VEDECKE SPISY VYSOKEHO UCENI TECHNICKEHO V BRNE

Edice Habilitaéni a inauguraéni spisy, sv. 517
ISSN 1213-418X

Norbert Herencsar

LINEAR FUNCTION BLOCKS
FOLLOWING RECENT TRENDY
IN ANALOG CIRCUIT DENIGN



BRNO UNIVERSITY OF TECHNOLOGY
Faculty of Electrical Engineering and Communication

Department of Telecommunications

Ing. Norbert Herencsar, Ph.D.

LINEAR FUNCTION BLOCKS FOLLOWING RECENT TRENDS
IN ANALOG CIRCUIT DESIGN

LINEARNI FUNKCNI BLOKY SLEDUJICI AKTUALNI TRENDY
V NAVRHU ANALOGOVYCH OBVODU

SHORT VERSION OF HABILITATION THESIS

VUTIUM

BRNO 2015



KEYWORDS

Analog signal processing, current-mode, voltage-mode, transadmittance-mode, transresistance-
mode, mixed-mode, frequency filter, multifunction filter, universal filter, frequency-agile filter, first-
order all-pass filter, higher-order filter, single-ended filter, fully-differential filter, KHN-equivalent,
inductance simulator, capacitance multiplier, voltage controlled resistor, frequency dependent
negative resistor, quadrature oscillator, multiphase oscillator.

KLiCOVA SLOVA

Analogové zpracovani signalu, proudovy mdd, napétovy mod, transadmitanéni mod, transimpedanéni
moéd, smiseny mod, kmitoctovy filtr, multifunkéni filtr, univerzalni filtr, frekvencné agilni filtr,
fazovaci ¢lanek prvniho fadu, filtr vyssiho fadu, nediferenéni filtr, diferenc¢ni filtr, KHN-ekvivalent,
simulator induktoru, nasobic kapacity, napétim fizeny rezistor, kmitoctove zavisly negativni rezistor,
kvadraturni oscilétor, vicefazovy oscilétor.

THESIS IS AT DISPOSAL

Department of Telecommunications, FEEC BUT, Technicka 3082/12, 616 00 Brno, Czech
Republic

© Norbert Herencsar, 2015
ISBN 978-80-214-5266-4
ISSN 1213-418X



CONTENTS

[About_Author| 4
1__Introduction| 5
|2 Recent Trends in Analog Circuit Design| 5
2.1 ove -Pass Filter Design Methods| . . . . . . . . ... ... ... ... ... 5
2.1.1 Current-Mode First-Order Filter Design| . . . . . . ... .. ... ... 6

[2.2  Recent Progress in Oscillator Design| . . . . . ... ... ... .. .. ..... 10
2.2.1 Multiphase Sinusoidal Oscillators (MSOs)| . . . . ... ... ... ... 11

2.2.2  Novel Current- and Voltage-Mode MSOs| . . . . . . . .. ... ... .. 11

[2.3  Second-Order Filter Topologies| . . . . . ... ... ... .. ... ... ..., 16
[2.3.1  Universal Filter with Minimal Configuration . . . . . . . . . ... ... 16

2.4  Passive Component Emulators: Acitve Resistor, Inductance Simulators, FDNR, |

| Capacitance Multiplier Design| . . . . . . . .. . .. .. ... ... ... 19
2.4.1 Novel Floating General Element Simulator{ . . . . . . .. ... ... .. 20

2.4.2  High-Order Floating Frequency Dependent Element Simulator| . . . . . 21

3 Conclusions| 24
[Acknowledgments| 24
(Bibliography| 25
\[Curriculum Vitael 29
[Abstract] 32



ABOUT AUTHOR

Ing. Norbert Herencsar, Ph.D.

Department of Telecommunications

Faculty of Electrical Engineering and Communication, Brno University of Technology
Technickd 3082/12 — SC7.70

616 00 Brno

Czech Republic

Phone: +420 541 146 981

E-mail: |herencsn@feec.vutbr.cz

Web: www.utko.feec.vutbr.cz/~herencsar/

Author was born in May 29, 1982 in Sala, Slovak Republic. He received the M.Sc. and Ph.D. degrees in
Electronics & Communication and Teleinformatics from Brno University of Technology (BUT), Czech Repub-
lic, in 2006 and 2010, respectively. Currently, he is an Assistant Professor at the Dept. of Telecommunications
of Faculty of Electrical Engineering and Communication (FEEC), BUT. During Sept. 2009-Feb. 2010 and Feb.
2013-May 2013 he was an Erasmus Exchange student and Visiting Researcher with the BETA Lab., Dept. of
Electrical and Electronic Engineering, Bogazici University, Istanbul, Turkey, respectively. During Feb. 2014-
April 2014 he was a Visiting Researcher with the Dept. of Electronics and Communications Engineering,
Dogus University, Istanbul, Turkey. His research interests include analog electronics, new active elements and
their applications, low transistor count circuits, MOS-only circuits, oscillators, inductor simulators, capaci-
tance multipliers, and FDNR design. He is an author or co-author of 51 research articles published in SCI-E
international journals, 23 articles published in other journals, 83 papers published in proceedings of int. con-
ferences, and 2 university textbooks. In 2011 & 2012, he received Rector Award in the University competition
“Top 10 Excelence VUT” for the 9" and 8*" most productive scientist at the BUT, category “Publications”,
respectively. His paper presented at the 7*" Int. Conference on Electrical Electronics Engineering - ELECO
2011, Bursa, Turkey, received “The best paper award in memory of Prof. Dr. Mustafa Bayram”.

His main pedagogical interest is focused on “Analog Technology” course in bachelor degree program of
BUT, which he lectures for Erasmus+ Exchange students since 2013. In 2008-20011 he was supervisor of 6
projects of the Ministry of Education, Youth and Sport of the Czech Republic in creative works of students
in doctoral study and innovation of the university education projects. In 2006-2013 he collaborated as a co-
worker on grant projects GA102/06/1383 and GA102/09/1681 of the Czech Science Foundation (GA CR). In
2011-2013 he was the main holder of the postdoctoral grant project GPP102/11/P489 supported by GA CR.

Since 2008, Dr. Herencsar serves in the Organizing and Technical Program Committee (TPC) of the Int.
Conference on Telecommunications and Signal Processing (TSP) and many other international conferences.
Since 2010 he is also Deputy-Chair of TSP. Since 2012, he is Co-Editor of the IJATES? journal. Since 2014, he
is Associate Editor of the Journal of Circuits, Systems and Computers (JCSC) published by World Scientific
Publishing (SCI-E). In 2011, he was Guest Co-Editor of TSP 2010 Special Issue on Telecommunications,
published in the Telecommunication Systems SCI-E journal of Springer. In 2011-2013, he was Guest Co-Editor
of TSP 2010-2012 Special Issues on Signal Processing, published in the Radioengineering journal (SCI-E). In
2013, he was invited Guest Co-Editor of the “Special Issue on Low-Voltage Low-Power Analogue Devices and
Their Applications” edited by Prof. Dr. Shahram Minaei, Prof. Dr. Oguzhan Cicekoglu, Prof. Dr. Dalibor
Biolek, Dr. Norbert Herencsér, Assoc. Prof. Jaroslav Koton in the Radioengineering journal (SCI-E).

Since 2008, Dr. Herencsar also serves as invited reviewer in many SCI-E Journals including IEEE TCAS-I,
IEEE TCAS-II, IEEE TIM, etc., and international conferences and completed more than 150 reviews. Dr.
Herencsér is IEEE Senior Member (StM’07-M’12-SM’15). For year 2015, he was elected as IEEE Czechoslo-
vakia Section CAS/COM/SP Joint Chapter Chair and appointed as IEEE Czechoslovakia Section Membership
Development Officer. He is also Senior Member of the IACSIT and IRED, Member of the ITAENG, ACEEE,
RS, and Committee Member of the TACSIT Electronics and Electrical Society (EES).


mailto:herencsn@feec.vutbr.cz
http://www.utko.feec.vutbr.cz/~herencsar/

1 INTRODUCTION

Research in analog signal processing is significantly considered in the analyses and application possibilities of
different active building blocks (ABBs). Operational amplifier played an important role as an active building
block in the research. Therefore, enormous number of publications exist in the literature on various analog
electronics circuits using operational amplifiers. However, new integrated analog circuit applications have
emerged and the performance requirements for analog circuits have changed. Operational amplifiers circuits
have limited bandwidth at high closed-loop gains due to the constant gain-bandwidth product of the active
element. Furthermore, the limited slew-rate of operational amplifiers affect the large-signal for high-frequency
operation. When wide bandwidth, low-power consumption and low-voltage operation are needed simultane-
ously, the voltage-mode operational amplifier becomes very complex. These disadvantages can be eliminated
by using recently introduced high-performance ABBs. By following the most recent trends and progress in
this research field, this habilitation thesis is organized as described below.

e The first part of the habilitation thesis is focused on single-ended (S-E) and fully-differential (F-D) first-
order all-pass filter (APF) design working in voltage-, current-, mixed-, or dual-mode and fulfill one or
simultaneously more from the listed requirements [1]-[22].

e The next section discuses quadrature or multiphase oscillator design with specific features and/or using
special types of function blocks [2], [3], [23]-[25].

e The third part deals with second-order analog frequency filters, where the main intention is on minimal
configuration multifunction or universal filter structures design without changing the circuit topology
[26]-[31]. Simultaneously, higher-order topologies are also discussed [32].

e Finally, in the last section passive component emulator circuits such as grounded voltage controlled
positive resistor (GVCPR), lossy/lossless floating/grounded inductance simulators, floating frequency
dependent negative resistor (FDNR), or floating capacitance multipliers are discussed [33]-[38].

As the full thesis for habilitation consists in total of 38 papers having been elaborated by the author in

close collaboration with his highly recognized colleagues since 2011, this short version of thesis discusses results
published in [10], [25], [26], and [3§].

2 RECENT TRENDS IN ANALOG CIRCUIT DESIGN

2.1 Novel All-Pass Filter Design Methods

Frequency filters are circuits that shape the spectrum of the input signal in order to obtain an output signal with
the desired frequency content. Hence, they have wide area of application in instrumentation, automatic control,
communication systems, video signal processing, and broadcasting systems. For phase equalization and for a
frequency dependent delay design, while the amplitude of the output signal over the desired frequency range is
kept constant, all-pass filters are generally used. Hence, APF's are basic building blocks that are widely used
in analog signal processing. During last years the progress in this research area is significant and the biggest
challenge was and still is to propose such circuits that fulfill one or simultaneously more from the following
requirements: 1. Consist of only one active building block (ABB), 2. employ single grounded capacitor, 3.
no passive resistors are required i.e. resistorless circuit, 4. provide electronic control of pole frequency (f,)
and/or filter pass-band gain (Gg), 5. suitable for low-voltage and low-power operation at higher-frequency
region (tens of MHz), and/or 6. partially/fully cascadable.

