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INTRODUCTION

Filters are widely used in analog signal processing [1] to select the particular frequency.
Voltage-mode and current-mode circuits such as current conveyors [2] and current feed back
operational amplifiers [3] are getting much attention as compared to other active elements due
to wider bandwidth, simple circuitry, low power consumptions and dynamic ranges.

In the last decade, a huge number of active building blocks were introduced for analogue
signal processing. However, there is still the need to develop new active elements that offer
new and better advantages. This thesis is, therefore, focused on definition of other novel
analog building blocks (ABBs) and, furthermore, novel filter structure designs.

In the present days, a number of trends can be noticed in the area of analogue filter and
oscillator design, namely reducing the supply voltage of integrated circuits and transition to
the current-mode [4]. On the other hand, current-, voltage- and mixed-mode analog circuits
design still receives considerable attention of many researches. Therefore, the proposed

circuits in this work are working in current-, voltage-, or mixed-mode.

1. State of the art

In the last decade, a huge number of active building blocks (ABBs) were introduced for
analogue signal processing.

Due to disadvantages of conventional inductors, active element-based inductor design is
very desirable to designers today. During the last few decades, various floating inductors have
been created using different high-performance active building blocks. That is why
replacement of conventional inductors by synthetic ones in passive LC ladder filters belongs
to well-known methods of high-order low-sensitivity filter design.

The current conveyor (CC) is the basic building block of a number of contemporary
applications both in the current and the mixed modes. The principle of the current conveyor of
the first generation was published in 1968 by K. C. Smith and A. S. Sedra [5]. Two years
later, today’s widely used second-generation CCII was described in [6], and in 1995 the third-
generation CCIII [7]. However, initially, during that time, the current conveyor did not find
many applications because its advantages compared to the classical operational amplifier (Op
Amp) were not widely appreciated and any IC implementation of Current Conveyors was not
available commercially as an off-the-shelf item.

Today, the current conveyor is considered a universal analog building block with wide

spread applications in the current-, voltage-, and mixed-mode signal processing. Its features
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find most applications in the current mode, when its so-called voltage input y is grounded and
the current, flowing into the low-impedance input X, is copied by a simple current mirror into
the z output.

The demand for a multiple-output current conveyor led to the DO-CCII (Dual-Output
CCIl), which provides currents Iz of both directions, thus combining both the positive and the
negative CCII in a single device [8]. If both currents are of the same polarity, the conveyors
are of the CFCClIp or CFCCIIn types (Current Follower CCII), where the symbol p or n
means positive or negative current conveyor [9]. Another generalization is represented by the
so-called DVCCII (Differential Voltage Current Conveyor) [10], in which the original
“voltage” input y is split into a pair of inputs yl and y2. The voltage of the x terminal is then
given by the voltage difference of the voltage inputs. This offers more freedom during the
design of voltage- and mixed-mode applications.

OTA (Operational Transconductance Amplifier) [11] belongs to the most widespread
active elements for on-chip implementation of fast frequency filters.

It acts as a voltage-controlled current source with the possibility of electronic adjustment
of transconductance gp.

Recently, the MO-OTA (Multiple Output OTA) has appeared as a generalization of BOTA
(Bipolar OTA) and its applications in economical biquadratic filters [12], [13]. However, the
drawbacks of such applications are not sufficiently emphasized. Some of them are referred to
in [14]: the MO-OTA applications embody relatively high sensitivities to the attainable
matching error of the current gains of the current mirrors that form the multiple output of the
OTA.

Using the duality principle, the voltage conveyor (VC) has been presented in 1981 [15]. As
in the theory of CCs, also here the first- and second-generation VCs (VCI, VCII, IVCI, and
IVCII) were described [15], [16], [17], [18]. The best known VC is the plus-type differential
current voltage conveyor (DCVC+) [19] that is more often labeled as the current differencing
buffered amplifier (CDBA) [20].

By the modification of the CDBA or replacement of the VF (Voltage Follower) by the
operational transconductance amplifier (OTA) [21], the current differencing transconductance
amplifier (CDTA) [22] has been presented.

The methodology described, which uses the CDU (Current Differencing Unit) or CF
(Current Follower) or CI (Current Inverter) as the input unit, and the following simple blocks

such as voltage buffer, OTA, and CCII, represents an open system.



Continuing with the variation that the input unit will now implement voltage and not
current differences, the Voltage Differencing Transconductance Amplifier (VDTA) has been
introduced [23].

Recently, many papers were published about the simulation of passive ladder filters via
numerous types of active elements. Direct simulation via inductor replacement by a synthetic
element, indirect simulation via Bruton transformation of passive RCL cell and subsequent
FDNR implementation, or leap-frog techniques was used.

In such circuits, frequently used active elements are CDBAs [24-26], CAs (Current
Amplifiers) [27], MCCCIIs (Multi-Output CCCIlIs) [28], CDTAs [29-31], OTRAs
(Operational Transresistance Amplifier) [32], VCCs (Differential VVoltage Current Conveyor)
[33], CClls and CFAs [34], [35], DO_OTAs (Differential-Output OTASs) [36], MO_OTAs
(Multiple-Output OTAs) [37], and a combination of classical Operational Amplifiers and
OTAs [38]. Common drawback of the above circuit topologies consists in the circuit
complexity. For example, a floating inductor is modeled via several active devices, and the
resulting filter structure contains large number of components, including floating resistors and
capacitors. One exception from this rule is represented by recently introduced building block
named CBTA (Current Backward Transconductance Amplifier) which enables simulating n-
th order ladder filter via n CBTAs and n grounded capacitors [39], [40].

The above state-of-the-art clearly shows the topicality of the simulation of passive ladder
filters via modern active elements as well as searching for such building blocks which would
enable economical synthesis of artificial inductors. During the research activities towards
finishing this work, it was shown that the VDTA element which was synthesized in the first
stage of the research can be a good building block for designing economical ladder

simulators.

2. Thesis objectives

The first aim of this thesis is to define various types of novel active building blocks for the
effective synthesis of filter simulating RLC ladder structure. The second aim is to perform
such a synthesis.

The first part of the thesis focuses on designing a high linearity, wideband bulk-driven
OTA with tunable transconductance. This OTA is then used for designing active building
blocks (CDTA, VDTA, VDVTA, and DVCC). As applications, several filters structures
current-, voltage- and mixed-mode by using VDTA are presented, particularly the second-

order filter structures that can provide all standard filter responses without changing the
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circuit topology. Special attention is paid to Kerwin—Huelsman—Newcomb structure that
enables independent control of the quality factor Q and characteristic frequency ws.

The second part of thesis deals with LC ladder simulation on the principle of inductor
replacement by synthetic inductor.

The floating inductor is synthesized via:
1. MAX435, a commercial OTA [46], [53], which appears to be an optimal circuit element for
such designs. Its differential input and output can be utilized for the simplification of the well-
known circuitry for simulating the floating inductor. The transconductance of MAX435 is
adjusted by an external two-terminal device. In the case of linear resistor, OTA has an
extremely linear 1&V characteristic. The limitations of the output current can be precisely set
by another external resistor.
2. ,,super-transistor* (S-T), which is commercially available in several versions, e.g. OPA615,
SHC615, OPA860, and OPA861 [53].
3. Newly introduced VDTA and VDVTA elements [45] designed in the first part of the thesis.

All the designs are verified in two steps:
In the first step, the theoretical analyses are done using SNAP software [41]. To verify the
complex behavior of the proposed circuits, SPICE simulations are performed, utilizing

transistor-level models of active elements.

