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ABSTRACT 
 

The well-established laser-scribing currently used for 
a-Si:H module fabrication, has been applied to 
“micromorph” (a-Si:H/µc-Si:H) tandem solar cells 
deposited on glass/ZnO substrates. Thereby, a laser at a 
wavelength of 1064 nm was used for scribing the ZnO and 
a laser with a wavelength of 532 nm for the silicon film 
scribing. It is shown that with glass-side scribing, both the 
0.3 µm thick a-Si:H top cell as well the 3 µm µc-Si:H 
bottom cell can be patterned in one single pulse. 
Monolithic integrated series connection is obtained with a 
total of 3 patterning steps. These first experiments allowed 
for fabrication of micromorph mini-modules (area 23.3 
cm2) having 6 segments has been fabricated with a stable 
aperture efficiency of 9.1 % (Voc = 8.014 V, FF = 66.6 %, 
Isc = 39.72 mA). 

 
INTRODUCTION 

 
The micromorph (a-Si:H/µc-Si:H) tandem concept is at 

present to be considered as one of the most promising 
future concept for thin-film solar cells. This cell concept 
represents a “true” tandem structure (with spectral 
sharing) having a ~0.2-0.3 µm thick amorphous silicon   
(a-Si:H) top cell and a 1-3 µm thick microcrystalline silicon 
(µc-Si:H) bottom cell. Sofar, stabilised cell efficiencies 
between 11 and 12 % have been obtained on laboratory 
scale for cells with around 1 cm2 area [1 - 6]. 
An important question for every thin-film solar cell concept 
is the application of the integrated series connection 
technique [7], in order to upscale production technology 
for entire large-area (1 m2) modules. Compared to 
conventional crystalline wafer-based modules, the 
application of this technique allows a reduction of the 
costs for thin-film solar cell module manufacturing. In case 
of amorphous silicon based solar cells, the laser-scribing 
method has already been well-established in the 
fabrication of ~m2-size modules. 
Therefore, it is of particular interest to know if patterning of 
the much thicker micromorph pin/pin tandems (1-3 µm) is 
applicable, by the standard laser scribing technique, 
without damaging the cell [8]. In this work, we present first 
results on laser patterning of ~3 µm thick micromorph 
tandem cells. 
Of particular importance for the performance of thin-film 
silicon solar cells are the TCO (transparent conductive 
oxide) contact layers. IMT has therefore developed its own 
"in-house" TCO technology, LP-CVD (low-pressure 

chemical vapor deposition) of zinc oxide [9,10]. The 
experiments described here were carried out on solar cells 
using such TCO contact layer. 
 

EXPERIMENTAL 
 

Micromorph p-i-n/p-i-n [1-3] cells have been deposited 
by the Very High Frequency Glow-Discharge (VHF-GD) 
technique [9] on glass/ZnO substrates. The zinc oxide 
front-TCO has been deposited by the LP-CVD technique. 
Further results of single-junction p-i-n a-Si:H solar cells on 
these ZnO layers will be given in another paper at this 
conference [10]. The rough zinc oxide is deposited on 
Schott AF45 glass substrates. For the deposition of the 
cells a small-size VHF reactor of 8x8 cm2 substrate 
electrodes was disposable. Within this area, mini-modules 
have been segmented.  
For the patterning of the integral series connection an 
Nd:YAG laser of wavelength 1064 and a Nd:YVO4 laser of 
532 nm (TEM00) have been arranged in order to scribe 
with a computer controlled x-y table in a pulse frequency 
range of 1 to 100 kHz. Energies between 10 – 50 µJ for 
the green and 100 - 750 µJ for the infrared scribe have 
been used. The laser light optics was adjusted to obtain 
scribe line widths in the range of 10 - 60 µm, for both 1064 
nm and 532 nm wavelengths. 
For the structuration of small test cells (0.25-1cm2), the 
Nd:YVO4 laser has been applied. Hereby, the scribing of 
the test cell was performed through the glass substrate. 
The patterning from the glass-side offers the possibility of 
a direct explosive ablation of the entire 2 - 3 µm thick 
micromorph cell by one single pulse. 
The first step in the fabrication of a mini-module of several 
segments consists in electrically isolating the front TCO 
segments. This front contact scribe is realised here by the 
1064 nm infrared laser and is illustrated as “Pattern #1” in 
Fig. 1. To form the desired series connection, the 
patterning of steps #2 and #3 were performed, by applying 
now the 532 nm laser. 

Fig 1: Applied steps of patterning for the 
monolithic series connection of micromorph thin-
film solar cells modules. 
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Using another set-up of the computer controlled x-y table; 
it is possible to perform Light Beam Induced Current 
(LBIC) measurements by scanning the areas of the 
patterned test cells. Hereby, a focalized laser diode with a 
wavelength of 670 nm was used. This LBIC 
characterization gives information about the quality of the 
cell borders zones. The induced current can then be 
mapped in a 2-dimensional image. Apart from monitoring 
the properties of the cell borders, the LBIC images allow, 
furthermore, to identify inhomogeneities, as originating 
e.g. from pinholes, within the cell area. Light-soaking 
experiments were carried out for our test cells and 
micromorph modules under AM1.5 close conditions (50°C, 
1000 W/m2 and 1000 h). 
The test cells and the modules were characterised by 
AM1.5 I-V measurements (WACOM solar simulator WXS-
140S-10) and spectral response (SR) measurements.  
Details of the scribed trenches have been analyzed by 
Scanning Electron Microscopy (SEM). 
 

