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Abstract

This paper presents the development and design of a fully-balanced current-tunable first-order low-pass filter with Caprio
technique, which could include the design and implementation of a first-order low-pass filter circuits. The filter consists of six bipo-
lar junction transistor (BJT) and a single capacitor. The filter construction uses a bipolar junction transistor (BJT) as the main device
and a single capacitor. A fully-balanced current-tunable first-order low-pass filter with Caprio technique developed. The architecture
of the circuit is quite simple and proportional, symmetrical with signs of difference. Circuits developed into integrated circuits act
like basic circuits for frequency filter circuits, current modes with Caprio techniques, obtained by improving the first-order low-pass
filter for signal differences with incoming impedances. Adjusting the parameters of the circuit with the caprio technique achieves
the optimal parameter value for correcting the total harmonic distortion value.

The results of testing the operation of the circuit, a fully-balanced current-tunable first-order low-pass filter with Caprio
technique developed and designed using the PSpice program. The simulation results showed good results in line with predicted theo-
retical analysis. The sensitivity of the device to the center frequency (w) response is low and independent of variables, the angular
frequency is linear with wide current adjustment throughout the sweeping range of a wide frequency range, with a wide range of over
tree orders of magnitude. Therefore, fully-balanced current-tunable first-order low-pass filter developed is very suitable to apply
various applications regarding low frequency signal filtration, for example in biomedical systems, for example.
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1. Introduction

The rapid development of information technology and the high rate of technological change
led to the development of various sciences [1]. To meet the boundless needs of these consumers,
one of the fields of interest in the development of facilitating livelihoods is the electronics indus-
try, which is known as a leap forward development since the electronics industry is the first level
industry that plays a role in the development of other industries. Including the daily life of human
beings when looking around let’s find electronic inventions scattered everywhere, such as radios,
televisions, telephones, stereos, computers, etc. If to look at the invention, let’s find that it consists
of various circuits such as amplifier circuits, frequency filter circuit, signal generator circuit, and
the circuit that is important is the frequency filter circuit.

Filter circuits can be divided into two types: Passive filters and Active filters. The function
of the filter circuit is to select the desired frequencies or cut off the unwanted frequencies. The
use of a frequency filter is to filter out interference or to remove the message signal from the car-
rier wave in the radio system. The filter circuit can be further divided into four functional types,
Low pass filter: LPF, High pass filter: HPF, Band pass filter: BPF, Notch filter or Eliminate filter:
BEF and Low-pass filters are important and have a wide range of applications. For example, in
mobile communication systems analog signal processing and in biomedical systems [2—8]. The
low-pass filter to detect biological signals generally uses a voltage in the range of 1V-100 mV
and a cut-off frequency below 100 Hz [9—-13]. Design the first-order Low-pass by VFOA, [14, 15]
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presents a first-order low-pass filter of providing cutoff frequencies. The circuit is intended for
signal conditioning applications, particularly for use with very low frequency physiological and
cutoff frequency the reported filter outperforms previous filters from the literature, [16]. Presents
a reconfigurable fully differential filter the proposed filter topology provides increased immunity
to external noise, reduced even-order harmonics, high resolution capability and reconfigurability.
It is usually desirable to have the fully balanced circuits with different signals [17-19]. [20—-24] as
differential input current follower.

The papers presented a technique of circuit design that has many advantages such as normal
band, frequency adjustable with current. Wide dynamic range and band and low total harmonic dis-
tortion. However, the above technique needs complex circuits suffered from repeated phase-noise.

In this paper, a first-order low-pass filter circuit is presented, which applies the Caprio
technique to a circuit in which the synthesized circuit can adjust the cut-off frequency with cur-
rent-tunable using the principle of resistance r, notch, pn connector bipolar transistor. In addition,
the structure of the circuit is symmetrical, simple and uncomplicated, using few components, mak-
ing the circuit suitable to be built on a chip.

2. Materials and methods

2. 1. Object and aim of the study

This research presents the development and design of a fully-balanced current-tunable
first-order low-pass filter with Caprio technique.

The objectives are as follows:

—to develop and design a fully-balanced current-tunable first-order low-pass filter with
Caprio technique;

—to compare the performance of the development circuit and design a fully-balanced cur-
rent-tunable first-order low-pass filter with Caprio technique that was designed in theory with the
simulation by PSpice.

2. 2. Circuit Description

Fig. 1, a shows a fully-balanced current-tunable first-order low-pass filter with Caprio tech-
nique, where the structure of the synthetic circuit is based on Six identical npn transistors are T1 to
T6, one capacitor C, and one /; current source, where a small differential signal of the input volt-
age (V) is fed to node 4 with node B, or the base pin of the T3 and T4 transistors, the small difference
signal of the output voltage (¥,) is the node D and E, or the emitter pin of the transistors T3 and T4.

