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ABSTRACT

CD-DITA based basic filtering applications such as first order APF and current mode SIMO-
type universal biquad filter have been implemented and CD-DITA based grounded inductor and
mixed mode filter have been proposed. CD-DITA is an extension of CDTA having extra voltage
input than CDTA increasing its usability of differential inputs. For a suitable CMOS based
implementation of CD-DITA, several CDTA realizations are studied and the suitable one is
modified to implement the proposed CD-DITA block. A FVF based CD-DITA is characterized
and its applications in analog signal processing circuits such as basic current amplifier, adder
subtractor and integrator are also studied. The proposed CD-DITA based grounded inductor is
realized with one resistors and one capacitor and further using proposed inductor band pass filter
has been simulated. The proposed CD-DITA based mixed mode filter using two resistors and
two capacitors with independent tuning of natural frequency and quality factor is simulated. The
proposed filter also offers low active and passive sensitivities. In addition, the effects of
parasitics and errors on the proposed filter are also investigated. The characteristics of CD-DITA
and its applications are verified by PSPICE simulations using TSMC 0.25um CMOS technology.
The characteristics of CD-DITA and validity of proposed biquad filter is verified by SPICE
simulation using TSMC 180nm technology.
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Chapter 1

Introduction

The efficient and compact implementation of various types of digital and analog signal
processing algorithms is possible on silicon chip due to the evolution of integrated circuit (1C)
technology. Simulation of any block or function indigital domain has been easier due to the
evolution of CMOS technology to lower technology nodes. Using CMOS technique,more

efficient and smaller in size circuits can be designed.

Although the functions can be implemented and handled efficiently, digital signal processing

(DSP) also faces some issues such as:

Additional complexity: Every signal is analogue in nature. So Analog to Digital
Converter (ADC) and Digital to Analog Converter (DAC) have to be used before processing
any analogue information into digital. Also the reconstruction filters contribute to system
complexity.

Limited bandwidth: Wireless transmission of digital signals is not possible and
transmission of digital signals for long distance using cables causes distortion and attenuation.
Hence repeaters should be used to regenerate these signals and thus bandwidth is limited for
digital signals

Clock skew: Clock skew is also called timing skew and occurs in synchronous digital
circuits. It’s a phenomenon in which the sourced clock will arrive at different times at different
components in the same circuit, thus causing skew between any two clocks. Thus clock skew
arises due to the distribution of a large amount of data and timing of clock over a large chip.
Trade-off: A trade-off is there between operating frequency, power dissipation, cost, noise

and level of the interferer.

However, there are many analogue domain functions for example signal rectification, signal
amplification, conversion of signals from analog to digital and digital to analog, continuous
time filtering that cannot be performed by digital circuits [1].

Hence to implement the above functions, analogue circuits holding high speed of operation

with high precision are needed. As the technology is shifting to lower technology nodes,

1




analogue circuits should also attain features of low power dissipation and operate on low

supplies [2].

1.1 Development of technologies:

Since the establishment of the integrated circuits, the operational amplifiers (Op-Amp) have
been used as the main and basic building block in analogue circuit design applications. Since
then, new analogue applications have been found and the performance conditions for analogue
circuits have been changed.

In VVoltage mode (VM) Op-Amp blocks very high closed loop gains trade off with bandwidth is
present. It means op-amp have limited bandwidth due to the constant gain-bandwidth product
at high closed-loop gains. Further, op-amps also suffer from the limited slew rate that in turn

affects the large signal operation and also high frequency operation.

When any application demands wide bandwidth, low-voltage and low power operations
simultaneously, the VM op-amp becomes very complex and also their characteristics are not
needed e.g. DC accuracy. Similarly on the other hand, the circuit techniques that are used in
radio or high frequency applications are usually simple so that required accuracy can be

achieved. Therefore there is always a growing need for new circuit techniques.

1.2.VVoltage and current mode signal processing :-

Since the last two decades in VLSI design, the development of the latest analogue applications
have been following the lead of the so called current mode techniques due to the advantages it
offers over the VM. Any application is said to be processed in Current Mode (CM), when the
information processed is in the form of currents instead of the conventional VM.

Another important advantage of CM over VM is use of the low supply voltages because the
design of CM blocks deals with the processing of current signals that can be achieved with
lower voltage swings .Also the mixed mode (MM) blocks are also synthesized and analyzed
along with developing the CM blocks. From the literature survey its known that CM blocks or
techniques always provide a large number of important analogue signal processing (ASP) and

signal generator applications. Due to large growth in IC technology in last two decades, the




1.3.

circuit designers have exploited the CM analogue techniques to provide the efficient solutions
to many circuit design problems. As a result, the CM approach for many analogue signal

processing applications offers many advantages like as

High Operating Frequency Range.

High Slew Rate(SR)

High Precision

Better Linearity

Accuracy

Low Power Dissipation.

While comparing VM and CM blocks, we should consider that here is no perfect or precise
definition for any block to be current mode or voltage mode. Some authors say that signals are
represented through currents in CM blocks and by voltages in VM blocks. But in every circuit
a node has associated voltage and each branch has a current.

In spite of this, CM approach has a large impact on IC design. Our procedure is basically
finding circuit realizations that are alternative of the exited circuits but are simple. So for this,
the procedure is basically using current signals rather than voltage signals for signal processing

applications.

Motivation for CM design circuit:

One method for finding the substitute of these VM circuit techniques is to go for current
signals instead of voltage signals for ASP. Circuits with MOS transistors are highly simplified
with the usage of current signals for processing in-stead of voltage signals. Also CM integrated
circuit realizations are more immediate to transistor level design than the conventional VM
realizations and thus results in simpler systems and circuits. Where in the circuits, wide
distribution of signals as voltages and the parasitic effects are more in the form of more
capacitances which are discharged and charged with full dynamic voltage swing which results

in limited speed and increase in dynamic consumption of power in VM circuits.




In CM circuits, it is difficult to avoid nodes having higher voltage swing but the positive side is
these nodes usually come with relatively less parasitic capacitances [3]. Thus it results in

higher speed and very low power dissipation.

When the current input signal is applied to a MOS transistor, the voltage developed will be
directly proportional to square root of the input current, if all the transistors are assumed to be
operating in saturation region. In the similar way, in BJT circuits voltage are logarithmic
functions of input signal. Therefore, the voltage swing compression also results in reduction of
voltage supply in CM blocks. This very feature is used in many applications such as log filters
[4], switched current filters [5], and nonlinear applications of CM usually. But unfortunately,
due to the result of mismatching of the devices, this nonlinearity can cause an enormous
distortion for the applications which need high linearity specifications or conditions. Therefore,

many CM circuits need to utilize more techniques to provide linearity in the circuits.

1.4. Evolvement of CM blocks:

The very first building block meant for current signal processing was published in 1968 [6],
and was named as current-conveyor (CC). And the enhanced version of the first generation of
CC appeared in 1970 and named as the 2"generation CCII [7] but due to the introduction of

the integrated voltage mode operational amplifier none of these CC got popular at that time.

In 1980’s, First fast pnp transistors were introduced in the bipolar ICs. In the mean while, the
research institutes started noticing problems in the analogue design using the VM Op-Amp and
hence it was not clearly the optimal solution to all analogue applications. New researches on
CM signal processing with various applications using CC were presented. Furthermore, a new
block was available i.e. Current Feedback Op-Amp (CFOA) [8]. The main advantages that
CFOA offered over Op-Amp were high bandwidth and high SR due to which it gained
popularity in video applications.

Mostly used CCs and the CFOAs relied on the complementary BJT technology. In order to
realize the CM circuits with cheap circuit technologies, various kinds of circuit topologies and
operational principles were needed. Therefore, in 1988 current mirror using MOS was

presented [9].




The primary set of the active building blocks (ABBs) for analogue applications and signal
processing applications is developing basically in two modes i.e. the first way that basic blocks
that are already presented should be modified to new active blocks such as current mirrors,
trans-conductance amplifiers (TA), CCs, voltage feedback amplifiers and also CFOA. The
requirement for these modified blocks is that these should have simple structure so that high
speed operation is achieved and also low power dissipation. The 2" way is to characterize

these ABBs with new elements.
For novel ABBs, some factors that one should seek are:

e Universality of ABB should be increased

e Electronic control of parameters

¢ Reduction or elimination of parasitics

e Design circuit application with minimum no. of ABBs and also minimum no of Passive
components

e To find the solutions for trading off between the accuracy and speed

Current-differencing differential-input transconductance-amplifier (abbreviated CD-DITA) i.e.
is an extension to Current-Differencing Transconductance-Amplifier (CDTA) is one among
these ABBs. This block has been characterized by high output and low input impedances and
thus making it suitable for the implementation of various ASP applications in CM. The
universality of the CD-DITA block leads to the applications using less active and passive

components and leading to simpler circuits.

1.5.Objective:
In accordance with the above discussion, the work in this thesis has mainly concentrated its
attention on the objectives that has to be achieved for CD-DITA and these objectives are given
as:-
e Design of the CD-DITA block
e Development of CD-DITA block
e Design of various applications employing single CD-DITA block




1.6.

Obijectives of this thesis is to modify the existing applications and also to implement new
applications such as realizing CD-DITA based proposed grounded inductor and employing its
BPF application, implementing CD-DITA based CM universal filter of single-input multi-
output (SIMO)-type configuration, implementing first order all pass filter (APF) using CD-
DITA, designing and implementing one CD-DITA based proposed MM filter of multi-input
multi-output (MIMO)-type configuration. To meet the objective of this work, the existing and
the proposed designs have been simulated by using the PSPICE software in 0.250um
TSMC technology node i.e. for grounded inductance simulation and 180nm TSMC
technology node i.e. for filter applications. Also, the simulated results have been compared

with the theoretical results.

Organization of Thesis:

Chapter 1: Presents the brief introduction of the current mode signal processing in analogue
circuit design. In this chapter the motivation for CM blocks and also the objective of the work
in thesis have been discussed.

Chapter 2: A brief survey of both CDTA and CD-DITA literature and the survey of several
grounded inductor circuits, CM biquad filter circuits employing CM ABBs and MM filter are
presented.

Chapter 3: FVF based and Translinear Loop Based CD-DITA has been realized and its non-
idealities are studied and simulated. 1t’s DC and AC responses have been characterized and
various performance parameters have been extracted through simulations.

Chapter 4: Some basic mathematical signal processing applications and filtering applications
has been implemented using FVF based and TL based CD-DITA respectively.

Chapter 5: Proposed grounded inductor and CD-DITA based Proposed MM-MIMO filter has
been implemented.

Chapter 7: This chapter presents summary of the work presented in this thesis and the future

work has been discussed.




Chapter 2

Literature Survey

2.1 Introduction:

In the past few years, the CM analogue signal processing blocks have received a considerable
amount of interest due to its advantages over VM blocks which have been explained briefly in
this chapter. As a result of this CM analogue blocks have been emerged, CDTA and CD-DITA
are among of these blocks. D. Biolek [10] . The basic block diagram of the CDTA and CD-
DITA block is shown in Fig. 2.1(a)

— Xef— —p Xe f————
CDTA CD-DITA
In I I I
— > Xt— 5+ N L il
z z v
IZ IZ
\A Vz W

(@) (b)
Fig. 2.1 Block diagrams (a) CDTA (b) CD-DITA

CDTA can be seen as a cascading of current differencing unit (CDU) and an operational
transconductance amplifier (OTA). CDTA has two low-impedance input terminals nand p,
CDU takes the difference of the input signals and then transfer this difference to the
intermediate terminal z, and this current is converted into voltage via external impedance

connected at the z- terminal. This voltage is again converted back into balanced currents|
and I,_at x+terminal with the gain of OTA i.e. g, .
CDTA finds many applications in the circuits which are highly sensitive to the stray

capacitances because CDTA have input terminals with low-impedance nodes. Thus this

advantage makes CDTA a very useful and right choice for the high frequency applications.




CDTA block has been referred to as a true CM block in the literature because it is a current

input and current output block.

CD-DITA is an improved version of CDTA. CD-DITA employs one differential-input OTA
instead of using a single-input OTA which has been used in the traditional CDTA as shown in
the Fig 2.1(b). This active element can provide various applications with advance features and
characteristics such as employing minimum passive elements, providing the electronic
tenability and controllability of various parameters like gain and quality factor and also
realizing MM operation.

A very vast literature is offered on CDTA block which specifically includes realization of
CDTA [11] using various techniques and a large variety of the CDTA based signal generation
and processing applications [12-13]. However it is obvious from the literature survey, that the
CD-DITA has found only single application, i.e. VM first-order APF presented in [14]. This
work offers the development of CD-DITA block and its applications in CM and MM filtering

area.

2.2 Review of CD-DITA Implementations:

CD-DITA has been derived from CDTA with opening V terminal which was initially

grounded; the basic internal circuitry of CD-DITA remains same as of CDTA except the V
terminal. So, let’s proceed with the review of the Wide-ranging literature of CDTA which
suggests that the both bipolar [11], and CMOS [12-13] technologies have been used for
implementing CDTA block.
CDTA realization using bipolar technology is presented in [17]. The advantages of BJT based
CDTA is its large overall gain when compared to the CMOS based implementations.BJT based
CDTA suffers from high power dissipation due to the leakages in BJT.
CMOS technology based CDTA structures have also been presented in the literature [18]. These
circuits hold an advantage of very high impedance at z -terminal. A low power CMOS
realization of CDTA has been presented in [19]. In this structure, flipped voltage follower (FVF)
has been used to construct the input stages, because FVF based CDTA offers very low
resistances at input terminals. One more CMOS based CDTA structure is given in [20]. This
structure exhibits very low impedance at the inputs and high output impedance (typically in
GQ).




