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TOM TAT

Céac mang mdng polymer—fullerene c6
céu triic nano la mot trong nhiing vét liéu nbi
bat nhat dé ché tao pin mat troi (PMT) cé
chuyén tiép dj chat thé tich (BHJ) cé hiéu
suét cao. Péc biét la cac hén hop cuda poly
3-hexythiophene (P3HT) va phenyl-C61-
butyricacidmethylester (PCBM) dwoc dung
lam céc vat liéu donor va acceptor. Cac tinh
chét cia P3HT va PCBM da duoc nghién
ctru nhidu nhét va dugc xem la hé co hiu
suét cao.Mot trong nhilng nhan té quan
trong dé co hiéu suét cao Ia sw ché tao duoc
I6p quang hoat cobé day va hinh thai hoc
thich hop. Trong trirong hop ly twdng,
polymer va fullerene phai c6 sw tach pha
trong khoang 10-20 nm (khoang duwong

khuéch tan cia exciton), cé dién tich tiép xuc
gitba hai pha rong. Sau khi cac hat tai da
duworc phéan ly, hai pha dé phai tao dwong cho
céc hat tai dén duoc céc dién cuc. Dén nay
trén thuc té, cau hinh ly tuwdng doé van chua
dat dwoc.Trong cbng trinh nay ché tao I6p
quang hoat P3HT va PCBM trén dé thay tinh
c6 sé&n mang dién cuc ITO bdng phuong
phép phi quay. Xéc dinh vén téc quay, dé
cé bé day mang céan thiét. Nghién ctru cu
triic mang, tinh chét quang va dién theo céc
ham lwong khéac nhau ctia PCBM trong hén
hop va tac dung cida viéc G nhiét dén hinh
thai hoc cta I6p.Ung dung trong ché tao pin
maéit troi dj thé hivu co.

Tte khod:Polymer dan, polymer dén dién, phuong phap phi quay, PSHT, PCBM, pin mét troi

hiru co.

GIOI THIEU

Khang hoang nang lugng dang 1la mot trong
nhitng ndi lo hang dau cua toan thé gisi trong thé
ky XXI. Theo théng ké& so bd, hon 85% ning

lwong dugc cung cip hién nay la tir ddu mo va
khi d6t. Thiét bi pin cung cip ning lugng tir 4nh
sang mat troi 14 mot ngudn nang lugng sach dang
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ngay cang dwoc quan tdm va nghién ctu. Hién
nay, cac loai pin mat troi da duoc dwa vao san
xuat chu yéu trén nén silicon, hiéu suat chuyén
hoa cao nhung c¢6 nhuoc diém 1a Iip rap phirc
tap, dat tién va trén hét la khong tan dung duoc
da sb budc song cua anh sang mat troi. Pin mat
troi hitu co s& 1a mot sy thay thé 1y tuong véi kha
nang hap thu vang anh sang kha kién tir ngoai
cao, d& ché tao voi gia thanh ré va co tinh linh
hoat trong tng dung.

Pin mat troi polymer dan hién dang thu hut
dugc nhiéu nghién ciru véi muyc tiéu dat ra 12 cai
thién kha niang chuyén hoa quang ning thanh
dién nang (PCE) nham c6 thé nang cao tinh rong
rdi trong viéc ang dung loai vat liéu nay. C6 3
yéu té chinh gay anh huong dén gié tri PCE cua
pin mat troi hitu co: (i) Kha nang tao ra cap
electron — 15 tréng (goi 1a excitons), phu thudc
hau hét vao d6 rong cua dai quang phé hap thu va
d6 hap thu anh sang trong dai d6. Cang nhiéu hat
anh sang thu nhan duoc, cang nhidu exciton dugc
tao thanh. Sur dung nhiing polymer hoat hda mai
nhu P3HT (poly 3-hexylthiophene) va PCBM
(phenyl-C61-butyricacidmethylester) 1a loi giai
cho cac van dé trén. (i) Kha ning phéan tach
exciton thanh hat tai ty do nhu electron va 16
tréng. Dé giai quyét nhiém vy nay, chit cho va
chat nhan hat tai phai tiép xdc tét voi nhau, khi
d6 chét cho véi d6 4m dién cao sé& lay electron
khoi exciton. Chia khoa dé giai quyét vin dé nay
la hoa tan hdn hop chat cho va chat nhan voi
nhau trong mét dung dich (hé nay goi la tiép xdc
di thé khéi). (i) Kha nang khuéch tan hat tai dén
dién cuc twong wng. Sau khi bi phan tach khoi
exciton, cac hat tai phai tim duong dé vé hai dién
cuc twong tng, electron vé cuc am va 13 tréng vé
cuc duong. Vi thé chliing can d6 rong ving cam
phi hop dé electronva 15 tréng di chuyén
dunghuéng. Hon thé nita, d6 linh dong ciing can
cai thién bang cach tang do tinh thé cua polymer
va c4c vat liéu cAu thanh,

