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ABSTRACT 

The Surface recombination Velocity of a silicon sample is 
reduced by deposition of a thin hydrogenated amorphous 
silicon or hydrogenated amorphous silicon carbide film, fol 
lowed by deposition of a thin hydrogenated silicon nitride 
film. The surface recombination velocity is further decreased 
by a Subsequent anneal. Silicon Solarcell structures using this 
new method for efficient reduction of the surface recombina 
tion Velocity is claimed. 
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FIGURE 3a 
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FIGURE 3b 
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SURFACE PASSIVATION OF SILICON BASED 
WAFERS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a Divisional of copending appli 
cation Ser. No. 1 1/918,325, filed Mar. 4, 2008. U.S. applica 
tion Ser. No. 1 1/918.325 is a National Phase Application of 
PCT International Application No. PCT/NO2006/000139, 
filed on Apr. 12, 2006, which claims priority under 35 U.S.C. 
119(e) to U.S. Provisional Application No. 60/671,081, filed 
on Apr. 14, 2005. The entire contents of each of the above 
applications are hereby expressly incorporated by reference 
into the present application. 

FIELD OF THE INVENTION 

0002. This invention relates to reduction of the surface 
recombination Velocity, also described as Surface passivation, 
of silicon semiconductor Samples such as silicon wafer based 
Solar cells. The invention allows such surface passivation of 
very high quality to be obtained at a low manufacturing cost, 
with simple implementation in existing silicon device manu 
facturing processes. 

BACKGROUND 

0003. It is widely known that a bare silicon sample con 
tains a large amount of Surface states, at which injected or 
photogenerated minority carriers can recombine. Thus, for 
silicon based devices where transport of minority carriers are 
crucial for efficient operation, such as in silicon based Solar 
cells, reduction of the surface recombination velocity by a 
Surface passivation technique is extremely important. 
0004 Most industrially manufactured solar cells are pres 
ently consisting of a single crystalline or polycrystalline 
wafer of one type of conductivity, with a thin diffused layer of 
the other conductivity present at one surface. Atop this Sur 
face, which is exposed to light during operation, a thin hydro 
genated silicon nitride film is commonly deposited to obtain 
Some degree of Surface passivation (see e.g. R. Hezel et al., 
Journal of Applied Physics 52, (1981) pp. 3076-3079). This 
film also acts as an anti-reflection coating to increase the light 
trapping in the device. Such silicon nitride films can be depos 
ited by, among other techniques, plasma deposition from a 
Source gas mixture of SiH4 and NH. Contact metallization is 
then achieved by e.g. Screen printing an array of contacts on 
the light-receiving Surface as well as a back contact layer with 
soldering pads at the reverse surface of the cells, and electrical 
contacts to the silicon device is obtained by a Subsequent 
firing process. Although the above Solar cell structure is suc 
cessful in achieving decent current conversion efficiencies, it 
is generally accepted that as the material quality of the silicon 
wafers increases, better passivation of surface defects is nec 
essary in order to further increase the conversion efficiency of 
Such solar cells. 
