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A major issue of concern in MWT solar cells is the increased 
leakage current at reversed bias voltage through the vias compared. 
At ECN we have been working on reducing this leakage current to 
levels comparable to H-pattern cells. In this study we present the 
results of this work. 
     We further show the benefit of a combined cell and module 
design for MWT solar cells. At the cell level, MWT production 
costs per wafer are comparable with H-pattern while the cell output 
increases. At the module level this design results in a further 
increase of the power output. 
 
 

Introduction 
 
The major goal of the PV industry nowadays is to lower the cost of solar photovoltaic 
electricity. This can be realized by either increasing the efficiency of the PV modules, or 
by reducing their production cost. 
 
     The vast majority of the PV-market still consists of (p-type) crystalline silicon (x-Si) 
PV. In x-Si modules, solar cells are usually interconnected in strings by tabs soldered to 
the front side of one cell and the rear side of the adjacent cell. Due to the limited width of 
the tabs, such interconnection leads to additional resistive losses. A promising option to 
reduce the resistive losses in the interconnection is by using an metal wrap through 
(MWT) concept, as shown in a recent review on this concept[1].  
     The MWT cell design places all the electrical contact points on the rear side of the  
cell. This is realized by bringing the emitter metallization via small holes (vias) through 
the wafer to the rear side of the cell. Compared to H-pattern processing, in the ECN 
approach the only additional cell process step is drilling the vias. This means that the 
ECN process can easily be installed as an update in most modern x-Si cell production 
lines. 
     To fully benefit from the MWT design, we developed interconnection based on 
conductive foil. In this process, cells are not interconnected by soldering tabs to the cells, 
but by a conductive back-sheet (Figure 1). Cells are placed on the structured conductive 
back-sheet which connects the emitter contacts of one cell to the base contact of the 
adjacent cell and at the same time acts as the back- sheet of the module.  
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Experimental Setup 
 

Cell processing 
 
     The ECN-baseline process flow consist of an alkaline random pyramid texture etch 
followed by tube diffusion using POCl3 as the phosphorous source. Wafers are loaded 
back-to-back in the POCl3 tube to maximize the loading and minimize the processing 
costs. After diffusion a combined glass removal and pn-junction isolation using wet 
chemical single side etch is performed. The sheet resistance of the emitter is about 
70 .sq. A remote MW-PECVD system is used to deposit an ~80 nm thick single layer 
SiNx anti reflection coating. Finally the metallization is applied by screen printing and 
the contacts are co-fired in an IR heated belt furnace. A schematic overview of the 
process sequence is given in Table I. 
     The vias to guide the emitter contacts to the rear in the MWT approach are made using 
laser drilling. The position of the laser drilling step in the process flow can be varied, 
depending on the process being used in the industrial production line. Besides the vias 
and metallization patterns used, the H-pattern and MWT cells are processed using 
identical processes and process settings. This supports the introduction of MWT in 
existing Si-cell production lines. 
     Besides the standard process settings, we also included an MWT group with a more 
shallow emitter and a different front side metallization. This group is refered to as 
MWToptimzoied throughout this paper. Instead of the standard Circle MWT pattern we 
applied an H-lookalike pattern (Figure 3) for ease of modeling.  
 
TABLE I. H-pattern Process Flow 
Step Process 
1 random pyramid texture 
2 POCl3 emitter diffusion 
3 PSG etch + Single Side Etch (SSE) parasitic junction 

removal 
4 MW-PECVD SiN ARC deposition 
5 contact printing (front and rear silver contacts + Al-BSF) 
6 Co-firing metal contacts 
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Figure 3: ECN’s Circle MWT pattern (top left) and the H-lookalike MWT pattern 
(bottom right) 
 
     60 cells were selected to be mounted into a module. The H-pattern cells were 
interconnected using the normal industrial tabbing and soldering interconnection. The 
MWT cells were interconnected using a conductive rear side foil and conductive adhesive 
for the interconnection using the Eurotron pilot line at ECN. 
 
Leakage Current tests 
 
     On cell level the variation in the leakage current at reversed bias (Irev) is higher for 
MWT cells as compared to H-pattern cells as is shown in Figure 4. We expect that the 
fluctuation is (partly) due to process variations.  
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 Figure 4: distribution of Irev measured at -10V. Blue is H-pattern, red is MWT 

 
     For comparing the effect of via paste on the Irev using only a limited number of 
samples, we designed a test structure which omits as much processing as possible. In 
using this test structure, the processing is limited to texture and rear side printing and 
firing. A comparison of the test structure to the real cell structure is given in Figure 5. In 
both structures no emitter is present between the Si-bulk and the via paste. Although this 
normally results in shunting, special precautions prevent this shunting behavior. ECN has 
a patent pending on this topic. 
     To measure the leakage current the test structure is placed on our in-house developed 
cell measurement chuck. An industrial Halm IV flash-tester is used to apply a voltage 
sweep of 0V to -13V on the test structure. During the sweep the leakage current is 
measured by the flash-tester.  
 

    
Figure 5: simplified test structure to evaluate Irev (right) compared to real cell structure 
(left).  
 
