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Pin mit troi hitu co (OSC) trén co sé' chit hoat quang t6 hop P3HT va PCBM ciu tric da 16p ITO/ZnO/
P3HT:PCBM/LIF/Al dugc ché tao tir cac 16p vo co va hitu co. Lép hoat tinh P3HT:PCBM véi ty 1¢ pha tron
2/3,1/1 va 3/2 dwgc ché tao bang phwong phap quay phii ly tAm, 16p dém nano ZnO ché tao bing phiin xa cao
tan va 16p tiép xiic néng LiF/Al ché tao bing bdc bay chin khong. Khio sit dic tuyén dong thé ciia linh kién
OSC véi hén hop pha trén 1/1 ¢ ché do chiéu roi ciia birc xa mit troi mat do cong sudt 50 mW/cm? cho thiy,
thé hé mach dat gia tri 0,36 V; dong ngin mach - 5,80 mA/cm? va hé so dién day - 0,54. Hi¢u suit chuyén héa
quang - dién xac dinh tir cic thong s6 hoat ddng trén cé gia tri bang 2,25%. Két qua nhan dwgc cé ¥ nghia thue
tién trong trién khai ning lwong mit troi, khi pin OSC dwoc trai rong nham ning cao cong suét tong cia pin.

Tir khéa: hiéu sudt chuyén héa quang dign, hén hop hoat quang P3HT:PCBM, pin mit troi hivu co, quay ly tim.

Chi 56 phén loai 2.9

Preparation and characterization of photoelectrical
conversion properties of organic solar cells based
on P3HT:PCBM composite materials

Summary

Organic solar cells (OSC) based on P3HT:PCBM
photoactive composite materials with a multilayer
structure of ITO/ZnO/P3HT:PCBM/LiF/Al were prepared
in this study. The P3HT:PCBM composite thin films with
2/3, 1/1 and 3/2 ratios of P3HT/PCBM were prepared by
spin-coating. The nano ZnO buffer layer was deposited by
Rf-sputtering, and the shallow contact of LiF/Al was made
by vacuum evaporation. Measurements of current-voltage
characteristics of the devices under illumination of solar
radiation with a density of 50 mW/cm? showed that for the
best photoactive composite (namely 1/1 of P3HT/PCPM
ratio) the open-voltage reached a value as high as 0.36 V, the
shot-circuit current - 5.80 mA/cm? and the fill factor - 0.54;
consequently, the photoelectrical conversion efficiency was
found to be 2.25%. This suggests a potential application of
the large-area OSCs in utilization of solar energy.

Keywords: organic solar cells, photoelectrical conversion
efficiency, PSHT:PCBM photoactive composite, spin-coating.

Classification number 2.9

*Tac gia lién hé: Email: dinhnn@vnu.edu.vn

TAP CHI

HOA HOC

ONG NGHE | ¢l Nam 5(6) 6.2016 -

pat van de

OSC da va dang dugc nghién ciru ngdy
cang nhiéu vi nhitng vu diém ndi tri so
voi pin mat troi truyen thong nhu cong
nghé ché tao don gian, co thé tao ra cac
pin tAm mém déo, do d6 dé L'flp dat tai cac
dia hinh phic tap da dang. Vat liéu hoat
quang st dung trong OSC la cac polymer
dan dién (con goi 1a ban dan hitu co) co
d6 rong ving cam trong khoang 1,70 dén
2,10 eV [1]. M6t trong nhiing polymer dan
dién dang duoc st dung rong rai la poly
(3-hexylthiophene) - viét tat 1a P3HT, véi
E, = 185¢V [2]. Sy hinh thanh loai dan
(n hay p) trong polymer dan khac han véi
viéc tao ra loai n hay p trong ban dan vo
co. O cac chét ban din vo co, ngudi ta thay
thé cac nguyén tir nén (thi du Si) bang cac
nguyén tir tap chit c6 nhiéu hon hoic it
hon s dién tir hoa tri (thi du P hay B), nho
do trong chit nén sinh ra mot lwong hat
tai dan dién 1a dién tr hay 16 trong. Con &
polymer dan dién, cac orbita cia cac phan
tr polymer dugc dién diy mot phan bai
cac dién tir c6 xu hudng nhan thém dién tir
nhd qua trinh khtt hoac cho di dién tr nho
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qua trinh 6xy hoa dé dién dy hodc lam tréng hoan
toan orbita dinh x& va tir 6 hinh thanh polymer dan
dién loai n hodc p. D6 1a qua trinh “ty pha tap”.