Cho dén nay, P3HT va PCBM la hai chit
chinh duoc sir dung trong hau hét cac pin mat troi
hitu co. Hai chat nay cho hiéu suit cao nhat trong
céc loai pin mat troi hiru co, nhung ciling chi dat
hon 7% [6]. Két qua nay xay ra vi P3HT c6 do
rong ving cam 16n nhat (1.9 eV) [7] so véi cac
chat khéc.

Trong bai bao nay, cong viéc cua ching toi
tap trung vao viéc ché tao pin mat troi hitu co lai
hoa (OSC) dua trén hé P3HT/PCBM duoc ché
tao va téi wu héa bang phwong phap phu quay.
Qua trinh téi wu hoa cua ching tdi s& cho phép
ching ta ché tao OSCs v6i mot hiéu suat chuyén
d6i nang luong (PCE) c6 gi4 tri gan bang két qua
t6i da cho cac két qua nghién ciru theo hudng
nay.

VAT LIEU VA PHUONG PHAP
Hoéa chat

P3HT ¢ cau tric R-R va PCBM duoc dat tir
cbng ty ADS (Canada). P3HT c6 Mw= 43000
g.mol™, do tinh khiét 99%, PCBM c6 Mw=910
g.mol™, d6 tinh khiét 99,5%. H&n hop duoc can
theo cac ti 1 va nong d6 khéi luong khac nhau.
Clorobenzen dat tir hiang Merck, do tinh khiét
99,99% dung dé hoa tan polymer hoat tinh. Dé
ITO ¢6 kich thudc 1em?, do day lop 1TO la 180
nm, dién tré6 mat 10 Q/ vudng, dugc lam sach
bang bé siéu &m véi NaOH lodng, nudc cat,
acetone, ethanol sau dé séy khé. Trude khi duoc
phu dung dich hoat tinh 1én, dé con dugc quay
V6i toc do 1000 RPM voi dung moi acetone dé
bao dam khéng con bui ban.

Thiét bi, phwong phap phan tich

Dung dich polymer duoc tao thanh bing
phuong phap phu quay bang may Spin coating
G3P-8. Mang s& duoc do phd hip thu UV- Vis
bing may UV-Vis Dynomica and Jasco V530.
Phé nhiéu xa tia X véi bic xa CuK, tai 35 kV,
cuong d6 30 mA, budc do 0,02%s, bing may
XRD Diffraktometer D500, chup anh AFM véi
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may AFM Agilent 500. Do d6 day mang bang
may Stylus Dektak 6M.

Cac mau duoc do duong dic trung I-V s&
dugc bdc bay dién cuc nhdm 1én trén. Tuy nhién
dién cyc nhdm s& khong dugc phu trén cac mép
dé, do d6 can che mit na & nhiing vi tri nay. Dién
tich dién cuc nhdm vao khoang 0,2 cm? Budc
cudi cuing 12 tao dién cyuc ITO trén dé bang cach
lau mit mot phan mang da dugc phi, bang
clorobenzen. Pudng dac trung dugc do trén hé I-
V Keithley 2400.

