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ABSTRACT

Hydrogenated amorphous silicon (a-Si:H) solar cells have been
fabricated. One of the advantages of the a-Si:H solar cells is that
they are made of low cost thin films. This leads to safe material and
hence 1low production cost, as compared with conventional crystalline
silicon solar cells. The research work would be useful for the
development of alternative energy and the strengthening of the basic
technology of solar cells in Thailand.

The a-Si:H solar cell has a basic structure of mnulti-layer
thin films deposited on a sheet of glass. The thin films are 1)
transparent SnO, electrode (2,000 &), 2) p-i-n junction a-Si:H film
(6,000 A) and 3) back aluminum electrode (5,000 A). The a-Si:H layers
were fabricated by a glow discharge plasma CVD method.

According to the optimization of fabrication processes and
thicknesses of each layers in the solar cell, the best conversion
efficiency obtained is about 6.7 %.

A probto-type of a car battery charger has been developed and
demonstrated. The car battery charger is composed of 36 a-Si:H solar
cells connected in series. All of the solar cells are packed in a
glass/aluminum frame. The open circuit voltage is as high as 268 volt.
The connection of the solar cells is performed by a special thin film
technology that is developed by the researchers for the first time.

The further improvements of the conversion efficiency have
been done by using a multilayer (tandem) structure and a stacked
a-Si:H/poly-Si structure. The efficiency of the latter structure is
as high as 9.7 %.

The researchers also succeeded in the application of the solar

cell to a color sensor.
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CVD : Chemical Vapor Deposition

a~-Si:H :  Hydrogenated amorphous silicon

a-SiC:H ¢ Hydrogenated amorphous silicon carbide
ITO : Indium Tin Oxide

EB : Electron Beanm

SiH, : Gas Silane

B_H_ ¢ Gas Diborane

PH_ : @Gas Phosphine

CH : Gas Methane

a-SiN<H ¢ Hydrogenated silicon nitride
a~SiGe:H : Hydrogenated silicon gemanium

RF power : Radio frequency power (13.56 MHz)

HF acid :  Hydrofluoric acid

IR :  Infared

a : ﬁuﬂisﬁﬂéﬂWﬁﬂanﬁuuﬂa (1/cm)

o : ﬂ1ﬂugkgﬁgu (1/sec)

m : ¥aaPad Si W 1 mole (g.mol )

N, : aaddias T ol

N_ 2 AnuugTes Si-H T en™®

E_ ¢ conduction band edge (eV)

E, : Valence band edge (eV)

X : wave number (1/cm)

N_(E) : Density of states lwnuaauindu eV =~ cm )
N_(E) : Density of states hwamwauf eV cm )
6 : danmin bl S.em D)

n S H TR TR

C : @Sy (m/sec)

E s wheew lunau (ev)

h : @aeimae Planck (J.sec)

+ : h/2zw

ESR : Electron Spin Resonance
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Atomic arrangement

Forbidden bandgap (eV)

Absorption coefficient

(visible spectrum)

Minority carrier diffusion length (um
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Electron mobility (cm~ V
Conductivity (Sem )

p—n Jjunction characteristics

p-i-n Jjunction depletion layer width

Thickness of solar cell
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-84 . 4
i0 -10
rectifying
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disordered
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large
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0.5-1 M

Undoped a-Si:H
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input Film Thickness = D (cm)

mput  V(m,n), [(4)

Calculate average RAB = ’m’”'*'V(O’”Li']m’o)'*'m’”' (ohm)

Calculate average RBC= 'VG’O)'*'m’l}ﬂm’owm’l)' (Ohm)

Fi=1

(g

XX =Log(2) x

RAB
(RBC 1) xFF

7

|
ACH = CXP(XX)’;XP(“XX) ) |
|

Log(2)
" Log(2xACH)

No! |RF - FF| <0.000
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2 2 2 : 2
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S== (Ohm)
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-

Hall Mobility p=2£ (cm*/V.S)
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L . ' v 1
STHUF ML T UNLNY WHUR L AULAF

