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This paper brings the comparison of solar cell conversion efficiency and results from a noise spectroscopy and microplasma
presence to evaluate the solar cell technology. Three sets of monocrystalline silicon solar cells (c-Si) varying in front side
phosphorus doped emitters were produced by standard screen-printing technique. From the measurements it follows that the
noise spectral density related to defects is of 1/f type and its magnitude. It has been established that samples showing low noise
feature high-conversion efficiency. The best results were reached for a group solar cells with selective emitter structure prepared by
double-phosphorus diffusion process.

1. Introduction

It is generally accepted that there are some fundamental
sources of noise which generate the noise background. This
is the case of the thermal noise, shot, noise and, as was
shown recently, of the fundamental quantum 1/f noise [1].
Besides the fundamental noise, which cannot be eliminated
from any device, there exists excess noise which is believed
to carry information on the device technology and structure
defects which are either nonintentionally introduced during
the device production or appear as results of the degradation
processes during the device operation.

As it is well known, the noise spectral density increases
with stress and damage and varies among nominally identical
devices. Therefore, the excess noise is not of fundamental
origin.

It is common experience that there are “good quality”
and “poor quality” specimens. The noise level can vary con-
siderably among nominally identical devices made by the
same techniques and even at the same times. The sensitivity
of the noise magnitude is typical feature of many samples
and is caused by the effect of structure defects and other
irregularities. Since the effect is due to a variable which is not

controlled, the identification of the actual source is not easy.
Very detailed experiments with many variables are needed to
give a positive identification.

General conclusions are more common and state that
noise depends on

(i) imperfections of the crystal structure, number of
grain boundaries, point defects, linear defects, and so
forth;

(ii) surface parameters;

(iii) homogeneity of PN junction region

Energy changes of the state of electron in a semicon-
ductor are not indicated by light emission only but are
also displayed on resulting current characteristics in both
time and voltage dependence. They can be quantitatively
evaluated not only by their mean values, but also by other
statistical characteristics such as the correlation function
or spectral output density. Considering the reality that
the defects in silicon crystal grid are sources of oversize
noise resulting in degradation of physical and technical
parameters, noise characteristics can be used to evaluate
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Figure 1: Circuit diagram of a solar cell sample.

the quality and service life of the observed system and its
components classified.

As it was already shown in previous publications [1–3],
noise spectral density reflects the quality of solar cells, and
thus it represents an alternative advanced cell diagnostic tool.
This paper deals with comparisons of noise spectroscopy [3]
and detection of microplasma noise sources for three types
of solar cells with screen-printed metallization varying in
emitter structures.

2. Experimental Procedure

The first set of c-Si solar cells (here denoted as group 3149)
was prepared with homogeneous emitter doped to the sheet
resistance of about 52 Ohm/sq. The second group of samples
(3147) represents advanced cell structure concept with
selective emitter structure prepared by single phosphorus
diffusion where shallow doped regions were formed by using
isishape SolarEtch CES etching paste from Merck company.
In the third group 3150 the solar cells with selective emitters
(SE) were prepared by double “deep” phosphorus diffusion
process where the shallow emitters were prepared from deep
diffused n+ layer by wet chemical “nanoetching.”

Produced solar cells were first characterized by standard
techniques such as an illuminated I-V curve measurement
(sun simulator 1000 W/m2, AM1.5), LBIC (650 nm), EQE,
and Suns-Voc in Solartec. Then all the samples were trans-
ported to the advanced characterizations (noise diagnostics
and microplasma detection) to the Brno University of
Technology.

Figure 1 shows the electronic circuit used to measure
the noise characteristic of solar cells samples. A DC voltage
from a DC power supply is applied across points 1 and 2.
Resistances R1 and R2 and capacitors C1 and C2 are used to
suppress spurious effects of the measuring equipment. The
load resistance RL has been chosen to be 100Ω. The noise
voltage to be analyzed passes through a coupling capacitor
C3 between points 3 and 4 to be fed into the input of Unipan
233-7 low-noise preamplifier, subsequently processed and
recorded.

Since the noise voltage across the load resistance is
measurable quantity, the testing procedure is based on the
load resistance noise voltage data collection. The highest
resolution of the current noise spectral density is obtained
for the current values corresponding to the power matching
condition. The ratio of the total measured noise to the
background noise has a maximum value at this point.

The voltage noise spectral density was measured in
forward biased voltage [4, 5] being picked up across a load

resistance RL = 100Ω at a band mean frequency of 1 kHz
and a bandwidth of 20 Hz [6, 7].

When reverse electric field is applied to a PN junction
with some technological imperfections like local shunts,
dislocation in PN junction or crystal-grid defects causing
nonhomogeneity of parameters it produces enhanced impact
ionization in tiny areas called microplasma [8, 9]. It can lead
onwards to deterioration in a cell quality or to destruction
of PN junction. Energy changes of the state of electron in a
semiconductor are not indicated by light emission only but
are also displayed on resulting current characteristics in both
time and voltage dependence. This is used by noise diagnos-
tic methods based on the fact that owing to the microstruc-
ture of a substance material matter, and all processes taking
place in the substance are stochastic and are manifested by
fluctuations of macroscopically measurable quantities. They
can be quantitatively evaluated not only by their mean values,
but also by other statistical characteristics such as correlation
function or spectral output density. It is going usually of
generation-recombination noise in which dependence on
frequency is of type 1/ f 2. Microplasma is detectable well
before the reverse breakdown of the PN junction.

