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Screen-Printed Si Solar Cells
Saw-damage removal


Texturing


Emitter diffusion


PSG Removal


Edge isolation


SiNx antireflection coating


Al rear SP


Ag front contact SP


Co-firing
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Lecture Overview


1. Edge Junction Isolation
2. Anti-Reflection Coatings
3. Passivation
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• Dopant diffuses on all surfaces of cell.
• Need to isolate emitter to front surface.
• Impact (if front emitter is not isolated):


Ø Current leaks down the sides - leakage current is proportional to 
cell voltage;


Ø Shunt  resistance decreases.


p-Si


n-Si


Need for Edge Junction Isolation
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Effect of RSH on IV Curves
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• Coin stack + clamp.
• Only edges exposed. 
• Dummy wafers top and bottom.
• Plasma Etch - 1-2 µm at edges.
• Note: P diffusion remains on rear 


surface. Al contact will over-
compensate the rear P diffusion


See video at http://pveducation.org/pvcdrom/manufacturing/edge-isolation


Plasma Edge Isolation Coin Stacking


Common Plasma: CF4 + O2
High Voltage Radio Frequency 


Ø 2 electrodes
Ø Gases ionise – form plasma that 


etches PSG and silicon
Ø Ions break down through electrical 


discharge 
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Key Tradeoffs
• Power, time, gas flows and placement of wafer stacks determine the amount of Si 


etched and the uniformity.
• If the power is too high and/or the time is too long the plasma can penetrate too 


far down the sides (between wafers) and damage the front-surface junction near 
the perimeter.


• Lowers fill factor due to “localized recombination”
• IL is slightly reduced due to no junction on the perimeter of the front surface.


• If the power is too low the plasma can become unstable and reduce etching rate  
à low RSH.


• If the time is too short (or if diffusion is to deep), insufficient etching àlow RSH.


Parameters for Plasma Edge Isolation
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• Stacking of wafers is slow


Ø More handling, lower throughput


• Mechanical force on wafers results in higher breakage rates


Ø Especially with thinner wafers


• Recently developed alternatives


Ø Laser edge isolation: Cut groove close to edge of the front-
side of the wafer


Ø Single-sided wet chemical etching of the rear surface using 
HF:HNO3 type of etching chemistry


Key Issues with Plasma Edge Isolation
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Main disadvantages: 


- Heat damage; 


- Re-melting may occur around the cut, resulting in stress-induced cracks in the boundary layer. 


Laser Edge Isolation
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• A number of companies have started producing tools that use etching of the
rear surface and edges to isolate the emitter on the front surface


• This approach leaves the rear-surface free of phosphorous and therefore
enables alternative rear surface designs.


• Also planarises the rear surface to some extent (good for internal light
trapping and localised metal contacting methods).


Wet Chemical Edge Isolation
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• Rena’s InOxSide inline tool
Ø Etches the edges and back of wafer isolating emitter to the front surface


Ø Leave rear-side free of phosphorous à enables alternative rear surface designs.


Ø Also does PSG removal


Ø Requires precise wafer transport


Wet Chemical Edge Isolation








Copyright UNSW
Dr Alison Lennon 7-12


Possible problems: 
• Etchant can lap over the edge of the wafer and etch the front surface and the junction at 


the sides.


• Hard to keep the surface non-turbulent if the wafers float on the surface.


Suntech/Kuttler have devised an
approach where the wafer is
transported slightly above the surface
of the solution and jets (3 in Fig. 2 and
3) spray the liquid up when a wafer is
overhead. Minimises damage to the
front surface.


Wet Chemical Edge Isolation


Acid Solution


Acid Solution


Acid Solution àHF:HNO3 type of etching chemistry
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Lecture Overview


1. Edge Junction Isolation
2. Anti-Reflection Coatings
3. Passivation
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• Solar spectrum peak at ~ 600nm


• 180 deg phase shift = destructive interference for reflections


• Can achieve near or zero reflection at one specified wavelength of light, but not for all wavelengths 
of light


Ø Si ARC are typically 75 nm thick and have a refractive index of around 1.9-2.0 (and have a 
blue-ish appearance).


