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Energy Consumption

Primary energy consumption by fuel Shares of primary energy
Billion toe
18 - ' 50%
® Renewables™ :
16 m Hydro :
14 - = Nuclear 40%
5 m Coal
m Gas 30%
10 u Oil ‘
8 r :
20% !
6 - :
: , *
7 10% | : Renewables
Hydro :
2 i e .
v ' Nuclear
0 . 0% '
1965 1975 1985 1995 2005 2015 2025 2035 1965 1975 1985 1995 2005 2015 2025 2035

*Renewables includes wind, solar, geothermal, biomass, —
S | Arias, (2018).d0i:10.3390/en11071617 |
17 Energy Outlcok .1.c.2



GHG’s Emission
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PV Te C h ge n e rat i O n S Three generations of PV technologies

First generation solar PV cells Second generation solar PV cells Third generation solar PV cells

Single-crystal or monocrystalline Amorphous silicon (a-Si) Copper zinc tin sulphide (CZTS) PV cell
silicon cadmium telluride (CdTe), Organic solar cell
Polycrystalline or multicrystalline copper indium gallium selenide (CIGS) Perovskite Solar Cell
silicon Polymer PV cell
Hybrid Solar Cell

Buried Contact Solar Cell
Concentrated PV Cell (CVP)
F reni

Solar C ator (LSC)
Cell
Multijunction Solar Cell (M.J)
Nanocrystal Solar Cell

Quantum Dot Solar Cell
Dye-Sensitized Solar Cell (DSSC)
Photoelectrochemical Cell (PEC)
Etc.
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HIT & AFORS-HET
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Main Goal

Validate HIT Solar Cell structure model by

analysing ‘Figure of Merits’ (FOMs)

Enhanching HIT Solar Cell performance with

simulationg input parameters.

Getting the results of numerical data analysis

for structure modelling that could be used on

fabricated solar cell
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Photoelectric effect
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Material Bandgap References
Crystalline silicon (c-Si) W
Hydrogenated microcrystalline silicon (jue-Si:H) [4]
Hydrogenated amorphous silicon (a-Si:H) [4]
Crystalline germanium (c-Ge) [6,7]
Hydrogenated amorphous germanium (a-Ge:H) -di [4]
Hydrogenated amorphous Si-Ge alloys (a-Si.Ge:H) 1.1-1.8 | Non-diect | [4]
7I>m.iium arsemdc 03(; Dnreu [7]
Cadmium telluride (CdTe) 1.49 Direct 6]
Copper indium selenide CulnSe; 1 Direct [8]
Copper-indium-gallium-selenide (CIGS) 1-1.7 | Direct [8]
(CuyInyGa,Ses)
Kesterite {Cu>ZnSn(S,Se)y } 1-15 Direct [81
Cuprous oxide (Cu;0) 2 [Dira |91
Zin telluride (ZnTe) 225 | Direct | [6]
Gallium arsenide (GaAs) 143 Direct [6]
Pyrite (FeS;) 0.95 Direct [10]

“See Sect. 3.2.2 for the description of direct, indirect and non-direct bandgaps



Recombination and Generation
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Energy Band Diagram
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-V Characteristics
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Current

FOMs (Figure of Merits)

-V curve 4

Power

P-V curve

\oltage Vmp  Voc
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Electrical Models
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Parameter Besaran Satuan Model Analisis
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Input Parameters

TCO front

(p)a-Si:H 10 nm

(1)a-Si:H 5nm

(n)c-Si 200 pm

Top contact

Parameters (p')a-Si:H (i)a-Si:H a-Si:/c-Si (n)c-Si
interface
Thickness (nm) 10 5 3 2x10°
Dielectric constant 11.9 11.9 - 11.9
Electron affinity (eV) 3.9 3.9 - 4.05
Band gap (eV) 1.72 1.72 - 1.124
Effective conduction tape meeting (™) 2.5x10% 2.5x10% - 2,846 x 10*°
Effective valence band meeting y (™) 2.5x10% 2.5x10% - 2,685 x 10*°
1.0x10Y
Acceptor concentration, Na (™) 5.0 x 10¥7 0 - 0
1.0x10%
Donor concentration, Nd (“™3) 0 0 - 1.5 x 10%*
Electron mobility (cm? ¥-* =1) 20 20 - 1111
Hole mobility (cm? V-1 5%) 5 5 - 421.6
Thermal rate for electrons (™) 1.0x 107 1.0x 107 - 1.0x 107
Thermal rate for holes (“™%) 1.0x 107 1.0x 107 - 1.0x 107
The tightness of the defects on the 4.0x10% 2.0x 10* - 1.0x 10*
edges of the conduction band (valence) | (4.0x10%*) | (2.0 x 10%) (1.0 x 10%)
(™2eV-1)
Urbach energy for the tail of the 0.06(0.03) | 0.094(0.06 - -
conduction band (valence) (eV) 8)
Capture cross section o, (o) conduction T 7.0 x 0 - -
(cm?) (1.0 x 2035) | (7.0 x0%€)
Capture cross section o. (o) for the tail 1.0 x5 7.0x%E - -
of the valence band (cm?) (1.0x1047) | (7.0 x10%)
Gaussian state meeting (“™3) 1.0 x 10*- 7.0x10% - -
1.5 10*
Gaussian peak energy for donors 1.22(0.70) 0.5(0.60) - -
(acceptors) (eV)
Gaussian standard deviation for donors 0.23(0.23) | 0.21(0.21) - -
(acceptors) (eV)
Capture cross section o. (o) for donor- 1.0 x 1014 3.0 x 04 - -
like Gaussian states (cm?) (1.0 x %) | (3.0x1%%)
Capture cross section o. (o) for 1.0 x 1015 3.0 x 018 - -
acceptor-like Gaussian states (cm?) (1.0 x 0%%) | (3.0x)
Total DOS D, () = 2 1.0x 10° E
1.0x 10*

Midgap density of satay (™) - - - 1.0x 10%
Characteristic energy (eV) = - - 0.56
Capture cross section for donor-like - - 1.0 x 1044 1.00c2%
(cm?) (1.0 x 1014 (1.0 x 10-14)
Capture cross section for acceptor-like - - 1.0 101 1.0 x 1044
(cm?) (1.0x2°%) | (1.0x %)

h 4

Hetero Interface (3nm)




Doping Optimalization
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Using various doping at 5x10 cm=3up to 1x102° cm observed. Doping with N ,=5x10*8 cm-3 shows a rapid
improvement on Voc & Jsc, with 15,73% Solar cell Efficiency
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Doping Optimalization
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WFtco Optimalization
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Using optimum doping N,, 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 WF,__ values with AM1.5G

tco

irradiation spectrum and stable

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

concentrations, namely 5x1019 cm-3
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WFtco Optimalization
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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

e The provision of optimum NA acceptor dopping concentration with variations from
minimum to maximum dopping shows that the N, doping value significantly improves
performance at 5x10%® cm-3 and keeping stable at 5x101° 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 N, doping input so that the optimum result was shown at the dopping
condition NA = 5X10*° cm-3 and the optimal WFtco at WFtco = 5.2 eV where the FOMs
parameter value (Moc = 634.2 mV) was obtained; Jsc=51.2 mA/cm2; FF = 72.91 %)
obtained optimum solar cell performance efficiency of 23.67%

e 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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