B Trichloroethylene, Aceton waz Methanol
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as 1 . —3
Ve T qqquwugﬁuxﬁﬂqu Chanber uaz@mqﬁLﬁuQQQnﬂﬁﬂ (-10  Torr)

v
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N
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N

fan"17 18 RF POWER aaqmwﬁﬁwuﬁc RT
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3.3.1 9211 Glow Discharge Plasma CVD
g’ma < & o . ’
lussuiideuaasdanauaa . o 1L au (SiH,) asgﬂﬂaaﬁLﬁwiﬂiumaa@
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2
a vy oy b7 o ¥
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LﬁuéauﬁaxﬁwiﬁLﬁu§@@7ﬂﬂﬂu§a§@ﬁwﬁ3uL%ﬁiﬂ endu o
Chamber Fa¥nannwase quartz NIINTTUANGY 30 . Lﬁudwﬂuéﬂaﬂq 11 Ty, Wun
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10918 (ileliNAY a-SitH davamunainiana anelu chamber QﬂﬁwiﬁLﬁuQQQWﬂwﬁ

'y %9 — v 4 @ @ 2
§11 rotary pump 1608 10 torr aauiuﬂmzﬂQﬂﬂamaxﬂEUﬂaﬂm@uiwLﬁu 1 torr
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3. vun Wihe R ing L Waninns Glow Discharge

mavan chamber ﬁuduﬂa@uaqgﬂﬂﬁqﬂﬁzuaﬂﬂ%ﬁ3ﬁﬂau 2 weu
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AWITOLREU DUAIRNAINA IS RN vRERN T A s a-SisH Tl
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F+d 4 £ T
3.3.2 numaunwiﬂgnﬂauuﬁqazuaiﬁﬂ%aaau
. Qs 2
AURBUNVIWARR 28T glow discharge unQ1ﬁLﬁudauﬂwm 5 3 FUREN
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[ ) (&u a<n
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. \ £ <4 '
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LJau lann9wdn a—-SizH 1 fudensien 3.8

i Y o 4 .
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5&@ ITO (Indium Tin Oxide) #2895 Electron Beam Evaporator (EB) 1ﬁ§
o 3 s | '4 [ -
A MANLTSNNN 2000 A 1 Sau lmddniTLaaaintan ITO aasds EB uNQQKEUqMMﬂiWQﬁ
g 4 1 : 4 '
7.1 AWu 17O NlENAY sheet resistance sz 40 o/0 Fiaw LT uasaun
! g (4 < ©
iEam 90 % Ui INMAIA LAY 0.35-1.5 um  LNBLARRY ITO t&5ud1  Jwih
ar as 't 1
LﬂaﬁiﬂmsaqaauamanﬁmzduﬁaLaﬁnqﬂmﬂﬁ *
vDQ; < < a» e mg
lugintan 7.2 WTINUTIERT L AgAL Danfun1TsARLavenaniBRE wna

Me-SizH #ia n

7.2 nﬂiwﬁauasﬂﬂﬁﬁﬂﬂﬁqmﬂuﬁaﬁugwunaq uc-SizH 1t n

5&@ hydrogenated microcrystalline Sib(uc~si:H) fa ﬁﬂqﬁﬁ sgrain
ravifiowingas o muwmtﬁuﬁwﬁuénaﬂeﬁzﬁn 50-300 A 5ﬂuauuﬂﬂwaua§1u network
189 amorphous Si (a-Si:H)  SuudavA1Tafung BLaaAs12 9 1u3ﬂﬁ 7.5 War 7.8
mMc—-SisH 1uqqu3%a§m§mﬁaa%% glow discharge plasma CVD R 1 A (SiH,
10 % + H, 90 %) ﬁquﬁﬂqiuguﬁ 7.7 sampiiudug LIy 190 °C arwnasiily chan-
ber ifi7ff 1.0 torr  nnswamNdN LR iRauRawan a-SizH lu Mc-SizH m A
Tasn1TLiM RF power (Radio Frequency power) natdaa Ande il lunnsusn
fingan 35 watt 1ﬂ§ 100-160 watt, quﬂﬂiaﬂﬁﬁgmﬁuﬁa%ugﬂuﬁaﬁ me-SizH  LHusin
wia CORNING No. 7059 ifhuwsiusu uazﬁgnﬂéu Mc-SitH wumlozan 1-2 um AT
Taul# St n 9 IBdan1Teaud e (PH, 500 ppm in H)) Viaian PH_/SiH,
= 0.1 %
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Mc-Si:H poly-Si
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RS Aumnoa ETCHING TIME (,'Ecoum
1 U ; 3 |
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FQOZ