 

Results and Discussions 
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Cell and module results 
 
     3 groups of cells have been processed, each group about 100 wafers in size. Group 1 is 
the reference group. This group is processed using a standard H metallization pattern 
consisting of 2 busbars and 68 fingers. Group 2 is processed using the same process 
conditions as the H-pattern group. Only vias were laser drilled after SiN deposition and 
the metallization pattern is replaced by an MWT-pattern, the so called Circle pattern (see 
Figure 3). Group 3 is also an MWT group. The diffusion settings and metallization 
scheme are changed for this group as compared to group 2. Also the metallization design 
is changed into a H-lookalike pattern with 3 very small busbars and 80 fingers. Despite 
the use of the 3 busbars, the metallization area of group 3 is comparable to the 
metallization area of group 2. However, the use of the new paste in combination with 
screen parameters optimized for this paste resulted in a front side silver reduction of 
about 15% (see Table II.)     
 
TABLE II. Paste Consumption 
grp  pattern Agfront Agrear Al 
 mg/cell mg/cell g/cell 
1      H 175 40 2.0 
2      MWT 170 42 2.0 
3      MWTimproved 140 42 2.1 

 
Table III. IV characteristics H-pattern and 2 MWT scenario’s 
grp  pattern N Isc Uoc FF Eta Irev@-10V 
  A/cm2 V % % A 
1      H 93 9.05 0.625 76.4 17.8 0.10 
2      MWT 91 9.22 0.629 75.8 18.1 0.57 
3      MWTimproved 124 9.26 0.632 77.4 18.6 0.37 

 
     The increase in Isc for MWT compared to H-pattern is directly related to the lower  
front metallization area. The increase in Voc could be due to a different connection of the 
cell to the measurement system. However, also on the module level an increase in Voc is 
observed (see Table 4). Probably it results from less contact recombination because of the 
reduced metallization area[6]. Overall, on the cell level we observe an 0.3%absolute 
efficiency (1.6%relative) efficiency increase for MWT when identical process settings are 
used (group 1 vs group 2). 
 
     Table IV summarizes the IV characteristics of the modules. On module level the 
trends in Isc and Voc are comparable to the trends observed on cell level. As mentioned 
above, the smaller difference in Voc on the module level might originate from different 
contacting schemes for the H-pattern and MWT cells, while the contacting schemes for 
the  modules are identical. 
     Most remarkable is the small drop in FF for both MWT modules compared to the H-
pattern module. For the MWT modules the drop in FF is only 1-1.5%, while the drop in 
FF for the H-pattern module is 5%. This is due to the use of a (module wide) contact foil 
instead of small busbars. The last column in Table IV shows the Cell to Module power 
change (CtM). This is a measure for the power difference between the bare cells as 
measured on the cell tester and the module as measured on the module flash tester It is 
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TABLE VI. IV characteristics of MWTimproved  scenario using via paste A. 
Device N Isc Uoc FF Etacell Irev@-10V 
  A/cm2 V % % A 
Cell 18 9.23 0.631 76.8 18.4 0.11 
2*2 module 3 9.07 2.52 74.4 17.4  

 
 

Cost Aspects of MWT cells & modules 
 

     In this chapter we will give a short discussion on the cost consequences of MWT. We 
will not discuss the overall cost structure, but limit ourselves to the cost differences 
between H-pattern and MWT. 
 
Cell Costs 
 
     Compared to H-pattern cells processing, only the via drilling by laser is added for 
MWT cells. This laser will add about 250-350 k€ to the investment for a production line. 
This higher investment is paid off by the lower silver consumption of the MWT cells. 
Therefore, the manufacturing costs of H-pattern and MWT cells can be considered  
comparable. Because of the higher efficiency of the MWT cells, the cost/Wp is lower for 
MWT. 
 
Module Costs 
 
     The differences in cost between H-pattern and MWT modules are related mostly to the 
difference in module materials[7]. In the MWT module, the conductive back-sheet and 
conductive adhesive replaces the back-sheet, tabbing and bussing used in an H-pattern 
module. The use of mechanical patterning for the backsheet foil resulted in a substantial 
cost reduction for the MWT module. 
     Extensive calculations by Eurotron show that the MWT module is about 6% cheaper 
in €/Wp compared to an H-pattern module with the same number of cells[7].  
 
System Cost 
 
     The MWT-module can be made smaller than a comparable H-pattern module as the 
cells can be placed closer together and the bussing is integrated in the conductive back-
sheet. Therefore the power output per unit area is even larger than the difference in 
generated power. As part of the balance of system (BoS) cost scale with area, the smaller 
MWT-module will result in additional savings at the system level. Furthermore, MWT 
modules have been shown to generate a larger annual energy output, particularly at high 
irradiance[8], further reducing the €/kWh costs. 
 
 

Conclusion 
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     In this work we showed that we can reduce the leakage current of MWT cells to 
values comparable to H-pattern cells. Although the first results indicate a small drop in 
cell efficiency we expect that we can recover this by further optimizing the paste.  
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