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ABSTRACT

This paper reports on a low-cost screen-printing proc-
ess to form a self-aligned local back surface field (LBSF) 
through dielectric rear surface passivation. The process 
involved formation of local openings through a dielectric 
(SiNx or stacked SiO2/SiNx) prior to full area Al screen-
printing and a rapid firing.  Conventional Al paste with 
glass frit degraded the SiNx surface passivation quality 
because of glass frit induced pinholes and etching of SiNx
layer, and led to very thin LBSF regions. The same proc-
ess with a fritless Al paste maintained the passivation 
quality of the SiNx, but did not provide an acceptably thick 
and uniform LBSF. Al pastes containing appropriate addi-
tives gave better LBSF because of the formation of a 
thicker and more uniform Al-BSF region. However, they 
exhibited somewhat lower internal back surface reflec-
tance (<90%) compared to conventional Al paste on SiNx. 
More insight on these competing effects is provided by 
fabrication and analysis of complete solar cells.

INTRODUCTION

In the crystalline Si solar cell industry, screen-printing 
of Al followed by Al-Si alloying at moderate temperature 
(700-800°C) is widely used to form a full area Al-back sur-
face field (Al-BSF), which provides a good ohmic contact 
and reasonable passivation on the back side of the cell. 
However, to improve the energy conversion efficiency, a 
process scheme that incorporates a higher quality back 
surface passivation and provides good optical confinement 
is needed, especially if the cell thickness is reduced. Sur-
face passivation of Si by dielectric layers (e.g. thermally 
grown SiO2 or plasma-enhanced chemical vapor depos-
ited (PECVD) SiNx) has been proven to be quite effective 
[1]. Additionally, it is known that deposition of metal on a 
dielectric layer can provide exceptional internal reflection 
[2,3], which is highly desirable for optical confinement. 
However, the main hindrance preventing the use of this 
structure lies in the development of a cost-effective proc-
ess to make electrical contact through these dielectric 
layers with a good ohmic contact, without deteriorating the 
passivation quality. A simple process scheme to achieve 
such a structure is developed in this study. The process, 
outlined in Fig. 1, involves formation of local 
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openings through the dielectric prior to full area Al screen-
printing followed by a rapid annealing. A similar structure 
for local back contact has been proposed and reported in 
[4,5]. With dielectric layer as a mask, local contact is only 
made through the openings, while high quality back pas-
sivation and back reflection are maintained elsewhere. 
Furthermore, the use of screen-printed Al provides a self-
aligned local-BSF (LBSF) underneath the contact. This 
LBSF is crucial for obtaining a good ohmic contact espe-
cially on high resistivity substrates (>1 Ω-cm) and minimiz-
ing the effect of high recombination at the metal interface.

The objective of this paper is to provide guidelines for 
choosing the appropriate Al-paste to achieve such a struc-
ture. The dielectric layers used in this paper are a low fre-
quency PECVD SiNx and a stack of thin thermal oxide and 
PECVD SiNx. In this study, two modified Al alloyed pastes 
(paste A and paste B) were developed by adding appro-
priate additives to fritless Al paste. Consequently, four 
different Al pastes were investigated: 1) fritted Al paste 
(regular Al paste with the glass frit commercially used for 
full area Al-BSF structure), 2) fritless Al paste, 3) paste A 
with additive, and 4) paste B with different amount of addi-
tive. These four pastes were first analyzed on the basis of 
three criteria: 1) maintenance of dielectric passivation 

Fig 1. Schematic of simple process for dielectric back 
passivation with LBSF.



quality, 2) internal back surface reflection and 3) formation 
of an LBSF. Finally, LBSF cells with screen-printed con-
tacts were fabricated and analyzed with light IV measure-
ment and long wavelength light beam-induced current 
(LBIC) response.