Using minimal number of ABBs in the filtering topologies it is expected that the total chip area would
be smaller in case of on-chip fabrication. It is well-known that the terminal parasitic capacitances of ABBs
in series with floating capacitors in the structure may cause additional unwanted pole and degrade the high-
frequency behavior of filters. Therefore, the use of grounded capacitor is welcomed and very important from
the monolithic integration point of view. The control of f, and/or filter Gy is also important feature that

makes the proposed circuits attractive in many applications. In practice, the adjustment of these parameters



can be done by (i) means of transconductance parameter g, (ii) varying the intrinsic resistance of low-
impedance current input of ABBs, (iii) by using n-channel metal-oxide-semiconductor field-effect transistor
(NMOS) working in triode operation as voltage controlled resistor (VCR), or (iv) by changing the current
and/or voltage gain of ABB. Recently, there is also an increasing trend on the design of low-voltage circuits
with low-power consumption due to the requirement of efficient portable electronic systems with long battery
lifetime. From the filters’ cascadability point of view, from circuit theory it is well-known fact that the input
and output impedances of circuits should be ideally equal to the extreme values (zero {0} or infinity {oco}
impedances for short), depending on the type of input and output operational modes. For current-mode (CM)
circuits the input and output impedance should be 0 and co while for voltage-mode (VM) circuits oo and 0,
respectively. Note that due to this property there is no need for additional current followers or voltage buffers
for cascading and it decreases the number of active elements in the final solution.

By following the above listed requirements and the most recent trends, the discussion has been done on
numerous voltage-, current-, transadmittance-, and transimpedance-mode S-E or F-D first-order APFs [1]-[22].

2.1.1 Current-Mode First-Order Filter Design

The proposed CM topology for realizing various first-order filters is shown in Fig. [10]. It can be seen that
it employs an inverting amplifier with the voltage gain of —3. The employed inverting amplifier should have
high input and low output impedances ideally. Analysis of the proposed CM configuration of Fig. gives
the following responses:

(i) Non-inverting low-pass transfer function (TF) and phase response:

e 1)
Pip1(w) = —tan™ ! (wC Ry). (2.2)
(ii) Non-inverting high-pass TF and phase response:
o 23
Ynp1(w) = g —tan" Y (wC Ry). (2.4)
(iii) Inverting low-pass TF and phase response:
Iy _ PRy (2.5)
Ly 14+ sCiRy’ ’
ip2(w) = 7 — tan"H(wC Ry). (2.6)

—_— C2

Vlhp2

Fig. 2.1: Developed CM configuration for realizing first-order filters



(iv) Inverting high-pass TF and phase response:

Ihp2 sBCY Ry
_ 2.7
Iin 1+sCiRy’ 27)

Pnp2(w) = 7% — tan" (wCy Ry). (2.8)

Here, the pole frequency of the filter from Fig. is found as w, = 1/(C1R;1). Further, if § = 1, the
following responses can be obtained:

(v) Inverting all-pass TF and phase response if Ry = R; as:

Iapl _ Ihpl I]p2 1-— sClRl

Ly I Im  1+sCiRy’ (2.9)
Gap1 (W) =7 — 2tan"H(WC Ry). (2.10)
(vi) Non-inverting all-pass TF and phase response if Cy = C as:
Sl S ey 21
Pap2(w) = —2tan™ ! (wC Ry). (2.12)

It should be noted that the all-pass filters of [I1] and [I2] can simultaneously realize only one all-pass
response. In order to obtain output currents at high-output-impedance terminals from the structure in Fig.
a current buffer is required for each current. For this purpose a current follower (CF) can be a good choice
[39]. However, a CF has an input parasitic resistance denoted by R,. The output of the developed inverting
all-pass filter connected to the input of a CF is shown in Fig. Considering the required conditions for the

inverting all-pass response as Ry = Ry and 8 = 1, the corresponding gain and phase responses are computed

as:
Iapl _ 1-— SClRl (2 13)
Iin 1+ 1}% + SCl(Rl + ?)]%p)7
Ci(R 3R
Cap1 (W) =7 — tan"!(wC1R;) — tan™* <w1(11—£p)> . (2.14)
-

From (2.13)) and (2.14), one should select Ry > 3R,, to prevent the loading effect.

Iapl

}_l ap2

Fig. 2.2: The output of the suggested all-pass filter connected to the input of a CF



Ideal inverting amplifier

Fig. 2.3: Inverting amplifier with parasitic impedances

Analysis of Parasitic Effects

The parasitic of the employed amplifier can be considered as parallel capacitance and resistance at its input
terminal (Ry || Cy) and output resistance (R,) in series at its output terminal as shown in Fig. Since Ry,
and Cy appears in parallel with externally connected R; and C, their effects can be neglected with selecting
Ry < Ry and C; >» (. Considering the output resistance R, of the inverting amplifier, while the current
responses I, and I,p1 remain undisturbed, Iip2 and Inpe and their corresponding phase responses convert to:

Ilp2 _ ﬂRl (2 15)

Iin (1 —|-801R1)(R2 + R, +SCQR2RO)’ '

wCsRo R,

Ppa(w) = m — tan~H(wCy Ry) — tan™! (M) , (2.16)
Thpo BsCaR1 Ry (2.17)

I; (1 + SClRl)(RQ + R, + SCQR2R0)7 '

T wCyRo R,

Ynp2(w) = -5~ tan"!(wCyR;) — tan™* (RQQJr2R;) . (2.18)

It can be seen that a second pole appears in the TF of the filter due to the nonzero output resistance of

the amplifier as:

o Ry + R, . 1 + 1
- C3RaR, C2R,  C3Ry’

Thus one should select R, < Rs in order to neglect the effect of the second pole. Similarly, for the all-pass

(2.19)

Wp2

responses we can obtain:

Tap1 Ry (ﬁ —sC1(Ra + R,) — SzclcQRgRo)

= — , 2.20
Iin (1 + SClRl)(RQ + R, + SCQRQRO) ( )
1 wC’l(Rg + RO) 1 1 wCoRy R,
Yap1(w) =7 — tan (5 T 2C.CaRaR. ) tan™ " (wC1 Ry) — tan Ryt R ) (2.21)
Iap2 _ RZ + Ro - SCQRQ(ﬂRl - Ro) (2 22)
Iin (1 + SC]Rl)(R2 + R, + SCQRQRO)’ '
wCsRe(BR1 — R, _ _1 {wC2R3R,
Pap2(w) = —tan™" < 2 132([1 ;30 )) —tan~ ' (wC1Ry) — tan™" (R;—%%ﬁ) . (2.23)

Note that the proposed all-pass filter having no capacitor connected in series to the X terminal of the
inverting amplifier; accordingly, it can be worked at higher frequencies.

The inverting amplifier used in the structure of the proposed CM all-pass filter can be implemented with
two NMOS transistors as shown in Fig. [2.4(a) [I0]. The gain of the amplifier is found as:

Voz_ﬁ:_ (W/L)l
‘/in (W/L)27

(2.24)



where (W/L); is the ratio of the channel width to channel length of the ith (i = 1,2) transistor.

Noise Analysis
The inverting amplifier including noise sources of the transistors is shown in Fig. b). The noise density
sources of the transistors can be represented as:
dVZ = 4kT Reg1 df, (2.25)
dV3 = 4KT Regadf, (2.26)

where k is the Boltzmann’s constant, T' is absolute temperature in Kelvin, and Reg; is the effective thermal

noise resistance of the ith transistor, which is given as:

N

Regr; = gg + Rgi + Rpi(n — 1)2 (2.27)

me

2
In (2.27)), gi represents the channel noise effect, Rg is the poly gate resistor and Rp is the substrate

resistance [40]. The substrate resistance is multiplied a factor of (n — 1)? where n — 1 is equal to the ratio of
the bulk transconductance to the transconductance of the transistor, i.e. gg%nb.

The noise voltage of transistor M, in Fig. (b) is visible at its source terminal. Thus the equivalent input
noise density of the amplifier is found as:

2
— 5 . 9A 1
dV2, = dVP + “22qVE = dVE + @dv;. (2.28)

m1

Assuming matched transistors gm1 =2 gme and consequently 8 = 1, the total equivalent input noise density
is dVZ, = 2AVE.

For the all-pass filter of Fig. there are additional thermal noises due to the external resistors R; and
R5. Thus, the total equivalent input noise of the proposed CM all-pass filter can be given as:

1
52
From ({2.29)), an equivalent input resistance (Rieq-ap) for noise calculation purpose can be defined as:

dV2 = 4kTRydf +2dV2 +

ieq-ap

AKT Rydf. (2.29)

1
B2
The bandwidth (BW) of the equivalent input noise density is limited by the external capacitor Cy. Thus

Rieq—ap = Rl + 2Reffl + R2- (230)

the integrated noise of this resistor-capacitor combination (or all-pass filter) is found by taking the integral

over all frequencies as:

Vbp

(a) (b)
Fig. 2.4: (a) NMOS-based inverting amplifier, (b) noise model
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e dVE
V;gq—ap = / Lapg = 4kTRieq-apBWga (231)
0 f
1+ ()
where
7 —— (2.32)
B 277Rieq—apcl ' ’

Substituting (2.32)) into (2.31]), the integrated noise is simply found as kT'/C;. For wideband systems the
integrated noise is important, thus to reduce the noise we have to select larger capacitances which obviously

will increase the power consumption [40)].

Experimental Verification

The behavior of the I,,; response of the proposed all-pass filter has also been verified by experimental mea-
surements. In measurements the readily available array transistors CD4007UB [41] by Texas Instruments with
415 V dc supply voltages have been used. To perform the measurements of the proposed current-mode filter,
the circuit was extended by voltage-to-current and current-to-voltage converters realized by OPA860 ICs [42]
by Texas Instruments with dc power supply voltages equal to £5 V. Since the OPA 860 generally behaves as
CCII+, the measured voltage compared to the I, is shifted in the phase by 180°. The experiments have been
performed with Ry = Ry = 1.2 kQ and C; = C3 = 100 pF. In this case the 90° phase shift is at fo = 1.26 MHz.
The time-domain response of the measured I,,1 response of the all-pass filter is shown in Fig. in which a
sine-wave input of 1 V peak-to-peak and frequency of 1.26 MHz was applied to the filter. From Fig. it can
be seen that the phase shift in the I,,; output against the input is 91°. It is also observed that the exper-
imental results are in close proximity with the ideal ones as expected. Nevertheless, the discrepancy among

ideal, simulation and experimental results fundamentally arises from non-idealities of NMOS transistors.