0005. During the past years, other cell structures that over 
come some of the limitations behind the above mentioned 
structure have been presented. Specifically, reduction in the 
light shadowing at the front Surface has been proposed and 
verified through collection of both polarity current collection 
terminals at the reverse Surface, i.e. the Surface not primarily 
exposed to light, of the Solar cells. Roughly, methods for 
obtaining such reduced shadowing can be divided in two 
groups as described in the following. Firstly, the solar cells 
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may incorporate a carrier collecting region on the light-re 
ceiving Surface, in combination with methods to pass current 
through or around the Substrate to a connection area on the 
back Surface. Current can be passed from a collection grid on 
the light-receiving Surface to the back Surface around the 
edges of the Solar cell by incorporation of metallized regions 
on one or several sides of the cells, often referred to as met 
allization wrap around (MWA), (see B. T. Cavicchi et al., 
“Large area wrap around cell development”. Proc. 16' Euro 
pean PVSEC, 1984: W. Joos et al., “Back contact buried 
contact Solar cells with metallization wrap around elec 
trodes”, Proc. 28' IEEE PVSC, 2000). Alternatively, current 
can be passed to the back Surface through metallized holes (or 
vias) through the substrate, often referred to as metallization 
wrap through (MWT) when a current collection grid is 
present on the light-receiving Surface, or emitter wrap 
through (EWT) when no such collection grid is present, (see 
U.S. Pat. No. 3,903,42, G.J. Pack: U.S. Pat. No. 5,468,652, J. 
M. Gee: U.S. Pat. No. 6,384.317B1, E. Van Kerschaver et al.: 
US Pat. No. 2004/0261840A1, R. M. Schmit et al.; Interna 
tional Pat. No. WO 2005/006402A2, R. M. Schmit et al.). 
Secondly, there may be no carrier collection region on the 
light receiving Surface, both charge type carriers being col 
lected at current collection contact regions solely at the back 
surface of the cells (see U.S. Pat. No. 4,395,583, A. Meulen 
berg; U.S. Pat. No. 4,478,879, C. R. Baraona et al.; U.S. Pat. 
No. 4,838,952, H. G. Dill et al.; U.S. Pat. No. 4,927,770, R. 
M. Swanson). 
0006 Especially in the latter of the above mentioned tech 
niques, i.e. Solar cell structures employing no carrier collec 
tion junction at the light receiving Surface, efficient Surface 
passivation of the front surface is essential for efficient opera 
tion. In addition to Surface passivation by deposition of a thin 
hydrogenated silicon nitride film as described above, another 
method to achieve efficient surface passivation used both in 
sensor devices and silicon Solar cells is deposition of a thin 
hydrogenated amorphous silicon layer. Hydrogenated amor 
phous silicon film can be manufactured by, among other 
techniques, plasma deposition from a SiH precursor gas. In 
the case of amorphous silicon thin films, a technological 
barrier is the lack of stability of the surface passivation upon 
high temperature treatments, limiting Subsequent device 
manufacturing to relatively low temperatures. In particular, 
for the use of amorphous silicon layers in Solar cell devices, 
the metallization of contacts are restricted to low temperature 
processes. This complicates device manufacturing, and pre 
sents a barrier for implementation of amorphous silicon films 
as a surface passivation layer in industrial manufacturing of 
Solar cells. 