EXPERIMENTAL

The wafers included in this study were all ~2.5 Ω-cm 
B-doped float zone (FZ) Si. The surface passivation qual-
ity of dielectric layers after Al firing was studied by first 
growing a thin thermal oxide (~100 Å) at 875°C in a con-
ventional tube furnace. Then a SiNx film with a thickness 
of ~650 Å was deposited on the rear side on top of the 
SiO2 layer in a low-frequency direct PECVD reactor.  Sub-
sequently, the four Al pastes were screen-printed on the 
rear side of each sample followed by ~750°C/~3s anneal-
ing in a belt furnace. Additionally, SiNx coated samples 
without Al were included in the annealing as a reference. 
All samples with Al were then placed in HCl:H2O2:H2O 
(1:1:2 by volume) to remove the Al layer. Finally, the effec-
tive lifetime was measured by the photoconductance de-
cay method at an excess carrier concentration of 2x1014

cm-3.
The internal back surface reflection was studied by 

depositing ~1000 Å of SiNx film on both sides of FZ Si 
samples. Then, the four Al pastes were screen-printed on 
the rear side of each sample. Additionally, one sample 
with SiNx on the front only and fritted Al on the back was 
prepared as a reference. All samples were annealed in the 
belt furnace using the same condition as discussed above. 
Finally, the total reflectance was measured on the front 
side of the structures.

To study the local BSF formation, test structures 
were prepared according to the process scheme shown in 
Fig. 1. The openings were formed by screen-printing of 
SolarEtch paste from Merck KGaA (an HF-free paste con-
taining special PO4

3- complex for SiO2 and/or SiNx selec-
tive etching) with a 125×125 µm2 square pattern.  The 
etching paste was annealed to initiate the etching reaction 
and then rinsed in DI water to remove etching residue. 
The four Al paste were then screen-printed on the back-
side and annealed in the belt furnace. Cross-sections of all 
samples were prepared for SEM analysis by sectioning 
through the vias, polishing, and etching to delineate the p-
p+ region [6]. This allowed examination of the LBSF under 
the contacts. 

Finally, 4 cm2 LBSF solar cells with screen-printed 
contacts were fabricated. First, a ~45 Ω/sq emitter was 
formed by POCl3 diffusion followed by back side Si etch to 
remove the n+ layer from the backside. Then, a thin ther-
mal oxide (~100 Å) was grown followed by deposition of 
~650 Å of SiNx on both sides. The local openings on the 
backside were formed using the SolarEtch paste as de-
scribed above. All samples were then subjected to full-
area Al screen-printing on the backside using the four Al 
pastes, followed by Ag gridline printing on the front. The 
samples were then co-fired in the belt furnace. The cells 
were analyzed using light IV measurement and LBIC re-
sponse. 

RESULTS AND DISCUSSIONS

Effect of annealing on the passivation quality of 
SiO2/SiNx with printed Al on top

A summary of effective lifetime measured on 
SiO2/SiNx coated wafers after annealing with Al followed 
by removal of Al is shown in Fig. 2. The results show that 
the FZ wafer with SiO2/SiNx passivation had an effective 
lifetime of 400 µs and all three fritless Al pastes on 
SiO2/SiNx maintained the effective lifetime at 400-500 µs 
after firing. This result demonstrates that the presence of 
the additive in the Al paste did not degrade the dielectric 
passivation quality. On the other hand, the use of fritted Al 
paste significantly lowered the effective lifetime 130 µs. 
This is attributed to the glass frit reaction with SiNx layer, 
resulting in the degradation of SiNx passivation quality.

Effect of Al paste composition on the internal back 
surface reflection

Figure 3 shows the total reflectance in the long wave-
length for different Al pastes on 1000 Å of SiNx. The re-
sults show that all of the metal-dielectric systems provided 
higher escape reflectance compared to full area Al-BSF 
structure, indicating superior internal back reflection. How-
ever, the presence of the additive in Al (pastes A and B) 
seems to lower the reflectivity of the metal-dielectric sys-
tem. Following the method used in [2], the back surface 
reflectance for each structure were extracted: 94%, 93%, 
89%, 88% for fritted Al, fritless Al, paste A and paste B on 
dielectric, respectively. On the other hand, A much lower 
back surface reflectance of 62% was obtained on regular 
Al-BSF structure.
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Fig 2. Effective lifetime of SiO2/SiNx passivated samples 
after annealing with different Al pastes on top.

