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Abstract: A new plus-type second-generation voltage conveyor (VCII+) based first-order mixed-mode (MM) all-
pass (AP) filter is proposed in this study. The proposed MM AP filter employs two VClI+s, three resistors and one
grounded capacitor. It has low input and high output impedances for the current-mode selection while it has low input
and low output impedances for the transimpedance-mode selection. The AP filter gain is unity for the current output
while it is adjustable for the voltage output via a grounded resistor. However, a single passive component matching
condition is needed for the proposed MM AP filter. Complete non-ideal analysis by taking into account all the
parasitic resistors and non-ideal gains of the VCII+ is performed. The presented theory is verified through SPICE
simulations by using supply voltage of £ 0.9 V and 0.18 ym Taiwan Semiconductor Manufacturing Company
complementary metal oxide semiconductor technology parameters.

Nomenclature
VDD positive supply voltage
VSS negative supply voltage
VB bias voltage
B non-ideal current gain
n non-ideal current gain
o non-ideal voltage gain
rxl parallel parasitic resistor at the X;

terminal
rx2 parallel parasitic resistor at the X>

terminal
ry  series parasitic resistor at the Y

terminal
rz  series parasitic resistor at the Z

terminal
fo  pole frequency
@, angular pole frequency
@  phase angle
R resistor
C  capacitor
1 Introduction
Wide application areas in instrumentation and
communication systems as quadrature oscillators, phase
equalisers and delay equalisers have made the first-
order all-pass (AP) filter design an important research
topic [1-32]. The AP filters implemented by operational
amplifiers (Op-Amps) suffer from low gain-bandwidth
product of these active building blocks (ABBs). In the
recent literature, as a result of numerous advantageous
offered by the current-mode (CM) signal processing
like simple circuitry, improved frequency performance,
low voltage operation and so on, the realisations of a
number of first-order AP filters using various CM
ABBs [1-23, 26, 32] have been published.

Literature survey shows that first-order AP filters
using secondgeneration current conveyors (CClIlIs) [1—
9], current followers (CFs) [10], inverting CClls
(ICClIIs) [11], differential voltage current conveyors
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(DVCCs) [12—-14], dual-X CClls (DX-CCllIs) [15-20],
extra-X current controlled conveyors (EX-CCCIlIs) [21,
22], third-generation current conveyors (CCIIIs) [23],
dual-X current conveyor transconductance amplifiers
(DXCCTASs) [24, 25], current operational amplifiers
(COAs) [26], MOS transistors [27], bipolar junction
transistors (BJTs) [28, 29], operational transresistance
amplifiers (OTRAs) [30], current differencing
transconductance amplifiers (CDTAs) [31], voltage
gain-controlled modified current feedback operational
amplifiers (VGC-MCFOAs) [32] and so on have been
reported so far.

Some of the AP filters [1-29] can provide only CM
operation while several AP filter topologies [30, 31] can
realise only transimpedance-mode (TM) operation.
Only one of [32] is mixedmode (MM). Also, some AP
filters [7, 8, 11, 13,23, 25-28, 30, 31] include a floating
capacitor that is not suitable for integrated circuit (IC)
fabrication. Several AP filter configurations [9, 13, 15,
24, 27] use more than one capacitor; accordingly, they
occupy large chip area in IC process. Several AP filter
circuits [8, 9, 28, 29, 31, 32] contain BJTs that are
temperature dependent. Some of the AP filters [14, 32]
need two input currents; thus, they need an extra
circuitry. Some of the AP filters [12, 24, 32] do not use
standard ABB. Several CM AP filter circuits [3, 7-9,
11, 13-17, 23, 26-28] do not provide both low input and
high output impedances. Some TR AP filters [30, 31] do
not realise both low input and low output impedances.
Several AP filters [3, 15, 17, 24, 25, 31] have
restrictions at high frequencies due to the use of
operational transconductance amplifier [33] or a
capacitor connection in series to the X terminal of the
ABB [34]. Apart from these, some AP filters [35, 36]
have been reported recently.

