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ABSTRACT: In this paper we present the results of a study of the emitter contact properties of the Mercury cell, 
which is an n-type IBC cell with a front floating emitter. We found that contact recombination becomes higher and 
contact resistance becomes lower with higher firing temperature. Additionally, the contacts to light and heavy 
emitters were evaluated and the results showed that in case of a heavier emitter, the emitter contact recombination is 
reduced. The emitter contact resistance to both the light and heavy emitter appeared to only depend on the sheet 
resistance, but not on the exact shape of the doping profile. The contact recombination, calculated from measured Voc 
values of test structures, appeared to be dependent on which side of the sample was illuminated: extracted Voc values 
from front side illumination lead to much lower fitted J0,contact values than from rear side illumination. Quokka 
simulations indicate that the lower front side illumination values are closer to the real values, which can be calculated 
from the results of the measurements with either orientation. 
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1 LOSSES IN MERCURY IBC CELLS 
 

The Mercury cell which we developed at ECN is an 
interdigitated back contact (IBC) cell which features a 
front floating emitter (FFE). This FFE enhances lateral 
transport of holes and limits the effect of electrical 
shading [1], enabling easy module integration. In Figure 
1, a schematic cross-section of the Mercury cell is shown. 

 

 
Figure 1: Schematic cross-section of the Mercury cell, 
with the unit cell, as used in simulations, indicated 
 

Recently, we published improvement of our best 
Mercury cell to 21.1% [2], still following an industrial 
process flow that uses the same equipment as we use for 
our industrial n-Pasha cell.  

 
1.1 Loss analysis 

We performed a loss analysis of the Mercury cell. 
The bulk and surface recombination and transport losses 
are based on 2D device physics with Quokka [3] on a 
cross-section of the unit cell. The ohmic losses related to 
metal patterns are based on the calculated contact and 
line resistance of the fingers and busbars. Finally, circuit 
simulations were used to include several edge (non-unit-
cell) effects.  

The loss analysis that we performed on these cells, 
revealed that we suffer from important losses in our 
emitter contact, both recombination as well as ohmic 
losses. The loss analysis breakdown is shown in Figure 2. 
 
1.2 Emitter contact 
The loss breakdown shows us that, besides the emitter 
contact, the other large contributor to the losses is the n-
Cz bulk. The bulk shows high ohmic losses as high-
ohmic material was considered, and these could be partly 
mitigated when thinner and/or medium resistivity wafers  
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Figure 2: Loss analysis breakdown of the Mercury IBC 
cell, split in a) ohmic and b) recombination losses 

 
are used. Considering the metal contact losses, the 
emitter contact recombination has the largest contribution 
and needs to be reduced. The losses in the BSF contacts 
are much smaller. The recombination in the FFE is 
considerable and can be further reduced by application of 
a lighter boron doping of 150 Ω/sq, which will be 
presented in this paper as well. 

Based on these findings, we investigated the effects 
of different pastes and contact firing on the contact 
properties (contact resistance and contact recombination). 
Additionally, we made emitters with different Rsheet and 
doping profiles by varying the thermal diffusion process 
and by different etch-back of the as-diffused emitters.  

In this paper we present the results of both routes to 
improve the emitter contact.  
 
 
2 MEASUREMENT METHODS 
 
2.1 Test structures 

To evaluate the losses on a device which is processed 
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like an IBC cell, a special test structure was designed. 
Several key parameters can be evaluated, like contact 
recombination, as proposed in [4], and contact resistance, 
which we do from the combination of different structures 
on one wafer. This wafer is processed like an IBC cell, 
and differs only in the design of the doped areas and 
contacts. 
 
2.2 J0 fit from Voc measurement 

Structures as depicted in Figure 3 can be used to fit 
the contact recombination parameter J0,c by varying the 
contact area and evaluating the fitted J01 (from a Suns-
Voc measurement) as a function of metal contact area. 

 

 
Figure 3: Test structures for measuring the emitter 
contact recombination. Blue and red indicate the BSF and 
emitter diffusions, grey the metallization 

 
2.3 Rcontact using Transfer Length Method (TLM) 

The transfer length method is used to determine the 
contact resistance of the emitter contact to the emitter. At 
ECN we use an automated TLM tool (PV-tools) that 
enables us to map the contact resistance over a complete 
wafer and to improve statistics, as the measurement is 
fast enough to evaluate several wafers per case.  
 
 
3 INFLUENCE OF PASTE AND FIRING  
 

We investigated the effect of the metal paste and the 
firing temperature on the contact properties. The contact 
recombination depends on how well the metal contact is 
shielded by the emitter, which depends on the doping 
profile (i.e. doping concentration as a function of depth) 
in combination with the etch depth of the metal paste into 
the doped layer (as schematically shown in Figure 4). 
The latter is related to paste chemistry and contact firing 
temperature, which are the parameters in this experiment. 
The same parameters will also influence the contact 
resistance. 

