KEMENTERIAN PENDIDIKAN, KEBUDAYAAN, RISET DAN TEKNOLOGI

UNIVERSITAS MULAWARMAN
FAKULTAS MATEMATIKA DAN ILMU PENGETAHUAN ALAM

Jalan Barong Tongkok No. 4 Kampus Gunung Kelua, Samarinda — Kalimantan Timur 75123 indonesia
Telp./Fax: +62541 749152, +62541 747974, Email: fmipa@unmul.ac.id, hitps.//www.fmipa.unmul.ac.id

Nomor : 1666 /UN17.7/LL/2022 Samarinda, 29 Agustus 2022
Lampiran : 1 Lembar
Perihal : Permohonan Sebagai Pemateri Orasi [lmiah

Kepada Yth. :Dr. Dadan Hamdani, S.Si., M.Si.
Fakultas Matematika dan [lmu Pengetahuan Alam
Universitas Mulawarman

di-
Samarinda

Dengan hormat,

Sehubungan akan dilaksanakannya Orasi I[lmiah dalam rangkaian
kegiatan Rapat Senat Terbuka dalam rangka Dies Natalis Fakultas MIPA
ke-21, dengan ini kami mohon kesediaan Bapak Dr. Dadan Hamdani,
$.8i.,,M.Si. untuk menjadi Pemateri Orasi llmiah tersebut pada :

Hari : Selasa
Tanggal : 30 Agustus 2022
Waktu : 09.00 Wita- Selesai

Tempat : Lecture Theater Room Gedung SLC FMIPA Unmul

Demikian permohonan ini disampaikan, atas perhatian dan kesediaannya
diucapkan terima kasih.

. Eing. Idris Mandang, M.Si
119711008 199802 1 001



KEMENTERIAN PENDIDIKAN, KEBUDAYAAN, RISET, DAN TEKNOLOGI @0{1-—. S
UNIVERSITAS MULAWARMAN

FAKULTAS MATEMATIKA DAN ILMU PENGETAHUAN ALAM

) I (7)
(S(?ZC[,/K?/H C (//9///(?9/(/(//

d No. 1674 /1 mT.T'I'I',-':n*;ﬁ )

Diberikan kepada
Dr. D -lamdani, M.Si.

yang el 0 Urasi Hmiah dengan jud,
"Sel Surya Berbasis Film | J \morfus Silikon [erhidrogenas

Peluang daon Tantangan Pengembangannya”

pada Rapat Senat Terbo «AMatematika dan Hmu Peng san A
Universitas Mulawarman dalam rangkaian Kegiatan Dies Natalis PMIPA TNAY

Samarinda, 30 Agustus 2022
Dekan. Ketua

Pana

L
\hmad Zarkasi, S Si MSL

IF. IFI]UHB 199502 1 001 NIP. 19910423 202012 1 007




niversitas Mulawarman /
Ne r. 1466/SK/BAN-PT/Akred/PT/V/2017 Tgl 23 Mei 2017

Pengembangan Sel Surya Berbasis Film-Tipis
Amorfus Silikon Terhidrogenisasi (a-Si:H):
Peluang dan Tantangan Pengembangannya

ORASI ILMIAH

Dr. Dadan Hamdani
Laboratorium Fisika Teori dan Material
Jurusan Fisika FMIPA Universitas Mulawarman
2022

Samarinda, 30 Agustus 2022



Program Mandiri Energi
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60 5¢ Pemanfaatan Energi Baru Terbarukan (EBT) di Indonesia sudah lama 14385
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N ["ff,ﬁf."nfl3?3;533:::L:’iﬁ.sg?ixﬁﬁ'éﬁmi%gﬁ 32.654 Pengembangan sumber energi alternatif mendesak untuk
m gt mengantisipasi ancaman krisis energi di masa depan.
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Bauran Energi Alternatif

m3.AS

Permintaan energi semakin meningkat

66% (pembakaran BBM)
m 1.China

m 2. India

m 4. Indonesia

w 7.Banglades
W 8. Nigeria
9. Rusia

w 10.Jepang
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Juta SBM

Radiasi “IR” akan diserap oleh GRK di
Atmosfer. Sebagian akan dipancarkan
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Bauran Energi Baru dan Terbarukan (EBT)

