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ABSTRACT: In this paper an attempt is made to design and develop a high-gain low-noise pre-amplifier and a narrow
band-pass filter for photoacoustic spectrometer (PAS). A two-stage pre-amplifier with the gain of 1000 and a second
order state variable narrow band-pass filter are designed and fabricated. The pre-amplifier and narrow band-pass filter
circuits are designed with a low-noise op-amp (LM308). This arrangement improves the sensitivity and signal-to-noise
ratio of the photoacoustic (PA) signal. The frequency response of the PA cell is studied with carbon-black and liquid
crystal samples. The resonant frequency of the PA cell was found at 345Hz. The performance of the system is tested in
both the presence and absence of modulated laser beam applied on the sample, and it is found that the signal quality has
been improved with the pre-amplifier and narrow band-pass filter designed for the present study.

KEYWORDS: Pre-amplifier, Narrow band-pass filter, Photoacoustic, Spectrometer, low-noise.

I. INTRODUCTION

Modern measurement systems are the fruits of science and technology. The precise measurement systems play an
important role in science and technology. No doubt several investigators have designed various pre-amplifiers and
narrow band-pass filters through variety of techniques. The signal-to-noise ratio is the most important parameter that
needs to be considered, when low level measurements or high resolution measurements are attempted [1-2]. A pre-
amplifier conditions the signal coming from a transducer/detector for further amplification. Its primary function is to
extract the signal from the detector without disturbing the intrinsic signal-to-noise ratio [3]. High-gain pre-amplifiers
are commercially available, and can also be built using discrete components like FETS/MOSFETSs and low noise
integrated circuits like LM308, OP07 etc.

It has to be noted that, even with the best available electronic circuitry, the amplifier noise exceeds the signal generated
by the transducer itself [4] resulting in a detection sensitivity far below the theoretical limits determined by the
displacement of the microphone diaphragm [5]. Several circuits for microphone and piezoelectric transducer pre-
amplifiers have been described by several investigators [6-8]. The use of operational amplifiers with low temperature
coefficient and large feedback substantially reduces the gain drift with temperature in comparison to pre-amplifiers
with FETS/MOSFETSs in the input stage. There are electret microphones with built in MOSFET amplifiers which makes
it easy to couple them to moderately high input impedance pre-amplifiers. The output of the pre-amplifier is normally
applied to the narrow band-pass filter to improve the signal quality.

Filters can be broadly classified into two types viz., passive filters and active filters. One of the serious constraints with
the passive filters is the necessity to always use the specified source and termination impedances, besides compensating
for the heavy attenuation suffered by the signal. Cascading of the filters is also not a straight forward solution in spite
of designing the filters so that their source and termination impedances are equal. Additional isolation amplifiers are to
be interposed between cascaded filter sections. This introduces severe distortion in the filter characteristics due to non-
ideal matching between source-end and the input filter-end section and the output-end of the filter and the input
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amplifier section or the filter-end section terminating load [9-11].Another main drawback is the necessity to use bulky
and often non-linear inductors for low and very low frequency filters.

The availability of operational amplifiers in the integrated circuit form has tremendously changed the concept of filter
design, leading to the emergence of active filters. Today, a majority of low frequency filters are necessarily of this type,
particularly for frequencies below 100 kHz. The special advantage of the active circuitry for use as low frequency
filters is the fact that inductors can be totally avoided. However, due to the limited gain bandwidth product of IC and
their effect on the filter characteristics, these filters are limited to few hundred kilohertz. The recently introduced
inexpensive general purpose FET input operational amplifiers are particularly useful in the design of active filters [12-
13].

PAS is one of the best and most reliable scientific/analytical instruments for phase transition studies and for the study
of thermodynamical aspects of different samples [14-15]. This instrument uses PA cell for placing the samples under
investigation. The output of PA cell is an acoustic signal with very low amplitude and buried in noise. This acoustic
signal needs to be amplified and filtered for further analysis. In order to do this, we need a high-gain low-noise pre-
amplifier and narrow band-pass filter. Hence in the present work a high-gain low-noise pre-amplifier and narrow band-
pass filter with improved signal-to-noise ratio are designed and fabricated for photoacoustic spectrometer applications.

