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Analysing Solar Cell Material Properties 
with Confocal Raman Microscopy
High-sensitive Stress Measurements around Wire Holes on a Si-solar-cell Device

Energy generation using photovoltaic devices is regarded as an important component in overcoming future 
energy shortages. This is reflected in a dramatic increase in photovoltaic production and demand. In the re-
search and development of photovoltaic devices, the primary goals are to increase the conversion efficiency 
of the solar cells or to improve the production process. For these studies, a detailed knowledge of the micro- 
and nanostructures along with the chemical properties is essential for further improvements.  A valuable tool 
for these investigations is Confocal Raman Imaging, as it not only reveals optical information but also infor-
mation regarding the 3D distribution of the chemical compounds, crystallinity and material stress. The fol-
lowing study describes the application of Confocal Raman Imaging for the analysis of stress fields around 
laser-drilled holes on a Si solar cell using the large area scanning capabilities of the WITec alpha500 Confo-
cal Raman Microscope.

760 µs and 100 ms. The individual spec-
tra are combined to form Raman images 
consisting of tens of thousands of spectra. 
From this multi-spectrum file, an image is 
generated by integrating over a certain 
Raman line in all spectra or by evaluating 
the various peak properties such as peak-
width, min/max analysis or peak position. 
Due to the confocal arrangement, even 
depth profiling and 3-D imaging are pos-
sible if the sample is transparent. [4–13]

Stress Fields Surrounding a Laser-
drilled Hole on a Si Solar Cell Device

Typical Si-based solar cells are princi-
pally built as shown in figure 1. The con-
tacts for discharging are located on top 
of the p- and n-doped material. It is now 
generally considered better to avoid plac-
ing the contacts on the top surface, as 
they block some of the sunlight and thus 
lower the efficiency. Therefore holes 
need to be drilled through the solar cells 
in order to allow the contacts to be lo-
cated on the bottom of the solar cells. 

These holes are typically drilled with la-
sers. The drilling process however can 
induce strain in the Si around the holes, 
which in turn lowers the efficiency of the 
solar cells. In this study two ways of min-
imising the stress are investigated:

Minimising the laser power for drill-1.	
ing using 

100 % drilling power with 9 repeti-a)	
tions
20 % drilling power with 20 repeti-b)	
tions

Etching the wafer after the drilling 2.	
process:

no etchinga)	
1 Minute etching with KOHb)	
2 Minutes etching with KOHc)	
4 Minutes etching with KOHd)	
6 Minutes etching with KOHe)	

In order to evaluate the strain induced 
by the drilling on the Si around the holes, 
Confocal Raman Imaging was used. 
These measurements were performed 
with a WITec alpha500 system using a 
532  nm excitation laser (approximately 
17 mW on the sample), a 100x air objec-
tive (NA 0.9). The scattered light was di-
rected to the spectrometer using a 50 µm 
core diameter multimode fiber which 
also acts as the pinhole for confocal de-
tection. The spectrometer was a WITec 
UHTS 300 equipped with a back-illumi-
nated CCD camera and 1,800 grooves/
mm grating. The integration time for 
each spectrum was 23 ms and 150x150 
pixels (=22500 spectra) over an area of 

The Raman Effect and its  
Application in Microscopy 

In Raman spectroscopy, a vibrational 
quantum state is excited or annihilated 
within a molecule, leading to an energy 
shift between the incident light and the 
scattered light. This energy shift is unique 
to each molecule and allows the chemical 
identification of compounds within a sam-
ple. [1, 2] By integrating a Raman spec-
trometer within a state-of-the-art confo-
cal microscope setup, Raman imaging 
with a spatial resolution down to 200 nm 
laterally and 500 nm vertically can be 
achieved using visible light excitation. 
Only light from the image focal plane can 
reach the detector, which strongly in-
creases image contrast and slightly in-
creases resolution. [3] Special filters are 
used to suppress the reflected laser light 
while enabling the Raman scattered light 
to be detected with a spectrometer/CCD 
camera combination. With this setup, a 
complete Raman spectrum is acquired at 
each image pixel, typically taking between 

Fig. 1: Typical 
set-up of a 
solar cell

Fig. 2: Splash 
of Si onto the 
surface out of 
the hole 
(bottom right). 
Plotted is the 
integrated 
intensity of 
the 1st order 
Si peak.



35 x 35 µm. The total acquisition time per 
image was less than 10 Minutes.

Some of the holes showed splashes of 
Si on the surface of the wafer which re-
sulted in a higher 1st order Si peak on 
these structures as shown in the figure 2, 
where the integrated intensity of the Si 
peak is evaluated at each pixel and dis-
played as an image. However, these ar-
eas were avoided for the strain measure-
ments, while holes with relatively smooth 
looking surroundings (see fig. 3 for ex-
ample) were selected.

For each image the 1st order Si peak 
was fitted using a Lorentzian curve and 
the exact peak position was then evalu-
ated. This could also be shown as an im-
age and an example is shown in figure 4. 
From these images, cross- sections as 
shown in figure 4 were extracted and 
plotted as relative peak positions (in rel.1/
cm) vs. distance (note that the starting 
point relative to the edge of the hole var-
ies for each line). Figures 5 and 6 show 
the results of these evaluations. Figure 5 
shows the results for the samples with 

full drilling power and the differ-
ent etching processes applied to 
the samples are indicated by  
the colours [no etching (red), 1 
min etching (blue), 2 min etching 
(green), 4 min etching (black), 6 
min etching (magenta)]. Figure 6 
uses the same colour coding, but 
shows the results for the cases 
drilled with only 20 % power. For 
most graphs a slight decrease in 
the peak position can be seen start-
ing from the left side of the graph 
and moving towards the position of 

the drilled hole. These are presumably 
long-range stress fields in the Si. Close to 
the edge of the hole, the stress in the Si in-

creases and changes dramatically 
and then inside the hole, no proper 
Si signal could be detected.

From figure 5 it can clearly be 
seen that the sample which had 
not been etched as well as the sam-
ple which had been etched for only 
1 minute show a clear drop of the 
peak position before reaching the 
edge of the hole. This drop is elimi-
nated for the other cases. From fig-
ure 6 the same conclusion as above 
can be drawn. Additionally, the 

graphs seem to indicate that the soft drill-
ing process reduces the far reaching 
stress field (the slope of the lines). Both 

graphs indicate that an etching process of 
2 minutes is sufficient.
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Fig. 5: The cross sections of the various samples 
drilled with 100 % laser power: no etching (red), 
1 min etching(blue), 2 min etching (green), 4 min 
etching(black), 6 min etching (magenta).

Fig. 6: The cross sections of the various samples 
drilled with 20 % laser power: no etching (red), 1 
min etching(blue), 2 min etching (green), 4 min 
etching(black), 6 min etching (magenta).

Fig. 3: Video Image of a typical scan area (red box) on 
the SI. The hole is visible on the bottom right corner.

Fig. 4: A 
typical stress 
map of the Si 
(Position of 
the 1st order 
Si line) from 
the outside to 
the hole 
(bottom 
right). Along 
the indicated 
cross section 
(gray line), 
the radial 
change of the 
stress field 
was evalu-
ated.