PRIOR ART 

0007 South-Korean patent application No. 2002 
0018204 discloses depositing a first layer of amorphous sili 
con with thickness in the range of 1-20 nm, followed by 
depositing a layer of silicon nitride with refractive index in the 
range of 1.9-2.3. Both are deposited by PECVD (plasma 
enhanced chemical vapour deposition) at 300° C. using a 
mixture of SiH H for both layers and also NH when depos 
iting the silicon nitride layer. This dual layer shows a passi 
vation effect that is higher than the additive effect expected 
from one single layer of amorphous silicon and one single 
layer of silicon nitride. 
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OBJECTIVE OF THE INVENTION 

0008. The main objective of the invention is to provide a 
method for obtaining an excellent Surface passivation of sili 
con based semiconductor wafers. 
0009. An object of the claimed invention is to provide 
methods for achieving highly efficient Surface passivation of 
silicon wafer based solar cells that are easily introduced in 
existing silicon device manufacturing processes, without 
imposing severe limits on Subsequent processing steps. 
0010. A further objective is to provide novel silicon based 
Solar cells with excellent Surface passivation based on depos 
iting a first layer of amorphous silicon and a second layer of 
silicon nitride. 

LIST OF FIGURES 

0011 FIG. 1a) shows measured effective recombination 
lifetime of high quality silicon samples treated with different 
Surface passivation techniques, compared with results 
obtained after annealing of an amorphous silicon/silicon 
nitride stack, in accordance with the present invention, and 
FIG. 1b) shows measured hydrogen distributions in the pas 
sivation layers and surface region of the silicon wafer for the 
samples presented in FIG. 1a). 
0012 FIG. 2a) illustrates one embodiment of the claimed 
invention, where a silicon Surface is passivated by a thin 
amorphous silicon or amorphous silicon carbide layer com 
bined with a thin silicon nitride layer. 
0013 FIG. 2b) illustrates another embodiment of the 
invention, where the Surface of the silicon sample underlying 
the passivation structure is doped substantially different from 
the rest of the silicon sample. 
0014 FIG. 3a) illustrates a method for fabrication of a 
Solar cell employing the invention, where the claimed method 
for achieving front Surface passivation is introduced in a 
conventional silicon Solar cell structure. 
0015 FIG. 3b) illustrates another method for fabrication 
of a Solar cell employing the invention, in which the claimed 
method for achieving front Surface passivation is introduced 
in a back-contacted Solar cell structure. 

DESCRIPTION OF THE INVENTION 

0016. The objectives of the invention may be obtained by 
the features set forth in the following description of the inven 
tion and/or in the appended claims. 
0017. The invention is based on the discovery that the dual 
passivation layer disclosed in South-Korean patent applica 
tion No. 2002-0018204 may be given a substantially 
increased passivation effect by performing agentle annealing 
after deposition of the layers. By gentle annealing, we mean 
an annealing at a temperature below the temperatures where 
the deposited passivation films are known to degrade. For 
example, the passivation effect is reported to be non-revers 
ible degraded at 300-350° C. in the case of using silicon 
nitride films, at less than 400° C. for amorphous silicon films, 
and at >500 °C. for combined amorphous silicon and silicon 
nitride films. 
0018 Thus the present invention relates to a method for 
obtainingan. efficient Surface passivation in single crystalline 
or polycrystalline (including multi-crystalline) silicon wafer 
based solar cells where a first hydrogenated amorphous sili 
con or hydrogenated amorphous silicon carbide thin film of 
thickness in. the range of 1-150 nm is deposited on the silicon 
wafer, followed by depositing a hydrogenated silicon nitride 
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thin film of thickness in the range of 10-200 nm atop the 
amorphous silicon or amorphous silicon carbon layer. Pref 
erably, but not limited to, the amorphous silicon or silicon 
carbide and silicon nitride films are deposited by plasma 
enhanced chemical vapor deposition (PECVD). The two 
films are preferably deposited in a Substantially single depo 
sition process. Examples of further preferred methods for 
deposition of the one or more passivation layer(s) include, but 
are not limited to; plasma enhanced chemical vapour deposi 
tion, low temperature chemical vapour deposition, low pres 
Sure chemical vapour deposition, or sputtering. 
0019. After deposition of the passivation films, the surface 
passivated wafer is annealed at a temperature in the range 
from about 300 to 600° C. Further, the present invention also 
relates to Solar panels made by wafers passivated according to 
the method described above. 

0020. The increase of the passivation effect by the anneal 
ing attemperatures up to 600°C. is a Surprising feature, since 
it is generally known that the passivation effect of amorphous 
silicon films severely degrades non-reversibly after being 
heated to temperatures above 300-350° C.; see for instance 
1. Thus it is generally assumed that use of amorphous sili 
con as Surface passivation means that low temperature met 
allization steps (below 300-350° C.) are required in the sub 
sequent process steps in order to preserve the Surface 
passivation. However, the present inventors have shown that 
this is not a general feature, and have thus made it possible to 
employ amorphous silicon films as Surface passivation at 
higher temperatures. And have thus, due to the higher tem 
perature stability of the dual Surface passivation layer com 
pared to e.g. solely an amorphous silicon layer, allowed using 
this film without loss of passivation effect for both back 
contacted Solar cell structures and more traditional Solar cell 
Structures. 

