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CLAIMS 

1. A method of processing silicon, with a hydrogen source present, for use in the 

fabrication of a photovoltaic device having at least one rectifying junction, the methoo 

S comprising 	heating 	at 	least 	a 	region 	of the 	device 	to 	at 	least 	40°C 	w ile 

simultaneously illuminating at least some of the device with at least one light source 

whereby the cumulative power of all the incident photons with sufficient 	ergy to 

generate electron hole pairs within the silicon is at least 20mW/cm2. 

2. A method of processing silicon for use in the fabrication of 	photovoltaic 

10 device having at least one rectifying junction, the method comprisin 	heating at least 

a region of the device to at least 100°C, followed by coolin 	the device while 

simultaneously illuminating at least some of the device with at 	ast one light source 

whereby the cumulative power of all the incident photons 	th sufficient energy to 

generate electron hole pairs within the silicon is at least 20 	/cm2. 

15 3. The method of claim 1 or 2 wherein the silicon 	omprises a device having at 

least one rectifying junction. 

4. The method of claim 1, 2, or 3 wherein phot, ns generated by the at least one 

light source having sufficient energy to generate 	iectron hole pairs in the silicon 

comprise at least 70% of the total cumulative 	wer of all photons incident on the 

20 device from the at least one light source. 

5. The method of claim 1, 2, 3 or 4 	erein the method of processing is a method 

of hydrogenation. 	 / 

6. The method as claimed in any' one of claims 1 to 5 wherein the at least one / 
rectifying junction comprises at leafst one p-n junction. 

25 7. The method as claimecLin any one of claims 1 to 6 wherein the heating of the 

device is provided to at least ,loacc. 

8. The method as claimed in any one of claims 1 to 6 wherein the heating of the 

device is provided to avfeast 140°C. 

30 

9. The method as claimed in any one of claims 1 to 6 wherein the heating of the 
i 

device is provided{ at least 180°C. 

10. The method as claimed in any one of claims 1 to 9 wherein the method further 

comprises ensuring that any silicon surface n-type diffused layers through which 

hydrogen must diffuse have peak doping concentrations of Ix 1020  atoms/cm3  or less. 

I 1 . 	,Tihe method as claimed in any one of claims 1 to 10 the method further 

35 
/ 

comprising ensuring that any silicon surface p-type diffused layers through which 

hydrogen must diffuse have peak doping concentrations of I x10'9  atoms/cm3  or less. 

2. 	The method as claimed in any one of claims 1 to 11 the method further 

comprising providing one or more hydrogen sources accessible by each surface of the 

device. 
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13. 	The method as claimed in any one of claims 1 to 12 wherein the hydrogen 

source is a hydrogen source contained within the device. 

14, 	The method as claimed in any one of claims I to 13 wherein the hydrogen 

source is a hydrogen source located externally of the device. 

5 15. The method as claimed in any one of claims 1 to 14 wherein any silicon 

surface n-type diffused layers through which hydrogen must diffuse are phosp 	rus 

diffused layers. 

16. The method as claimed in any one of claims Ito 15 wherein any st con 

surface p-type diffused layers through which hydrogen must diffuse are 	oron 

10 diffused layers. 

17. The method as claimed in any one of claims 1 to 15 where' P any silicon 

surface p-type diffused layers through which hydrogen must dif 	se are gallium 

diffused layers. 

18. The method as claimed in any one of claims 1 to 15 	herein any silicon 

15 surface p-type diffused layers through which hydrogen 	ust diffuse are aluminium 

diffused layers. 

19. The method as claimed in any one of claim. I to 18 wherein the step of 

heating the device to at least 40°C comprises he 	ing all of the device, and the 

illumination comprises illuminating all of the 	evice. 

