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Energy Challenge of World
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World Energy
Millions of Barrels per Day (Oil Equivalent)
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Source: John F. Bookout (President of Shell USA) ,“Two Centuries of Fossil Fuel Energy”
International Geological Congress, Washington DC; July 10,1985.
Episodes, vol 12, 257-262 (1989).
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Energy Challenge of Taiwan
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Increasing CO, Emissions
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= 165,000 TW of
sunlight hit the
Earth every

day
= 1.33 T™W
needed by

people on the
Earth every
day




GREREIRRH - R ImRE A

R E (Photovoltaic)’g} * 2 FFEL

mxHB T4 (Solar Cell) ¥ #-k it 2 2 5 2
TR A
REZTRE BRAFEFTL - -g@dP etk

ARPEA TS LEND -

; u“'&%xh ) 1%’*}%‘/1(']‘1‘7#'?' A

b Yo o U =h
=

|
1
1
-
oo
-l

S T
_;i‘”%«ﬂ
¥ o
. A
L b
~))
Lﬂ
e

W g > e
£
B
8
]

|
LR R T T

Y =

RS R RINF > FRER
|

March 1, 2013 Bd RRPE e By T

J e

BT

B

n:12~20%

Single Crystalline
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What are semiconductors
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Elemental Semiconductors

Si, Ge

B C N

Binary Compounds

GaAs, InP, GaSb, GaN, InAs, AlAs,

Al Si P

AlP

Ternary Compounds

Ga Ge As AlGaAs, InGaAs, InGaP, A1GaP,
InAlAs, GaAsSb
In Sn Sb Quarternary Compounds
InGaAsP, AlGaAsP, InAlGaAs,
AllnGaP
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Silicon
Name Silicon
Symbal Si
Atomic number 14
Atomic weight 28.0855

Discoverer Jons Jacob Berzelius
Discovered at Sweden
Discovery date 1824

Origin of name

From the Latin word "silicis" meaning "flint"

Bond length in single crystal Si 2352 A
Density of solid 2.33 g/cm3
Molar volume 12.06 cm®
Velocity of sound 2200 m/sec

Electrical resistivity 100,000 u€2-cm
Reflectivity 28%
Melting point 1414 °C
\ Boiling point 2900 °C
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Silicon

Amorphous Polycrystalline Single Crystal
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Crystal Pulling: CZ method

Single Crystal Silicon Seed

Quartz Crucible Single Crystal
silicon Ingot

Molten Silicon

Heating Coils
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CZ Crystal Pulling

l

Source: http://www.fullman.com/semiconductors/_crystalgrowing.html
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Floating Zone Method

Heating Coils
Movement

| >
P(I)KIZdSI Molten Silicon
Heating
Coils
Single Crystal
Silicon

Seed Crystal %
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Comparison of the Two Methods

m CZ method is more popular
¢ Cheaper
elLarger wafer size (300 mm in
production)
¢ Reusable materials
m Floating Zone
o Pure silicon crystal (no crucible)

¢ More expensive, smaller wafer size
(150 mm)

¢ Mainly for power devices.

March 1, 2013 A D= R

~ Silicon

A silicon ingot is a single crystal of Si. Within the bulk of the crystal, the atoms are

arranged on a well-defined periodical lattice. The crystal structure is that of
diamond.
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Silicon (cont.)

Left: Silicon crystal ingots grown by the Right: 200 mm and 300 mm Si
Czochralski crystal drawers in the background
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Silicon Ingot

W

300-mm (12-inch) 400-mm (16-inch) |
March 1, 201 Si Ingot DR R emk Si Ingot
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Wafers
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200-mm (8 -inch) 400-mm (16-inch)
7777& Wafers Si Wafers
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Evolution of Wafg?l:iSize
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m Substrate
m P-N Diode
m Antireflection
m Texturing
m Metal Contact
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Ways to Reduce Optical Losses

m Minimize top contact coverage area of the
cell (although this may result in increased
series resistance).

m Use anti-reflection (AR) coatings on the
top of the cell.

m Texturing the surface of the

m Thicker solar cell to increase optical
absorption (also need matching diffusion
length)

m The optical path length in the solar cell
may be increased by a combination of
surface texturing and light trapping.
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Anti-Reflection Coatings

(a) destructive interference (b) constructive interference so
50 no reflecied wav aII light reflect cd
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all light ransmitled inlo no light transmitted into
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Textured Surface to Decrease
Reflection loss on the Top
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Surface Texturing

Scanning electron microscope photograph of a textured silicon surface
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Light Trapping in Solar Cell
by Total Internal Reflection

semicondugtor material
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Lambertian Back Reflector

(Back Surface Texturing)

m Lambertian back reflector randomizes the
direction of the reflected light. Light
absorption can be dramatically increased
by a factor up to 4n?

m This allows an optical path length of
approximately 50 times the physical
devices thickness
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Building-Integrated Photovoltaic
(BIPV) System
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1k @E] DB Lehrter Statlon, Berlin
BIPV : st

PV i 5% £ : 325kWp(2003) > & 4% 3,311 m?

< B 7 # #4F © Flabeg Solar % & 44547 1,440 ¥

R # 144,000 ¥ BPLGBG ° 123x123 mm > n =17%

(F#L &k : http://www.cler.org/predac/article.php3?id_article=511,
http://www.jxj.com/magsandj/rew/2003 05/lehrter.html )
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