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Abstract-This paper has presented band pass filters with low
pass and high pass filters integrated with operational amplifiers
in advanced integrated communication circuits over wide range
of the affecting parameters. Filter gain, filter bandwidth, and
filter resonance frequency are the major interesting parameters
in the current study. Filter circuit can be designed over optical
transmission spectrum regions.
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frequency roll off due to the limitations of the Op Amp
used. This is very hard to overcome with conventional op
amps. The mathematical operations discussed in the
previous lab (the integrator and differentiator) are both types
of active filters. As for now, the discussion will focus
mainly on the low pass (LP), high pass (HP) and band pass
(BP) filters. There is also a band stop filter that can be
created from the band pass filter with a simple change of
components [6].
II. MODELING ANALYSIS

I. INTRODUCTION
The most important consideration in choosing a filter
type is the intended use of the filter. For example, if the
requirement is to attain optimum behavior with square-wave
signals, together with good frequency limiting, then the
Bessel low-pass filter is the logical choice [1, 2]. This filter
provides the least overshoot as a response to transients,
when compared with Tschebyscheff or Butterworth lowpass filters. The disadvantage of this filter is the less abrupt
kink in the amplitude frequency response. If, however,
square-wave behavior is of less importance than the
attenuation of sine-wave signals, then the decision will be in
favor of Tschebyscheff or Butterworth filters. From the
cutoff frequency onward, the Tschebyscheff filter has a
strongly accentuated reduction in amplification. However,
the amplitude frequency response within the pass band is not
monotone, but instead features ripples with constant
amplitude. The higher the permitted ripple of the order in
question, the greater the attenuation above the cutoff
frequency. The advantage of the greater reduction in
amplification must be set against the higher ripple before the
cutoff frequency [3]. In contrast, the Butterworth filter
features an almost linear amplitude frequency response up to
the cutoff frequency. It is used mainly when a minimum
distortion of the input signal is required; only the part of the
signal above the cutoff frequency will be attenuated [4].
Continuing the discussion of Op Amps, the next step is
filters. There are many different types of filters, including
low pass, high pass and band pass. We will discuss each of
the following filters in turn and how they are used and
constructed using Op Amps [5]. When a filter contains a
device like an Op Amp they are called active filters. These
active filters differ from passive filters (simple RC circuits)
by the fact that there is the ability for gain depending on the
configuration of the elements in the circuit. There are some
problems encountered in active filters that need to be
overcome. The first is that there is still a gain bandwidth
limitation that arises. The second is the bandwidth in
general. In a high pass filter there is going to be high

The final type of filter to be discussed here is that of a
band pass filter. The band pass filter takes advantage of the
low pass configuration as well as the high pass
configuration. The two of these combine to for a range of
frequencies that is called the pass band. Below the lower
cutoff frequency the signals are stopped as well as above the
higher cutoff frequency. The difference between these two
frequencies is called the bandwidth of the filter [6].

Fig. 1: Band Pass filter with low pass and high pass connections [7].

The logic behind the cutoff frequencies is a little misleading.
The lower cutoff frequency is controlled by the high pass
filter part of the band pass filter. On the same type of idea,
the upper cutoff frequency is controlled by the low pass
filter part of the band pass filter. The circuit shown in Figure
6 is that of a basic pass band filter. Notice the combination
of the low pass and high pass connections. The combination
of a 1st order HP and a 1st order LP creates a 2nd order band
pass. If the trend were to continue a 2nd order HP and a 2nd
order LP create a 4th order band pass. Based on the corner
or cutoff frequency chosen and the values of resistors
available, the values of the capacitors can be calculated [8]:
0.9076c
(1)
C1 
2 c R
0.6809c
(2)
C2 
2 c R
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Where c is the speed of light (3x108 m/sec), R is the
resistance and λc is the corner wavelength. These values
again arise from the transfer function and then solving for
each of the coefficients. To obtain a higher order filter the
cascade technique will have to be used. Therefore to make a
4th order high pass (HP) filter two 2nd order HP filters need
to be cascaded [9]:
1.1017 c
(3)
R1 
2 c C
1.4688 c
(4)
R2 
2 c C
To obtain a higher order filter the cascade technique will
have to be used. Therefore to make a 4th order band pass
(BP) filter two 2nd order BP filters need to be cascaded,
therefore the resonant frequency can be given by [10]:
f0 BPF 

