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Abstract
In the last years efforts were made to overcome the widespread screen printing metallization technique to reduce
shading of the front side, increase the finger conductivity, and improve the contact properties of the metallization of
crystalline silicon solar cells. A promising approach is plating via wet chemical metal deposition. Hereby, the metals
nickel as contact layer and copper or silver as conduction layer are alternatives to the thick film screen printing
process. One challenge using this technique is to avoid the unwanted background plating where the metal is not only
deposited on the opened emitter structures but also partly on the isolating surface of the silicon nitride layer.
In this paper a detailed overview of the origin of background plating is given, documented by scanning electron
microscope pictures. By cutting a groove in the surface of the sample and milling the unwanted metallization as well
as the silicon underneath in 12.5 nm steps with a focused gallium ion beam, it was possible to investigate the cross
sections by EDX and reveal different origins for the background plating behavior.
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1. Introduction
To improve today’s industrial solar cells, it might be beneficial to change the front side metallization to
reduce shading losses and obtain a lower series and contact resistance. A solution for these requirements
can be wet chemical metal deposition [1]. A sintered nickel seed layer enables a low contact resistance [2]
and a thick copper or silver layer on top of the contact layer provides a low series resistance [3]. In the
past, it was often observed that unwanted so called background or ghost plating between the desired metal
grid occurred during the metal deposition [4] (see Figure 1).
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Fig. 1. Section of a metal deposited sample showing massive copper background plating on the PECVD SiN x:H layer.

In this study a detailed research on the origin of background plating was started using a scanning
electron microscope (SEM) featuring a focused ion beam (FIB) device [5]. Herewith it is possible to mill
the samples, ablating the surface in nanometer steps and recording the obtained cross sections of the
samples. On spots of interest a spatially resolved elemental analysis was performed by energy dispersive
x-ray (EDX) spectroscopy.
2. Sample Preparation and Experiment
The experiment was carried out on B doped p-type 5x5 cm2 samples. All samples were cut out of 6
inch wafers with a laser.
To ensure that the phenomenon is not material dependant, we processed five Czochralski (Cz, 13 cm) and one Floating Zone (FZ, 1.7-2.3 cm) silicon sample. The samples were textured in a KOH
solution. Instead of an isopropyl alcohol a high boiling alcohol (HBA) was used [6]. In addition, an
untextured Cz sample with the saw damage removed in sodium hydroxide (NaOH) solution was also
prepared to investigate the influence of the texture. The samples were divided into two groups. One group
was cleaned in a diluted hydrochloric acid (HCl) followed by a DI (deionized) water rinse and a diluted
hydrofluoric acid (HF) dip. The second group was cleaned in Piranha solution (H2O2 + H2SO4), purged in
DI water and afterwards received the HF dip. Afterwards all samples obtained a 50 Ω/sq POCl3 emitter
diffusion followed by P-glass removal. The samples obtained a single sided anti-reflexion coating in a
plasma-enhanced chemical vapour deposition (PECVD) device via direct plasma (low frequency
440 kHz) at approx. 400°C in a horizontal boat. The samples were masked by an inkjet printer to form the
negative mask of the front grid and the SiNx:H layer was opened in diluted HF solution to open the
emitter structure. The mask was removed in a highly diluted potassium hydroxide solution (KOH)
afterwards. To simulate mechanical stress, two Cz samples, one cleaned in piranha solution the other in
HCl, were put in an ultrasonic DI water bath during mask removal for 3 min. All samples were fired in a
belt furnace, the silicon nitride layer not in contact with the belt. The samples were etched in diluted HF
to remove the native silicon oxide on the surface of the opened emitter structure before electroless nickel
was deposited for 210 s and the samples were sintered at 400°C for 3 min in a nitrogen purged tube
furnace. A thick copper layer was deposited by a galvanic method. The samples were rinsed in DI water.
After metallization the samples were cut into 1x1 cm2 pieces and investigated by SEM. To create cross
sections of the background plated areas, grooves were milled into the samples by a gallium FIB device.
Selected areas were ablated in 12.5-25 nm steps. The elemental composition of the cross sections was
analyzed by EDX on spots of interest. To reveal the origins of background plating the steps of sample
preparation were varied. The whole process chain is displayed in Figure 2.
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Fig. 2. Process flow of the experiment. The black, grey and black framed arrows show the process flow of the FZ, the NaOH etched
Cz and the four textured CZ samples. The grey boxes display the process steps that were not varied.

3. Results
First results for samples without ultrasonic bath indicate that the choice of material is not responsible
for background plating. The textured and Piranha cleaned FZ and Cz samples (Figure 3a) showed no sign
of background plating when investigated by SEM. The flat NaOH etched and the textured samples, which
were cleaned in HCl solution, showed slight signs of background plating. On these two samples unwanted
point-like copper depositions on the SiNx:H layer were detected, mainly in the finger regions (Figure 3b).
Compared to the textured sample the flat sample showed less background plating (Figure 3c).