gﬂﬁ 7.4 AWHANITNAW2TaY poly-Si Wil mirror etching

o1 - o < ar
mmn‘lu'gﬂﬂa SR (WU TENDINR

i 4 ¢ <4
T NT 7.1 1SauledirnTieRaian ITO aaadn EB

—a
Oxygen Pressure 5x10 torr

Substrate temperature|250°C

Target source InZOS:Sno2 =

95:5 wt. %

Growth Rate
Thickness

1-2 K/sec
2000 A
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amorphous phase
microcrystallite

phase ¢
50-200 A

44 L ~ - -
Eﬂn 7.5 Tlasead1vnasiduuntiia (n) poly crystalline Si

waz () microcrystalline Si

Si atom
Hydrogen atom

: dangling bond

ol

L")

zﬂﬁ 7.6 §78879 @398y atomic network ¥Ew microcrystalline Si
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DARK CONDUCTIVITY op (S/cm)

—d
CDI
=

T, = 190°C

. ®
| PHz/SiH,=0.1 % /’

o)

50

100 150
RF POWER (watt)

o 4 ' o g .
ﬂ??ﬂﬁﬂ%ﬁ&ﬁ‘i%%ﬂ\iﬂ'ﬂ'}w{lﬂ’]ﬁ@ﬁa\‘}aml Si war RF power

ONGER glow-discharge
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71 7.8 ua@ﬁuaﬂﬁﬁﬁmqmﬁmﬁanﬁﬁ1wﬂﬂ(ﬂﬂﬁwﬁﬁiuﬁﬂﬁm : 6_) 78N me-SitH
He n L3ALUN RF power 310 35 54 150 watt  asmn Ianantwia ludldiadiannss—
ar —4 k4 <o o] as o & ' as
Gu 1077 s7em TaliRe 107 S/en warAnuan T Iaa NIRRTt TERI S, WaAWNAY
ﬁaﬁqmwgﬁ (1/T) @1 activation energy (Fermi level : E_) 24 n mc-Si:H
. 1 t f 1 2
Z9ARANATN 0.3 LM 0.01 eV ila RF power Lusann 35 LM 150 watt ﬁaaaﬁ
uﬁﬂﬁiﬂﬂﬂiﬂﬁﬂ n uc-Si:H N RF power gﬁ €] M HTamea n ue-Si:H/p poly-Si

@1 built-in potential gﬁﬂiﬂiaﬁda n a-Si:H/p poly-Si

7.2.1 ﬂﬂi%ﬂ@mﬁnﬁaﬁﬂqiﬁﬁqﬁ%qqna@ Mc-Si:H @98 X-ray Diffraction uas

Raman Scatlering

7.2.1.1 wan172@ X-ray Diffraction
gﬂ% 7.9 UHONHANNTIA X-ray Diffraction 28y a-Si:H
. <~ < T X ’ g <
waz uc-SicH ﬂﬂ@ﬂﬂ RF power @164 9 aﬂﬂgﬁuwnqwﬂauﬂﬂﬁﬂﬂRF power 35-40
=~ va & ' gy ' s
vatt wionanisi tupraaiilddanay (a-SizH FathiWTE 3 peak  wvan LuaL tnau
. i 4 i H § . . .
dauﬂiﬁ%aauﬁﬁgnﬁ RF power §n1 100 ¥ ﬂsﬁgmawﬁasﬂu microcrystalline Si
a“ WV . K
(Mc-SizH) #ahiwiny ludiinaSuzas X-ray diffraction 3 peak WWANYUTWNITUNA
peak uwamﬁgﬁm%udauﬁﬂgﬁiﬂﬂgﬂgu 26 Uszanam 28°, 47° uaz 56°  tiavannwan
- _ 1 i
%aﬂauﬁiﬂiﬂa%ﬂﬁLﬁu face centered cubic @dUu’INNHAS Bragg 1§§mi_v
5 "2 (12424 £2)

a¢ = A (h+kT+27) (1)

4 sinze

Tasf a : lattice constant 2av3arau = 5.43089 A

A : @NENIARUTAN X-ray = 1.54178 A

o B4 . ¥ oo qu ; . <
AN LUALTIUAY 26 aﬂuﬁmm‘m a\m'ﬂﬂmmwmq peas WAl ‘mJ‘mﬂgﬂu
gﬂ% 7.9 1A’ NTEUNY (hk2) 1Ay (111), (220) wag (311)
INNAIUNI9YAY peak 1uazﬁnm%u1ugﬂ% 7.9 L TR TRA M TUR

. e [~ 3 . 1Y) as 1
Lﬁuwﬂguanaﬁqgmmwﬁnaaa q I ne-sizH 1@a1n§m5ﬂaq Scherrer 6t

o
N o= MA)
8(A) = g coso (2)



109

substrate temperature = 190°C
40 watt

v a-Si:H
(111) |

X-RAY DIFFRACTION INTENSITY(a.u.)