3. Active building blocks and their properties

The following active elements are devices having multi ports with properties that make them
useful in network synthesis [42]. Some active elements are more useful than others,

depending of various design requirements.

3.1. Current Conveyor of Second Generation (CCII)

One of the most basic building blocks in the area of current-mode analogue signal
processing is the current conveyor (CC). The principle of the current conveyor of the first
generation was published in 1968 by K. C. Smith and A. S. Sedra [5]. CCI was then replaced
by a more versatile second-generation device in 1970 [6], the CCII. Current conveyor designs
have mainly been with BJTs due to their high transconductance values compared to their
CMOS counterparts. They are used as current-feedback operational amplifiers like the
MAX477 high-speed amplifier and the MAX4112 low-power amplifier, which both feature
current feedback rather than the conventional voltage feedback used by standard operational

amplifiers.



Current conveyors are used in high-frequency applications where the conventional
operational amplifiers can not be used, because the conventional designs are limited by their
gain-bandwidth product.

The second-generation current conveyor (CCII) is used as a basic building block in many
current-mode analog circuits. It is a three-terminal (X, Y and Z) device as shown in Fig. 3-1

(a) and the equivalent circuit of the ideal CCII is shown in Fig. 3-1 (b).

Vyo—b—Y

CClIl Z <V

VXO—P—X

(a) (b)
Fig. 3-1: (a) The CCII symbol, (b) ideal equivalent circuit.

The characteristics of ideal CCII are represented by the following hybrid matrix

b1 10 0 O1[W
Vxlz 1 0 0 IX (3'1)
LI lo +1 olly,

An ideal CCII has the following characteristics:

e Infinite input impedance at terminal Y (Ry =0 and Iy = 0)

e Zero input impedance at terminal X (Rx = 0)

e Accurate voltage copy from terminal Y to X (Vx = Vy)

e Accurate current copy from terminal X to Z with infinite output impedance at Z (1 =

Ix and Rz = <o)

3.1.1. Bulk-driven CCIlI+ based on Bulk-driven OTA

A new connection of Bulk-driven OTA is used to realize the CCII. In the OTA-based
approach, presented in Fig.3-2, Bulk-driven OTA is used to implement the unity gain buffer
between the Y and X inputs [44]. The X input current Ix is sensed by duplicating buffers
output transistors Mg and My using transistors Mg and My, and extracting the X current from
them as Iz. Since transistors Mg and Mg have the same size and gate-source voltage as the
output stage transistors Mg and My, the current Iz should be a copy of the current flowing

through Mg and My which is Ix. Transistors Mi-Mjs are used to generate 1. Since no
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additional transistors need to be inserted between the OTA and rails, the approach will not
increase the minimum operating voltage over that of the operational core. In addition the
voltage follower is based on an OTA, thus it will maintain all the benefits and also the
disadvantages of such a circuit i.e. a good voltage follower at the cost of lower bandwidth.

The simulated frequency responses of current gains 1,+/lx, 1,./1 are given in Fig. 3-3. The
cutoff frequencies for the gains are 20 MHz and 52 MHz, respectively.

VDD

Vbiasl J TY Z.

Vpias1

I\/|17 :

VSS

Fig. 3-2: Bulk-driven CCIlI+ based on Bulk-driven OTA.
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Fig. 3-3: Frequency variation of the current gains 1z./lx, 1z/l1x in dB of the CCII in Fig.
3-2.
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Simulation results of the CCIll+ are summarized in Table 3-1.

Characteristics Simulation Result
Power consumption 119 pyW
3-dB bandwidth 17./Ix 20 MHz
3-dB bandwidth 17./1x 52 MHz
DC voltage range -400, 600 mV
DC current range +16 pA
Current gain Iz/1x 1
Voltage gain Vx/Vy 0.97
Node X parasitic DC resistance 166 Q
Node Y parasitic DC resistance 50 GQ
Node Z+ parasitic DC resistance 560 kQ
Node Z- parasitic DC resistance 554 kQ
Measurement condition: Vpp = 0.6V, Vss = - 0.6V

Tab. 3-1: Simulation results of the Bulk-driven CCII.

3.1.2. Bulk-driven OTA with gm adjustable via external R

In this part, a new concept of high-linearity OTA with controllable transconductance is

proposed. The OTA is simulated in a standard TSMC 0.18 mm CMOS process with a 0.6 V
supply voltage.

The principle of gy adjustable via a feedback resistor Ragj is show in Fig. 3-4.

gm, core

V+ ® > + Iout

V.o—m»— -

(b)

Fig. 3-4: (a) SISO OTA with gm adjustable, (b) DISO OTA with gm adjustable.
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In this part, a high linearity, wideband OTA with tunable transconductance is presented

according to Eq. (3-2). The adjustable transconductance gm, adjust depends on Ragj as follows:

8m core (3-2)

gm adjust =
" 1 + gm,core Radj

Figs. 3-5, and 3-6 show circuit implementations of Fig. 3.4, namely bulk-driven single
input single output OTA (SISO) and a fully differential OTA (DIDO) based on voltage buffer
and Current Conveyor of Second Generation CCII.

o—oo<
o

Iout+

Radj

Fig. 3-5: Bulk-driven single input single output OTA (SISO) based on CCII.
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Fig. 3-6: Bulk-driven fully differential OTA (DIDO) based on CCII and voltage buffer.

The performance of the proposed OTA in Fig. 3-5 was verified via PSPICE simulation. All
the balanced CMOS OTA was simulated by using CMOS structure and MIETEC 0.18um.

Fig. 3-7 shows the simulated transfer characteristics of the OTA in Fig. 3-5. The plots of
the output current lo versus the input voltage Vi, show that, for Rag values of 1Q, 10€,
100Q, 1kQ. 2kQ, 5kQ, 10kQ, 20kQ, 50k, 100kQ, 200kQ, 500kQ, and 1MQ, the g is

controlled accordingly.
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Fig. 3-7: DC transfer characteristics of bulk-driven fully differential OTA.

It is shown that the transconductance gain gn can be linearly tuned when Rag; is increased.
But for Rag; bigger than 50kQ it causes distortion. The linear range is very good for Ragj of
about 10kQ.

The AC analysis of the bulk-driven OTA in Fig. 3.5 is shown in Fig. 3-8. The frequency
dependence of I, is measured by fixing AC value of V;, at 1V.

The responses are plotted for Ragj 0f 1Q, 10Q, 100Q, 1kQ, 2kQ, 5kQ, 10kQ, 20k, 50k,
100kQ, 200kQ, 500k, and 1IMQ. The corresponding values of g, are shown in Table. 3-2

3.0mA
2.0mA '| \
N\
1.0mA
0A
1.0Hz  10Hz 100Hz 1.0KHz  10KHz 100KHz 1.0MHz  10MHz 100MHz
lout- lout+ Frequency

Fig. 3-8: AC transfer characteristics of bulk-driven fully differential OTA.
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Radj Om
1Q 2.2 ms
10Q 2.16 ms
100Q2 1.8 ms
1kQ 688.7 us
2kQ 408.5 s
50 kQ 184.45 us
100 kQ 96.82 us
200 kQ 50.1 ps
500 kQ 21.04 ps
1 MQ 11.2 us

Tab: 3-2: Variations of gm by Rag;.

