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NSTDA : National Science and Technology Development Agency

BIOTEC : National Center for Genetic Engineering and
Biotechnology

MTEC : National Metal and Materials Technology Center

NECTEC : National Electronics and Computer Technology
Center

NANOTEC: National Nanotechnology Center
TMC : Technology Management Center

STL : Solar Energy Technology Laboratory
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/ PV Activities at STL

Thin film silicon solar cells . . PV System and
_ o Crystalline Si solar cell
(Amorphous and Microcrystalline Si) application
- High efficiency solar cell - HIT solar cell - System evaluation

(small area)

- TCO coated glass substrate =PNEBIRPVECRVetesting

- flexible substrate

- TCO coated glass
- MOCVD (small area)

- Sputtering (large area, cooperation

with private sector) - CIGS solar cell

- organic solar cell

other solar cells
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Production Capacity

5 MWp/year (End of 2005)
20 MWp/year (End of 2006)
35 MWp/year (End of 2007)
50 MWp/year (End of 2008 )
65 MWp/year (End of 2009)

Thailand’s First Manufacturer of
Amorphous Silicon Photovoltaic
Modules
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COMPANY PROFILE

Company Name : Bangkok Solar Co.,Ltd.

Address : 39/1 Moo 1 Bangpakong-
Chachoengsao Rd., Sanphudas,
Banpho, Chachoengsao 24140

Establishment : Year2003 (2546)

Main Product : Amorphous Silicon Photovoltaic

Modules

Employees : 308 persons (Aug 2012)

Total Investment : >2,500 MTHB( 55 MEURO)

Shareholders : Bangkok Cable Group 100 %

Current Marketing Area : Local and Export



- BSCon PV Industry World Map

BSC’s Capacity 50MWp
(2008)

Source: Sun & Wind Energy 4/2008



-BSC'’s Products Specifica fia;s

Nominal Open Short Oberatin Currentat | Maximum Maximum
circuit circuit P 9 rated System - Certifications
Model Power voltage . Voltage series
W) voltage current V) operating g fuse (A)
(V) (A) voltage (A) (V)
BS 40 40.0 62.2 1.14 44.8 0.93 600 2 TOV
BS-42 42.5 62.2 1.16 44.8 0.95 600 2 UL
BS 42A 42.0 62.4 1.16 45.8 0.96 600 2 TOV
BS-44B 44.0 62.6 117 46.9 0.99 1000 2 TOV
BS-44 44.0 62.6 1.17 46.9 0.99 1000 2 TOV
BS-46 46.0 93.0 0.82 70.3 0.66 1000/600 1 TOV, UL
BS-50 50.0 93.4 0.86 70.9 0.71 1000/600 1 TOV, UL
BS-52 52.0 93.6 0.88 71.2 0.74 1000/600 1 TOV, UL
Temperature Coefficients  :Maximum power -0.19% / °C
: Open circuit voltage -0.32%/°C

: Short circuit current

+0.06 % / °C
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Lﬂ%ﬁm‘a‘wu DC Magnetron Sputtering LUl Inline lagnszan TCO ‘ﬁlvl,gﬁ
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® i1 Transmittance Taitiaeind1 80% firanuanamaw 550 1N luluns

® Sheet resistance Uszund 10— 15 <E’ﬂ‘i)rm\l/square ‘ﬁlm’mﬁm

1320104 800 — 1200 1N T4LUES

o 1lpSuf ALt asANLlEN TR 5%



nsvan Transparent Conductive Oxide ( TCO )
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top cell

(ANNL1IAALAL)

i-a-Si:H or i-uc-Si:H bottom cell

(ANEINIAAUENT)
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TCO (ITO, SnOy, ZnO)

TassasairasuasaINadshaNa NU TR AD WU ULTA 8B b
§IWI89N32N TCO



 The-most widely used TCO Material
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Ain plasma M3 power waz UFum hydrogen A9V lndNg
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Zn0O
. AwAlulaginisas19lananedg

