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Energy Consumption

Arias, (2018).doi:10.3390/en11071617



GHG’s Emission

Fossil fueled industries has became the largest GHG’s 

emission. Its causing many major environtment issues 

such as global warming or even an extreme climate 

changes. 

More than 80% of 
total emission 
produce by fossil 
fuel

China were the top country 
produces GHG’s emission

700+
kgCO2/MWh

Coal Powerred 
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1#
Coleman,J (2018), doi:10.1021/acs.est.7b05298 

~80%



PV Tech generations

Stuckelberger,(2017). doi:10.1016/j.rser.2016.11.190



HIT & AFORS-HET



Main Goal

01
Validate HIT Solar Cell structure model by 

analysing ‘Figure of Merits’ (FOMs) 

03
Getting the results of numerical data analysis 

for structure modelling that could be used on 

fabricated solar cell

02 Enhanching HIT Solar Cell  performance with 

simulationg input parameters.



Photovoltaic Introduction



Recombination and Generation

SRH (Shockley-Read-Hall) Recombination, it emerge caused by 

defect on crystalline structures.

It involving Etrap appearing, causing electrons on conduction 

band also holes on valence band to recombine each other.



Energy Band Diagram



I-V Characteristics

With 𝐽00
𝑔𝑟𝑒𝑒𝑛

as a factor green worth of 1x108 (Shah,2020)

Key Parameters



FOMs (Figure of Merits)
Electrical Models

Optical Models

Short circuit Charge Carrier
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Input Parameters



Doping Optimalization

Using various doping at 5x1017 cm-3up to 1x1020 cm-3 observed. Doping with Na=5x1018 cm-3 shows a rapid 
improvement on Voc & Jsc, with 15,73% Solar cell Efficiency
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Doping Optimalization

Band Diagram with various doping NA

With increasing doping Na given on (p+) layer. Valence Energy band to
move away from fermi level energy, need a higher energy for electron to
excite.
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WFtco Optimalization

Using optimum doping Na , to achieve an effective Wftco Value for 
improving solar cell performance
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WFtco Optimalization
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characteristic curve on HIT solar cells with TCO/(p+/i)a-Si structure:H/(n)c-Si/Al

with variations in WFtco values with AM1.5G irradiation spectrum and stable

temperatures at 300K. Then also used the dopping concentration of NA at optimum

concentrations, namely 5x1019 cm-3



WFtco Optimalization

• At the value of WFtco < 5.0 eV,  a significant decrease  in the Voc voltage  and the formation of Jsc current was found.  Causes decreased  

performance of solar cells.  The initial  assumption  is due to the  formation of potential-barriers in   the interface of the front-facing layer  

with the layer (p+) so that  Schottky  contact arises in  this area of the interface

• At the WF tco value  ≥ 5.0 eV, it experienced a significant increase in  the Voc voltage and  Jsc current  when compared to the lower  

WFtco value.  However, with the increasing value of the  work function of the  front contact, it is not monitored for significant changes 

with the Voc value ranging at 4 mV and Jsc in  the range of  0.06 mA/cm2.
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Summary
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• The provision of optimum NA acceptor dopping concentration with variations from

minimum to maximum dopping shows that the Na doping value significantly improves

performance at 5x1018 cm-3 and keeping stable at 5x1019 cm-3. So that from the results of

the WFtco variation, the value of the front contact work function used was optimal and

combined with the Na doping input so that the optimum result was shown at the dopping

condition NA = 5X1019 cm-3 and the optimal WFtco at WFtco = 5.2 eV where the FOMs

parameter value (Voc = 634.2 mV) was obtained; Jsc=51.2 mA/cm2; FF = 72.91 %)

obtained optimum solar cell performance efficiency of 23.67%

• In the use of varied WFtco values, it was found that the occurrence of Achottky barrier on

the front contact interface of the TCO/(p+)a-Si:H for a relatively smaller WFtco value (<5.0

eV), resulted in trapping the hole so that it could not move towards the front contact. Then

at a high WFtco value (>5.0 eV) there is a tendency to form Ohmic contacts where a

reverse barrier is formed so that hole injection into the (p+)a-Si:H layer and band-bending

is increasingly visible, allowing the hole to be able to move to the front contact.
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