dung mang ZnO va thanh nano ZnO

KET QUA VA BAN LUAN

Anh hwéng cia thoi gian i dén hiéu suét cia
pin mat troi.

Tur Hinh 2A cho thdy mang ZnO c6 d6 dong
déu tét, Hinh 2B cho thiy c6 su phan 16p rd rang
trong cau trdc pin mat troi. Mang ZnO c6 d6 day
khoang 200 nm va mang P3HT:PCBM c¢6 d6 day
khoang100 nm. Hinh 2C cho thiy thanh

nanoZnO phét trién dong déu, c6 do dinh hudng
t6t va thé hién rd ciu tric luc giac véi duong
kinh trung binh tir 30 nm dén 50 nm, d6 dai trung
binh tr 200 nm dén 250 nm. Hinh 2D 1a anh
SEM mit cit ngang cua hé pin ITO/thanh nano
ZnO/ P3HT:PCBM/AI thé hién rd su thim sau
cia P3HT:PCBM vao 16p thanh nano dé hinh
thanh ciu trac lai hoa vo co — hitu co.

P3HT:PCBM

Mang Zn0O
Mang ITO

Thuy tinh
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Hinh 2. Anh SEM ciia: mang ZnO (A), mit cit ngang hé pin st dng mang ZnO (B), thanh nano ZnO (C), mat cit
ngang hé pin st dung thanh nano ZnO (D).
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Hinh 4. Gian @6 XRD cta mang P3HT:PCBM (1:1,1wt%) & nhiét d6 u 130°C;
thoi gian G nhiét A-10 phat, B-20 phat, C-30 phut, D- 60 phat

Hinh 3 cho thdy cac mau déu hap thu rong
trong viing anh séng kha kién (buéc séng khoang
475 nm — 625 nm) va xuét hién ba dinh hap thu ¢
budc song 515 nm, 555 nm va 610 nm. Khi ting
thoi gian tir 10 phut &én 20 phat cho thay do hap
thu ting dang ké. Tuy nhién khi thoi gian o nhiét
20 phat va 30 phdt, vi tri cuc dai hap thu gan
trang khit 1én nhau (cudng d6 hap thu ting khong
dang ké) nhung vai thoi gian u nhiét 1a 60 phut,
d6 hap thu giam manh. DBiéu nay c6 thé giai thich
1a khi thoi gian u qua lau polymer bi bién tinh tir
d6 1am pha v& lién két lién phan tir gira cac mach
polymer, su giam do két tinh duoc thé hién rd

bi giam va mat di su chat ch& vén c6 cua nd s&
lam giam kha nang hip thu cua mang [12]. Gian
dd nhiéu xa tia X cua 4 mau mang P3HT:PCBM
& Hinh 4 cho thiy miii dic trung dyo khdng thay
dbi vi tri & 2 theta bang 5°3, tinh toan dugc d100
= 1,64 nm, c6 cuong do ting dan khi nhiét o o
mang la 130°C, va thoi gian 4 mang ting tir 10
phat I&n 30 pht, vaéi thoi gian G mang 20 phat va
30 phut cudng do milii két tinh ¢ 2 theta gan bang
nhau, nhung khi thoi gian G mang tang 1én 60
phut, cuong d6 mii két tinh & vi tri 2 theta bang
5°3 lai giam di rat nhiéu, diéu nay pha hop véi
két qua phd hip thu UV-Vis (hinh 3) va so véi

oHinh 4. Khi mach lién két cua P3HT két qua ciia Yu-Ching Huang et al [13].
Bang 1. Cac thong s6 pin mat troi theo thoi gian u nhiét.
Tén | Nhiét do Thoi gian Ve Jsc o
miu | @(C) & (phat) ) | marem? | FF PCE (%)
10P 10 0,50 4,78 0,41 0,98
20P 130 20 0,53 4,69 0,43 1,01
30P 30 0,55 5,20 0,43 1,23
60P 60 0,55 2,39 0,35 0,46
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Hinh 5. Buong dac trung I-V cua pin mat troi theo thoi gian u khac nhau.

Tu Bang 1, va duong dac trung 1-V & hinh 5,
nhan thy rang khi giir c6 dinh nhiét d6 u va thay
ddi thoi gian u nhiét thi thé ho mach Voc tang tir
0,50 V Ién 0,55 V. Vai thoi gian u nhiét tang tir
10 phat 1én 30 phat, dong doan mach Jsc cling
tang tir 4,78 mA/cm? Ién 5,20 mA/cm? | nhung
khi thoi gian o nhiét ting dén 60 phat thi Jsc lai