2.2 Recent Progress in Oscillator Design

Typical application area of all-pass filters is the design of sinusoidal oscillators, which can be implemented by
cascading the APF to a lossy integrator in a closed loop [2], [3]. In general, quadrature oscillators are important
circuits for various communication applications, wherein there is a requirement of multiple sinusoids that are
90° phase shifted, e.g. in quadrature mixers and single-sideband modulators, or for measurement purposes in
the vector generator or selective voltmeters. Therefore, the research was also focused on oscillator design with
specific features and/or using special types of function blocks [23]. Similarly, a very compact active CMOS-
RC realization of sinusoidal oscillator capable of generating four quadrature voltage outputs was proposed
in [24]. The governing laws for the condition of oscillation (CO) and the frequency of oscillation (FO) are

10
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Fig. 2.6: Generalized block diagram of an n-phase sinusoidal oscillator [43], [44]

single-resistance-controlled (SRC), which allow independent FO tuning. Unlike previously reported SRC-based
sinusoidal oscillators based on ABB-based approach, this direct CMOS realization provides a much reduced

transistor count circuit and consequently offers a low power solution.

2.2.1 Multiphase Sinusoidal Oscillators (MSOs)

The generalized structure of an n-phase sinusoidal oscillator is shown in Fig. [43], [44]. Tt consists of n
cascaded lossy integrators and a unity gain inverting amplifier in a closed loop. For lossy integrator sections

k is the low-frequency stage gain, and T is the system time constant [43]. The system loop gain is given by:

L(s) = “//f’“((j)) S (1 +kT3) . (2.33)

For oscillation to sustain, the Barkhausen criteria must be fulfilled [45]:

k >n
_ =1. (2.34)
(1 +Ts s=jwo
That is:
(14 jwoT)" + k™ = 0. (2.35)
Eq. (2.35)) can be rewritten as:
(1+ ngz)n/2 edntan” woT _ gn i (2.36)
Thus the CO and FO are found as:
CO: k= (1+w2T?)"? (2.37)
1 T
FO: wy= tan (©). 2.38
wo = mtan { — (2.38)
Substituting wg of Eq. (2.38) in Eq. (2.37) gives:
1/2
CO: k= [1 + tan? (%)] . (2.39)

From Eq. (2.39)) it can be seen that the oscillation condition depends on the number of the oscillation
phases, n. It is obvious that the oscillation occurs when n > 3. The output number of the oscillator is n, each
output voltage Vy, is shifted in phase by 180°/n.

2.2.2 Novel Current- and Voltage-Mode MSOs

In [25], on CM & VM MSO structures have been investigated using current backward transconductance
amplifiers (CBTAs). The CBTA terminal equations can be defined as [46] I, = g (5)(Vpo — Va), Ve = 1w (s) V4,

11



I, = ap(s)Iy, I, = —an(s)ly. In these equations ap(s), an(s), and u(s) are respectively the current and
voltage gains and they can be expressed as ap(s) = wap(l — €ap)/ (S + Wap)s n(s) = wan(l — €an)/ (s + wan),
m(S) = Gowgm (1 — €gp)/ (S + Wam ), and fiy(s) = wy (1 — ew)/(s + wy) whereas |eqp| K 1, [ean| < 1, |Egm| < 1,
and |e,| < 1. Here, g, is the DC transconductance gain. Also, e,p and e,y denote the current tracking errors,
€, denotes the voltage tracking error, gy, denotes transconductance error, and wap, Wan, Wem, W, denote
corner frequencies. Note that, in the ideal case, the voltage and current gains are unity i.e. pyw(s) = 1 and
ap(s) = an(s) =1 and frequency independent.

The CBTA realization of the MSO constitutes of two sub-circuits, i.e. lossy integrator and inverting
amplifier shown in Fig. The voltage gains of the circuits in Figs. (a) and (b) can be found respectively
as:

Vo, Eorgmi 1
i M— — (2.40)
Vo, stiodmt 144 C
and
Vo
V = _/JJwgmfRf = _K7 (241)

where gy ¢ is the transconductance of the CBTA used in the inverting amplifier of Fig. b). Moreover, from
Eq. K = pwgmeRs is the gain (in magnitude) of the VM inverting amplifier shown in Fig. b).

The general realization of arbitrary n-phase sinusoidal oscillator can be easily realized by interconnecting
the above CBTA-based sub-circuits as shown in Fig. [2.8(a). The resulting VM circuit is shown in 2.§b) and
its closed loop gain can be expressed as:

1
S -

Hwdmi

L(s) = —pwgmt s o2
1 + Sﬂwg;n'i

1] . (2.42)

For oscillation to sustain, the Barkhausen criteria must be fulfilled, that is:

145G

HwGmi

! ]1. (2.43)

Therefore, the oscillation condition and the oscillation frequency are found from Eq. (2.43)) as:

2072 n/2
CO: K= (1+ Yo ) (2.44)
. _ Mwfmi ™
FO: wg= c, tan (n) . (2.45)
Substituting wg of Eq. (2.45) into (2.44) gives:
S >—\(/)0i Vi
| 1
p n n p
Vois 1 Vo, Vi Vo
—o = CBTA o— —-K o = CBTA
1+Ts ®
z w z w
11 L L v

Ci I Rf
(a) (b)
Fig. 2.7: Sub-circuits and their realization using CBTA: (a) VM lossy integrator, (b) VM inverting amplifier

12
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Fig. 2.8: (a) Generalized block diagram of the proposed n-phase sinusoidal oscillator, (b) proposed voltage-
mode CBTA-based MSO

T\ 1"/2
CO: K= [1 + tan® (5)} . (2.46)
Further, from Eq. and it can be seen that the oscillation frequency can be independently
controlled through equal valued gp,; parameters which are electronically adjustable by changing the bias
currents of the CBTAs.
The output impedance of the proposed structure can be found as:

Z.,

i

= Zn;|| Zp, , | Zww;- (2.47)

In ideal case Zy,, = 0, thus Z,, = 0.

The second proposed CBTA-based MSO circuit which operates in current-mode can be obtained using
two sub-circuits shown in Fig. The current gains of the circuits in Figs. a) and [2.9(b) can be found
respectively as follows:

I, Lq:m Qn
Ton st @ T1rsL (249
and I
=2 = —gmiRr = —K, (2.49)

I;
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Fig. 2.9: Sub-circuits and their realization using CBTA: (a) CM lossy integrator, (b) CM inverting amplifier
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Fig. 2.10: Proposed current-mode CBTA-based MSO

where gy, is the transconductance of the CBTA used in the inverting amplifier of Fig. [2.9(b). From Eq. (2.49)
K = gn¢R¢ which is the gain of the CM inverting amplifier shown in Fig. b).

The general realization of arbitrary n-phase sinusoidal oscillator can be easily realized by interconnecting

the above CBTA-based sub-circuits in accordance to the block diagram of Fig. The resulting circuits are
shown in Fig. The closed loop gains of the circuits in Fig. can be expressed as:

Qp Qp
L(s) = —gmtRs | ———| =K |—2+| .
(s) mtlif 1_’_801_] 1+sci]

(2.50)
9mi 9mi
For oscillation to sustain, the Barkhausen criteria must be fulfilled, that is:
O
K |———| =1. 2.51
1+ SC] (251
Gmi
Therefore, the oscillation condition and the oscillation frequency are found from Eq. (2.51)) as:
202 n/2
CO: K=a" (1 + “’2) : (2.52)
9mi ™
FO: wy=2tan (1) 2.53
wo C) an (2.53)



Substituting wy of Eq. (2.53) into (2.52) gives CO:

n/2

CO: K=qo," {1 + tan? (%)] (2.54)

Again from Eq. (2.53)) and (2.54) it can be realized that the oscillation frequency can be independently
controlled through equal valued g,,; parameters which are electronically adjustable by changing the bias

currents of the CBTAs.
The output impedance of the proposed structure can be found as:

Zo, =Ry, | (1/5C,),..i=1,2,...,n (2.55)

where R, and C, are the z-terminal resistances and capacitance of the CBTAs. In ideal case Z,, = 0.

Simulation Results

The MSO circuit for n = 3 is designed with the passive component values C7; = Cy = C5 = 10 pF and
R¢ = 16 k9, all bias currents of the CBTAs are chosen as 50 uA (g = 0.5 mS). Figure shows the current
outputs of each stage in the MSO. In this case (n = 3) with all the above parameters, the oscillation frequency
is obtained as 10.8 MHz from the simulation while the theoretical value is 13.77 MHz. The difference between
theoretical and simulated values can be attributed to the parasitic effects of the CBTAs. The phase differences
among the outputs for n = 3 is in the vicinity of 120 degree. The THD values for io1, 02, 03 voltage outputs
are 5.57%, 1.93%, and 0.98%, respectively. The FFT spectrum of the each current output signals for n = 3
are shown in Fig. As seen from Figs. and the oscillations are observed to be stable and the
simulation results confirm the workability of the proposed current-mode oscillator circuit.

‘urrent Outputs (LA)

C

-168 T T T
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6. Bus
Time

Fig. 2.11: Current outputs of the proposed CM MSO for n = 3
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Fig. 2.12: FFT spectrum of the sinusoidal current outputs
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2.3 Second-Order Filter Topologies

Probably, the most discussed and most popular analog filters in the literature are the second-order filters that
are also called as biquads. One of the advantage of these circuits is that a general filter of a higher-order
can be designed by cascading a number of second-order ones. Based on circuit topologies and complexity
the biquads can be divided into several categories. Nowadays the highest attention is paid to such second-
order filter structures that can provide at least the basic three standard filter functions, i.e. low-, band-,
high-pass or additionally also band-stop and all-pass filter responses without changing the circuit topology.
These filtering structures are called multifunction or universal filters, respectively. Similarly, considering
the number of inputs and outputs in topologies then biquads can be categorized to so-called multi-input
single-output (MISO) or single-input multi-output (SIMO). From simplicity point of view the universal CM
MISO proposed in [27] worth to be mentioned. Although it is of minimal configuration, additional current
followers are required for their cascading. This disadvantage is overcame in [28], however, for the cost of
biquad complexity. Particularly, the SIMO type biquads are more attractive, because they are able to realize
several responses simultaneously with the same topology and without changing its configuration. This kind
of filter, which finds wide applications in phase-locked loop FM stereo demodulation, touch-tone telephone
tone decoding etc., is advantages in consideration of versatility, simplicity, and cost reduction. Advantages of
‘voltage differencing’ feature of the voltage differencing current conveyor (VDCC) have been demonstrated in
[29]. In addition, the two improved SIMOs in [30] simultaneously realize all five standard filter functions and
Q@ and fy can be controlled orthogonally, i.e. fy can be adjusted arbitrarily and at the same time ) can be set
to any value through passive resistor without disturbing fy. Unfortunately, the complexity of circuit topologies
has increased. Recently, special tunable (reconfigurable) biquad design technique has been introduced, namely
frequency-agile filters (FAFs) that have the property of agility, i.e. in order to not disturb the signal processing
during the transmission of the signal, the hop between two consecutive frequencies f; and f, must be able
to be carried out very quickly [3T]. On the other hand, filters with good frequency selectivity have to be of
the order higher than two. In work [32], two active only grounded-C equivalents of third-order VM elliptic
low-pass (LP) LC ladder prototype active equivalents are proposed and the real behavior of the optimized
active only grounded-C third-order VM elliptic LP filter experimentally verified.