A comparison of all the available CDTA structures in terms of technology, supply voltage, gain

and number of transistors, terminal impedances and power dissipation is shown in the table 2.1

Table 2.1 Comparison of several CDTA structures

Impedances
Technology | Supply ) Transconductance Power
Ref Bias current ) o atp, nand
used Voltage gain (gm) dissipation
z
[11] Bipolar +3V 100 pA 2mS - -
[17] Bipolar +2.5V 50 pA 0.96 mS - -
[22] Bipolar +1.5V 100 pA - 8.11 mW
025 pn
[18] +1.2V 150 pA 624.9 pS - -
CMOS
0351
[19] +0.75V 54 nA 210 uS 0.37 mW -
CMOS
0.35n 812 Q, 348
[23] +1.5V 100 pA 673 uS 3.61 mW
CMOS Q, 1.08 MQ
0.5 654 Q, 506
[20] 2.5V 125 pA 670 uS 1.4 mwW
CMOS Q, 1GQ

2.3 Review of CM universal filters:

Analogue active filter is commonly used block for ASP. This block finds various applications
in many fields, such as control systems, wireless communications and instrumentation signal
measurement [25]. The synthesis and design of the analogue active filter circuits using
electronically controllable blocks i.e. ABBs, taking several measures into account, for example
minimum number of the active and passive elements used for implementing any circuit or

others, has been receiving significant attention now a days.

Such ABBs provides convenience, versatility, flexibility for analogue circuit designer.
Recently, the filters namely the universal or multifunction biquadratic filters, that can perform
several functions using only single topology have been receiving significant attention from
designers. The most popular universal analogue filters topology among all these filter

topologies is a SIMO type CM filters. By simply just applying one current input signal, basic




filter applications such as LPF, BPF and HPF can be realized simultaneously and then by
connecting various current outputs the remaining two filter functions such as BRF and APF can
be realized simultaneously.

Many universal biquadratic filter configurations employing different ABBs, holding CM-
SIMO type topology, have been designed and also implemented in past two decades. The main
comparison of various active blocks is given in table 2.2. The CD-DITA based CM-SIMO
filter is also compared with these filters and its advantages and disadvantages are also
discussed in the coming chapters.

Table 2.2 Comparison of various CM-SIMO universal filters

Reference No. of No. of No. of Electronic All 5 filter
ABBs Resistors Capacitors | Tunability responses
used Used realized
[26] 1 4 2 NO NO
[27] 1 4 3 NO NO
[28] 1 2 2 NO NO
[29] 1 2 2 NO NO
[17] 1 1 2 YES NO
[30] 1 1 2 YES NO
[31] 1 3 2 NO YES
[32] 1 2 2 YES YES
CD-DITA 1 1 2 YES YES

2.4 Review of Grounded Inductor Simulations:-

In the network synthesis using active element to replace the actual bulky inductor there is a
huge demand of grounded simulated inductor [33]. Several active elements to simulate
grounded inductance such as op-amps [34], CCs [35], CCClIs [36], CFOAs [37], DVCClIIs
[38], CDTAs [39], DVCCs [40] have been reported in the vast literature and in this work a new

grounded inductor has been simulated using CD-DITA.

In the table given below the comparison of various grounded inductor configurations with the

proposed Grounded Inductor based on CD-DITA has been presented.
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Table 2.3:- Comparison of Various Grounded Inductor configurations with the New Proposed

Grounded Inductor

Ref. No. of Active | No. of No. of Requirement |Electronic

elements resistors capacitors of Matching tunability

used used used condition availability
[41] 1 2 1 YES NO
[36] 2 0 1 NO NO
[37] 2 2 1 NO NO
[38] 3 4 1 NO NO
[39] 2 0 1 NO YES
[40] 2 0 1 NO YES
[42] 2 0 1 NO YES
[43] 3 3 1 NO NO
Proposed 1 1 1 NO YES

2.5 Review of MM filters:

In analogue signal processing applications it may be desirable to have active filters with input
currents and/or voltages and output currents and/or voltages, that is mixed-mode filters. [55]
Careful inspection of the available literature shows that the mixed-mode realizations with input
current and output voltage and with input voltage and output current are available but limited
circuit realization is available for realizing a generalized mixed-mode active filter with input
current or voltage and output current or voltage. In recent past, mixed-mode filter circuits have
been extensively studied and researched in open literature with renewed interest and hence,
several mixed-mode filter circuits using different current-mode active elements such as
CCII[56], FDCII[57], CCCII[58], OTAs [59].However, these circuits employ too many active
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and passive elements in filter realization. Besides it, few of the circuits don’t offer the current
tunability feature of filter characteristic parameters too. As far as the topic of this paper is
concerned, the mixedmode filter circuits using single active element are of great interest,
because circuits employing minimum active components are more beneficial in terms of power
dissipation and manufacturing cost point of view and also satisfy the supply related
specifications of portable battery operated electronic gadgets . In this work mixed-mode filter
employing single CD-DITA as active element and two capacitors, two resistors has been
designed and implemented using 180nm TSMC paramenters. Table2.4 for comparison of
various MM filter configuration with the proposed MM filter can be given as:

Table2.4: Comparison of Various MM filter configurations with CD-DITA based Proposed
MM filter

Ref. [56] [59] [58] [57] Proposed
Active CCll OTA CCcClIlI FDCII CD-DITA
element

No. of Active 6 5 2 1 1
elements

used
Passive 10 2 2 5 4

elements

Electronic NO YES YES NO YES

tenability

Supply(V) +25 +1.65 +25 +12.5 +.9
Pole SMHz 1IMHz 638.5KHz 3.789MHz 6.97MHz

Frequency

(0,)

Universality YES YES NO NO NO
of filter
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Chapter 3
Realization of CD-DITA

3.1Introduction:

3.1.1.

Current-differencing differential-input transconductance amplifier i.e. CD-DITA is one of the
CM ABBs used for designing and implementing analogue circuits. In addition to the
traditionally used op-amps, CD-DITA block not only supports VM but also supports CM and
also the multi-mode or mixed mode operation. CD-DITA is growing as a flexible, versatile and
universal ABB for analogue signal processing applications. Its profitable features and
its usefulness have been renowned from [10] on active elements. The ideal and non-ideal

analysis of CD-DITA can be summarized as following:-

Ideal CD-DITA:

CD-DITA block is a new active block, having six terminals with electronic control. The circuit
symbol of CD-DITA and the behavioral model of CD-DITA [10] are presented in the Fig. 3.1(a)
and (b), respectively. CD-DITA has two current input terminals and they are having low-
impedance and ideally zero current input terminals i.e. p and n, and the remaining four
terminals are high-impedance terminals i.e. ideally infinite impedance terminals. Out of these
four terminals, two terminals are intermediate terminals that are specifically known as the

current output terminal zand the input voltage terminal v and then the remaining two

terminals are current output terminals i.e. X+and X—.

|p IX'

ov P
2 P X > ) —"  cou
CD-DITA
DO-OTA
In Ix+
— > , y Xf——— —
|Z | n
oV i
o -lVIZ [V
Vz Wy
(@) (b)

Fig. 3.1 CD-DITA (a) Schematic symbol and (b ) Behavioral model[10]
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The CD-DITA behavioral model includes two stages, which are basically controlled sources
and these two stages are differential current-controlled current-source i.e. DCCCS with current
gain unity, and differential voltage controlled current source i.e. DVCCS i.e. OTA with the
transconductance gain. The input stage of CD-DITA can be realized by using a differential in-

put single- out-put current differencing unit i.e. CDU , CDU basically produces the difference

of the in-put currents I,and I, that are intended to further flow through the output terminal

i.e. z terminal. There will be an appropriate voltage drop produced at the z terminal by the

differential current i.e. 1, and the voltage drop that is produced will be according to any

z

external load impedance is connected at the z terminal.
The output stage of the CDDITA block has been implemented by using a differential input and
dual output OTA i.e. DO-OTA. The z output terminal of the CD-DITA block has also been

internally connected to the non-inverting input terminal of the DO-OTA section. The terminal v
has been brought out as the voltage input terminal of the CD-DITA block that is connected to
the inverting input terminal of the DO-OTA section. The voltage difference at the input

terminals of the DO-OTA section i.e. between the Z and V terminals of the DO-OTA has been

transformed though the DO-OTA’s gain i.e. transconductance gain §,, into the output currents

i.e. |,,and |, intended to flow through the current output terminals of the CD-DITA block i.e.
X +and x — terminals. These output currents flow are intended to flow in the opposite
directions but these currents |,,and |, will be equal in magnitude. The gain of DO-OTA can

be electronically controlled using the bias currents. The relationship between the inputs and the

outputs terminals of the CD-DITA block can be shown by using the following terminal

equations:
V=V, =0 (3.1)
l,=0 (3.2)
=11, (3.3)
1, =9,(,-V.) (3.4)
=0V, -V,) (35)
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Therefore, Equation matrix of CD-DITA block has been given as

v,] [o o 0o 0o o0 I,]
Vv, 0 0 0 0 o0 |I
L=/ -1 0 0 0 |V, (3.6)
I, 0 0 £g, 0 Fg,|V,
|, 00 0 0 0 |V

3.1.2 Non ideal CD-DITA:-

In this section, the non-ideal CD-DITA block has been explained briefly. As presented in the
Fig. 3.2, non-ideal equivalent schematic symbol of the CD-DITA has been observed to be very
similar to the CDTA block , except than the addition of the error in the transconductance

transfer 8, which is due to the terminal V that has been always kept grounded in the case of

CDTA block but in CD-DITA block it has been brought as the external extra voltage
input terminal . The errors from the z and the v terminals are defined by the following

equations:-
B, =1-¢,;B,=1-¢,and |¢,| <<1;e, | <<1 3.7)
| - - - -"-"-"-"-">">">">">”">">"”"”/"‘”>/""="¥”"/"“"=""="-""="=—"7=""=>""""= 1
>
pe ——p 1,(BV-AY) L.
Rp L= -
[, Ideal CD-DITA X't . Xt
ne=> 3"
Rx CX

Fig. 3.2 Non ideal CD-DITA
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Where ¢,is transconductance tracking error from the terminal z to the terminal x +

And &,is transconductance tracking error from the terminal V to the terminal x +

In the non-ideal case, the terminal equations of the CD-DITA are slightly modified and given

as follows:-

V, =0 (38)

V. =0 (3.9)
l,=a,l,-a,, (3.10)
L. =+9,(8Y, - BV,) (311)
. =-9.(8Y, - AV,) (312)

Therefore, the Non-ideal CD-DITA block in the absence of various parasitics is presented by

the following equations matrix:-

v,1 [0 0 o o o TI,
V.| |0 o0 o o0 o0 |I,
I, |=|la, —&, 0 0 0 |V, (313
I, 0 0 =59, 0 F49,|V.
L] [0 o 0 0 o0 |V,]

3.2 Realization of Flipped VVoltage Follower(FVF) based CDDITA:-

3.2.1 Flipped voltage follower:-

In Fig. 3.3(a), a simple MOS based Common drain (CD) amplifier is shown; CD amplifier is
commonly used circuit in most of the ASP applications due to the voltage buffering operation

of this amplifier.

16




If we consider that the body effect of transistor M, is ignored, then with this assumption it has

been observed that the output voltage signal of the CD amplifier circuit follows the input

voltage signal with a dc level shift of v, of transistor M,

(@ (b)
Fig. 3.3(a) CD amplifier or Source Follower, (b) Flipped Voltage Follower (FVF)

Thus the relation between the i/p and o/p voltages signals can be expressed as the following

equation:-

V.. (3.14)

The DC analysis of the circuit in figure (a) shows some major drawbacks that are:

The sinking capability of this circuit to load is large i.e. source follower can sink large amount
of current to the load, but biasing current i.e. 1, is limiting the sourcing capability from output
node.

One more drawback of CD amplifier is the dependence of its o/p current 1 ,on the current

through the transistorM, i.e.l,,, such that if we vary transistor current then there is

ey,
corresponding Vvariation in its V and, thus the voltage gain also changes resulting variable
voltage gain i.e. not constant.

Due to the DC shift, voltage gain of this circuit is also less than unity.

If the loads are capacitive then also similar type of limitations exists in the circuit but at
relatively higher frequencies.

The o/p impedance of source follower circuit is given as:
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3.2.2

1

r. =—
On

out

(3.15)

Where g, is the transconductance of M, . The typical value of r,, ranges from 1k to5kQ
In Fig. 3.4(b), the circuit shown is a negative-shunt-feedback amplifier which also acts as the
source follower. Here in this circuit the usage of transistor M, is to buffer signals from i/p to

o/p. This circuit offers some major advantages over the conventional source follower circuit
and these are as follows:

Here in this circuit, current through transistor M, i.e. I,,is always constant with the help of

bias current|,, thus making I,,, independent of any variations in the o/p currentl .
Hence 1,,,is always constant, thus v, of M, also remains constant.
In this circuit the variations in output current i.e. 1, have been absorbed by the transistor M,

which is nothing but a current sensing transistor. Thus as a result, the variations in the output
voltage remains low even at the higher frequencies.
This circuit provides the output node with very small value of the output impedance because of

the M, transistor.