20 20. The method as claimed in any one /a claims 1 to 19 wherein the illumination 

from the at least one light sources be proyfided at levels whereby the cumulative 

power of all the incident photons withisufficient energy to generate electron hole pairs 

within the silicon is at least 50 mW 	m2, or 60 mW/cm2, or 70 mW/cm2, or 

80 mW/cm2, or 90 mW/cm2, or 	0 mW/cm2, or 150 mW/cm2, 200 mW/cm2, or 

25 300 mW/cm2, or 400 mW/cm4' or 500 mW/cm2, or 600 mW/cm2, or 700 mW/cm2, or 

800 mW/cm2, or 900 mW/c4i2, or 1000 mW/cm2, or 1500 mW/cm2, 2000 mW/cm2, or 

3000 mW/cm2, or 5000/W/cm2, or 10000 mW/cm2, or 15000 mW/cm2, or 

20000 mW/cm2, or up o a light intensity at which the silicon begins to melt. 

21. The method/  s claimed in any one of claims 1 to 20 wherein the heating of the 

30 device is provide 	to at least or to at least 200°C, or to at least 300°C, or to at least 

400°C, or to a 	east 500°C, or to at least 600°C, or to at least 700°C, or to at least 

800°C, or t 	at least 900°C, or to at least 1,000°C, or to at least 1,200°C or to a 

temperature at which the silicon begins to melt. 

22. he method as claimed in any one of claims 10 to 21 wherein the silicon 

35 sur 	ce n-type diffused layers have peak doping concentrations of lx 1 0 /9  atoms/cm3  

b
less or 1x1018  atoms/cm3  or less or lx1017  atoms/cm3  or less or lx1016  atoms/cm3  

r less. 
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23. 	The method as claimed in any one of claims 15 to 22 wherein the silicon 

surface phosphorus diffused layers have peak doping concentrations of 1 x1019  

atoms/cm3  or less or lx1018  atoms/cm3  or less or lx1017  atoms/cm3  or less or lx1016  

atoms/cm3  or less. 

5 24. The method as claimed in any one of claims 11 to 23 wherein the si con 

surface p-type diffused layers have peak doping concentrations of 1x1018  ato 	s/cm3  

or less or lx1017  atoms/cm3  or less or lx1016  atoms/cm3  or less. 

25. The method as claimed in any one of claims 16 to 23 wherei 	the silicon 

surface boron diffused layers have peak doping concentrations of lx1018  atoms/cm3  or 

10 less or lx1017  atoms/cm3  or less or lx1016  atoms/cm3  or less. 

26. The method as claimed in any one of claims 17 to 23 	herein the silicon 

surface galium diffused layers have peak doping concentration of lx1018  atoms/cm3  

or less or I x10'7  atoms/cm3  or less or lx1016  atoms/cm3  or le • . 

27. The method as claimed in any one of claims 18 o 23 wherein the silicon 

15 surface aluminium diffused layers have peak dopi 1 	concentrations of 1x1018  

atoms/cm3  or less or lx1017  atoms/cm3  or less or !xi' f' atoms/cm3  or less. 

28. The method as claimed in any one of claim 	to 27 wherein the processing 

method is enhanced by heating the silicon photo oltaic junction device to a 

temperature less than 500°C, or 400°C, or 350 	, or 300°C, or 250°C, or 200°C, or 

20 150°C, or 100°C, or 50°C while the silicon 	otovoltaic junction device is 

illuminated. 

29. The method as claimed in any 9  e of claims 1 to 28 wherein the step of 

heating the device is followed by a doling step, and illumination of the device is 

continued during the cooling step, / 

25 30. The method as claimed 	any one of claims 1 to 28 wherein the step of 
i 

heating the device to at least/40°C is followed by a cooling step, and illumination is 

varied during the cooling 1ep, to control the amount of hydrogen in a given charge 

state. 

31. The methods claimed in claim 29 or 30 wherein illumination is maintained 

30 or varied during f  he cooling step, while the temperature is reduced to below a 

predetermined 	eshold. 

32. The 	ethod as claimed in claim 29 or 30 wherein illumination is maintained 

or varied 	ring the cooling step, while the temperature is reduced back below 100°C. 