Dé tao ra tiép xtic p-n, bén canh thanh phan chinh
12 P3HT, 1a chét donor - chat cho dién tir (ban din hitu
co loai n), can ¢6 mot cht acceptor - chit nhan dién tir
(ban qgn loai p). Phenyl—Cm—butyfic acid methyl ester
(goi tat 1a PCBM) - mét dan xuat cua fullerene C60
duge sir dung 1am ban dan loai p. Nhu vay, sir dung
P3HT va PCBM s& tao ra tiép xuc di chat, khac véi
tiép xuc p-n trong Si hay GaP. P3HT 1a dan xuat cua
polythiophene, mot loai polymer dan dién c6 hoat tinh
cao. P3HT dugc tong hop bang nhiéu phuong phép,
trong d6 c6 2 phuong phap phéd bién nhat 1a trung hop
dién hoa va trung hop 6xy hoa khir. Uu diém cua P3HT
la d& gia cong, c6 thé tan trong nhiéu loai dung moi
khac nhau. Cau tao phan tir cia P3HT va PCBM dugc
minh hoa trén hinh 1. P3HT 1a mét polymer dién hinh
thudc ho polythiophen c6 nhiéu tmg dung trong OSC.

CHa(CHz)4CH3
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Hinh I: cdu tao phan tir ciia P3HT (a) va PCBM (b) [3]

PCBM duoc tong hop tir ester methyl cua acid
tosylhydrazone 4-benzoylbutyric dwoc xur 1y bang
metoxit natri, tao ra mot diazo phan Gng trung gian.
Hop chat nay tao ra phan ting véi C60, sau d6 loai bo
N, va xtr ly nhi¢t, nhan duogc hai dong phé{n [5, 6] -
PCBM va [6, 6] - PCBM (C61). PCBM c¢ thé tan dugc
trong nhiéu dung méi hitu co, vi du nhu clorobenzen
va 1,2-diclorobenzene. Pay chinh 1a uu diém noi troi
cua PCBM so voi C60.

Dudi tac dung cua bic xa (photon nang luong
thich hop), trén mit phan cach cta chuyén tiép di chat
P3HT/PCBM céc cip dién tir - 16 tréng duoc sinh ra.
Tuy nhién, hi¢u suat tach va van chuyén hat tai vé hai
phia ctia dién cyc thuong 14 rat thip, néu khong sir
dung cac 16p dém xen giita 16p hoat quang va hai di¢n
cuc. V6i cau trac ving nang lugng pht hop, 16p mong
nano ZnO va LiF dugc sir dung lam hai 16p dém tuong
ung cho phia di¢n cuc am va duong. Trong cong trinh
nay, chung t6i di ché tao pin mat troi da 16p st dung
dién cyuc dan dién trong subt ITO (In,O,:Sn) 1am dién
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cuc 4m va mang mong nhém lam dién cuc duong. Céu
tric cua mdt OSC da 16p 1a ITO/ZnO/P3HT:PCBM/
LiF/Al.

