
Amorphous and thin Si:H PV 

h4p://www.motherearthnews.com/Renewable‐Energy/Thin‐Film‐Solar‐UDlity‐Scale‐PV‐Power.aspx 



Derived from LaDn silex, silicis, meaning flint. Amorphous silicon was 
first prepared by J.J. Berzelius in 1824 by reducing K2SiF6 with molten 
potassium. The crystalline form, which the second allotrope form of the 
element, was first prepared by Deville in 1854. It was T. Thomson who 
named the element in 1831. He added the ending “on” in order to 
emphasize the analogy with boron and carbon.  

h4p://elements.etacude.com/Si.php 



Prog. Photovolt: Res. Appl. 2004; 12:113–142 

Advantages of a‐Si: Has a direct bandgap, ~100x more absorpDon than c‐Si  
in visible range, 1 μm thick layer of a‐Si:H absorbs 90% of solar energy 
Can be deposited at low temperatures (<300 °C) 
Can be deposited on inexpensive substrates (glass, stainless steel) 



“Hydrogenated Amorphous Silicon” By R. A. Street 

•  a‐Si:H is typically deposited by plasma decomposiDon 
of SiH4, with other gases added for doping and 
alloying. 

•   Silane decomposes spontaneously at temperatures 
above ~450°C, forming polycrystalline or epitaxial 
silicon.  

•  Amorphous films can result at T < 550 °C, but films 
are typically of low quality because hydrogen is not 
retained.   

•  The deposiDon of a‐Si:H requires a source of energy 
to dissociate the silane molecule. 

•  The first plasma deposiDon system for amorphous 
silicon was developed by Chi_ck et al. (1969).  

•  Most reactors are designed in a diode configuraDon 
where the plasma is confined between two parallel 
electrodes.  

•  DeposiDon usually lakes place at a gas pressure of 
0.1‐ 1 Torr, which is the opDmum pressure to sustain 
the plasma.  

•  Amorphous Si can be deposited by a variety of 
methods, but PECVD (aka RF plasma, or glow‐
discharge deposiDon) is the most common 



PECVC is Conformal, PVD (reacDve spu4ering) is more “line‐of‐site” 

Other methods: 
Hot‐wire CVD 
Liquid source pyrolysis 
…… 

“Hydrogenated Amorphous Silicon” By R. A. Street 



Thin Film Solar Cells, ed. J. Poortmans and V. Arkhipov (Wiley, 2006) 

a‐Si:H 
1.7 – 1.9 eV direct bandgap 
≤ 4‐fold coordinaDon; 3‐fold 
most common 
variable bond lengths and angles 
short range order 
Low carrier mobility ~1 cm2/Vs 

Crystalline Si 
1.1 eV indirect bandgap 
4‐fold coordinaDon 
fixed bond length and angles 
long range order 
1000 cm2/Vs 

h4p://engphys.mcmaster.ca/undergraduate/outlines/4x03/Lecture%2016‐17,%20a‐Si.pdf 



EnergeDcally, a large number of ways that dopants can be included 

Thin Film Solar Cells, ed. J. Poortmans and V. Arkhipov (Wiley, 2006) 
h4p://engphys.mcmaster.ca/undergraduate/outlines/4x03/Lecture%2016‐17,%20a‐Si.pdf 



Thin Film Solar Cells, ed. J. Poortmans and V. Arkhipov (Wiley, 2006) 
h4p://engphys.mcmaster.ca/undergraduate/outlines/4x03/Lecture%2016‐17,%20a‐Si.pdf 

F. Urbach, Phys. Rev. 92, 1324 (1953). 

Urbach tail 

1021 cm‐3 defects in pure a‐Si 
Defects are amphoteric, making doping difficult 
Hydrogen in plasma passivates dangling bonds 
e.g., H2 mixed with SiH4 in RF PECVD 
< 10% H → 1015 – 1016 cm‐3 defects 



