Thin film solar cells



Basic types of solar cells:

Crystalline silicon cells Thin film cells

antireflection

contact

/ Suitable materials

CulnSe,
amorphous silicon

_ amorphous SiGe
Basic problem: cost...... cdTe/CdS



Amorphous Si CdTe/CdS CIS

transparent substrate

transparent conducting electrode
a-Si:H p+ layer (20 - 30 nm)

a-Si:H n+ laver (20 nm) Molvybdenum
transparent conducting electrode (diffusion barrier) Glass
Market share (2011) :
0
4.7% 5.7% 0.5%
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optical absorption coefficient o (cm'1)
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hin film solar cell technology

A) Vacuum deposition
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B) CVD (Chemical vapour deposition ) technique

CVD technology is the formation of a stable compound on a
heated substrate by the thermal reaction or decomposition of
gaseous compounds

Deposition of silicon nitride 3SiH, + 3NH; - Si;N, + 12H,
* Deposition of polysilicon layers SiH, = Si+ 2H,

« Reaction chamber

« Gas control section

« Timing and sequence control
« Heat source for substrates
 Effective handling



Plasma enhanced CVD (PECVD)

RF electrode and substrate
create the capacitor structure

In this space the plasma and
incorporated deposition of
material on substrate takes
place

Heat insulator

Thermocouple

Heater

Substrate

Shuttle _:_l-—d'_

—_

Frocess gas

electrode



Amorphous (microcrystalline) silicon solar cells

Heat insulator Thermocouple
transparent substrate (glass
TCO |
a-Si:H p+ layer (20 - 30 nm) Heater
—~ - .
Substrate
Shuttle :Lﬂr
a-Si:H n+ layer (20 nm) .
TCO (diffusion barrier)

RF
Ag orAl Process gas alectrode

SiH,, H,, B,H,, PH,, GeH,, etc
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The deposited layer structure depends on the gas

composition and substrate temperature

150 — 350°C
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rH < 30, amorphous silicon growth

dilution ratio
rH = ([H2] + [SiH4])/[SiHA4].

rH > 45, crystalline layers are formed



Tandem solar cell — ,micromorph®(microcrystal + amorphous)
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CdTe modules

Vapor Transport
Deposition

Low fabrication cost

Relatively high efficiency (10%)

CdTe solar Cells

toxicity of Cd
limited supply of Te



Thin-film modules on glass substrates

Heat insulator Thermocouple

- Heater

Substrate
Shuttle

RF
Process gas electrode

Lasor Scribing #3
Laser Scribing #2

\ -8 Laser Scribing #1  TCO Metal aSi Coated Cu_ribbon Silver filled adhesive
J Back contact \4
Glass

substrate

Back surface is laminated with EVA and suitable covering sheet (glass, tedlar)



Thin-film modules on metallic substrates

stainless

steel

n= 7%

,Roll to roll”
technology After cutting the long sheet,
Individual cells are connected
In series and encapsulated
with polymers
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Concentrator modules

High efficiency solar cell application

solar radiation

solar cell
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heat transport
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Cell Voc 1/VocdVoc/dT
[mV] [Ye/K]
Ge 200 —0.90
GaAs 1050 —0.19
GalnP 1350 —0.16
GalnP/GaAs 2400 —0.17
GalnP/GaAs/Ge 2600 —0.23
GalnP/GaAs/Ge (500 suns) 3080 —0.19
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New solar cell concepts

Organic semiconductors g
o0 O
0o,
o
Perylen pigment (N-type) - Cu Phtalocyanin (P-

type)
V

hn\\

Technological advantages of OSCs:
» Wet processing (Ink pad printing)
- Soft cells N
« Large surfaces

A4

//V\,::::':\

Reflecting Electrode (Al)

P type organic semiconductor
N type organic semiconductor
Transparent Conducting Oxyde

* Low cost
« Molecular materials Transparent Substrate



transparent substrate
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Dye-sensitized Solar Cells (DSSC)

In development since 1992

TiO, — lodine system

glass N TCO co\alting
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‘\ nanocrystals n= 895
TCO coating glass
C (3 ,) light

Operating temperature problems



Quantum effect solar cells

GaAs ptype

Nanotechnologies

T »
GaAs n-type e

/ Transparent

Contact
GaAs n*

> 20pm

All these quantum effect

technologies are still in the stage of
research.

Low Cost Substrate
(Glass, Metal Foil)

Some of structures may come to

. Nanorod Density
development and comertional > 10%%/cm?
phase in a few years



