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Sourcing for alternative to liquid electrolyte in dye sensitized solar cells (DSSCs) have been the subject of interest in the photovoltaic
horizon. Herein, we reported by means of simulation, the performance of dye sensitized solar cell by replacing liquid electrolyte with
a copper (I) thiocyanate (CuSCN) hole conductor. The study was carried out using Solar Capacitance Simulation Software (SCAPS)
which is based on poisson and continuity equations. The simulation was done based on a n-i-p proposed architecture of
FTO/Ti02/N719/CuSCN/Pt. Result of the initial device gave a Power Conversion Efficiency (PCE), Fill Factor (FF), Short Circuit
Current Density (Jsc) and Open Circuit Voltage (Voc) of 5.71 %, 78.32 %, 6.23 mAcm2, and 1.17 V. After optimizing input parameters
to obtain 1x10° cm? for CuSCN/N719 interface defect density, 280 K for temperature, 1.0 pum for N719 dye thickness, 0.4 um for TiO2
thickness, Pt for metal back contact, and 0.2 um for CuSCN thickness, the overall device performance of 7.379 % for PCE, 77.983 %
for FF, 7.185 mAcm for Jsc and 1.317 V for Voc were obtained. When compared with the initial device, the optimized results showed
an enhanced performance of ~ 1.29 times, 1.15 times, and 1.13 times in PCE, Jsc and Voc over the initial device. The results obtained
are encouraging and the findings will serve as baseline to researchers involved in the fabrication of novel high-performance solid state
DSSCs to realize its appealing nature for industry scalability.

Keywords: ssDSSC, Copper thiocyanate, Hole Conductor, SCAPs
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INTRODUCTION

Issues linked to energy have drawn much research interest due to environmental impact and use of resources that
cannot be replenished. Between 80 to 85 % of the global energy used today, comes from fossil fuels which its exploitation
results to emission of dangerous pollutants such as nitrous oxide, hydrofluorocarbon, sulfur hexafluoride, carbon dioxide
and volatile organic compounds, which has capacity to jeopardize future ecosystem. Photovoltaic has been seen as a
promising renewable energy technology that has the ability of converting energy from the sun into electricity with
enormous strength to solving problem connected to energy. Since after the report of O’Regan and Gritzel on efficient
DSSC [1] based on nanostructured TiO, and iodide/tri-iodide (I7/137) redox specie, it has continued to gained attention of
global researchers as a potential alternative to widely known silicon solar cell technology. This class of solar cell belongs
to the third generation of photovoltaics and has the advantages of simpler production techniques, used of eco-friendly
materials and cost effectiveness as compared with its counterpart [2,3].

The DSSC is made up of self-assembled mono-layer of dye in between the wide band gap, otherwise called the
electron transport layer and the liquid mediator called the electrolyte [4,5]. However, liquid electrolyte is violent to the
surrounding environment it operates which results to corrosive, photo-reactive, and highly volatile nature that affects the
sealing status of the DSSCs and consequently, the effect of short-term performance and poor durability of the device is
noticed [6]. Sourcing alternative to this liquid electrolyte have been the subject of interest in the photovoltaic horizon
[7-9]. The solution to the aforementioned challenges is to replace the liquid electrolyte with solid state p-type
semiconductor, this will take care of the leakage, heavy weight and architectural complexity.

The structure of a solid-state dye sensitized solar cell is depicted in Figure 1 [10], which shows its working
principle. The dye absorbs photon energy, and then promote electron to the conduction band of the dye, and
subsequently the electrons are transferred to the conduction band of the TiO,. The dye that has lost electron regenerates
through the process of hole injection from hole transport material. The electrons promoted to the TiO, conduction band
flow through the network and are collected at the FTO and the holes within the hole transport material are collected at
the counter electrode.
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Figure 14. Combine J-V curves for the initial and optimized device

