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Introduction

Ion Beam Induced Charge (IBIC) is a valuable method for the mapping of charge carrier transport
and recombination in silicon solar cells[l]. However performing IBIC analysis of polycrystalline
silicon solar cells is problematic in a manner unlike previous uses of IBIC on silicon-based electronic
devices. Typical solar cells have a surface area of several square centimeters and a p-n junction
thickness of only few microns. This means the cell has a large junction capacitance in the many
nanoFarads range which leads to a large amount of noise on the preamplifier inputs which typically
swamps the transient IBIC signal. The normal method of improving the signal-to-noise (S/N) ratio
by biasing the junction is impractical for these cells as the low-quality silicon used leads to a large
leakage current across the device. We present several experimental techniques which improve the
S/N ratio which when used together should make IBIC analysis of many low crystalline quality
devices a viable and reliable procedure.

The Detector and Preamplifier

Solar Cell

Figure 1: Circuit schematic of a solar cell arranged as a charged particle detector in a charge sensitive
preamplifier circuit. Rs and C<j are the series resistance and junction capacitance of the solar cell and is
is the small signal current source provided by ionising radiation entering the cell. Cs is the sum of stray
capacitances between the detector and preamplifier and CjSS is the input capacitance of the FET. The
A250 is a hybrid charge sensitive preamplifier module made by Amptek Inc.

Data collection for IBIC requires a small transient signal to be collected from a solid-state semi-
conductor device and amplified. The circuit most often used for this purpose is the charge sensitive
preamplifier. This mode of preamplification typically gives the best signal to noise ratio for charged
particle detection with a solid state detector. A schematic for this circuit is shown in figure 1.
The solar cell is shown as an equivalent circuit containing a small signal current source is, a series
resistance Ks and a parallel capacitance C<j. Charge injected into the cell by incident MeV ions



is separated across the p-n junction creating a small transient current (lMeV of energy loss in Si
creates ~0.044pC of charge). The series resistance is largely determined by contributions from
the bulk resistance of the semiconductor material and contact resistance of the metallic fingers [2,
p43]. The space-charge region of the p-n junction has a capacitance Ca which is proportional to
the junction area and inversely proportional to the depletion region width [3,p78]. Other sources
of capacitance on the preamplifier input are the gate-channel capacitance of the JFET (Qss) and
other stray capacitance between the detector and amplifier due to such things as coaxial cabling
(Cs). The feedback capacitor C/ controls the voltage gain of the circuit and R/ slowly drains the
accumulated charge off C/ to prevent clipping.

Amplifier Gain and Noise Sources

The output voltage of the above circuit for an input IBIC transient is given by

Q
Vnut — — Cin + (A + \)Ct

where Qn = Cd + Cs + C{SS, Q is the integrated charge of the transient and A is the preamplifier
gain. When (Cin + Cf)/Cf « A the output voltage is approximately Vwt = —Q/Cf. However
as Cin becomes large the output voltage is significantly reduced and hence the S/N ratio worsens.
This effect can be partially offset by using an input FET with a Ciss approximately equal to
Cd, which will have a larger transconductance gain and hence increase A. Connecting two or
more FETs in parallel can achieve the same effect. In addition to this reduction in sensitivity a
large input capacitance also acts as a significant noise source. This noise is proportional to the
capacitance and must typically be kept below l-2nF to keep the transient signal above the noise.

Results and Discussion

Solar cells typically have junction areas of several cm2 and as such their capacitance is very high.
A simple way of reducing this capacitance is to fragment the cell into pieces small enough so that
the junction capacitance is low enough to see IBIC transients above the noise level. This has
been performed successfully as shown in [4]. The same effect may also be achieved by scribing
a rectangle on the surface of the cell to cut through the thin n+ layer, hence isolating thep-n
junction within the region defined.

A common way of reducing detector capacitance is to reverse bias the p-n junction which increases
the depletion region width. This is unfortunately impractical for polycrystalline solar cells due to
the large reverse bias leakage current of these devices. This has the effect of dropping much of the
supplied bias voltage across the bias resistor and producing significant Shot noise from the bias
resistor.

Figure 2 shows a comparison between a 12mm2 fragment of commercial grade polycrystalline
silicon solar and a 25mm2 p-n junction silicon charged particle detector made from single crystal
silicon. This exemplifies the large capacitance and leakage current even from a small section of
solar cell by comparing it to a detector for which IBIC S/N ratio is very good.

The purchase of an Amptek A250 hybrid charge sensitive preamplifier has allowed us to fabricate
an in-chamber preamplifier module which has significantly improved the S/N ratio by minimising
the detector to preamplifier distance and hence effectively eliminating the stray capacitance Cs.
Another benefit has been the elimination of troublesome ground loop noise sources between the
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Figure 2: Comparison of device capacitance and leakage current as a function of reverse junction bias
voltage for a commercial-grade polycrystalline silicon solar cell and a solid-state crystalline silicon charged
particle detector. Capacitance and current values for the solid-state detector have been multiplied by a
factor of 10 for clarity. Detector surface areas are 12mm2 and 25mm2 respectively.

solar cell detector and preamplifier input.

Future Work and Conclusion

The most effective technique for further improvement of the IBIC S/N ratio is to cool the sample.
The leakage current of the cell will halve for approximately every 10°C reduction in temperature.
This would allow the junction to be reverse biased and Cd reduced without introducing significant
noise. Simultaneous cooling of the FET reduces its leakage current which will also reduce the
noise. Sample cooling has other beneficial effects such as increasing the diffusion length of the
silicon substrate which improves charge collection of generated charge carriers. Preparation of
an in-chamber liquid nitrogen sample cooling stage for the Melbourne microprobe is currently
underway and should allow IBIC on polycrystalline solar cells to be performed with much better
results.
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