FVF can source large amount of currents due to its low output impedance [44]

M, transistor provides the shunt feedback to the circuit. The bias current source 1, is connected

to the drain terminal of transistor M, instead of the source terminal, due to which this particular
circuit has been named as the flipped voltage follower i.e. (FVF).

The o/p impedance of Flip VVoltage follower circuit is given as:-
1

gmlgmzrol

Wherer_ is the output resistance of transistorM,andg_,,g,,are transconductance of transistors

(3.16)

rout

M, and M, respectively. The typical value of r ranges from 10Q t0100Q.

Current Mirror based on FVF:

Considering  FVF circuit, the output node of FVF follower circuit can be used as the current

input node because at the output node of this circuit very low value of the impedance is shown
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as is required in the current mirror. Therefore, this modified FVF, called as a current sensing

cell, also named as FVF current sensor i.e. (FVFCS). In Fig. 3.5.0ne such circuit is shown:-

‘l, loat =l +in

Fig. 3.4 Current Mirror based on FVF

In the above circuit, node B acts as i/p current sensing node because it’s having low
impedance and the negative shunt feedback is provided by transistor M,. The variations in the
input current signal at the node s will be transformed to the corresponding voltage variations at

the node a. Transistor M, is used to form a current mirror i.e. M, produces the copy of the i/p

current signal utilizing the variations at the node a. The i/p and the output current signals are
related through the following expression:

lowe = 1i + 1, (3.17)

The bias current | in the above expression can be easily eliminated by employing the current
mirroring techniques.

The voltage levels required at the node 4 to keep both the transistors i.e. M,and M,are just
Voo » that is smaller than the voltage levels required for the traditional low-voltage current

mirrors.
The impedance of this mirror at the input node A4 is very low i.e. ranging from 10Q to 1002 and
the minimum level of voltage supply required at the node A is expressed as the following:-

Ve (min) = Vpssar — Vi (3-18)
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Thus FVF based current mirror has very low power supply requirements.

3.2.3 Current differencing unit:-

CDU can be realized using FVFCS [45] as shown in figure 3.5. In this CDU transistors from

M,-M,and M,-M,are forming two consecutive FVF based current-mirrors and also transistor
pairsM,and M, are used to realize the simple current-mirror. To bias the both FVF based
current mirrors same bias current i.e. 1, is used, due to which the currents throughm,and M,

transistors will be equal to the biasing currenti.e. I,,.

b bhod b

¢|p+|b1 |p+|b1¢ I
z

= s

I+l
¢Ip+|b1 it b1 |n+|bl¢

> B = .

Fig. 3.5 CDU based on FVF

The input currents i.e.1 jand I have been applied at the current input terminals i.e. p andn

of the CDU respectively. Thus the resulting currents flowing through the transistors m,and

M, can be expressed by the following expressions:-

Lo =1, + 1oy (3.19)

lys =1, +1,, (3.20)

20




3.24

The currents flowing through the transistorsm,andM, will be exactly mirrored into the
transistors M,and M, because of the current mirror respectively. The current flowing through
the transistor M, will be further mirrored into the transistor M,due to the usage of a simple
current mirroring circuit. Thus, the resulting currents flowing through the transistorsM and M,

can be expressed as the following expressions:-

(3.21)

Iug =1, + 1y

Lo =1 +1, (3.22)

In CDU unit, the z terminal has been considered as the current output and the difference of the

currents flowing through the transistors Mg and M, will be either sourced by the z terminal or

sunk by the z terminal and hence this expressions of current flowing through the z terminal can
be expressed as following:-
I,=1,-1 (3.23)

From the above expression it becomes clear that the current differencing operation has been
realized by the z terminal of CDU unit. In CD-DITA, if some external impedance is connected

at the zterminal of CDU, then the corresponding current though the zterminal i.e. 1, will be
converted into the corresponding voltage dropv, at the z terminal. The z terminal acts as one of
the voltage input nodes for DO-OTA and hence the voltage drop i.e. at the z terminal i.e. V,can

be used as one of the inputs of the DO-OTA section of the CD-DITA.

Dual output OTA (DO-OTA):-
As presented in the Figure. 3.6, the DO-OTA section of the CD-DITA block has been realized

by using a differential pair amplifier formed using a transistor pair consisting transistors M,and
M,,. Transistors M,and M, have been biased using the biasing current i.e. 1 ,and for the
purpose of obtaining the dual output current i.e. I, +, few simple current mirror circuits based

on the NMOS and PMOS have been used.
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Fig. 3.6 DO-OTA [46]
The input voltage signals i.e. Vv, andV, have been applied at input voltage terminals i.e. thez
terminal and the vterminal respectively. The input voltages at these input terminals i.e. at z
terminal and vterminal will produce the corresponding currents i.e. 1,and I, flowing through
the transistor Mjand the transistor M., respectively. Here when the current 1, i.e. flowing
through the transistor M, has been mirrored using the transistor pair M,;and M, and also
when the current I, i.e. flowing through the transistor M,, has been mirrored using the
transistor pairs i.e. M, ,M,,, Mjand M, . Thus by mirroring the currents I,and I,

according to the above configurations, then output of the DO-OTA achieved at an output
terminal x+ will be a positive difference of the currents 1 .and 1, .Thus the current flowing
through the x -+ terminal of the DO-OTA can be expressed as following:-

.=, (3.23)
Here when the current I, i.e. flowing through the transistor M, has been mirrored using the

transistor pairsM,,, M,, , M,;and M,, ,and also when the current 1, i.e. flowing through the

147
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transistor M, has been mirrored using the transistor pairs i.e. M,gzand M,, Thus by mirroring
the currents 1,and 1, according to the above configurations , then the output of the DO-OTA

achieved at an output terminal x— will be a negative difference of the currents 1.and I,.

Thus the current flowing through the x+terminal of the DO-OTA can be expressed as

following:-
L =—(1,-1,) (3.24)

Thus when the differential input voltage i.e.(V, —V,) has been applied at the input of the DO-
OTA then the dual output current signals i.e. I, +can be achieved. The expressions for the
output currents of the DO-OTA section can be given as the following:-

e =#(1, - 1,)=%0,(V, -V,) (3.25)
Where g, is the transconductance gain of the DO-OTA section and this transconductance gain
of the DO-OTA can be controlled by the biasing current i.e. 1,, . The transconductance gain of

the DO-OTA i.e. g, can be given as the following expression:-

0, = \/ I[uc("%ﬂ (3.26)

Where the parameters WT u,and C_, are of the differential pair transistors i.e. of the transistors

M,orM,,. And g, i.e. the transconductance gain of the DO-OTA can be varied by varying the

bias current|,, .

To realize the CD-DITA block, DO-OTA section has been clubbed with the CDU section and
in the CD-DITA block the one of the voltage input terminal i.e. z terminal of DO-OTA section
has been driven by the current output terminal i.e. z terminal of CDU section and the second
input voltage terminals i.e. v terminal of the DO-OTA section is connected to some external
input voltage signal. Depending upon the application requirement the connections to this v
terminal of the DO-OTA can be made.
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The complete schematic diagram of the CD-DITA block based on the FVF is presented in the

Fig. 3.7:-
PTE
g B
4 e h\l’
HAI;I FI)»H FI%—l %q

4 M5 M13

Fig. 3.7 CD-DITA based on FVF
In the above figure 3.7CD-DITA based on FVF consists of the CDU section followed by the

DO-OTA section. And the aspect ratios of the transistors used to implement the realization of
the CD-DITA block has been listed in the table 3.1 given below:-

Table 3.1 Aspect ratios of the transistors for CD-DITA based on FVF :

Transistors W in (um) Lin (um)
M, — M, 24 1
Mgy, My, 8 1
M., — M, 5 1

Mg —M,, 8 1

3.3 Characterization of CD-DITA:-

The CMOS implementation of the CD-DITA block based on FVF has been presented in the Fig
3.7. The CMOS implementation of the CD-DITA block has been simulated using the PSPICE
simulations and also using the 0.25um technology mode i.e. 0.25um process parameter. And

the power supply rails that are used are£1.2V . This CD-DITA block characterization for both
the large signal behavior i.e. the DC response of the CD-DITA block and for the small signal
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behavior i.e. the Frequency response the CD-DITA block is given in the coming sections of

this work:

3.3.1 DC characteristics or Large signal analysis:-
3.3.1.1 DC characteristics of CDU Section:-

b1l b1l O
Mbreakp Mbreak
OOU%@ lOOu%(}) vdd LY p P
— 1;7 Mi —
M1 — M6 —
=
Mbreakn M MbreakN'_
n[>—t
P[> r L M5 M4, | z
- { | i<
MbreakN MbreakN'_
L d
— 'IVIZ M?I’ —
I I VSS
Mbreakn MbreakN' ] U

Fig. 3.8 PSPICE schematic diagram of the CDU

The PSPICE schematic diagram of the CDU Section of the CD-DITA block has been presented
in the Fig. 3.8. the current that is used to bias the CDU section i.e. I,, has been chosen as 100A .

To verify the linear range of the ouput current when input currents are varied i.e. the dynamic

range of the input currents at the current input terminal pand also along with the verification of
the current tracking from p terminal to the z terminal.

The DC analysis of the output current of the CDU vs. one of the input current signal provided
the other input signal is zero i.e. I, vs. 1 jwith the condition of I =0 has been plotted and To
obtain this plot the current at pterminal i.e. I been varied from —-1504At0150.Aand presented

in the Fig. 3.9
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Fig. 3.9 . Current transfer from the p -terminal to the z -terminal (1, vs. 1 ) with the condition
I.=0

The DC analysis curves that are presented in the Fig. 3.10 show the effect of the variation of

the current at the nterminal current i.e. I, on the plot of I,vs.1 . To obtain this plot the

current at pterminal i.e. 1 been varied from —150.At0150.A along with the parametric sweep

of 1, that is ranging from the value of —60.Ato 60.A using interval value of 30A .

. w10

2 I N =60uA

Current I,

Current |p

Fig. 3.10 Current transfer from the p-terminal to the z -terminal (I, vs. I /) with parametric

sweep on |,
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To verify the linear range of the ouput current when input currents are varied i.e. the dynamic
range of the input currents at the current input terminal nand also along with the verification of
the current tracking from n terminal to the z terminal.

The DC analysis of the output current of the CDU vs one of the input current signal provided

the other input signal is zero i.e. I, vs | with the condition of | =0 has been plotted and To
obtain this plot the current at nterminal i.e. | been varied from —1504At0150.Aand presented

in the Fig. 3.11.

15 L1207

X: -0.0001
¥:0.0001019

05 |

Current I,

-0.5

-1.5 | | |
-1 0 1

Current | 4
n % 10

Fig. 3.11. Current transfer from the n-terminal to the z -terminal (1, vs I, ) with the condition

I, =0

The DC analysis curves that are presented in the Fig. 3.12, show the effect of the variation of

the current at the pterminal current i.e. 1 on the plot of I,vs | To obtain this plot the
current at nterminal i.e. | been varied from —1504At0150.A along with the parametric sweep
of 1 thatis ranging from the value of —60.Ato 60A using interval value of 30.A.

From the DC analysis of the of CDU conducted using the PSPICE simulations, it has been
concluded that the input vs output characteristics of the CDU section will remain in linear

range for the input dynamic range of —100.At0100.Athis can also be theoretically verified

by the bias current I, that tends to limit the dynamic range of CDU section.
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Fig. 3.12 Current transfer from the n -terminal to the z -terminal (I, vs|,)with parametric

sweep on I,
3.3.1.2 DC characteristics of DO-OTA Section:-

The PSPICE schematic diagram of the DO-OTA Section of the CD-DITA block has been
presented in the Fig. 3.13.

)

b2

Vvss
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MbreakP MbreakP Qdd MbreakP
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MbreakP MbreakP MbreakP
— — —
< —
M1z M167] M187]
M9 l_MbreakN Ly M10 DXp
< —
. _|MbreakN
L M12 M1 | 113 M14 |
0 — —| — —— <
Mbreakn MbreakN'™] MoreakN  MbreakN™]

Fig. 3.13 PSPICE schematic diagram of the DO-OTA
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The current that has been used to bias the DO-OTA section i.e. I,, has been chosen as 1004A

To verify the linear range of the output current when input voltages are varied i.e. the voltage
dynamic range of the input voltage at the voltage input terminal zand also along with the
verification of the of transconductance transfer from the input terminal i.e. the zterminal to
the output current terminals i.e. the x + terminals , DC analysis is achieved by varying the input

voltage at the input zterminal i.e. V, from -1.2V t01.2V and the resulting plot i.e. of output
current vs. input voltage by keeping the other voltage terminal grounded i.e. 1., vs.V, with the

condition of V, = 0V has been presented in the Fig. 3.14.