P3HT:PCBM tir ¢ lam ting s6 luong hat tai
cling nhu d6 linh dong cua chiang [1]. Tuy nhién,
khi thoi gian @ nhiét ting dén 60 phat thi mang
P3HT:PCBM bi pha v& ciu tric nén lam giam do
két tinh, d6 linh dong ciing nhu kha niang phén ly
truyén dan hat tai ra dién cuc [10,14]. Nhu vay,
vai ché @6 u nhiét ¢ nhiét do 130°C trong thoi

giam xudng va dat gia tri Jy. = 2,39 mA/cm?. Nhu gian 30 phat hé pin ITO/thanh nano
vay tang thoi gian @ nhiét da anh huong dén 46  ZnO/P3HT:PCBM/AI dat hiéu suét cao nhat.
két tinh ciing nhu do hap thu cia mang
Anh hwéng cia thanh nano dén hiéu suét cia pin mit troi
Bang 2. Cac thong s6 cta pin mat troi sir dung thanh nano va khéng sir dung thanh nano ZnO
Nhiét Thoi
Tén mau dou gian u X}’; m A:]/Sémz) FF 'z(f/:')z
(°C) | (phit) ( ’
ITO/ mang ZnO/ P3HT:PCBM/ Al 0,55 3,98 0,42 0,92
ITO / thanh nano ZnO/ P3HT:PCBM/AI 0,55 5,20 0,43 1,23
ITO/ mang ZnO/ P3HT:PCBM/ 130 30
PEDOT:PSS/ Al 0,57 578 0,42 1,38
ITO/ thanh nano ZnO / P3HT:PCBM/
PEDOT:PSS/ Al 0,55 6,21 0,42 1,43
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Hinh 6. Pudng dac trung 1-V cla pin st dung thanh nano va khong sir dung thanh nano ZnO.

Tir dudng dic trung I-V (Hinh 6) nhan thay
trong ca hai truong hop sir dung va khéng sir
dung PEDOT:PSS, pin mat troi sit dung thanh
nano ZnO cho gi4 tri dong doan mach J tang
manh so véi hé khoéng sir dung thanh nano ZnO
(Js tang 1én tir 3,98 mA/cm? dén 5,20 mA/cm?)
va hiéu suit pin mat troi ting tir 0,98% dén
1,23%. P6i véi hé pin c6 s dung thém Iop
PEDOT:PSS cho thdy hiéu suét ting 1én va dat
duoc 1,43% (Béang 2). Nhu vay PEDOT:PSS, véi
vai tro dan 15 trong da lam ting kha ning truyén
dan hat tai dén dién cuc nhom.

Trong ca hai truong hgp st dung va khéng
st dung I6p PEDOT:PSS déu cho thiy su anh
hudéng dang ké cia thanh nano dén hiéu suat
chuyén di cua pin mat troi. Nhu vay, trong hé
pin khdng st dung thanh nano ZnO, do vat liéu
hiru co P3HT:PCBM la vat liéu c6 d6 linh dong
cta hat tai thap va chiéu dai khuéch tan ngén, nén
qué trinh tai hop dé dang xdy ra. Piéu nay giam
kha nang phén ly va truyén dan cap dién tur - 15

tréng dén cac dién cuc. Voi sy c6 mat cua céc
thanh nano ZnO trong 16p hitu co, cac hat tai
khong di chuyén tryc tiép tr mang hitu co
P3HT:PCBM dén cac dién cuc [4]. Trong truong
hop nay, cac thanh nano déng vai tro 1a kénh
truyén dan dién tir dén dién cyc ITO va 13 tréng
s& di chuyén vé dién cuc nhom.
KET LUAN

Nhu vay, thoi gian u nhiét da anh hudng
dang ké dén do hip thu cua mang P3HT:PCBM
tir d6 anh huong dén hiéu suit cua pin mat troi.
Két qua ciing cho thdy su ting hiéu suat cua pin
mat troi khi c6 mat thanh nano ZnO trong céu
trdc cua lai hoa vo co — hiru co so véi hé pin mat
troi st dung mang ZnO. Su c6 mat cua lop
PEDOT:PSS ciing gop phan cai thién hiéu suét
cua pin mat troi lai hda nay.

LOT CAM ON: Cong trinh nay dwoc su tai tro
béi Pai hoc Quic gia Tp HCM trong dé tai trong
diém ma sé B2011-18-3TP.
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ABSTRACT

In this study, we investigated the effect
of annealing time and morphology of ZnO
nanorods on the conversion efficiency of
hybrid solar cell. ZnO nanorods were
synthesized by two-step electrochemically
steady stream method. The result showed
the uniform growth of nanorods which have a
good orientation in demonstrating the
hexagonal structure with an average
diameter from 30nm to 50nm and average
length from 200nm to 250nm. P3HT : PCBM
(1:1) conductive polymer blend was also
fabricated by spin coating method at 400
rpm and incubated during 10 minutes, 20
minutes, 30 minutes and 60 minutes in
nitrogen environment at 130°C. UV-Vis
spectrashowed the high photon absorption in

the visible light wavelengths with three
characteristic peaks at of 515nm, 555nm and
610 nm. With the annealing time of 30
minutes, the highest absorption was reached
with the increasing crystallization ofP3HT:
PCBM film and thereby the conversion
efficiency of the cell was enhanced.
Especially, the presence of ZnO nanorods in
the system using and without using PEDOT:
PSS has showed significantly the
enhancement of conversion efficiency of
solar cells as compared to the system cell
using ZnO film. And conversion efficiency of
our device has increased from 0.92 % to
1.23 % (for system without PEDOT: PSS)
and from 1.38 % to 1.43 % (for system with
PEDOT : PSS layer).

Key word: ZnO nanorod, P3HT:PCBM, hybrid solar cell.
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