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1. Low-frequency noise properties
The noise spectra of Si NR structures were measured at the constant current in the ohmic CVC mode.
Figure 6 shows the source-drain current low-frequency (LF) noise spectral density measured in dark
conditions as well as under irradiation at back gate voltage of
V and
µA. Noise spectra,
measured in dark, demonstrate
noise behavior with noise parameter equal to
. LF noise level
rises with the increase of the light irradiation intensity. The increase of the illumination intensity results in
the growth of the majority carrier’s concentration. This in turn causes the growth of mobility fluctuations in
the channel because of increased interaction and scattering rates as result of: first, scattering between
carriers and secondly between the carriers and acoustic phonons, as well as on different impurity traps [20].
As the noise measurements were performed at the constant current in the ohmic CVC mode, the channel
resistance linearly changes with the applied voltage
. As it is known the
-noise spectral density is
proportional to the voltage in power 2:
,

.

(6)

Here
is the current channel resistance; , and is the volume, the cross-section area and the length of
the current channel, respectively;
is the majority carriers (holes) mobility and is the channel specific
resistance. The decrease of the channel resistance leads to growth of the noise spectral density. At the light
excitation of NR FET sample with the special power
we have:

.

(7)

Here
is the concentration of holes in the dark conditions, is the specific conductivity. The noise level
increases proportionally to the intensity of the illumination.
We calculate values of the noise parameter , using the curves presented in Fig. 6. The following
parameters are obtained for samples, measured in dark and at light excitation of different powers:
γ(dark) ≈1.0, γ(0.85 W/cm2) ≈ 0.5 and γ(1.6 W/cm2) ≈ 0.2.
Under irradiation the value of the noise parameter decreases. This can be explained as follows. With
increasing light power, the conductivity of the current channel increases. As a result, the lifetime of
minority carriers rises and reaches values
s. As is known, generation-recombination
(g-r) noise has the Lorentzian shape
.
(8)
Here is the frequency. It is clear that the section of the plateau on dependence
is determined by
the condition
.
(9)
It should be noted that with the increase in the lifetime of the electrons, first of all the value of the cut-off
frequency
decreases. The characteristic frequency of the g-r noise shifts to the low-frequency region.
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Since the conductivity and lifetime
increasing , correspondingly:

increase with increasing illumination power, the

decreases with

.

(10)

W=1.6 W/cm2

W=0.85 W/cm2
γ (dark) ≈ 1.0
γ (0.85 W/cm2) ≈ 0.5
Dark
γ (1.6 W/cm2) ≈ 0.2

Frequency, Hz
Fig. 6. Spectral dependence of LF noise,
measured for NR FET sample with l = 10 µm
under illuminations 0.85 W/cm2; 1.6 W/cm2,
and in the dark, T=300K.

Noise spectral density (V2/Hz)

Noise spectral density (V2/Hz)

Secondly, the growth of g-r processes leads to an increase in the g-r noise level. These two processes result
in the screening of the 1/f noise part under the g-r noise plateau. The fact explains the decrease in the value
of the noise parameter with increasing illumination power. Note that the decrease in the value of the
parameter can also be related to the growth of thermal noise due to the increase in the conductivity of the
current channel.
pH=8.2

pH=7.0

γ (pH6.3) ≈ 1
γ (pH7.0) ≈ 0.5
γ (pH8.2) ≈ 0.4

pH=6.3

Frequency, Hz
Fig. 7. Spectral dependence of LF noise for
NR with length, l = 10 µm, measured at T=
300K and several pH values: 6.3, 7.0 and 8.2.

Figure 7 illustrates spectral dependency of the LF noise power spectrum of Si NR FET sample, measured at
the
V,
in solution at the several pH values: 6.3, 7.0 and 8.2. Noise parameter
decreases with the increasing of the pH-value: (pH=6.3) ≈ 1.0; (pH=7.0) ≈ 0.5; (pH=8.2) ≈ 0.4. LF
noise level increases and its slope decreases with increase of the pH-value. The increase in pH-value leads
to a decrease in channel resistance, which is caused by the accumulation of negative charges at the
semiconductor-oxide interface. Decreasing of the slope of
dependence can be explained taking into
account the effect of the channel conductivity increasing.
2. Size-depending effects
In this section, we present the results of a study of the effect of SiNR characteristic length on the current
transport mechanisms, pH-sensitivity, and also the behavior of LF noise. The magnitude of the current is
inversely proportional to the length of the current channel, which justifies the application of the drift
approximation for transport mechanism, as well as the assumption of a uniform distribution of the electric
field strength along the length of the current channel (Fig. 8). The influence of light excitation, leads to an
increase in the magnitude of the source-drain current. The pH-sensitivity increases with the current channel
elongation and tends to the Nernst limit of 59.5 mV/pH, characteristic for micro-size sensors [19] (see Fig.
9). This behavior can be explained as follows. First, as the length of the channel decreases, the area of the
pH-sensitive surface decreases, and consequently the number of measurable H + ions in the aqueous solution
decreases. Second, according to Eq.(2) the current
increases with decreasing , which leads to a decrease
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in the resistance of the current channel at constant voltage
. As the resistance of the channel
decreases, its modulation is hampered under the influence of the H+ ions; hence the pH- sensitivity
decreases.
Figure 10 illustrates the LF noise spectral density dependencies on the length of the current channel. These
curves are plotted using the spectral dependences of the LF noise measured in the dark conditions, under
illumination with an intensity of 0.85 V/cm2, and in an aqueous solution with a pH=7 of SiNRs of different
lengths. Calculated value of the slope of those parallel curves is equal to
(see Fig. 10).
This value is near the value (equal to 3) obtained theoretically using Eqns. (6) and (7),
with error
about 10%. The difference between the theoretically expected and measured value of dependence
can
be explained by relatively high level of thermal noise.

Current, µA
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14
W=1.6 w/cm2

12
10
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6
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W=0.85 w/cm2
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2

4
6
8
Channel length,

10

Fig. 8. Plot of channel current vs channel length.
V,
V,
.
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pH-sensitivity, mV/pH
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Fig. 9. Plot of pH-sensitivity vs channel length.
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Noise spectral density, V2/Hz

10-5

W=0.85 W/cm2
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Fig. 10. Plot of noise spectral density vs channel length.
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3. Conclusion
The spectral density of the LF noise increases both under the action of the pH solution and the illumination,
and in both cases the frequency dependence of the noise is weakened and the value of the noise parameter
decreases. With increasing of the pH and illumination power the 1/f noise is screened by the G-R plateau
and the characteristic frequency of the G-R noise component decreases with increasing illumination power.
LF noise level increases and its slope decreases with increase of the pH value. The magnitude of the
channel current is approximately inversely proportional to the length of the current channel. The pHsensitivity increases with the current channel elongation and approaches to the Nernst limit value of 59.5
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mV/pH. It is shown that the measured value of the slope of noise spectral density dependence on the current
channel length is 2.7 that are close to the theoretically predictable value 3.
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