15 X 10

0.5

Current |
X

-0.5

-15 1 1 1 1 1
-1 -0.5 0 0.5 1
Voltage VZ

Fig. 3.14 Transconductance transfer from the z -terminal to the x + terminal (1, vsV, ) with

l,, =1004A

The effect of the variation of the bias current I,, on the output current vs input voltage curves
i.e. 1,vsV,plot has been presented in Fig. 3.15. To achieve these DC curves, the input

voltage of the DO-OTA section i.e. V, has been varied from the —1.2V t01.2V along with the
parametric sweep applied on biasing current i.e. on |, with the values 25 A ,50 A , 75.A and
1004A .
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Fig. 3.15.Transconductance transfer from the z -terminal to the x + terminals (1,, vsV, ) with
l,, as parametric sweep
From the DC analysis of the of DO-OTA conducted using the PSPICE simulations, it has been
concluded that the input vs output characteristics of the DO-OTA section will remain in linear

range for the input dynamic range of —300mV to300mV . This input dynamic range of the
DO-OTA section has been further limited by the bias currenti.e. I, .

3.3.1.3 DC characteristics of CD-DITA Block:-

To form the CD-DITA block both the CDU section and the DO-OTA section has been
cascaded. The PSPICE schematic of CD-DITA has been presented in the Fig. 3.16 and the Bias
current used to bias the both the CDU section and the DO-OTA section i.e. I, andl,, has

been chosen as100.A .

For verifying unity current gain i.e. A =1 while transferring input current from the input
current terminal i.e. pterminal to the output current terminal i.e.x+terminal, DC analysis

curves between the output current and the input current i.e. I, vs1 _has been performed by

varying the externally connected resistance R, at the z -terminal has been plotted.
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Fig. 3.16 PSPICE schematic of CD-DITA block
The DC analysis curves presented in the Fig. 3.17 shows the variation of externally connected

resistance R, at the z terminal on the output vs input i.e. I, vs1 graph. The conditions that are

used to achieve these plotted results are first the current at the input pterminal i.e. 1 has

been varied from the—-604At060.A along with applying the parametric sweep on R,
keeping the values of R, as1kQ,3kQ,5kQ & 7kQ secondly the current at the input n»terminal

i.e. 1 hasbeen keptzeroi.e. I, =0uA .

5
8 10

Current Iy

Current I,

5
% 10

Fig. 3.17 Current transfer from the pterminal to the x + terminal (1,, vs1 ) with parametric

sweepon R, &1, =0
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From these DC plotted results, the value of the external resistance connected at the z -terminal

l.e. R, for achieving unity current gain i.e. A =1 of the CD-DITA block, has come out to be

the value of 3.55kQ that has been conformed fromthe 1, vs1 curve.

DC plotted results the value of the external resistance connected at the z -terminal i.e. R, for
achieveing unity current gain i.e. A =1 of the CD-DITA block, has come out to be the value

of 3.55kQ these has been conformed from the 1 vsi| , curve that has been plotted by using

the value of R, =3.55kQ and has been presented in the Fig. 3.18.

5
6 ><].0

Current Iy

-6 | | | | | | |
-4 -3 -2 -1 0 1 2 3 4

Current I

Fig. 3.18 Current transfers from p terminal to x + terminal (1,, vs1 ) with 1 =0and

R, =3.55kQ

DC analysis curves between the output current and the input current i.e. 1, vs1_has been
performed by varying the bias current 1, as been plotted. The DC analysis curves presented in
the Fig. 3.19 presents the effect of the variation of the bias current I, 0on the output current vs
the input current graphs i.e. 1, vs1_graph with the condition of keeping 1 =0and the
externally connected resistance at the z -terminal i.e. R, =3.55kQ2.

To achieve these graphs, 1 has been varied from —60.Ato60.A with a parametric sweep of

the biasing current i.e. of I, with the values of 404A ,801A,120.A , 160.A and 200 LA .
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Fig. 3.19Current transfer from the pterminal to the x+terminal (1,.vs1 ) keeping I, =0,

R, =3.55kQ and parametric sweepon I,,

3.3.2 Small signal analysis (AC characteristics):-

For doing small signal analysis or for achieving AC characterization of any active block, the
inputs that have to be applied should be AC signals and that must be simulated by plotting the

frequency responses of the outputs of these active blocks. The Bias current 1,and I, that are

used to bias the CDU section and the DO-OTA section respectively; both are chosen as the

value of100uA. The achieved frequency response plot of I, /1 has been presented in the Fig.

3.20

From the Fig. 3.20 frequency response plot of I, /1, the parasitic gain i.e. «,and the current
tracking error i.e. & from the input terminal p to the output terminal z can be measured and

along with these the bandwidth of the block CD-DITA can be measured. The practically values

of these parameters as «, , ¢, , and the bandwidth achieved from the frequency response plot

of 1, /1, has been given as following :-

oy = :_ _110.638mdB = 1.021 (3.27)

p
p

cg, =1l-a, =-0.021 (3.28)

p
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B.W = 202..445MHz (3.29)
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a =1.013
X: 3.162e+05 P
Y:1.013
1k i
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z
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o
04 | i
02 | 2
0 Ll Ll Ll Lol Ll Ll Ll Ll Ll h
10° 10! 102 10° 104 10° 10° 107 108 10° 101

Frequency(Hz)
Fig. 3.20 Parasitic Current gain from the terminal p to the terminal z (1,/1 vs frequency)
with condition I, =0
Similarly the achieved frequency response plot of I, /1, has been presented in the Fig. 3.21

12

T T T T T
a =1.014
X: 1.738e+06 —_—nn

Y:1.014

1= -

08 |

06 [

Current Gain

04 |

02 |

(o)) T B RV R T B ST B T B ST R |
10* 10° 10° 10

Frequency(Hz)

Fig 3.21. Parasitic Current gain from terminaln to terminal z (1,/1, vs frequency) with

condition I, =0
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From the Fig. 3.21 frequency response plot of I, /1, the parasitic gain i.e. «,and the current
tracking error i.e. &, from the input terminal » to the output terminal z can be measured and

along with these the bandwidth of the block CD-DITA can be measured. The practical values

of these parameters as «,, , ¢, , and the bandwidth achieved from the frequency response plot

of I, /1, has been given as following :-

r, = - =120.722mdB =1.023 (3.30)
g, =1-a,=-0.023 (3.31)
B.W.=372.759MHz (3.32)

The frequency response of the transconductance gain i.e. g, of the CD-DITA block from
terminal z to the output terminals x+ has been presented in the Fig3.22. The

transconductance gain i.e. g, and the bandwidth for this has been measured by keeping

l,, =1004A

10~
3 X
9, =28L3UAN
X: 4074
Y:0.0002813

25 | _

2 L
(<53
o
S
g 15 |
>
=)
=
o
Q
(%]
=
s
=

05 |

10° 10? 10 2 108 104 10° 10 ° 107 108 10° 10

Frequency(Hz)

Fig. 3.22 Transconductance g, (1., /V,vs frequency ) with the condition 1, =100zA
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Fig. 3.23 Transconductance gaing, in dB (1, /V,vs frequency) with the condition

l,, =100A

Practically the measured values of g, and the bandwidth from the Fig. 3.22 and the Fig. 3.23

can be given as:-

The simulated frequency response of the transconductance gain i.e. g, of the CD-DITA block
for various values of the biasing current i.e l,, has been presented in the Fig. 3.25. 1,, has been

varied with the values50A, 100.A , 150.A and2004A, and g, graphs so obtained have been

shown in the Fig 3.24.

From the Fig 3.25 various values of the transconductance gain i.e. g,,of the CD-DITA block
has been measured for different values of the biasing current i.e. 1,,. The measured values of

the transconductance gain i.e. g, for the value ofl,, 504A, 1004A, 1504A and2004Aare

g, =—71.02dB = 281.3
B.W.=244.585MHz

LAN (3.33)
(3.34)

213.190 AN , 281.752 uA/N ,325.993 /A/V and 356.307 A/V respectively.
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Fig. 3.24.Transconductance gaing,, (1, /V, vs frequency) keeping 1,, as parametric sweep

The simulated frequency response of the overall gain of the CD-DITA block from the

terminal pto the current output terminal x+shown in Fig. 3.25 and

the conditions for

achieving the overall gain of the CD-DITA block i.e. g R, of 5 or 14dB are I, =1004A,

g, =281.34A/N and R, =17.74kQ by:

20

X: 2455
Y:13.69

T T T T
A|:13,69dB

-20

40 |

Current Gain

-60

-80

-100

-120 | Ll Ll Ll | | | Ll Ll

10°
Frequency(Hz)

Fig. 3.25. Overall Gain of CD-DITA (1,, /1, vs frequency) withl, =0, I,, =100zAand

R, =17.74kQ

Thus, from Fig. 3.26 CD-DITA’s measured gain and bandwidth can be given as:
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Gain=13.702dB (3.35)
B.W.=83.108MHz (3.36)

Similarly The simulated frequency response of the overall gain of the CD-DITA block from
the terminalnto the current output terminal x+has been plotted by using the same above

mentioned conditions, has been presented in the Fig. 3.26 as:-

20

I
A |=13.74 dB

X: 3802

0L
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-40 |
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10° 10! 102 10° 104 10° 10° 107 108 10° 101

Frequency(Hz)

Fig. 3.26 Overall Gain of CD-DITA (1, /1, vs frequency) with1 =0, I,, =100xAand
R, =17.74kQ)

Thus, from Fig. 3.26 CD-DITA’s measured gain and bandwidth can be given as:-
Gain=13.714dB (3.37)
B.W.=92.842MHz (3.38)

Conditions required for measuring the impedances seen through the input and the output
terminals of the CD-DITA block are to apply a AC test signal to the terminal at which the
impedance has to be measured and open circuit the other current terminals and short circuit
other voltage terminals.

The ration of the corresponding voltage and the current at that terminal should be plotted w.r.t.

to the frequency and resultant plot will give the impedance seen thorough that terminal.
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Theoretically, the impedances seen through the input current terminals i.e. p andn should
be low and equal. The input impedances have been presented in the Fig. 3.27 and Fig. 3.28
and the plots verify the theoretical observations.

The values of these impedances measured from their corresponding frequency responses have

been written as follows:-

Z, =2, =437.24Q (3.39)
450 HH‘ T \\\HH‘
400 | P
350 |
300 |
£
=3
%250 L
200 |
150 |
100 T B R T B T S T B ST R T B A A R R R B R
10° 10! 10°? 10° 104 10° 10° 107 10° 10° 101
Frequency(Hz)
Fig. 3.27 Impedance seen through the p -terminal ( Z  vs frequency)
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300 |
g
g
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Fig. 3.28 Impedance seen through n -terminal( Z  vs frequency)
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Theoretically, impedances seen through the current output terminals i.e. zandx+ should be
very high and the impedances z and x + has been presented in the Fig. 3. 29 and Fig. 3.30 and
impedance have been measured out to be of very high value which verifies the theoretical
observations. And the measured values of these impedances from their corresponding

frequency responses have been given as:-

Z, =391.979kQ (3.38)
Z., =1.485MQ (3.39)
4><10‘JHMH S ——
X: 1622 ___Z,=391.979 kilo ohm ‘
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25 | |
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Fig. 3.29 Impedance seen through z -terminal( Z, vs frequency)
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Fig. 3.30 Impedance seen through x +terminal( Z,, vs frequency)
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The overall simulated power dissipation of the CD-DITA block based on FVF has been come
out as 1.59 milli watts and summary of overall AC and DC performance parameters of the
CD-DITA have been listed in Table 3.2.

Table 3.2 Performance parameters of CD-DITA

Parameter Value Condition
Power supplies +1.2V -
Process parameters TSMC 0.25um -
Dynamic range of the Input
—1004At0 1004A I, =1,, =100LA
currents 1 andl,
Dynamic range of the Input
—300mV to 300mV -
Voltage V,
Parasitic gains
1.021,1.023 Ground the z terminal
a, a,
Bandwidth for 1, /1, 202.445MHz Ground the z terminal
Bandwidth for 1, /1, 372.759MHz Ground the z terminal
Transconductance gain Ground the x + terminals and
281.752 uAN
g 1y, =1002A
Bandwidth for |, /V, 244.585MHz Ground the x + terminals
Overall Gain
13.702dB R, =17.74kQ for gain of 14dB
g,R, fromp
Overall Gain
13.714dB R, =17.74kQ for gain of 14dB
g,R, fromn
Bandwidth for 1, /1, 83.108MHz R, =17.74kQ for gain of 14dB
Bandwidth for 1, /I, 92.842MHz R, =17.74kQ for gain of 14dB
Input impedances at the input
terminals
: 437.24Q open circuitz and x + terminals
pandnterminals
(z,.2,)
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Output impedances at the z open circuitn pandx+

o 391.979kQ
Terminal i.e. Z, terminals
Output impedances at x + o .
. _ 1.485MQ open circuit p, nand z terminals
Terminalsi.e.zZ ,
l,=1,=0A
Static Power dissipation 1.59mW And open circuit the z and the
x + terminals

3.4 Realization of CD-DITA based on translinear loop:

In this work, 2™ circuit for CMOS implementation of the CD-DITA [47]block has been used
for simulating its filter applications and is presented in Fig. 3.31, where the CDU section is
formed by transistors M1-M12 and the DO-OTA section is realized by the transistors M13-
M16. This circuit has been simulated using PSPICE with 180nm TSMC parameters. Supply

rails used are + 0.9V .

Vvdd

Vss

Fig. 3.31 CMOS implementation of CD-DITA[48]
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This circuit, used for implementing CD-DITA, is modification of the CDTA circuit that was
first presented in [47].M2, M5 and M6 transistors of CDU section are realizing floating current
source [47]and transistors M3 and M4 are providing positive feedback which in turn reduces
the resistance of input current terminal p . For reducing resistance of input current terminaln ,
transistors M4 and M6 have been used in CDU section. The DO-OTA section used was first
presented in [48].