0021 Studies performed by the present inventors show 
that the increased passivation effect is probably due to diffu 
sion of hydrogenatoms into the boundary region of the crys 
talline silicon substrate. Without being bound by theory, it is 
believed that these hydrogen atoms satisfies dangling bonds 
in the crystalline silicon and thus passivates the Surface region 
of the silicon wafer. These studies are presented in an article 
by the present inventors 2). FIG. 1 if 2 shows measure 
ments of the effective recombination times using the quasi 
steady-state photo-conductance technique. The figure shows 
that the passivation effect increases by increasing annealing 
temperature up to about 500° C., and then decreases rapidly 
with increasing temperature. Thus there is an optimum 
annealing temperature of about 500° C. FIG. 2 of 2 shows 
measured distributions of hydrogen by use of nuclear reaction 
analyses of the dual passivation layer and the Surface region 
of the silicon wafer at the different annealing temperatures. 
The figure shows that the measured hydrogen concentrations 
has a maximum at 500° C. annealing temperature of about 10 
atom '% H in the Surface region of the wafer. Annealing at 
higher or lower temperatures gives lesser hydrogen contents. 
A facsimile of FIG. 1 and FIG. 2 of 2 is given in this 
application as FIGS. 1a) and b), respectively. 
0022. Thus the claimed invention also includes silicon 
based wafers passivated by methods resulting in an in-diffu 
sion of hydrogen in the Surface region of the wafer, and Solar 
cells made from such wafers. The basis for this is found in the 
priority application US 60/671,081 filed on 14 Apr. 2005, 
which discloses the inventive method of annealing the dual 
layer described above. 
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PREFERRED EMBODIMENTS OF THE 
INVENTION 

0023 The invention will be described in more detail in the 
form of preferred embodiments, which by no means should 
be considered a limitation of the inventive idea of employing 
passivation films that result in an in-diffusion of hydrogen 
atoms into the Surface region of silicon wafers when subject 
to agentle annealing. The preferred embodiments of the Solar 
panels are based on silicon wafers which may be made from 
a mono-crystalline silicon, poly-silicon, or multi-crystalline 
silicon block. Also, the principle of the invention relates 
equally well to any silicon based device which is dependent 
on efficient transport of minority carriers through portions of 
the device. 