In [37, 38], voltage conveyors as a new family of
ABBs were introduced. Recently, in [39—41], a type of
voltage conveyor namely second-generation voltage
conveyor (VCII) has been employed to realise voltage
output filters. Having a low impedance voltage output
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terminal, a low 1mpedance current input terminal and a
high impedance current output terminal [42], the VCII
provides flexibility in the design of various types of the
filters.

In this paper, a new plus-type VCII (VCII+) based
first-order MM AP filter is proposed. The proposed AP
filter employs two VCII+s, three resistors and one
grounded capacitor. By virtue of availability of low
impedance current input, high impedance current output
and low impedance voltage output terminals in the
VCII+, a cascadable MM operation is possible without
the use of any extra current and voltage buffers. Gain of
the AP filter is unity for the current output while it is
adjustable for the voltage output. Complete non-ideal
analysis is performed by taking into account all the
parasitic resistors and non-ideal gains of the VCII+. The
presented theory is verified through SPICE simulations
in which 0.18 um supply voltage of £0.9 V and Taiwan
Semiconductor Manufacturing Company (TSMC)
complementary metal oxide semiconductor (CMOS)
technology parameters [43] are used.

The advantages of the proposed VCII+ based AP
filter structure over the previously published works can
be summarised as in the following:

(i) The proposed filter has low supply voltages, and
dissipates lowpower.

(i) The proposed filter uses a grounded capacitor; thus,
it is verysuitable for IC fabrication. Realisation of a
floating capacitor requires poly2 CMOS process
explained in [44].

(iii)y The proposed filter provides output signal in both
forms ofcurrent and voltage signals at high output
impedance and low output impedance terminals,
respectively. Hence, there is no requirement to use
buffer stages at the outputs of the proposed filter.

(iv) The proposed filter provides input current signal at
low inputimpedance terminal. Thus, the input signal
can be directly connected to the proposed filter
without requiring a buffer.

(v) The proposed filter is compact and has a simple
structure due tothe absence of extra voltage and
current buffers at the outputs and input,
respectively.

(vi) The proposed filter can be easily cascaded at input
and outputterminals.

(vii) The proposed filter has the feature of MM
operation.

(viiiy ~ Capacitor of the proposed AP filter is not
connected in seriesto the Z and or Y terminals (low
impedance terminals); therefore, the proposed filter
can be operated at high frequencies [34].

(ix) The proposed filter is novel because an AP filter
based on theVCII has not been published so far.

However, the proposed MM AP filter suffers from the
following drawbacks:
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6] A single resistive matching condition 1s needed
for the proposedAP filter.

(ii) The proposed AP filter employs three resistors
(minimum tworesistors are required).

Organisation of this paper is as follows. After
introduction given in Section 1, the VCII + is described
in Section 2. In Section 3, the proposed AP filter
topology is introduced. In Section 4, non-ideal analysis
is presented. After simulation results are provided in
Section 5, the paper is concluded in Section 6.

2 Description of the VCII+

Equation (1) shows the ideal relationships between
terminal currents and voltages of the VCII+.
Furthermore, symbolic representation of the VCII+ is
demonstrated in Fig. 1

I 0 W
i V.
v 0 i
V. 1 i-
0 0
0
1
(1)
0o 0 0 0
1 0 0

3 Proposed all-pass filter

The proposed first-order MM AP filter topology is
shown in Fig. 2. It is based on two VCII+s, three
resistors and one grounded capacitor. The proposed AP
filter circuit can be operated in MM. In other words,
each of the AP outputs is available either a current
signal at high impedance X terminal of the second
VCII + (with ideal value of infinity) or a voltage signal
at low impedance Z terminal of the second VCII + (with
ideal value of zero). Therefore, there is no requirement
of additional current and voltage buffers. The input is a
current signal applied to Y terminal of the first VCII +.
Its low impedance at Y terminal (with ideal value of
zero) allows the direct application of a current signal to

the Y terminal without
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Fig. 1 Symbolic representation of the VCII+
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Fig. 2 Proposed first-order MM all-pass filter topology

needing an extra current buffer. In addition to these, R3
can be chosen arbitrarily for the CM and TM operation.