The aspect ratios of the transistors used to implement the CD-DITA block have been given in
table3.3:

Table 3.3Aspect ratios of MOS transistors used in CD-DITA implementation

Transistors W(,um) |_(,um)
M,-M, 18 0.18
M,, M, 36 0.18

Mg —M,, 18 0.18
My; =My 6 0.18

The overall transconductance (J,,) of DO-OTA stage of the CD-DITA block can be obtained
from the transconductance of the transistors (M13-M16) forming output stage. Approximated

value of overall transconductance (J,,) gain can be calculated as:

(gm13+gm15)orgm ZM (3.40)

On = > 5

Where g, is the transconductance of the i™ transistor, defined by:

w
Omi = \/Ibiﬂn/pcox[f} (341)

Where

My, -the carrier mobility for NMOS and PMOS transistors respectively,

C - Silicon oxide capacitance per unit area,
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[W/L], ~wiL ratio of i" transistor

l,; -bias currents of i transistor.

Both the CDTA and CD-DITA block can be characterized by similar AC & DC
characteristics. Here AC behavior of CD-DITA block will be discussed because AC analysis
provides the parameters that are related to the non-idealities-of the CD-DITA block which will

be useful verifying filter characteristics for non-ideal CD-DITA.
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Fig. 3.32 PSPICE schematic of CD-DITA block

PSPICE schematic of CD-DITA block is presented in Fig. 3.32. Bias currents (1, 1, Iy,

I,, have been chosen as 1004A,1004A ,25.A , 25 A respectively and bias voltagesV,;,V,,,

have been chosen as—400mV and300mV respectively.

Frequency response of current transfer ratio p terminal to Z terminal i.e. IZ/Ip has been

shown in the Fig. 5.5and from this graph the parasitic gaina, is measured to be as:
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Fig. 3.33 Parasitic Current gain from p terminal to Z terminal with |, =0 ( IZ/I o vs. frequency)

Frequency response of current transfer ratio from N terminal to Z terminal i.e. |, / |, has been

shown in the Fig. 3.34and from this graph the parasitic gain @, is measured to be as:

Current Gain

a, =—2=-388.787mdB = 0.9562 (3.43)
In
1
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Fig 3.34 Parasitic Current gain from N terminal to Z terminal with |, =0 ( IZ/In vs frequency)
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Fig. 3.35gives frequency response of (,for fixed landl,,and Fig. 3.36 gives frequency

response of J, by varying bias current | jand I, with values15.A 20.A 25.Aand 304A and

the respective g, obtained are 155.612 ANV | 198.114 yAN | 236.659UAN and 273.822 yAN .

4

2.44 x 10
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Fig3.35 Transconductance gain g,,from Z -terminal to X + terminals
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Fig. 3.36Transconductance gain §,,from Z -terminal to X + terminals with | ;and I, as
parametric sweep (1., /V, vs frequency)

The impedances seen through the input terminals p and N have been found out to be very low
and have been presented in Fig. 3.36and Fig. 3.37 respectively .Values of the parasitic
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impedances at the input terminals R and R have been measured from their respective

frequency response curves and the parasitic capacitances at these terminals provide negligible

effect.
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Fig 3.37Impedance seen through p -terminal (Z,vs frequency)
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Fig. 3.38 Impedance seen through N -terminal (Z, vs frequency)
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The parasitic resistances R,and R, seen through the output terminals zand X have been

presented in Fig. 3.37andFig. 3.38and can be measured from the irrespective frequency

responses and using values of these parasitic resistances at high frequencies, the parasitic

capacitances C,and C,can be measured because at high frequencies the effect of parasitic

capacitances is predominant.

12 X
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T T
X: 4898 z ,=1.184 Mega ohms
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Fig. 3.39Impedance seen through Z -terminal (Z, vs frequency)
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‘ Z  =63.39Mega ohms ‘
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Fig. 3.40Impedance seen through x =+ terminal (Z,, vs frequency)

- R, =1.187MQ (3.46)
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R R,
-[z.|=

Z =—21 —_—t 3.47
* 1+sC,R, 1+ »*C?R? (3.47)
Referring the graph in Fig 3.37 at f = 2MHz, |Z,|=1.187MQ
..C, =88.6fF (5.21)
Similarly,
R, =63.39MQ (5.22)
R R
Z = |z e 5.23
© 1+sCR, = J1+ 0*C?R? 529
From the graph, at f =100MHz, |Z,|=53.955MQ
-.C, =17.23fF (5.24)

Thus, the impedances seen through the terminals Z and x = have been found to be very high

theoretically and practically as well.
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Chapter 4
CD-DITA based applications

4.1Basic building blocks:-

Basic applications of CD-DITA like as a simple current amplifier, subtractor, adder, lossless
integrator have been implemented using single CD-DITA block and some passive components.
The working of these circuit applications have been validated using FVF based CD-DITA
using PSPICE simulation. The theoretical results and the practical results are approximately
matching hence as a result of this verifying the functionality of CD-DITA based applications.

4.1.1 Simple current amplifier:-

CD-DITA can function as a Current Mirror amplifier as in Fig. 4.1.In this CM, the i/p signal is

applied at the pterminal and o/p is obtained either from X+ terminal or X— terminal, it

totally depends on the requirement of the o/p i.e. inverting or non-inverting. The gain i.e.

obtained from the total gain of CD-DITA (g,R,)

l b
CDDITA

Z Vv

Rz Rv

Fig. 4.1 Circuit Schematic of current amplifier based on CD-DITA.
The o/p current of CD-DITA is expressed as following

I =%0,1,R

In- -z

(4.1)

Using P-SPICE simulations, |, i.e. the bias current of the DO-OTA of CDDITA is set to

1004A , which controls the g,, i.e. transconductance of the OTA, and 100.A value of the base

50




current leads to the g,, =280.329 A/V . Hence to obtain an overall CDDITA gain of 6.0023dB
or 2 R, has to be set to the value of 7.3kQ2.

And To obtain the transient response, sinusoidal current signal having the range from —30 A
to + 30A have been applied at input and the frequency of the input signal is fixed to10kHz .

As in Fig. 4.2, the transient analysis reveals that gain of the output and Fig. 4.3reveals its 3dB
bandwidth values obtained as:-

Gain =5.978dB and Bandwidth ~ 75.869MHz (4.2)

2 -
-6 1 1 1 1 1 1 1 1 1

0 0.5 1 15 2 25 3 35 4 45 5

Time(Sec) w10

Fig. 4.2 o/p waveform of the simple current mirror amplifier matching to the sinusoidal i/p
waveform
0L " -

-20 -

Current Gain (dB)

-30 |

-40 Lol Lol Lol Lol Lol Lol Lol Lol
10

10

Fig. 4.3 frequency response of simple current mirror amplifier
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4.1.2 Adder or Summer amplifier:-

Summing amplifiers are basically the mixers and are the most useful components in the vast
analog domain applications. These summing circuits are useful in both the AC and DC, current
or voltage analogue signals processing applications. These summer circuits mostly provide an
o/p current or voltage i.e. equal to or proportional to the sum of multiple applied i/p’s at one of
the input terminals. The outputs of these summing amplifiers have been amplified by the
constant gain of the active block along with summation of the i/p signals. These summer
circuits have been implemented by using at least one active block. Op-Amp circuits have been
always the first choice of designers for the basic designing of the summing voltage signals. The
current counterpart of these summing amplifiers can be implemented by using any CM-ABB .
Here for designing the summing amplifier CD-DITA has been used and the two input signals

are applied at the positive terminal of CD-DITA as presented in the Fig. 4.4. The gain of this
adder has been obtained by the gain of CD-DITA which is(gm.RZ)

Iin
= p X+ ‘ibu
) CD-DITA

1

Fig. 4.4 Schematic of the summing amplifier based on CD-DITA.

||—=——<

The o/p current signal of the adder is expressed as

Iout = Ix = gm(linl+ IinZ)Rz (4-3)

Using P-SPICE, the setup of the circuit is same as in current amplifier apart from the value of
ther,. To obtain a gain of 0dB or 1, R, value has set to be3.75kQ). For the transient analysis

of the circuit, two sinusoidal input signals i.e. current inputs have been applied. One of the

input current signals is having the range of +304A and other is having the range of + 20.A. As
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presented in the Fig. 4.5, the transient analysis result of the output is shown which is the

addition of the two i/p signals. The gain of the summing amplifier can be controlled using g,,or

R, which form basically the proportionality factor i.e. amplification along with addition of the

inputs at the o/p. The 3dB bandwidth and gain are obtained from points Aand B in frequency

response as shown in Fig. 4.6. Therefore,

Gain ~ 0dB and Bandwidth ~ 65.497 MHz (4.4)

Current(Amp)

Time(Sec)

Fig. 4.5 waveforms of the output and two sinusoidal inputs of the summing amplifier

20

fo =65.497MHz
0
X: 6.026¢+0

-20 |

-40 L

-60 [

-80

-100 L

-120 I I I !
10 10°© 10

10 10

Fig. 4.6 the frequency response of the summing amplifier
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4.1.3 Subtractor or The differential amplifier:

Subtractor or the differential amplifier provides an o/p current or voltage that is equal to or
proportional to the difference of the multiple inputs applied at the input terminals of the CD-
DITA. The Voltage Mode subtractors or the differential amplifiers have been mostly designed
and implemented using op-amps because these are voltage mode active blocks. the Current
Mode counterpart of these differential amplifiers o subtractors can be implemented by using
CD-DITA, in this configuration one of the current i/p’s is applied at negative terminal of CD-

DITA and another current i/p is applied at the positive terminal as presented in the Fig. 4.7.

Iﬂ) P X+ ibu
CDDITA

n X-
y4 V
Rz" Rv"

Fig. 4.7 Schematic of the current differential amplifier based on CDDITA.

Iin
=

The current output of CDDITA based subtractor or differential amplifier has been expressed as

following:

Iout = Ix = gm(linl_ IinZ)Rz (4-5)

Using P-SPICE simulations, there the value of R has been set to 27kQto get the gain of
16.9dB or 7. As presented in the Fig. 4.8, the transient analysis of the o/p that is the subtraction
of the two i/p signals is shown in the below figure. An amplification of factor 7 is obtained in
the output signal. The 3dB bandwidth and gain has been obtained from the points Aand B in
the frequency response presented in the Fig. 4.9. Thus,

Gain ~16.464dB and Bandwidth ~ 63.697MHz (4.6)
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Current(Amp)

0 0.5 1 15 2 2.5 3 35 4 45 5
Time(Sec) 10°

Fig. 4.8 Simulated waveforms of outputs to two sinusoidal i/p’s of current differential amplifier
based on CDDITA
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X: 6.31e+07
Y:13.83
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-30
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Fig. 4.9 the frequency response of the current differential amplifier based on CDDITA

4.1.4 Lossless integrator:

A simple Current Mode d,.C lossless integrator has been designed using single CDDITA.

The lossless integrator circuit has been implemented using the same and has been shown in the

55




Fig. 4.10 and the integrating action at the output is obtained by employing a grounded
capacitor as load at the terminal Z of the CD-DITA.

lin 0 i IOUE
CD-DITA

y4

==

C
z Rv

II—=<

Fig. 4.10. Schematic of lossless integrator based on CD-DITA.

The o/p current of this integrator circuit has been expressed as the following equation:-

out X SCZ

Lo =1 =221, (4.7)

Using the P-SPICE simulations, the value of C, has been set to 0.5nF .For the transient
analysis, one sinusoidal current input signal has been applied at the input terminal of the
CD-DITA and this input current signal is applied with range of +30.A. As presented in the
Fig. 4.11, the transient analysis shows that the output signal has phase difference of 90°

w.r.t. the corresponding input signal.

Current(Amp)

-1 | | |
0 1 2 3 4

Time(Sec) 10

Fig. 4.11 Simulated o/p waveform of lossless integrator corresponding to sinusoidal i/p’s
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4.2 First Order All Pass Filter Using CD-DITA:

A first order APF is treated as among the most important active building blocks for many

analogue signal processing applications. First Order APF has been widely used for the phase
shifting applications along with maintaining the constant gain over the desired frequency range
so that the amplitude of the output signal can be maintained constant as well.

First order APF finds applications in various domains such as quadrature oscillators and delay
equalizers [49] ,and also in realizing active bandpass filters with the high selectivity. A large
literature can be obtained on first order filters that have been realized using various active
blocks such as OTAs[50] , DVCC [51], OTRAS[53]. All these configurations suffered from the
drawbacks of excessive use of active building blocks and also excessive use of the resistors and
capacitors or use of floating capactive elements and along with the non availability of the
electronic control of various circuit parameters

First order APF using CD-DITA overcomes all the drawbacks by providing
electronically tunability of the circuit parameters and employing single CD-DITA along
with one capacitor and resistor for implementation. The APF using CD-DITA block has

been shown in the below figure Fig:4.12

R1 Vout
—= p Xt+t——
R2
CD-DITA
n X-
Z \Y -

Vin
AC C’\) CZ

Fig: 4.12Schematic of first order APF based on CD-DITA

AC voltage input signal has been applied at v terminal and at p terminal through resistor R, .
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From the circuit analysis of the Voltage Mode-APF presented in the Fig. 5.1, the following

transfer function can be obtained:-

Vout (S) _ SCz —On (48)
Vin (S) SCZ + gm

Where

fp ol
I

Equation 4.8 suggests that voltage gain A, obtained in the transfer function is unity and the

(4.9)

pole frequency a, calculated from the Equation 5.1 can be given as:-
g
), =—m 4.10
0 CZ ( )

And the phase response i.e. obtained from Equation 4.8 can be given as

Zvout (S)
Vin (S)

It l_k:braakF ’braak’P_I
S0 | |

i Wi

m

=¢(w,) =7 —2tan 1(M] (4.11).