KET QUA VA THAO LUAN

Khio sat anh hwéng ciia van toc quay doi véi
do day mang P3HT va P3HT:PCBM

Phi1 quay la phuong phap twong d6i hiéu qua
va don gian dé ché tao mang c6 do day nano &
quy md phong thi nghiém. Dung dich can tao
mang duoc cho vao giita dé, sau do cho dé quay
Vi van téc cao.

Nguyén tic tao mang cua phwong phap nay
1a su cAn bang gitra d6 nhét cua dung dich va luc

ly tam do méy tao ra. B day cudi cling cia mang
dugc quyét dinh boi nhiéu thong sd, trong do
quan trong 1a van téc quay, do nhét cia dung
dich va céc tinh chat bé mat cua dung dich va dé.
Pin mat troi ¢6 hiéu suat cao doi hoi khat khe vé
do day va do dong déu cua mang, vi vay ching
t6i tién hanh khao sat d6 day mang theo van téc
quay, ddng thoi tim ra d6 day tét nhat dé ung
dung trong ché tao OSC. Bé thyc hién khao sat,
chang t6i st dung dung dich P3HT, PCBM c6
nong d6 1wt% va hdn hop P3HT:PCBM dugc
can theo ti 1& khéi luong 1a 1:1 [11] roi hoa tan
trong clorobenzene dé dwoc néng do 1wt%, dung
dich polymer duoc nho truc tiép 1én dé thay tinh
trong buong quay véi khi tro (N,). Dé s& duogc
quay Vvéi cac van téc, gia toc va thoi gian thich
hop dé tao mang dong nhét trén dé. Chlng toi
thiét 1ap cong thuc chay nhu sau: gia toc 0s, thoi
gian quay 60s, voi cac van téc quay la 300, 500,
600, 700 va 800 rpm.
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Hinh 1.D4 thi bidu din do day mang theo van téc quay

C6 2 phuong phép dé 1am bay hoi dung méi,
bay hoi cham (nhiét do phong) va bay hoi nhanh
(c6 sdy) theo [16] phuong phap bay hoi cham cho
d6 két tinh tét hon, vi vay trong cong trinh nay
ching toi sir dung phuong phéap bay hoi cham.

Sau khi cho bay hoi dung médi cac mau P3HT va
P3HT:PCBM dugc do d6 day mang bang phuong
phép Stylus. Hinh 1 chothay mi quan hé gitra do
day mang va van téc quay. Nhin chung, khi ting
van téc quay, do day mang giam dan, tuy nhién
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hai théng s nay khong tuyén tinh véi nhau. Khi
tang van toc tir 300 dén 600 rpm, do day giam tir
265 nm dén 105 nm, khi ting van toc tir 600 dén
800 rpm, d6 day mang giam 105 nm dén 77 nm.
Do day nho nhit c6 thé dat duoc van gitr duoc su
ddng déu l1a khoang 70-100 nm. Giira hai mang
tao ra tir dung dich P3HT ndng d6 1wt% va
P3HT:PCBM, ti I¢ 1:1 néng do 1wt% khong co
su khéc biét dang ké vé do day. Nhu vay cd thé
rat ra két luan nhu sau: O van tdc thich hop, do
day ciia mang twong dbi dong déu, co thé thay ro
khi ding may do d6 day Stylus dé do do day cua
mang theo van téc quay tao mang.

Trén thuc té, theo nhiéu bao cao [8], [9] do
day tét nhit cua I6p mang hoat tinh nay ciing tir
100 nm tré xudng, vi theo cac cong trinh da cong
bé, do day mang khoang 100 nm da héap thy hau
hét anh sang. Vi vay ching t6i ché tao mang
P3HT:PCBM c6 d6 day khoang 100 nm va khao
sat mot sb tinh chit cia mang P3HT va
P3HT:PCBM tru6c va sau u nhiét.

