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ABSTRACT

Longer shelf life, fast operating speed are necessities for portable electronics systems. Ever
shrinking feature size of devices on ICs and consequential reduction of power supply voltage
can be handled by operating in the current domain, as the current-mode circuits are low
impedance node networks, and thus low time constant circuits, too. This improves system
performance in terms of speed and slew rate. OTRA uses current mode designing techniques.
In OTRA shunt-shunt feedback is used which makes amplifier and feedback network parallel
and parallel networks support low power supply. Because of use of current-feedback
technique, OTRA has bandwidth independent of closed loop voltage gain

In this thesis, a novel OTRA has been designed with improved gain and bandwidth. The
proposed circuit provides gain of 165.76db and 3db bandwidth of 663.24Khz. The vital
parameters of proposed circuit have also been compared with existing OTRA circuits. The
proposed circuit is simulated using cadence in 180 nm CMOS technology parameters with
supply voltages of £.9 V. Corner analysis also has been performed. The comparison of
proposed OTRA with OTRAs available in literature survey shows that there is considerable

increase in gain and bandwidth.
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CHAPTER 1

INTRODUCTION

With the evolution of VLSI technology the level of integration of millions of transistors on a
single chip has forced downscaling. Low power, low voltage mixed mode circuits has become
essential requirement due to requirement of portable and high performance equipments in
electronics market. This requires the scaling of CMOS technology, however, threshold
voltage does not scale in a linear fashion with the reduction in minimum device length. The
reliability and density factors associated with technology scaling demand for reduced supply
voltages. This trend of continuous reduction of the supply voltage does not put restriction on
the digital circuit design but possess serious challenges such as reduced input common mode
range, reduced output swing and linearity for analog circuit design. To circumvent this
conflict instead of using costly CMOS technologies with lower thresholds, it is desirable to
use low voltage circuit techniques that are compatible with standard CMOS processes. The
voltage-mode circuits are required to provide large output swing while minimizing the total
power consumption. This leads to high impedance node architecture of the voltage-mode
circuits. However, the parasitic capacitances present in the circuits need to be charged and
discharged with large voltage swing, thereby limiting the speed and slew rate of these circuits.
Thus, simultaneous low voltage, low power and wide bandwidth operations are difficult to
achieve in voltage-mode circuits. Over the last few decades current-mode processing has
emerged as an alternative design technique using current signals for signal processing [1]. The
current-mode circuits are low impedance node networks, and thus low time constant circuits,
too. This improves system performance in terms of speed and slew rate. In current amplifiers
the transistors are useful almost up to their unity gain bandwidth, thereby resulting in wider
bandwidth. Additionally, in current-mode circuits the addition and subtraction operation can
be performed by joining the terminals at a single point resulting in simple architecture as
compared to voltage-mode circuits. This may result in power and chip area saving. Thus ever
shrinking feature size of devices on ICs and consequential reduction of power supply voltage
can be handled by operating in the current domain. Current-mode signal processing has led to
emergence of numerous analog building blocks employing current-mode technique. In order
to maintain compatibility with existing voltage mode circuits it is necessary to convert signal
in voltage form to signal in current form and vice versa hence block like operational

transresistance amplifier (OTRA) is emerged.



1.1 THE OTRA

OTRA is a high gain, current input, voltage output device which employ current mode circuit
technique. The equivalent circuit of an OTRA is shown in Figure 1.1 [2]. An Ideal OTRA
senses the currents at its two input terminals p and n, amplifies the difference in current at “p’
and ‘n’ terminals and transfers it to output node in terms of voltage. For ideal operations the
input terminals should be grounded. Also the output voltage should be independent of the
current that may be drawn from the output terminal by the load impedance. The port

characteristics of OTRA can be expressed as:

Vo = Rm(lp - In)

Where Rm is transresistance gain of OTRA. For ideal operations the Rm approaches
infinity and forces the input currents to be equal. Though these idealized conditions cannot be
realized practically yet the use of such an ideal OTRA model simplifies the mathematical
analysis of OTRA circuits. The practical OTRA circuits are made to approximate the

idealized characteristics.