 

Figure 4: Schematic view of contact formation by a deep 
or shallow contact etch into the emitter profil 

3.1 Set-up of experiment 
Two different Ag/Al metal pastes were applied to a 

boron emitter with an industrial profile and a sheet 
resistance of 70 Ω/sq, and fired through the passivation 
layer using different firing temperatures. The set 
temperature differences in the firing furnace varied 40 to 
60 ºC for the two pastes, divided over 4 or 5 settings. 
Paste 1 is a commercially available Ag/Al paste, and 
paste 2 is a paste that was designed for improved contact 
properties, for which results on our n-Pasha concept were 
presented earlier this year [5].  

The result of paste 3, also a commercially available 
paste, was added at one firing temperature setting to 
relate it to the emitter variation results in section 4. 
 
3.2 Results 

As shown in Figure 5, the J0,c clearly increases with 
higher firing temperature. For the lowest temperatures, 
the J0,c of the emitter contact can decrease down to below 
1500 fA/cm2, which is much lower compared to the J0 for 
a more standard firing setting (2000-2500 fA/cm2).  

 

Figure 5: Fitted emitter contact recombination (vertical) 
against contact resistance (horizontal) for three different 
pastes for different firing settings (values towards higher 
firing temperature indicated) 

 
The contact resistance of the fired metal contact to 

the emitter shows an opposite trend: it becomes higher 
for the lower temperatures. This means that in a cell, a 
balance should be found between contact resistance and 
recombination, to get the lowest cumulative losses and 
the highest performance. This will depend on the 
metallization geometry as well. 

Paste 2 clearly performs better than paste 1 (and paste 
3), which means that the combined ohmic and 
recombination losses in the cell will be smaller at the 
optimal firing setting. 
 
3.3 Cells 

The improved paste was used to make Mercury IBC 
cells, applying a slightly lighter doped emitter than tested 
in the contact properties experiment, as this is more 
optimal for the complete solar cell.  

We applied the paste by screen printing and by 
stencil printing. Using stencil printing, we can achieve 
narrower fingers with better aspect ratio, which led to 2 
mV higher Voc due to the reduced emitter contact area, 
resulting in 0.1% absolute higher efficiency than the cells 
with screen printed metallization. The efficiency results 
are shown in Figure 6. 

The average efficiency of the cells with stencil 
printed metallization was 21.0%, with the best cells 
reaching 21.1% (internal measurement, corrected for 
spectral mismatch), which equals our best cell result. 
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This is especially a promising result, because there are 
some processing factors that we already improved for the 
previously achieved best result and have not been 
included in this cell run. It means that there is definitely 
room for further improvement. 
 

 
Figure 6: Efficiency results for Mercury cells with the 
improved emitter metallization paste (paste 2) using 
screen and stencil printing. Group sizes are 11 and 14 
cells respectively 
 
 
4 INFLUENCE OF EMITTER PROFILE 
 

In this experiment we investigated the effect of the 
doping profiles on contact recombination and contact 
resistance. As already mentioned, a deeper profile is 
associated with better contact shielding and therefore low 
contact recombination, as sketched in Figure 7. 

 

 

Figure 7: Schematic view of contact formation into a 
deep (heavy) or shallow doping profile 
 
4.1 Set-up of experiment 

The different profiles were realized by changing the 
diffusion parameters (a standard light emitter and a heavy 
emitter) and additionally etching back to increase the 
sheet resistance to 50 (only for the heavy emitter), 70 and 
85 Ω/sq. We used the previously mentioned paste 3 for 
the emitter contacts, and a standard firing setting. 

 
4.2 Results 

In Figure 8 it is shown that the heavier emitter results 
in lower emitter contact recombination compared to the 
light emitter. Counterintuitively, etching back the same 
emitter profile does not lead to higher recombination 
values. For both emitter profiles, a clear trend of contact 
recombination with sheet resistance is absent. 

As expected, for the contact resistance we observe a 
trend of higher Rcontact with higher emitter Rsheet. Although 
the margin of error is quite large, the trend seems to be 
linear (not visible in the graph). There are no contact 
resistance differences between the heavy and light 
profiles with the same Rsheet. 
 

Figure 8: Fitted emitter contact recombination against 
contact resistance for a heavy emitter (blue) and more 
lightly doped emitter (red) after different etch-back 
(direction towards higher sheet resistance indicated)  
 
4.3 Outlook for cells 

We conclude that we can further improve the cell 
results if we combine paste 2 with the contact properties 
of the heavy emitter.  