2018 2020 2030 2040 2050
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1800s 1883

First tested solar cell giving
less than 1% efficiency

Alexandre Edmond Becquerel
observed PV effect

1904

Hoffman Electronics built a grid
connected 10 % efficient solar cell

14% efficient

solar cell was ".
developed by SN 1960

Hoffman
Electronics

AlGaAs/GaAs solar cell were developed
with 18% and 20% efficiency

O

w

Soyuz 1- the first solar-powered

unmanned spacecraft

l

1972

Global PV capacity

_,  First Solar plane flight
around the world

8% efficient solar cells
was developed

Silicon PV manufacturing cost
was reduced to $1.25 per watt

Albert Einstein explained
PV effecton a
quantum basis

First pure semiconductor

%} was developed

¢
€ 1948

Solar cells were used for
space applications

1957

First modern silicon
cell was invented

1977
Global PV First CPV system using Fresnel
capacity 500 kW o Lenses, 350 kW
1976 i.?/
1981

First amorphous silicon
PV cell was developed

Global PV production
New world record for reached 21.3 MW l 1983
PV technology by L
40% efficiency
Ivsil | 175 kW
Polysilicon was extensively . ]
i . high
used in PV production igh concentrating
PV plant was

2002 installed in Arizona
PV made up 2.5% of
global energy demand

World total capacity hits 505 GW

2017

PV became the fastest renewable energy
installed by annual growth of 55%

m Mono-crystalline

m Poly-crystalline

= Amorphous silicon

m CopperindiumGalliumSelenide
m Cadmium Telluride

m Gallium Arsenide
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Efek foto-listrik
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Dimana posisi sel surya a-Si:H?.

* HIT (heterojunction with thin
intrinsic layer) Solar cells
 Homo-heterojunction solar cells

Solar cell
technologies

:

Efisiensi ~ 26%
Crystalline solar cell

;

Thin film solar cell
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* i Mono crystalline solar cell ' -------------

* 1 Poly crystalline solar cell :

ca dmium tellurlde

Copper indium gallium selenide

Polymer solar cell
Organic solar cell

| pe
A

:

Recent solar cell

Light sensitive nanoparticles
Gallium arsenide

Dye-sensitive solar cell
Perovskite solar cell




Cell Efficiency (%)

Best Research-Cell Efficiencies

Research timeline of Panasonic HIT solar cells
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Panasonic
HIT Solar Cell

HIT (Heterojunction with Intrinsic Thin Layer)

[ )
Ag — ;
bonds with a-Si:H
p-a-Si:H ~10 nm -
i-a-Si:H ~10 nm : '
- C-Si
i-a-Si:H ~10 nm
n-a-Si:H ~10 nm
y,
R&D Back contact type * 25.6%
(Apr. 2014)

150 um

(Jul. 2009)
~100 um

98 um

€ 2| 23.0%
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2 Sl 23.9%
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Taguchi, M, ECS Journal of Solid State Science and Technology, 2021, 10, 025002



Apa Keunggulan dan Kekurangan sel surya film tipis®.

Commercial
Thin film

Emerging

Thin film
| B L -
GaAs H-vmJ Perovskite Organic DSSC Quantum dot

Wafer Thin film



Bagaimana dengan posisi sel surya film tipis a-Si:H?

