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3.2  Improving MWT efficiency through the number of 
contact points and process optimization 

 
Several options exist to reduce the FF loss of n-MWT 

cells relative to n-Pasha cells. A straightforward option is 
increasing the number of vias. However, this may also 
increase recombination, and therefore, cause Voc loss [3]. 
More importantly, increasing the number of vias allows 
to reach similar or better benefits of paste reduction as in 
multi-busbar cells because less and thinner fingers can be 
used. For example, 5 rows of vias provide the same 
opportunity for paste reduction (and FF gain) as a solar 
cell with 5 busbars.  

Further gain is possible by using other metallization 
grid patterns than the rectangular H-pattern grid. For the 
rear, contact pads can be added without increasing the 
number of vias, almost without effect on recombination, 
again resulting in reduction of metallization paste and 
resistive losses. We estimate that increasing the number 
of vias and contact points by approx. a factor of 2 should 
enable reductions of paste consumption also by approx. 
50%, even in combination with an increase of cell 
efficiency.  

We have analyzed the efficiency change of an n-
MWT cell as a function of the type of front-side pattern 
(H-pattern as shown in figure 2 or ECN’s “Star”-pattern 
from which a unit cell is shown in figure 3), the number 
of holes and the front metallization properties. The results 
of the calculation are presented in table 3. The absolute 
efficiency change includes the effect of the number of 
contact points and metallization coverage on the Voc, Isc 
and pseudo-FF. 
 

 
Figure 3: Schematic of a star-pattern unit cell 
 
Table 3: Absolute efficiency change of an n-MWT cell 
calculated for different front side pattern (H-pattern or 
Star-pattern), different number of via-holes (up-to 25). 
Assumed front metallization properties: Wline = 56 µm, 
Rline = 0.23 Ω/cm.  

Front 
pattern type 

Number of 
holes 

Metallization 
area (%) 

Calculated absolute 
efficiency change 

5x5 Star-
pattern  

25 3.6 +0.40% 

4x4 Star-
pattern 

16 3.6 +0.37% 

5x5 H-
pattern 

25 4.3 +0.10% 

4x4 H-
pattern  

(reference) 
16 4.6 0.00% 

 
From this study, the best efficiencies will be reached 

using the Star-pattern. Compared to the currently used H-
pattern with 16 holes the Star-pattern with 25 holes will 
allow to improve the efficiency by around 0.4% absolute 

while reducing paste consumption (metallization area) by 
about 20%. The H-pattern design involves a busbar to 
connect the fingers to the via-holes. Increasing the 
number of holes will therefore reduce the busbar length 
and the distance to the via-holes for the charge collected 
in this busbar, as well as the current collected per unit 
cell. Consequently, an efficiency gain of around 0.1% 
will be obtained by increasing the number of holes from 
16 to 25, again in combination with a reduction of paste 
consumption (however, more modest than in the case of 
the Star pattern).The efficiency gain calculated for the 
Star-pattern grid is negligible when going from 16 to 25 
holes.  

Similar efficiency benefits and larger paste 
reductions can be obtained by using more contact points 
on the rear of the cell, giving rise to the estimated 
feasibility of a factor 2 reduction of paste consumption 
mentioned above. 

To maximise the efficiency gain even further, new n-
MWT patterns with 36 vias (6 rows with each 6 vias) 
were designed and tested. The simplest new n-MWT 
design is based on 6 thin busbars connecting the rows of 
6 vias. The rear pattern also consists of thin busbars, 
connecting 7x7 (-4, because of semisquare wafer format) 
base contact points (figures 4-A and 4-B). Alternatively, 
different front side patterns can be designed for improved 
aesthetics. Two examples were tested: the so called “star” 
pattern and a “circle” pattern (figures 4-C and 4-D). All 
three 6x6 front side configurations were combined with 
the rear side metal pattern shown in figure 4-B and 
compared against the old 4x4 pattern in a cell experiment 
consisting of 4 groups. All cells were processed in 
parallel from adjacent n-type Cz wafers (239 cm², 200 
µm thickness, around 3.8 Ωcm resistivity). Process steps 
and process parameters applied were identical for all 
groups apart from the front metallisation design as visible 
in figure 4.   
 

4-A 4-B 

4-C 4-D 
Figure 4: A) Front side ‘new’ nMWT: 6x6 vias with thin 
busbars. Metal fraction ~ 3.1% of total cell area 
B) Rear side ‘new’ n-MWT: 6x6 emitter contacts and 
(7x7)-4 base contacts (corners are excluded due to the 
semisquare wafer   C) Star pattern, metal fraction ~ 4.7% 
of total cell area   D) Circle pattern, metal fraction ~ 
4.4% of total cell area 
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Cell data, corresponding maximum module power 
and calculated cell-to-module ratios are shown in table 6. 
The n-MWT module I-V parameters were measured at 
ECN using a class A multi-flash tester (16-flash 
measurement). The module shows a gain in Isc of 3% as 
compared to the cells and a loss in FF of 2%.  
 