OTRA in the simplest way can be used in an open loop configuration; however, its gain
being infinity the output voltage saturates either at positive or negative saturation level. This
operation has a limited number of applications. Thus OTRA should be used in a negative
feedback configuration where the output is not driven into saturation and the circuit behaves

as an amplifier.
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Figure 1.1 OTRA equivalent circuit [2]



The OTRA uses shunt-shunt feedback configuration which places the feedback network and
amplifier in parallel. A parallel configuration is suitable for low voltage operations as it
minimizes stacking of transistors thereby providing more head room for signal swing.
Also using current feedback techniques makes OTRA’s bandwidth almost independent of

closed-loop gain.

The symbolic representation of OTRA is shown in Figure 1.2 [3]. If one terminal of a nullator
is connected to the ground, the other terminal is considered as virtual ground so a low
impedance node is obtained. Also, the nullator does not allow passage of current through it.
In OTRA the currents Ip and In enter into the low impedance input terminals. This can also
be modeled with the nullor if one terminal of the nullator is connected to the ground and
the current at input is flowing through the norator. Hence, both the input terminals of
OTRA can be modeled by using current followers (CFs) and the output voltage is equal to
the difference of the input currents multiplied by transresistance gain Rm. A voltage follower

consisting of a nullor is used at the output terminal to reduce output impedance.
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Figure 1.2 symbolic representation of OTRA [3]
1.2 MOTIVATION

Motivation to study and design a better operational transresistance amplifier (OTRA) comes
from the fact that longer shelf life, fast operating speed are necessities for portable electronics
systems nowadays. Circuits which operate on lower supply voltages and have larger
bandwidth are in trend these days, since OTRA senses current at input and provide voltage at

output terminal a shunt-shunt feedback is used which makes amplifier and feedback network



parallel and parallel networks support low power supply as it minimizes transistor stacking
therefore providing more head room for signal swing. OTRA uses current-feedback technique
so it has bandwidth independent of closed loop voltage gain. OTRA benefits from current
mode designing techniques and simultaneously provides voltage at output port so is capable
of driving voltage mode circuits directly. Also its input terminals are grounded and output
impedance being low it is insensitive to parasitics so eliminating response time limitations. In
this work OTRA as basic building block is presented with the objective of improving gain,

decreasing voltage supplies and increasing bandwidth.
1.3 ORGANIZATION OF THE THESIS

The thesis is organized as follows:

Chapter 1: introduces the evolution of current mode signal processing and a brief study of the
OTRA with an aim to bring most of the information related to OTRA implementations.

Chapter 2: describes literature review in the field of OTRA and various circuit based on OTRA.

Chapter 3: addresses the circuit description for proposed OTRA and transresistance gain

calculations.

Chapter 4: It contains the simulation results of the proposed OTRA and the proposed OTRA
with compensation circuit. The corner analysis of the proposed OTRA has also been performed

and presented.

Chapter 5: In this chapter, the conclusion of the thesis and the future scope of OTRA have been

addressed.



CHAPTER 2

LITERATURE SURVEY

This chapter discusses the recent researches and developments in the field of operational

transresistance amplifier (OTRA) reported by various authors in literature [4-39].

Chen et al. [4], presented two-port operational transresistance amplifier (OTRA). Which has
transmission properties similar to the current feedback operational amplifier but it has two input
nodes and one output node with low impedances. Being a basic building block in analog
Integrated circuits, OTRA is used to implement MOSFET-C differentiator which has gain

independent constant bandwidth.

Chen et al. [5], presented MOSFET-C integrator and differentiator using OTRA proposed in
[4]. Effects of parasitic capacitances are minimized and use of external elements for
compensation is not required in the presented circuits. Two universal biquad filters using these
circuits are also presented. These presented filters are tunable with gate voltage variations.

Using these filters a second order bandpass and Chebyshev filters are realized.

Chiu et al. [6], reported a linear integrator using operational transresistance amplifier presented
in [4]. The number of capacitors and transistors used in the proposed circuit are less than the
circuit presented in [5]. The chip area of the proposed circuit is also reduced as only one
capacitor is used and problem of capacitor mismatch is eliminated. The proposed integrator is
insensitive to parasitic capacitances and can be interconnected without buffer. Operational
transresistance amplifier reported is used in realising multiplier, voltage amplifier, continuous
time filters, quadrature oscillator and integrator. These circuits have constant bandwidth

virtually independent of gain.