Khio sat dnh hwéng cia qua trinh i nhiét 1én
hinh thai, cau tric mang P3HT va
P3HT:PCBM

C6 rat nhiéu yéu t6 anh huong dén hiéu suat
hoat dong cua pin mat troi hiru co. Trong d6 quan
trong nhat Ia ba yéu té nhu sau:

1. Khd ndng hdp thu photon. Pay ciing 14 kha
nang tao cap dién tir - 18 tréng. Khi &nh sang mat
troi chiéu sang vao dé thuy tinh, tai day xay ra
hang loat hién tugng quang hoc khé&c nhau, &nh
sang phan bi hip thu bai I6p mang quang hoat,
phan truyén thang qua, phan bj tan xa & cac mép
dé. Mot phan ning luong photon dugc 16p quang
hoat hip thu va c6 tac dung kich thich cac ni n
lién hop trén mach polymer cho céc cap dién tu-
15 tréng. Do dinh phét xa cua quang pho mit troi
nam trong khoang 500-550 nm, vat

ligu quang hoat nao c6 kha niang hap thy tét ¢
viing nay s& nhan dugc nhiéu nang lugng nhét va
s6 lwong dién ti-15 tréng (exciton) tao ra nhiéu,
Hinh 2 la phé hap thy UV-Vis cia mang P3HT.
Ph6 hip thu cho thiy P3HT hip thu anh sang
trong ving budc song tr 400 nm dén
650nm.Trong vung nay, P3HT c6 3 dinh hip thu
ddc trung nam trong khoang 500 nm dén 600 nm,
cac dinh hap thy manh nim & khoang 520 nm,
550 nm va 610 nm. Vi tri va hinh dang cac dinh
hdp thu nay lién quan dén nhiéu tinh chat khac
ciia P3HT nhu do két tinh, khuyét tat hay chiéu
dai hé néi = lién hop. Hai dinh hap thu dau ¢
budc song 520 nm va 550 nm dac trung cho lién
két - lién hop trén mach P3HT, go nho cubi
cing budc song 610 nm dic trung cho lién két
lién phan tir gitra cAc mach P3HT [10], [11].
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Hinh 2. Ph hép thu UV-Vis ciia mang P3HT khi
khong & nhiétva 1 nhiét & 110°C trong thoi gian 10
phuat

Hinh 2 cho thay khi c¢6 u nhiét o hap thu
UV-Vis cta P3HT I6n hon khi khong c6 u nhiét
va cac phd hap thu UV-Vis cang tét khi dinh hip
thu dich chuyén vé phia do (red shift) [12].Nhu
vay theo dic diém chung cia cac polymer lién
hop, c6 thé két luan & nhiét lam ting do dai lién
hop, hinh thanh cac mién két tinh.
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Hinh 3. Phd hip thu UV-Vis cua mang P3HT: PCBM
khi khong u nhiét
va 1 nhiét & 110°C trong thoi gian 10 phit
Hinh 3 1a phé hap thu cuia mang
P3HT:PCBM: ¢6 4 dinh hip thu, 3 dinh & ving
thiy dwoc (cua P3HT) va 1 dinh & ving tir ngoai
(330 nm). Theo Y.C.Huang [13] dinh 330 nm Ia
cuc dai hap thu cia PCBM. Nhu vay tly theo ti
1é gitta P3HT va PCBM ma cuc dai cac dinh cua
P3HT:PCBM s& thay d6i. P3HT:PCBM vai nong
do 1wt%, ti 1€ 1:1, c6 cac cuc dai khi khong u
nhiét la 500 nm, 542 nm va 600 nm, khi u nhiét
& 110°C trong thoi gian 10 phit 1a 510 nm, 546

A RMS = 1,538 nm

x: 5.0 pm y: 5.0 ym

nm va 605 nm. Ngoai ra, d6 day I6p mang quang
hoat nay cang Ién, kha ning hap thu ciing ting
theo. Tuy nhién ting d6 day mang ciing co thé
lam tang qua trinh tai hop

2. Kha néng phan ly hat tdi. Dé céc cap dién
ti-16 trong 6 thé phan ly thanh dién tir va 16
trong, ching tdi dung dan xuét caa C60 1a PCBM
dé phan ly hat tai tir cap dién tu-1 tréng. Tuy
nhién, ty 18 P3HT:PCBM can dugc téi uu dé sy
tiép xUc gitra hai pha nay la tét nhat va khong anh
huéng dén céc tinh chét khac.