The AP filter outputs of Fig. 2 can be found as
follows: due to the current buffering action between Y
and X terminals, we have

i1= 2= lin (2)

The voltage at X; terminal of the first VCII+, Vi is
evaluated as

Rl
= - iin 3)

1 +sCR,

Due to voltage buffering action between X and Z
terminals of the first VCII+, V3 is equal to V; and the
voltage at Y terminal of the second VCII+ is ideally
zero; thus, iy, is found as

V 4
iy =3=— Rl iin )
Ry Ry(1+sCR))

At the X terminals of the VClII+s, we have
(5
ian= — (i2+i3) )
If it is considered that i3 =), and using (2), (4) and (5),
iap is calculated as

Rl (R1/R2) — 1 — sCR1
iAP = — jin — iin = iin (6)

Rz(l +SCR|) 1 +sCR;

If Ri=2R, is met, from (6), the output current is
obtained as follows:

1 — sCR1

iAP = iin (7)
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1 +sCR;

From (7), the following CM transfer function (TF) is
obtained as
IAP 1- sCR,

Hi (S ) == _(_Sjjin

where pole frequency, f,=1/(2zCR,) is found. Also,
phase response of the proposed AP filter is computed as

1 +sCR;

p(w) = — 2A4rctan(wCR)) 9)

Fortunately, as X terminals of the VCII+s are high
impedance terminals, an extra current buffer is not
needed to obtain iap. The voltage produced at X terminal
of the second VCII + is found as

1 — sCR1
V2 = R3iAP =R3 iin (10)
1 +sCR;

Due to the voltage buffering action between the X and Z
terminals of the VCII+, V3 is transferred to Z terminal
of the second VCII+. As a result, a TM TF is obtained
as follows:

Var 1 — sCRy
— = R3—(_1'1) inl +sCRy

Voltage output AP is available at Z terminal of the
VCII+; consequently, an extra voltage buffer is not
needed. Further, the gain can be adjusted by Rs.

4 Non-ideal analysis

Equation (12) shows the general relationships between
terminal currents and voltages. Here, £ is the current
gain between Y and X; terminals while # is the current
gain between Y and X terminals. Also, a is the voltage
gain between X; and Z terminals. On the other hand, r,,
ry1, Iy and 7 are, respectively, parasitic resistors at the
Y, X1, X> and Z terminals of the VCII+. Fig. 3 shows the
VCII + with its parasitic resistors

L. /a0 00 |[|w

I~ Va

wl= 1/ran0 i

v - (12)
00r0a00 7

In non-ideal case, the voltage and current gains are not
unity. Owing to the fact that the used Ri, R, and R;
resistors are in the range of a few kQ while the value of
parasitic resistors at the X terminals are in the range of
tens of kQ. For simplicity, the effects of 1 and ry» can
be neglected due to their large values. By the
assumptions given above, we have the following
equations:
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i1=piin (132) 2=min (13b)
i3= iy (13c) Va=ouV1 (13d)
Vap=02V> (136)
V1 can be easily calculated as
Rl
n=- i1 (14)

1+ sCR;

Inserting (13a) into (14) results in the following
equation:

P1R1
Vi=— Tin (15)
1+ sCR;
Y terminal of the second VCII + is at virtual ground;
therefore, i) is computed as

V3
o= (16)
R2 +rz1+n2

Inserting (13d) and (15) into (16) gives the following
equation:

iyR = — 11 iin(17
(Ra+ a1+ r2)(1 +sCRy) )