First Preferred Embodiment of the Invention 

0024. The first preferred embodiment of the invention is a 
method for passivating a silicon wafer. 
0025. The preferred method for depositing the dual passi 
vation layer is as follows: The wafer (1a, 1b) is cleaned by 
immersion in a HSOHO solution followed by an oxide 
removal in diluted HF. Then the wafer is introduced into a 
plasma enhanced chemical vapour deposition chamber 
(PECVD-chamber), and an amorphous silicon film with 
thickness 1-150 nm, preferably about 10-100 nm is deposited 
by use of SiH4 as sole precursor gas. Then a layer of silicon 
nitride is deposited by use of a mixture of SiHa and NH as 
precursor gases in the PECVD-chamber. The thickness of the 
silicon nitride film should be in the range of 10-200 nm, 
preferably about 70-100 nm. The deposition temperature in 
the PECVD-chamber is about 250° C. for both films. The 
passivation procedures is fmalised by heating the wafers to a 
temperature in the range of 350-550° C., preferably around 
500° C. for a short period, preferably about four minutes. The 
precursor gases may comprise from 0 to about 50 mol % 
hydrogen gas. 
0026. The investigations made by the inventors on monoc 
rystalline silicon wafers is summarised in FIGS. 1a) and 1b). 
FIG. 1a) is a summary of results of effective minority carrier 
recombination lifetime, as measured at an injection level of 
1x10" cm using the quasi-steady-state photoconductance 
technique (For a presentation of the measuring technique, see 
for example R. A. Sinton et al., Applied Physics Letters 69, 
(1996) pp. 2510-2512). The samples measured were p-type 
silicon samples manufactured by the Czochralski process, 
which received surface passivation layers at both sides of the 
sample. The layers were deposited as given above. The need 
for deposition of layers at both surfaces of the samples for 
efficient measurements is apparent to all those skilled in the 
field, and should thus not be considered as a limitation of the 
invention. 
0027. It is apparent from the data in FIG.1a) that indepen 
dent layers of both a hydrogenated silicon nitride film (thick 
ness 80 nm) and a hydrogenated amorphous silicon film 
(thickness 100 nm) individually exhibit some degree of sur 
face passivation of the underlying silicon sample, with mea 
sured effective recombination lifetimes in the range of 50-100 
us. Interestingly, though, the deposition a dual Surface passi 
Vation layer consisting of a first hydrogenated amorphous 
silicon film (thickness 100 nm) followed by an overlying 
hydrogenated silicon nitride film (thickness 80 nm), both 
films deposited at a temperature of 250° C., reveals a mea 
sured effective lifetime of about 220 us, that is 2-3 times 
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higher than the single films alone. However, the dual passi 
vation film annealed at 500° C. shows an efficient recombi 
nation of about 780 LS, almost one order of magnitude higher 
than the individual layers alone and about 3 times as efficient 
as the dual layer with no annealing. As previously mentioned, 
the poor temperature stability of amorphous silicon films sets 
a strict restriction of possible conditions during the process 
steps following the Surface passivation of silicon wafers. In 
the case of a combined amorphous silicon/silicon nitride 
structure, however, it is readily seen from FIG. 1a) that the 
surface passivation is stable up to at least 500°C. In addition 
to the increased temperature stability, the figure shows the 
Surprising result that the Surface passivation even improves 
after Subsequent annealing. Further, upon annealing at tem 
peratures above 500°C., the surface passivation will degrade, 
thus there exists a temperature window for subsequent ther 
mal treatments in order to retain the passivation properties of 
the structure. 
0028 FIG. 1b) shows hydrogen distributions in the dual 
passivation layers (2, 3) and the Surface region of the wafer 
(1a) measured by nuclear reaction analyses. The measure 
ments are performed on the same samples presented in FIG. 
1a), and it may be seen that there is a correlation between the 
hydrogen concentration at the Surface region of the silicon 
wafer (1a) and the obtained effective recombination times. 
That is, the effective recombination times is related to the 
hydrogen concentration in the Surface region of the silicon 
wafer, and that the hydrogen concentration at the Surface 
region of the silicon wafer in the sample with the best 
obtained recombination times (the dual passivation layer 
annealed at 500° C.) is about 10 atom%. Thus it is believed 
that the reason for the markedly increased passivation effect 
of the annealing according to the inventive method is due to 
diffusion of hydrogen atoms into the boundary region of the 
crystalline silicon Substrate which satisfies dangling bonds in 
the crystalline silicon. It should be noted that annealing at 
higher or lower temperatures gives lesser hydrogen contents 
in the Surface region of the silicon wafer, and corresponding 
lower effective recombination times. 
0029. The measurements presented in FIGS. 1a) and 1b) is 
taken from an article presented after the priority date of this 
application. The claimed invention does nevertheless contain 
silicon wafers/solar panels where the Surface region is passi 
vated by a dual layer film which is annealed such that the 
surface region of the wafer is more or less saturated with 
hydrogenatoms. It should be noted that the priority document 
discloses all features of the inventive method of surface pas 
Sivating silicon wafers, such that the hydrogen content is only 
a discovery explaining why the inventive method has an unex 
pected passivation effect. 
0030 The investigations has indicated that the best mode 
of the invention is silicon wafers passivated with a first layer 
of about 10-100 nm thickamorphous silicon film (2) followed 
by a second layer of about 70-100 nm thick silicon nitride film 
(3), which is heated to about 500° C. for four minutes after 
deposition. Even though the investigations are performed on 
a monocrystalline silicon wafer, the best mode includes 
wafers of polycrystalline and multicrystalline silicon passi 
vated with the dual film defined above. 