MbreakP
—

|
o
MbreakP
Mbraskp =
= —
il
s !\Jz ‘
MEreakN
I MG
S0uAER™, o I |
|—h] braakN
| 1

Fig. 4.13 PSPICE schematic of CD-DITA
The circuit behavior has been verified using the P-SPICE and the simulation results have been

obtained by employing Translinear Loop based CDDITA as shown in the Fig. 4.13. and supply
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used is + 0.9V DC and biasing currents taken as 1, =90uAandl, =25uA. And the CD-DITA

circuit has been implemented using 180nm technology parameters.

The frequency response analysis of the first order APF has been performed using PSPICE and
its magnitude response has been presented in this Fig. 4.14 which suggests gain is 0.443dB and

phase response has been presented in the Fig. 4.15.
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20
G =1

15
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Fig. 4.14 Magnitude response of the first order APF
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Fig. 4.15 Phase response of the First Order APF
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4.3CD-DITA based CM-SIMO type universal filter:-

4.3.1 Basic Introduction:-

Active filters have been always one of the most important and frequently used basic building
blocks.  Active filters are mostly used in many electrical and electronics engineering
applications. There are various approaches to design any active filters but mostly the CM
approach for designing the active filters is becoming popular now a days due to the
advantageous features CM approach offers over other approaches for example such as dynamic
range for CM filters is large and also wide bandwidth when CM Counterparts are compared to
VM counterparts if we particularly talk about the higher frequency operations, low power

consumption and also simple filtering configurations.

Among the filter topologies the widely used topology is SIMO type CM filters. The SIMO
based circuit is also capable of implementing the three basic filter functions i.e. LP, BP and HP
whereas the remaining two output responses i.e. notch and AP can be obtained by summing the
right output currents that too without changing the components and also topology of the circuit.
One such CM filter using on single CD-DITA is given in this work.

4.3.2 CM Filter based on single CD-DITA:-

SIMO type CM universal biquad filter using single CD-DITA has been shown in Fig. 4.16.
This CM biquad circuit consists of one floating resistor and two grounded capacitors along

with one active element i.e. CDDITA.

R1

]
L]

—P X

‘Llout3 Iout]i, R2

1
CDDITA & I

CZ

Fig. 4.16 CD-DITA based SIMO-type CM Universal filter circuit.
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Considering the ideal analysis of the CD-DITA block, the basic circuit analysis of the new
filter shown in the figure4.16 gives the relation between the output currents and input current
and as given in the following equations:-

If I,,is taken across I, i.e. I, =1, and input I, is applied at the X+terminal of CD-DITA

then low pass filter(LPF) will be realized as shown in the equation:-

Le Te o In (4.12)
l,, 1, S°CC,R +sC,+g,

If 1, is taken across C,i.e. I ie. 1, =I., then high pass filter (HPF) can be realized as

out

shown in the equation:-

| e ICl_ SZClcle
l, 1, S°CC,R+sC,+g,

(4.13)

If I

out

is taken across C, ie. I ie I, =Ic then inverting Band Pass Filter( BPF) can be

realized as shown in the equation:-

o _ 1o, _ —sC,
.. I, s°CC,R+sC,+g,

in in

(4.14)

If 1., is taken as the summation of the output currents 1, and I i.el

X

=1, +1, then the

out out X

resulting filter that can be implemented will be Band Reject Filter (BRF) or notch filter, the

implementation of notch filter can be shown through the equation below:-

Yoo _lptlp _Netle | $CCR+g, (4.15)
l; l; s’C,C,R, +sC, +g, '

in in in
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5.

If 1, is taken as the summation of the output currents 1, , 1. and I ie. 1, =1 +Ic +1c,

then the resulting filter that can be implemented will be AIll Pass Filter (APF), the

implementation of All Pass Filter can be shown through the equation below:-

2
IAP — ILP+IHP+IBP — IX—+|01+ICz :S ClCZRl_SC2+gm
2
Il I, I, s°C,C,R, +sC, +49,,

n n n

(4.16)

From Equation 4.12 to Equation4.16, the denominator of all the equations is same and that is:-

D(s) =s’C,C,R, +sC, +g,, (4.17)

And denominator of the filter transfer functions i.e. D(s) gives the theoretical value of the
natural frequency (m, )also called as the pole frequency of the filter and D(s) also gives the

theoretical value of the quality factor (Q,)of the filter.

The natural frequency can be expressed by the following equation i.e. derived from the D(5s)
the denominator:-

1
GG,

g
= |=2m. 4.18
=g (4.18)

Quality factor can be expressed by the following equation i.e. derived from the D(s)the

C
Qo =,[9nR- 2> (4.19)
C,

If the value of resistor R; is set to be as

denominator:-

R =1 (4.20)
I
Then the resulting value of the quality factor will be independent of any variation of the
transconductance gain and also the variation in the resistor R,and the value of the natural

frequency becomes:-
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[1
- 4.21
@ =9nce, (4.21)

And the value of the quality factor becomes:-
Q=.= (4.22)

From the above equation 5.25 and equation 5.26, it can be settled that once the value of the
quality factor i.e. Q,of the filter is adjust to some value by using the capacitors C,and C,
then, @, of the filter can be tuned electronically and also independently of Q,by just varying
the DO-OTA’s g,,which means the transconductance gain of the DO-OTA

The Current gains of all the filters are unity and can be expressed as following equations:-

Gp =Gy =Gp =Gg, =G, =1 (4.23)
4.3.3 Sensitivity Analysis:-

Sensitivity Analysis is a technique that is used to determine how the independent variable
values will effect the particular dependent parameter values under a specific set of assumptions.
The sensitivity analysis, of natural frequency(a)n) I.e. referring equation 4.21and of quality
factor (Q,) i.e. referring equation 4.22, due to the variations of all the passive and the active

elements can be given by the following equations:

[23 1 o, o, o, 1
ng = Eand SRln = Sclﬂ = SCZ" = —E (424)
SQO :SQO :SQO :iandSQO :—E (4 25)
Om Ry C, 2 G 2 '

By observing the equations 4.24 and 4.25 the conclusion that can be made is that all the active

and the passive of sensitivities of this circuit are half i.e. less than unity.

4.3.4 Effect of non-idealities of the CD-DITA on filter performance:

Due to the various non-idealities present in the CD-DITA block, the performance of the CD-
DITA based Current Mode New filter may slightly deflect or vary from its ideal behavior. The
equivalent circuit of the CD-DITA block in the presence of various nonidealities at input and
intermediate terminals has been already discussed in one of the previous sections of this work.
The non-ideal model of the CD-DITA block can be shown as:-
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|

Fig. 4.17 CD-DITA circuit model with non-idealities

The various errors present such as the transfer error in the transconductance of the DO-OTA
and the tracking errors present in CDU, and also the parasitics present at the input, output and
intermediate terminals of the CD-DITA block will all affect the filter performance especially
when used in CM.

The probability of affecting the filter performance due to the parasitics present at the z
terminal and at the x + terminal of the CD-DITA depends upon how these parasitics will appear
with the externally connected passive filter elements. These parasitics are either absorbed by
the externally connected grounded impedances only when these parasitics will appear in shunt
or in parallel with the grounded impedances or these parasitics will add extra terms in the
transfer functions which shows that these can not only affect the center frequency of the filter
and quality factor of the filter, but also these parasitics can add parasitic zeros to some of the
filter responses. In this new filter circuit using CD-DITA, parasitic capacitancesC,andC, , i.e.
present atz and x terminals, will appear in shunt or in parallel with the externally connected
capacitanceC,andC,, respectively. The externally connected resistance R between then
terminal and the x terminal of the CD-DITA block will be increased by the parasitic resistance

present at then terminal i.e. R , and hence in the similar way the parasitic present at the p

terminal of the CD-DITA is R .Thus , the overall parasitic resistance present at the x terminal
of the CD-DITA block will be equal to the parasitic resistance present at the x terminal i.e. R,

in parallel with R, + R, . The Parasitic resistance R, i.e. present at the Z terminal of CD-DITA
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neither appears in parallel nor in series with any of the externally connected impedances and
hence it will cause the considerable variations in the filter responses
Considering the non-idealities of CD-DITA into account the relationship between the output

currents and input currents can be modified as:

1. If |1, is taken across 1,i.e. 1, =1,and input I, is applied at the X+terminal of

out (o]

CDDITA then low pass filter(LPF) will be modified to a new transfer function as shown in the

equation:-
Ii_IL_ gmﬂzanGl* (4 26)
- - 2 * \* * * * * * * .
l, 1, s°C.C,+s(C/G,+C,G, +C,G,)+(8,9,2,G; +G,G, +G,G,)
2. If 1,,is taken across | ie. |, =1, then high pass filter (HPF) will be modified

to a new transfer function as shown in the equation:-

o e 52C,C, +5G,C, +sG,C, +G,G,

be le 2 55, > . (4.27)

I, 1, $°C.C,+s(C/G, +C,G, +C,G, )+(8,9,2,G; +G,G, +G,G,)

3. If 1,,is taken across I¢ ie. |, =1, then inverting Band Pass Filter ( BPF) will

be modified to a new transfer function as shown in the equation:-

I, 1, s%C.C,+s(C/G,+C,G, +C;G,)+(8,0,4.G; +G,G, +G,G,)
Where
C, =C,+C,andC, =C, +C, (4.29)
G, :iand G, _ 1 (4.30)
RZ RX
. 1 . 1
G = andG, = 4.31
'R +R, * R,+R, (4.31)
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For simplicity the filter responses, we can ignore the parasitic resistance present at the x

terminal i.e. R because R, is a very large value parasitic resistance i.e. typically its value is in
mega ohms and also R, appears in shunt or in parallel with R, + R, which has low value in
comparison with R, i.e. the typical value of R +R, is in kilo ohms. Thus, the modified
expression for 1, for all the expressions can be given as

1. If 1 ,is taken across I, i.e. |, =I,and input I, is applied at the X+terminal of

CDDITA then low pass filter (LPF) will be modified to a new transfer function as shown in the

equation:-
I *
Iiz X= — s _ gm*ﬁz?nGl - - (432)
l, 1, s°C.C,+s(C/G,+C,G,)+(5,9,2,G; +G,G,)
2. If 1, is taken across | ie. |y, =1, then high pass filter (HPF) will be modified

to a new transfer function as shown in the equation:-

L Mo s?C,C, +sG,C;
l, 1, sCC,+s(C/G,+C,G,)+(8,9,2,G; +G,G,)

(4.33)

3. If 1, is taken across I i.e. I, =l , then inverting Band Pass Filter ( BPF) will

be modified to a new transfer function as shown in the equation:-

Ii ICz _ _(SanG;C;+anGZGI)
I, 1, s°C,C,+s(C/G,+C,G,)+(8,9,2,G, +G,G,)

(4.34)

From the equation (4.34), it can be seen that the parasitic resistance R, present at the z

terminal adds a zero in the BPF transfer function which, in turn, gives the finite low-frequency
attenuation in the BPF frequency response. This low-frequency attenuation can be increased if

we keep R,))R, + R, . This condition can be achieved by simply designing the CDU section of
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the CD-DITA block for high output resistance. The natural frequency @,and the quality factor

Q, have been also affected by the parasitic resistance R, present at the z terminal and can be

expressed as the following equations:

o _ |B.902,G; +G/G,
” C.C,

. = ﬁzgmanRZ +1
" V€ +C)C, +C R (R +R,)

o, - |CiC:(A.9,2,G; +G/G,)
’ C/G, +C,G,

Q.- (c,+C,)C,+C,)B,9,a,R, +1)
R (C1+Cx)(Rl+Rn)+RZ(C2+CZ)

(4.35)

(4.36)

(4.37)

(4.38)

From the above equations, it can be concluded that if the parasitic resistancesR and R, values

are much lower than the RandR,then it can be seen that these parasitic resistances put

negligibly small effect on @,andQ,and also the effect of the parasitic capacitances C,andC,

is absorbed by C,and C,because parasitic capacitances C,andC, appear in shunt with

externally connected grounded capacitances i.e. C,and C, therefore, parasitic capacitances

C,andC, can also be neglected.