From (6), the following AP filter current output is
obtained:
ofR

alB1B2R1
iAp= —m— iin (18)
(R2+ 71t Vyz)(l + SCR1)
From (18), CM AP filter TF is obtained as

IAP(alP1B2R1/(R2 + rz1 + rpR) — n1 —(19
sCR1y1 )

Iin 1+ sCR;

Using (13e) and (19), the TM AP filter TF is also
found as
VAP (alB1R2R1)/(R2 +rz1 +1p2) —nl — (20
sCR1nl =02R3 )
Iin 1 +sCR;

From (19) and (20), the pole frequency is calculated as

fo=1/ (2zCR:). Also, phase response of the proposed
AP filter due to non-idealities is computed as
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C!)CR1]71
pn(w) = — Arctan (a1 1S2R1)/(R2 + 1.1 + r,2) — 5l

— Arctan (21) (wCR))

All the sensitivities of the pole frequency are evaluated
as in the following:

r (22a)
Sp1= — 1

r (22b)
Sp=—1

r (22¢)
Sc= — 1

r (22d)

SR3 = 0 _

ideal VCII+

\ Fx1

X| . £ Oy

v, 0——AA\N Y Y/ AMN—+OV;

ry r; I

XZ <

! . OV
/ "
o

Fig. 3 VCII + with its parasitic resistors

Table 1 Aspect ratios of the MOS transistors
MOS transistors

Aspect ratios

M1-M10 40.5 um/0.54 pum
M11,M12 81 um/0.54 pm
M13-M20 13.5 pm/0.54 pum

Table2 Performance parameters of the VCII + of Fig.

10

Parameters Values
ry 23.7Q
rxl 68 kQ
rx2 68 kQ
vz 23.7Q
o 0.978
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B 1.017
n 1.017
power consumption 458 uW
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Fig. 4 Phase and gain responses of the CM AP filter
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Fig. 5 Phase and gain responses of the TM AP filter

It is seen from (22) that sensitivities are no more than
unity in magnitude. Also, all the active sensitivities are
equal to zero.

5 Simulation results

To verify the presented theory, some SPICE simulations
using 0.18 um TSMC CMOS technology parameters,
supply voltage of +0.9 V and a bias voltage of 0.3 V are
performed. Aspect ratios of the MOS transistors of the
internal structure of the VCII + derived from one in [45]
are listed in Table 1 while performance parameters of
the VCII + are given in Table 2. The proposed MM AP
filter given in Fig. 2 is designed with the passive
element values of R; =5 kQ, R, =2.5 kQ and C=50 pF
to accomplish a first-order MM AP filter with a pole
frequency of f, = 636.6 KHz. R; is chosen as 1 kQ to
achieve a gain of 60 dB at the voltage output terminal.
Phase and gain responses for the CM AP filter are
shown in Fig. 4 while phase and gain responses for the
TM AP filter are denoted in Fig. 5. To examine the time
domain performance of the proposed AP filter, a
sinusoidal input current with 40 pA peak and a
frequency of 636.6 kHz is applied to the
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Fig. 6 Input current with 40 uA peak and a pole
frequency of 636.6 kHz and output current signals
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Fig. 7 Input current with 40 uA peak and a pole
frequency of 636.6 kHz and corresponding output
voltage signals
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Fig. 8 THD variations for the CM AP filter topology

input of proposed AP filter
configuration. The input and output
current signals are shown in Fig. 6,
which shows about -90° phase shift
between input current and produced
corresponding output currents.
Similarly, the input current and
corresponding output voltage signals
are depicted in Fig. 7, which shows about
—90° phase shift between input current
and produced output voltages. The total
harmonic distortion (THD) variations
for the CM AP filter are shown in Fig. 8
where different sinusoidal input
currents are applied. Likewise, THD
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changes for the TM AP filter are ™ o

demonstrated in Fig. 9. It is seen from ) o \
Figs. 8 and 9 that THD remains below 3% 180