Figure capDon:  Dark conducDvity (σ),  acDvaDon energy Eσ of dark conducDvity, and esDmated posiDon of Fermi level (Ef) for a‐
Si:H layers, produced by PECVD on glass, as a funcDon of gas phase doping raDo NPH3/NSiH4 (for n‐type layers) and NB2H6/
NSiH4 (for p‐type layers). Values of σ and Eσ are from Spear et al. Eσ* is here the esDmated ‘true’ distance between band edge 
(Ec, Ev) and the Fermi level Ef, where the staDsDcal shiq Es has addiDonally been taken into consideraDon for n‐ and p‐type layers 
according to Overhof and Thomas (1989) assuming a constant defect density of 1016/cm2 eV. The equivalent bandgap of a‐Si:H, 
or the ‘mobility gap’ as it is called here, is taken to be 1.7 eV, while drawing the graph; this corresponds to the generally 
published values 

R. Chi_ck accidentally obtained a‐Si:H layers in a remote part of his plasma reactor. W. E. Spear and co‐workers at  
Dundee University published the first systemaDc study on plasma‐enhanced chemical vapor deposiDon (PECVD) with  
silane plus (opDonal) doping gases (1976). The figure shows schemaDcally the results obtained by by plo_ng the  
values of dark conducDvity and dark conducDvity acDvaDon energy Eσ against gas doping raDo.  Also plo4ed is the  
Fermi level (Ef) obtained by taking the Eσ values and correcDng for the so‐called staDsDcal shiq.  

Aqer Shah, et al., “Thin‐film Silicon Solar Cell Technology”, Prog. Photovolt: Res. Appl. 2004;  



CharacterisDcs of PECVD films grown from Silane 

“Hydrogenated Amorphous Silicon” By R. A. Street 



Consequences of Disorder 

“Hydrogenated Amorphous Silicon” By R. A. Street 



“Hydrogenated Amorphous Silicon” By R. A. Street 



Various Si‐H Species, and the growing interface 

“Hydrogenated Amorphous Silicon” By R. A. Street 



Hydrogen diluDon of silane can be used to control the material during growth. A high concentraDon of hydrogen 
causes the deposited films to become crystalline rather than amorphous. The crystallite size is small, oqen less 
than 100 Å, so the material is called microcrystalline silicon. The power‐diluYon diagram for hydrogen, below, 
shows the transiDon to microcrystallinity. DiluDon to about 5 % silane is needed to cause crystallizaDon and the 
effect is enhanced by bigh rf power. The transiDon is fairly abrupt, and a mixed phase material is only observed in 
a narrow region near the dividing line.  

“Hydrogenated Amorphous Silicon” By R. A. Street 

Aqer Shah, et al., “Thin‐film Silicon Solar CellTechnology”, Prog. Photovolt: Res. Appl. 2004;  

Wronski, et al., Proceedings of RIO 02 ‐ World Climate & Energy Event, January 6‐11, 2002 



•  The doping is not as straighvorward in a‐Si:H; Ef can be pushed only half way 
towards the conducDon and valence band edges even with heavy doping. 

•  Doping has a detrimental effect on a‐Si:H layer quality, because it leads to the 
many silicon dangling bonds (recombinaDon centers). 

•   In a p/n crystalline solar cell, carrier collecDon is by minority carrier diffusion 
within the p‐ and n‐layers. Long diffusion lengths (> 200 μm) assist carrier 
collecDon over the whole useful range of the solar cell thickness where 
significant opDcal absorpDon takes place. 

•  In a‐Si:H layers, on the other hand, minority carrier diffusion lengths are 
extremely small (around 0.1 μm), and the device cannot rely on collecDon of 
photogenerated carriers by diffusion alone. 

•  The p–i–n structure builds  a field into the device, and the field is distributed 
across the intrinsic (i) porDon of the device. 

•  The intrinsic porDon of the device typically has the best characterisDcs for 
absorpDon, photogeneraDon, and carrier lifeDme, as compared to the p‐ and n‐
type regions 

•  The p–i–n‐type a‐Si:H cell was introduced by Carlson and Wronski in 1976.  

Aqer Shah, et al., Prog. Photovolt: Res. Appl. 2004; 12:113–142 





Superstrate configuraDon:  DeposiDon on TCO coated glass  

Thin Film Solar Cells, ed. J. Poortmans and V. Arkhipov (Wiley, 2006) 

n‐ and p‐regions are thin since minority carriers have low mobility 
Most absorpDon occurs in thick i region, where carriers are collected by driq.  
Low doping in i‐region to establish electric field (104 V/cm) 

The Physics of Solar Cells, J. Nelson, Imperial College Press, 2003 



TCO is textured for light trapping,  
relaDvely thick for high conducDvity (oqen ITO) 