3.2. Voltage Differencing Transconductance Amplifier (VDTA)

The methodology described in the CDTA, which uses the CDU as the input unit, and the
following simple block OTA represents an open system: Let us continue with the variation
that the input unit will now implement voltage and not current differences. The differential-
input OTA is a simple element for realizing the voltage difference. Simultaneously, it can
provide the possibility of electronic control. The VDTA element [23] with its schematic
symbol in Fig. 3-9 (a) has a pair of high-impedance current inputs p and n, and an auxiliary
terminal z. A multiple copies of I, current are indicated here in order to increase the
universality of VDTA element. Thus, according to the proposed methodology, the VDTA
element should have the “zc“(Z Copy) attribute. Also a possible implementation of VDTA
using two OTA components is given in Fig. 3-9 (b). Here, output terminal currents are equal
in magnitude, but flow in opposite directions, and the product of transconductance (gm) and
the voltage at the z terminal gives their magnitudes. Therefore, this active element can be

characterized with the following equations:

Ip =1, =0, I7 = 8mz (Vy = V3) (3-3)
L. =+, (3-4)
Ix+ = 8mx VZ} Ix— = —8mx VZ (3'5)
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VDTA has an interesting application potential: for example, the floating loss-less inductor

can be simulated only by one VDTA and one grounded capacitor.

0A [5
|
v, 1p=0 - I OTAl
Po—p— p 7C X, >—e
VDTA b -
1,=0 X-
Voe—— n Z I
X
I
OA |n
le = %I, lv v 1:=09m:(Vp—Vy)

(@ (b)
Fig. 3-9: (a) Symbol of the VDTA, (b) its implementation by OTAs.

3.2.1. Operations using the ideal VDTA

e Integrator using VDTA

The operation of integration can be achieved very conveniently using the VDTA as is shown

in Fig. 3-10. Clearly,

Vn o |n>:_0 n Z X- |
2 L

,_L Iz: gmz(vp 'Vn)

Fig. 3-10: Integrator using VDTA.

I, = 8mz (Vp - Vn) (3-6)
v _I_z_gmz(vp _Vn)
Z 7 sC sC
Vv, -1
Ix = o VZ — Imx gsz(Cp n)
L _ 9mGma
(v, - %) sC (3-7)
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e Current Summation using VDTA

Current summation can be obtained using VDTA as shown in Fig. 3-11.

I,=0 Iy
—»—P X+ P
1,=0 VDTA =1+ lin+ It
lin—»—9»—1n Z X-
I !
.Lﬂ
I+

Fig. 3-11: Current summation using VDTA.

3.2.2. CMOS Implementation of VDTA

For low-voltage low-power applications, is can be advantageous to implement the VDTA
element in Fig. 3-9 (b) with the utilization of bulk-driven [67] CMQOS technique. One
possibility is presented in Fig. 3-12.

VDTA is built here by means of two OTAs of DISO (Differential Input Single Output) and
SIDO (Single Input Differential Output) types. This circuit uses low supply voltages, namely
+ 0.6 V. The total power dissipation is less than 206 uW.
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4. LC ladder simulation and other applications of active elements

4.1. Optimization of ladder filters with GmC simulation of floating inductors

Replacement of conventional inductors by synthetic ones in passive LC ladder filters belongs
to well-known methods of high-order low-sensitivity filter design. An efficient way of
simulating the floating inductor consists in replacing the inductor by three OTAs (Operational
Transconductance Amplifier) and one grounded capacitor [43]. However, the common

drawback of OTAs is the low-level input voltage providing the linear mode of the amplifier.
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This can be in conflict with the requirements for a large dynamic range of signals being
processed. When the filter is designed for the current-mode, the current limitations of the
active elements should also be carefully monitored.

MAX435 is a commercial OTA [46], which appears to be an optimal circuit element for
such designs. Its differential input and output can be utilized for the simplification of the well
known circuitry for simulating the floating inductor [43]. The transconductance of MAX435
is adjusted by an external two-terminal device. In the case of linear resistor, OTA has an
extremely linear 1&V characteristic. The limitations of the output current can be precisely set
by another external resistor.

Using the concrete example of 5th-order video filter, a method for designing and
optimizing such a circuit is described in this paper. The commercial MAX435 is used in the
subcircuits of synthetic inductances. The procedure described can be applied to an arbitrary
type of OTA.

4.1.1. MAX435 —a commercial OTA

MAX435 is an OTA with 275MHz bandwidth and 850V/us slew rate. Its recommended
symmetrical power supply is +-5V. The transconductance gn, is set within a wide range by
means of auxiliary R; resistor [46]. The recommended maximum current through R;as well as
the output current are 10mA. A concrete saturation level 1. can be adjusted by R resistance
approximately from 3mA up. Rset = 5.9kQ corresponds to a current of 10mA. The maximum

recommended differential voltage is 2.5V.

4.1.2. Synthetic inductor based on MAX435

Fig. 4-1 shows a synthetic floating inductor which employs a pair of differential-input
differential-output OTAs. It is a generalization of the circuit from [43], where three single-
output OTAs are used for inductor replacement. The signal flow graphs attached describe the
process of transforming voltage V; into current 1I; of OTA No. 1, transforming current 1; into
voltage across the capacitor, and transforming capacitor voltage into current I».

It follows from the last graph that the circuit implements a lossless floating inductor with
the inductance
CL (4-1)

L =
Em18m2
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Fig. 4-1: Synthetic inductor and the corresponding signal flow graphs.

There are two degrees of freedom when designing the transconductance gm; and gmz and the
capacitance C_ from the desired inductance value. They can be used for dynamic range
optimization. The following rule results from 4-1:

The inductor is preliminarily designed with the parameters gmi, gm2, and C.. These

parameters will be modified according to the rule
Cl=aoC,  gh1 =WBm1,  8my = W8m2 (4-2)

Where ay, a;, and a; are real positive numbers, fulfilling the equality

ayg = a1a; (4-3)

Then the resulting inductance is not changed due to this modification. However, current I,
will be a; times greater and voltage V, will be ai/ao times greater than before the modification
of the parameters.

This rule will be used for the dynamic range optimization of target application, i.e. the
active filter which simulates the LC ladder.

The following equality also results from the graph in Fig. 4-1:

Y2 _ gmls (4-4)
Vi gm2h

The purpose of optimizing the upper limit of the dynamic range is to equalize the voltage
and current levels inside the synthetic inductors, thus V= V,and I1= I,. EQ. 5-1 shows that a

complete equalization is enabled only when both transconductances are equal.
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4.1.3. LC Ladder simulation

Fig. 4-2 shows the schematic of a lowpass LC ladder filter which has been designed according
to Bessel approximation on the basis of the following specifications:

DC gain 0dB, 3-dB cutoff frequency 5MHz, attenuation at least 50dB for frequencies
above 27MHz, maximally flat group delay. This specification is derived from the parameters
of commercial video filter FMS6400-1 by Fairchild Semiconductor [47].

L, L,
YYY\ _o YYY
1.63puH 751nH

C, |961pF C, |478pF C; |102pF R| | 50<

Iin Iout

Fig. 4-2: 5SMHz lowpass ladder filter.

T T

Fig. 4-3: Active ladder simulation by means of synthetic inductors and OTAs.