for both current and voltage outputs. To
investigate the effect of mismatches on  ———
the overall performance of the proposed
CM AP filter, a Monte Carlo (MC) »
simulation for the CM AP filter is ! ' e —
performed in 100 runs by considering 2%
uniform change in transconductance
parameters of all the MOS transistors
given in Fig. 10. Likewise, an MC
simulation for the TM AP filter is
performed. The results, respectively, ol -
presented in Figs. 11 and 12 for the CM
and TM AP filters show that mismatches
affect the gain negligibly while the
phase remains almost unchanged.
Moreover, MC simulations for the CM and
TM AP filters are performed in 100 runs
by considering 2% uniform change in all e ox ok i 1o 00w

Fregquency, Hz

Phase, degree

Gain, dB

Fig. 11 MC simulation results for the CM AP filter
performed by considering 2% uniform change in
transconductance parameters of all the MOS
transistors
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g 8
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-
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0,54

0,0
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the passive elements. The simulation Fig. 12 MC simulation results for the TM AP filter
results for the CM and TM AP filters are performed by considering 2% uniform change in
shown in Figs. 13 and 14, respectively. transconductance parameters of all the MOS
The parasitic resistors at the current transistors

output and voltage output terminals are
68 and 23.7 Q, respectively. Also, the
Earas.ltllc .re31st(l)r it ; he c;;r,?egt ;‘niuii One can observe from the simulation results
erminal 1S evaluated as 182, 1ota demonstrated in Figs. 4-9, 11-14 that simulation

power consumption of the results are close to ideal ones whereas an unimportant
Fig. 9 THD variations for the TM AP filter circuit difference between them arises from nonidealities of
the VCII+ as discussed above. Moreover, the
proposed MM AP filter can be operated properly up
to 100 MHz.

It is observed from Figs. 8 and 9 that THD values
of the proposed MM AP filter circuit for the input
currents between 3 and 40 pA remain below 1%.

If power supplies and bias voltage of the VCII + in
Fig. 10 are, respectively, chosen as £1.25 and 0.55 V,
THD values of the proposed MM AP filter for a wider
range of the input current (3 and 100 pA) remain
below 1% whereas power dissipation of the proposed
MM AP filter topology becomes 4.6 mW. The

proposed MM AP filter is found as 1.22 mW through
SPICE program.

Fig. 10 Internal structure of the VCII
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Fig. 13 MC simulation results for the CM AP filter
performed by considering 2% uniform change in all the
passive elements
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Fig. 14 MC simulation results for the TM AP filter
performed by

considering 2% uniform change in all the passive
components

performance of the proposed MM AP filter is compared
with previously published similar works in Table 3.

6 Conclusion

The proposed MM AP filter circuit in this paper uses
two VClII+s, three resistors and a single grounded
capacitor. It can produce outputs in both forms of
current and voltage signals at high impedance and low
impedance terminals, respectively. The gain for the
current output is unity while it can be set to an arbitrary
value by means of a grounded resistor for the voltage
output. Due to the inherent low input impedance at the
current input terminal, high impedance at the current
output terminal and low impedance at the voltage output
terminal, there is no need for extra current and voltage
buffers. Hence, a compact and simple circuitry is
obtained. Nonetheless, a single passive element
matching condition is required for the proposed MM AP
filter. Non-ideal analyses considering all the effects of
the non-ideal gains and parasitic impedances of the
VCII+s are performed. Simulation results via SPICE
program verify the discussed theory well. It is expected
that the proposed first-order MM AP filter configuration
will be beneficial in a number of areas such as
telecommunications, signal  processing, control
engineering and so on.
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Table 3 Comparison table