2.3.1 Universal Filter with Minimal Configuration

From simplicity point of view as VM counterpart of the universal MISO proposed in [27] the VM MISO
employing voltage differencing inverting buffered amplifier (VDIBA) can be considered [26]. The VDIBA is
a recently introduced four-terminal active device [2]. It has a pair of high-impedance voltage inputs v+ and
v—, a high-impedance current output z, and low-impedance voltage output w—. The input stage of VDIBA
can be easily implemented by a differential-input single-output operational transconductance amplifier (OTA),
which converts the input voltage to output current that flows out of the z terminal. The output stage can be
formed by unity-gain inverting voltage buffer (IVB). Since both stages can be implemented by commercially
available ICs, and moreover it contains OTA whose g, can be electronically controllable via DC bias current,
the introduced active element is attractive for resistorless and electronically controllable circuit applications.

Using standard notation, the relationship between port currents and voltages of the VDIBA can be de-
scribed by following hybrid matrix:

It 0 0 0 0 Vs

I, 0 0 0 0 Vi_
_ : (2.56)

Iz 9m  —Gm 0 0 sz

V- 0 0 -1 0 Lo —

where g, represents the transconductance of VDIBA.

16



Cy
Vinlo—H v+ W— _-'_r_‘_ovout
VvDIBA | Rwos
Vi o——— V— z —‘

C,
Vingo—i}
Fig. 2.13: Proposed VM universal filter

The proposed VM MISO universal filter is shown in Fig. [26]. The circuit employs single VDIBA as
active element, two capacitors, and one nMOS transistor working as voltage-controlled resistor (VCR). Al-
though in practice, filters employing only grounded capacitors are preferred, new IC technologies offer floating
capacitor realization possibility as a double poly (polyl-poly2) or metal-insulator-metal (MIM) capacitor [47].
The nMOS transistor works in triode region and its resistance Ryjog for low value of signal amplitudes can be

calculated as follows:

1

: 2.57
,U/nCox%(V:: - VTHn) ( )

Ryos =

where Cyx is the gate oxide capacitance per unit area, uy is the free electron mobility in the channel, W and
L are the channel width and length of the nMOS, Vg, is the threshold voltage of the transistor, and V, is
DC control voltage used for tuning. Using , circuit analysis yields the following output voltage Vo of
the proposed circuit in Fig.

52C1CoRyvosVint — $C2Ving + gm Vinz

V. =
out 52C1C2Ryios + 5Co + gm

(2.58)

From Eq. it can be observed that the proper connection of the relevant input terminals yields the
five standard types of biquadratic filter functions as follows:
(i) If Vin1 = Ving = 0 (grounded), a second-order LP filter can be obtained with Vout/Ving;
(ii) If Vin1 = Vin2 = 0 (grounded), a second-order inverting BP filter can be obtained with Voyut/Vins;
(iii) If Vip2 = Vins = 0 (grounded), a second-order HP filter can be obtained with Vi /Vin1;
(iv) If Vins = 0 (grounded) and Viy1 = Vipe = Vin, a second-order BR filter can be obtained with Vi /Vin;
(v) If Vin1 = Vina = Ving = Vin, a second-order AP filter can be obtained with Vg /Vin.
Thus, the circuit is capable of realizing LP, BP, HP, BR, and AP responses from the same topology
without any requirement for component-matching conditions or use of additional inverting voltage inputs. For

all filter responses the resonance angular frequency wyg, quality factor @, and bandwidth wy/Q derived from

the denominator of Eq. (2.58) are:
Jm
A B — 2.59
0 C1C2Rvios (2:59)

Q- lclgrnCRMOS7 (2.60)
P

wWo 1
—_— = = 2.61
Q  CiRmos (261)

It should be noted that the gain factors for all five filter responses are equal to unity in magnitude.
A sensitivity study forms an important index of the performance of any active network. The active and
passive relative sensitivities of the proposed circuit derived from (2.59)—(2.61) are given as:

1

1
wo _— _ Qwo I Q —_ Q _ _
ng - SC1,C'2,RMOS 9 SC’hgnnRMos - SCQ 97

17



SeolQ@ g (2.62)

C1,Rmos

From the results it is evident that the sensitivities are low and not larger than unity in absolute value.

Stability Analysis

Considering the non-idealities of the VDIBA, the matrix relationship of Eq. (2.56|) converts to:

Lot 0 0 0 0 Ver

I, _
| _| 0 0 0 0 - | (2.63)
Iz gm(s) *gm(s) SCZ + l/RZ 0 ‘/z

Vel 0 0 —B(s)  Ry- Ty

where the parasitic impedance R, is ideally infinity as well as C, and Ry_ are ideally equal to zero and the 8
and g, are non-ideal voltage and transconductance error gains of VDIBA, respectively.

Considering the effects of these non-ideal gains on the proposed filter, the output voltage Vout in Eq. (2.58))
turns to:

s2C102RyMosVint — B5C2Ving + BYm Vina

Vout =
* 52C1 0y Ryios + 5C2 + Bgm

(2.64)

It should be mentioned that non-ideal gains § and g, are frequency-dependent parameters that using a
single-pole model [48] can be defined as follows:

B

B(s) = e (2.65)
_ gmo

Im(s) = Thsr, (2.66)

where 8, = 1—¢eg, and gmo = go(1 —&g,,) are DC voltage and transconductance gains of VDIBA, respectively.

The best way to test the stability of the proposed filter characteristics is the use of Routh-Hurwitz stability
criterion [49]. Thus, assuming that the single-pole model analysis gives satisfactory result and neglecting the
effect of 73, by replacing Eq. into its denominator turns into the following third-order polynomial:

3

D(s) = (a:s"). (2.67)

=0

Here, the coefficients of a; (i = 0,1,2,3) are calculated as:

ao = Bogmo,
a; = Cq,
as = C5(Ci Ryios + Tg,, )
az = C1C2 R0 Ty, - (2.68)
Thus, in order to prevent stability problems, the following condition should be satisfied:

;- C1C2Ryos
m BoclgmoRMOS - CZ ’

(2.69)

Experimental Verification

The proposed filter has been developed on printed circuit board (PCB) and its behavior has been verified
by experimental measurements using network-spectrum analyzer Agilent 4395A. To realize the input stage
of VDIBA the readily available IC OPA660 by BURR BROWN [50] was used, which contains the so-called
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(a) (b)
Fig. 2.14: Measured magnitude and phase responses of (a) low-pass, (b) all-pass filters

‘diamond’ transistor (DT) and fast voltage buffer (VB). The resistor Rapy was chosen as 220 2 [50]. In order
to increase the linearity of collector current versus input voltage Vg, the DT is complemented with degeneration
resistor Rg > 1/gm, added in series to the emitter, where the gy, is the DT transconductance. Then the
total transconductance decreases to the approximate value 1/Rq [50]. The output stage IVB was realized by IC
ADB830 produced by Analog Devices [51]. The DC power supply voltages of both ICs were equal to £5 V. In all
measurements the values of the passive components were selected as C; = C5 = 100 pF and Rg = Ryos = 1 k2
to obtain the designed MISO filter responses with @ = 1 at pole frequency fo = wo /27 = 1.59 MHz. Measured
results of low-pass and all-pass magnitude and phase responses are shown in Fig. From the results it
can be observed that due to extra parasitic capacitances of the fabricated PCB the resonance frequency is

fo = 1.48 MHz, which, however, is close to the theoretical one.

2.4 Passive Component Emulators: Acitve Resistor, Inductance

Simulators, FDNR, Capacitance Multiplier Design

The last part of the thesis deals with emulation of passive components in active form such as grounded voltage
controlled positive resistor (GVCPR), lossy/lossless floating/grounded inductance simulators using various
ABBs, or novel floating frequency dependent negative resistor (FDNR), and floating capacitance multipliers
design [33]-[38]. Electronically tunable resistors are widely used in analog signal processing such as in active
RC filters with variable fj, controlled oscillators, variable gain amplifiers, voltage or current dividers, and
voltage or current to frequency converters, etc. In [33], the proposed new CMOS-based GVCPR with one
control voltage employs only five CMOS transistors. Note that in the structure one of transistors operates
in triode region while others in saturation region or OFF. One of the main properties of the novel GVCPR
is its ultra low power consumption and its superior performance was also proved by numeric Figure of Merit
calculation. An inductor is also a required element in circuit design. Conventional spiral inductors directly
made on chip occupy significant chip area and therefore are too costly and suffer from substrate resistive losses
and capacitive couplings. In addition, process tolerances lead to component variations, which cannot easily be
tuned in the passive case. Therefore, in recent years, synthetic inductor realizations have been focused on the

field of the integrated circuit (IC) design due to the resulting reduction in size and cost effectiveness [34]—[37].
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2.4.1 Novel Floating General Element Simulator

In [38], a general floating immittance function simulator realizing frequency dependent negative resistor
(FDNR), inductor, capacitance multiplier, and resistor was proposed. It is composed of two CBTAs and
three passive components that are all grounded. The circuit does not require any component matching condi-
tions and it has good sensitivity performance with respect to tracking errors. Moreover, the proposed FDNR,
inductance, capacitor and resistor simulator can be tuned electronically by changing the biasing current of the
CBTA or can be controlled through the grounded resistor or capacitor.

Consider floating admittance in Fig. a) and simulator circuit in Fig. (b), the short circuit admit-

tance matrices of these circuits can be respectively written as:

Y11 Y12 +1 -1
[yij] = =Y : (2.70)
Y21 Y22 -1 +1
Y11 Y12 Q1fbwl gm1Y1Y3 | +1  —1
[yij] = = " 7 (2.71)
Y21 Yoo Qoflw2 gm2Y2 -1 +1

I Vi
where a;, ~ o, = a and L= [ Yij } 1
Iy Vs

From (2.70)) and (2.71)) it is seen that depending on the choice of passive component a floating FDNR,
inductor, capacitor and resistor simulator can be realized as follows:
(i) Y7 = sC, Yo = Ga, and Y3 = sCjy are selected, a floating FDNR is implemented as follows:

+1 -1
-1 +1

1wl 829m10103

Yl =
[¥o] Qoflwy  Jm2Ga

; (2.72)

which represents a floating FDNR whose parameter is given by Dy = %%. In ideal conditions,
W Jm

D = % Hence, the proposed circuit of Fig. (b) behaves as an ideal floating FDNR. By setting
either V5 = 0 or V3 = 0, the proposed circuit can also be used as a grounded FDNR. Note that D; can be
tuned through gm1, gm2, G2, C1, or Cs.

