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A METHOD OF FORMING A CONTACT FOR A PHOTOVOLTAIC CELL 

Field of the Invention 

5 

The present invention relates to a method of forming a 

contact for a photovoltaic (PV) cell and relates in 

particular, not exclusively though, to a method of forming 

a contact on a rear surface of the PV cell. 

10 

Background of the Invention 

Typical PV cells of the first generation comprise large 

area p-n-junctions that are formed in doped silicon. Such 

15 PV cells have a passivation layer on a rear surface and 

electrical contacts penetrate through the passivation 

layer to contact selected highly doped regions of the 

silicon. 

20 The alignment of the contacts relative to the selected 

highly doped regions of the silicon and electrical 

properties of the contact material influence the 

efficiency of the solar cell and there is a need for 

improvement. 

25 

Summary of the Invention 

In a first aspect of the invention, there is provided a 

method of forming a contact for a photovoltaic (PV) cell, 

30 the method comprising the steps of: 

providing a substrate of a semiconductor material, 

the substrate having at least one first region that has a 

first doping property and is located at a first surface 

portion; 

35 depositing a passivation layer over at least a 

portion of the surface of the substrate including the at 

least one first surface portion; 
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depositing a conductive layer over the passivation 

layer such that material of the passivation layer is 

sandwiched between the at least one first region of the 

substrate and the conductive layer; and 

5 applying an electric field between the at least one 

first region and the conductive layer in a manner such 

that locally a dielectric breakdown of the sandwiched 

passivation layer material is induced; 

wherein the method is conducted such that an 

10 electrical resistance is reduced in the passivation layer 

at the at least one first region and an electrical contact 

is formed. 

In one specific embodiment, the substrate comprises at 

15 least one second region that is adjacent the at least one 

first region and my at least in part surround the at least 

one first region. The at least one first region may have 

a doping property that is different to that of the at 

least one first region. The at least one first region and 

20 the at least one second region may have the same polarity. 

Alternatively, the at least one second region may have a 

p-n junction and the at least one first region may 

penetrate through the p-n junction. 

25 The method typically is conducted such the electrical 

breakdown is only induced between the at least one first 

region and the conductive layer and not between the at 

least one second region and the conductive layer. 

The method typically is conducted such that the 

30 passivation properties of the passivation layer material 

that is adjacent the formed contact are substantially 

unaffected. 

Embodiments of the invention have significant advantages. 

35 As the dielectric breakdown is induced only at the 

locations of the at least one first region, the contact is 

effectively self-aligned. 
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The method typically is conducted such that a plurality of 

contacts is formed. 

5 Further, the method typically is conducted such that the 

contact is formed on a rear surface of the PV cell. 

In one embodiment, the doping property is a doping 

concentration. Alternatively, the doping property may be 

10 a type of doping material. 

In a specific embodiment, the at least one first region 

has a higher doping concentration than the at least one 

second region. For example, the at least one first region 

15 may be doped with boron or any other suitable dopant 

material. The dopant concentration of the at least one 

first region may range from lel8/cm3 to le21/cm3, such as 

approximately le20/cm3. The at least one second region may 

also be doped with boron or with any other suitable dopant 

20 material. The dopant concentration of the at least one 

second region may range from lel5/cm3 to lel7/cm3, such as 

approximately lel6/cm3. 

In one embodiment, the step of providing the substrate 

25 comprises forming the at least one first region. Forming 

the at least one first region may comprise thermal 

diffusion. In one specific example forming the at least 

one first region comprises laser doping. 

30 Forming the at least one first region may comprise 

depositing a layer that functions as a dopant source for 

the at least one first surface portion. The layer may 

include the dopant material, such as boron or any other 

suitable material. The layer may be formed by spin-on 

35 deposition. In addition, forming the at least one first 

region may comprise directing a laser beam selectively 

towards the at least one first surface portion such that 
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the dopant material diffuses into the substrate and 

thereby forms the at least one first region. 

The method may further comprise removing the layer that 

5 functions as a dopant source when the at least one first 

region has been formed. Removing the layer may comprise 

rinsing, RCA cleaning and/or selective etching. 

In one specific embodiment the substrate is a p-type 

10 substrate, such as a p-type silicon wafer. In addition, 

the substrate may be selectively doped in the above-

described manner and consequently the at least one first 

region may have a higher p-dopant concentration than some 

or all of the remaining regions of the substrate. 