Literature survey:

From the literature survey it is found that, several authors proposed various designs for building pre-amplifiers and
narrow band-pass filters, which have their own advantages and disadvantages. Kurihara, Y., et al., designed a DC
coupled single input pre-amplifier with wider low-frequency and rail-to-rail transconductance amplifier for capacitive
sensors such as capacitive electret film type sensor [16]. Jawed S.A. et al., designed a multi-function two stage
chopper-stabilized pre-amplifier for MEMS capacitive microphone. The gain and high-pass filtering corner can be
adjusted by digitally controlling the capacitor banks in the pre-amplifier [17]. Rieger.R. et al., designed a low-noise
pre-amplifier for nerve cuff electrode recording where certain important issues involved in the designing of nerve
signal pre-amplifier for implantable neuroprotheses were discussed and design and evaluation of a complete pre-
amplifier fabricated in a 0.8-um double-metal double-poly process were described [18]. Hunter I.C. et al., presented
explicit design formulas for electronically tunable microwave band-pass filters and the computer analysis of varactor
tuned combine band-pass filter including the small signal varactor equivalent circuit which enables filter performance
to be easily evaluated [19]. Matthei G.I showed the important advantages for designing compact narrow-band filters by
introducing hairpin-comb filter which have special properties that are advantageous for the design of compact, narrow-
band, and bandpass microstrip filters [20].

Il. METHODOLOGY OF THE SYSTEM

The complete schematic of the system is shown in Fig.1. The carbon soot quoted on glass plate of 1.0 cm diameter, acts
as a sample, is placed in the sample cavity of the PA cell as shown in Fig.2. The PA cell is designed according to
Helmholtz resonance principle [21-22]. A switchable diode laser which has 808nm of wave length and 50mW of
optical power is used as radiation source. The laser beam is modulated by connecting the diode laser to the collector of
the transistor (CL 100) and modulating signal (TTL square wave) to base of the transistor. When the modulated laser
beam falls on the surface of the carbon black, produces an acoustic signal of same frequency as that of the modulating
signal. This acoustic signal is converted into electrical signal by an electret microphone (KECG3644PFG, of KSA
Electronics make) which can be operated with supply voltage ranging from 3 to 10V and has an output impedance of
about 2.2kQ and sensitivity of about 44+3dB [22]. The typical noise level of the microphone is ~4nV/vHz. When the
PA signal is amplified, the microphone noise would also amplify along with the PA signal. Hence, a compromise
between the signal-to-noise ratio (SNR) and the amplifier gain is necessary for optimum PA signal detection.
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Fig. 2 Photograph of the PA cell
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Pre-amplifier:

The microphone signal is usually very small in amplitude in the order of micro volt. Hence, it is amplified by the pre-
amplifier with high input impedance, high-gain and low-noise. Since, LM308 has these qualities; the pre-amplifier is
built around op-amp LM308. The pre-amplifier is designed with two stages to improve the gain-band-width product of
the amplifier. The op-amps Al and A2 constitute two-stage-amplifier as shown in Fig. 1. It has gain of 10 in first stage
and 100 in second stage with a total gain of 1000. The gain of the pre-amplifier can be varied by varying the
potentiometer connected in the feedback of the op-amp A2. The signal obtained from the pre-amplifier is normally
associated with unwanted frequency components, but to get output at one particular frequency these unwanted
frequencies are to be eliminated. This band of unwanted frequencies is eliminated by the tunable narrow band-pass
filter which improves the signal-to-noise ratio of the circuit [23].