Thuc nghiém

Phuong phap phu ly tdm (spin-coating) goi tit 1a
SCD thudng duge str dung dé ché tao cac 16p mang
mong polymer cho di6t phat quang hitu co (OLED) va
OSC. Trong phuong phap SCD, c6 4 cong doan chinh:
nho dung dich, ting tdc, 6n dinh va phoi khé. Trong
cong doan dau tién, chat 1ong dugce nhé bang dng nho
giot dung dich hodc phun swong 1én bé mit dé. Nho
dung dich duogc thyc hién tinh hoac dong, nhé tinh la
nho trén dé dimg yén, nho dong 1a qua trinh chat long
nho xubng dé dang quay ¢ toc do thap. Toc do quay
khoang 500 vong/phut thuong dugc st dung trong
cong doan nay. Cong doan thir hai 1a luc dé duoc quay
gia téc dé dat duoc gia tri toc do quay t6i da theo yéu
cau. Cong doan nay c6 tac dung kéo gidn, dan trai va
tan mong chat 1ong trén bé mat dé bang chuyén dong
ly tam. Khi tde do quay dat do I6n can thiét, chat luu
trd nén du mong dé cho chuyén dong kéo theo bién
dang nhét can bang voi gia toc quay. Cong doan thir
ba la lic dé duoc quay voi toc do on dinh va luc nhét
ctia chét 16ng chi phdi sy tan mong chiéu day mang.
Véi cac dung dich chira dung moi dé bay hoi, thi sy tan
mong chit 16ng néi chung 1 dong déu, co thé thiy mau
sic cua sy giao thoa 4nh sang, mau sic ting dan dan
khi chiéu day cua mang giam. Coéng doan cudi cing
1a thoi gian quay dé véi toc do khong doi va su bay
hoi ctia dung méi tré thanh qua trinh chu yéu chi phdi
chiéu day ciia mang trong qua trinh phi. Chiéu day cua
cac 16p mang moéng P3HT va hén hop P3HT:PCBM
dugc khao sat trén thiét bi “Stylus”. Sau khi két thuc
qua trinh quay phu, mang duogc U trong moi truong khi
nito kho tai 180°C trong 90 phut. Sau khi t nhiét, mau
dugc cét trong budng chan khong cho dén khi do dac
va dong vo linh kién.

L6p nano ZnO (nc-ZnO) trén ITO duoc ché tao
bang phuong phap phin xa cao tan (Rf-sputtering
deposition - RFD). Trong qué trinh phin xa dé ITO
dugc d6t nong dén 450°C. Sau khi ché tao dién cuc nc-
ZnO/ITO, 16p P3HT:PCBM dugc phu 1én trén bang ki
thudt PLT tao ra h¢ da lop P3HT:PCBM/ZnO/ITO. Chi
tiét hon vé phuong phap PLT c6 thé tham khao trong
[4]. Lop LiF va nhom lan luot duoc boc bay 1én trén
16p P3HT:PCBM tai 120°C trong chan khong cao (ap
suat P~107 Pa), st dung thuyén Ta va W. Phuong phap
nay goi 1a bdc bay nhiét (TEV). Phuong phéap ché tao
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va chiéu day cua cac 10p duoc trinh bay ¢ bang 1. So
d cau tao cua pin OSC céu truc da 16p dugc trinh bay
0 hinh 5a.

Bang 1: cong nghé ché tao cdc 16p thanh phan cua linh kién OSC

N . Phuong phap | Chiéu day Af 1A oK
STT | Mang méng ché tao (nm) Vit li¢u goc

1 1TO CVD 70 Thuong mai

2 ZnO RFD 30 Bia ZnO sach 5N
Hdn hop .

3 P3HT-PCBM SCD 100 P3HT va PCBM (5N)

4 LiF TEV 10 Bot LiF (5N)

5 Al TEV 80 Tu day nhom (SN)

Phé hip thu duoc do trén hé UV-Vis-NIR
“Jasco-V5707, khao sat cac thong s6 hoat dong cua
OSC duoc tién hanh bang cach ghi phd dién thé quét
vong (CV) két hop chiéu roi tir ngudn mat troi “Sol
1A- Newport” c6 phd burc xa twong tu phd mit troi va
¢6 thé diéu chinh mat do cong suét lién tuc tir 0 dén
100 mW/cm?. Trong cong trinh nay, chiing t6i st dung

cong suét chiéu roi bang 50 mW/cm?.
Két qua va thao luan

Anh hwéng ciia téc dp quay lén chiéu day ciia
mang P3HT va P3HT:PCBM

Chiéu day ctia mang dugc quyét dinh boi nhiéu
thong sd, trong d6 quan trong nhat 1 téc do quay,
d0 nhot cua dung dich va bé mat dé. Hinh 2 cho théy
moi quan hé gifra chiéu day clia mang va toc d6 quay.
Nhin chung, khi ting téc d6 quay, chiéu diay mang
giam dan, tuy nhién hai théng s6 nay khong tuyén
tinh v6i nhau. Khi ting tir 300 dén 600 v/ph, chiéu
day mang giam nhanh tir 265 ¢én 105 nm, khi ting tbc
do tir 600 dén 800 v/ph, chiéu day mang giam cham
hon, tir 105 dén 77 nm. Chiéu day nho nhit co thé dat
dugc khoang 70 nm. Hoén hop P3HT va PCBM dugc
pha tron theo ty 1& khéi lwong 2/1, 1/1 va 2/3. Hon
hop nay hoa tan trong dung mdi clorobenzen nong
d6 1% t.I. Thyc nghiém cho thﬁy, chiéu day cua hai
loai mang tao ra tur dung dich P3HT va P3HT:PCBM
khong c6 su khac biét dang ké (hinh 2).
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Hinh 2: do thi biéu dién chiéu day mang theo téc dé quay

