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Gyl odle) Juadl LS gl Sl il 58 e adied Al Cansall Galally Al Cadadl) A3k cueasill
Ney bl HHha dapy e (sl aayy Ji el JSG) Auhall a8 Anldll Ghelall 2805eSH Lluagll cluld
oe Ll Sl Gl &5 . 6 =Id/A E Ay dbbeall ahasinly dduagl Glus & 385 .(0.7-0.6)mm e e
oandll =5l Asaa W5 .u=Ry o :(Thirumavalavana, 2015) sl alaaiulis (Ru) Jsp dalae (uld Guyh

(251 dsaadl) (2 el e e sall Clgadlly s FEDU AS ailly Jsp alee 2y 4056 Adua il Gl

(N-type) gsi %010 dsasdl) sio (1) 35l usial) Syl Lbsagily Lsatly Jsb Jalan o 11 Jpaal

o | RS Aluag L,an) dsh Jalaa
gl ) 1 2 3

6(Q.cm) u(cm/vs) [ Ry (cm/c)

P1 1.65x10® 56.1 -6.7x10’
P2 2.07x10° 157 -7.57x10’
P3 2.03x10° 51.4 -2.5x10’
P4 1.54x10-° 25.3 -1.63x10’
P5 1.72x10® 9 -0.83x10’
P6 1.39x10° 22.7 -1.6x10"
P7 2.72x10™ 426 -156x10"
P8 1.4x10° 227 -15.7x10"

(p-type) g5 %610 il (Nal) assagal) 23l digdial) cyaidgall Aluagilly A jailly Job Jalaa a2 Jgaal
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o Lluagil) Lgatl) Jsh Jalaa
el e o(Q.cm)* H(cm?/ vs) Ry (cm®(c)
P1 1.4x10° 64.4 4.59x10""
P2 3.63x10° 135.6 3.73x10""
P3 2.59x10° 5.16 0.19x10*
P4 1.51x10” 0.319 2.11x10""
P5 4.43x10” 0.00110 2.48x10™
P6 1.07x10” 0.0024 0.22x10""
P7 6.83x10” 15.8 2.31x10""
P8 9.003x10™ 0.00185 0.206x10*
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Aoy e HLEAY) a8gd Apwedll AN Jeanl) 3. S (puail (3dsaal) (B N-tyPe g5 (0 Dhady dasd
s Gl Jlae pmat 25 i caelun Jala unialy AileSl ddiagll & JeY) clialse Gava el
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Ay LAl 8 s il Julss o @lldy sl 8 SLeS) doagll Q8 e Jead o old) )l e
Adbidll A all Clgadlly iy pSBU slatY sale) ke y ala¥) mlaull ag¥) 28l e dealilly Rg dallsiall 44 liall
cedall dale dad (0 6 (35 (10NM) 253ny gl Jsha pead ey 40lAN Alladl)

@ s5Ll Jslaall Adla) 38 N-types Aypdall cilpadsdl calidal 4883 4283 J-V ailad gilii 13 J gand)

n-type J V In Vm
poly):r?er (mA/Sémz) (\?ﬁ (mX) (V§x FF ()
P1 5.18 0.26 3.8 0.14 0.39 0.53
P2 9 0.22 5.5 0.14 0.38 0.77
P3 8.5 0.078 6.4 0.070 0.67 0.44
P4 12 0.130 7.5 0.082 0.39 0.61
P5 135 0.120 9.8 0.088 0.53 0.86
P6 5 0.250 3.6 0.210 0.60 0.75
P7 16 0.142 11 0.098 0.47 1.07
P8 10 0.132 7 0.082 0.43 0.57

sl Jslaal) ALzl J& p-type dysdiall cifpadsdl) cilidal 4581 4583 J-V (ailad milli 14 Jgaall

pi,l:}:':ei's (m;? sz) ‘(r\(:'; (3::) ‘;:';1 EF 1(%)
Pl 115 0.145 7 0.108 0.45 0.75
P2 85 0.175 6.4 0.135 0.58 0.86
P3 13 0.163 8.8 0.126 052 1.11
P4 124 0.175 46 0.184 039 0.84
P5 85 0.163 5.6 0.115 0.46 0.64
Ps 6.7 0.138 41 (.088 039 036
P7 7.8 0.136 49 0.085 039 041
P8 92 0.137 5.6 0.10 044 0.56
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Polymer Polymer | A/cm?) V) (mA) W) EE 1%
name