) ¢ \ ¢ +Vee L j +Vee
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A

a b
Fig. 1. A fully-balanced current tunable first-order low-pass filter with CAPRIO technique:
a — proposed circuit realization; b — ideal analysis
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The cut-off frequency of the first-order low pass filter is typically set at the magnitude
and phase shift of the Vy/V;, transfer function at -3 dB and —45 degrees, respectively, where the
cut-off frequency off the frequency of the circuit can be adjusted using a current source, /r bias
resistance value of R =2r, obtained from transistors T1 and T2, where the value current sinks I,
may be implemented through the conventional Wilson current mirror.

2. 3. Ideal Analysis

Referring to the circuit shown in Fig. 1, b consider the signal at the input voltage amplified
signal with a small difference (7;,), when fed to node 4 and node B or the base pin of the transistors T3
and T4. This results in a small difference signal of the input current i; flowing through the loading im-
pedance Z;, formed by transistors T1, T2, T3 and T4, where the value of Z; has the value shown in (1):

7, = 4. 1)

It also results in a small difference in signal current, i, flow through the loading impe-
dance Z, between nodes D and E, where the value of Z, is shown in (2):

1
Zy=F7r—. 2
*T (1+sC21) @
Therefore, it is possible to obtain the current i; as shown in (3):
N/ ;
n= 4—76 ()
The current 7, at the emitter terminals of transistors T3 and T4 is shown in (4):
. it 4
2= e sC2r) @
So to get a differential Vy/V;, voltage of the first-order low-pass filter as equal to (5):
Vo 1
- - 5
Vin  2(1+sC2r,) ©)
From equation (5) it is possible to find the value as shown in (6):
2C4Vy
1T=CR= . (©)
Iy

Where the V7 value shown in (6) is the thermal voltage of the pn junction of the transistor
is approximately 25 mV at room temperature:

L @

Vi (2+1s)
(7) shows the transfer function of the first-order low-pass filter in which the corner frequen-
cy of such filter circuits is shown in (8):

I

®0 == 5cav, ®)

Equation (8) shows that the corner frequency can be adjusted by bias, the current /; value,
as it is named «current-tunable low pass filter».

2. 4. Caprio’s quad of Volterra series analysis

A fully-balanced current-tunable first-order low-pass filter with Caprio technique is
presented. An analysis of the 3"-order Volterra series can be described at intermodulation com-
ponent (IM3) of the output voltage V,,,. At the frequency as shown in (9):
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IM3cqy = |
“»I8gERIVE fr

: ©

where these parameters 4;,, gy, Ree, f7 are described in reference [18, 25] IIP3. From (9) it is possi-
ble to rearrange the equation as shown in (10) where /M3 ¢,, =1 is set:

3R3
VIIP3 (o, = 32Vy g’”f—fT (10)

From equation (10), VIIP3¢,, is the value of the reference 3"-oder input, of the Caprio’s
quad extraction point voltage, the VIIP3,, equation can be simplified as shown in (11):

I3R3,
VIIPS g, = fo+, an
T

where the /7 seen in equation (10) is the current total consumption.

2. 5. Sensitivities

The sensitivity of the parameters within the circuit is an important aspect that the designer
will attribute to the best design or construction of the circuit. The symbol used is S to indicate
the sensitivity of a parameter such as sensitivity of parameters y with changes of components or
independent variable x [18, 26]. Due to heat voltage V7, capacitance C and current sync. On the off
chance that the impact of temperature on the corner recurrence is additionally shown as appeared
within the condition (7). Subsequently, Table 1 shows the affectability. The affectability is general-
ly consistent between —1 and 1. Such affectability isn’t the same as the existing strategies [26, 27].

Table 1
Sensitivity SY where (C, @), (V'1, o) or (I wo)

o o (o)
s s S

-1 1 -1

3. Results and discussion

The circuit, a fully-balanced current-tunable first-order low-pass filter with Caprio
technique shown in Fig. 1, was simulated using PSpice [28] using npn transistors are modeled
by Q2N2222A. In the simulation, where the value The transistor f7 is 300 MHz. Fig. 2 shows
a simulation of the V/V;, frequency response at room temperature using an /roperation of 500 pA
and a capacitance C of 10 nF. The circuit response has a gain of 36.8 dB and the circuit response
has a phase margin of —89.42 degrees with a gain bandwidth in units of 256.45 kHz.

40
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N
oo
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-504 i
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=75 p
-100

1 3 10 30 100300 Ik 3k 10k 30k 100k 300k 1M
Frequency (Hz)
Fig. 2. The frequency response of Vp/V;, at room temperature with the I, current set at 500 pA
and the capacitance C taken at 10 nF
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Fig. 3, shows the magnitude (dB) and phase shift (degree) of Vy/V;, in relation to the fre-
quency (Hz) simulated using a capacitor with a value of C=10 nF and modify the values as fol-
lows I;=100 pA, 300 pA and 1 mA from the comparison shown in Fig. 3, It can be seen that
the frequency is compared with the magnitude of Vy/V;, becomes — 3 dB for each value respecti-
vely 260.62 Hz, 693.59 Hz and 2.095 kHz, and the corresponding (degree) Vo/V;, phase shift
for each of the Irvalues is approximately — 45 degrees.