An active realization of the LC ladder is shown in Fig. 4-3. Blocks “L;” and “L,” are the
synthetic inductors from Fig. 4-1. OTA with transconductance gi, serves as a current-
controlled current source, providing low driving point impedance Ri, = 1/gi, for the input
current source. OTA with transconductance gout = 1/R =20mS delivers current oy into an
independent load Roy. Let us design the active filter from Fig. 4-3 for a maximum driving
current value of 10mA. The results of PSpice AC analysis of the passive LC ladder from Fig.
4-2 are shown in Fig. 4-4. The analysis was performed on the assumption of the attribute
AC=10mA of the current source l;,. Those curves are depicted which are important for

studying the filter dynamic range, i.e. the output voltage across R (i.e. the input voltage of the
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terminating OTA), the output current through R (i.e. the output current of the terminating
OTA), the voltages across L; and L (i.e. the input voltages of OTA No. 1 in the synthetic
inductors from Fig. 4-1), and the currents through L; and L (i.e. the output currents of OTA
No. 2 in the synthetic inductors from Fig. 4-1). The curves are determined by the parameters
of filter elements and they can be influenced only via choosing another realization structure,
another approximation of frequency response or another impedance level. The Bessel
approximation used here guarantees a maximally flat group delay response.

Fig. 4-4 shows that both the synthetic inductors and the terminating OTAs should be designed
for a maximum current of 10mA. It is fulfilled for MAX435 when adjusting Rt = 5.9kQ. The
input voltage of the end OTA is maximum (1V) for low frequencies. The required gn value of
this OTA is 1/R = 20mA/V and it can be set via R; = 200Q [46]. This amplifier will operate in
the linear regime till its full current excitation.

The front-end OTA, excited by the current source I;,, will be designed with gi, = 100mA/V
or Ry=40€ in order to provide low driving point impedance Ri, = 1/gi, = 10Q. The maximum
value of the input voltage will be 1200mV for full current excitation of the filter input.

The curves V(L1), V(L2), I(L1), and 1(L2) can be used for designing the synthetic inductors.
The voltage across L (L) takes its maximum value 408mV (173mV) at a frequency of
6.31MHz (5.75MHz). As stated before, the currents are maximum, i.e. 10mA at a frequency
of 0 Hz.

0.5v 10mA

0.25v SmA

v 0A

1.0MHz 100MHz 1.0MHz 10MHz 100MHz
Frequency Frequency
Ovy Ovw2 X R O Qi X iR

Fig. 4-4: Results of the AC analysis of LC ladder from Fig. 4-2 (a) for lin = 10mA.

In the first step, a preliminary design of the synthetic inductors according to Eq. 4-1 will be
performed. The initial capacitance in both inductors will be set to 100pF. For equal values of

gmi1and gmz, EQ. 4-1 leads to the results in Table 4-1.column (1).
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(1) Before optimization (2) After optimization
gm1 [MA/V] 7.833 24.505
gm2 [MA/V] 7.833 24.505
Ly Ru [Q] 511 163
R [Q] 511 163
C. [pF] 100 979
gmi[MA/V] 11.539 57.902
gm2 [MA/V] 11.539 57.902
Lo Ru [Q] 347 69
Rz [€2] 347 69
C. [pFl 100 2518

Tab. 4-1: Parameters of elements of the synthetic inductors before and after

optimization.

The Signal-Flow-Graph from Fig. 4-1 describes relations among the internal variables of

the synthetic inductor, particularly between the inductor terminal voltage, the output current
of OTA No. 1, the input voltage of OTA No. 2, and the inductor terminal current. These

relations can be pre-set in the Probe postprocessor of PSpice simulator [48]. The results are

shown in Fig. 4-5(a). The left-side part contains the curves of OTA input voltages; the right-

side shows the curves of OTA output currents.

The maximum values of voltages and currents from Fig. 4-5 are given in Table 4-2,

column (1). Note that the input voltages of OTA No. 2 are too high whereas the output

currents of OTA No. 1 do not reach their permitted maxima for either inductor. In addition,

the following equality is true:

& _ gm1lz
Vi gm2h
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Fig. 4-5: PSpice analysis of synthetic inductors by means of dependences described by
Signal- Flow-Graphs from Fig. 4-1, (a) before, (b) after optimizing the dynamic range.

(1) Before optimization (2) After optimization
Vimax [V] 0.4082 0.4082
Vamax [V] 1.277 0.4082
Ly lmax [MA] 3.197 10.003
IZmax [mA] 10 10
Vimax [V] 0.1727 0.1727
Vamax [V] 0.8666 0.1727
Lo max [MA] 1.992 9.998
l2max [MA] 10 10

Tab. 4-2: Maximum values of inductor voltages and currents before and after

optimization.

It is in conformity with Eq. (4-2). These ratios are 3.128 for inductor No. 1 and 5.018 for

inductor No. 2.
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Applying the rule from Section 4.1.2 and the corresponding equations (4-2) and (4-3), we
conclude that the upper limits of the dynamic ranges of voltages and currents in the inductors
can be equalized if both transconductance are multiplied by ratio 4/5 and the capacitance is
simultaneously multiplied by the square of this ratio. After this optimization, the parameters
of the elements are as shown in Table 4-1, column (2). The corresponding frequency
responses are given in Fig. 4-5 (b) and the maximum values of voltages and currents can be
found in column (2) of Table 4-2.

Frequency responses of the optimized active filter, simulated in PSpice simultaneously
with the frequency responses of ideal LC ladder, are shown in Fig. 4-6. Note that the group
delay is more sensitive to real properties of the amplifiers than the gain response. The analysis
found that low output impedance of MAX435, namely 3.5kQ, is a dominant factor which
imports losses to the ladder structure. Nevertheless, the group delay ripple is less than is
specified for similar commercial video filter FMS6400-1 [47].

0 100ns

I \ e e A
40 | | B o A R EEehts
i i yc 50nsl|— :r ______________
80 ' ' IS NN SR VNN
120 | | OTA 05l A S
10kHz 1MHz 100MHz  10KHz 1MHz 100MHz

Frequency [Hz] Frequency [Hz]
Fig. 4-6: Frequency responses of ideal LC ladder (LC) and optimized active filter.

4.2. Voltage Differencing Transconductance Amplifier for Filter Implementation

Presently, there is the interest of the availability of building active filters and other signal
processing circuits without the use of physical coils. Although, a spiral inductor can be
realized in an integrated circuit, it still has some drawbacks in the usage of space, weight, cost
and tunability.

The inductance simulators can be used in many applications such as active filter design,
oscillator design, analog phase shifters and cancellation of parasitic element. The attention is
subsequently focused on the inductance simulation using different high-performance active

building blocks such as, Operational Transconductance Amplifiers (OTAs) [47], current
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feedback op-amps [27], and four-terminal floating nullors (FTFNs) [49], current conveyors
[50-53], current differencing buffered amplifier (CDBAS) [54], etc. The literature surveys
shows that a large number of circuit realizations for floating and grounded inductance
simulators have been reported [47], [54].

In this section, we present novel floating simulators employing Differencing
Transconductance Amplifier (VDTA), which is proven to be quite useful in either current or
voltage-mode signal processing circuits.

4.2.1. Synthetic inductor based on VDTA

Fig. 4-7 shows a synthetic floating inductor which employ one of Voltage Differencing
Transconductance Amplifier (VDTA) which contains Differential Input Single Output OTA
(DISO) and Single Input Differential Output OTA (SIDO), and one grounded capacitor C,.

