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Passivated Front Surface
(Emitter)

Rear Contact

Passivated Rear Surface

Rear Contact

Front Contact
(Includes BB)

Shading (includes BB)
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Gas supply:
SiH4, CH4, N2
PH3, B2H6, He

Gas supply: CH4, H2, Ar, NF3, N20, N2

2.45 GHz (MW)

13.56 MHz
(RF)

Heater

Substrate Holder

Pump
Pump

Roth&Rau AK400M
PECVD Reactor

Load-LockProcess-
Chamber





I

I

Heater 20 - 600
13.56 MHz

Carrier Wafer

Gas Shower 1:

Ar, N , H , NH , O , N O

2.45 GHz

artztubes

Microwave Generator

Process-Chamber Load-Lock

Copper Antennas

Gas Inlets above MW tubes

2 2 2 23

Gas Shower 2:

Ar, N , H , NH ,

SiH , PH , B H

2 2

2 63

3

4























Si Si SiSi

Cleaning PassDop layer PassDop laser Al (PVD)



p+(implanted)
n+ (laser doped)

NiCu-plated Contacts

Al

Al2O3/SiNx

n-Si

PassDop
Layer

Optical Layer
(optional)



PassDop

nPassDoppPassDop

Low-Temp
nPassDop fPassDop

• a-SiNx:P
• Firing-stable
• 700-800 °C

• a-SiNx:P or a-SiCx:P
• Up to 450 °C

• Al2O3/a-SiCx:B or
Al2O3/a-SiNx:B

• Firing-stable
• Up to 850 °C









Si (n-type) Si (p-type)

Lifetime samples Rsh samples

Laser Pulses

PassDop
(n-doped) n+ Laser Doped Area

Top View:

20m
m

20mm







Si
3. Capping Layer
(15 nm, n=2.6)

4. Optical Layer
(100 nm, C-rich, n=1.8)

1. Passivation Layer
(5 nm, Si-rich, n 3.4)

2. Doping Layer
(40 nm, Si-rich, n 3.4)
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a-SiNx:P

a-Si:P

Passivation Layer

Doping Layer
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Variant A Variant B Variant C

a-SiNx:P (Si-rich) a-SiNx:P (N-rich) a-SiNx:P (N-rich)

a-SiNx:P (N-rich) a-SiNx:P (Si-rich) a-Si:P

Passivation Layer

Capping/Doping Layer
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Right Edge of Spot
1 23…

Laser Spot
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Passivated emitter and rear locally diffused silicon solar cells have proven to offer a high effi ciency 
potential, but there were doubts about the industrial feasibility due to the complex structuring 
being required for device fabrication. The PassDop concept introduced an approach that allowed 
reducing the number of process steps signifi cantly by using doped passivation layers in combina-
tion with a laser process.

The fi rst topic of this work is focused on the development and characterization of the multi-
functional layers that form a central part of this concept. Here new layers based on a-SiNx:P are 
introduced. It is shown that layers for both low temperature device fabrication as well as fi ring 
stable layers (for screen printed contacts) are viable.

The next part aims for an improved understanding of the properties and implications of the local 
laser processing. The laser spots are analyzed with focus on doping profi les, impurities as well as 
minority carrier recombination.

Finally the transfer of the concept to the device level is described demonstrating that with this 
industrially feasible approach high effi ciency solar cells can be fabricated achieving effi ciencies up 
to 23.5%.
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