15 

Alternatively, the substrate may also be an n-type 

substrate and the at least one first region may have a 

concentration of an n-type dopant that is higher than that 

of some or all of the remaining regions of the substrate. 

20 

In one embodiment, the step of depositing the passivation 

layer onto the at least a portion of the substrate is 

conducted by virtue of chemical vapour deposition, such as 

plasma-enhanced chemical vapour deposition. 

25 

The passivation layer may comprise amorphous silicon or 

any other suitable dielectric material. 

The step of depositing the conductive layer over the 

30 passivation layer may be conducted using thermal 

evaporation. Alternatively, the conductive layer may be 

deposited over the passivation layer using sputtering or 

any other physical or chemical deposition technique. 

35 The material of the conductive layer may be selected based 

on the doping property of the at least one first region. 

For example, if the at least one first region is p-doped, 
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the material of the conductive layer may be selected from 

suitable acceptor materials and may, for example, be 

aluminium. 

5 Alternatively, if the at least one first region is n-

doped, the material of the conductive layer may be 

selected from suitable donor materials, such as arsenic. 

The method may further comprise a step of removing at 

10 least a portion of the conductive layer. 

In a second aspect of the invention, there is provided a 

method of forming a photovoltaic cell comprising forming a 

contact in accordance with the first aspect of the present 

15 invention. 

In a third aspect of the present invention there is 

provided a photovoltaic cell formed by the method in 

accordance with the second aspect of the present 

20 invention. 

Brief Description of the Drawings 

In order to fully understand the present invention, 

25 embodiments of the present invention will now be 

described, by way of example only, with reference to the 

accompanying drawings, in which: 

Figure 1 is a flow diagram illustrating a method of 

30 forming a contact for a photovoltaic cell in accordance 

with an embodiment of the invention; and 

Figures 2 to 7 illustrate the formation of components of 

the photovoltaic cell formed in accordance with 

35 embodiments of the present invention. 
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Description of an Embodiment of the Invention 

Referring to the Figures, there is illustrated a method 10 

of forming a contact for a photovoltaic (PV) cell in 

5 accordance with a specific embodiment of the invention. 

In this embodiment, the contact is formed on a rear 

surface of the PV cell that will not receive primary 

illumination. In this embodiment, the PV cell comprises 

suitably doped silicon. 

10 

Figure 1 shows a flow diagram illustrating a method 10 of 

forming a contact on a rear surface of the PV cell. 

Figures 2 to 7 illustrate the formation of the PV cell and 

show partially fabricated components. 

15 

In a first step 11, a substrate 22 is provided. In this 

embodiment, the substrate 22 is a p-type silicon wafer. 

The doping concentration of the p-type Silicon wafer is 

approximately lel6/cm3. 

20 

The PV cell further comprises a layer (not shown) on a 

front surface portion of the substrate 22 which receives 

primary (solar) illumination when the PV cell is in use. 

Together with the substrate 22, this layer, which may for 

25 example be a thin n-type layer, is arranged to form a p-n 

junction. 

In a further step 12, a plurality of first regions 24 is 

formed within the substrate 22 (only one first region is 

30 shown in Figures 2 to 7). The first regions 24 are 

located at respective first (rear) surface portions of the 

substrate 22 as exemplarily shown in Figure 3. The first 

regions are in the form of islands. 

35 The first regions 24 have a doping concentration that 

differs from that of adjacent regions of the p-type 

silicon wafer 22. In this embodiment the first regions 



WO 2014/028964 PCT/AU2013/000911 

- 7 -

are heavily p-doped and have p-doping concentration that 

is higher than that of adjacent regions of the p-type 

silicon wafer 22. In this example, the heavily p-doped 

region 24 has a p-doping concentration of approximately 

5 le20/cm3. 

A person skilled in the art will appreciate that in 

variations of the described embodiment the first region 

may also have a doping property other that a doping 

10 concentration that is different to that of adjacent 

regions. For example, the doping property may be 

associated with a dopant type or material. 

The heavily p-doped regions 24 may be formed using any 

15 suitable method and in this example these regions are 

formed using laser doping. Forming the heavily p-doped 

regions 24 comprises depositing a material that functions 

as a dopant source onto the surface portions of the 

heavily p-doped regions 24. In this example, a spin on 

20 liquid containing boron is deposited on the rear surface 

portions of the p-type silicon wafer 22. A laser beam is 

then directed onto the formed film in a manner such that 

boron diffuses selectively into the silicon wafer 22 to 

form the heavily p-doped region 24. The film is 

25 subsequently removed from the surface portions of the 

substrate 22, for example, by rinsing or RCA cleaning. 