Trén co s6 so sanh vé sy dong déu ciia mang, 100
nm 1a chiéu day t6i uu ctia mang d6i véi dung dich
P3HT:PCBM ndng d6 1% t.1, ing véi téc do quay 600
v/ph, pht hop véi cong bé [5, 6].

Tinhchdthip thy ciiamang P3HTva P3HT:PCBM

Kha ning hap thu photon mot cach gian tiép phan
anh kha ning sinh cap dién tir - 16 tréng (exciton) cua
chat hoat quang (P3HT). Khi birc xa mang ning luong
photon chiéu 1én P3HT qua dé thuy tinh va cac 16p
ITO/ZnO, cac hién twong vat Iy xdy ra la phan xa,
truyén qua, hap thu va tin xa. Trong d6, mot phan ning
lugng photon dugc 16p hoat quang hap thu tao ra kich
thich cac ndi lién két m trong mach polymer, din dén
hinh thanh cac cap dién tr - 16 trong. Pho mat troi ¢6
cuong d6 manh nhat nam trong khoang 500-550 nm,
cho nén vat liéu nao hép thu tt & vung buc xa nay s€
nhén dugc nhiéu nang lugng tir mat troi nhét. Hinh 3a
1a phd hap thy UV-Vis ciia mang P3HT cho thiy, P3HT
hép thu anh sang trong ving budc séng tir 400 dén 650
nm. Trong ving nay, P3HT c6 3 dinh hip thu dic trung
nam trong khoang 500 dén 600 nm, cac dinh hap thu
manh ndm & khoang 520, 550 va 610 nm. Vi tri va hinh
dang cac dinh hap thu nay lién quan dén nhiéu tinh
chat khic cia P3HT nhu d¢ két tinh, khuyét tat hay
chiéu dai hé ndi « lién hop. 2 dinh hap thu & budc séng
520 va 550 nm dic trung cho lién két n-x lién hop trén
mach P3HT, mét vai tai budc song 610 nm dac trung

cho lién két lién phan tir giira cac mach P3HT [7].
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Hinh 3: phé hap thy UV-Vis ciia P3HT (a) va P3HT-PCBM (b)

khi khong u nhiét (- - -) va u nhiét ¢ 110°C trong thoi gian 10 phiit (--)

Ttr pho hép thy trén hinh 3a cho thiy, khi mau dugc
U nhiét tai 110°C, cudng d hap thu ving UV-Vis cua
P3HT 16n hon han so v6i mau khong 1. Pho hép thu
ctia P3HT phu hop cho pin mit trdi khi cac dinh hap
thu 16n va dich chuyén vé ving hong ngoai [7]. Hinh
3b 14 phd hap thy ciia mang hén hgp P3HT:PCBM:
¢6 4 dinh hip thy, trong d6 3 dinh & vung nhin thiy 1a
cua P3HT va 1 dinh ¢ vung tir ngoai (330 nm). Theo
Shrotria [8], dinh 330 nm 14 dinh hép thu cia PCBM,
phu thudc vao ty 1¢ gitta P3HT va PCBM cuong do
dinh nay c6 thé thay d6i. i véi mang hdn hop, hiéu
g 0 nhiét khong thé hién rd nhu trong mang P3HT
thuan khiét.