- = N
VpC . -—0 Vn
I )_( X I
Ty AT T vV,
| sipo/+ + |
[ om | vpé ?lvn
| | e W TR
| Z |y X- X4
| | J—CL VDTA sl
| bIso | I C
mz
| 9 | p n
-+ 1
b | I L
Lo — 1N,
a b

Fig. 4-7: (a) Synthetic inductor circuit employing DISO OTA and SIDO OTA, (b)
simplified representation of the synthetic inductor by VDTA.

The process of transforming voltage difference (Ve — V,) into current I, of DISO OTA is
described by the equation:

4-6

Iy = g (V, — V) 40

Current |, causes voltage across the capacitor, and this voltage is transformed into current

Ix.

IZ _ Emz (Vp - Vn) (4-7)

C:E sCy,

25



4-8
IX = 8mx VC ( )

% —W)
IX = 8mx 8mz I)STLn (4-9)

IX 8mx 8mz
Zin = = 4'10
%-%)  sG 10

The circuit, thus, simulates a floating inductor with the resulting inductance given by

gmx ng
C, (4-11)

L =

4.2.2. Low-pass LC Ladder simulation

Fig. 4-8 shows the schematic of a lowpass LC ladder filter which has been designed according
to Cauer approximation on the basis of the following specifications:
DC gain 0dB, 3-dB cutoff frequency 25kHz, ripple 2dB, 40dB for frequency above 55kHz,
third-order.

The active simulation of the passive LC ladder filter from Fig. 4-8 by means of Voltage
Differencing Transconductance Amplifier (VDTA) is given in Fig. 4-9.

The proposed floating inductor circuit in Fig. 4-7 is realized with the following values: gm;
=0gmx = 96.8 uS with Ragj equal to 10k€ according to Table 3-2.

From equation (4-11)

C, =L gy 8mx =441pF

The VDTA is simulated by using the schematic implementation shown in Fig. 3-12 with

DC power supply voltages equal to Vpp = Vss =£0.6 V. The simulations are performed by

using CMOS structure and MIETEC 0.18um CMOS process model technology parameters.

10kQ 1.61nF

Fig. 4-8: 25kHz LC ladder filter.
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The frequency responses and the group delay of the filter are shown in Figs. 4-10, and 4-
11, respectively. It can be seen that the simulation using the true inductor and its VDTA
simulators are in good agreement.

Fig. 4-12 shows that the magnitudes of the impedances of an ideal inductor with value
equal to 47.1mH which we used in LC ladder filter in Fig. 4-8, and its simulator circuit by

Voltage Differencing Transconductance Amplifier (VDTA) as shown in Fig. 4-9 with C.

C1

X- X
Z —1
vV, V,

% C3_£ Re

Fig. 4-9: Active implementation of the filter from Fig. 4-8.

equal to 441pF can be made very close for a set of selected values over many decades.
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Fig. 4-10: The frequency responses of ideal LC ladder and VDTA-based active filter.
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Fig. 4-11: The group delay response of ideal LC ladder and VDTA-based active filter.
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Fig. 4-12: The impedance values relative to frequency of the ideal and simulated
inductors.

4.2.3. Design of resistor-less first-order all-pass filter using single VDVTA

All-pass filters (APFs) find applications where frequency dependence of phase, or phase

linearity or group delay flatness can be major design consideration. They have been
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exhaustively investigated over the last decade or so. As far as first-order APFs are concerned,
most of these circuits use several passive components [55-58]. On the other hand, recently
proposed resistor less first-order AP filters [56] use two capacitors (one of them is floating)
and suffer from the need of passive component ratio-matching conditions, as well as product
performance variability problems because of their dependence on op-amp internal
compensation capacitors.

In analog signal processing, first-order all-pass filters are widely used to shift the phase of
the input signal from 0 to 180° or from 180° to 0 while keeping its amplitude constant over
the desired range of frequency.

Fig. 4-13 and Fig. 4-14 illustrate proposed transimpedance -mode all-pass filters using two
OTAs with high input and low output impedances and its implementation by single VDVTA

and one grounded capacitor, respectively.

SR —

gmz Iout

;T

Fig. 4-13: The all-pass filter by OTAs.

Iout

)}
//

Fig. 4-14: Implementation of all-pass filter in Fig. 4-25 by using VDVTA.

The proposed circuits shown in Figs. 4-13 and 4-14 yield the following transimpedance
transfer function:

Loyt _8m1— sC (4'12)
- Em2
Vi Em2 t sC
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The proposed APFs shown in Figs. 4-13 and 4-14 have been simulated using PSPICE.
During these simulations, the CMOS-based structure of Fig. 3-12 has been used. The device
model parameters are taken from TMSC 0.18um CMOS process. The 0.6V supply voltages
all gm equal to 96.8us were used.

Figs. 4-15 and 4-16 show the magnitude and phase responses respectively for the all-pass
filtering signal. The simulated results of all-pass filter by OTA obtained agree well with the
VDVTA-based all-pass filter.

100ps
==
90us
APF BY OTA
APF BY VDVTA
70ps
50ps
1.0Hz 10Hz 100Hz 1.0KHz 10KHz 100KHz 1.0MH7
lout/ Vin Frequency [Hz]
Fig. 4-15: Amplitude frequency responses of all-pass filters.
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Fig. 4-16: Phase frequency responses of all-pass filters.
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4.2.4. Design of KHN filter using VDTA

The Kerwin—Huelsman—-Newcomb (KHN) biquad filter [59], [60] belongs to popular filter
structures of the type of “two integrators in the feedback loop”. An important feature of this
structure is the generation of all three basic filter transfer functions, i.e., low-pass (LP), band-
pass (BP), and high-pass (HP) simultaneously.

The well-known voltage-mode 2nd-order KHN filter [59], [60] in Fig. 4-17 is preferred
building block for cascade filter design. This circuitry can be understood as a single-input
three-output device, generating three basic 2nd-order transfer functions (low-pass, band-pass,
and high-pass).

Cip Co
1 1
Rs
ey B Rq
Vi3 + Vs [ ]
° HP pd r BP oOLP
d
e—
Rs

Fig. 4-17: Classical structure of the KHN filter.

In addition, as obvious from the flow-graph in Fig. 4-18, filter tuning without modifying
the quality factor can be done by simultaneous modification of R3=R,. For identical values of
Ri1, Rz, Rs and Rg the DC gain of LP, high frequency gain of HP, and maximum gain of BP
filters are fixed to their unity-values while tuning, and thus the upper bound of the filter

dynamic range remains unchanged.

bo
b, - \
Vin Vs oo -1 . - Vi
SR3C; sR4C,

Fig. 4-18: The corresponding flow-graph of KHN in Fig. 4-29. For R1 =R, = Rs = Rg, by =
b1 =- bo =1.

Recently, many methods were published how to implement the KHN structure by means of

active elements other than voltage Op Amps, in particular by current conveyors [61-63], but
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also by CDBA (Current-Differencing Buffered Amplifier) [64], [65] or DO-DDCC
(Differential-Output Differential Difference Current Conveyor) elements [45].

In this part, the classical KHN structure is transformed into the current mode by utilizing
the VDTA (Voltage Differencing Transconductance Amplifier) circuit elements [66], whose
input and output signals are currents. The final filter consists of only two VDTAs and two
grounded capacitors, and thus it can be classified as so-called VDTA-C filter, an analogy with
the well-known gm-C filters.

A possible CMOS-based VDTA circuit realization suitable for the monolithic IC
fabrication is displayed in Fig. 3-12. The proposed VDTA-based CM KHN biquad is given in
Fig. 4-19.