Fig 3. Total reflectance in the long wavelength range for 
different back structures.



a) b)

c) d)
Fig 4. Cross-sectional SEM micrographs of LBSF for different Al pastes: a) fritted Al, b) fritless Al, c) paste A, and d) 
paste B.

Study of local BSF formation with different Al pastes

SEM micrographs of the local Al-BSF regions formed 
with the four pastes are shown in Fig. 4.  The BSF region 
under the Al contact is quite thin (up to only 6 µm) when 
the fritted Al and fritless Al pastes without the additive are 
used. Our calculations show that a 6 µm thick Al-BSF can 
lead to a BSRV of 640 cm/s on 1 Ω-cm wafers. On the 
other hand, pastes A and B with appropriate additives 
provided a BSF as thick as 13.5 µm thick that is much 
more uniform. This BSF thickness can lead to a BSRV of 
290 cm/s on 1 Ω-cm wafers.

Effect of Al paste composition on the performance of 
LBSF solar cells

The efficiency, Jsc, Voc, and FF of LBSF solar cells are 
summarized in Fig. 5 a, b, c and d respectively. For com-
parison, data for conventional full Al-BSF cells are in-
cluded. It can be seen that, for the LBSF structure, the use 
of the new modified pastes results in a significant im-
provement in cell performance over the regular Al pastes. 
However, the LBSF cell efficiency, even with these modi-
fied pastes, is still lower than the efficiency of conventional 
Al-BSF cells. This is a result of a lower Jsc and FF in these 
cells. Interestingly, however, the Voc were higher in the 
LBSF cells with modified Al pastes. This behavior of hav-
ing lower Jsc and FF while maintaining high Voc is most 
likely due to the parasitic shunting between the back con-
tact and the dielectric induced inversion layer (or floating 
junction) as discussed in [7,8]. 

Fig. 5. (a) Efficiency, (b) Jsc, (c) Voc, and (d) FF of screen-printed solar cells with different structures.
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Fig. 6. Long wavelength LBIC responses of screen-printed solar cells with different structures. Jsc for each structure from 
Fig. 5b was included for comparison.

The spatial uniformity of the back surface passivation 
in full area Al-BSF and LBSF cells was evaluated using 
LBIC. The long wavelength (980 nm) LBIC responses for 
five cells (including a full area Al-BSF cell) are shown in 
Fig. 6. The LBIC responses are in very good agreement 
with the Jsc values in Fig. 5b. This implies that the trend of 
Jsc shown in Fig. 5b is mainly a result of the difference in 
BSRV (as bulk lifetime is acceptably high in these FZ 
samples). The LBSF cell with fritted Al shows very poor 
response, which is attributed to the degradation of SiNx
after annealing caused by frit-SiNx reaction and the poor 
LBSF. The LBSF cell with fritless Al has better response in 
between the point contact; however, it clearly shows lower 
response at the point contact which is a result of poor 
LBSF as shown in Fig. 4. On the other hand, both the 
LBSF cells with modified Al pastes show a uniform re-
sponse at the point contacts and in the region in between 
them. However, the overall responses are lower for these 
cells compared to the regular full area Al-BSF. This is 
most likely attributed to the parasitic shunting of inversion 
layers in these cells, resulting in higher effective back sur-
face recombination especially for Jsc condition. Under Voc
condition, the shunting effect is less pronounced, that is 
why the Voc of LBSF cells with additive is higher (Fig. 5c). 

CONCLUSIONS

This paper demonstrates a low-cost screen-printing 
process to form a self-aligned local back surface field 
through a SiO2/SiN dielectric stack. The process yields an 
excellent surface recombination value of 35 cm/s due to 
the high-quality dielectric stack and a high BSR in regions 
between the rear Al point contacts. The modified Al pastes
also form a uniform >10 µm-thick LBSF under the contacts 
without deteriorating the passivation quality of the dielec-
tric. The use of these modified Al pastes results in a sig-
nificant improvement in the LBSF solar cell performance 
as compared to conventional Al pastes. The Voc of the 
LBSF cells using modified paste was 7-8 mV higher than 
that in conventional full area Al cells. However, the cell 
efficiency for LBSF cells was lower due to losses in Jsc

and FF, which are attributed to the parasitic shunting be-
tween the back contact and the inversion layer.  
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