Narrow Band Pass Filter:

As shown in Fig. 1 the op-amp A3, A4, A5 and A6 constitutes narrow band-pass filter. The narrow band-pass filter, in
spite of large number of components, is a good choice for very sharp (high-Q) band-pass filters. It has low component
sensitivities, do not make great demands on operational amplifiers band-width and it is easy to tune such filters [24].
The important advantage of narrow band-pass filter is that, its bandwidth (i.e., Q) can be adjusted without affecting the
mid-band gain. In fact, both Q and gain are set with a single resistor each (Rqgand Rg). Q, gain and center frequency are
completely independent and are given by the following simple equations.

f,=U/QMR:C) e, )
Q=R/Ro @)
G=RJ/Rs &)

The present circuit is designed for Q=50 and G=10. In this circuit a ganged potentiometer is used as feed-back resistor
(Re). By varying the ganged potentiometer, center frequency can be adjusted to the desired value. With this
arrangement, the frequency range from 10Hz to 600Hz can be covered which is well beyond the range required for the
present study. The amplitude of the signal is measured by displaying it on the CRO.

I11. EXPERIMENTAL RESULTS

The resonance frequency of the PA cell is found experimentally by varying the chopping frequency of the laser source
by applying square wave to the base of the Darlington pair transistor. The modulating frequency of the laser beam is
varied from 10 to 600Hz and amplitude of the PA signal after passing through the pre-amplifier is measured as a
function of frequency. Fig. 3 shows the PA cell response. A graph is plotted between frequency and amplitude of the
PA signal. The graph shows that the PA signal amplitude is maximum at 345 Hz. This sharp increase in the amplitude
of the PA signal around 345Hz indicates the characteristic volume resonance of the PA cell.
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Fig. 3 The Frequency response of PA cell

The acoustic signals of carbon and 50.6 liquid crystal are measured by placing the glass plate quoted with carbon soot
and liquid crystal sample 50.6 in PA cell separately. The corresponding outputs of the two samples at the pre-amplifier
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and filter are displayed on the CRO for further analysis. The pre-amplifier and narrow band-pass filter are tested in both
the presence and absence of the modulated laser beam.

The response of the PA cell for carbon black sample at the output of pre-amplifier is as shown in Fig.4(a) and (b)
shows the output of the pre-amplifier when the modulated laser beam is absent.

(@ (b)

Fig. 4 The pre-amplifier output for carbon sample (a) in presence (b) in absence of modulated laser beam

The photographs of PA cell response for carbon black sample at the output of narrow band-pass filter in the presence
and absence of modulated laser beam are shown in Fig. 5(a) & (b) respectively. The photographs show that the signal
strength is high and signal is stable at pre-amplifier and band-pass filter output. Because the carbon sample absorbs
more light and produces large acoustic signal, when the laser beam is absent then there is small noise at the output of
the pre-amplifier but no noise at the output of band-pass filter.

(@) (b)
Fig. 5 The narrow band-pass filter output for carbon sample (a) in presence
(b) in absence of modulated laser beam

The frequency response of the PA cell for liquid crystal sample 50.6 at pre-amplifier output along with unwanted
frequency components is shown in Fig. 6(a) and pre-amplifier output when the modulated laser beam is absent is
shown in Fig. 6(b).

@ B
Fig. 6 The pre-amplifier output for 50.6 sample (a) in presence and (b) in
absence of modulated laser beam
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The frequency response of the PA cell for liquid crystal sample 50.6 at narrow band-pass filter output is shown in Fig.

7(a) and filter output when the modulated laser beam is absent is shown in Fig. 7(b). The photographs clearly show that
the unwanted frequencies are eliminated by the narrow band-pass filter.

@ O
Fig. 7 The narrow band-pass filter output for 50.6 sample (a) in presence and
(b) in absence of modulated laser beam

IV. CONCLUSIONS

A high gain low-noise two-stage pre-amplifier and narrow band-pass filter circuits are designed and fabricated. The
pre-amplifier has gain of 1000 to amplify the PA signal for the present photoacoustic spectrometer. The narrow band-
pass filter with Q=50 and G=10 has been designed to eliminate noise components present in the PA signal. These
circuits have improved the stability, sensitivity, signal strength, and signal-to-noise ratio of the PA signal which are
essential qualities for the photoacoustic spectrometer applications.
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