Iin
o— P ZC- X- P X-

VDTA VDTA

X+ n zc+ z X+

f n C+ Z f
T Ccl
IHP |Bp ||3p1 ILP

Fig. 4-19: VDTA-based CM KHN circuit.

The signal-flow graph in Fig. 4-18 can be redrawn for currents as shown in Fig. 4-20,
together with the corresponding VDTA-based biquad. In contrast to conventional Op Amp,
the VDTA enables an easy implementation of the non-inverting integrator. The non inverting
integrators in the feedback loops require the signs of gains of the feedback branches to be

modified, as follows from a comparison of the graphs in Figs. 4-20 and 4-18.

gmxl
gmzz
4o
-
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sCy sC,

Fig. 4-20: The corresponding flow-graph of KHN in Fig. 4-31.
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Evaluating the flow-graph in Fig. 4-32 yields the following transfer functions:

Lyp s?
T2 Emx1 8mz28mx2 (4-13)
Im s?2 +s mx /C1 + m mx /Cl Cz
g z2
e _ (c,) (4-14)
Iin SZ +s 8mx 1/C1 + gmngmXZ/Clcz
8mx1
Igpq B S( mx /Cl) (4-15)
T 8mx1 8mz28mx2
Im SZ + gomx /C1 + om mx /ClC2
8mz28mx2
Lp /eic, (4-16)

Iin o s2 4+ ngxl/c1 + gmzzgme/Clcz

8mz28mx2 Wy 8mx1
= |—, B=—=—" 4-17
o / C.C; QG @47

Where

Q — ﬂ vV 8mz28mx2 (4-18)
CZ 8mx1

It follows from Eqs (4-13), (4-14), (4-15), and (4-16) that the above filter structure in Fig.
4-19 provides basic highpass, lowpass, and bandpass operations. Due to current output
signals, a simple implementation of other types of the transfer functions can be accomplished
via a proper combination of these currents.

It follows from Eqs (4-17) and (4-18) that

(a) the natural frequency ax can be tuned via the transconductances gm; and/or gmx. and/or

via capacitance C, without disturbing the filter bandwidth B,
(b) the filter bandwidth B can be controlled independently of ay via gmxi,
(c) the quality factor Q can be controlled independently of ay via gmxi.

To verify the theoretical analysis, the CM KHN filter configuration presented in this study
is simulated in SPICE circuit simulation program using the CMOS-based VDTA circuit given

in Fig. 3-12. Here, 0.18 um MIETEC real transistor model parameters are implemented for all
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transistors in the circuit. The symmetrical supply voltages of £0.6V were used. Fig. 4-21
demonstrates the results of CM KHN biquad circuit simulations when C = C; = C; = 10 nF,
Omx1 = Omz1 = Omx2 = Qmz2 = 96.82 uS, which corresponds to the theoretical natural frequency of
1.57 kHz. The simulated value is 1.54 kHz. Therefore, the CMOS-level simulation confirms

well the theoretical assumptions.

40

-80

-120
1.0Hz 10Hz 100Hz 1.0KHz 10KHz 100KHz 1.0MHz 10MHz

DB(I(LPY) pe(IHP)  Frequency [Hz]

Fig. 4-21: Results of circuit simulations for CM KHN circuit using CMOS-based
VDTA:S.
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5. Conclusion

In the last decade, for analogue signal processing huge number of active building blocks

was introduced, however, there is still the need to develop new active elements that offer new
and better advantages. Therefore, the main contribution of this thesis was the definition of
such novel ABBs, and their application possibilities.
The theoretical and practical results of the work were presented in two main chapters, which
introduced the novel introduced blocks and moreover proved the possibility of the
implementation of these blocks. The new high linearity, wideband bulk-driven OTA with
tunable transconductance was designed. This OTA is then used for designing active building
blocks (CDTA, VDTA, VDVTA, and DVCC). In this thesis | presented some new active
building blocks as (VDTA, and VDTVA). As applications, several filters structures current-,
voltage- and mixed-mode by using VDTA, and VDVTA was presented.

Novel structures of first-order all-pass filters based on VDVTA and novel structures of
second-order universal filters, KHN-equivalent circuits by novel active element (VDTA)
proposed in this thesis. Thesis also was focused on LC ladder simulation on the principle of
inductor replacement by synthetic inductor.

The floating inductor was synthesized via:

1. MAX435, a commercial OTA [46], [53], which appears to be an optimal circuit element for
such designs. Its differential input and output can be utilized for the simplification of the well-
known circuitry for simulating the floating inductor. The transconductance of MAX435 is
adjusted by an external two-terminal device. In the case of linear resistor, OTA has an
extremely linear 1&V characteristic. The limitations of the output current can be precisely set
by another external resistor.

2. ,,super-transistor” (S-T), which is commercially available in several versions, e.g. OPA615,
SHC615, OPA860, and OPA861 [53].

3. Newly introduced VDTA and VDVTA elements [45] designed in the first part of the thesis.

The presented work represents the investigation on building blocks for modern current-
mode and mixed mode based integrated circuits. A number of novel introduced building
blocks together with their implementation are the results. The functionality of the proposed
blocks was proved by simulations in the SPICE programme.

With respect to the above discussion it can be declared that aims of this thesis were
fulfilled.

35



6. Bibliography

[1]

(2]

[3]

[4]

[5]

[6]

[7]

8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

TEMIZYUREK. C. and MYDERRIZI. I. A novel three-input one-output voltage mode universal filter
using differential difference current conveyor, IEEE MELECON, pp. 103-106, 2004.

CHUN-MING CHANG. Multifunction biquadratic filters using current conveyors, IEEE Transaction on
Circuits and Systems-I1, Analog and Digital signal processing, vol. 44, no. 11, pp.956-958, 1997.

SVOBODA. J. A,, MCGORY L. and WEBB. S. Applications of a commercially available current
conveyor: International Journal of Electronics, 70, pp. 159-164, 1991.

TOUMAZOU, C., LIDGEY, F. J., HAIGH, D. G. Analogue IC design: the current-mode approach,
London: Peter Peregrinus Ltd., 1990, 646 pages.

SMITH, K.C., SEDRA, A. The current conveyor: a new circuit building block. IEEE Proc. CAS, 1968,
vol. 56, no. 3, pp. 1368-1369.

SEDRA, A.S., SMITH, K.C. A second generation current conveyor and its application. IEEE Trans.,
1970, CT-17, pp. 132-134.

FABRE, A. Third generation current conveyor: A new helpful active element. Electron. Lett, 1995, vol.
31, no. 5, pp. 338-339.

FERRI, G., GUERRINI, N.C. Low-Voltage Low-Power CMOS Current Conveyors. Cluwer Academic
Publishers, 2003.

IKEDA, K., TOMITA, Y. Realization of current-mode biquadratic filter using CClls with current
followers. Electron. Commun. Jpn. Pt. 2, Electron, 1991, vol. 71, no. 5, pp. 809-815.

ELWAN, H.O., SOLIMAN, A.M. Novel CMOS differential voltage current conveyor and its
applications. IEE Proceedings: Circuits, Devices and Systems, 1997, vol. 144, no. 3, pp. 195-2007.

DELIYANNIS, T., SUN, Y., FIDLER, J.K. Continuous-Time Active Filter Design. CRC Press, USA,
1999.

CHANG, C.-M., PAI, S.-K. Universal current-mode OTA-C biquad with the minimum components.
IEEE Trans. Circuits Syst. 2000, vol. 47, no. 8, pp. 1235-1238.