References and No. ofactive No. No.of No. of |
related figures building of C  transistor |
blocks R s
[1]in Fig. 2 2 CCII 1
[2] in Fig. 3 2 CCII 1
[3]in Fig. 2 2 CCIL 1
[4] in Fig. 1 2 CCIL 1
[5] in Fig. 3 2 CCIL 1
[6] in Fig. 2 2 CCII 1
[7] in Fig. 3 1 CCll
[8]in Fig. 1 1 CClI NA
[9] in Fig. la 2 CCII NA 1
[10] in Fig. 2 2 CF 1
[11]in Fig. 10 2 ICCIl
[12] in Fig. 4 2 DVCC 1
[13] in Fig. 3-1 1 DVCC
[14] in Fig. 3 1 DVCC 1
[15] in Fig. 2 1 DX-CCII 1
[16] in Fig. 3 1 DX-CCII 1
[17] in Fig. 3 1 DX-CCIL 1
[18] in Fig. 2 1 DX-CCII 1
[19] in Fig. 2 1 DX-CCII 1
[20] in Fig. 2 1 DX-CCII 1
[21]in Fig. 1 1 EX- 1
CCCIl
[22] in Fig. 3 1 EX- 1
CCCIl
[23] in Fig. 10 1 CCIII NA
[24] in Fig. 1 1 1
DXCCTA
[25] in Fig. 2 1
DXCCTA
[26] in Fig. 2 1 COA
[27] in Fig. 1 —
[28] in Fig. 2 —
[29] in Fig. 5 — 1
[30] in Fig. 2 1 OTRA
[31]in Fig. 2 1 CDTA
[32]in Fig. 3 1 VGC- 1
MCFOA
proposed 2 VCII+ 1

NA: not available; —: ABB is not used.

7 References

n Mineai, S., Yuce, E.: ‘All grounded passive
elements current-mode all-pass filter’, J. Circ.
Syst. Comput., 2009, 18, (1), pp. 3143

Page 133



Computer Engineering

ISSN: 10003428

Volume 13 | Issue 5 | Year 2024

https://journalofcomputerengineering.com/

[2]

[3]

[4]

[3]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

Al-Shahrani, S.M.: ‘CMOS wideband auto-tuning
phase shifter circuit’, Electron. Lett., 2007, 43,
(15), pp. 804-805

Khan, L.A., Beg, P., Ahmed, M.T.: ‘First order
current mode filters and multiphase sinusoidal
oscillators using CMOS MOCCIIs’, Arab. J. Sci.
Eng., 2007, 32, (2C), pp. 119-126

Metin, B., Pal, K., Cicekoglu, O.: ‘All-pass filter
for rich cascadability options easy IC
implementation and tunability’, Int. J. Electron.,
2007, 94, (11), pp. 1037-1045

Yuce, E., Minaei, S.: ‘A first-order fully
cascadable  current-mode  universal filter
composed of dual output CClls and a grounded
capacitor’, J. Circ. Syst. Comput., 2016, 25, (5), p.
1650042

Chaturvedi, B., Mohan, J., Kumar, A., et al.:
‘Current-mode first order universal filter and it's
voltage-mode transformation’, J. Circuits Syst.
Comput., 2019, 29,
doi:10.1142/S0218126620501492

Yucel, F., Yuce, E.: ‘Single CClI-based first-order
current-mode all-pass filter’, FElectron. World,
2015, 121, (1953), pp. 3840

Higashimura, M., Fukui, Y.: ‘Realization of
current mode all-pass networks using a current
conveyor’, IEEE Trans. Circuits Syst., 1990, 37,
(5), pp. 660- 661

Horng, J.-W., Hou, C.-L., Chang, C.-M., et al.:
‘High output impedance current-mode first-order
allpass networks with four grounded components
and two CCIIs’, Int. J. Electron., 2006, 93, (9), pp.
613-621

Safari, L., Yuce, E., Minaei, S.: ‘CMOS first-order
current-mode all-pass filter with electronic tuning
capability and its applications’, J. Circuits Syst.
Comput., 2013, 22, p. 1350007

Safari, L., Yuce, E., Minaei, S.: ‘A new ICCII
based resistor-less currentmode first-order
universal filter with electronic tuning capability’,
Microelectron. J., 2017, 67, pp. 101-110
Maheshwari, S.: ‘Novel cascadable current-mode
first order all-pass sections’,