(ii) If the admittances are chosen as Y7 = G1, Yo = sCs, and Y3 = G3, the input admittance becomes:

+1 -1
-1 +1

a1 fiw1 gm1G1G3

Y:] =
Y] Q2flw2 Sgm2C2

, (2.73)

a2ptwa _ gm2C2

. In ideal conditions
a1 w1 gm1G1G3

which represents a floating inductor whose inductance is given by L =

Ly = %. By setting either V5 = 0 or V4 = 0, the proposed circuit can also be used as a grounded
inductor.
|1 Y3
L Ye 0 Vio— p 4 p Z——H
o—>—}+—=<o0
+ + CBTA; CBTA;
V, Vs I Yy Y,
_ _ V, +0—>— n WH——1+ r n W1

(a) (b)

Fig. 2.15: (a) Floating admittance and (b) floating admittance simulator circuit
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(iii) If Y7 = sCq, Yo = G4, and Y3 = (i3 are chosen for the circuit depicted in Fig. b), the short circuit

admittance matrix of the floating capacitor is found to be:

o S C1G 1 -1
Vo] = 1Hwl S9m1C1G3 | + 7 (2.74)
Qoflwy  gm2Ga -1 +1
1wl gm1C1G3 gm1C1G3

where, C; = . In ideal conditions, Cf = . When the resistors and capacitor in Y; and

azpiwz gm2Ga gm2G2

Y3 admittances are interchanged, we also obtain:

+1 -1
-1 +1

01 fiw1 5gm1G1C3
Q2 w2 gszz

[Yo| = , (2.75)

which represents a floating capacitor whose parameter is given by Cf = %%. In ideal conditions,
w2 Gm

_ gm1Gi1Cs
Cr = gm2Ga2

The value of grounded capacitor C'3 can be multiplied by a constant which can be tuned electronically by
changing transconductance values of the CBTAs or can be controlled through grounded resistors. Hence, the
proposed circuit can be used as a floating capacitance multiplier. Moreover, the proposed circuit can be used
to convert a grounded capacitor to floating one.

(iv) Finally, choosing Y7 = G1, Y2 = Ga, and Y3 = G35 for the circuit depicted in Fig. b) is described by

the following short circuit admittance matrix:

+1 -1
-1 +1

a1 w1 gm1G1G3

, 2.76
Qoflw2  Gm2Go (2.76)

[Yr] =

Q2pw2 _gm2G2

. In ideal conditions,
a1pwl gm1G1G3

which represents a floating resistor whose resistance is given by Ry =

—_ _9gm2G2
Ry = Im1G1G3”

Normalized active and passive sensitivities of the Dy, L¢, Ct, and Ry are given by:

Yij — QY - 1. (2.77)

Y1,Ys,000,0w1,9m1 Y2,02, w2, 9m2

which are not higher than unity in magnitude. Thus, the proposed simulators offer low active and passive

sensitivities.

2.4.2 High-Order Floating Frequency Dependent Element Simulator

In order to realize high-order floating frequency dependent element simulator circuit, the circuit given in
Fig. which was presented in [52] is used. Its short circuit admittance matrix can be written as:

Y11 Y12 Jm1Y1 +1 -1
ij = = 1w ) 2.78
[ = } [ Y11 Y12 1 thiw Y -1 +1 (2.78)
I Vi
where o, & o, = a and L= [ Yij } 1
I Vs
Iy Y,
Vio——p Z—1H
CBTA
P Y
V,0——N W1

1

Fig. 2.16: The proposed circuit given in [52].
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Vie——Pp ——1
CBTA; CBTA; CBTA;
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V; o= n — F — F ——+
Fig. 2.17: Third-stage frequency dependent element
|1 Yn+1
V1$—>— P I}
CBTA; CBTA; CBTA,
P Y1 Y2 Yn
Vz0—>—n W1 F n W3 F n W1

Fig. 2.18: High-order frequency dependent element

The circuit in Fig. a) can be used to replace Y3 in Fig.|2.16] which will result in a cascade configuration
given in Fig. 2.17] leading to a third-stage frequency dependent element simulator circuit described by the
short circuit admittance matrice:

+1 -1
-1 +1

Y Yi2 Q103 w1 w3 Jm19m3Y1Y3
{ Yis } - [ 1 - _ (2.79)

Y11 Y12 Q2 w2 Im2Y2Yy

The general high-order frequency dependent element simulator circuit is given in Fig. 2.18 and its gener-
alized non-ideal short circuit admittance matrices can be written as follows [38]:

(a) If n is even:

- (0(1013 s O‘n+1)(ﬂw1/~‘w3 ce. ﬂw(n-‘rl)) (gmlng s gm(n+1))(Y1Y3 s }/n+1) +1 -1
[ v | = (2.80)
Y (a2a4 e an)(,U/WZ DR Mwn) (gm29m4 DR gmn)(Y2Y4 cee Yn) -1 +1 ’ '
in ideal conditions:
|: N :| _ (gmlng~‘-gm(n+1))(Y1Yv3~~~Yn+1) +1 -1 (2 81)
y’t] (gm29n14 ‘e gn1n)(Y2Y4 ce. YW) -1 +1 . .
(b) If n is odd:
[ Ui } _ (a1ag ... o) (pwifiws - - - fown) (gm19m3 - - - Gmn)(Y1Y3 ... Y3) +1 -1 (2.82)
Y (a2a4 e anfl)(MWQ cee /’Lw(nfl)) (gm29m4 e gm(nfl))(Y2Y4 cee Ynfl) -1 +1 ’
in ideal conditions:
|: Yii :| _ (gmlgm3 CIEaE gmn)(Y1}/3 cee }/n) +1 -1 (2 83)
Y (gm29m4'”gm(n—l))(YrZY;ln'Ynfl) _1 +]- ' '

From Egs. (2.80)—(2.82)), high-order frequency dependent element can be obtained by choosing admittances
Y. For example; for n = 5, if the capacitors are chosen as Y7 = sCy, Y3 = sC3, Y5 = sC5 and the resistors are

chosen as Yo = Go, Y, = G4, Y5 = G, the short-circuit admittance matrices can be found as follows:

+1 -1
-1 +1

5%(gm19m3gms ) (C1C5C!
[yij}: (gm19m39 5)( 1C5C5) ’ (2.84)

(gm29m4)(G2G4G6)
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4t _order

giving the third-order floating frequency dependent element simulator circuit. If n is chosen as 6, the
floating frequency dependent element simulator circuit will be obtained. Hence, the circuit given in Fig.
realizes high-order floating frequency dependent resistor simulator circuit for n is even and high-order floating
frequency dependent capacitor circuit for n is odd defined as I = s3EV, [ = s*FV, ..., I = s"KV.

If the resistors are chosen as Y7 = G1, Y3 = G3, Y5 = G5, and the capacitors are chosen as Y5 = sCs,
Yy = sCy, Y5 = sC for previous example (n = 5) and the short circuit admittance matrices can be found as

follows:

+1 -1
-1 +1

[ Yii } _ (9m19m39ms) (G1G3Gs5)
N 83(9m2gm4)(020406)

The high-order floating frequency dependent inductor is obtained when n is odd. The high-order floating

. (2.85)

frequency dependent resistor is obtained when n is even and it is defined as V = s3MI, V = s*NI, ...,
V=s"ZI.

Simulation Results

The behavior of the proposed high-order frequency dependent element have been confirmed by third-order
high-pass filter design shown in Fig. a) [38]. In this circuit, the third-order floating element, defined as
V(s) = s 3E1I(s), was used based on the high-order simulator circuit shown in Fig. m D5 was obtained
using the FDNR circuit shown in Fig. (b) In Fig. [2.19(a), E; was taken as 1072! Fs2?. Therefore, the
transfer function of the design example can be found as follows:

Vo(s) s3

_ 2.86
Vi(s) 83 +2-106s2 + 210125 4 1018’ ( )

and the gain characteristic of the design example shown in Fig. 2.19(a) is given in Fig. 2.19(b), respectively.
Note that according to used active filter synthesis method, proposed nth-order frequency dependent element
circuit can be important such as the use of active and passive component count. It is the one of the most
important advantages of the proposed nth-order frequency dependent element circuit. On the other hand,
nth-order active filter circuit can be realized using less active and passive components with using proposed

nth-order frequency dependent element circuit.

19 — Theoretical CChhis
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Fig. 2.19: (a) Design example for high-order floating element, (b) gain-frequency characteristics of the theo-
retical and simulated filter
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3 CONCLUSIONS

The habilitation thesis itself is composed of 38 papers having been elaborated by the author in close collabora-
tion with his highly recognized colleagues from abroad since 2011 [I]-[38]. Note that 18 papers are published
in reputed SCI-E journals with impact factor and novel ideas were presented in 20 international conference
contributions, respectively. The corresponding research results have been acquired in Department of Telecom-
munications, Faculty of Electrical Engineering and Communication (FEEC), Brno University of Technology
(BUT). Moreover, part of the results was used for education purposes and published in textbooks [53], [54].
Both study materials are used in Analogovéd Technika (FEKT-BANA) and Analog Technology (FEKT-CANA)
courses of undergraduate degree programmes of FEEC BUT.

The presented theoretical results were verified by SPICE simulations using CMOS process technology
parameters such as TSMC 0.35 pym, TSMC 0.25 ym, TSMC 0.18 pm, IBM 0.13 um, PTM 90 nm, etc. In
some cases, the behavior of the proposed applications was experimentally verified using the readily available
UVC-N1C 0520 & UCC-N1B 0520 ICs developed at our department and produced in cooperation with ON
Semiconductor Czech Republic, Ltd., via commercially produced chips AD844, OPA660, OPA860, ADS830,
LT1364, or array transistors CD4007UB. For this research the infrastructure of the SIX Research Center was
used i.e. the experimental measurements have been carried out on developed printed circuit boards using
network-spectrum-impedance analyzer Agilent 4395A, function generator Agilent 33521A, or four-channel
oscilloscope Agilent DSOX2014A.

These excellent results were mainly obtained within the Czech Science Foundation (GACR) postdoctoral
fund no. P102/11/P489 ‘Electronically tuneable first-order allpass filters and their application to quadrature
oscillators’, project ‘Excellent young researcher at BUT’ CZ.1.07/2.3.00/30.0039 of Brno University of Technol-
ogy, and other grants for financial support that helped to present results of the work at valuable international

conferences.