Second Preferred Embodiment of the Invention 

0031. The second preferred embodiment of the invention 
is a silicon wafer passivated at least on one side with the layers 
deposited by the method according to the first preferred 
embodiment. 
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0032 FIG. 2a) is a cross sectional view from the side of a 
preferred embodiment of the invention, where a silicon 
sample (1a) of either n- or p-type conductivity receives a 
deposition of a layer 2 of intrinsic hydrogenated amorphous 
silicon or hydrogenated amorphous silicon carbide of thick 
ness in the range 1-150 nm. Atop layer (2) is deposited a 
hydrogenated silicon nitride thin film (3) of thickness 10-200 
nm. The complete structure can then optionally be annealed 
to optimize the Surface passivation at a suitable temperature 
preferably in the range 300-600° C. 
0033 FIG.2b) is a cross sectional view from the side of the 
second preferred embodiment of the invention, where a sili 
con sample of one type conductivity (n- or p-type) (1a) has a 
layer of silicon with either the same or the opposite type 
conductivity (1b) of substantially higher conductivity com 
pared to the silicon region (1a). Typically, but not limited to, 
the concentration of dopant (acceptor- or donor-type) in sili 
con layer (1b) is 3-5 orders of magnitude higher than in the 
silicon region (1a). The higher conductivity layer (1b) can be 
fabricated by in-diffusion or ion implantation of a suitable 
dopant into layer (1a), or by deposition of a appropriately 
silicon layer by a large range of various deposition tech 
niques. Atop the higher conductivity silicon region (1b) is 
deposited an intrinsic hydrogenated amorphous silicon or 
hydrogenated amorphous silicon carbide film (2) of thickness 
1-150 nm. Atop layer (2) is deposited a hydrogenated silicon 
nitride thin film (3) of thickness 10-200 nm. The complete 
structure can then optionally be annealed to optimize the 
Surface passivation at a suitable temperature preferably in the 
range 300-600° C. 
0034. The best mode of the second preferred embodiment 

is either a mono-crystalline, poly-crystalline, or multi-crys 
talline silicon wafer (1a) of one type of conductivity (n- or 
p-type) with a dual passivation layer of one amorphous sili 
con film (2) and one silicon nitride film (3), and at least one 
diffused layer (1b) with the other type of conductivity (p- or 
n-type) of the wafer also with a dual passivation layer of one 
amorphous silicon film (2) and one silicon nitride film (3). 
The passivation layer should preferably be deposited on both 
sides, but may only be deposited only on one side of the wafer 
(1a, 1b). The layers in the best mode of the invention is the 
same as given in the first preferred embodiment of the inven 
tion; about 10-100 nm thick amorphous silicon film (2) fol 
lowed by a second layer of about 70-100 nm thick silicon 
nitride film (3), which is heated to about 500° C. for four 
minutes after deposition. 

Third Preferred Embodiment of the Invention 

0035. The third preferred embodiment of the invention is a 
solar cell passivated with the method according to the first 
preferred embodiment. 
0036 FIG.3a) shows a cross-sectional view from the side 
of a preferred embodiment of a solar cell according to the 
invention. The figure shows a silicon wafer (1a) of monoc 
rystalline or polycrystalline (including multi-crystalline) 
nature of one type conductivity (n- or p-type) including a 
silicon layer (1b) of the other type conductivity, processed by 
e.g. in-diffusion of a suitable dopant into the silicon wafer 
(1a). Atop the silicon layer (1b) is deposited an intrinsic 
hydrogenated amorphous silicon or hydrogenated amor 
phous silicon carbide film (3) of thickness 1-150 nm. Atop 
layer (2) is deposited a hydrogenated silicon nitride thin film 
(3) of thickness 10-200 nm. A current collection grid (4) for 
the one polarity carrier is then deposited on top of the silicon 
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nitride film (3). On the back-side surface is deposited a cur 
rent collection region (5) for the other polarity carrier, as well 
as Soldering pads (6) for interconnection of individual Solar 
cells in a module. Methods for forming the contact regions (4. 
6, and 6) include, but are not limited to, screen-printing metal 
containing pastes or evaporation of appropriate metals. The 
complete structure is then heated for combined contact firing 
and annealing of the Surface passivation stack consisting of 
layers (2 and 3). The temperature for combined contact firing 
and passivation optimization is preferably in the range of 
300-600° C. 
0037. The best mode of the third preferred embodiment 
employs the same Surface passivation as the best mode of the 
second preferred embodiment on both sides of the silicon 
wafer, which may be either a mono-crystalline, poly-crystal 
line, or multi-crystalline silicon wafer (1a) of one type of 
conductivity (n- or p-type) with at least one diffused layer 
(1b) with the other type of conductivity (p- or n-type), and 
where the passivation layers is a first layer of about 10-100 nm 
thickamorphous silicon film (2) followed by a second layer of 
about 70-100 nm thick silicon nitride film (3), which is heated 
to about 500° C. for four minutes after deposition. 