- fasansaNlaNanunNaAIlsENa 100°C - 200°C
[~ . o

« 111 non-toxic material
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n1sLARaUNANLISA8S PVD, Sputtering

Glass substrate

: ZnO film
diat@ose (Sputtering) LU LIUAITN
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Inline Magnetron Sputtering
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L uune
Mo Rulss A munsmaduasenfing alafduune a-Si Tnanis
LﬁmmmzﬁfammﬂﬁL?ﬂﬁzg']m@ﬁumfmﬁmﬁmﬁyu AIEIdAR Zinc Oxide
doped Aluminium ( ZnO : Al ) and Silver ( Ag ) Tnsuafinnadnaslésuia
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Influence of back reflector on a-Si:H solar cells
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J. Muller et al. / Solar Energy 77 (2004) 917-930 (1)
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Influence of back reflector on pc-Si:H

i-uc-Si:H
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J. Muller et al. / Solar Energy 77 (2004) 917-930 (1)



Back reflector

W

A jsc (mA/cm?)
(a-Si:H)

A jsc (mA/cm?)
(mc-Si:H)

Ag 0.87 0.94 -1.3 -1.0
ZnO/Al 0.85 0.77 -1.1 -2.6
Al 0.70 0.65 -2.0 4.7
R = < >
Calculation experimental

J. Muller et al. / Solar Energy 77 (2004) 917-930 (1)



wrgy Technology-Laboratory (STL)

(A)

SC

Glass /TCO /a-Si:H (p-i-n top) /a-Si:H (p-i-n bottom) /ZnO:Al / (Ag) /Al (0.8 m?)

1.4
12
1.0
0.8
0.6
0.4
0.2
0.0

== 1.26 A

L | 118 A

Back reflector
— ZnO:Al/Al
— ZnO:Al/Ag/Al

ZnO:Al/ Al

@ A Isc = 0.08 A (6.8%)

ZnO:Al/ Ag/ Al

A Eff = 0.4 % (7.7%)

0 90 96 U0

Y

B

60

Backreflector | Voc Jsc FF Eff
ZnO:Al/ Al 609 | 1.18 | 0.57 5.2
ZnO:Al/Ag/Al | 60.4 | 1.26 | 0.58 5.6




NN ITNAHT a-Si:H solar cell

% .
P38 back reflector technique
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glass
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2. INNTH Ag 521N n/ ZnO:Al/ Ag / Al

1T 1T 1T - NTEUA Jse > 5%

Schematic structure of a-Si:H solar cell



%

. NMFNUN Uniformity 1a9Wan Tasinig
dsuilgalsz@nsniwuasszuu RF

v
KLY PRt
waflunsiulsruuwesasniinaanud ( RF Generator )
WAT Matching 9347 Phase shifter PINDNNITATIAEALAI Chamber WAL
-~} di I v dl al 6 dl 3 :
LRBANTA el lANNTIn1se uWANNdIN1T0an % Uniformity 289
ANHUNNAN LA luseat IR 5%



/ —

‘Hardware

1. RF system

* RF generator 13.56 GHz, 2-10 kW
* Phase shifter
* Impedance Matching

2. Chamber

* Sectors
e Electrode
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Spectrum Analyzer Oscilloscope
| |
30dB 30dB
1000 W Attenuator | ] Attenuator
60 dBm

Terminator

“Eifes
40 dB
Sampler

RF Generator



—Chamber

nraadaunig coupling wesdynroe RF semdng Sectors
Chamber D

Sector 2

Sector1 e

RF Generator {hanoer
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nnsiliuiles Electrode Taelduuuanaas (Simulation)

- -

Input Sinewave= 100 Volt 0 100V

® Finite Difference Time Domain (FDTD) method Tl UATNI AU DULT
HLAUULLLATNRAFINTLNITANABIN AU LN IAAN TN
* UFudgerunn 3UNTe 9 feed TTUTUNNTINING sectors UB4 Electrode
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