3. Khd nang truyén tdi hat ddn. Kha ning
nay phu thudc vao kha ning két tinh cia P3HT.
Tinh thé P3HT cang duogc sap xép chat chg, hat
tai cang c6 kha niang di chuyén linh dong dé dén
dugc dién cuc twong ung. P3HT la mét polymer
c6 kha ning két tinh tét. Khao sét hinh thai hoc
cua mang nhan duoc nho anh AFM.

Anh AFM cho thay truée khi u nhiét, d6 go
ghé (RMS) cia mang P3HT khoang 0,546 nm va
cia mang P3HT:PCBM khoang 0,596 nm.

RMS = 1,582 nm

Hinh 4. Anh AFM cia mang P3HT (A) va P3HT:PCBM (B) u nhiét & 110°C, 10 phut
Hinh 4 la anh AFM cta mang P3HT (A) va P3HT:PCBM (1:1;1wt%) (B) sau khi u nhiét ¢ 110°C;
10 phat, @6 gé ghé (RMS) sau 1 nhiét ciia mang (A) khoang 1,538 nm va (B) khoang 1,582 nm.Do gb
ghé ciia cac mau ching to rang véi i nhiét, bé mat caa P3HT va P3HT:PCBM gb ghé hon.
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Hinh 5. Gian db XRD cia P3HT (A) va P3HT:PCBM (B) chua u nhiét
Gian dd XRD cta P3HT (C) va P3HT:PCBM (D) 1 nhiét & 110°C, 10 phut

Hinh 5A-C la gian dd nhidu xa tia X cua
P3HT (miu 1wt%). Gian ¢ XRD cho thiy miii
két tinh dic trung ctia P3HT sic nét ¢ 2 theta ~
5,5°. Tir day, theo cong thirc Bragg c6 thé xéac
dinh gia tri d100 cua P3HT khong pha tap la
1,62nm, (d100 la khoang cach gitta hai mach
polymer nam lién k& nhau trong mét I6p tinh thé
P3HT). Hinh 5B-D la gian dd nhiéu xa tia X cua
P3HT:PCBM ndng do 1wtd%, ti 1& 1:1. Gian dd
XRD cho thdy miii két tinh dic trung cia P3HT
sac nét ¢ 2 theta khoang 5,3°. Miii két tinh tai day
cho gia tri d(100) = 1,64 nm.

Nhu vay khi tron thém PCBM vao P3HT miii
két tinh dic trung cua P3HT da thay dbi, va khi
6 1 nhiét mii két tinh ¢6 cuong do Ion hon so
vai khi khéng 1 nhiét.

Khao sat tinh chit hip thu anh sang kha kién
va cau trac cia mang P3HT:PCBM theo ti 1¢
va nong d¢ cia P3HT:PCBM.

Khao sat phd hap thu UV-Vis cua
P3HT:PCBM Véi ndng do 1wt% (Hinh 6), khi
tron thém PCBM véi P3HT cang nhiéu, cac miii
hap thu cua P3HT cang dich chuyén vé ving anh
sang xanh (blue shift), cuc dai hip thu vai ty 18
1:0,66 la 515 nm, véi ti 1€ 1:1 la 510 nm. Vi
nong d6 3wt%, mau co ti 1&¢ P3HT:PCBM la
1:0,66 c6 cuc dai hap thy 498 nm va 1:1 cuc dai
hap thy 12 482 nm. Phé hap thuy UV-Vis cua céc ti
16 1:0,66 va 1:1 twong tw nhau vé vi tri va hinh
dang miii. Vi nong d6 3wt% do hap thu cua ti l¢
1:1 nho hon so véi ti 16 1:0,66 va dich chuyén vé
phia tim nhiéu hon, tuong ty nhu véi nong do
1wt%. Su dich chuyén nay cho thay cau tric két
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tinh cia P3HT thay ddi, cAc mach P3HT mit trat
tu hon trude, trong tinh thé c6 nhiéu khuyét tat,
cac ndi doi lién hop khong dugc tiép néi thanh

mach dai nhu trude [11].
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sang xanh so voi nong do 1wt%, diéu nay phl
hop véi céc thi nghiém cua Monamie Sanyal, et
al,[10]