33. e method as claimed in claim 29 or 30 wherein illumination is maintained 

35 or v 	ed during the cooling step, while the temperature is reduced back to an ambient 

to 	perature. 

/.4 	The method as claimed in any one of claims 1 to 33 wherein minority carrier 

i concentrations are controlled during a cool-down period after heating the device, by 
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illuminating the device while the device is cooling to maintain hydrogen charge states 

during cool-down which minimise reactivation of defects to which hydrogen has 

previously bound. 

35. The method as claimed in any one of claims 1 to 34 wherein the process is a 

5 process performed at temperatures greater than 200°C, after a hydrogenation pro' - ss 

has been performed on the device. 

36. The method as claimed in claim 35 wherein after the processes perf 	ed at 

temperatures greater than 200°C, after a hydrogenation process has been , erformed 

on the device, the device is cooled and illumination of the device with 	hydrogen 

10 source present is continued while the device cools. 

17. 	The method as claimed in any one of claims 1 to 36 wher 	n the process is 

performed on a region of the device, by performing the heatin 	ocally on region of 

the device to be processed in the presence of the light sourc 

38. The method as claimed in any one of claims I to 	wherein the process is 

15 performed on a region of the device, by performing th 	eating locally on a region of 

the device adjacent to the region to be processed, in 	e presence of the light source. 

39. The method as claimed in any one of clai s s 1 to 38 wherein a laser is used to 

perform both the heating and illumination func, ons simultaneously. 

40. The method as claimed in any one o 	laims 1 to 39 wherein the hydrogen 

20 sources comprise a layer or layers of silicr,n nitride, silicon oxynitride or layers of 

amorphous silicon. 

41. The method of claim 40 whey in the hydrogen sources are deposited onto 

surface passivating layers compri 	ng silicon dioxide and aluminium oxide. 

42. The method as claimed/ 	any one of claims I to 41 wherein the hydrogen 

25 sources comprise a layer or 	yers of aluminium oxide. 

43. The method as cla 	ed in any one of claims 1 to 41 wherein the hydrogen 

sources comprise or fo fi mg gas or plasma source of atomic hydrogen. 

44. The method 	claimed in any one of claims 1 to 43 wherein the device is 

absent of any by 	gen sinks. 

30 45. The method as claimed in claim 44 wherein the device is absent of a hydrogen 

sink which i 'one of a metal/silicon interfaces, a region of the silicon with excessive 

levels of 	ntaminants or a region of the silicon with a doping impurity above the 

solid ss ubility level of the impurity in silicon. 

46. The method as claimed in any one of claims 1 to 43 wherein the device 

35 i 	ludes a hydrogen sink. 

47. The method as claimed in claim 46 wherein the device includes a hydrogen 

sink which is one of a metal/silicon interface or a region of the silicon containing 

excessive levels of contaminants or a region of the silicon containing a doping 
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impurity above the solid solubility level of the impurity in silicon, and the method 

further comprises isolating the hydrogen diffused into the silicon device from the 

hydrogen sink. 

48. The method of claim 46 wherein a region of impurity is created with an 

5 impurity type and concentration profile to create an internal electric field within t;  

silicon which inhibits movement of the hydrogen towards the hydrogen sink to 

thereby isolate the hydrogen diffused into the silicon device from the hydro 	n sink. 

49. The method of claim 46 wherein dopant concentration is increase •,%n a region 

around the sink to control the hydrogen charge state in the region arou 	the sink to 

10 thereby reduce the mobility for hydrogen to isolate the hydrogen difpiSed into the 

silicon device from the hydrogen sink. 

50. The method of claim 49 wherein increased dopant conc 	tration in a region 

around the sink does not extend to isolate the bulk of the sili•in to be processed from 

the surface through which the hydrogen must diffuse. 