Module Surface area needed
Cell material . Advantages Disadvantages
efficiency for 1 kW,
- most efficient PV modules - most expensive
Monocrystalline silicon [15-18 % 7-9 m? - easily available on the market - waste of silicon in the production
- highly standardised process
- less energy and time needed for production than for
_ . monocrystalline cells (= lower costs) - slightly less efficient than
Polycrystalline silicon 13-16 % 8-9 m? ] , ) .
- easily available on the market monocrystalline silicon modules
- highly standardised
Micromorph tandem (ap-
si) 6-9 % 9-12 m? - more space for the same output needed
[
Thin film: - higher temperatures and shading have lower impact on
Copper indium 10-12 % 9-11 m? performance - more space for the same output needed
diselenide (CIS) - lower production costs
Thin film: - higher temperatures and shading have lower impact on
Cadmium telluride 9-11 % 11-13 m? performance - more space for the same output needed
(CdTe) - highest cost-cutting potential
! - higher temperatures and shading have lower impact on
in film:
6-8 % 13-20 m? performance - more space for the same output needed

Amorphus silicon (a-Si)

- less silicon needed for production




Ef. (%) Ve (V) Jee (mA/cm?) FF (%) Year Institute
asiH  Single -junction 9.47 0.859 17.52 63.0 2004 IMT
10.09 0.877 17.28 66.6 2009 Oexdikon
10.11 0.906 16.06 69.5 2013 AIST
Lambertz , dkk. 022 0.896 16.36 69.8 2014 AIST
Prog.Photovolt. Res. Appl, 2015 @ 0.891 17.20 67.0 2015 Jiilich
pe-Si:H  Sing le -junction 10.1 0.539 24.35 76.8 1999 Kaneka
10.3 0.568 25.50 71.3 2006 Jiitich
10.5 0.521 28.17 71.6 2013 AIST
10.69 0.549 26.55 73.3 2013 IMT
. 10.8 0.523 28.24 73.2 2013 AIST
Sai, dkk (2015) 10.97 0.542 97.44 73.8 2014 AIST
Appl. Phys. Lett. 96, 213504 4 0.535 29.07 73.1 2014 AIST
11. 0.548 29.39 73.1 2015 AIST
a-S:H pe-Si:H 11.7 5.462 2.99 71.3 2004 Kaneka
11.91 1.346 12.92 68.5 2010 Oexdikon
Tandem-' nct'on 12.16 ? ? ? 2011 Oerlikon
juncti 12.2 > > > 2011 Sanyo
11.9 1.322 13.02 69.0 2012 AIST
12.0 1.330 12.92 70.0 2013 AIST
Matsui, dkk (2015) 12.1 1.411 12.60 67.8 2013 HZB
’ 12.3 1.365 12.93 69.4 2013 Kaneka
Jpn. J. Appl. Phys. 54, 08KB10 . 1.382 12.82 71.3 2014 IMT
@ 1.342 13.45 70.2 2015 AIST
a-Si:H pe-5i:H pe-Si:H 12.0 1.840 8.54 76.2 2004 Kaneka
. : 12.41 1.936 8.96 71.5 2011 United Solar
triple-junction 13.44 1.963 9.52 71.9 2013 LG
. 13.46 1.967 9.84 69.6 2015 TEL solar
Sai, dkk (2016) 6 1.901 9.92 72.1 2015 AIST
Appl. Phys. Lett. 109, 183506  (14.0) 1.922 10.39 73.4 2016 AIST

Stuckelberger et al. (2017), Renewable and Sustainable Energy Reviews , 76, 1497-1523



Single-junction solar sel a-Si:H

. . L o . o

glass

back reflector

Second laser scribe:
cell area definition

First laser scribe:

Anti reflection foil

SnO,:F
<p> a-SiC:H

<i>a-Si:H
W, Various types
of n-layer
ZnO/Agor Ag
back reflector

contact to the TCO

5 ]
o |
v | |
§E n=10.3£0.4% 4
£ 5 FF = 67.0% .
2 v =0.891V .
3 o} J =17.2 mAfcm? .
=] -
; A =1 em? (laser scribed)
= i

0.0 0.2 0.4 0.6 0.8

wvoltage W [W]

Lambert, dkk, 2015
Prog. Photovolt: Res. Appl. 2015; 23:939-948
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Struktur single-junction pc-Si:H

B8ZO

1T um

Sai, dkk (2015)

Jpn. J. Appl. Phys. 54, 08KB05

Current {ma)