Hinh 7A Ia gian d6 nhiéu xa tia X cia mang
P3HT:PCBM c6 nE‘mg d6 1wt% va ti 1€ la 1:0,66.
Trén gian &6 XRD Vvan xuét hién dinh ¢6 cuong
d6 giam khong dang ké so véi mau mang P3HT
(d100=1,62 nm), tai vi tri 2 theta dac trung cta
P3HT. Miii két tinh d100 ciing c¢6 dang sic nét va
gid tri d100 cua ti 1€ nay 1a 1,63 nm.

Hinh 7B la gian d6 nhidu xa tia X cia mang
P3HT:PCBM c6 ndng do 1wt% va ti 1¢ 1:1. Tai
vi tri dac trung cho két tinh cta P3HT, xuét hién
mili ¢6 cuong do cao hon va dinh phé d100=1,64
nm. Nhu vy, véi ndng do 13 1w% va ti 1¢ PCBM
la 1:0,66 va 1:1 cac phan tr PCBM chua anh
hudng dén toan bd cac mach P3HT.
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Hinh. 7 Gian do nhiéu xa XRD cua cidc mang P3HT:PCBM u nhiét 110°C, 10 phat
(A) 1wt%, 1:0.66, (B)1wt%,1:1, (C) 3wt%, 1:0,66, va (D) 3wt%, 1:1
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Hinh 7C la gian d6 nhidu xa tia X ctiia mang
P3HT:PCBM c6 ndng do 3wt% va ti I¢ 1:0,66, tai
vi tri két tinh dic trung cua P3HT, (d100=1,66
nm) nhung dich chuyén so véi mang P3HT
(d100=1,62 nm). Nhu vy, & ndng do 3wtd, ti I¢
1:0,66, P3HT van c6 ciu tric két tinh. Tuy nhién
do ndng dé cao, d6 nhét I6n nén qué trinh dinh
huéng cac mach P3HT kho khin hon nhiéu so
vGi nong do thap, do do kha nang két tinh cua
P3HT ciing giam di. Gian d6 nhiéu xa tia X cua

Pic trung I-V cia cau tric ITO/P3HT:PCBM/AI

mang P3HT:PCBM c6 ndng do 3wt% va ti 1é 1:1
(Hinh 7D) cho thdy P3HT vén c6 kha niang két
tinh (d100=1,67 nm). Mii két tinh giam cuong
d6 chiing to cac cau tric két tinh cua P3HT kém
hon khi ting nong d6 cua P3HT:PCBM.

Tir nhitng két qua trén c6 thé suy doan khi
taing nong do hay ti 1¢ P3HT:PCBM déu lam
giam d6 két tinh cua P3HT. Chdng t6i tién hanh
do dic trung I-V cua cau tric 1TO/ P3HT:PCBM
theo ndng do vati I¢ P3HT:PCBM.

Pé do dic trung I-V, chling t6i sir dung hé do Keithley Model 2400 véi ngudn chiéu sang chuan vai

cudng do 100 mwW/ecm? (AM 1,5G).