Chiéu day 16p hoat quang (P3HT) cang 16n thi kha
nang hip thy cang cao. Tuy nhién, mang cang day thi
Xxéc suat tai hop dién tir - 15 trong (hay con goi 1a tan
da exciton) cang cao, khién cho hiéu suit tach hat tai
giam. Diéu nay 1a khéng mong mudn dbi voi mot OSC.
Dé cai thién hiéu suét tach cap dién tir - 16 tréng, chung
t6i sir dung 16p dan xuat cia C60 1a PCBM. PCBM c6
nhiém vu phan ly hat tai ra khoi cip dién tir - 16 tréng.
Tuy nhién, ty 1¢ P3HT:PCBM can dugc chon tdi wu dé
su tiép xtic gitta 2 chat nay 1a tot nhat va khong anh
huéng dén kha nang chat hap thu cta 16p hoat quang.
Kha nang truyén tai hat dan phu thudc vao do két tinh
ctia P3HT. Tinh thé P3HT cang dugc sip xép chit ché,
hat tai cang c6 kha ning di chuyén linh dong dé dén
duogc dién cuc twong rng. P3HT 1a mot polymer c6 kha
nang két tinh tdt.

Anh hwéng ciia ty 1¢ pha tron trong hén hop
P3HT:PCBM

Dé khao sat dic tuyén dong thé (I-V) cua chuyén
tiép di chat phu thudc ty 18 pha tron P3HT va PCBM,
chung t6i da ché tao diot kiéu pin mit troi c6 ciu tao
tir cac 16p chuyén tiép di chat khdi P3HT:PCBM ty 1¢
P3HT/PCBM la 2/1, 1/1 va 2/3. Két qua khao sat dic
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tuyén I-V cua cac linh kién theo cac ty 1& khac nhau
dugc trinh bay ¢ hinh 4. Tit ca cic duong cong I-V
cta 3 loai linh kién déu cho théy tinh chinh luu cua
dit 1a tdt, dién ap mo ddi véi cac diot chira hdn hop
P3HT:PCBM ty 1€ 2/1, 2/3 va 1/1 1an luot vao khoang
4,2;3,4va27 V.

Mat dé dong (mA/cm2)
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Hinh 4: ddc tuyén I-V ciia linh kién chira chuyén tiép di chdt PSHT-PCBM
Vvoi cdc ty 1¢ pha tron 2/1 (a), 2/3 (b) va 1/1 (c)

Dic tuyén I-V cua diot chiu anh hudng manh boi
thanh phan PCBM, thé hién ¢ d6 dbc cua duong I-V
va gia tri dién 4p mé. Tir d6 thi hinh 4 cho thay, dic
tuyén I-V cua diot co ty 18 1/1 1a tot hon ca (dién
thé ngudng khong cao, do doc tét nhat). Nhu vay,
ty 1& pha tron bang nhau cuia 2 chat P3HT va PCBM
tao ra hdn hop chira chuyén tiép di chat khi P3HT/
PCBM phul hop nhat dé 1am chat hoat quang trong
linh kién OSC.

Khdo sat cdc théng sé hoat dong ciia linh kién
osc

Tinh chét chinh luu cua diét chira chuyén tiép di
chat P3HT:PCBM duoc giai thich & hon bang gian
dd nang luong ving cam trén cac chuyén tiép di chat
(hinh 5b). Trén hinh nay con c6 so dd céu tao cua linh
kién OSC véi 16p hoat quang 1a t6 hop P3HT:PCBM,
ZnO 1a 16p dém 1am tang hiéu suit truyén hat tai va
16p siéu mong LiF két hop véi mang Al (LiF/Al) tao ra
tiép xuc noéng cé tac dung “bat” nhanh 13 tréng. Chat
PCBM dugc phan tan vao nén polymer P3HT lam xuét
hién céc bién tiép xuc v6i P3HT - déng vai trd 1a chat
cho dién tir (donor) va PCBM - déng vai tro 1a chat
nhan dién tir (acceptor). Khi chuyén tiép nay duoc
kich thich boi chum photon cé nang lwong 16n hon
khe nang lwvgng HOMO-LUMO cua P3HT (twong ing
v6i d6 rong ving cam trong ban dan vé co), cac dién
ti trong P3HT tor mitc HOMO nhay [én mic LUMO,
hinh thanh cac cdp dién tir - 16 tréng (exciton). Trén
bién phéan cach xuat hién mot dién truong dinh xa. Vi
mic LUMO cua PCBM thap hon mic LUMO cua
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P3HT, dién tir sinh ra tir kich thich trén khuéch tan sang
PCBM, 15 tréng thi chuyén dong ngugc huéng. Do 1a
hién twong tach hat tai nhd chuyén tiép di chat. Nho
vdy, vat liéu chtra chuyén tiép di chat P3HT:PCBM
c6 thé ung dung dé lam pin OSC.
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Birc xa mat troi [TO ZnO PCBM P3HT LiF/AI
a b