Riewruja et al. [7], presented a signal power amplifier which has low input and output
impedances because of negative feedback and output driver circuit used. Bandwidth of the
proposed transresistance amplifier is constant and does not depends on closed loop gain. The
feedback network is responsible for bandwidth and linearity enhancement of amplifier. The
gain of OTRA can be tuned by adjusting the biasing current. The proposed circuit consists of
the new design of transresistance amplifier cell connecting with the common Source negative

feedback and the output driver circuit. The bandwidth of the circuit is high as compared to [6].

Voltage mode MOS-C integrator is proposed in [8] which has reduced parasitic capacitance

effect. Required capacitor are few. Based on presented MOS-C integrator, two biquad filters
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are also presented. The filters are cascadable as OTRA used in these filters has low output
impedance. Third order filter that is a Chebyshev low pass filter is realized. The proposed signal
processing circuits directly process voltage signals, also tuning can be done by altering gate
voltages of the MOS transistors.

A class AB operational amplifier topology based on a floating low series input resistance has
been presented in [9]. The propose amplifier has high gain and low power dissipation compared
to [7]. The proposed circuit uses first generation current conveyor circuit as a floating input

stage.

Kilinc et al. [10], presented a voltage-mode filter configuration. Second-order allpass and notch
filtering functions are realized using single operational transresistance amplifier (OTRA). The
proposed circuit configurations is insensitive to parasitic capacitances because of internally
grounded input terminals of OTRA. Low output impedance of the configuration enables
cascading without additional buffers.

Jae Yoo et al. [11], represented a transresistance amplifier in which current feedback is
employed in the circuit for reduction of stacking of devices between the supply rails and to
decrease the voltage signal swings, making it operatable at low voltage operation. A variable

gain amplifier which is based on R-2R ladder is designed using the transresistance amplifier.

Keskin et al. [12], reported a minimum component oscillators (MCOs) based on grounded
negative impedance using four active elements named operational transresistance amplifier,
second generation positive current conveyor, current differencing buffered amplifier, and
operational transresistance amplifier. These circuits have low component sensitivities with

respect to the frequency.

Cekir et al. [14], suggested a configuration which uses an operational transresistance amplifier
and a few passive elements, to implement both first order and second order allpass filters. Due
to internal grounding of input terminals of OTRA, the circuit is insensitive to parasitics. The
unity gain bandwidth is quite higher than conventional operational amplifier. Circuit
applications are also shown by realizing the quadrature oscillator, the phase equalizer and band

pass filter for analog signal processing.

Hwang et al. [15], reported a high-order OTRA based MOSFET-C filters which have reduced
parasitic capacitance effects are presented in. Proposed filters have constant bandwidths

because of the use of current-feedback configuration in OTRA. The proposed filter



configurations has simple design equations, efficient design procedures, and systematic circuit

architectures.

Square wave generators using minimal external passive elements and one operational
transresistance amplifier is reported in [16]. Two different circuits are presented in which the
first one is general multivibrator producing almost symmetrical square wave having fixed duty
cycle corresponding to different frequencies and the second circuit is square wave generator in
which adjusting passive element’s values the ON and OFF duty cycles of square wave can be

controlled.

Massarotto et al. [17], presented an approach based on a two-stage topology to design
differential charge and transresistance amplifiers that are high in performance is proposed.
Common mode rejection is performed at first stage also this stage performs a signal conversion
from differential to single ended output. The second stage used for filtering the signal. The
proposed circuit have very good CURRENT-MODERR that depends only on the matching of

resistors.

Hasan Mostafa et al. [18], proposed CMOS realization of modified operational transresistance
amplifier. The proposed MOTRA is cascade of modified differential current conveyor and a
common source amplifier. Bandwidth, gain of proposed OTRA is higher than OTRA presented
in [4]. Based on presented OTRA, voltage gain amplifier (VGA) which is digitally controlled

is also implemented.

A simple monostable multivibrator employing current mode technique is presented in [19]. The
multivibrator uses OTRA as main active building block along with minimum external passive
elements. Positive and negative triggering modes can be used for triggering, at different input

terminals in proposed topology.