ACKNOWLEDGMENTS

I would like to express my sincerest thanks to Prof. Ing. Kamil Vrba, CSc., former Head of the Department
of Telecommunications, Brno University of Technology, for being my mentor since my master thesis and for
providing me with the opportunities that I needed for both professional and personal growing.

My heartfelt appreciation goes to Doc. Ing. Jaroslav Koton, Ph.D., Ing. Jan Jerdbek, Ph.D., Ing. Ro-
man Sotner, Ph.D., Aslihan Kartci, M.Se., and other colleagues from the university for close collaboration
and fruitful discussions made during last years.

Special thanks go to Prof. Dr. Oguzhan (icekoglu and Prof. Dr. Shahram Minaei, who have been my
mentors during my postdoctoral internships at the Beta VLSI Design Laboratory, Bogazici University, Turkey
and Dept. of Electronics and Communications Engineering, Dogus University, Turkey, respectively, for their
support, valuable guidance, and fruitful discussions from which many of the original ideas have been published
and received considerable attention in the literature.

My thanks also go to other highly recognized colleagues worldwide Dr. Abhirup Lahiri (STMicroelectronics,
India), Assoc. Prof. Bilgin Metin (Bogazigi University, Turkey), Assoc. Prof. Erkan Yiice (Pamukkale Univer-
sity, Turkey), Assist. Prof. Umut E. Ayten (Yildiz Technical University, Turkey), Assoc. Prof. Mehmet Sagbas
(Yeni Yizyil University, Turkey), Prof. Dr. Izzet Cem Géknar (Dogug University/Isik University, Turkey),
Prof. Dr. Jiun-Wei Horng (Chung Yuan Christian University, Taiwan), and others for collaboration, useful
discussions, and sharing already published original ideas.

Finally and most importantly, this thesis could not have been possible without tolerance, understanding,

and support of my family and my loved once.

24



BIBLIOGRAPHY

(1]

[10]

[11]

[12]

[13]

[14]

[15]

HERENCSAR, N., KOTON, J., MINAEI, S., YUCE, E., VRBA, K. Novel resistorless dual-output VM all-
pass filter employing VDIBA. In Proceedings of the 7th International Conference on Electrical and Electronics
Engineering (ELECO 2011), Bursa (Turkey), 2011, p. 72-74. ISBN: 978-605-01-0208-6.

HERENCSAR, N., MINAEI S., KOTON, J., YUCE, E., VRBA, K. New resistorless and electronically tunable
realization of dual-output VM all-pass filter using VDIBA. Analog Integrated Circuits and Signal Processing,
2013, vol. 74, no. 1, p. 141-154. ISSN: 0925-1030. DOI: 10.1007/s10470-012-9936-2. (IF=0.401).

HERENCSAR, N., SOTNER, R., METIN, B., KOTON, J.,, VRBA, K. VDDDA - New ‘voltage differ-
encing’ device for analog signal processing. In Proceedings of the 8th International Conference on FElectri-
cal and Electronics Engineering (ELECO 2013), Bursa (Turkey), p. 17-20. ISBN: 978-605-01-0504-9. DOI:
10.1109/ELECO0.2013.6713927.

METIN, B., HERENCSAR, N., CICEKOGLU, O. Resistorless cascadable voltage-mode all-pass filter. In Pro-
ceedings of the International Conference Applied FElectronics (APPEL 2011), Pilsen (Czech Republic), 2011,
p- 261-262. ISBN: 978-80-7043-987-6.

HERENCSAR, N., KOTON, J., VRBA, K., CICEKOGLU, O. New current-mode all-pass filter with grounded
capacitor based on gain-variable CCIII. In Proceedings of the IEEE Region 8 AFRICON 2013 Conference, Pointe
Aux Piments (Mauritius), 2013, p. 559-562. ISBN: 978-1-4673-5943-6. DOI: 10.1109/AFRCON.2013.6757657.

METIN, B., HERENCSAR, N., KOTON, J., ARSLAN, E. All-pass filter application using electronically tunable
DDCC. In Proceedings of the 24th International Conference Radioelektronika 2014, Bratislava (Slovakia), 2014,
p. 1-4. ISBN: 978-1-4799-3714-1. DOI: 10.1109/Radioelek.2014.6828413.

METIN, B., HERENCSAR, N., PAL, K. Supplementary first-order all-pass filters with two grounded passive
elements using FDCCII. Radioengineering, 2011, vol. 20, no. 2, p. 433-437. ISSN: 1210-2512. (IF=0.739).

METIN, B., HERENCSAR, N., VRBA, K. A CMOS DCCII with a grounded capacitor based cascadable all-pass
filter application. Radioengineering, 2012, vol. 21, no. 2, p. 718-724. ISSN: 1210-2512. (IF=0.687).

METIN, B., HERENCSAR, N., KOTON, J. Cascadable all-pass filter using a single universal voltage conveyor. In
Proceedings of the 22nd International Conference Radioelektronika 2012, Brno (Czech Republic), 2012, p. 97-100.
ISBN: 978-80-214-4468-3.

YUCE, E., MINAEI, S., HERENCSAR, N., KOTON, J. Realization of first-order current-mode filters with low
number of MOS transistors. Journal of Circuits Systems and Computers, 2013, vol. 22, no. 1, 1250071, p. 1-14.
ISSN: 0218-1266. DOI: 10.1142/S0218126612500715. (IF=0.33).

HERENCSAR, N., KOTON, J., VRBA, K., METIN, B., CICEKOGLU, O. Low-voltage two NMOS IVB-based
voltage-mode first-order all-pass filter with tuning. In Proceedings of the 11th International Conference on Devel-
opment and Application Systems (DAS 2012), Suceava (Romania), 2012, p. 119-121. ISBN: 978-606-571-815-9.

METIN, B., HERENCSAR, N., CICEKOGLU, O. A low-voltage electronically tunable MOSFET-C voltage-mode
first-order all-pass filter design. Radioengineering, 2013, vol. 22, no. 4, p. 985-994. ISSN: 1210-2512. (IF=0.796).

HERENCSAR, N., KOTON, J., VRBA, K., MINAEI, S., GOKNAR, I. C. New low-voltage low-power VM
all-pass filter using current follower with non-unity gain. In Proceedings of the 2014 IEEE 57th International
Midwest Symposium on Circuits and Systems (MWSCAS), College Station, Texas (USA), 2014, p. 571-574.
ISBN: 978-1-4799-4132-2. DOI: 10.1109/MWSCAS.2014.6908479.

METIN, B., ARSLAN, E., HERENCSAR, N., CICEKOGLU, O. Voltage-mode MOS-only all-pass filter. In
Proceedings of the 2011 84th International Conference on Telecommunications and Signal Processing (TSP),
Budapest (Hungary), 2011, p. 317-318. ISBN: 978-1-4577-1409-2. DOI: 10.1109/TSP.2011.6043718.

HERENCSAR, N., MINAEI, S., KOTON, J., VRBA, K. Voltage-mode all-pass filter design using simple CMOS
transconductor: non-ideal case study. In Proceedings of the 2014 37th International Conference on Telecommu-
nications and Signal Processing (TSP), Berlin (Germany), 2014, p. 320-324. ISBN: 978-80-214-4983-1.

25



[16]

[17]

18]

[19]

[20]

21]

22]

23]

24]

[25]

[26]

27]

(28]

29]

26

HERENCSAR, N., LAHIRI, A., KOTON, J., SAGBAS, M., AYTEN, U. E., VRBA, K. New MOS-C realization
of transadmittance type all-pass filter using modified CBTA. In Proceedings of the International Conference
Applied Electronics (APPEL 2011), Pilsen (Czech Republic), 2011, p. 153-156. ISBN: 978-80-7043-987-6.

HERENCSAR, N., KOTON, J., VRBA, K. Low-voltage CMOS-RC fully cascadable transadmittance-mode all-
pass filter. In Proceedings of the 2013 36th International Conference on Telecommunications and Signal Processing
(TSP), Rome (Italy), 2013, p. 389-391. ISBN: 978-1-4799-0403-7. DOI: 10.1109/TSP.2013.6613959.

HERENCSAR, N., KOTON, J., VRBA, K., CICEKOGLU, O. Low-voltage fully cascadable resistorless
transadmittance-mode all-pass filter. In Proceedings of the 2014 IEEE 57th International Midwest Symposium
on Clircuits and Systems (MWSCAS), College Station, Texas (USA), 2014, p. 185-188. ISBN: 978-1-4799-4132-2.
DOLI: 10.1109/MWSCAS.2014.6908383.

HERENCSAR, N., KOTON, J., VRBA, K., METIN, B. Fully cascadable dual-mode all-pass filter based on single
DBTA. In Proceedings of the 2012 35th International Conference on Telecommunications and Signal Processing
(TSP), Prague (Czech Republic), 2012, p. 374-377. ISBN: 978-1-4673-1118-2. DOI: 10.1109/TSP.2012.6256318.

HERENCSAR, N., KOTON, J., VRBA, K., LAHIRI, A., METIN, B. Novel dual-mode electronically tunable
all-pass filter using voltage gain-controlled MCFOA. In Proceedings of the 13th International Conference on
Optimization of Electrical and Electronic Equipment (OPTIM 2012), Brasov (Romania), 2012, p. 1199-1202.
ISBN: 978-1-4673-1653-8. DOI: 10.1109/0OPTIM.2012.6231848.

HORNG, J.-W., WU, C., HERENCSAR, N. Fully differential first-order allpass filters using a DDCC. Indian
Journal of Engineering and Materials Sciences, 2014, vol. 21, no. 4, p. 345-350. ISSN: 0971-4588. (IF=0.641).

HERENCSAR, N., JERABEK, J., KOTON, J., VRBA, K., MINAEI, S., GOKNAR, I, C. Pole frequency and
pass-band gain tunable novel fully-differential current-mode all-pass filter. In Proceedings of the 2015 IEEE
International Symposium on Circuits and Systems (ISCAS), Lisbon (Portugal), 2015, p. 2668-2671. ISBN: 978-
1-4799-8391-9. DOI: 10.1109/ISCAS.2015.7169235.

HERENCSAR, N., SOTNER, R., KOTON, J., MISUREC, J., VRBA, K. New compact VM four-phase oscillator
employing only single z-copy VDTA and all grounded passive elements. Elektronika Ir Elektrotechnika, 2013,
vol. 19, no. 10, p. 87-90. ISSN: 1392-1215. DOI: 10.5755/j01.eee.19.10.5900. (IF=0.445).