Bang 1. Cac gia tri Js, Vo theo néng d0 va ti 1€ khac nhau cia P3HT:PCBM

Hé pin Jse (MA/CM?) Ve (V) Ty 1é
ITO/P3HT:PCBM /Al (1wt%) 2,2.107 0,46 1:0,66
ITO/P3HT:PCBM /Al (1wt%) 3,0.107 0,46 1:1
ITO /P3HT:PCBM / Al (3wt%) 6,0.10° 0,40 1:0,66
ITO /P3HT:PCBM / Al (3wt%) 8,5.10° 0,40 1:1

Dic trung 1-V (Bang 1) & ndng d6 1wt% cua
ti 18: 1:0,66 (J5:=2,2.10% mA/cm?, V,=0,46 V) va
1:1 (J=3,0,10% mA /cm?, V,=0,46 V) cho thiy
mau st dung 16p mang quang hoat c6 ham luong
PCBM la 50% (twong wng vai ti 1€ 1:1) c6 hiéu
sudt 1am viéc cao hon so v6i mau sir dung ham
lugng PCBM 40% (tuong tng ti 1& 1:1). Nhu
vay, su tang ti 1€ 1:1 d4 anh huong kha nang lam
viéc cua pin. Dic trung 1-V (Bang 1) & ndng do
3wt% cua hai ti 18 1:0,66 va 1:1 van cho thiy
Xut hién tin hiéu caa mot pin mat troi. O ti 18
1:0,66 (J5c=6,0.10° mA/cm?, Vo.=0,40 V), ti lé
1:1 (Jsc = 8,5,10° mA /cm?, Vo= 0,40 V).

Céc két qua trén cho thay, véi kha nang hap
thu photon va do két tinh kém hon khéng dang
k&, hé pin st dung ti ¢ P3HT:PCBM la 1:1 ¢6
kha nang xuit ra dong I6n hon so véi ti 1& 1:0,66.
Tuy nhién, didu ndy van chua thé két luan ti l¢
nao 1a t6i wu, do mat do dong xap xi nhau va qué
nhé (J ~ 10 mA/cm?). Nham cai thién cong suét
cua pin mat troi hitu co, nhiéu tac gia da dua
thém cac pha v6 co c¢6 cau tric nano vao. Vi vay
trong cong trinh [15] chung t6i dua thém ZnO
vao PMT hitu co v6i chit quang hoat la
P3HT:PCBM (ndng do 1wt%, ti l¢ 1:1) va do
dic trung I-V duoc cac két qua trinh bay trong
Béang 2.

Bang 2. Cac gia tri Js,V, va PCE cua cac hé pin c6 cAu tric khac nhau véi P3HT:PCBM

Hé pin mat troi lai hoa Jse (MA/cmM?) Ve (V) PCE (%)
ITO/mang ZnO/P3HT:PCBM/AI 3,98 0,55 0,92
ITO/ZnO NRs /P3HT:PCBM/AI 4,57 0,48 0,90
ITO/mim ZnO/ZnO NRs/P3HT:PCBM/Al 5,20 0,55 1,23
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KET LUAN

Nghién ctu thuc nghiém tao mang polymer
va mang quang hoat bang phwong phap phu quay
“spin coating” trong méi tredng nitrogen vai hé
thdng may spincoater G3P-8, chung t6i da thu
dugc nhitng két qua nhu sau:

Qua khao sat ¢6 day mang theo van téc quay,
da tim duoc sy twong (ng gitra d§ day mang vai
toc do quay, tir d6 c6 thé didu khién duoc do day
mong mudn thong qua diéu khién van tdc quay.

Pi chon dugc d6 day téi wu mang
P3HT:PCBM theo tiéu chi mang ddng déu,
khong bi khuyét tat 1a 100 nm, & ché d6 quay
600 vong/phut, thoi gian quay 60 giay.

Khi ¢6 u nhiét, kha ning hip thu cua P3HT
va P3HT:PCBM I6n hon so véi khi khéng ¢6 u
nhiét va cuc dai hdp thu dich chuyén vé phia
budc song do.

Khi c6 1 nhiét kha ning két tinh caa P3HT
va P3HT:PCBM ciing 16n hon khi khong cé u
nhiét

Vé kha ning hap thu &nh sang, phé UV-Vis,
gidp c6 thé so sanh dwoc tinh chét nay gitra cac ti
Ié vai nhau trong ciing mot ndng do, va cac nong
d6 khac nhau. Theo do6, véi ndng do 1wt%, ti 18
1:0,66 cho cac dinh hip thy rd nét, dinh hap thu
nam & 520 nm, khi thém PCBM vao, ving hap
thu nay dich sang ving tir ngoai. Diéu nay cho
thay ti 1¢ 1:0,66 c6 thé hip thu 4nh sang tét hon.