Kung Lo et al. [20], reported a switch controllable triangular and square wave generator. The
main components of circuit are two OTRASs and a small number of passive components with
three switches. DC level of triangular waveform is adjustable. The presented triangular and
square wave generator can operate under inverting and non-inverting hysteresis, when operated
by controlling single pole double through switches. The bandwidth of circuit using OTRA are

higher than the bandwidth using conventional operational amplifier discussed.

Kafrawi et al. [21], suggested a differential operational transresistance amplifier (OTRA). The
OTRA is used to implement Tow Thomas Biquad Filter. The circuit has used differential gain

stage at output as compared to common source stage used in [18] hence gain is improved than
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[6] and additional circuitry is used for the compensation of the difference between the drain

voltages M2 and M3 transistors.

Two bistable multivibrator has been presented in [22]. Two different topologies have been
presented in, the first one contains only OTRA and a positive feedback network whereas the
second one uses (single pole double throw) switch with a biasing source to shift hysteresis
either into left half part or in right half part of the voltage plane. These two proposed circuits
can be operated under both clock wise hysteresis operations.

Kafrawi et al. [23] proposed a modified CMOS operational transresistance amplifier with
differential input. The proposed circuit realized by cascading modified differential current
conveyor (MDCC) with differential amplifier at the output which has improved gain and
decreased offset current than OTRA circuit presented in [17]. Based on proposed realization a
variable gain amplifier is also presented which is digitally controlled voltage mode amplifier.

Two sinusoidal circuits based on differential operational transresistance amplifier are presented
in [24]. One circuit is capable of producing n-odd phase oscillations which are spaced equally
in phase and have equal amplitudes, the other circuit produces n-odd or n-even phase
oscillations. Presented circuits have wide range of frequency of oscillation with added
advantage of employing current mode design technique while providing voltage at the output
terminal. An alternative approach is also discussed which utilizes tunable oscillator circuit to

inject signal into phase shifter.

F. Kacar et al [25], proposed filter topologies which use current mode processing technique.
The proposed topologies use operational transresistance amplifier so filters are parasitic
insensitive hence removed response time limitations and the cut off frequency is quite high.

The proposed first-order allpass filter is used to realize the quadrature oscillator.

A sinusoidal oscillator which is based on an operational transresistance amplifier is reported
in [26]. The oscillator provides independent control on condition of oscillation and frequency.
Passive sensitivity of structure is quite low due to internally grounded OTRA terminals hence

the circuit is insensitive to parasitic capacitances.

Voltage controlled oscillators which are based on differential operational transresistance
amplifier are demonstrated in [27]. The circuits proposed are easy to realize and have quite low
component count. In these circuits just by controlling resistor’s values tuning range and
sensitivity can be configured. Two voltage controlled oscillators have been proposed which

provide low output impedance and low parasitics at the input and hence range of frequency of

8



oscillation is high. Using the triangular and square wave, sinusoidal waves can be formed at

the output and voltage swing at the output is high.

Banerjee et al. [28], introduced a first order voltage mode multifunction. It uses three OTRA
and few passive elements that is three capacitors and six resistors. All the passive elements are
virtually grounded as the inputs of Operational Transresistance Amplifier are virtually
grounded. Hence effect of parasitic elements are minimised and total harmonic distortion is
very low. Single topology is used for the realization of first order high pass, low pass, and all

pass filter functions, all the filter functions can be tapped simultaneously form the presented

topology.

Singh et al. [29], presented an improved wireless optical receiver section. The proposed
receiver section is based on a trans-impedance band pass filter using a differential operational
transresistance amplifier. The improved receiver provides higher bandwidth independent of
gain this is due to the fact as earlier used bootstrapping involves coupling loss but same is not
true with use of OTRA.

Analog multiplier using OTRA is proposed in [30]. The proposed circuit does not use any
passive component externally so it is suitable integrator applications. Total harmonic distortion
and power dissipation of the proposed circuit is low. Using this circuit, amplitude modulator

and squarer circuits are implemented.

Ghosh et al. [31], presented a multi input single output filter which is a third order voltage
mode filter using an OTRA. High pass, all pass, low pass, bandpass and notch responses are
realized from the same topology. Passive components matching is required in the proposed
topology. All the capacitors are virtually grounded, so the proposed topology is suitable for IC

implementation and effect of finite gain can be reduced by self compensation methodology.