Step 13 deposits a passivation layer 26 over the rear 

surface portions of the silicon wafer 22. In this 

30 example, the passivation layer 26 is an amorphous silicon 

layer and has a thickness in the range of 30 to 120nm, in 

particular in the range of 50 to 70nm, such as 

approximately 50nm. 

35 Step 14 deposits a conductive layer 28 on the amorphous 

silicon layer 26. In this particular embodiment, the 

conductive layer 28 is an aluminium layer. The aluminium 
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layer 28 is deposited by virtue of thermal evaporation. 

However, a person skilled in the art will appreciate that 

other suitable methods to deposit the conductive layer are 

envisaged, such as sputtering. Further, the conductive 

5 layer may not necessarily be formed form a metallic 

material. 

Step 15 applies an electric field between the aluminium 

layer 28 and the silicon wafer 22. As such, a voltage 30 

10 is applied in reverse bias. In this example the substrate 

22 is p-type and a positive voltage 30 is applied to the 

aluminium layer 28 as illustrated in Figure 6. In an 

alternative embodiment, in which the substrate comprises 

an n-type material, a negative voltage is applied to the 

15 conductive layer. 

By applying the voltage 30 in reverse bias, an electric 

field is generated across the passivation layer 26 between 

the aluminium layer 28 and the p-type silicon substrate 

20 22. The strength of the generated electric field is 

higher across the region 32 that is located directly above 

the heavily p-doped region 24 than across adjacent regions 

of passivation layer. In this embodiment the heavily p-

doped region 24 forms a depletion region that is narrow 

25 enough for tunnelling to occur. Consequently, the 

electrical field is mainly applied across the passivation 

layer 26 at the first regions 24. The passivation layer 26 

is sufficiently thin such that the relatively large 

applied field results in a breakdown of dielectric 

30 properties and a related permanent local reduction of 

electrical resistance of the passivation layer 26 in the 

region 32. The dielectric breakdown is a "hard" breakdown 

such that the amorphous silicon layer 26 locally loses its 

insulating properties. The permanent change in local 

35 electrical properties of the regions 32 results in the 

formation of an electrical contact. 
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The hard dielectric breakdown is limited to the local 

regions 32 directly at the heavily p-doped regions 24. 

Regions of the passivation layer 26 that are adjacent to 

region 32 are not significantly affected by the applied 

5 voltage 30 and as a consequence these regions maintain the 

passivation properties of amorphous silicon. 

The bias voltage required to induce the hard breakdown of 

the dielectric material 26 generally depends on material 

10 properties of the heavily p-doped regions 24 and the 

dielectric material 26. The bias voltage typically is in 

the range of 5 to 30V, such as approximately 10V. 

Generally, the bias voltage increases with the resistivity 

of the dielectric material 26. The bias voltage is 

15 affected by thickness of the dielectric material 26 and 

increases when the thickness of the dielectric material 26 

increases. 

The inventors have found that the bias voltage required to 

20 induce the hard breakdown of a 64nm thick amorphous 

silicon layer is in the range 2 to 5V; a lOnm thick 

aluminium oxide layer is in the range of 5 to 10V; an 80nm 

thick silicon rich silicon nitride layer is in the range 

13 to 18V and a 200nm silicon nitride layer is in the 

25 range of 23 to 28V. 

By conducting the method 10 in accordance with the 

specific embodiment of the invention, a self-aligned 

electrical contact is formed without the requirement of 

30 patterning or masking the amorphous silicon layer 26. 

Furthermore, as dielectric properties of regions adjacent 

to the regions 32 of the passivation layer 26 are not 

significantly affected, recombination of charge carriers 

at the rear surface of the PV cell can be reduced. 

35 

In this particular example, the aluminium layer 28 forms a 

portion of the rear contact of the PV cell as shown in 
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Figure 7. 

The method 10 may further comprise a step of removing the 

aluminium layer 28. 

5 

Advantageous embodiments of the method 10 can be used to 

form contacts to the base of a PV device through an 

emitter of a PV device. In these specific embodiments the 

steps of method 10 are carried out on a semiconductor 

10 substrate, for example a silicon wafer, which comprises a 

p-n junction. The semiconductor substrate may be a p-type 

silicon wafer 11 (base) and an n-type region (emitter) may 

be formed on a surface of the p-type silicon wafer 11 by 

diffusion of n-type atoms, for example phosphorous atoms. 

