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Bandgap Versus Lattice Constant

Si
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A technology for solidarity...and a good 
business

Total MWp 9.51

Individual investors 752 

Cost 7 kWp � 53000
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Space 

• Efficiency & 
Reliability critical

• Multi-junction – 80% 
market

• Two players
– Emcore –

125kW/year
– Spectrolab (Boeing) 

– 600kW/year

• Up to $40/W
• $30M/year market

Boeing 702Sojourner 16W
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Solarizing the Electrified

Residential (grid) – 40% market
• Fastest growth (33% US)
• Typical Cost

– Non-battery $6-8/W-DC
– Battery $8–12/W-DC

California $6.5/W after rebates 
or $20,000 for 2,500ft2
home

Installations (2006)
1) Germany – 960MWp
2) Japan – 300MWp
3) US – 140MWp
Total World 1744MWp

Modules on apartment complex 
rooftops (Bremen, Germany)

Marketbuzz 2007
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Utility Scale

• US Total Power Plant Capacity 600GW 
(28% of world) and will grow 30% by 
2030

• Largest PV– Gut Erlasee Solar Park 
(12MWp)

• PV cells - $0.25-0.39/kWhr 
• Coal plant - $0.06/kWhr
• PV < $0.10/kWhr to be competitive!

EIA, DOE

Tucson, AZ, 4.6 MWp

NUON rooftop, Netherlands, 2.3MWp
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Example 2: Photodiode

• An intrinsic region is placed 
between the p-type and n-type 
regions
� Wj @Wi-region, so that most of the 
electron-hole pairs are generated 
in the depletion region

� faster response time 
(~10 GHz operation)

ID (A)

VD (V)

with incident light

in the dark

operating point
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Photodetector Circuit  Using Load Line

I

V

���������

VTh

VTh/RTh

operating 
points under 
different light 
conditions.

As light shines on the photodiode, carriers 
are generated by absorption.  These excess 
carriers are swept by the electric field at the 
junction creating drift current, which is same 
direction as the reverse bias current and 
hence negative current.  The current is 
proportional to light intensity and hence can 
provide a direct measurement of light 
intensity � photodetector.  

- What happens when Rth is too large?
- Why use Vth?

VTh

+
---- +

V

–

RTh
I

As light 
intensity 
increases.  
Why?
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Putting it in Scale
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1948 - 1958

First point-contact transistor invented at Bell 
Labs. (Source: Bell Labs.) 

The first monolithic integrated circuit, 
about the size of a finger tip, was 
documented and developed at Texas 
Instruments by Jack Kilby in 1958. The IC 
was a chip of a single Ge crystal 
containing one transistor, one capacitor, 
and one resistor. (Source: Texas 
Instruments) 
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1990s

A contemporary transistor, shown in profile 
through a transmission electron microscope, 
measures about two micron across and has 
elements as small as 0.4 micron. (From article 
entitled "Toward Point One" in Scientific 
American, February 1995, Page 90.) 

SEM view of three levels of copper 
interconnect metallization in IBM's new 
faster CMOS integrated circuits 
(Photograph courtesy of IBM 
Corporation, 1997.) 
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Multilayer Interconnects
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Interconnects

Highly magnified scanning electron 
microscope (SEM) view of IBM's six-
level copper interconnect technology 
in an integrated circuit chip. The 
aluminum in transistor 
interconnections in a silicon chip has 
been replaced by copper that has a 
higher conductivity (by nearly 40%) 
and also a better ability to carry higher 
current densities without 
electromigration. Lower copper 
interconnect resistance means higher 
speeds and lower RC constants. 
(Photograph courtesy of IBM 
Corporation, 1997.) 
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Principle of Monolithic Process Integration
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Process Flow