P2 P2n 15.6 0.354 12.4 0.300 | 067 3.72

P3 P3n 16 0.370 11.5 0275 | 052 3.10

P5 Psn 13.8 0.364 10 0260 | 051 2.60

P7 P7n 19.8 0.345 16 0.280 | 0655 4.48
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e 48 Jary (MWCNT) @50 of I s (53205 .N-type g55 (P7N) sl ae Gpesad Blad sl 6 S Jucail
Canli) Jolaas sadsl) G e S5 sl 088 e Jany GG el Caplall auddy (530 Gara g gual) aliaial
Jss il o) oSay addsd)l dudls of 3 L Bie dad ) dpall) D) ol Cpas ) gas Jalls cglal) ¢ 50)SY
ladl) Zintl ASE el 1y G5l sl ) s sl o Gl (10 Lea AsnSl Ll i) (has
O oo Db L oguusY) il Jeh paliail s MWCNTS 45l ¢s)lSl i) adsdl Juass g Uil xie
Aad) sale) dawe Ga Jlys S)all Pl e Lgihanlyy Gl SN ASad Bha @ble JiSin 38 55kl MWCNTS
-(Motta et al., 2005) ae i 1385 Adadal) dadall & il

3 =16 mpeaill 550l s OlSs MWENTS (S)e ilal 8 N g5l (P7) Zpmselll dal) il dplia o5
(P7n) Aswalll 401l &3 4w 1.07% (PCE) d8lall Jysai 3015 0.142V (VOC) dagidall sylal) dglgd mA/cm2
ks 4.48% Jysaill 52 S caly 3 PCE b s ilipeat ) ol ills MWCNTS ge leage am (K15 jaddsal) (puitd
@ e LS5 4.18% lajsia sy sl V= 0.345 V dagiad s Al I =19.8 MAJCM’ 8ypemill 55130
-(5) Jsal

——@— Before doping Nano Carbon tubes
=8 After doping Nano Carbon tubes

20

FF=0.65
1) = 4.48%

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4
Volt (V)

6 S S yal) ABla) a2y g S8 PT7 yad gall dasadil) 404N )V ailuad 4\ ;5 JSl)
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Cadgl) aa AR BeliS )it

saaly Canl b 5litall Aag¥) Apusadil) LAY 50 LY (Gl 2 el 50 e Al 30 il (pe Cafiill (il
Y A iy el 85l o3 DA Alkie Sy il Cand Waags Lol yde 38l Ohias Ol (A cOued
ALl JISE daylas (o) .0.8% e a3

Glaliiuy)

U Jagns 30 S o V) cAdigins oSl DAY Gailiad cpant o Jant LS sl i) of e p)l) e
Al 4lie dnidie Clly Vs il 8 Aliasall Dy el A oSl Aall 8 MWCNTS Gysilil o elSl canlsy
Ji Jlasall sailsal) & 2lad¥) salels a5 salgiall CiliginSY) alina o p D (& Cundly Aggaaall e Aigang Sl
s Sy 08 Sy cppieal) Lolam) skl ca edgd) Juag adiy Sy sl MWENTS ) dsasl
gl ) s (sl e Juagall addsally AgaSI 4l il DA e DlneSl QUYL lsadlly
LN Jaad e 508l e 4y @i Lee Db cdindll DL adgy Guadl) ¢ s Galiaiel Sam Slse i dyisy KU
Aagal) Chadsll b A elSI) Ayl Canl) ed ol o) el gl culig SV Ja Wiy celld ) diLaY
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Constructing a Solar Cell Based on n and p —type Polymers and Improve its
Characteristics Using mMWCNT

Haitham A. Ayoob Laith M. Al Taan
Department of Physics/ College of Science/ University of Mosul
Asaad F. Khattab
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ABSTRACT

In this work, solar cells were constructed based polymers prepared as n-type and p-type. Eight
polymers were prepared from the reaction of P-phenylene-diamine with carbon disulfide and sulfur
by polymerization. The IR, XDR, and thermal history of polymers were studied at room
temperature, with thicknesses between (0.7-0.6) mm. Also, Hall factor, the mobility for electrons
and holes before and after doping were studied. The polymer solar cells (PSC) were manufactured
by depositing n-type polymers on Si/p-type substrate. And p-type polymers on the same area of
Si/n-type substrate. The aluminium layer was deposition as an ohmic contact on Si by evaporation
under the pressure of 3.5x10°® Torre the upper electrode, copper metal, was deposited on the surface
covered with the polymer film. The I-V characteristics were obtained using a light with a power of
100 mW/cm?. From I-V curves, the value of the filling factor-FF and power conversion efficiency-
I] were calculated. Then to improve the efficiency, four n-type polymers were chosen with the
highest electrical conductivity. A solution of 99.9% purity of multi-walled carbon nanotubes
(mWCNT) was added by depositing the mixture on a Si/p-type substrate using the spin-coating
method. The results of final four cells after improving showed an increasing in the short-circuit
current density between J=(13.8-19.8) mA/cm?, the open-circuit voltage between Vq.=(0.345 -
0.370)V, the FF=(~38%) where the efficiency improved significantly and increased between
n =(2.6-4.48)%. The best PSC obtained gave a n =1.07% before improvement, where after adding
the carbon nanotube solution, it become about n = 4.48%, that is, an increase of 4.18%. Therefore,
the incorporation of carbon nanotubes into the organic conductive polymers can significantly
improve the performance of the PSC.

Keywords: Polymeric Solar Cells, PSC, Carbon Nanotubes, CNT, Polymer, Solar Cell Conversion
Efficiency, Polymer doping, Polymer conductivity.