1
2

(5)

R1 R2 C1 C2

The lower and higher frequencies of BP filters can be
described by the following formula [11, 12]:
fL 

1
2  R2 C1

(6)

fH 

1
2  R1 C2

(7)

Therefore the bandwidth and gain of BP filters integrated
with operation amplifiers can be given by [13]:
(8)
BWBPF  f H  f L
G

R2
R1 1  C1 / C2 

(9)

III. SIMULATION RESULTS AND PERFORMANCE ANALYSIS
The model has presented low pass, high pass and band
pass filters integrated with operational
amplifiers in
advanced integrated circuits under the set of the wide range
of the operating parameters as shown in Table 1 is listed
below.
Table 1: Proposed operating parameters in [2, 5, 12, 15].
Operating parameters
Near infrared corner wavelength, λcNIR
Resistance, R
Capacitance, C

Value
1200 nm-2000 nm
1 MΩ-10 MΩ
10 pF-100 pF

Based on the model equations analysis, assumed set of the
operating parameters as listed in the Table 1 above, and
based on the series of the Figs. (2-9), the following facts are
assured:
i) Figs. (2, 3) have assured that near infrared
wavelength increases this leads to increase in filter
capacitance values and decreases with increasing filter
resistances values at the assumed set of the operating
parameters.
ii) Figs. (4, 5) have assured that near infrared
wavelength increases this leads to increase in filter
resistance values and decreases with increasing filter
capacitance values at the assumed set of the operating
parameters.
iii) Figs. (6-9) have indicated that the filter resonance
frequency, filter bandwidth, and lower and higher
filter frequencies decreases with increasing near
infrared operating optical signal wavelength. As well
as the filter gain increases with increasing near
infrared operating optical signal wavelength.

250
225

Filter capacitance, C1, pF

200

Resistance, R= 1 M Ω
Resistance, R= 5 M Ω
Resistance, R= 10 M Ω

175
150
125
100
75
50
25
0
1200

1300

1400

1500

1600

1700

1800

1900

2000

NIR corner wavelength, λNIR, nm
Fig. 2. Filter capacitance versus near infrared corner wavelength and filter resistance at the assumed set of the operating
parameters.
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Fig. 3. Filter capacitance versus near infrared corner wavelength and filter resistance at the assumed set of the operating
parameters.
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Fig. 4. Filter resistance versus near infrared corner wavelength and filter capacitance at the assumed set of the operating
parameters.
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Fig. 5. Filter resistance versus near infrared corner wavelength and filter capacitance at the assumed set of the operating
parameters.
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Fig. 6. Filter resonance frequency versus near infrared corner wavelength at the assumed set of the operating parameters.
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Fig. 7. Lower and higher Filter frequencies versus near infrared corner wavelength at the assumed set of the operating
parameters.
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Fig. 8. Filter bandwidth versus near infrared corner wavelength at the assumed set of the operating parameters.
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Fig. 9. Filter gain versus near infrared corner wavelength at the assumed set of the operating parameters.
IV. CONCLUSIONS
In a summary, the model has been investigated based
on the different filters types categories with the integration
role of operational amplifiers in advanced optical
communication systems over wide range of the affecting
parameters. It is theoretically found that the increased
operating optical signal wavelength, this results in the
increased of filter gain and the decreased of filter resonance
frequency, lower and higher filter frequencies, and filter
resonance frequency. It is our success to design the filters
circuits with operational amplifiers under study
considerations.
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