Kumngern et al. [32], a single input and three outputs voltage-mode biquadratic filter has been
presented which employs OTRAS as a basic building block. Compared with other OTRA-based
filters, the proposed filter possesses no requirements for component-matching conditions for
realizing high pass, band pass and low pass filter responses, also the proposed filter uses less

active and passive components.

Approach for designing field programmable operational transresistance amplifier is
demonstrated in [33]. Floating gate MOSFETS are used to make the OTRA programmable. The

floating gate charge can be programmed after fabrication, based on hot-electron-injection and



fowler-nordheim tunnelling techniques. The proposed circuit’s offset variation is not of

significant amount.

Kumngern et al. [34], presented third-order quadrature oscillator which uses operational
transresistance amplifiers as active elements. The proposed circuit comprises three OTRAS,
three capacitors and five resistors. High precision of the frequency of oscillation can be

achieved by the proposed circuit and a single passive component is needed to control.

Pittala et al. [35], demonstrated a quadrature oscillator using the OTRA. The presented
quadrature oscillator uses two OTRAs as main active analog building blocks and a minimal
number of passive components to generate the oscillations. Independent control over the

oscillation condition and frequency of oscillation is provided by the circuit.

Singh et al. [36], presented an analog timer circuit which is used to design monostable and
astable multivibrators. Astable multivibrator using proposed timer circuit generates a periodic
waveform of variable duty cycle. The proposed circuits are insensitive to input parasitics and
can operate at very low power supply also presented circuit does not suffer from constant gain
bandwidth product.

The OTRA based grounded inductor is presented in [37]. Using this the band pass filter is
designed. The bandwidth of the circuits implemented using proposed topology can changed by

modifying the resistance and capacitance value.

Goel et al. [38], presented the design of voltage reference circuit using OTRA. The OTRA used
works as a high gain amplifier which uses voltage-shunt feedback that enables the proposed
voltage reference to operate at low power supply it uses negative feedback to have stable

operation so voltage variation over a large range of temperature is very low.

Torteanchai et al. [39], reported a quadrature oscillator is demonstrated. To realize proposed
circuit OTRA is used as it offers high slew rate and low parasitics, hence oscillating frequency
with great precision can be achieved. The presented oscillator possesses low input impedance
so it can be connected without buffer and the frequency of oscillation is high. The oscillating

conditions and oscillating frequency can be controlled independently in the proposed topology.
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CHAPTER 3

OPERATIONAL TRANSRESISTANCE AMPLIFIER WITH
IMPROVED GAIN

3.1 PROPOSED OTRA CIRCUIT DESCRIPTION

In this chapter a novel operational transresistance amplifier has been proposed. In section 3.1
circuit description of proposed operational transresistance amplifier has been presented and

section 3.2 describes proposed OTRA with compensation circuit.

The CMOS realization of high gain Operational Transresistance Amplifier is shown in Figure
3.1. It is based on cascading of modified differential current conveyor (MDCC) [2] and gain
stage which is differential amplifier with increased output resistance due to cascode
configuration. Transistor (M1 - M3), (M5, M6), (M8 - M11) and (M12, M13) are perfectly
matched all the transistors are in saturation region. Transistors M8-M11 forms current mirror
as they are matched forcing current (lpy current through M4 to be equal to the current passing
through transistors M1, M2 and M3. This drives the gate-source voltages of M1, M2 and M3
to be equal which forces the two input terminals (i+ and 1-) to be grounded virtually as gate of M1,
M2 and M3 are at same potential and for current to be same, the source terminals of M1-M3

also need to be at same potential.

VDD
M8 MY ol M1
— Py A
(M12 :
w1 | | m13> wia o
MZF I_’\ M3 . :
Ig l Uh
= I- -
X A I+ M16 ¢ a m17
i
M4
: MSF kB e M18 o b4 M19
+
w(O)
VSs

Figure 3.1 Circuit diagram of proposed OTRA.
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The transistor pairs (M10 & M11) and (M13 & M14) form current mirrors and provide current
differencing operation thus providing gate voltages at input terminals of amplifier which is
proportional to the difference in current at input terminals. M12 and M13 perform negative
feedback operation and biasing current through M5 and M6 ensures that voltage of input

terminals is independent of current drawn from the.