15 51. The method of as claimed in any one of claims 	to 50 wherein the device has 

a metal silicon/interface, the method further compris 	g forming an isolation region 

between the metal silicon/interface and the bulk o 	he silicon to be processed, the 

isolation region being doped with a dopant of t 	same polarity as the bulk of the 

silicon to be processed and at a concentratio 	greater than 1019. 

20 52. The method of as claimed in any o 	of claims 1 to 50 wherein the device 

comprises a p-type wafer which has a 	al silicon/interface for electrical connection 

to the p-type bulk of the device, the 	thod further comprising forming an boron 

doped region between the metal si con/interface and the p-type bulk of the silicon 

device, the isolation region bei = doped at a concentration greater than 1019. 

25 53. The method of as clai 	ed in any one of claims 1 to 50 wherein the device 

comprises an n-type wafer 	hich has a metal silicon/interface for electrical 
/ 

connection to the n-type,bulk of the device, the method further comprising forming an 

phosphorous doped reion between the metal silicon/interface and the n-type bulk of 

the silicon device,,,the isolation region being doped at a concentration 1019. 

30 54. The methOd as claimed in any one of claims 1 to 53 wherein an electric field is 

applied to promote diffusion and/or drift of hydrogen toward regions to be 

hydrogena ed. 

55. e method as claimed in any one of claims 1 to 54 wherein an electric field is 

appli 	to inhibit diffusion and/or drift of hydrogen out of the device after 

35 hy 	ogenation. 

6. 	The method as claimed in any one of claims 54 or 55 wherein the electric field 

is an electrostatic field created or enhanced by applying layers of dielectric material to 

a surface of the device. 
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57. The method as claimed in any one of claims 54 or 55 wherein an electric field 

is an electrostatic field created or enhanced by charging a surface of the device with 

an electrostatic gun. 

58. The method as claimed in any one of claims 54 or 55 wherein the electric fie 

5 is a field applied externally to the device. 

59. The method as claimed in any one of claims 1 to 58 wherein the silicon/  

photovoltaic junction device has a structure designed to minimise the escape lf 

hydrogen from the active area after hydrogenation processing the method 	rther 

comprising forming a doped barrier region having a doping concentrati n level 

10 greater than an adjacent hydrogenated region. 

60. The method as claimed in any one of claims 1 to 59 where 	the silicon 

photovoltaic junction device has a structure designed to minimi 	the escape of 

hydrogen from the active area after hydrogenation processin a the method further 

comprising forming a hydrogen source at both surfaces of 	e silicon photovoltaic 

15 junction device. 

61. The method as claimed in any one of claims 1. o 60 wherein an intensity of 

illumination applied to the device is varied during 	e hydrogenation or other thermal 

process. 

62. The method as claimed in claim 61 w 	rein the intensity of illumination 

20 applied to the device is increased during a f .oling stage after the hydrogenation or 

other thermal process. 

63. The method as claimed in any one of claims 62 wherein the intensity of 

illumination applied to the device i 	increased with decreasing temperature of the 

device. 

25 64. The method as claime 	in claims 63 wherein during a hydrogenation process, 

or during a process perfo 	d at greater than 200°C after hydrogenation and /or 

during cooling after suc 	a process, illumination applied to the device is pulsed. 

30 

65. The method as/  laimed in claims 1 to 64 wherein during hydrogenation, a 

process performed 	greater than 200°C after hydrogenation and /or during cooling, 

the source of ill 	'nation is an array of LEDs. 

66. The m 	hod as claimed in claims 1 to 65 wherein a source of illumination 

during hydra genation, a process performed at greater than 200°C after hydrogenation 

and /or daring cooling, is one or more infra-red lamps. 

67, 	sf  he method as claimed in claims I to 65 wherein a source of illumination 

35 dui' g hydrogenation, a process performed at greater than 200°C after hydrogenation 

d /or during cooling, is a laser. 

68. 	The method as claimed in claims 1 to 67 wherein a hydrogenation process or a 

process performed at greater than 200°C after hydrogenation, is performed in a belt 
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furnace having separate heating and cooling zones each of which are provided with 

illumination to illuminate the device during heating and cooling steps. 