RESULTS AND DISCUSSION 
 
Glass-side patterning 
 
 In order to search for possible loss mechanisms in the 
micromorph module fabrication steps, test cells of 1 cm2 
size have also been prepared. They were subjected to 
both layer-side and glass-side scribing [8]. In contrast to 
layer-side scribing, we observed that the patterning from 
the glass-side offers the possibility of a direct explosive 
ablation of the entire 2 - 3 µm thick micromorph cell. 
Obviously, only one single pulse is sufficient to remove the 
Si-film down to the bare front-TCO as can be seen in    
Fig. 2: every pulse shot can clearly be identified in the 
SEM picture. A closer look at the dark scribe borders 

reveals that besides the ablation of the back contact there 
must also be a removal of a part of the µc-Si:H bottom 
cell. As in this dark region the cell is no more active (due 
to the absence of the back contact) this defective area 
does not influence the performance of the micromorph 
tandem cell. However, these dark stripe borders represent 
a scribe loss of an additional ~20 µm width, which has to 

be added to the area losses of Pattern #3 in the series 
connection of a module.  
Indeed, our I-V AM1.5 characteristics confirm high fill 
factors of over 72 % indicating that shunt effects due to 
the scribing process are not present. Micromorph tandem 
cells patterned by glass-side scribing reveal their full solar 
cell performance with respect to open circuit voltage as 
well as with respect to the short circuit current. 
Furthermore, our LBIC measurements show that no 
disturbances at the scribed border zones of the cells are 
present. This is demonstrated with a flat signal over the 
whole cell area (Fig. 3). LBIC at this wavelength is very 
sensitive to damage at the a-Si:H top cell [8] (the ratio of 
bottom cell/top cell LBIC-signal contribution is 
approximately 1:4). 

 
Micromorph module fabrication 

 
 Based on the encouraging results of test cell patterning 
as described above, first micromorph modules with 
integrated monolithic series connection have been 
explored within the maximum disposable deposition area 
of 8x8 cm2. The widths of the single scribe trenches are 
different from each other (see Fig. 4); their optimization is 

Fig. 2: SEM picture of the of a micromorph test cell. 

Fig. 3: LBIC mapping (λ= 670nm) of a 2.5x2.5 mm2

micromorph cell patterned from the glass-side. 

Fig. 4: SEM micromorph of the 3 different pattern lines. 
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now the subject of further investigations and optimizations. 
We have sofar a scribe loss of the three lines of 
approximately 250 - 300 µm achieved. This should indeed 
be optimized in order to reduce the scribe losses further. 
For modules, a design consisting of 6 segments has been 
chosen. Hereby, the widths of the segments were between 
8 - 15 mm: a choice that needs, of course, further 
optimisation to maximise the cell’s active surface and to 
minimise the fill factor (FF) losses by the series resistance 
of the front TCO. A typical IMT micromorph mini-module is 
given in Fig. 5. 

 
The finished modules were compared with test cells        
(1 cm2) of the same deposition run in order to study 
discrepancies and fabrication effects on the basis of the   
I-V characteristics. We observed a very close 
correspondence of the solar cell parameters between 
small 1 cm2 test cells and the whole module of 23.3 cm2 
size (see an example in Table I). This proves that we have 

an excellent control on the homogeneous deposition for 
the micromorph tandem cell. Even after light-soaking there 
is no significant difference in the principal solar cell 
parameters of the test cell and the module over the       
8x8 cm2 electrode areas.  

Stabilised micromorph module 
 
On our modules we checked the stability by performing 
standard light-soaking experiments (50°C, 1000 W/m2 and 
1000 h). The I-V characteristic of our best module is given 
in Fig. 6 in the stabilized state, i.e. after light-soaking. 

 
CONCLUSIONS 

 
In this study we investigated the application of the 
monolithic series connection concept to the micromorph 
(a-Si:H/µc-Si:H) tandem solar cell. Thereby, the laser 
scribing technique, already well-established for a-Si:H 
MW-manufacturing, has been tested for the thicker 
micromorph tandem cells. 
Using our small size VHF-GD reactor (8x8 cm2 electrode 
area), we succeeded with our first experiments in the 
fabrication of a stabilized micromorph module with 
aperture are efficiency of 9.1%. This module consists of    
6 segments and has a total aperture area of 23.3 cm2. 
These results prove that laser patterning and the 
monolithically integrated series connection is fully 
compatible with the micromorph tandem cell concept. 
For fabrication of cells and modules, our own ZnO 
deposited by LP-CVD was used. These layers are scribed 
with an infrared laser without further problems. 
We hold that further optimization with respect to 
micromorph cell deposition, LP-CVD ZnO TCO layers, 
module design and minimization of area losses due to 
scribing should lead us certainly to the fabrication of 
pin/pin micromorph modules with stable efficiencies above 
10%. 
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Fig. 5: Picture of a laser patterned 8x4 cm2 p-i-n/p-i-n 
micromorph module. This module is fully fabricated 
within IMT’s “in house” TCO (LPCVD ZnO) technology. 

Table I: Comparison of micromorph cell parameters 
under AM1.5 illumination of a 1cm2 cell and a 23.5 cm2 
size module in the initial and light-soaked state (50°C, 
1000 W/m2 and 1000 h). The Voc and the FF correspond 
to the performance of the whole 6-segmented module, 
whereas the given Jsc-value corresponds to the minimal 
current density of one of the 6 segments. 

 test cell (1cm2) module (23.3cm2) 

 initial degraded initial degraded 

Voc [V] 1.348 1.336 8.04 8.04 

FF 71.3 67.3 71.2 67 

Jsc [mA/cm2] 10.35 10.31 10.32 10.30 
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Fig. 6: A stabilized efficiency of a micromorph 
module of 9.1% could be achieved within our first 
module fabrication experiments. 
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