The transresistance gain of proposed OTRA is calculated using gain stage shown in Figure 3.2.

VDD

._E vV M2
UD: 1 D3 b—

UEILIT

MS;! F M4
M5 4 M6

VSS
Figure 3.2 Gain stage of proposed OTRA

The gain stage uses cascode configuration to increase the gain. Cascode current mirror

increases output impedance and hence, increases the gain.

The gain (Av) of differential gain stage is given as.

A\/ = gml(rol ” gm3ro4r06) (31)

From Figure 3.2 the output voltage is given as:
Vv, = A\/(VDZ _Vos) (3.2)

And Vg, ~Vgy = (1, = 1) (33)
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. . . w
Where A is the channel length modulation parameter of transistors and K = g, ¢, (Tj

Using (3.2) and (3.3) the output voltage (Vo) can be written as
Vo = gml(rol ” Omsloalos )(VDZ _VDB)
From (3.4) the Transresistance gain of OTRA is given as

R — gm(rol ” gm3ro4r06)
: (Ves _Vt )2

" K
2

3.2 PROPOSED COMPENSATED OTRA CIRCUIT

3.2.1 Circuit Description

(3.4)

(3.5)

Figure 3.3 shows the proposed OTRA along with compensation circuit proposed in [21]. The

compensation circuit does not interfere the gain stage and it can work independently on any

fixed current but the compensation circuit compensates for difference in drain voltages of

transistors M2 and M3.

The compensation circuit is developed using proposed OTRA and compensation circuit

proposed in [21].

VDD
i i | b M9 i e
M10 M1
vel ﬁmca mcs=l vez " - ] A
Ve
MCZIBL | Mlé = [0 PYPPY 14
' - M15 |
2'—
mca = ™ i & ]
. | Vou
= - -
Mc1§§ | I-
qh — / + M16 ;! F M17
m4 -
V‘% 5 MslH b s m18 ¢ by m19

VSss

Figure 3.3 Circuit diagram of compensated circuit

The voltage at drain Terminal of the Mc3 is the difference between voltages at drain terminals
of transistors M2 and M3, multiplied by gain of OTRA. The values of VC1 and VC2 must be

chosen so that Vp2-Vps becomes almost zero.
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CHAPTER 4

SIMULATION RESULTS

The proposed circuit is designed and simulated in Cadence Virtuoso Analog Design
Environment using BSIM3V3 180 nm CMOS technology.

The DC transfer characteristics of proposed OTRA in inverting and non-inverting

configurations are shown in Figures 4.1 and 4.2 respectively. The Biasing voltage (Vb=-200

mV) equal to -200 mV is applied at gate terminal of transistor M1.

The plots in Figure show the variation in output voltage (Vo) with respect to increase in input

current (I+) for the different values of current (I-) both in the range of -50 pA to 50 pA.

Name

=1 v

‘Vis |a

@

-l fv(a=5e05) @ 5e05

fv(a=25e05) @& 25e-05

I v (a=0) @0

fv(a=-2.5e-05) @& -2.5e-05

LBl fvla=-5e-05) @ Se05

V(mV)

900.0
800.0

600.0

400.0

200.0

0.0

-200.0

-400.0

-600.0

-800.0

-1000

DC Analysis “dc": 12:dc = (-75 uA -> 75 uA) 1

[l I

ﬁ

-80.0 -60.0 -40.0 -20.0 0.0 20.0 40.0 60.0 80.0

dc (uA)

Figure 4.1 DC transfer characteristics of proposed OTRA, inverting configuration
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ame |\ﬁs |a F I I .

