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ABSTRACT

Organic semiconducting materials have attracted huge attention from the electronics industry
by providing flexible, light weight and cheaper devices. These materials have gained
considerable popularity in the field of photovoltaic devices. This thesis highlights the various
features of organic semiconductors and organic solar cell (OSC) devices. In addition to that,
the need for their commercialization and the basic requirements for the purpose have also been
discussed. This thesis deals with the OSC fabrication process where the Ultrasonic spray
coating process has been used for active layer deposition. This technique meets the
requirements of scalable device fabrication along with being easily controllable, high
throughput, least material wasting technique.

The systematic study of the formation of Bulk Heterojunction (BHJ) of poly (3-
hexylthiophene) and phenyl-C7; butyric acid methyl ester (P3HT:PC71BM) deposited by
ultrasonic spray coating subjected to in-situ annealing has been done and the results have been
compared with spin deposited films. The attempts have been made via structural,
morphological, and optoelectronic characterizations to probe the behaviour of film
crystallization and its effect on electron and hole mobility of the BHJ layer. It has been found
that spray coating at moderate substrate temperature, well below the boiling point of the
solvent, results in film characteristics comparable to spin-coated ones.

Furthermore, an attempt has been made to correlate the performance of ultrasonic spray
deposited organic photovoltaic (OPV) devices with the imposition of acoustic vibration on the
substrate. A systematic study has been performed to understand the role of acoustic vibration
applied on the substrate and the effect of different frequencies on spray deposited OSC device
parameters and thin-film properties. The best performance OPV device was obtained at an
acoustic vibration frequency of 15 kHz, with almost 68% increment in short-circuit current
density, compared to the device with no vibration condition. The power conversion efficiency
and Fill Factor (FF) obtained for this device were about 3.5% and 40%, respectively. We
observed that a threshold is present in acoustic vibration frequency beyond which the substrate
vibration becomes detrimental for the film. The surface morphology investigation reveals that
there is a visible improvement in droplet spreading and coalescence due to acoustic vibration
till 15 kHz, with a reduction in r.m.s. roughness, reaching 10 nm for 15 kHz sample. However,
beyond this point, higher frequencies were found to have a detrimental effect on film formation.

The performance enhancement is mainly attributed to the improved film morphology due to
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uniform and homogenous droplet spreading and coalescence under the influence of acoustic
vibration.

To alleviate the chances of establishing a scalable spray deposition method, a detailed
understanding of the influence of changes in deposition conditions over device performance is
required. Therefore, Impedance spectroscopy, Mott-Schottky analysis, Urbach energy analysis,
and trap-state density calculation have been done to get a better understanding of the
fundamental contribution of ultrasonic spray deposition and the impact of substrate temperature
and substrate vibration on charge carrier dynamics. The correlation between charge transport
behaviour and device performance has been identified for the ultrasonic spray deposition of
P3HT:PC71BM organic solar cell. The reduction in surface roughness and droplet boundaries
leads to a significant decrease in overall device resistance by 50% and in diffusion time by
75%. An Increase in effective lifetime suggests strong bimolecular recombination in the in-
situ-vibration annealed spray device. Trap and defect-state densities have also been quantified
for ultrasonic spray deposited devices under various conditions.

To understand the scalability and its limitations in the case of spray deposition, the as
optimized ultrasonic spray deposition process is been used to investigate the effect of the
increasing area over OSC device performance. The performance seems to be degrading with
increasing electrode dimensions. The short circuit current density observed for the 0.04 cm?
area device got reduced with the increasing active area and for the large-area device of 1.5 cm?,
it got reduced by more than 70%. The FF has also decreased to 27% for large-area devices in
comparison to small area devices having 40% FF. The overall device resistance increased by
more than 10 times and the global charge carrier mobility was found to get decreased from 8.28
x10* cm? Vs to 1.83 x10° cm? V-!'s! for the large-area device in comparison to small-area
one. This also leads to reduction in overall charge generation as the maximum carrier
generation rate has decreased from 4.77 x 10*! cm™ s™! for small-area device to 1.92 x 10*! cm"