Fourth Preferred Embodiment of the Invention 

0038. The fourth preferred embodiment is a second aspect 
of a preferred solar cell passivated with the method according 
to the first preferred embodiment. 
0039. This preferred embodiment is an example where the 
passivation is only applied on the front side of the silicon 
wafer, and is illustrated in FIG. 3b) which shows a cross 
sectional view from the side. The figure shows a silicon based 
solar cell (1) having both polarity current collection terminals 
(7) and (8) on the same surface of the cell. Such a back 
contact Solar cell may consist of, but not limited to, an emitter 
wrap through cell or a metal wrap through cell having a 
current collection regions on the light-receiving Surface com 
bined with a method for passing the collected carriers to the 
opposite Surface, or a back-contacted cell in which no Such 
carrier collection region is present at the light-receiving Sur 
face. Atop the light-receiving Surface of the silicon Solar cell 
(1) is deposited an intrinsic hydrogenated amorphous silicon 
or hydrogenated amorphous silicon carbide film (2) of thick 
ness 1-150 nm. Atop layer (2) is deposited a hydrogenated 
silicon nitride thin film (3) of thickness 10-200 nm. The 
complete structure can then optionally be annealed to opti 
mize the Surface passivation at a Suitable temperature prefer 
ably in the range 300-600° C. 
0040. The best mode of the fourth preferred embodiment 
employs the same Surface passivation as the best mode of the 
second preferred embodiment, but now only on. the front side 
of the silicon wafer, which may be either a mono-crystalline, 
poly-crystalline, or multi-crystalline silicon wafer (1a) of one 
type of conductivity (n- or p-type) with at least one diffused 
layer (1b) with the other type of conductivity (p- or n-type), 
and where the passivation layers is a first layer of about 
10-100 nm thick amorphous silicon film (2) followed by a 
second layer of about 70-100 nm thick silicon nitride film (3), 
which is heated to about 500° C. for four minutes after depo 
sition. The diffused layer (1b) is not shown in the figure. 
0041 While preferred embodiments of the invention have 
been described, it is understood that various modifications to 
the disclosed processes and methods may be made without 
departing from the underlying spirit of the invention or the 
Scope of the Subsequent claims. 
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1. A method for Surface passivation of silicon based semi 
conductors, wherein the method comprises: 

cleaning the Surface of the semiconductor that is to be 
passivated, 

removing the oxide film on the Surface of the semiconduc 
tor that is to be passivated, 

depositing an amorphous silicon film directly on the Sur 
face of the semiconductor that is to be passivated, 

depositing a silicon nitride film on top of the deposited 
amorphous silicon film, and 

annealing the wafer with the deposited passivation at a 
temperature in the range from about 300 to about 600° C. 

2. The method according to claim 1, wherein—the clean 
ing of the Surface of the semiconductor is obtained by immer 
sion in a H2SO:HO Solution, and 

the removal of the oxide layer is obtained by immersion in 
diluted HF. 

3. The method according to claim 1, 
wherein 

the deposition of the passivation layers is obtained by 
one or more of the following techniques; plasma 
enhanced chemical vapour deposition, low tempera 
ture chemical vapour deposition, low pressure chemi 
cal vapour deposition, or sputtering. 