Fig. 3. (a) Textured and Piranha cleaned samples. No background plating was found, (b) Textured HCl cleaned sample. Round
copper dots can be found on the surface. (c) NaOH etched sample. Less background plating in contrast to (b). (All samples without
ultrasonic bath)

An increase of background plating could be observed if the samples are affected by mechanical stress.
Neither the H2O2 + H2SO4 nor the HCl could prevent the background plating on the SiNx:H surface. As
mentioned above, an ultrasonic DI water bath was used to simulate mechanical stress during the sample
preparation.
The FIB investigations revealed three major effects of background plating. Hence these effects are
discussed separately.
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3.1. First effect: inhomogeneities
The first effect is caused by inhomogeneities of the SiNx:H layer. This effect was investigated on HCl
cleaned, textured and NaOH etched samples and was rarely found. The SiNx:H layer features about
200 nm wide disruptions (Figure 4b) where metal deposition can take place. It is also noted that this effect
is present on the side face of the pyramid. Due to the sphere-like structure of the copper layer, this effect
is approximately a point-like effect. Figure 4a shows the complete copper sphere before FIB milling.
Since the feature size of the SiNx:H disruption is very small, it was not possible to analyze it by EDX.
Possible reasons for the disruptions could be caused by particles or impurities on the emitter structure.
These could have caused the disruptions of the SiNx:H layer during deposition. This effect was not
observed on samples which were cleaned in Piranha solution. This may be a hint that this particle could
have an organic origin.

Fig. 4. (a) Copper sphere on a textured silicon surface; the sample was slightly tilted. (b) The cross section after FIB milling reveals
a disruption of the SiNx:H layer, probably caused by a particle located on the silicon surface during PECVD deposition.

3.2. Second effect: silicon residuals
The second effect of background plating is caused by small pieces of silicon residuals. The second
effect was only observed in the valleys between pyramids and will also cause dot-like metal background
plating. Figure 5a shows the deposited copper sphere. A cross section of the silicon impurity after milling
can be seen in Figure 5b. The size of the silicon piece was large enough to be identified by EDX analysis.

Fig. 5. (a) View of a deposited copper dot on a textured surface; the sample was slightly tilted. (b) Enlarged cross section of the
copper dot after FIB milling. A piece of silicon is located in the valley between two pyramids. The SiNx:H layer (marked by a line)
can be seen between the copper and the silicon piece.

Even the deposited nickel under the silicon piece was detected. This silicon piece served as a plating
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seed for nickel and copper, because the emitter region and the backside of the sample are not covered
with SiNx:H entirely. It was observed that by enhanced mechanical stress the Si residuals can fall off the
surface and increase the effect of background plating significantly. In that case the SiNx:H layer is opened
and the emitter structure is unfolded. The origin of these Si residuals is not clear yet. They could be
remainings of the texturing process.
3.3. Third effect: cracks
The third effect differs from the other ones concerning its geometry. It was observed that this effect is
not a point-like effect, but a 3-dimensional one. In Figure 6a, a plated copper “worm” is shown, caused by
a crack in the valley between two pyramids. This is detailed in Figure 6b where the crack is marked. The
EDX measurement showed that the crack is filled with nickel or nickel silicide due to the sintering step. It
has a dimension of approximately 500 nm in depth. Further investigations revealed up to 2 μm deep
cracks. If the crack in the surface is deep enough and filled with metal, it can cause shunting, because
base and emitter are contacted. For shallow emitters this can cause severe losses in fillfactor and voltage.
These cracks have two different origins. The first one can be explained due to mechanical stress affecting
the sample during ultrasonic treatment. The second effect could be remaining saw damage caused by a
too short texturing time. This was investigated in a different experiment, where the texturing time was
varied. These cracks were most commonly detected on samples which obtained an ultrasonic treatment.

Fig. 6. (a) Top view of a copper “worm” in the valley between two pyramids, the length is several microns. At the bottom the cross
section by FIB milling can be seen. (b) The cross section shows a continuous crack of about 500 nm depth filled with nickel.

4. Conclusion
By making use of the FIB technique it was possible to mill cuts into the samples and reveal the different
origins of background plating. It could be shown that background plating is a phenomenon caused by
several effects. Point-like effects such as impurities on the surface of the emitter or small pieces of silicon
under the SiNx:H layer in the grooves between pyramids could be identified as seeding points of the metal
deposition. 3-dimensional micro-cracks in the valley between two pyramids caused by mechanical stress
or insufficient texturing can also lead to background plating. During the whole investigations no “pin
holes” on the top of the pyramids were detected. The peaks of the pyramids were always covered by a
homogeneous SiNx:H layer. So far we can state that background plating is a phenomenon that most likely
appears in the valley between pyramids. These problems of background plating can be overcome by
adequate surface cleaning before silicon nitride deposition, for example a (H2O2 + H2SO4) treatment. For
the application of future plating concepts it has to be considered that low mechanical stress (introduced
e.g. by wafer handling) is a key issue to avoid unwanted metallization on the surface of the SiNx:H layer.
The statistical relevance of the findings described above is an important point, as the SEM investigations
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using FIB milling are quite time consuming (approximately 180 minutes for one milling experiment). All
in all over 30 FIB milling experiments have been performed. Therefore the results presented in this paper
are of statistical significance. But of course we can not exclude that other mechanisms may play a role for
the occurrence of background plating.
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