Additionally, to avoid excessive recombination in the 
FFE, we can apply an etch-back on the front side, which 
is a good way to reduce losses in the cell further. The 
front floating emitter needs to remain conductive to allow 
lateral electron transport in an efficient way. From device 
simulations, we calculated that a FFE up to 150 Ω/sq is 
conductive enough and does not lead to additional ohmic 
losses.  

In a test experiment on symmetrically diffused 
samples, we reduced the doping of the front floating 
emitter, to obtain sheet resistance values ranging from 70 
to 150 Ω/sq, and evaluated the surface passivation on 
symmetric n-Cz samples with the boron FFE on each 
side. In Figure 9 the results of the J0 for one side are 
presented for five sample groups, which shows a 40% 
reduction of passivated surface J0 if we decrease the 
emitter Rsheet from 70 to almost 150 Ω/sq. 
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Figure 9: Emitter recombination decrease (single side 
evaluation of J0, in fA/cm2, with increasing FFE sheet 
resistance, in Ω/sq 
 

The combined effects of paste and emitter choice, 
and a lighter FFE could result in 0.3-0.4% absolute 
efficiency gain, according to our simulations. This would 
bring our current record Mercury IBC cell of 21.1% (in-
house measurement, corrected for spectral mismatch) to 
about 21.5% with only minor process changes. 
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5 DISCUSSION 
 
5.1 Measurement method for J0,c fit 

We fit the metal contact recombination parameter 
(J0,c) from the slope of the J0 with the metal fraction. The 
J0 is calculated from the Voc that we measure. We 
executed the Voc measurements of the test structures in 
this paper with the metallized side of the wafer facing the 
flash of the Suns-Voc set-up. This was done because of 
practical reasons, as we had to contact different locations 
of the test structures on the wafer, and therefore we need 
to put the contact probes on many different locations.  

However, this procedure is not completely 
representative for the IBC cell, as the illuminated side of 
the test structure (metallized side) is different from the 
illuminated side of an IBC cell (non-metallized side). In 
addition to that, the varying metal coverage of the test 
structures may lead to errors in the measurements due to 
different light exposure of the cell. 

To avoid this, we designed a printed circuit board that 
exactly matches with the contact locations of the test 
structures, so we can use it as a contacting chuck. All test 
structures can be individually contacted by correct 
placement and the measurement can be done with the 
non-metallized side up. 

We compared the values that we obtained for the 
fitted contact recombination parameter using both 
orientations of the wafer (rear side up and front side up). 
In this case, the data came from samples with a lightly 
doped emitter from a different experiment. We found that 
the J0,c values were quite different for the two 
orientations, as shown in Table I.  
 
Table I: Fit of J0,c values from Voc measurements 
obtained with different sample orientations 
Orientation J0,c_emitter [fA/cm2] 
Front illumination 1217 
Rear illumination 1834 
 

We looked into this issue in more detail using 
Quokka simulations. 
 
5.2 Quokka simulation results 

We simulated the influence of the test structure 
orientation in the simulation software package Quokka, 
using an input value for the emitter contact 
recombination of 1210 fA/cm2, which corresponds to the 
fitted value J0,c from experimentally measured Voc values. 
For front illuminated samples, Quokka calculates Voc 
values that lead to a fitted J0,c of 1386 fA/cm2 for the 
emitter, while for rear illumination and the same input 
value, the fitted J0,c value becomes much higher, 1910 
fA/cm2. This is shown in Table II. 
 
Table II: Fit of J0,c values in fA/cm2, from Voc 
measurements and from Voc values resulting from test 
structure simulations in Quokka, obtained with different 
sample orientations. The Quokka input value for J0,c was 
1210 fA/cm2 
Orientation Measurement Simulation 
Front illumination 1217 1386 
Rear illumination 1834 1901 
 

The fits from the simulated and measured Voc values 
show the same trend for front and rear illuminated 
conditions. However, both situations appear not to lead to 

the right value. Even for front illuminated samples, which 
is the condition closest to the IBC cell measurement, a 
small correction of the fitted J0,c value will be necessary. 
At the moment, we are investigating and validating this 
further. 
 
 
6 CONCLUSION 
 

We showed that the firing temperature, metallization 
paste and emitter profile cause a significant change in J0,c 
and Rcontact of the emitter contact.  

Based on the fitted J0,c and Rcontact values for the 
different emitter cases, and the introduction of a lighter 
FFE, we foresee that we can improve the performance of 
the Mercury IBC cell to at least 21.5% with only small 
process modifications like different emitter and FFE 
profiles and contacting paste. 

Although more validation is needed to obtain the 
correct absolute numbers for J0,c, we can roughly 
estimate from the raw Voc data what the gain could be in 
case of a process change. 
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