Int. J. Electron., 2007, 94, (11), pp. 995-1003
Minaei, S., Ibrahim, M.A.: ‘General configuration
for realizing current-mode first-order all-pass
filter using DVCC”, Int. J. Electron., 2005, 92, (6),
pp- 347-356

Maheswari, S.: ‘High output impedance current-
mode all-pass sections with two grounded passive
components’, IET Circuits Devices Syst., 2008, 2,
(2), pp. 234-242

Beg, P., Siddiqi, M.A., Ansari, M.S.: ‘Multi output
filter and four phase sinusoidal oscillator using
CMOS DX-MOCCID, Int. J. Electron., 2011, 98,
(9), pp. 1185-1198

© 2024 Computer Engineering. All Rights Reserved.

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

Minaei, S., Yuce, E.. ‘Unity/variable-gain
voltage-mode/current-mode  firstorder all-pass
filters using single dual-X second-generation
current conveyor’, IETE J. Res., 2014, 56, pp.
305-312

Kumar, A., Paul, S.K.: ‘Current mode first order
universal filter and multiphase sinusoidal
oscillator’, Int. J. Electron. Commun., 2017, 81,
pp. 37-49

Mohan, J., Chaturvedi, B., Maheshwari, S.:
‘Novel current-mode all-pass filter with minimum
component count’, Int. J. Image Graph. Signal
Process., 2013, 5, (12), pp. 32-37

Mohan, J., Maheshwari, S.: ‘Generalized current-
mode configuration with low input and high
output impedance’, Istanbul Univ.-J. Electr.
Electron. Eng., 2016, 16, (1), pp. 1971-1979
Mohan, J., Maheshwari, S.: ‘Cascadable current-
mode first-order all-pass filter based on minimal
components’, Scientific World J., 2013, 2, p.
859784

Agrawal, D., Maheshwari, S.: ‘An active-C
current-mode universal first-order filter and
oscillator’, J. Circuits Syst. Comput., 2019, 13, p.
1950219

Maheshwari, S.: ‘Tuning approach for first-order
filters and new currentmode circuit example’, /ET
Circuits Devices Syst., 2018, 12, (4), pp. 478485
Maheshwari, S., Khan, I.A.: ‘Novel first order all-
pass sections using a single CCIII’, Int. J.
Electron., 2001, 88, (7), pp. 773778

Chatuverdi, B., Kumar, A., Mohan, J.: ‘Low
voltage operated current-mode first-order
universal filter and sinusoidal oscillator suitable
for signal processing applications’, Int. J.
Electron. Commun., 2019, 99, pp. 110-118
Kumar, A., Chaturvedi, B.: ‘Realization of novel
cascadable current-mode allpass sections’, Iran. J.
Electr. Electron. Eng., 2018, 14, (2), pp. 162-169
Kiline, S., Cam, U.: ‘Current-mode first-order
allpass filter employing single current operational
amplifier’, Analog Integr. Circuits Signal
Process., 2004, 41, pp. 47-53

Yuce, E., Minaei, S., Herencsar, N., et al.:
‘Realization of first-order currentmode filters with
low number of MOS transistors’, J. Circuits Syst.
Comput., 2013, 22, (1), p. 1250071

Arslanalp, R., Yuce, E.: ‘A BJT technology-based
current-mode tunable allpass filter’,
Microelectron. J., 2009, 40, (6), pp. 921-927
Arslanalp, R., Tola, A.T., Yuce, E.: ‘Novel
resistorless first-order currentmode universal filter
employing a grounded capacitor’,
Radioengineering, 2011, 20, (3), pp. 656—665
Cam, U., Cem, C., Cicekoglu, O.: ‘Novel
transimpedance type first-order allpass filter using