40
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Fig. 3. Shows the magnitude (dB) and phase shift (degree) of V/V;, compared
to the frequency (Hz) using capacitance C= 10 nF and adjusted
for current ;=100 pA, 300 pA, 1 mA

Fig. 4, The simulation results of both the corner frequency (Hz) and the phase shift with
the corresponding value of change (degrees) of Vy/V;,, where the magnitude value of Vy/V;, be-
comes — 3 dB, Ir(A) bias current, using capacitor C = 10 nF selected, for comparison purposes the
ideal (expected) result is included. Fig. 4 shows that both the expected result and the simulated
result are consistent, and that the f; frequency is linearly for the current-tunable in the sweep
range «Wide frequency» with around 3™ — order.

M3 Ideal r20
< 100k7 1m0 Simulated 10
T 10k -0
kg Frequency f, 10 g
S 100 20 ¢
g 107 --30 &
) 1 Phase shift |40
0 T T T T T 50
100n  Ip 10p  100p  1m 10m  100m

Current [;(A)

Fig. 4. Plot of the corner frequency (Hz) comparing the phase shift (degree) of V/V;, with versus
the bias I, (A) using a constant capacitance C =10 nF

Fig. 5 shows the simulation result of the corner frequency (Hz) and the Vy/V;, phase shift
comparison (degree) shows that the magnitude of the Vy/V;, becomes — 3 dB compared to the
modulation. Change the capacitance C with constant bias current Iy 500 nA for comparison. An
ideal (expected) result is included. From Fig. 5, it can be seen that both the expected result and the
simulation result are linear. A minimum frequency setting capacitance of 10 pF is used, f; frequen-
cies can be expected at 670 kHz.

Fig. 6 shows the simulation results of the harmonic spectra between Conventional Circuit
and Circuit with Caprio’s quad T1 to T6, where Caprio’s quad transistors T5 and T6 are short-
circuited. The results showed that Conventional Circuit has high frequencies of 4.25 kHz, 4.40 kHz,
and 4.65 kHz when compared to Circuit with Caprio’s quad, resulting in reduced order of those
high harmonics, where total harmonic distortion (THD) is reduced from 239.22 % to 68.43 %.
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Fig. 5. Plot of the corner frequency (Hz) comparing the phase shift (degree) of V/V;, with versus
the capacitance (C), using bias current 7,500 nA
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Fig. 6. Comparison of harmonic spectra of conventional circuit compared
to Circuit with Caprio’s quad

It can be seen from the simulation of the proposed fully-balanced current-tunable first-order
low-pass filter with Caprio technique demonstrates circuit efficiency with high linearity angular
wide-frequencies, bias current-tunable, and the magnitude of the harmonic distortion is reduced.
The results from the simulation of the circuit and the calculated values are consistent. Selection of
transistors for use in the circuit should choose better transistors and higher frequencies /7 (e.g. with
frequencies up to GHz) because it affects the frequency of the circuit by getting a higher frequency
of the circuit and choosing the capacitors used. With the circuit should choose a lower capaci-
tance value of the capacitor will result in a higher frequency of the circuit. However, the proposed
fully-balanced current-tunable first-order low-pass filter with Caprio technique is limited as the
Q2N2222A transistor has an f7 value of 300 MHz.

The next development approach should be to develop a circuit to be able to adjust the fre-
quency band to be wider than before or to be able to adjust the frequency band throughout the
current adjustment band. In addition, the circuit may be developed for the signal frequency to be
higher than before because the operating frequency (fy) depends on the I, current and the capaci-
tance of the capacitor connected in the circuit. Therefore, if a transistor can be built to have a large
collector current (i) and reducing the capacitance value will result in a higher frequency (f).

4. Conclusions

A fully-balanced current-tunable first-order low-pass filter with Caprio technique has an
internal structure of the circuit that is symmetrical with different signals. The circuit presented is
relatively simple and uncomplicated, suitable to be integrated on-chip. The test results of the sim-
ulated and ideal circuits are consistent. A simple procedure has been proposed for estimating the
transfer characteristics of linearized pair emitter pairs. The sensitivity of is constant between —1
and 1 independent of variables. The Corner frequency is capable of high linearity gain over a wide
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frequency sweep at the 3'%-order of magnitude. The maximum active angle frequency is approxi-
mately 198.8 kHz. By using better transistors of much higher f7 (e.g. in multiple GHz regions) and
much lower C values (e.g. using stray capacitance), the corner frequencies are much higher. This
results in reduced harmonic distortion as suggested by the Caprio technique. Therefore, fully-ba-
lanced current-tunable first-order low-pass filter developed is very suitable to apply various appli-
cations regarding low frequency signal filtration, for example in biomedical systems, for example.
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