67. 	The method as claimed in any one of claims 1 to 66 wherein the intensity of 

illumination applied to the device is controlled to maintain the Fermi level at a valu 

of 0.5 to 0.22ev above mid-gap. 
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CLAIMS: 

1. A method of processing silicon, with a hydrogen source present, for use in the 

fabrication of a 	photovoltaic device having 	at least one rectifying junction, 	the 	method 

comprising heating at least a region of the device to at least 100 °C while simultaneously 

illuminating at least some of the device with at least one light source whereby the cumulative 

power of all the incident photons with sufficient energy to generate electron hole pairs within the 

silicon is at least 20 mW/cm2. 

2. The method of claim 1 wherein photons generated by the at least one light source 

having sufficient energy to generate electron hole pairs in the silicon comprise at least 70% of 

the total cumulative power of all photons incident on the device from the at least one light 

source. 

3. The method as claimed in claim 1 wherein the heating of the device is provided to at 

least 200 °C. 

4. The method as claimed in claim 1 wherein the method further comprises ensuring that 

any silicon surface n-type doped layers through which hydrogen must diffuse have peak doping 

concentrations of 1x102°  atoms/cm3  or less. 

5. The method as claimed in claim 1 the method further comprising ensuring that any 

silicon surface p-type doped layers through which hydrogen must diffuse have peak doping 

concentrations of 1x1019 atoms/cm3  or less. 

6. The method as claimed in claim 1 the method further comprising providing one or more 

hydrogen sources accessible by a front surface and a rear surface of the device. 

7. The method as claimed in claim 1 wherein the hydrogen source is a hydrogen source 

contained within the device. 

8. The method as claimed in claim 1 wherein the hydrogen source is a hydrogen source 

located externally of the device. 

9. The method as claimed claim 1 wherein the step of heating of the device to at least 

100 °C is followed by cooling of the device, and illumination is varied during the cooling, to 

control the amount of hydrogen in a given charge state. 
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10. The method as claimed in claim 9 wherein illumination is maintained or varied during 

the cooling step, until the temperature is reduced to below a predetermined threshold. 

11. The method as claimed in claim 9 wherein illumination is maintained or varied during 

the cooling step, until the temperature is reduced back below 100 °C. 

12. The method as claimed in claim 	1 	wherein after a processes is performed at 

temperatures greater than 200 °C, after a hydrogenation process has been performed on the 

device, the device is cooled and illumination of the device with a hydrogen source present is 

continued while the device cools. 

13. The method as claimed in claim 1 wherein an intensity of illumination applied to the 

device is varied during the hydrogenation or other thermal process. 

14. The method as claimed in claim 1 wherein during a hydrogenation process, or during a 

process performed at greater than 200 °C after hydrogenation and/or during cooling after such 

a process, illumination applied to the device is pulsed. 

15. The method as claimed in any claim 1 wherein the intensity of illumination applied to 

the device is controlled to maintain the Fermi level at a value of 0.5 to 0.22 ev above mid-gap. 

16. The method as claimed in claim 1 wherein the heating of the device is provided to at 

least 300 °C. 

17. The method as claimed in claim 1 wherein the hydrogen sources comprise a layer or 

layers of PECVD deposited material containing oxygen. 

18. The method as claimed in claim 1 wherein hydrogen atoms passivate recombination 

sites within the device to increase wafer minority carrier lifetimes. 

19. The method as claimed in claim 17 wherein hydrogen atoms passivate recombination 

sites within the device to increase wafer minority carrier lifetimes by at least a factor of two. 

20. The method as claimed in claim 1 wherein after heating the device, the device is 

rapidly cooled by blowing cool air onto the device. 

21. The method as claimed in claim 1 wherein a localised region which is hotter than a 

remainder of the device is rapidly cooled by transfer of heat to the remainder of the device 

acting as a heat sink. 