Table 6: n-type MWT average cell efficiency, 
corresponding module power and FF loss from cell to 
module (multi-flash class A, IEC60904-9 measurement, 
ESTI reference module) 

 
Isc 
[A] 

Voc  
[V] 

FF 
[%] 

 
[%] 

Pmax  
[W] 

n-MWT cells 9.66 0.651 79.3 20.5 298.9  
n-MWT 
module 

9.92 38.85 78.0  300.5 

CtM 1.03 1.01 0.98  1.01 
 

A new 60-cells n-MWT module will be assembled in 
the coming month with the best 60 n-MWT cells 
processed using the “new” n-MWT pattern discussed in 
the previous section (20.9% average efficiency). 
Assuming similar cell to module ratio’s, we can expect a 
module power of well above 305 Wp. 

 
 
 
5  PROCESSING OF 140 µm THIN n-MWT CELLS 
 

In addition to an improved cell-to-module power 
ratio, the ECN’s MWT module technology exerts less 
stress during interconnection allowing use of thinner cells 
and therefore offering a significant cost reduction 
opportunity. Therefore we compared cells from 140 µm 
and 200 µm n-type Cz wafers thickness with similar 
electrical properties (bulk lifetime and diffusion length) 
and processed in parallel. Average I/V data are presented 
in Table 7. These cells was fabricated according to a 
process at an intermiediate phase of improvements. Also 
the former 4x4 n-MWT busbar front-side grid pattern 
was used for this test. Therefore, this process being less 
optimal than it is today, the average cell efficiency 
presented in Table 7 is lower than the one presented in 
section 3, Table 4. 
 
Table 7: I/V characteristics of n-type MWT cells 
processed from 200 µm and 140 µm thin wafer.  

 JSC 

(mA/cm2) 
VOC 

(mV) 
FF
(%) 

 
(%) 

Av. on 12 cells 

n-MWT–200µm 40.0 652 76.8 20.0 

n-MWT–140µm 39.6 651 76.5 19.7 
 

No increase in breakage rate was observed during the 
processing of these thin n-MWT cells at ECN. 
Comparable Voc and FF show that there is no significant 
shift between bulk and surface recombination. A ≈1% 
relative lower Jsc for the thin n-MWT cells is probably 
due to reduced light trapping. This effect is illustrated by 
the higher reflectance at the long wavelengths as shown 
in Figure 7. This also correlates with the lower IQE of the 
thin n-MWT cell for wavelengths of 1000nm and longer 
(due to the rear internal reflection being less than 100%). 
These results are consistent with PC1D modelling of our 
cells. However, we note that fluctuations of 1% in Jsc 
between cells from nominally good material quality can 
occur anyway, even for standard thickness wafers. 

Therefore it is difficult to draw firm conclusions on the 
effect of wafer thickness on Jsc at this moment. 
 

 
 
Figure 7: Internal quantum efficiency and Reflectance 
measured from the front side of n-MWT cells processed 
from 200 µm and 140 µm wafer thickness. 
 
 
6  CONCLUSION 
 

We have developed a manufacturing process for 
metal-wrap-through silicon solar cells and module on n-
type mono-crystalline Czochralski (Cz) silicon wafers, 
leading to a module power, so far, of 300.5 Wp from 
cells of 20.5% average efficiency. With current density 
(Jsc) above 40 mA/cm2 and open circuit voltages above 
655 mV, the large area n-MWT solar cells outperform n-
Pasha solar cells (bifacial n-type H-pattern cells with 
contact grids on front and rear) manufactured with a 
comparable process. In a recent direct comparison 
experiment, an efficiency gain of 0.15% absolute for 
MWT was achieved with a best MWT cell efficiency of 
20.5%. Further optimisation of the cell contacting layout 
and cell processing resulted in a significant performance 
boost from which a best cell efficiency of 21.0% was 
reached providing in a same time opportunity for paste 
and therefore cost reduction. Also, the narrow efficiency 
distribution on a large batch of cells proves the good 
stability of the process. 

Performance enhancement at module level is 
obtained thanks to the ECN MWT module manufacturing 
technology based on integrated back-foil (conductive 
interconnect patterns integrated on the backfoil). In a full 
size module (60 cells) comparison experiment between 
MWT and equivalent n-Pasha tabbed modules, a power 
increase of approximately 3% for the n-MWT module 
was obtained. Interconnection of a batch of cells with 
average efficiency of 20.5% resulted in a module power 
above 300 Wp. Module power gain above 305 Wp is 
expected to be reached by interconnected the 60 best n-
MWT cells with an average efficency of 20.9% 
manufactured in the last run. This work is currently being 
conducted.   
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