3 57! for large area device.
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PHIEEG AH-TAH Terdl 3 T, Feob goi 3R T JUBUT UG TR Iaae -y
I HI 9gd S BN [T g1 §7 FHAT 5 Bicidiieed SUBRUN &b & H B!
Aead eRIa &t g1 g8 iy oA srefaras iR e TR 9 (0SC)
IUIRUT & A fARIvarsf &R U1 STadt 81 3% SHamal 3d FadrisRol $i
3TIRTH T 3R I & e giare srazasmdrei wR ot =i @1 78 g1 g8 iRt siiwasdt
fomfor ufeear & Ssfia § oei afha wa SHE & T sreerife @ e uikar &1
IUANT foraT 7T B | T8 dob-ite ST ¥ FRifia, 3= Yge, v § HH IRl e B
qTeHt A1 B b ATY-TTY Thaad fSaTed BhiNdh R & ATaRIH TS HI I Bl § |
3.4 TR & Srefe sreerifies & e gR1 oM ufeh (3-RfuaRiEit) oiR
firsa-3it71 sgfeRe TRre AITsd TR (P3HT:PC/iBM) & dcdh gexlSiaRA (BHI) &
T3 H1 AaRYd e foar T § SR ufomdf & o Rue o fire § &1 718 g
fopeciep Ul & TAER 3R BHJ URd & Sade 3R gid Ta=fiedl IR 4% GHId Bt oI
& o TRaFTEH®, TUTHS 3R TPIZAde - A& aui- & ATeod T Uary fhu e § | I8
U1 4T § 6 Aenw gsdee duHE R W SIfe, [dae & HyFie ¥ S A, R
DT B o H fher faRiwaredt & uRomg grar 8

2% 3fATEl, IIee R GH® HU TH & 1Y NS B S Bl
wleldifeed (3Ndidh) IUHRON & TR & TeHaidd &34 &1 YA foar 1 g1 Jsuce
TR AN @ &= &1 YHDT 3R B o1 et fearsy WRiter $iR udeh fhed 1qorf
R fafid safcri o UHTd ol T & e U cgafyd sreqaq foan a1 g | o 3resT
UG 3tiat fEarsy 15 kHz @1 @ U gy IR U1 fobar 7 o1, ford e o=
Ruf aTa fESars &1 g H RiTc-Hfdhe URT I H TIHT 68% BT Ifa g8 AT 1 S USRI
& fore UTe Qe iR gardT 3R fOhd-Thaex (FF) HHRT: TTHT 3.5% 3R 40% U | g9
o1 foh eafieh o SMgfy & U YRNes HIN[G Bidl & oI S getice &u- flhed & fag
SIN®HRS 81 ST 8 | Tdg SATHIRG! offd § Ul Ialdl & {15 kHz I b HU= & HRUI
Sl % TR 3R Tg9aeH H GUR g3 8, 3R.TH.TY WREUA & HH & Y, 15 kHz THH
& o0 10 nm TP IgaHT| BTaiior, 39 foig ¥ W, 3= SRl &1 fthed A0 IR gTH®RS
THTE U1 TAT| UeRH H 3G T ©U § @afHe U4 & THE J 3G 3R I8y gl &
TR 3R T & HRUT 9gaR fhed ShIRe! & fog fordieR 3|




T Whaad W STH B DI [ RITUT B DI GHIGAT DI dgH & oy, fearsy
& TR R 99 &1 (U H IEa1d & UHTE Bt T fawqd 0l &1 STaRadhd ¢ | 9,
3T W STHIG & Hifere TG 3R 9TS] a8 ! IR IR e dTIHM SR etice
U P YUTT P dgaR THY U HA o ot Ufdamer WD I, Mott-Schottky fa=eiyor,
Urbach 3Tl fAAWUT, 3R Trap-state density @1 UM &1 T8 &1 P3HT:PC7BM 3iTIfEH
IR A & SeerID W fSTor=m & fog = ¢ fogfamR ok fSagy wwiay &
S TUaY P UgAH Bi 715 ¢ | T8 R 3R BIcl gal HI Sref § HH I 077
fSara ufeRIy & 50% 3R TR T8 H 75% 1 Seara-1d BT 3l § | THTET Shia-era o
g g-Ae-agsTH T I Sy & Aved f§-3ufde gRideH &1 ggma 3dt 2
faftrr ofefRufaat & sreemiifRe W SHT IuERUN & ot ST SR defect-state T ot
feffed frar M g1

) fEUIforRM & Hra H A= SR s9@t Al o guem & fog, siash
feared & UaeH W 9gd &3 F UHIE 31 §id F R eie sreeife B feafre
ok BT IUANT {1 T 5 | 3o e AT § gig & A1 TR HH i1 o 8T 8 | Sgd
Tfohd &3 & 1Y 0.04 cm? & fSILT & forg IR Tt Wic Widhe YRT O97d HH g1 T
3R 1.5 cm? & 98 &3 & IUHRUI P o T8 70% T 31 HH B 11 40% FF I Bl &
P JUDUI B I & oS & P IUDBRUN b forg FF Ht Teahr 27% B 7701 8 | AT SUBRUT
gferiy & 10 T 31 Bt g 83 3R 73 &7 & o Ay =t ares nfa=fiad 8.28
x10 cm? Vs ¥ 1.83 x 100 om? V15! T °C 5| BIC &F &1 gaT H [Sarsd | 399 99U
Aot SRR B off et 17t B ifep B & & feargw & fo siftieraw argss ST X
477 x 10*' cm? 5 J UeH 98 &F b fSaT P W 1.92 x 10 cm s B TTS &
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