LAHIRI, A., HERENCSAR, N. CMOS-based active RC sinusoidal oscillator with four-phase quadrature outputs
and single-resistance-controlled (SRC) tuning laws. AEU - International Journal of Electronics and Communi-
cations, 2012, vol. 66, no. 12, p. 1032-1037. ISSN: 1434-8411. DOI: 10.1016/j.aeue.2012.05.008. (IF=0.551).

SAGBAS, M., AYTEN, U. E., HERENCSAR, N., MINAEI, S. Current and voltage mode multiphase sinusoidal
oscillators using CBTAs. Radioengineering, 2013, vol. 22, no. 1, p. 24-33. ISSN: 1210-2512. (IF=0.796).

HERENCSAR, N., CICEKOGLU, O., SOTNER, R., KOTON, J., VRBA, K. New resistorless tunable voltage-
mode universal filter using single VDIBA. Analog Integrated Circuits and Signal Processing, 2013, vol. 76, no. 2,
p. 251-260. ISSN: 0925-1030. DOI: 10.1007/s10470-013-0090-2. (IF=0.401).

HORNG, J.-W., WU, C., HERENCSAR, N. Three-input-one-output current-mode universal biquadratic filter
using one differential difference current conveyor. Indian Journal of Pure & Applied Physics, 2014, vol. 52, no. 8,
p. 556-562. ISSN: 0019-5596. (IF=0.711).

HORNG, J.-W., CHIU, W.-Y., TENG, T.-Y., LIN, C.-H., HERENCSAR, N., KOTON, J. Cascadable voltage-
mode three inputs universal biquad using DVCCs. In Proceedings of the 2014 14th International Symposium
on Communications and Information Technologies (ISCIT), 2014, p. 299-303. ISBN: 978-1-4799-4416-3. DOI:
10.1109/ISCIT.2014.7011920.

SAGBAS, M., AYTEN, U. E., KOKSAL, M., HERENCSAR, N. Electronically tunable universal biquad using a
single active component. In Proceedings of the 2014 37th International Conference on Telecommunications and
Signal Processing (TSP), Berlin (Germany), 2014, p. 386-390. ISBN: 978-80-214-4983-1.



[30]

[31]

32]

[33]

[34]

[35]

[36]

37]

(38]

39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

MINAEI S., YUCE, E., HERENCSAR, N., KOTON, J. SIFO voltage-mode universal filters employing TO-
CCllIs. In Proceedings of the 2012 35th International Conference on Telecommunications and Signal Processing
(TSP), Prague (Czech Republic), 2012, p. 359-362. ISBN: 978-1-4673-1118-2. DOI: 10.1109/TSP.2012.6256315.

ATASOYU, M., METIN, B., KUNTMAN, H., HERENCSAR, N. New current-mode class 1 frequency-agile filter
for multi protocol GPS application. FElektronika Ir Elektrotechnika, 2015, paper 1D 1575, p. 1-5, accepted for
publishing on March 16, 2015 - in print. ISSN: 1392-1215. (IF=0.445).

HERENCSAR, N., KOTON, J., HORNG, J.-W., VRBA, K., VENCLOVSKY, M. Voltage-mode CFTA-C third-
order elliptic low-pass filter design and optimization using signal flow graph approach. FElektronika Ir Elektrotech-
nika, 2015, vol. 21, no. 2, p. 24-29. ISSN: 1392-1215. DOI: 10.5755/j01.eee.21.2.11508. (IF=0.445).

YUCE, E., MINAEI, S., HERENCSAR, N. Grounded voltage controlled positive resistor with ultra low
power consumption. FElektronika Ir FElektrotechnika, 2014, vol. 20, no. 7, p. 45-50. ISSN: 1392-1215. DOLI:
10.5755/j01.eee.20.7.8023. (IF=0.445).

ARSLAN, E., METIN, B., HERENCSAR, N., KOTON, J., MORGUL, A., CICEKOGLU, O. High performance
wideband CMOS CCI and its application in inductance simulator design. Advances in FElectrical and Computer
Engineering, 2012, vol. 12, no. 3, p. 21-26. ISSN: 1582-7445. DOI: 10.4316/AECE.2012.03003. (IF=0.552).

METIN, B., HERENCSAR, N., KOTON;, J., HORNG, J.-W. DCCII-based novel lossless grounded inductance
simulators with no element matching constrains. Radioengineering, 2014, vol. 23, no. 1, p. 532-539. ISSN: 1210-
2512. (IF=0.796).

IBRAHIM, M., MINAEI S., YUCE, E., HERENCSAR, N., KOTON, J. Lossy/lossless floating/grounded induc-
tance simulation using one DDCC. Radioengineering, 2012, vol. 21, no. 1, p. 3-10. ISSN: 1210-2512. (IF=0.687).

HERENCSAR, N., LAHIRI, A., KOTON, J., VRBA, K., SOTNER, R. New floating lossless inductance simulator
using z-copy current follower transconductance amplifiers. In Proceedings of the 22nd International Conference
Radioelektronika 2012, Brno (Czech Republic), 2012, p. 93-96. ISBN: 978-1-4673-0659-1.

AYTEN, U. E., SAGBAS, M., HERENCSAR, N., KOTON, J. Novel floating general element simulators using
CBTA. Radioengineering, 2012, vol. 21, no. 1, p. 11-19. ISSN: 1210-2512. (IF=0.687).

TANGSRIRAT, W., PUKKALANUN, T. Digitally programmable current follower and its applications. AEU
- International Journal of FElectronics and Communications, 2009, vol. 63, p. 416-422. ISSN: 1434-8411. DOI:
10.1016/j.aeue.2008.02.014. (IF=0.508).

SANSEN, W. M. C. Analog Design Essentials. Springer, p. 117-131, 2006.

Datasheet CD4007UB — CMOS Dual Complementary Pair Plus Inverter. Texas Instruments, SCHS018C—Rev.
September 2003.

Datasheet OPA860 — Wide Bandwidth Operational Transconductance Amplifier (OTA) and Buffer. Texas In-
struments, SBOS331C—-June 2005-Rev. August 2008.

GIFT, J. S. G. Multiphase sinusoidal oscillator system using operational amplifiers. International Journal of
Electronics, 1997, vol. 83, no. 1, p. 61-67. ISSN: 0020-7217. DOI: 10.1080,/002072197135652. (IF=0.242).

GIFT, J. S. G. Multiphase sinusoidal oscillator using inverting-mode operational amplifiers. IEEE Transactions
on Instrumentation and Measurement, 1998, vol. 47, no. 4, p. 986-991. ISSN: 0018-9456. DOI: 10.1109/19.744654.
(IF=0.416).

MILLMAN;, J., HALKIAS, C. C. Integrated Electronics. New York: McGraw-Hill, 1972.

AYTEN, U. E., SAGBAS, M., SEDEF, H. Current mode leapfrog ladder filters using a new active block. AEU
- International Journal of Electronics and Communications, 2010, vol. 64, no. 6, p. 503—511. ISSN: 1434-8411.
DOI: 10.1016/j.aeue.2009.03.012. (IF=0.519).

BAKER, R. J., LI, H. W., BOYCE, D. E. CMOS Clircuit Design, Layout, and Simulation. New York, USA: IEEE
Press, Chapter 7, 1998.

27



(48]

[49]

[50]

[51]

[52]

[53]

[54]

28

FABRE, A., SAAID, O., BARTHELEMY, H. On the frequency limitations of the circuits based on second
generation current conveyors. Analog Integrated Circuits and Signal Processing, 1995, vol. 7, no. 2, p. 113-129.
ISSN: 0925-1030. DOI: 10.1007/BF01239166. (IF=0.522).

OGATA, K. Modern Control Engineering. New Jersey: Prentice Hall, 2002.

Datasheet OPA660 — Wide Bandwidth Operational Transconductance Amplifier and Buffer. BURR BROWN,
SBOS007, 04/1995.

Datasheet AD830 — High Speed, Video Difference Amplifier. Analog Devices, Rev. C, 03/2010.

SAGBAS, M. Component reduced floating +L, +C and +R simulators with grounded passive components. AEU
- International Journal of Electronics and Communications, 2011, vol. 65, no. 10, p. 794-798. ISSN: 1434-8411.
DOLI: 10.1016/j.aeue.2011.01.006. (IF=0.588).

KOTON, J., HERENCSAR, N. Analog Technology for joint teaching programme of BUT and VSB-TUQO. Brno
University of Technology, 2014, 170 p.

HERENCSAR, N. Nonconventional active building blocks and circuit design examples — study material for final
project of the Analog Technology course. Brno University of Technology, 2015, 78 p.



CURRICULUM VITAE

Contact address

Phone:

E-mail:

Web:

Language skills

Updated:

2006 — 2010:
2000 - 2006:

Since 2012:
Since 2010:
2007 — 2010:

Research
topics of
interest:

Teaching:
Since 2013:
2018 — 2015:
2007:

2006 — 2009:
2006:

09/2015:
05/2015:
02/2014 — 04/2014:

02/2015 — 05/2013:
07/2012:

05/2011:
09,2009 — 02/2010:

2012:

Ing. Norbert Herencsar, Ph.D.

Department of Telecommunications

Faculty of Electrical Engineering and Communication, Brno University of Technology
Technickd 3082/12 — SC7.70

616 00 Brno, Czech Republic

+420 541 146 981

herencsn@feec.vutbr.cz

www.utko.feec.vutbr.cz/~herencsar/

Hungarian, Slovak, Czech, English, Turkish

September 22, 2015
EDUCATION

Ph.D. - Brno University of Technology, Brno, Czech Republic
M.Sc. - Brno University of Technology, Brno, Czech Republic

ACADEMIC POSITIONS

Research Fellow at the Centre of Sensor, Information and Communication Systems (SIX)
Assistant Professor - Brno University of Technology, Brno, Czech Republic
Assistant - Brno University of Technology, Brno, Czech Republic

PROFESIONAL ACTIVITIES

Analog electronics, new active elements and their applications, low transistor
count circuits, MOS-only circuits, oscillators, inductor simulators, capacitance
multipliers, and FDNR design

Analog Technology — CANA (lectures & PC laboratories)
Communications Theory — MTSD (laboratories)

Network Architecture - BARS (PC laboratories)

Communications Theory — MTSD (laboratories)

Construction of Electronic Equipments — BKEZ (PC laboratories)

POSTDOCTORAL / STUDENT INTERNSHIPS, TRAINING
AND TEACHING MOBILITIES

Erasmus Staff Training Mobility at Bogazici University, Istanbul, Turkey (1 week)
ISCAS/MCE Conference Organizing Workshop, Lisbon, Portugal

Postdoctoral Internship — Visiting Researcher at the Department of Electronics

and Communications Engineering, Dogus University, Istanbul, Turkey

Postdoctoral Internship — Visiting Researcher at the BETA Laboratory, Department of
Electrical and Electronic Engineering, Bogazici University, Istanbul, Turkey