ABUELMA'ATTI, M. T., BENTRCIA, A. New universal current-mode multiple-input multiple-output
OTA-C filter. In Proc. of the 2004 IEEE Asia-Pacific Conf. on CAS. 2004, pp. 1037-1040.

BIOLEK, D., BIOLKOVA, V., KOLKA, Z. Universal current-mode OTA-C KHN biquad. In Proc. of the
Int. Conf. ICECS 2007, Venice (Italy), 2007, pp. 289-292.

FILANOVSKY, I. M., STROMSMOE, K. A. Current-voltage conveyor, Electronics Letters, 1981, vol.
17, no. 3, pp. 129-130.

DOSTAL T., POSPISIL, J. Hybrid models of 3-port immittance convertors and current and voltage
conveyors, Electronics Letters, 1982, vol. 18, no. 20, pp. 887-888.

MINARCIK, M., VRBA, K. Low-output and high-input impedance frequency filters using universal
voltage conveyor for high-speed data communication systems, In Proceedings of the IARIA 5th
International Conference on Networking - ICN 06, Mauritius, 2006, pp. 155-158.

NOVOTNY, V., VRBA, K. Applications with voltage conveyors, in Proceedings of the 2nd WSEAS

International Conference on Electronics, Control and Signal Processing - ICECS’03, Singapore, 2003,
pp. 1-4.

36



[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

SALAMA, K., SOLIMAN, A. Novel MOS-C quadrature oscillator using the differential current voltage
conveyor, In Proceedings of the 42nd Midwest Symposium on Circuits and Systems - MWSCAS’99, Las
Cruces, USA, 1999, pp. 279-282.

ACAR, C., 0ZOGUZ, S. A new versatile building block: current differencing buffered amplifier suitable
for analog signal processing filters, Microelectronics Journal, 1999, vol. 30, no. 2, pp. 157-160.

GEIGER, R. L., SANCHEZ-SINENCIO, E. Active filter design using operational transconductance
amplifiers: a tutorial, IEEE Circuits and Devices Magazine, 1985, vol. 1, no. 2, pp. 20-32.

BIOLEK, D. CDTA - building block for current-mode analog signal processing, In Proceedings of the
16th European Conference on Circuit Theory and Design - ECCTD 03, Krakow, Poland, 2003, pp. 397—
400.

BIOLEK, D., SENANI, R., BIOLKOVA, V., KOLKA, Z. Active elements for analog signal processing:
classification, review, and new proposals, Radioengineering, 2008, vol. 17, no. 4, pp. 15-32.

KESKIN. A. U. and E. HANCIOGLU. CDBA-Based Synthetic Floating Inductance Circuits with
Electronic Tuning Properties, ETRI Journal, Yol.27, No.2, pp.239-242, 2005.

TANGSRIRT. W., et al. Current-Mode Leapfrog Ladder Filters Using CDBAs, ISCAS2002, Scottsdale
(Arizona), May 2002, pp. V-57-V-60.

BIOLEK, D., BIOLKOVA, V. SFG simulation of general ladder filter using CDBAs, IEEE European
Conf. ECCTDO03, Krakow, Poland, vol. 1, pp. 385-388, August 2003.

COSTAS. P. COSTAS, ASIMINA. S. ASIMINA. Current amplifier based grounded and floating
inductance simulators, Int. J. Electron. Commun. (AEU), vol. 60, 2006, pp. 168-171.

JIRASEREE, A., SURAKAMPONTORN, W. Efficient implementation of tunable ladder filter using
multi-output current controlled conveyors, Int J Electron Commun (AEU), vol. 62, 2008, pp. 11-23.

BIOLEK, D., GUBEK, T., BIOLEKOVA, V. Optimization of CDTA-based Circuits Simulating Ladder
Structures, WSEAS Transactions on Mathematics, 2004, Vol. 3, No. 4, pp. 783 — 788.

KUNTMAN. H. KUNTMAN, UYGUR. A. Seventh-order elliptic video filter with 0.1 dB pass band
ripple employing CMOS CDTAs, Int. J. of Electronics and Communications (AEU), Vol. 61, 2007, pp.
320-328.

BIOLEK. D., BIOLKOVA. V. Tunable ladder CDTA-based filters, 4th Multi conference WSEAS. Puerto
De La Cruz, Tenerife, Spain, 2003, pp. 1 — 3, ISBN 960-8052-92-0.

HWANG, Y., WU, D., CHEN, J., SHIH, C. & CHOU, W. (2009). Design of current-mode MOSFET-C
filters using OTRAs, International Journal of Circuit Theory and Applications 37(3), pp. 397-411.

YAN-HUI, XI XUE LI. Active simulation of passive leapfrog ladder filters using DVCCs, ICIT 2008.
IEEE International Conference on Industrial Technology.

RATHORE. T. S., KHOT. U. P. KHOT. CFA-based grounded-capacitor operational simulation of ladder
filters. Int. J. Circ. Theory. Appl. 2007, published online on www.interscience.wiley.com.

LOBNA, A., AHMED, H.,, MAHMOUD, H., AHMED, M. Active realization of doubly terminated LC
ladder filters using current feedback operational amplifier (CFOA) via linear transformation, Int. J.
Electron. Commun. (AEU), 2011. Article in press is Available online.

WINALI J., MONTREE, S. A Systematic Design of Electronically Tunable Ladder Filters Employing

DO-OTAs, The Proceedings of ECTI con 2007, The 3rd ECTI Annual Conference, Chieng Rai,
THAILAND, PP. 61-64, 9-12 May 2007.

37


http://www.interscience.wiley.com/

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

YUH-SHYAN HWAN, DONG-SHIUH WU, JIANN-JONG CHEN and WEN- SHOU CHOU.
Realization of Current-Mode High-Order Filters Employing Multiple Output OTAs, AEU International
Journal of Electronics and Communications, Vol. 62, No. 4, pp. 299-303, Apr. 2008.

TANGSRIRT. W., DUMAWIPATA. T. and UNHAVANICH. S. Realization of lowpass and bandpass
leapfrog filters using OAs and OTAs, SICE 2003 Annual Conference, vol. 3, pp. 4-6, 2003.

UMUT E. A, MEHMET. S, HERMAN. S. Current mode leapfrog ladder filters using a new active block,
Int. J. of Electronics and Communications (AEU), Vol. 64, 2010, pp. 320-328.

MEHMET. S. Component reduced floating L, £C and +R simulators with grounded passive components,
Int. J. Electron. Commun. (AEU), 2011. Article in press is Available online.

BIOLEK, D. SNAP — program for symbolic core for Educational Purposes. CSCC'00 Vouliagmeni,
Athens, 2000, pp. 1711-1714.

DELIYANNIS, T., SUN, Y., FIDLER, J.K. Continuous-Time Active Filter Design. CRC Press, Florida,
USA, 1999.

SCHAUMANN, R., GHAUSI, M. S., LAKER, K.R. Design of Analog Filters. Prentice Hall, 1990.

KHATEB, F., BIOLEK, D., NOVACEK, K. On the design of low-voltage low-power bulk-driven CMOS
current conveyors.

BIOLEK, D. CDTA - Building Block for Current- Mode Analog Signal Processing. In: Proceedings of
the ECCTD 03, Krakow, Poland, Vol. Ill, pp.397- 400, 2003.

MAX435/436 Wideband Transconductance Amplifiers. Datasheet, 19-0042, Rev. 1, 4/93. Maxim
Integrated Products.