O ndng d6 3wt%, phd hap thu cua céc ti 1é 1:0,66
va 1:1 khéng khéc nhau vé hinh dang nhiing vi tri
cac miii hap thy khac nhau, voi cudng d6 cua ti 18
1:1 cao hon ti l& 1:0,66.

Vé kha nang két tinh, véi ndng do 1wt% ti I¢
1:0,66 cho mii két tinh séc, c6 cuong do 16n &
khoang 2 theta 5,5°. Ti I¢ 1:1 cho mii két tinh tai
vi tri dac trung cua P3HT nhung cudng do ciing
khéng bang. Do do, chung t6i cho rang khi thém
PCBM vio P3HT, do két tinh giam dan.

Dua vao dic trung I-V, mau s dung I6p
quang hoat c6 ndng d6 1wt% va ti 1¢ 1:1 cho hiéu
suat lam viéc tot nhat, tuy nhién cac théng sé6 ma
pin dat duoc la rat thap va xap xi nhau, Jsc
khoang10? mA/cm?, Voc khoang 0,46 V. Nhung
cac két qua trén day da chimng to P3HT:PCBM la
chatquang hoat cua pin mit troi hitu co.

Céc PMT hitu co ciu tridc lai hda cé Jsc, Voc
va PCE (bang 2) I6n hon nhiéu so véi hé pin
cociu tric ITO/P3HT:PCBM/AL.

LO1 CAM ON: Két qua nghién cieu nay da duwoc
si hé tro tai chinh tir dé tai trong diém cia Pai
Hoc Quéc Gia Thanh phé Hé Chi Minh. Ching
toi xin chan thanh cam on sy dong gop cua
nhitng dong nghiép trong Phong thi nghiém Vat
Liéu Ky Thudt Cao va Khoa Héa da nhiét tinh
gitip d& nhoém tac gid thuc hién dé tai nghién ciru.
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Elaboration of Conductive Polymer thin
films (P3HT/PCBM) by spin coating
method — Application for hybrid organic

solar cell
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ABSTRACT

Thenanostructured polymer-fullerene thin
filmisone of themost prominent materialsto
makethe hybrid bulk heterojunction solar cell
(BHJ) withhigh  conversion efficiency.
Especially when the blend ofP3HTandPCBM
was used asthedonorandacceptormaterials.

The properties ofP3HTandPCBM layer in
solar cell hasbeenmuch
studiedandconsideredas high

performancesystems.One of theimportant
factorsfor the highperformance deviceis the

fabrication  ofphotoactivelayer  with the
appropriatethicknessandmorphology. Inthe
ideal case, the intermolecular distance

between the
polymerandfullereneshouldbeapproximatelyl
0-20nm(the excitondiffusiondistance) giving
an area of extensivecontact between
thetwophases. After thedissociation of

carriers, the two polymer phasesshouldcreate
the path way forcarriersto reachelectrodes.
But so far, this ideal configurationhas not
been published.In this work, we'veelaborated
the P3HTandPCBMphotoactivelayers byspin
coatingmethodon glass substrates covered
ITOelectrode. Therotational velocity was
determined to getthe necessary effective
thickness of the polymer film. The
annealingeffect on structure, optical and
electrical properties of the polymer thin film
withdifferentcontentofPCBMwere also
investigated. The experiments show the best
device on electrode ITO has |-V characteristic
as a photodiode and short circuit current (Isc)
aboutmili-Ampere. Theseresults demonstrate
convincingly that polymer layers elaborated
by spin coating method can result a good
performance of the device.

Keywords: Polymer solar cells, organic solar cells, hybrid solar cells, spin-coating, conjugated

polymers, P3HT, PCBM
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