Thin Film Solar Cells, ed. J. Poortmans and V. Arkhipov (Wiley, 2006) 



Reflectances from cells with TCO of low and high haze, respecDvely. Measurement is performed with light 
incident from the glass side, in the glass/TCO/p–i–n/metal configuraDon 

Importance of Light Trapping   Shah, et al., Prog. Photovolt: Res. Appl. 2004; 12:113–142 



Steady growth in performance, but topped‐out since 2000 

Wronski, et al., Proceedings of RIO 02 ‐ World Climate & Energy Event, January 6‐11, 2002 



Staebler‐Wronski  Effect 

Thin Film Solar Cells, ed. J. Poortmans and V. Arkhipov (Wiley, 2006) 



Staebler‐Wronski  Effect 

Thin Film Solar Cells, ed. J. Poortmans and V. Arkhipov (Wiley, 2006) 







Currents at max. power point need to be 
matched for series connected cells 

Using Tunnel juncDons 

From Dunlap, “Experimental Physics”, Oxford University Press, 1988 



Thin Film Solar Cells, ed. J. Poortmans and V. Arkhipov (Wiley, 2006) 



Three‐scribe scheme for single‐juncDon a‐Si cell 

Simplest of all scribe approaches.. 
1.  First scribe isolates strips of the back reflector (back contact):  buffer and metal layers must be 
completely removed without damage to substrate.  a‐Si deposited aqer Scribe 1. 
2.  Second scribe is made to open a via in the amorphous silicon 
layers ‐ all the amorphous silicon layers must be removed without damage to the 
back reflector layers.  Then the TCO front contact (e.g. ITO) is deposited, covering enDre front surface 
of the cell and penetraDng the vias in the a‐Si layers to make contact with the back reflector. 
3.  Third scribe then completes the interconnected cell by removal of the ITO layer without damage to 
the a‐Si layer. 

From “Triple JuncDon Amorphous Silicon based Flexible Photovoltaic Submodules on Polyimide Substrates”, by 
Aarohi Vijh, 2005, The University of Toledo (thesis under supervision of Prof. Xunmeng Deng) 



Fuji Electric scheme for tandem a‐Si line 

The “Fuji Electric” scheme uses spu4ered metal contacts on both sides of a perforated 
plasDc film – spu4ering allows electrical connecDon of both sides through the 
perforaDons. Aqer deposiDon of all films, laser scribing finishes the interconnecDon. 

From “Triple JuncDon Amorphous Silicon based Flexible Photovoltaic Submodules on Polyimide Substrates”, by 
Aarohi Vijh, 2005, The University of Toledo (thesis under supervision of Prof. Xunmeng Deng) 



The “Sanyo Weld” interconnecDon scheme 

On this slide and next ‐‐ interconnecDon schemes used by Sanyo Electric and Iowa 
Thin Film Technologies (ITFT). 

Similar to one another, they both use a line of insulaDng ink that acts as a laser 
beam stop – to prevent shunDng of the cells during laser scribing of the ITO contact. 

From “Triple JuncDon Amorphous Silicon based Flexible Photovoltaic Submodules on Polyimide Substrates”, by 
Aarohi Vijh, 2005, The University of Toledo (thesis under supervision of Prof. Xunmeng Deng) 



Iowa Thin Film Technologies interconnecDon scheme 

InterconnecDon scheme used by Iowa Thin Film Technologies (ITFT). 

From “Triple JuncDon Amorphous Silicon based Flexible Photovoltaic Submodules on Polyimide Substrates”, by 
Aarohi Vijh, 2005, The University of Toledo (thesis under supervision of Prof. Xunmeng Deng) 



“Simple” a‐Si scheme compared to monolithic integraDon of CdTe and CIGS devices 

h4p://www.optoiq.com/index/photonics‐technologies‐applicaDons/lfw‐display/lfw‐arDcle‐display/58212/arDcles/laser‐focus‐
world/volume‐36/issue‐1/features/photovoltaics‐laser‐scribing‐creates‐monolithic‐thin‐film‐arrays.html 



Substrate ConfiguraDon (suitable for flexible substrates, Roll‐to‐Roll) 

e.g., United Solar, Xunlight 

Xunlight Triple‐JuncDon 

h4p://engphys.mcmaster.ca/undergraduate/outlines/4x03/Lecture%2016‐17,%20a‐Si.pdf 