FMS6400-1 Dual Channel Video Drivers with Integrated Filters and Composite Video Summer.
Datasheet, Fairchild Semiconductor, June 2005.

PSpice User’s Guide, includes PSpice A/D, PSpice A/D Basics, and PSpice. Product Version 16.0, June
2007. In OrCAD_16\doc\pspug\

TOUMAZOU. C., LIDGEY. F. J. G. Haigh, Analogue IC design: The current-mode approach, IEE
Circuits and Systems Series 2, Peter Peregrinus Ltd., 1993.

LM13700 Dual Operational Transconductance Amplifiers with Linearizing Diodes and Buffers.
Datasheet, June 2004, National Semiconductor.

FABRE. A, SAAIDO, WIESTF, BOUCHERONC. Current-controlled bandpass filter based on
translinear conveyor, Electron. Lett, vol. 31, no. 20, 1995, pp. 1727-1728.

www.ti.com

OP860. Wide Bandwidth Operational Transconductance Amplifier (OTA) and Buffer. Datasheet, Texas
Instruments, SBOS331B, June 2006.

LIDGEY, J., TOUMAZOU, C. Current-Conveyor Basics and Applications. Chapter 11.1 in the book
Circuits & Systems. Tutorials, IEEE ISCAS’94, pp. 569-587.

TOKER A, OZCAN S, KUNTMAN H, CICEKOGLU O. Supplementary all-pass sections with reduced
number of passive elements using a single current conveyor. Int J Electron 2001; 88:969-76.

MINAEI S, CICEKOGLU O. A Resistor less realization of the first order all-pass filter. Int J Electron
2006; 93(3):177-83.

38


http://www.ti.com/

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

SOLIMAN AM. Generation of current conveyor-based all-pass filters from op-amp based circuits. IEEE
Trans Circuits Syst 11: Analog Digital Signal Process 1997; 44:324-30.

MAUNDY BJ, ARONHIME P. A novel CMOS first-order all-pass filter. Int J Electron 2002; 89(9):739—
43,

KERWIN, W., HUELSMAN, L., NEWCOMB, R. State variable synthesis for insensitive integrated
circuit transfer functions. IEEE J. Solid-State Circuits, VVol.SC-2, pp. 87-92, 1967.

DELIYANNIS, T., SUN, Y., FIDLER, J.K. Continuous time active filter design. CRC Press, USA, 1999.

SOLIMAN, A.M. Kerwin-Huelsman-Newcomb circuit using current conveyors. Electronics Letters,
Vol.30, pp. 2019-2020, 1994.

SENANI, R., SINGH, V.K. KHN-equivalent biquad using current conveyors. Electronics Letters, Vol.
31, pp. 626-628, 1995.

ALTUNTAS, E., TOKER, A. Realization of voltage and current mode KHN biquads using CCClls. AEU
Int.J. Elect. Comm., Vol. 56, pp. 45-49, 2002.

TOKER, A., 0Z0GUZ, S., ACAR, C. Current-Mode KHN-equivalent biquad using CDBAs. Electronics
Letters, Vol. 35, pp. 1682-1683, 1999.

KHALED, N.S., SOLIMAN, A.M. Voltage mode Kerwin-Huelsman-Newcomb circuit using CDBAs.
Frequenz, Vol. 54, pp. 90-93, 2000.

BIOLEK, D., BIOLKOVA, V. All-pass filter employing one grounded capacitor and one active element,
Electronics Letters, 2009, vol. 45, no. 16, pp. 807-808.

KHATEB, F., BIOLEK, D. Bulk-Driven Current Differencing Transconductance Amplifier. Circuits Syst
Signal Process, available online, DOI 10.1007/s00034-010-9254-9.

39



Curriculum Vitae

Personal Details:

Name: Mahmoud Ahmed Shaktour
Date of birth: ~ 29. 09. 1973, Tripoli—Libya
Phone: +420 774 101 074

Nationality: Libyan
Contact: xshakt00@stud.feec.vutbr.cz, ztoever2002@yahoo.co.uk

Address: University of Nasser, Faculty of Science
Department of Physics, Alkhoms-Libya, North Africa

Education

1999-2003: University of Nasser — teacher
2004-2007: Brno University of Technology (M.Sc in Microelectronics)
2007-2010: Technical University of Brno (Ph.D. study)

Experience

From 1999 Lecturer at University of Nasser, Faculty of Science,

Department of Physics.

Languages:

Arabic, English


mailto:xshakt00@stud.feec.vutbr.cz
mailto:ztoever2002@yahoo.co.uk

ABSTRACT

Frequency filters are linear electric circuits that are used in wide area of electronics. They are
also the basic building blocks in analogue signal processing.

In the last decade, a huge number of active building blocks for analogue signal processing
were introduced. However, there is still the need to develop new active elements that offer
new possibilities and better parameters. The current-, voltage-, or mixed-mode analog circuits
and their various aspects are discussed in the thesis. This work reflects the trend of low-power
(LP) low-voltage (LV) circuits for portable electronic and mobile communication systems and
the problems of their design. The need for high-performance LV circuits encourages the
analog designers to look for new circuit architectures and new LV techniques.

This thesis presents various active elements such as Operational Transconductance Amplifier
(OTA), Current Conveyor of Second Generation (CCII), and Current Differencing
Transconductance Amplifier (CDTA), and introduces novel ones, such as Voltage
Differencing Transconductance Amplifier (VDTA) and Voltage Differencing Voltage
Transconductance Amplifier (VDVTA). All the above active elements were also designed in
CMOS bulk-driven technology for LP LV applications.

This thesis is also focused on replacement of conventional inductors by synthetic ones in
passive LC ladder filters. These replacements can lead to the synthesis of active filters with

interesting parameters.



ANOTACE

Kmitoc¢tové filtry jsou linearni elektrické obvody, které jsou vyuzivany v riznych oblastech
elektroniky. Soucasné tvoii zdkladni stavebni bloky pro analogové zpracovani signali.

V posledni dekadé bylo zavedeno mnozstvi aktivnich stavebnich bloki pro analogové
zpracovani signalli. Stale vSak existuje potieba vyvoje novych aktivnich soucastek, které by
poskytovaly nové moznosti a lepsi parametry. V praci jsou diskutovany rizné aspekty obvodi
pracujicich v napétovém, proudovém a smiSném modu. Prace reaguje na dnes$ni potiebu
nizkovykonovych aplikaci pro pfenosné pfistroje a mobilni komunikacni systémy a na
problémy jejich navrhu. Potieba téchto vykonnych nizkonapétovych zatizeni je vyzvou
navrhata k hledani novych obvodovych topologii a novych nizkonapétovych technik.

V préci je popséana fada aktivnich prvki, jako naptiklad operacni transkonduktanéni zesilovac
(OTA), proudovy konvejor II. generace (CCIl) a CDTA (Current Differencing
Transconductance Amplifier). Dale jsou navrzeny nové prvky, jako jsou VDTA (Voltage
Differencing Transconductance Amplifier) a VDVTA (Voltage Differencing Voltage
Transconductance Amplifier). VSechny tyto prvky byly rovnéZz implementovany pomoci
"bulk-driven" techniky CMOS s cilem realizace nizkonapétovych aplikaci.

Tato prace je rovnéz zaméfena na nahrady klasickych induktori syntetickymi induktory v
pasivnich LC ptickovych filtrech. Tyto ndhrady pak mohou vést k syntéze aktivnich filtrti se

zajimavymi vlastnostmi.