CONCLUSION
We reported the performance of a solid state dye sensitized solar cell based on CuSCN as a hole conductor using
SCAPS-1D. The performance of the overall ssDSSC was achieved by optimizing the CuSCN/dye interface defect,
operating temperature, CuSCN thickness, TiO» thickness and N719 dye thickness through data variation. The optimized
device results to 7.379 % PCE, 77.983 % FF, 7.185 mAcm™ Jsc and 1.317 V Voc. This research suggests that, efficient
stable and durable dye sensitized solar cells can be achieved by replacing liquid electrolyte with CuSCN hole conductor
that is cost effective.
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7,379 % E®EKTUBHICTH NEPETBOPEHHS EHEPT'Ti YMCJIEHHO 3MOJIEJIbOBAHOI'O TBEPJIOI'O
COHSIYHOT'O EJIEMEHTY CEHCUBIIII30BAHOI'O BAPBHUKOM 3 TIOHIAHATOM MIJI (I)
Y AKOCTI JIPKOBOI'O ITPOBIAHUKA
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Ipemverom nocmimpkeHHsT OyB IOIIYK albTePHATHBH DPIAKOMY €IEKTPOJTITY B COHSYHMX €JIEeMEHTaX, CEHCHOLTI30BaHMX OapBHHKOM
(DSSC), mono ¢oToeaeKTpuuHUX BiIacTUBOCTEH. TyT NUISXOM MOJCIIOBAaHHA MM MOBIJIOMHIIM TMPO NPOJYKTHUBHICT COHSYHOTO
eJIEMEHTa, CEHCUO1II30BaHOr0 GapBHUKOM, 3aMiHUBIIN PIIKUI €IEKTPOJIT Ha IipKoBHi mpoBixHuK 3 MigHoro (I) Tionianatys(CuSCN).
JocimkeHHs MPOBOAMIOCS 3a AOMOMOIOI0 IPOrPaMHOro 3abe3neyeHHs yisi MozesoBanHs coHsaHoi emHocTi (SCAPS), sike 6a3yerbest
Ha piBusHHAX IlyaccoHa Ta OesmepepBHOCTI. MopenioBaHHS MPOBOJMIOCS HAa OCHOBI 3alpONOHOBAHOI N-i-p apXiTEKTYpH
FTO/TiO2/N719/CuSCN/Pt. Pe3ympTaT mOYaTKOBOIO HPHCTPOI0 JaB edheKTHBHICTH mneperBopeHHs noTyxHOcTi (PCE) - 78,32 %,
koedirient 3amosuennst (FF) - 5,71 %, mIibHICTs cTpyMy KOPOTKOTO 3aMuKaHHs (Js¢) - 6,23 MACM™, i HAalPyTy XOJNOCTOrO XOIy
(Voc) - 1,17 B. Iicis ontuMizanii BXiqHAX HapaMeTpiB 1yt orpuManHs 1109 ecm-2 mst miinsHocTi nedexris intepdeiicy CuSCN/N719,
280 K st remnepatypu, 1,0 MxMm jurst ToBmuHN 6apBHuKa N719, 0,4 MxM urst ToBmuau Ti02, Pt U1 3B0OPOTHOTO KOHTAaKTy METally Ta
0,2 Mxm m1st ToiHA CuSCN , GyJ10 OTPMMaHO 3arajibHy NPOyKTHBHICT NpucTpoio 7,379 % nns PCE, 77,983 % nna FF, 7,185 mAcm™
st Jsc a 1,317 V s Voc. Y opiBHSHHI 3 TOYaTKOBUM IPUCTPOEM, ONITUMI30BaHi pe3ysIbTaTH M0Ka3ald MOKpaleHy NPOIyKTHBHICTh
npubnu3Ho B 1,29 pasm, 1,15 pasu ta 1,13 pasu B PCE, Jsc i Voc mopiBHSIHO 3 MOYATKOBUM IpHCTpoeM. OTpuMaHi pe3ysbTaTH €
OoOHaMIIMBUMH, 1 OJep)KaHi JaHi MOXYTh MOCIY)KHTH 0a30i0 [UIsl JOCHIAHHKIB, $IKi OEepyTh y4acTh y BHTOTOBJCHHI HOBHX
BHCOKOIPOAYKTHUBHHX TBepaoTUIbHUX DSSC, 11106 3p03yMiTH iXHIO PUBabIMBICTb LT MacIITabOBAHOCTI B rajys3i.

Kurouosi cioBa: ssDSSC, tiouianar mifi, aipkosuii mpoBigauk, SCAPs