Page 134



Computer Engineering

ISSN: 10003428

Volume 13 | Issue 5 | Year 2024

https://journalofcomputerengineering.com/

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

single OTRA’, Int. J. Electron. Commun., 2004,
58, (4), pp. 296298

Shah, N.A., Quadri, M., Igbal, S.Z.: ‘CDTA based
transimpedance type firstorder all-pass filter’,
WSEAS Trans. Electron., 2008, 5, (6), pp. 280—
284

Herencsar, N., Koton, J., Vrba, K., ef al.: ‘Novel
dual-mode electronically tunable all-pass filter
using voltage gain-controlled MCFOA’. 13th Int.
Conf. on Optimization of Electrical and Electronic
Equipment (OPTIM), Brasov, Romania, 2012, pp.
1199-1202

Fabre, A., Saaid, O., Wiest, F., et al: ‘High
frequency applications based on a new current
controlled conveyor’, IEEE Trans. Circuits Syst. I,
Fundam. Theory Appl., 1996, 43, (2), pp. 82-91
Yuce, E., Minaei, S.: ‘Universal current-mode
filters and parasitic impedance effects on the filter
performances’, Int. J. Circuit Theory Appl., 2008,
36, (2), pp. 161-171

Horng, J.-W., Tsai, C.-Y., Chen, T.-C., et al.:
‘High input impedances voltagemode first-order
filters with grounded capacitors using CCIIs’,
Recent Adv. Electr. Electron. Eng. (Formerly
Recent Patents on Electrical & Electronic
Engineering), 2020, 13, (1), pp. 64—68
Denisenko, D., Prokopenko, N., Butyrlagin, N.:
‘Differential difference amplifiers in the second
order low-sensitive all-pass active RC-filters’.
2020 Int. Conf. on Computation, Automation and
Knowledge Management (ICCAKM), Dubai,
2020, pp. 275-279

Filanovsky, L.M.: ‘Current conveyor, voltage
conveyor, gyrator’. Proc. of the 44th IEEE 2001
Midwest Symp. on Circuits and Systems.
MWSCAS 2001 (Cat. No. 01CH37257), Dayton,
USA,, 2001, vol. 1, DOI:10.1109/
MWSCAS.2001.986176

Filanovsky, I.M., Stromsmoe, K.A.: ‘Current-
voltage conveyor’, Electron. Lett., 1981, 17, (3),
pp- 129-130

Safari, L., Barile, G., Ferri, G., et al.: ‘High
performance voltage output filter realizations
using second generation voltage conveyor’, Int. J.
RF Microw. Comput. Aided Eng., 2018, 28, (9),
DOI:10.1002/mmce.21534

Koton, J., Vrba, K., Herencsar, N.: ‘Tuneable filter
using voltage conveyors and current active
elements’, Int. J. Electron., 2009, 96, (8), pp. 787—
794

Koton, J., Herencsar, N., Vrba, K.: ‘KHN-
equivalent voltage-mode filters using universal
voltage conveyors’, Int. J. Electron. Commun.,
2011, 65, (2), pp. 154-160

Safari, L., Barile, G., Stornelli, V., et al.: ‘An
overview on the second generation voltage

© 2024 Computer Engineering. All Rights Reserved.

[43]
[44]

[45]

conveyor: features, design and applications’, /[EEE
Trans.

Circuits Syst. II, Express Briefs, 2019, 66, (4), pp.
547-551

http://tudr.thapar.edu:8080/jspui/bitstream/10266/1231/3/1231.pdf

Baker, R.J.: ‘CMOS circuit design, layout and
simulation’ (IEEE Press-Wiley, New Jersey,
USA, 2019, 4th edn.), pp. 115-116
Surakampontorn, W., Riewruja, V., Kumwachara,
K., et al: ‘Accurate CMOS-based current
conveyors’, IEEE Trans. Instrum. Meas., 1991,
40, (4), pp. 699-702

Page 135


http://tudr.thapar.edu:8080/jspui/bitstream/10266/1231/3/1231.pdf