4.3.5 Sensitivity analysis including Non-Idealities:

There non-ideal sensitivities with respect to active and passive elements are found as:-

@y __ On __ @y __ On __ Q _ Q _ Q _ Q _
Sy =Sg =S8 =Sy =8P =ST =8> =52 =0

g 1 C o_ 1 C

%" 2c,+C, % 2C,+C
1 C

S(’Jn — Z - Oy _ X
Cz —

2C,+C, > 2C,+C
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(4.39)

(4.40)

(4.41)




1
=T 4.42
> (4.42)

__= z (4.43)

1 9.«
& _ Q% _Q® _ Q% _ Q% _qQ _ zIm™"n
Sh = S0 =S =55 =5, =5 =5 (4.49)

“ 2(B,9,aR, +1)

Sgo — 1 Cl (Rl + Rn )(CZ + Cx) (445)

' 2Cl+cx [(C1+Cx)(R1+Rn)+Rz(C2+Cz)]
SCQO — l C2 (Rl + Rn )(CZ + Cx) (446)

i 2C2+CZ [(C1+Cx)(Rl+Rn)+Rz(C2+Cz)]
SCQZO — 1 Cz (Rl + Rn )(CZ + Cx) (447)

2 C2 +Cz [(Cl +Cx)(Rl + Rn)+ RZ(CZ +Cz)]
Sgo = i C, (Rl +R, )(Cz + Cx) (4.48)

" 2Cl—i—cx [(C1+Cx)(Rl+Rn)+RZ(C2+CZ)]
SQO =£ Rz ﬁzgman(Cl+Cx)(Rl+Rn)_(C2+Cz) (448)

K 2(ﬂzgmanRz +1) [(C1+Cx)(R1+Rn)+ RZ(C2+CZ)]

Q :_l Rl(C1+Cx) 4.49
* "2 G IR + R RC, +C, ) )
SQo :_i Rn(cl+cx) (450)

i 2 [(Cl +Cx)(Rl + Rn)+ RZ(CZ + Cz )]

As observed from the above equations, the conclusion obtained is that all the active and the
passive sensitivities are less than 1/2in magnitude for the new CD-DITA based CM-SIMO

universal filter.

4.3.6 Simulation results of CD-DITA based CM-SIMO universal filter:-

To verify the working of the CD-DITA based biquad filter referring 4.13. The simulation is
done using PSPICE software with 180nm process technology. The filter is designed for

f, =7Mhzwith Q, =1 and for this C,andC, have been chosen as5pF For f, =7Mhz using

C,=C, =5pF the calculated value of g, =221.236 zA/V and R and R, have been set to 1/g,,
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equals to 452k . Theoretically the value of g, is related to MOS process parameters and bias
current by the relation given by equations 4.51and 4.52.

— (gm13 + gmls)org _ (gml4 + gmle) (4 51)
2 m '

gm - 2

Where g, is the transconductance of i transistor which is defined by

w
Oni = \/Ibi#n/pcox{f}_ (452)
W W
If the values of parameters ) o) T 12, pu, =112.51cm* V sec, w1, = 296.84 cm?/V sec
n P

1, =4.1x10°mande,, =3.9¢,are put into equation 4.52, along with the required value of

g, =221.236 4A/V , then the bias currents required to design this filter turn out to be

s = los = 250A

12 -

08 [

, =7.049 MHz
<7419 MHz
06 | ,=6:377 MHz

, =7.049 MHz

f
—— B
f
_ L
f
H
f
_— A
f
— B

Current Gain

=7.049 MHz
R

04 L

02 L

Fig. 4.18 Simulated filter responses of CD-DITA based CM-universal filter
Fig. 4.18 shows the responses of proposed filter: LPF, HPF, BPF, Notch and APF and Fig. 4.19

shows the APF magnitude and phase responses of proposed filter
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Fig. 4.19 Simulated APF: (a) magnitude and (b) phase response CM Biquad filter

Simulated center frequency can be measured using phase response of APF by measuring
frequency at phase=-180°. The measured center frequency in phase response of APF is

f, = 7.049MHz which is close to theoretical frequency.
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Chapter 5

Proposed Applications of CD-DITA

5.1 Proposed Grounded Inductor and its BPF implementation:

The importance of grounded and floating simulated inductors in the context of active network
synthesis is well known [33]. The purpose of this work is to introduce new CD-DITA based
lossless grounded inductor using single CD-DITA along with one resistor and one grounded

capacitor and that too without requiring any matching condition.

5.1.1 The Proposed Configuration of Grounded Inductor:

The schematic symbol of the grounded inductor based on CD-DITA is shown in the below
Fig.5.1. This model of CD-DITA based grounded inductor employs one grounded capacitor
and one resistor along with single CD-DITA block. The input signal is applied at the p

terminal.

lin 1 CDDITA
0—9———|=|-——p , v X
+
Vin
Zin(s) -T_ C—

Fig. 5.1. Proposed Grounded Inductor Based on CD-DITA

Assuming ideal CD-DITA i.e. characterized by the following terminal equations:-
V,=V,=0 (5.1)
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|, =0 (5.2)

=1 -1, (5.3)
|x+ = gm(vz _Vv) (5.4)
Ix— = _gm(vz _Vv) (5.5)

And hence the Equation matrix for Ideal CD-DITA can be given as following:-

v,17 o o o o oTl,
v, 1o o 0o o o |1,
I,[=|]1 -1 0 0 o0 |V, (5.6)
.| [0 0 #g, 0 Fg,|V,
L] oo o o o0 |Vv]

By solving the equations for the schematic symbol shown in Fig.5.1, the resulting equations

verifying the grounded inductor simulation using CD-DITA can be given as:-

Vin(s)

zZin(s) = 5.7
(®) lin(s) .7
Zin(s) = s(%j (5.8)
m\ 9
Thus, the simulated equivalent value of the grounded inductor from the above equation is
given by:-
C,R
Leq =[ : ] (5.9)

The performance of this proposed newly simulated grounded inductor has been evaluated by
using PSPICE (version 9.1) simulations. A new FVF based CMOS implementation of the CD-
DITA block shown in Fig. 5.2 that has been used to implement this grounded inductor and also

has been used to find out the frequency response of the simulated grounded inductor.
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3
M1

Foe Fl% |

Fig. 5.2 CD-DITA based on FVF
The circuit in Fig. 5.1has been designed for inductance ofvalue L =10uH . The calculated
values of capacitor and resistor for simulating grounded inductor are C,=0.793pF,
R, =3.55kQ. The bias current 1,, =100uAand the corresponding value of g, =281.791uA/V

and the r supply. used is £1.2V . As in Fig. 5.3., practical value of the grounded inductor

L, =9.98uH . It has been also observed that this simulated value of inductance remains

constant upto30.316MHz.

The frequency response of the simulated grounded inductance can be presented in the Fig. 5.3.

41 -
L =9.58uH
— g

Inductance

-6 Ll Ll Lol Lol Lol Ll Ll Lol
7

10° 10° 10 1° 10t 101

Frequency(Hz)

Fig. 5.3Frequency response of the Grounded Inductor Based on CD-DITA
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5.1.2 Implementaion of BPF using grounded Inductor:

In Fig.5.4, presented simple R, L,C combination to represent a second order BPF

+ +
L1 Vout

<
>
(@]
=
|
1

= GND6

Fig. 5.4 BPF using Simple R,L,C
And the schematic symbol for implementing BPF based on proposed grounded inductor

employing CD-DITA block has been in presented Fig. 5.5.

CDDITA
R2 R1

+ + Z

Vin c1 == \out

Fig. 5.5:- Schematic Symbol for Second Order BPF Using Proposed Grounded Inductor
And the equation that verify the functioning of the Fig.5.9 as a BPF can be given as:-

Vout SCl
=— (5.10)
Vi, SCL,R, +sL, +R,
Where L, can be given as:-
C,R
Leq = (g—lJ (511)
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The filter response of the second order BPF filter configuration for the grounded inductor has
been simulated using PSPICE and the technology node that is used is 180nm. Fig.5.10
illustrates the practical result of the frequency response. The centre frequency of the presented
BPF practically is 6.974MHz. Thus, the BPF application response of the proposed new

grounded inductance circuit based on the CD-DITA is given as :-

09 [ -
08 [ -
06 |
05 |

04 |

Voltage Gain

03 |

02 |

01 |

10° 104 10° 10° 107 108 10° 10 %0 10
Frequency(Hz)

Fig.5.6Frequency Response of BPF using Grounded Inductor

5.2 Proposed MM filter using CD-DITA:

In this work, a new mixed-mode biquad filter topology with electronicaltunability has been

introduced which employs single CD-DITA as ABB along with two capacitors and one
resistor. This filter topology can realize LPF, BPF, HPF, BRF and APF responses in four
possible modes namely CM, VM trans-impedance-mode (TIM) and trans-admittance-mode
(TAM), by selecting appropriate combinations of inputs and condtions[55].

While implementing this filter topology with CD-DITA, the circuit do’nt require any inverted
current or voltage input for realizing any filter response. This circuit also encourages the
feature of electronic tunability of both the quality factor and natural frequency independently.
This proposed filter topology has been simulated using PSPICE software and 180nm TSMC
CMOS parameters.
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5.2.1 PROPOSED MM FILTER CIRCUIT:-
The proposed MM filter topology employing single CD-DITA alond with two capacitors and
one resistor has been shown in Fig 3. In the Fig presented the inputs applied and the outputs

corresponding to those inputs have been realized using PSPICE.

R1
In IX
s N - Vout(x) ==
J— lout

o CDDITA o == | lout(x)
—d

Py, Vv X_T

Vout(z
R2 @ Jout(2)

CZ

Vinl Vin2 Vin3 Vind

Fig. 5.6 Schematic Symbol for Proposed MM filter

Considering the ideal CD-DITA, the circuit analysis of the proposed filter will provide the

following relations between outputs and inputs:-

(A)V

out

taken as the voltage across capacitor i.e. V_,, and in that case the relation between the

output voltage and various inputs can be stated as:-

K K K K
C,,out = ﬁ I p + % I nt FS I x T %Vinl + Fsvinz + Fevin3 + #VinA (512)

Where

D =s°C,C, +sG,C, +9,G, (5.11)

And the filter constants can be given as:-
K,=9,(LPF) K, =-g,,(LPF) K, =sC,(BPF) K,=09,G,(LPF) K =9, (LPF)

K, =-sC,(BPF) K, =s°C,C,(HPF) (5.12)
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(B)V,

out

taken as the voltage across z terminal of CDDITA and in that case the relation between

the output voltage and various inputs can be stated as:-

K, K K K K K

Vot = Y I, +F|n +FSIX +F4Vi“1 +Fsvin2 +Fevin3 +F7Vm4

(5.13)

Where

K, =G, +sC, K, =—G, +sC, K, =—G,(LPF) K, =G,(G, +sC,)

K =sC,(G, +sC,) Ks=-0,G, K,=-sG_C,(5.14)
(C)1,, taken as the current across X terminal of CD-DITA and in that case the relation
between the output current and various inputs can be stated as:-
K
IX,out = % I p +%In +33 I X +%Vin1 +%Vin2 +%Vin3 +%Vin4 (515)

Where

K1 = gm(Gl +SC2) Kz = _gm(Gl +SC2) Ks =_gmG1(LPF) K4 = gmGz(Gl+SC2)

5.16
K, =5C,0,(G+5C,)  Ko=-5C,g,(G+5C;) K, =s6C,(BPF) "7

(D) 1, taken as the current across Z terminal of CD-DITA and in that case the relation

out

between the output current and various inputs can be stated as:-

ﬁ|p+%|n+%| +ﬁV» +&V +ﬁv. +%Vin4(5.17)

Z ,out = X inl in2 in3
D D D

Where

K, =sC,(G, +sC,) K, =-sC,(G, +sC,) K, =-sC,G,(BPF) K, =sG,C,(G,+sC,)

K, =-sC,0,G, K, =-sC,0,G, K, = s°C,C,G,(HPF) (5.18)
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(E) 1, taken as the current acrossC of CD-DITA and in that case the relation between the

output current and various inputs can be stated as:-

Kl I _}_&In +&IX +&V +ﬁvin2 _’_ﬁving +%Vin4 (5.19)

I =—
C,,out D p D D D inl D D

Where:-
K, =sg,C,(BPF) K, =-sg, C,(BPF) K, =s’CC,(HPF) K, =sg,C,G,(BPF)
(5.20)

K, =s°C,C,9,G,(HPF) K, =-s°C,C,g,,(HPF) K, =s?C,C, +sC,g,

pole frequency or natural frequency(a, )of the filter and quality factor (Q,) can be expressed

as:-

1

g
_ |90 . 5.21
a)o Rl ClCZ ( )
C
Qo =,/9nR = (5.22)
C,

If R, =R, _ 1 then,

m

@y =0, /% (5.23)
Q= \E (5.24)

From the above equations, it can be concluded that @,and Q,can be tuned independently.

5.2.2 Sensitivity Analysis:-

The sensitivity analysis, of natural frequency(a)n) i.e. referringequation 5.23and of quality
factor (Q,) i.e. referring equation 5.24, due to the variations of all the passive and the active

elements can be given by the following equations:
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Wy 1 o, o, [2) l

ng :Eand SRln = SC1n = SC: :—E (525)
Q _gQ _ Qozi QOZ_E

53 =53 =& =Zands® =2 (5.26)

By observing the equations 5.25 and 5.26 the conclusion that can be made is that all the active

and the passive of sensitivities of this circuit are half i.e. less than unity.

