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ABSTRACT

In this work is described measurement method for determination of minority carrier
lifetime, which is one of recombination parameters. For determination of minority carrier
lifetime well known microwave-detected photoconductance decay (MW-PCD) method was
used. The layers of SiNy were sputtered by means of RF magnetron. The aim of work was
evaluation of both front and back side surface recombinations and optical properties of
sputtered layers and their comparison with passivatinon layers on standard solar cells made
by Solartec company (Czech Republic).

1 INTRODUCTION

Measurement of the recombination properties is mostly important for diagnostic of silicon
solar cells. The efficiency of a crystalline silicon solar cell is strongly determined by the
bulk carrier recombination lifetime 1, the emitter saturation current density Jop and the
effective surface recombination velocity (SRV) Setrvack at the rear of the cell. For lifetime
minority carrier measurement we used the microwave-detected photoconductance decay
(MW-PCD) method.

In standard solar cells industry has been using the passivation layer on the both sides of
silicon substrates. For deposition of SiNy passivation films the reactive magnetron
sputtering was used in this work. The main advantage of reactive magnetron sputtering is
low process temperature — using low-temperature amount of the crystal lattice defects
decrease. Next reason for this technology implementation is purity of process and
relatively high deposition rate. The most important material for silicon solar cells surface
passivation is at present time the silicon nitride. The quality of deposited SiNy on the front
side of solar cell is important for determined of antireflection layer properties.

The passivation layer on the back side eliminates the crystal-lattice defects thereby
increasing minority carrier lifetime. By covering of back side of the cell recombination
effects in the silicon bulk and silicon surface are reduced.
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3.1

SINx LAYER PROPERTIES

The SiNy layers were deposited by means of RF reactive magnetron sputtering in an
industrial LEYBOLD-HERAEUS Z550 sputtering device with 150 mm silicon cathode.
All films were deposited in the RF mode. The substrates were preheated to 50°C. The RF
power for magnetron sputtering was from 400 W up to 600 W, deposition rate were from 2
nm/min up to 5 nm/min., depending on the process parameters. The gas mixture (Ar-Ny)
was control in steady pressure condition by mass-flow controllers. In presented SiNy
deposition runs hydrogen was not used in the gas mixture.

The deposition rates were evaluated from the film thickness using a Talystep
profilometers. On the front side of silicon substrates was deposited SiNy of 105 nm + 5%
in case monocrystalline and 95 nm + 5% for multicrystalline substrates.

RECOMBINATION PARAMETERS MEASUREMENT

MW-PCD MEASUREMENT PRINCIPLE

In the MW-PCD (Microwave Photoconductance Decay) method, within the wafer under
test a short laser pulse (duration 100 ns) generates excess carriers. After termination of the
laser pulse, the excess carriers recombine in the bulk and at the surfaces of the wafer. The
decay of the excess carrier concentration within the wafer is measured via the reflected
microwave power. As the microwaves penetrate deep into the wafer, the recorded signal
represents a spattialy averaged excess carrier concentration. The asymptotic part of the
resulting transient curve is fitted with an exponential decay function, where the time
constant of the exponential function is the effective carrier lifetime 1. of the wafer under
test. The maximum intensity of the bias light is ~ 250 mW/cm” using an additional halogen
lamp.
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Fig. 1: Principle of MW-PCD measurement.



Hence, MW-PCD system is limited to An < 2x10"° ¢cm™, depending on the lifetime of the
measured material. Standard MW-PCD method gives no information about the excess
carrier density at a particular bias light intensity. The bulk injection level is given from the
measured bias light intensity and the measured effective lifetime using the semiconductor
simulation program. The bias light illuminates a relatively large section of the sample and
the laser beam has a small diameter (a few mm) and hence the measured quantity is a local
carrier lifetime (Fig. 1).

MW-PCD measurement is non-contact method where minority carrier lifetime can be
measured within bulk substrates or its surface. For measurement of carrier lifetime on the
silicon surface the iodine-ethanol solution can be used. lodine-ethanol is here an ideal
passivation substance for silicon surface. In principle, before measurement the silicon
substrate is inserting inside of iodine-ethanol solution for elimination of surface
recombination effect. Hence, the minority carrier lifetime measurement gives the values of
lifetime within bulk only. The substrate is measured without passivation. Immediately after
this passivation step of silicon surface the substrate is measured again. Now, the lifetime
value contains data of all substrate (surface and bulk). After comparison we can determine
quality of surface passivation on the silicon substrates.

3.2 MW-PCD MEASUREMENT

On the Fig. 2 and Fig. 3, there is a comparison between multi and mono-crystalline silicon
substrates by means of MW-PCD measurement. In case of multi-crystalline substrate the
grain size within the poly-substrate is critical parameter for quality of passivation layers.
The top value of minority carrier lifetime is 12,2 ps for non-passivated substrate and 12,4
for substrate with sputtered passivation layer of SiNy. The quality of silicon material is
very important in case of the mono-crystalline substrate. The purity of silicon determine
the lifetime on the silicon surface and within bulk. The top value of lifetime is 13,3 ps for
non-passivated substrate and 10,2 us for substrate with sputtered passivation layer of SiN.

Fig. 2: Measurement of m-crystalline silicon substrates; before passivation (on left) and
next to sputtered of SiNy (on right).
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Fig. 3: Measurement of mono-crystalline silicon substrates; before passivation (on left)
and next to sputtered of SiNy (on right).

4 DISCUSION AND CONCLUSION

In our work SiNy passivation layers were deposited on the multicrystalline and
monocrystalline silicon substrates. The layers were created by means of RF reactive
magnetron sputtering with its thickness of 105 nm (monocrystalline) and 95 nm
(multicrystalline).

For determining of minority carrier lifetime well known microwave-detected
photoconductance decay (MW-PCD) method was used. By the help of this technique we
measured monocrystalline and multicrystalline substrates before passivation layer
deposition and after sputtered of SiNy passivation layer. The passivation effect by
monocrystalline substrates is decreased. The reason here can be strongly n” dopped
diffusion layer with large deffect concentration..

After SiNy layer deposition on multicrystalline substrate the minority carrier lifetime was
increased. The top value of minority carrier lifetime is 12,4 ps. The quality of passivation
layer is strongly dependent on the grain size within poly-silicon substrate.

ACKNOWLEDGEMENT

This research has been supported by the Czech Ministry of Education in the frame of
Research Plan MSM 0021630503 MIKROSYN “New trends in Microelectronic Systems
and Nanotechnologies”, by the Ministry of Environment of the Czech republic in the frame
of R&D project VaV SN/3/172/05 and by project of Ministry of Education, Youth and
Sports in Research Plan 1IM06031.



REFERENCES

[1]

2]

[3]

[4]

Hegr O.; Surface recombination analysis and quality of special passivation layers,
Diploma project, FEKT VUT Brno 2005, Czech Republic

Cuevas A.; Recombination and trapping in multicrystalline silicon, IEEE Transaction
on Electron Devices, submitted 15 December 1998

Hégr O., Bousek J., Sobota J., Bafinka R., Poruba A.; Reactive magnetron sputtering
silicon nitride layer for passivation of crystalline silicon solar cells, 21* European
Photovoltaic solar Energy Conference, 4-8 September 2006, Dresden, Germany;
ISBN: 3-936338-20-5

Bousek J., Fort T., Kvaltin J.: LBIC method with variable wavelength of actuating
light, FEEC, BUT of Brno, Brno 2006