,i/}SU watt (220)
pe-Si:H (311)
Cukex N~
Poggr v e bp g e dgpreb et prrllies

25 30 35 40 45 50 55
DIFFRACTION ANGLE 2  (degree)

3ﬂ% 7.9 #iinaSuzay X-ray diffraction 72y a-Si:H uar Mmc-SizH
L

F9La38N RF power @AY 9
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i as 'S [~ <
Taeht > : Te usinduiinaena st fiesansas
8 : GLMINANANTAY peak
B : FWHM 2av peak (wins radian)
< <3 o
A @IWHIAABIAS X-ray  luAghih A = 1.54178 A

(Cuka X-ray source)

~ < ~ ‘o < <

ANl 7.9 waraunnal (2)  MATisEML (111 Awommwiana ieuan

Q a o o 4 o 6}e) b <o b <4 X 23
gias WHdsenon 80-250 & Tasfiiilaiun RF power +&nn i Siauandasiizuie ladu 1t
LWTIEIINNTLUN RF power Lﬁuﬂ1iﬁﬂﬂﬁﬁﬂﬁgﬂuﬂﬂﬁaqﬁdaﬁﬂﬁauﬁﬂiuuazﬁﬂqﬁﬂ%uﬂm

azaan T Tagaw lilauaetingas 39N Wi Siauansasiinune 1n

7.2.1.2 #an13i@ Raman Scattering

M99 Raman Scattering wztﬁuaﬁmiaaﬁauqmﬁuﬁanﬂq
Tasuairenaida Ewananitviie 201 gﬂﬁ 7.10 udaUWUDIIEN 170 Raman Scat-
tering  Husnidonald Ar' ion laser @awEnaeEu 5145 A ang scanning &
URN Raman scattering 1% double-grat.ing monochromator WAN173IA Raman
scattering ﬂﬂﬁﬂﬁuﬁﬂgﬂuﬁmqqugﬂﬁ 7.11  loesunulwuruauda @7 Raman shift
tem ) R 13 auL A AUANLANA e TaNRINAIA WY scattered LaﬂﬁwﬂuaxQQﬂmg
ﬁa@uﬁQLaLﬁa%Sugﬂﬁuzaq

quﬂiaé RF power fedn 35-40 watt ﬁquququgﬂﬁ
7.11 () FineSuilinuae broad band a1 4 480 cm - deudesiNAuL i a-gicH
Homa  udiitoLily vF power 1ﬁ§ﬁniﬂ 100 watt ﬁﬁuaaqqugﬂﬁ 7.11 (1) wae (A)
Az ) peak VHLMAN Remsad e anlng 9520 cn* Fawdsede Sl microcry-
stalline Si tAeawlialda peak nlN 9 # 480 cn ' 1RAANANTRMIY TO-phonon
mode (Transverse Optical mode) mavaruasiaTanaw WAy peak wwan 9 3 520
cn ' 1RAaRnAnguin TO-phonon mode 1@t fauAnTANaw 201

%agaﬁﬂwﬁuqaﬁaquﬂﬁaﬁwuqmiﬁaﬁndsﬁnm%uﬂaa Raman scat-
tering ﬁﬁa volume fraction (F_) ﬁadtﬁaw§ﬂéaﬂﬁwauagqu amorphous network
A1 volume fraction (F) wiafiednTidunesil3uaTaay crystalline phase
Aaisuesaas amorphous phasé_uazﬁ%ﬁﬁﬂtﬁu %

nTiauasa ey volume fraction zaviiiawdndaan &
T@ﬂﬂﬂﬁuﬁﬂ(assign) LRu curve 1ugﬁ% 7T.11 1ﬁu8ﬂaaﬂsﬁu curve 72y gaussian

T peak 7 480 cm & uwaz 520 cm - ﬁqua@qﬁqagﬁu1ﬁﬂaﬂqugﬂ% 7.11 (7)) uax
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31 7.10 wWuATELILNNT Y Raman Scattering
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INTENSITY (a.u.)