ICe0904-3E4.2

35

3o
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15

10

w
o

N:E: 0 ;
E 254 !
z 20 - 4
‘B
€ 15} V. =0517V ]
© Jy = 29 1 mA/em’
= OF fr 20705 |
E 4| Effea =106%
8 Active area = 1.06 cm’

o 1 1 a L 4

0.0 0.1 02 03 0.5 06

Voltage (V)
I-V CURVE

0.3

20

14

0.4 0.5 .8
voltage (V)

1.044 cm2 (designated area) WHSS

Fower (mW)

Date : 22 Oct 2014

Data Mo :
5C1515a1-1

Sample Ho :
5C1515a1

Repeat Times : 5

Tac 30.68 mA
Vac 0.548 V
Pmax 12.29 mW
Ipmax 27.83 mA
Vomax 0.440 V
F.F. 73.1 %

Eff(da) 11.77 &%
DTemp. 25.0 ‘C
MTemp. 24.9 “C
DIirr. 100.0 mW/cm2
MIrr. 99.6 mW/cm2

Fef. Device No
43307
Cal. val. of Ref.
126.05 [mA atl00mw/cm?]

AIST -

Izc to Voo



Struktur a-Si:H/pc-Si:H/ pc-Si:H

é/|OH
ta-Si:H cell (0.23 um)

uc-Si:H cell (1.6 um)

3

/pc-Si:H cell (1.8 um)

S0,

Sai, dkk (2016)

Appl. Phys. Lett. 109, 183506

Honeycomb-textured

Current (m&)

IEC60904-3Ed.2

Yoltage

(V)

‘\T\
5 s “
< 12} Initial LS '
12t A I
£ °[ Diode — ---- N ]
~ 10} Triodg = = = - 1 1]
o ) |
‘»m  8F i
5 " Jgomaem’) Vo (V) FF - PCE(%) ]
S °l pioge N 163 0.873 0.721 10.3 Y
= 4. LS 159 0.863 0.635 8.72(A15.2%) .
o  troge!Ni 162 0.874 0726 10.3
a 2 lrode o 159 0.864 0.686 9.41(A8.6%) i
0 i 1 4 1 A 1 " 1 i 1 " 1 i 1 " 1 " 1
00 01 02 03 04 05 06 07 08 09
Voltage (V)
I-V CURVE Date : 26 May 2016
1.045 cm? (designated area) WHSS Dggg;fggi_m
Sample No :
SC2510A1
N 4 20 Repeat Times : 5
Isc 10.39 ma
Voo 1.922 v
- 4 16 Prmasx 14.67 mW
Tomax 9.38 mA
. meax 1.563
=z F.F. 73.4 %
12 = Eff (da) 14.04 %
o DTemp., 25.0 C
- MTemp. 24.9 C
L 4s = DIrr. 100.0 mW/cmZ
MIrr. 9.4 mW/cmZ (top)
100.8 mW/cmZ (middle)
- 1. 100.2 mW/cm2 (bottom)
Scan Mode
Ise to Vac
: 0
0 0.5 1 1.5 2

JIST
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EfekStaebletWronski(SWE)

* Perubahan prilaku Sel surya a-Si:H, yaitu penurunan sifat foto-konduktivitas pada saat
disinari dan penurunan konduktivtas setelah diterangi. Fenomena ini dikenal dengan efek

Staebler-Wronski (SWE) terjadi karena proses induksi cahaya (g -d

), yaitu

degradasi sifat aliran selama penyinaran pada Sel surya a-Si:H.