15 The remaining steps of method 10 are performed on the n-

type surface of the silicon wafer 11. Some of the 

advantages of contacting the base of the PV device through 

the emitter of the PV device by using the method 10 

include floating junction passivation, implementation of 

20 inter-digitated rear contact designs, and minimisation of 

shunts. 

A person skilled in the art will appreciate that the 

embodiments of the invention described in relation to a PV 

25 device realised on a p-type substrate are applicable to PV 

devices realised on n-type substrates. Further, the person 

skilled in the art will appreciate that, in order to 

realise a complete and functioning, PV device additional 

processing steps are required. These further processing 

30 steps are known in the art. 

Modifications and variations as would be apparent to a 

skilled addressee are deemed to be within the scope of the 

present invention. For example, a person skilled in the 

35 art will appreciate that the substrate 22 may be an n type 

wafer and the at least one first region may be a heavily 

n-doped region. Further, the variations of the described 
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method may be used to form selective contacts at a front 

surface of a PV cell. 
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The Claims: 

1. A method of forming a contact for a photovoltaic (PV) 

cell, the method comprising the steps of: 

5 providing a substrate of a semiconductor material, 

the substrate having at least one first region that has a 

first doping property and is located at a first surface 

portion; 

depositing a passivation layer over at least a 

10 portion of the surface of the substrate including the at 

least one first surface portion; 

depositing a conductive layer over the passivation 

layer such that material of the passivation layer is 

sandwiched between the at least one first region of the 

15 substrate and the conductive layer; and 

applying an electric field between the at least one 

first region and the conductive layer in a manner such 

that locally a dielectric breakdown of the sandwiched 

passivation layer material is induced; 

20 wherein the method is conducted such that an 

electrical resistance is reduced in the passivation layer 

at the at least one first region and an electrical contact 

is formed. 

25 2. The method claim 1 wherein the substrate comprises at 

least one second region that is adjacent the at least one 

first region and has a doping property that is different 

to that of the at least one first region. 

30 3. The method of claim 2 wherein the method is conducted 

such the electrical breakdown is only induced between the 

at least one first region and the conductive layer and not 

between the at least one second region and the conductive 

layer. 

35 

4. The method of any one of the preceding claims wherein 

the method is conducted such that the passivation 
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properties of passivation layer material that is adjacent 

the formed contact are substantially unaffected. 

5. The method of any one of the preceding claims being 

5 conducted such that the contact is formed on a rear 

surface of the PV cell. 

6. The method of any one of the preceding claims wherein 

the doping property comprises a doping concentration. 

10 

7. The method of any one of the preceding claims wherein 

the doping property comprises a type of doping material. 

8. The method of any one of claim 2 or 3 or anyone of 

15 claims 5 to 7 when dependent on anyone of claims 2 or 3 

wherein the at least one first region has a higher doping 

concentration than the at least one second region. 

9. The method of any one of the preceding claims wherein 

20 the method is conducted such that a plurality of contacts 

is formed. 

10. The method of any one of the preceding claims wherein 

the step of providing the substrate comprises forming the 

25 at least one first region. 

11. The method of claim 10 wherein the at least one first 

region is formed using thermal diffusion. 

30 12. The method of claim 11 wherein the at least one first 

region is formed using laser doping. 

13. The method of claim 12 wherein forming the at least 

one first region comprises: 

35 depositing a layer that functions as a dopant source 

for the at least one first surface portion; and 

directing a laser beam selectively towards the first 
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surface portion such that the dopant material diffuses 

into the substrate and thereby forms the at least one 

first region. 

5 14. The method of any one of the preceding claims wherein 

the passivation layer comprises amorphous silicon. 

15. The method of any one of the preceding claims wherein 

the material of the conductive layer is selected based on 

10 the doping property of the at least one first region. 

16. The method of any one of the preceding claims wherein 

the substrate comprises at least one second region that is 

adjacent the at least one first region and has a doping 

15 property that is different to that of the at least one 

first region, the at least one first region and the at 

least one second region having the same polarity. 

17. The method claim 2 or anyone of claims 3 to 15 when 

20 dependent on claim 2 wherein the at least one second 

region has a p-n junction and wherein the at least one 

first region penetrates through the p-n junction. 

18. A method of forming a photovoltaic cell comprising 

25 forming a contact for a PV cell using a method in 

accordance with any one of the preceding claims. 

19. A photovoltaic cell formed by the method of claim 18. 

30 