600 560 520 480 440 400 360 320 280 240 200

1ﬂﬁ 7.11 ®iUneTuzay Raman Scattering 183 a-Si:H (W
U

Tg = 190°C
RF power = 40 watt )
},——————a—Sl:H
L1 — .| . —_— i

RAMAN SHIFT (cm™ 1)

(n)

TS = 190°C
RF power = 100 watt

ﬂ%/,4ic-Si:H
-Si:H
/—a

=
e

~
~,
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! -

I

i

RAMAN SHIFT (cm™ 1)
(2)

Ts = 190°C
RF power =

150 watt

1 !

]

RAMAN SHIFT (ecm™h)
(a)

uag Mc-SizH (O~(ey
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gﬂ?} 7.12 Bvowazay RF power niwmasnmain Wihile, mueisiauwdndas

. ¢ .
waz volume fraction #avWay Si
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gﬂ? 7.13  LiLew percolation aﬁuﬂaﬂﬁiuﬁiwﬁﬂaaﬁngLﬁatumwaﬂﬂaﬂ (Fa)

AwuRanaL Fautieiiu



li4

i ¥ oo lzq'ﬁlv oA vﬂly ﬂzdfly 4
(g)  GAIMNWUU IS IWUN B curve TN 2 &7 M Ia ARWUN Bl curve ZaNREULT-

Ueuae I 1_ @oli 1 curve nawdndan B F_ dian £213

/
FC = IC/(IC+Ia) (3)-

L

i volume fraction F_ Naavni17aa
WA, ’ '
Fo = Fo/(Fary(i-F))) 4

Tee® y : @1 .calibration A WMFUAIMUANEINZASRINAINITO IWNIT  scattering

unnvazuaiRuasuan laaia W% y = 0.88 £211

i o £ '
gﬁ% 7.12 uﬁ@@maﬁgﬁﬁaquﬁuu%ﬁizuaﬁﬁ RF power  Wae
o o . & .
Ananin winile (6,7, WA grain (d) aRNLieWANdd8 W&z volume fraction
-4 ¢ g i g !
(F_) uaviilauangne QWﬂgﬂuwuaﬁzﬁaaﬁm RF power a7 100 watt Wfa 150
watt M volume fraction idwasmildeuna 50 % LANUT=uIn 70 % war grain
size 1uNAAUSENoA 80 WiAN 250 A AT WA lulihila (6,) #BaA-
U ar ‘;‘%’a a - ..
ARDNNLNITLWNTURAN volume fraction WRE grain size
(38 F_ ﬁﬁﬁgﬁﬂiﬂﬁﬁ critical @AWl 17U 40 %-50 %
a o ! X 1 & 4 4
Az Enwin liia 6, LWNTURHINTIALTY U5 Agn Tl Bul aNEINNTnatung ana
Tuiaa percolation mas Scher uaw Zallen [22] édwudavluzii 7.13  ilavam
5! < 1 J ué‘ivdml
6, #a9 crystalline phase Nﬂﬂgqnaﬁﬂaq amorphous phase  éNUURLHGNRNADEH
< o [ o @t . 4 o
_ Nawuquuaxﬁuﬂmuﬂﬂwaﬂqsnﬁ1M§1quuﬁad crystalline phase L A ANRATURARG Ua
PO @ <@ . Ma 4 )4’) <~ o Sy le&'g ' G
UIMEH I TR INWIL SORANE ag [Ead196a  UavaRaa 391 3 6, NATLUNTUREITINLT
Q‘ <~} 1
148 F_ 8RN _
2 8 o vyy T 4 i o [V
Tossmuui i ian Fiayand a1 Saulafaenn i lden
. 3 i ; 63
6. #aY n Me-Si:H ﬁﬂﬂgqgaﬁa RF power Adianilszsial 100-150 watt Feas & 14

