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ABSTRACT

In this thesis, the electrical properties of diamond thin film silicon heterojuction of solar
cell was studied. Mainly, the light property of diamond, heterojunction photodiode and solar cell
were studied. The investigation was demonstrated that the optimization ratio of photoconductivity
and dark-conductivity (G, /Op) was 10 ppm for boron/c;arbon (B/C) concentration ratio. The
spectral response of diamond film and silicon was existed in wavelength range of 225 nm and 800
nm, respectively. Thickness of diamond film (1lm, 2Jim, 3}lm, 4{4m and 5{lm) and B/C ratio
(1 ppm, 10 ppm, 100 ppm and 1000 ppm) were subsequently expedited for photodiode resulting
maximum photo-current, 0.081 mA/1000 lux/mmz, at 3.4 mm’ optically active area. Latterly, the
spectral response of solar cell was existed experimentally in wavelength range of 620 nm which
was the spectral response of silicon carbine (SiC). The maximum open-circuit voltage (¥,,.) and the
short-circuit current density (Jg.) of solar cell were 0.41V and 1.38 mA/mmz, respectively. For
temperature concerned, the decrement rate of ¥, was verified at 1.5 mV/°C. Furthermore, the

efficiency of this heterojunction solar cell was gained approximately 13.8%.
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PEAK POSITION TYPE OF CARBON DESCRIPTION

~1140 cm” small size (< 0.1 [im ) cubic diamond occasionally observed in diamond films
with  very  small grain  sizes
(<0.1 Um)

1315-1326 cm”™ Hexagonal diamond broad band , observed in shock wave
produced diamond

1332 cm” Cubic diamond first order peak with FWHM of
1.9cm’” for natural diamond

1345 cm” Amorphous carbon broad band. It becomes a shoulder of the
1550 cm’ band when the material is
hydrogenated

1355 cm” Microcrystalline graphite observed in materials with small grain
sizes

1550 cm™ Amorphous or diamond-like carbon broad band

1580 cm” Graphite first order peak

2458 cm’” Cubic diamond second order peak

2710 cm’ Microcrystalline graphite second order peak

3240 cm” Graphite second order peak
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AE,+AE,=E, —E, (2.12)

uag barrier height Amsulea e v, —AE, Iauminuy
gV, —AE =E_, —(E,—E;)—(Ep~E,) (2.13)
Tath Vy =V, +Vp,
=) a A o o a 4
v, e find Ithaoluaisisdnheiai 1

a’ é o a —y 3
v, fiD fndthmelumshadnisiian 2

agMuod Vp, Hag Vo mmmm"lﬁ'mnﬁums

EN
Vo, L4, (2.14)
€N, +82N2
SlNl
v, =—— (2.15)
SINI +82N2

P A v o] = o L) . L A o o a a
laghi € uaz €, Av 1099 ladiana3n(dielectric constant) Y815 NANIITHAN
1 uag 2 Muaay

A Y 9 -~ A o o P o o
Nl e N2 o ﬂ']']lll\luﬂuazﬂﬂllfﬂﬂi]ﬂ‘luﬁ'ﬁﬂ\‘lﬂ?‘l-‘l'lﬂ 1 uag2 auaiay

] [} . = ] 2 o o
uazmmmn".fwvmamﬂaaﬂmnz (depletion width) ‘U‘ENll.ﬂﬁz?’ll'lu‘UENﬂﬁﬂQWJU']

. [ 4
fim 1A naums poisson HMAMANMSAIL

2€,€,E,N,V,

(2.16)
gN, (€ N, tE,N,)

2€,€,E,N,V,

Wa2 (2.17)

gN, (& N, +E,N,)



28

-y - g  as ; ° = J ’ o m A an -
Tuinoiinusetuii ldinsdnyisesdessniniaumyssialnuyaneusua
1 Y 1 1 ° a 3 ~ 9 o av ¥
@uTasamnsimesana A1Flunuusnewoundsamiigungi 300 K 1&Tginsideld

udaeras ldamas i 2.2 [7]

M3 2.1 s ime i i ¥ lunuusesoundnu Ngun il 300K

Symbol . Meaning Value (unit)
E, dia Energy gap of diamond 5.5eV
E,si Energy gap of silicon 1.12eV
Ae,dia Electron affinity of diamond 0.5eV
Ae,Si Electron affinity of silicon 4.05 eV

E,—Ey Energy difference between 0.22eV

Fermi and valence level of

Silicon
Ev—E. Energy difference between 0.14-0.18 eV
Conduction and Fermi level
of Diamond
AE c Conduction band discontinuity 3.55eV
AEV Valence band discontinuity 0.83 eV
qvp —AE, Barrier height for holes in 0.72~0.76 eV
p-type diamond
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Voltage(mV)
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WARUQgA=T_ XV__ (mW) 0.24
NS4 0.3
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o A I . X7,
Useaniamn =-"2—22 X100 (%) 8.7
PAMI.S
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