5.2.3Effect of non-idealities of the CD-DITA on filter performance:

Referring to Fig. 4.17, Considering the non-idealities of CD-DITA into account the
relationship between the output currents and input currents can be modified and For simplicity

the filter responses , we can ignore the parasitic resistance present at the x terminal i.e. R,
because R, is a very large value parasitic resistance i.e. typically its value is in mega ohms
and also R, appears in shunt or in parallel with R, + R, which has low value in comparison

with R, i.e. the typical value of R, + R, is in kilo ohms. Thus , the modified expression for all

the responses can be given as:

(A)V,, taken as the voltage across capacitor i.e. V., and in that case the relation between the

output voltage and various inputs can be stated as:-

K K K K K K K
Veuou =g 1o g ot bt Vi o Vi Vs + 7 Vins (52)

C,,out = X in3

Where

D =5%C,C; +5(C;G, +C,G; )+(B,9,,G, +G,G, )(5.28)

z

. ) . .1
C; =C,+C,andC; =C, +C, G:Ri L 1 ¢

And the filter constants can be given as:-
Kl = gmﬁzanGl* KZ = _gmﬂzanGl* K3 = _(SanGl*C; +anGzGl*) K4 = gmﬂzanGl*G;

K, =9,8,0,G, K, =—(sa,G,C, +a,G,G,) K, =s*C,C, +sG,C, (5.29)
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(B)V,, taken as the voltage across Z terminal of CD-DITA and in that case the relation between

the output voltage and various inputs can be stated as:-

— ﬁ | +& | +& | < +ﬁv +&Vin2 +ﬁvin3 +&Vin4 (530)
D D D D D D

inl

Where
K, =G, +5a¢,G.C, +,G,G, K, =—(G, +sa,G,C, +a,G,G,) K, =-G,
K, =G, (G +s2,G,C, +2,G,G) K,=(s¢,G,C, +«,G,G,)

KG = _gmﬂzanGl* K7 = _(SanGl*C;c + anGzG;) (531)
(C)1,, taken as the current across X terminal of CD-DITA and in that case the relation
between the output current and various inputs can be stated as:-

K K K K K K K
IX,ou’( = El I p +62 I n +63 I X +F4Vinl +35Vin2 +36Vin3 +E7Vin4 (532)

Where

K, =9,8,2,(G, +sa,G,C, +a,G,G,) K, =-9,8,2,(G, +s2,G,C, +«,G,G,)

K, =-9,8,a,6, K, =9,8,2,G,(G, +s¢,G,C, +,G,G,) K, =sC,g, 3,a,(G, +sC,)
K, =-sC,g,3,a,(G, +sa,G,C, +a,G,G,) K, =sa,G,C, +a,G,G, (5.33)

(D)1, taken as the current across z terminal of CD-DITA and in that case the

relation between the output current and various inputs can be stated as:-

K, K K K K K K
=L 42 43 AV 2V 40V 4TV (534
Z ,out D p D n D X D inl D in2 D in3 D in4 ( )

Where
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K, = SCl(Gl* + SanGl*C; +anGsz) K, = —(SanGl*Cl* +anGzGl*)(Gl* + SanGl*C; +anGzGl*)
K, =—(s2,G,C, +a,G,G,) K, =(s2,G,C, +«,G,G,)(G, +5a,G,C, +a,G,G,)

K, =-sC,9,,8,2,G,G, K, =-sC,g,, 3,a,G, G, K, =(s°C,C, +5sG,C,)G, (5.35)

(E) I, taken as the current acrossC, of CD-DITA and in that case the relation between the

output current and various inputs can be stated as:-

K K K K K K
IC2,0ut =—1 p +len +E3 I X +FAVin1 +35Vin2 +Fﬁvin3 +F7Vin4 (536)
Where:-
Kl = ngﬂzanGl*CZ K2 = _ngﬂzanGl*Cz(BPF) K3 = SZCl*C; + SGZC:
K, =59,5,2,G,C,G, K, = (s*C,C; +5G,C,)g,,4,2,G, G, (HPF)

KG = _(SZC;C; + SGzcl*)gmﬂzanGl* K7 = SZCl*C; + SGzcl* + SczgmﬁzanGl* (537)

The natural frequency @,and the quality factor Q, can be expressed as the following equations:

o, =\/ﬁzgm“”?lfGle (5.38)
ClCZ
B,9.a.R, +1
= 2Lk 5.39
“h J(cﬁcx)(cﬁcZ)Rz(RﬁRn) (539)

o - [CiC:(5.9,e,G; +GG,) (5.40)
0 C,G, +C,G,

. _ (C1 + Cx )(Cz + Cz )(ﬁzgman Rz +1)
Q _\/ (C,+C, (R, +R,)+R,(C, +C,) (5.41)

From the above equations, it can be concluded that if the parasitic resistances R and R, values
are much lower than the RandR,then it can be seen that these parasitic resistances put

negligibly small effect on w,and Q,and also the effect of the parasitic capacitances C,andC, is
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absorbed by C,and C,because parasitic capacitances C,andC, appear in shunt with externally

connected grounded capacitances i.e. C,and C, therefore, parasitic capacitances C,andC,

can also be neglected.

5.2.4 Sensitivity analysis including Non-ldealities:

There non-ideal sensitivities with respect to active and passive elements are found as:-

@y __ On __ @y __ On __ Q _ Q _ Q _ Q _
Sy =Sp =82 =S =S =S> =82 =S =0

o 1 C ... 1 C,

S =—= P S =——

' 2C, +C, 7 2C,+C,

so=-t G _gm_ 1 G
2C,+C, 2C +C,

so_ L R a1 R

' 2R +R, 2R +R,

o 1 R,

RZ

_E (ﬁzgman RZ +1)

o, @, , o o o 1 ﬁzgman
Sﬁz :ng :Saﬂ :SQZ :Sng :SQ ZE

“ 2(B,9naR, +1)
o_1_C (R.+R,XC, +C,)
Sx ==
' 2C1+Cx [(C1+Cx)(Rl+Rn)+RZ(C2+CZ)]
Q 1 Cz (R1+ Rn )(Cz +Cx)
S ==
i 2C2+CZ [(C1+Cx)(Rl+Rn)+Rz(C2+Cz)]
Qo 1 Cz (Rl+ Rn )(CZ +Cx)
SCZ =4
2 CZ +Cz [(Cl +CX)(R1 + Rn)+ RZ(C2 +Cz)]
Q 1 Cx (Rl+ Rn)(CZ +Cx)
SQ ==
2 Cl +Cx [(Cl +Cx)(R1 + Rn)+ RZ(CZ +CZ)]
Rz ﬂzgman(cl-i_cx)(Rl-’_ Rn)_(CZ +Cz)

Q _
Sg, =

1
E(ﬂzgmanRz +1) [(Cl +Cx)(R1 + Rn)+ RZ(CZ +Cz)]
Qo __1 Rl(C1+CX)
; 2 [(Cl + Cx)(Rl + Rn)+ Rz (CZ +Cz )]

so_ 1 R(CsC)

2[(C,+C, (R, +R,)+R,(C, +C,)]

82

(5.42)

(5.43)

(5.44)

(5.45)

(5.46)

(5.47)

(5.48)

(5.49)

(5.50)

(5.51)

(5.52)

(5.53)

(5.54)




1.

As observed from the above equations, the conclusion obtained is that all the active and the
passive sensitivities are less than 1/2in magnitude for the new CD-DITA based CM-SIMO

universal filter.

5.2.5 Simulation results:
The circuit has been designed to achieve the frequency of f, :;)—0 =7MHz and Q, =1and to
VA

achieve this frequency the components values selected are R, =R,=4.52kQ and
C, =C, =5pF, the biasing current used to bias the DO-OTA section of the CD-DITA section
are selected as 1, = 1,, = 25uA, and supply rails are V,, =+.9V .

The linear responses of various filter response for different inputs have been shown as

When current input is applied at the p terminal i.e. |, then the output responses are presented
in Fig:5.8
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Fig:5.8 Responses for current input at p terminal
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2. When current input is applied at the nterminal i.e. | then the output responses arepresented in

Fig:5.9
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Fig:5.9 Responses for current input at nterminal
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3. When current input is applied at the X terminal i.e. I, then the output responses are presented

in Fig: 5.10
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Fig: 5.10 Responses for current input at X terminal

4. When voltage input is applied at the p terminal through resistor R, i.e. V=V, then the output

responses are presented in Fig: 5.11
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Fig: 5.11 Responses for voltage inputV, =V,

5. When voltage input is applied at the C,connected at z terminal i.e. V, ,then the output

responses are presented in Fig: 5.12
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Fig: 5.12 Responses for voltage input V, ,
6. When voltage input is applied at the V terminal i.e. V,, =V, ;then the output responses are

presented in Fig: 5.13
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Fig: 5.13 Responses for voltage input V,, =V, ,
7. When voltage input is applied at the C,externally connected at X terminal i.e. V, ,then the

output responses are presented in Fig: 5.14
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Fig: 5.14 Responses for voltage input V,,,

8. Combination of voltage input signals have been applied i.e. V,, +V,,, then the output responses

are presented in Fig: 5.15
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Fig: 5.15 Responses for voltage input V,; +V,,
9. Combination of voltage input signals have been applied i.e. V,,, +V,,;then the output responses

are presented in Fig: 5.16
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Fig: 5.16 Responses for voltage input V,; +V,;
10. Combination of voltage input signals have been applied i.e. V,, +V, ,then the output responses

are presented in Fig: 5.17
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11. Combination of voltage input signals have been applied i.e. V, , +V, , then the output responses

are presented in Fig: 5.18
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Fig: 5.18 Responses for voltage input V;, +V,,,
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12. Combination

of voltage input signals have been applied i.e. V,, +V,,then

responses are presented in Fig: 5.19
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Fig: 5.19 Responses for voltage input V, ; +V,.,
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13. Combination of voltage input signals

responses are presented in Fig: 5.20
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have been applied i.e. V,, +V,,, +V,then
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Fig: 5.20 Responses for voltage input V;,, +V;,, + Vi3
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14. Combination of voltage input signals have been applied i.e. V,, +V,, +V,,,then the output

responses are presented in Fig: 5.21
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Fig: 5.21 Responses for voltage input V,, +V,, +V,,

15. Combination of voltage input signals have been applied i.e. V., +V,,+V, ,then the output

responses are presented in Fig: 5.22
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16. Combination of voltage input signals have been applied i.e. V., +V,,+V,;+V,,then the

output responses are presented in Fig: 5.23
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Fig: 5.23 Responses for voltage input V,, +V,,, +Vi,3 +Vins

Table for all the filter response:-

Table5.1Filter responses for MM biquad filter

Input Combinations ; ou I out le, o V, o Ve, o
I, HPF LPF BPF LPF LPF

1, HPF LPF BPF LPF LPF

I HPF LPF BPF LPF BPF
V., HPF LPF BPF LPF LPF
Vi, BPF HPF HPF LPF BPF
Vg HPF HPF HPF HPF BPF
V,, HPF BPF HPF BPF HPF
Vo, +V, | - BPF HPF BPF LPF
Vi, +V,, | | e LPF LPF LPF
V,, +V., BPF LPF HPF LPF BRF
V., +V,, HPF HPF BPF HPF HPF
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Vs +Vin HPF BPF HPF LPF HPF

Vg +Vis +Ving HPF LPF BPF LPF LPF
Vig +Vin + Vi BPF | — HPF LPF APF
Vins +Ving +Ving HPF BPF HPF BRF HPF

Vig +Viny +Ving +Virs HPF LPF BPF LPF BPF

inl
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Chapter 6

Conclusion and future work

In this thesis, analogue circuit applications based on CMOS based CD-DITA have
been presented. Inthe introduction a brief on current mode signal processing has been
presented which has lead to the motivation for work presented in this thesis. FVF based CD-
DITA block has been realized and characterized in the chapter 3 using PSPICE simulations and
CD-DITA based basic applications have been presented in 4"Chapter . In 5™ chapter modified
MM filter based on CD-DITA has been proposed and grounded inductor nusing CD-DITA
has been implemented. It has been simulated using CD-DITA block and 180nm technology
parameters.

The future work will include the implementation of CD-DITA block as oscillators and
other analog signal processing circuits.
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	The  simulated frequency response of  the overall gain of the CD-DITA block from the terminalto the current output terminal shown in Fig. 3.25 and  the conditions for achieving  the overall gain of the CD-DITA block i.e.  of   or  are ,    and by:
	Thus, “from Fig. 3.26 CD-DITA’s measured gain and bandwidth can be given as:
	Similarly The  simulated frequency response of  the overall gain of the CD-DITA block from the terminalto the current output terminal has been plotted by using the same above mentioned conditions,  has been presented in  the” Fig. 3.26 as:-
	Thus, from Fig. 3.26 CD-DITA’s measured gain and bandwidth can be given as:-
	B.W.   (3.38)
	Conditions required for  measuring the  impedances seen through the input and the output terminals of the CD-DITA block .are to apply a AC test signal to the terminal at which the impedance has to be measured and  open circuit the other current termin...
	The ration of the corresponding voltage and the current at that terminal should be plotted w.r.t. to the frequency and resultant plot will give the impedance seen thorough that terminal.
	Theoretically, the impedances seen through the input current terminals i.e.  and should be  low and  equal. The input impedances have been presented in the Fig. 3.27 and Fig. 3.28 and the plots verify the theoretical observations.
	The values of these impedances measured from their corresponding frequency responses have been written as follows:-
	(3.39)
	Theoretically, impedances seen through the current output terminals i.e.  and should be very high and the impedances and has been presented in the Fig. 3. 29 and Fig. 3.30 and impedance have been measured out to be of very high value which verifies th...
	Frequency response of current transfer ratio terminal toterminal i.e.  has been shown in the Fig. 5.5and from this graph the parasitic gain is measured to be as:
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