 Secara fisis fenomena ini terjadi karena terbentuknya cacat oleh rekombinasi non-radiatif
antara foto-eksitasi elektron dan hole pada ikatan lemah SiSi yang menghubungkan
ikatan SiHHSI

-
=
—r
=
L]

it
=
—ik
Lo |

1x10°

]
-

Eoefisien Absorpsi [1/cm]
=
=

1x10°

|. ——Annaaled siata

Light soaked state:
-

3. —=—35min

i, =155 min

5 —a— 1915 min

Desain Solar Sel

Glass: 0.5 mm

%

Glass
/ LPCVD Zn0: 2 um

0.8 1.0 1.2 1.4 1.6
Energi foton [eV]

Zn0

ne-Si0,) + p; (a-SiC:H): ~13 nm

/P1(

<— j; (wide-bandgap a-Si:H): 10 nm

“«— iy (@-Si:H): 220 nm

<— j; (wide-bandgap a-Si:H): 10 nm

N ¥~ n, (a-Si:H) + n, (1c-SiO, ): ~28 nm
Zn0 -/

/\/\’\/\7\/\/\ "\ LPCVD ZnO: 2 um

Reflector
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Chamber

Reaktor
PECVD

FOKU&SIH

Le Gas outlet

Manometer

Gas Inlet

§ Pressure Sensor
£
S
2
* Pengenceran hidrogen g
dinaikkan
* Laju deposisi
diturunkan
a-Si:H

Ramman Scattering Intensity (a.u.)

- w
Wave number (cm™')



Skema penumbuhan lapisan

. Daya listrik
a-Si:H dengan PECVD Kerapatan elektron
Distribusi energi
jl
|
Aliran SiH, |~ e+ SiH, J — Pompa
Peningkatan daya Beakei sekunder
Reaksi utama rf, tekanan, SiH, + SiH,
Proses-proses e + SiH, geometri, aliran |
lasma _—
' S'H;cl +H =" SiHatH
1 Ti Kluster, bubuk
| \\, po“mcr /
Ion, Radikal, Foton
Proses-proses [
permukaan dan Z:::m buban A S A S ---‘.-..;;.’,‘-r.‘-;.,‘._l&., Mobilitas permukaan
“bulk’ bulk NN SRS S# | Kescimbangan kimia
e e,

Suhu Subtrat

Superstrate

Substrate

Arah Cahaya

Deposisi ' / /

L d

TCO

a-Si:H (i) Absorber L
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RF-PECVD (Radio Frequency-Plasma Enhanced Chemical Pavour Deposition)
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Deposition parameters p—i-n

Citra SEM Sel Surya Struktur p-i-n dan p-i4-i,-n

P 1 n
(B2Hg) (H»/SiHy) (PH.)
(I Gas flow ratio (sccm) 2 16 5
P-14-1>-N Thicknesses (nm) 15 600 25
T ' Band gap (eV) 2.00 1.70 ) 2.20
Conductivity (2 ' cm ") 2.80 x 10°° 6.20 x 10°° 9.50 x 107
.
Deposition parameters p—i i1
P f| fg n
(B2Hg) (H/SiHy) (HySiH.) (PH.)
Gas flow ratio (sccm) 2 16 36 5
Thicknesses (nm) 15 300 300 25
Band gap (¢V) 2.00 1.70 1.85 2.20
Conductivity (' em™) 280 x 107 6.20 x 107 340 x 107° 9.50 x 107
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U U

Daerah | (shunt region) : arus gelap secara keseluruhan dipengaruhi oleh
proses rekombinasi pasangan elektron-hole melalui th -g pada
lapisan absorber

Daerah Il (SCLC) : secara keseluruhan dikontrol oleh difusi elektron
yang merupakan daerah fn tergantung pada
konsentrasi hole dan elektron yang terperangkap

Daerah Il (series resistance region) : arus gelap bertambah besar dan
secara keseluruhan diatur oleh injeksi hole pada antar-muka ITO/(p)a-
Si:H
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Sel Surya Berbasis a-Si:H

8

-

p-i-n (S, P-i4-15-N (D)
Voc Jsc E
Structures Results | FF
(mV) | (mA/cm~) (%)
Eksperimen (Prayogi, et al, 2021)| 720.0 15.70 0.550 | 5.61
Sjm
AFORS-HET 721.1 1569 | 0561 | 5.72
Eksperimen (Prayogi, et al, 2021)| 790.0 1720 |0.620 | 8.86
Dint

AFORS-HET 791.0 17.22 0.634 | 890
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