Erasmus Staff Training Mobility at Bogazici University, Istanbul, Turkey (2 weeks)
Erasmus Teaching Staff Mobility at Namik Kemal University, Corlu, Turkey (1 week)
LLP Erasmus Exchange Student at the Bogazici University, Istanbul, Turkey

AWARDS

Rector Award in the University competition “Top 10 Excelence VUT 2011” for the 8"
most productive scientist at the Brno University of Technology, category “Publications’

M

29


mailto:herencsn@feec.vutbr.cz
http://www.utko.feec.vutbr.cz/~herencsar/

2011:

2011:

2012:

2010:

2011 — 2013:
2009 — 2013:
2006 — 2008:
2010 — 2012:
2005 — 2011:
2011:

2010:

2009:

2009:

2008:

2008:

2015:

2015:

2015:

Since 2015:
Since 2015:
Since 2012:
Since 2011:
Since 2009:
Since 2009:
Since 2009:
2009 — 2010:

30

Rector Award in the University competition “Top 10 Excelence VUT 2010” for the 9"
most productive scientist at the Brno University of Technology, category “Publications”
Best paper award in memory of Prof. Dr. Mustafa Bayram - 7*" International
Conference on Electrical Electronics Engineering - ELECO 2011, Bursa, Turkey

DEVELOPED INTEGRATED CIRCUITS

JERABEK, J., VRBA, K., KOTON, J., HERENCSAR, N., KOUDAR, L: LNVGA —
Low Noise Variable Gain Amplifier (LNVGA), in cooperation with ON Semiconductor.
HERENCSAR, N., VRBA, K., KOUDAR, I.: Universal Voltage Conveyor
(UVC.N1C.IK), in cooperation with ON Semiconductor.

PARTICIPATION IN PROJECTS
Projects supported by the Czech Science Foundation (GA CR):

GPP102/11/P489: Electronically tuneable first-order allpass filters and their
application to quadrature oscillators. Holder: Dr. Herencsar

GA102/09/1681: Computer automatation of methods for linear functional block
synthesis and research of new active elements. Holder: Prof. K. Vrba
GA102/06/1383: Circuits with universal current and voltage conveyors and with
current operational amplifiers. Holder: Prof. K. Vrba

Project supported by the Furopean Union:

OP VK (CZ.1.07/1.3.10/02.0018: Complex educational programme in the field of ICT
for the employees of South-Moravian schools. Holder: Assoc. Prof. K. Molnar

Projects supported by the Ministry of Education, Youth and Sports of Czech Republic:

MSM21630513: Electronic communication systems and technologies of novel generations
(ELKOM). Holders: Prof. Z. Raida, Prof. K. Vrba, Prof. J. Jan

FRVS 2498/2011/F1a: Modernization of laboratory equipments and complete innovation
of lectures for course Analog Circuits. Holder: Dr. Herencsér

FRVS 1157/2010/F1a: Innovation of the course Analogue Circuits. Holder: Dr. Herencsar
FRVS 339/2009/G1: Implementation of research results on current-mode circuits

to education. Holder: Dr. Herencsar

FRVS 340/2009/F1a: Experimental laboratory for bachelor and diploma theses.

Holder: Prof. K. Vrba

FRVS 1648/2008/G1: Support of experimental works in Bachelor Theses.

Holder: Dr. Herencsar

FRVS 2057/2008/F1la: Support of experimental works in Diploma Theses on

study programme Telecommunications and Information Technologies.

Holder: Assoc. Prof. J. MiSurec

MEMBERSHIPS / VOLUNTEERSHIP

IEEE Senior Member (Institute of Electrical and Electronic Engineers)

IEEE Czechoslovakia Section CAS/COM/SP Joint Chapter Chair

IEEE Czechoslovakia Section Membership Development Officer

Member of Radionegineering Society (CZ)

Senior Member of the Institute of Research Engineers and Doctors (IRED)

IEEE Member

Senior Member of the International Association of Computer Science and Information
Technology (IACSIT)

IEEE Circuits and Systems Society (CAS) Member

Member of the Association of Computer, Electronics and Electrical Engineers (ACEEE)
Committee Member of the IACSIT Electronics and Electrical Society (EES)

Member of the IACSIT



Since 2007:
2007 — 2010:

2017:

2016:

2015:

2015:

2015:

Since 2014:
Since 2013:

2013:

Since 2012:
2011 - 2013:
2011:

2010 — 2012:

Since 2010:

Since 2010:
Since 2008:

Publications:

h-index
according to:

# Citations
according to:

# Invited SCI-E
or conference
papers reviews:

Member of the International Association of Engineers (IAENG)
IEEE Student Member

EDITORSHIPS / TPC MEMBERSHIPS ¢ PC CHAIR

Technical Program Committee Member of the XV WASET International Conference on
Electronic Trade (ICET 2017), Prague, Czech Republic

Technical Program Committee Member of the 23rd International Conference on

Systems, Signals and Image Processing (IWSSIP 2016), Bratislava, Slovakia

— technically co-sponsored by IEEE Czechoslovakia and IEEE Croatia Sections

Technical Program Committee Member of the 12th IEEE Region 8 AFRICON 2015
Conference, Addis Ababa, Ethiopia — technically co-sponsored by IEEE R8

Technical Program Committee Member of the 2015 International Conference on Advances
in Computers, Communication, and Electronic Engineering (COMMUNE-2015),
Srinagar, India

Local Arrangement Chair of 7th International Congress on Ultra Modern
Telecommunications and Control Systems (ICUMT 2015), Brno, Czech Republic

— technically co-sponsored by IEEE R8

Associate Editor of the Journal of Circuits, Systems and Computers (JCSC) published by
World Scientific Publishing (SCI-E) — http://www.worldscientific.com/worldscinet /jesc
Technical Program Committee Member of the International Conference on Electrical and
Electronics Engineering (ELECO), Bursa, Turkey — technically co-sponsored by IEEE R8
Guest co-editor of the Special Issue on Low-Voltage Low-Power Analogue Devices and

Their Applications published in the Radioengineering journal in June 2013 (SCI-E) (Editors:

S. Minaei, O. Cicekoglu, D. Biolek, N. Herencsar, J. Koton)
Co-Editor of the International Journal of Advances in Telecommunications, Electrotechnics,
Signals and Systems — http://ijates.org/

Guest co-editor of TSP10 - TSP12 Special Issues on Signal Processing published in the
Radioengineering journal (SCI-E)

Guest co-editor of TSP10 Special Issue on Telecommunications published in the
Telecommunication Systems journal of Springer (SCI-E)

PC Chair of the International Conference on Computer and Automation Engineering
(ICCAE): ICCAEILO Singapore; ICCAE11 Chongqing, China; ICCAE12 Mumbai, India
Technical Committee Member of the International Conference on Knowledge in
Telecommunication Technologies and Optics (KTTO): KTTO10 Ostrava, Czech Republic;
KTTO11 Szczyrk, Poland; KTTO12: Frydlant nad Ostravici, Czech Republic;

KTTO13 Hradec nad Moravici, Czech Republic; KTTO14 Malenovice, Czech Republic;
KTTO15: Ostravice, Czech Republic

Deputy-Chair of TSP

Organizing and Technical Committee Member of the International Conference on
Telecommunications and Signal Processing (T'SP): TSP - 2008 /Paradfurdu, Hungary;
2009/Dunakiliti, Hungary; 2010/Baden near Vienna, Austria; 2011/Budapest, Hungary;
2012 /Prague, Czech Republic; 2013 /Rome, Italy; 2014/Berlin, Germany; 2015/Prague,
Czech Republic; 2015/Vienna, Austria

— technically co-sponsored by IEEE Czechoslovakia Section

RESULTS IN TOTAL

SCI-E Journal Papers with IF / Other Journal Papers / Conference Proc. Papers
51 /23 /89

Web of Science / SCOPUS / Google Scholar
13 /14 /18

Web of Science / SCOPUS / Google Scholar
494 / 589 / 1021

159

31


http://www.worldscientific.com/worldscinet/jcsc
http://ijates.org/

ABSTRACT

By following the most recent trend and progress in analog signal processing, this habilitation thesis deals
with the latest developments in areas such as single-ended and fully-differential first-order all-pass filter design
working in voltage-, current-, mixed-, or dual-mode, quadrature or multiphase oscillators, second- or higher-
order frequency filters, and passive component emulator circuits such as grounded voltage controlled resistor,
lossy /lossless floating/grounded inductance simulators, floating frequency dependent negative resistor, or float-
ing capacitance multipliers. The behavior of the proposed circuits has been verified by SPICE simulations
and in selected cases also by experimental measurements. The thesis consists of 38 author’s selected and
previously published original scientific and research papers. All presented works were done at Department of
Telecommunications, Faculty of Electrical Engineering and Communication, Brno University of Technology
in last 5 years (2011-2015). Some of the papers have been partially done in close collaboration with highly
recognized colleagues from abroad. The papers reprints are included in exact layout of fullpaper versions at
the end of the thesis. All the papers were previously reviewed for the international journals and international

conferences proceeding publishing.

ABSTRAKT

Sledovanim nejnovéjsich trendit v oblasti analogového zpracovani signélu tato habilitaéni prace pojedniva o
aktudlnim vyvoji v diléich oborech jako jsou nediferen¢ni a diferencéni fazovaci ¢lanky prvniho rddu pracujici
v napétovém, proudovém, smiseném nebo dudlnim rezimu, kvadraturni &i vicefazové oscilatory, kmitoétové
filtry druhého nebo vysstho fddu a emulatory pasivnich komponentu jako uzemnény napétim fizeny rezistor,
ztratové/bezeztratové plovouci/uzemnéné simuldtory induktoru, plovouci kmito¢tove zavisly negativni rezistor
nebo plovouci nédsobice kapacity. Chovani navrzenych obvodi bylo ovéfeno simulaci v prostiedi SPICE a ve
vybranych ptipadech také experimentdlnim méfenim. Prace je sestavena z celkem 38 vybranych a jiz diive
publikovanych autorovych puvodnich védeckych ¢lanku. Vsechny uvedené prace byly realizovany na Ustavu
telekomunikaci Fakulty elektrotechniky a komunikacnich technologii Vysokého uceni technického v Brné v
uplynulych 5 letech (2011-2015). Nékteré prace byly ¢dstetné vytvoreny ve spolupréci s vysoce uzndvanymi
kolegy ze zahrani¢i. Vybrané c¢lanky jsou v origindlu habilitacni prace vlozeny v takové formeé, jak byly
diive publikovany. Vsechny ¢lanky byly podrobeny recenznimu fizeni pied jejich publikovanim v odbornych

¢asopisech nebo sbornicich mezindarodnich konferenci.
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