Hinh 5: a - So' d6 cdu tao ciia pin OSC cdu triic da 1op:
ITO(70 nm)/ZnO(30 nm)/P3HT:PCBM(100 nm)/LiF (10 nm)/Al(80 nm);
b - Gian do céc mire nang heong ciia cdc 16p chuyén tiép di chat

Khao sat dic tuyén J-V trong lic chiéu roi 1én linh
kién OSC (ty 18 P3HT:PCBM = 1/1) véi mat do cong
sudt ngudn “Sol 1A- Newport” P, =50 mW/cm* cho
thdy, dong ngan mach (J W) la 5,8 mA, thé hé mach
(V.) 120,36 V (hinh 6).
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Hinh 6: dac tuyén J-V ciia linh kién OSC khi chiéu roi mdt d¢ cong sudt
P, =50mA/em’; V., =036 V;J = 580mA

Tir d6, hé sé dién day (FF) duoc tinh boi cong thirc:

P UXV:]
FF max max
]-Sl'.'" oc (1)

]SCVDE‘

Trong do: (JxV)__ la gia tri cong sudt cyc dai P )
Nhu trén hinh 6, P duge thé hién 1a hinh chit nhat
(mau xam) c6 dién tich 16n nhét trong cac hinh chir
nhét voi hai canh laJ  va'V . Tt do, nhan dugce gia tri
P =11,26, do do FF = 0,54.
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Hiéu sudt chuyén héa quang niang thanh dién ning
ctia pin mit troi (PCE) 1a ty 18 phan trim gitra ning
luong dién tdi da duoc tao ra so voi nang lugng burc xa
chiéu roi. Hiéu suét nay dugc tinh boi cong thirc:

PCE = Yoc*JscxFF 2)
in
Thay céc gia tri trén vao cong thirc (2), nhan dugc
PCE = 2,25%. Cac thong s6 ctia pin OSC cau tric da
16p néu trén duoc liét ké & bang 2.

Bdng 2: cdc thong sé hoat déng cia mét pin OSC véi 16p hoat quang t6 hop
P3HT:PCBM (ty l¢ 1/1)

Céu triic pin J_(mAlend) [V (V) | FF [PCE (%)

ITO/ZnO/P3HT:PCBM/LIF/AL 5,80 036 |054] 225

Két qua nhan dugc chimg to vat liéu hdn hop chira
chuyén tiép di chat P3HT/PCBM hoan toan cé trién
vong mg dung trong nghién ciru sau ndy nham cai
thién hiéu suét chuyén héa quang - dién ciing nhu tudi
tho cua pin OSC.

Két luan

St dung cac phuong phap khac nhau nhu quay
phu ly tdm, phun xa cao tan va bdc bay chan khong,
chung t6i da ché tao duoc pin OSC cau trac da 16p
ITO/ZnO/P3HT:PCBM/LiF/Al. Phan tich phé hip thu
va dic tuyén dong thé ciia 16p hoat quang hén hop
P3HT:PCBM cho théy, ty 1é pha tron P3HT/PCBM
bang 1/1 cho hiéu suit chuyén héa quang ning thanh
dién nang tét nhat. Thong qua khao sat dic tuyén dong
thé cua linh kién trén ¢ ché d6 chiéu roi cua birc xa mat
troi voi mat do cong suat 50 mW/em?, xac dinh duoc
thé hé mach V.. = 0,36V; dong ngén mach J = 5,80
mA/cm? va hé sé dién day FF = 0,54. Qua do, hiéu sut
chuyén hoa quang - dién nhan duoc 13 2,25%. Tuy gia
tri ndy con thap so véi hiéu suit chuyén héa cua pin
mat troi silic, nhung nho kha nang trai rong dién tich
lam viéc cua pin OSC, cong sut tong ctia pin s& dugc
cai thién dang ké, khi d6 c6 thé tng dung pin OSC vao
khai thac stt dung nang lwong mat troi.

Loi cdm on

Cong trinh nghién cuu nay duoc tai tro boi Quy
Phat trién KH&CN quéc gia (NAFOSTED), qua dé tdi
ma s6 103.02-2013.39. Chiing t6i xin chan thanh cam
on NAFOSTED.
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