4. The method according to claim 3, 
wherein the deposition of the passivation layers is obtained 

by: 
introducing the cleaned semiconductor into a plasma 

enhanced chemical vapour deposition chamber, 
depositing a 1-150 nm thick amorphous silicon film by 

use of SiH as a precursor gas at about 250°C., 
depositing a 10-200 nm thick silicon nitride film by use 

of a mixture of SiHa and NH as precursor gases at 
about 250° C., and finally 

annealing the wafer with the deposited passivation lay 
ers at a temperature in the range from about 350 to 
about 550° C. 

5. The method according to claim 4, 
wherein 

the precursor gases used for plasma enhanced chemical 
vapor deposition of either the amorphous silicon 
layer, the silicon nitride layer, or both layers, also 
contain hydrogen gas. 

6. The method according to claim 1, wherein 
the amorphous silicon passivation layer is a silicon carbide 

film. 
7. The method according to claim 6, 
wherein 

the first deposited passivation layer is a silicon carbide 
film of thickness 1-150 nm. 

8. A Surface passivated silicon wafer comprising: 
a silicon semiconductor wafer of one type of conductivity 

(p- or n-type) having a at least one thin diffused layer of 
the other type conductivity (n- or p-type), and 
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a deposited dual Surface passivation layer/film directly on 
at least the first (light receiving side) Surface, the depos 
ited dual Surface passivation layer being made of a first 
layer of amorphous silicon film on the wafer and a sec 
ond layer of silicon nitride film on the first layer, 

wherein the wafer and the deposited dual layer is annealed at 
a temperature of 300-600° C. such that the surface region of 
the silicon wafer is at least partially saturated by in-diffusion 
of hydrogen atoms. 

9. The surface passivated silicon wafer according to claim 
8, 

wherein 
the first deposited passivation layer is a silicon carbide 

film. 
10. A Solar cell comprising: 
a silicon semiconductor wafer of one type of conductivity 

(p- or n-type) having a at least one thin diffused layer of 
the other type conductivity (n- or p-type), 

a deposited dual Surface passivation layer/film directly on 
both a first Surface (light receiving side) and a second 
surface (backside) of the silicon wafer, the deposited 
dual Surface passivation layer being made of a first layer 
of amorphous silicon film on the wafer and a second 
layer of silicon nitride film on the first layer, 

a current collection grid for the one polarity carrier depos 
ited on top of the dual Surface passivation layer on the 
first side of the wafer, 

a current collection grid for the other polarity carrier 
deposited on top of the dual Surface passivation layer on 
the backside of the wafer, and 

soldering pads for interconnection of Solar cells into a 
module, 

wherein the wafer and the deposited dual layer is annealed at 
a temperature of 300-600° C. such that the surface region of 
the silicon wafer is at least partially saturated by in-diffusion 
of hydrogen atoms. 

11. The solar cell according to claim 10, 
wherein the first deposited passivation layer is a silicon 

carbide film. 
12. A Solar cell comprising: 
a silicon semiconductor wafer of one type of conductivity 

(p- or n-type) having a at least one thin diffused layer of 
the other type conductivity (n- or p-type), 

a deposited dual Surface passivation layer/film directly on 
a first Surface (light receiving side) of the silicon wafer, 
the deposited dual Surface passivation layer being made 
of a first layer of amorphous silicon film on the wafer and 
a second layer of silicon nitride film on the first layer, 
and 

a current collection grid for the one polarity carrier and a 
current collection grid for the other polarity carrier 
deposited on a backside of the wafer, 

wherein the wafer and the deposited dual layer is annealed at 
a temperature of 300-600° C. such that the surface region of 
the silicon wafer is at least partially saturated by in-diffusion 
of hydrogen atoms. 

13. The solar cell according to claim 12, 
wherein the first deposited passivation layer is a silicon 

carbide film. 