• Multi layers of ARC can be used, however they are generally more costly


ARC Optimisation


http://www.pveducation.org/pvcdrom/appendices/standard-solar-spectra
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Anti-Reflection Coating (ARC) - exemple
The idea behind anti-reflection coatings is that the creation of a double interface by means of a thin film gives you 
two reflected waves. If these waves are out of phase, they partially or totally cancel. If the coating is a quarter 
wavelength thickness and the coating has an index of refraction less that the glass it is coating then the two 
reflections are 180 degrees out of phase.


http://hyperphysics.phy-astr.gsu.edu/hbase/phyopt/antiref.html
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• ARC minimises reflection of light (Si ~ 30% reflective).
• Thickness optimised for a particular wavelength (λ0).


• Reflection is further minimised if the refractive index of the ARC is the geometric mean of 
the materials on either side.


SiAirARC nnn =
nair ~ 1.0
nSi ~ 3.94 (at 600 nm)
nARC ~ 2.0


See Section 5.1 of PVCDROM: http://pveducation.org/pvcdrom/design/optical-losses


Anti-Reflection Coating (ARC) – in Silicon


ARC
ARC n
d


⋅
=
4


0λ
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Most common ARC used today


Ø Silane (SiH4) gas + Ammonia (NH3) gas
Ø 3SiH4 + 4NH3 à Si3N4 + 12H2
Ø Deposited by Plasma Enhanced Chemical Vapour Deposition (PECVD) Ideal refractive 


index ~ 1.9-2.1 
Ø Adjust refractive index by adjusting the ratios of silane and ammonia in the process
Ø Deposition temperature typically used in industry ~ 300-400 0C.


SiNx ARC


Silane is pyrophoric and will burn on contact with airProcess characteristic for gas flow ratio and deposition rate 
and refractive index
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Direct PECVD (e.g., Centrotherm)








Copyright UNSW
Dr Alison Lennon 7-19


Remote PECVD – Roth & Rau
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• If the layer is too thick or too dense


Ø Metal won’t penetrate far enough during co-firing and a poor contact will 
result.


• If the layer is too thin or too soft


Ø Metal will penetrate too far and damage the junction.


Conclusion: You need to optimise the ARC (SiNx ) in conjunction with metal 
firing/co-firing, specifically ARC Temperature (we will do this in a later 
tutorial)


ARC Trade-Offs
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Lecture Overview


1. Edge Junction Isolation
2. Anti-Reflection Coatings
3. Passivation
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• The PECVD film plays an important role in providing front-surface passivation that 
minimizes recombination at the front


• Reducing front surface recombination lowers I0 and increases IL (by improving the 
collection of electron-hole pairs produced by blue-wavelength light)


1. Atomic hydrogen passivation of surface defects (e.g., dangling bonds ) which are 
recombination centres


2. Field effect passivation, wherein a high positive fixed charge density of SiN film 
attracts majority carriers and repels minority carriers in n-type Si (“front surface field”)


ARC – Surface Passivation


1 2


Susanne Helland, MSc thesis, NTNU 2011
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• The PECVD film also plays an important role in providing bulk passivation that 
minimizes recombination at defects in multicrystalline wafers


• Many different types of defects are present in multicrystalline wafers, and atomic 
hydrogen can help to minimize the effect of bulk recombination


• Atomic hydrogen is effective at passivating grain boundaries and dislocations, for 
example.


ARC – Bulk Passivation
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Just textured = As-Cut.


Passivation of Multi-Si


Textured + P  Diffused à
Better overall lifetime but 
have grain boundaries got 
worse – decorated with 
impurities?


Textured + P Diffused + SiNx = 
“Hydrogenated” à Improved 
performance of grain boundaries.


lifetime: 6.9 µs lifetime : 48.8 µs lifetime : 86.9 µs
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Passivation of Multi-Si
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Next Lecture


Metallisation












	Applied Sciences
	Architecture and Design
	Biology
	Business & Finance
	Chemistry
	Computer Science
	Geography
	Geology
	Education
	Engineering
	English
	Environmental science
	Spanish
	Government
	History
	Human Resource Management
	Information Systems
	Law
	Literature
	Mathematics
	Nursing
	Physics
	Political Science
	Psychology
	Reading
	Science
	Social Science
	Liberty University
	New Hampshire University
	Strayer University
	University Of Phoenix
	Walden University


	Home
	Homework Answers
	Archive
	Tags
	Reviews
	Contact
		 
     
         
    
     
         
             
        
         
    





	 
     









Copyright © 2024 SweetStudy.com (Step To Horizon LTD)




    
    