D

< =4 o ] ¢ a 48 a :
gqauiﬁuiﬂmﬁaﬁu n xc-SicH quLﬂaauaqaﬁﬂm81uw1§amaiﬂ

7.3  WANVIHARL BRARANANTRMATAAaLHA LS l9nae n uc-SizH/p poly-Si
gﬂﬁ 7.14  wHAUAWENTEY L TRALENE TR a8 646 1T TTO/n uc-SizH
(E_ = 1.8 eV)/p poly-Si (E_ = 1.1 eV)/Al Tean e Tosl lareddveunuang

i < I's Y. i as . . 1
1uzﬂ§ 7.1 WﬁiﬁuLmaiqugﬂﬁaaLaaﬂﬁiﬁiuﬂﬁiﬂﬂ (mirror et.ching) AAMWUT W P
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HETEROJUNCTION (poly-Si) SOLARCELL -

3 ' 4 'e ' . .
gﬂ?\ 7.14 mwmﬂm\iLﬁaaumm’?mmaﬂ@atﬁmm‘T‘ma\a n Mc-Si:H/p poly-Si
3nEzueuEw poly-Si gnfia  wwy mirror @18t 20, 40, 50

war 60

40
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—_ o 50(sec) pe-Si:H poly-Si
N
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L35 = 30(sec) é
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E fng p
= 2 |
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e 20 = ‘
S 110" a1
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5 10 e 0k p-i_n
= e
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i ar ary I's e a4 ‘1 ’ i 9 o
3‘ﬂ’ﬁ 7.15 anmz::zmnmmmg‘n‘na\aL'ﬁamm\smﬂmmaammﬂmLm%?m?;mvl.m WITRL RS
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poly-si da’lustannd eldiaan 10, 20, 30, 40, 50 uaw 60 M @S-

Q s NI 5 L7 ESN 3’/ . Y
gmFuiJaulon le@edu n uc—SisH uaEas luans19n 7.2

4 ‘ﬂt - ar <N 3 . -
AITNN 7.2 L3I0 LA I UWASTY D Mc—SizH

RF power|Substrate temp.| SiH PH grow ratelThickness

F: 9 3
{watt) C°C) (sccm) | {scem) A/sec A
150 180 80 60 1 500

d!i ey 2o . d 2 v . .
Wanla e wlgfouuy mirror etching lueugu p poly-Si I udndg
e o i a ¢ : " SN ¢
aaanHuEENiinTad L 7aaLEI A NRSIIN gﬂﬁ A5 uﬁﬂdaﬂﬂmxﬁnuﬂLaﬁﬂEﬂ (J-V)
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. 2 o M % é s, o Lo -7
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: v & o a § a 6 a e~ = ~ g o v ¥ e v X &
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b7 E 2,
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2 I'4 .
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2 ’ .
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7.4 aéﬂ
o I < I'4 o 4 5 .
UTEAUAIINATL 57 UNTTWAR L TRa A NEATag6a L J0 L6 L9989 1 Mc~Si:H/p
. i9) < QIQ; mgﬂ} .
poly-Si 1@ﬂiz§ﬂﬁﬂﬂwmﬂ§@ﬂizuﬂm 9.7 % quﬂqsﬁﬂﬁﬂqmauumuugﬂunaq n Mc-Si:H

t 'S . ¥ [~ <p t o ]
Wi lullan ne-SisH Tl SewAnsas 9 UGRLTENM 80-250 A wﬁmag waz  volune

“ . S w3 Ay g o dias E+4 Ha
fraction pad:iewAndasienilasuin 50%-T0% LTRALF D N STIIRAN T 19 1]
37m1§ﬂuazmauﬁua@éauaqiﬁaﬁﬂawmaqqaﬁuﬁauﬂﬂaﬁszmﬁm 0.8-1 um L aTAy

'3 e < %) - a
Lﬁaauaqaﬂ%m8awmﬁ%agmnﬁu&ﬁqaﬂﬂméiﬁﬁQQﬂQﬂqnqﬂﬁ AAINAAT AL L HUE LaTIEE 1N
J § . Y $1. o I'4 . . ar
Rt Tun 985191 anthia a-SisH p-i-n ToufulTaAZA n uc-SizH/p poly-Si  &u-
;”_, =~ 4 &y <« @) I’ ot . &
uuuﬁqawnmaﬂQWNaﬂaﬂauﬁuasgﬂ@mnaumaﬂLﬁaa a-Si:H p-i-n (E_ = 1.8 eV) 1w
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