Microplasma light emission is exhibited in a full spec-
trum range thus a CCD camera in a dark cryogenic box
can be used. The apparatus for the method contains highly
sensitive low-noise CCD camera G2-3200 with CCD chip
by Kodak KAF-3200ME. It can be cooled down to −20◦C.
Camera contains set of optical filters, special objectives, and
equipment for contacting solar cells. Solar cell is connected
to reverse bias DC power source. Signal form CCD camera is
analyzed by PC computer. The contact area is placed on dish
with LN2. The temperature of underside area is −21◦C. Due
to the cooling it is possible to observe the smallest defects
in solar cells. The number of the visible defects in solar cell
depends on connected reversed biased voltage (RBV). Dur-
ing increasing reverse biased voltage, it is possible to observe
more shining points. Standard exposure time is about 20 s.

3. Experimental Results

Figure 2 illustrates the voltage noise spectral density versus
applied DC voltage. The highest resolution of the noise
spectral density is obtained for voltage values corresponding
to the power-matching condition (UF1 = 0.3 V). In a region
at a voltage above UF2 = 0.55 V, we can see an accrual
of excess noise component whose source comes from the
contact series resistance RS. Progress of the noise voltage
spectral density in this region characterizes the contact series
resistance state.

Figure 3 shows a voltage noise spectral density SU versus
frequency at a temperature T = 300 K, the noise voltage
being picked up from a load resistor RL = 100Ω for the cells
from the 3149 group. The curve labeled UF = 0 V indicates
the measuring setup background noise. The shapes of the
noise curves for the applied DC forward voltage UF = 0.3 V
(various samples) show the excess noise component to be of
the 1/ f 1 type or 1/ f 2 type which is typical of the generation-
recombination (g-r) noise.
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Figure 2: The noise spectral density as a function of forward voltage
for group of samples 3149.
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Figure 3: The noise spectral density versus frequency for group of
samples 3149.
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Figure 4: Dark I-V characteristics of the group of solar cells 3149
(homogeneous emitters).

Excess noise parameters correlate very well with the
transport characteristic measurement shown in Figure 4. In
the area of UF1 = 0.3 V, we can for samples no. 24 and no.
25 observe significant component of excess current which is
also reflected in the low value of exponent β1 = 4.5 V−1. The
value of capacity at a voltage UF1 = 0.3 V is about 620 nF
(surface area 100 cm2).

Figure 5 shows the dependence of noise spectral density
on the applied DC voltage for the solar-cells from the 3150
group. Average value of SUMAX is the lowest of all three
studied groups and reached only SUMAX = 3 · 10−16 V2 Hz−1.

In Figure 6 the correlation between spectral density
SUMAX and solar cell efficiency is shown. We can see high
correlation factor in all three groups of samples.

4. Discussion

The generation of microplasma is influenced by several
factors. The first of them is defected silicon crystal-grid
causing nonhomogeneity of parameters that, in turn, creates
visible defect. The second is dislocation and impurities in PN
junction. At places where junction is thinner or mechanically
damaged, the microplasma discharge and emission of light is
present.

Another sign of observed microplasma is noise, which
has random spectrum in frequency range. Microplasma
noise is measurable even before the creation of light emis-
sions. That provides a way to obtain information about
microplasma creation with exiguous reverse voltage.
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Figure 5: The noise spectral density as a function of forward voltage
for group of samples 3150.
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Figure 6: The correlation between spectral voltage density SUMAX

and conversion efficiency of the solar cells from all groups.

The microplasma light intensity highly depends on
reversed biased voltage. The results from noise diagnostic
(see examples nos. 3149-25, 3149-24, and 3149-6) show
strong correlation between type of technology (used texture)
and noise level. The output from observed microplasma
of each cell shows that the correlation between these two
methods can exist. For a sample 3150-15, we have observed at
a voltage of 4.0 V presence of about 30 microplasma sources

Figure 7: Microplasma method-scanning time 20 s, voltage 4.0 V,
current 0.15 A, sample no. 3150-15.

Figure 8: Microplasma method-scanning time 20 s, reverse voltage
4.0 V, current 0.15 A, sample no. 3149-25.

(Figure 6), while, at the sample 3149-25, the number was
about 200, this is approximately 6 times higher (Figure 7).

Figure 7 shows results of a microplasma-emitted light for
the sample no. 3150-15. This sample generated very small
noise voltage spectral density of (for only SUMAX = 2 ·
10−16 V2 Hz UF1 = 0.3 V), and its efficiency was quite high
of about 16.8%.

The number of microplasma counts for sample No. 3149-
25 is significantly greater and depends on connected reversed
biased voltage (RBV) (Figures 8 and 9). The noise spectral
density reaches value over SUMAX = 1 · 10 −14 V2 Hz for vol-
tage 0.3 V.

5. Conclusion

The article compares the results from noise spectroscopy,
microplasma presence, and solar-cell efficiency. From the
measured results, it follows that the noise spectral density
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Figure 9: Microplasma method-scanning time 20 s, reverse voltage
8.0 V, sample no. 3149-25.

related to defects is of 1/f and generation-recombination
types. Samples with lower noise voltage spectral density of
only SUMAX = 2 · 10−16 V2 Hz for UF1 = 0.3 V have smaller
number of microplasma counts around 30 for voltage of
4.0 V and higher efficiency 16.5%–17.0%. Samples with great
noise voltage spectral density over SUMAX = 6 · 10−16 V2 Hz
for UF1 = 0.3 V have the number of microplasma counts
greater than 200 for voltage 4.0 V and smaller efficiency
14.0%–16.0%.

Data presented in Figure 6 shows not only good correla-
tion of the spectral voltage density with conversion efficiency
of all solar cells but one can identify small variation in the
tangent of this relationship corresponding to the cells dif-
fering in emitter structure. This behavior will be subject of
next intensive study.
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