1000 -

= v ®
- EE fv(a=5e-05) @& Se- E
LB fv(a=2.5e05) @ 25605 800.0 - r F
L v (a=0) @ 0 E
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600.0 -

400.0 -
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-800.0 -

<000 4

-80.0 -60.0 -40.0 -20.0 0.0 20.0 40.0 60.0 80.0
dc (uA)

Figure 4.2 DC transfer characteristics of proposed OTRA, non-Inverting configuration

The DC transfer characteristics of compensated OTRA circuit are shown in Figures 4.3 and 4.4
the biasing voltages Vcl and Vc2 are chosen as .54mV and OmV such that Vp2-Vps becomes
0.The plots show variation of output voltage (V,) with increase in input current (1+) for different
value of (I-) for range of -50A to 50pA.
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Figure 4.3 DC transfer characteristics of compensated OTRA circuit, inverting configuration
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Figure 4.4 DC transfer characteristics of compensated OTRA circuit, non-inverting

configuration

The AC analysis of proposed OTRA shown in Figure 4.5 has been performed with input
currents (I+and 1.) of AC magnitude 4 pA and 2 pA with DC offset current of 10 nA.

From 663.243 KHz, respectively. Figure 4.5 the gain and bandwidth of the proposed circuit are
obtained as 165.76 db, and

The plot in Figure 4.6 shows the variation of differential input resistance of proposed OTRA

circuit with the increase in frequency.
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Figure 4.6 Input resistance plot of proposed OTRA

The frequency response of compensated OTRA circuit is shown in Figure 4.7 from the
frequency response gain and bandwidth are observed as 179.73db and 238KHz, respectively.
Input resistance plot of compensated OTRA is shown in the Figure 4.8

17



i\( 1
o ———— —— — If
W _CIRC/EMINUS 190'?
1808
1704
160.;
150.(;
1408
130.0
120.0
1108
gmo.e
90.0-
80.0-
70.0:
600
50.04
40.0
30,0+
20.0:
Lls T T T T T T TTTTTT T T TTTTT T T T T T T TTTT T T T T T T T T T T TTTTIT T T T TTTTI0 T
10° 10' 10? 10° 10* 10° 10° 10’ 10° 10° 10"
freq (Hz)
Figure 4.7 Frequency response of compensated OTRA circuit
mag(v(ﬁ"ﬁ/ne}?lﬁ?f“ﬁ?ﬁrﬁsﬁl{]t 1
[iame ar I
L . ac)IFA2IMINUS 48 :
4.4 -
4.0 -
3.6
3.2
2.8 =
g _E
wn 2.4 —
-]
= -
2.0 -
1.6 -
1.2 5
0.8 5
0.4
0.0 - | T IIIHII| T IIIIIH| T IIIIIH| T IIIIIII| T \IIHII| T IIIIIII| T II\IIII\ T I\IIHI| T IIIIIII| T IIIIIII|
10° 10" 10° 10° 10* 10° 10° 10’ 10° 10° 10"
freq (Hz)

Figure 4.8 Input resistance plot of compensated OTRA

Power supply rejection ratio of proposed OTRA is calculated for both the power supplies (Vbp
and Vss). The PSRR for Vpp is obtained as 147.04db and for Vss is obtained as 116.3 db. The
PSRR of for compensated circuit are obtained as 153.4db and 131.9db for Vpp and Vss,
respectively.
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Table 4.1 shows the comparison of proposed OTRA and compensated OTRA circuits with

existing OTRA circuits reported in literature [7, 18, 21, 23].

Table 4.1 Comparison of OTRA and compensated OTRA with existing OTRAs

Parameters OTRA OTRA OTRA OTRA | Proposed Proposed
proposed | proposed | proposed | proposed | OTRA | Compensated
in[7] in [18] in [21] in[23] OTRA
Open Loop 80 130 179.12 163.2 165.76 179.73
Transresistance
Gain (db)
CMOS 1.2 .25 .25 .25 .18 18

Technology(um)

Power Supply (V) 2.5 15 +15 +15 0.9 +0.9
Number of 17 14 21 20 18 23
Transistors
PSRR+ (db) 186.2 147.04 153.4
PSRR- (db) 150.1 116.3 131.9

Input Current -200to | -50to +50 | -50to +50 | -50to -50 to -50 to +50
Dynamic Range +200 +50 +50
(HA)
Offset Current(pnA) 1.25 0.3 0.097 0.1 0.01 0.01
Bandwidth (MHz) 0.4 0.663 0.233
Rise Time/ Fall 0.023/1.74 | 0.023/1.74 | 0.025/1.1 | 1.01/1.07 | 1.23/2.39
Time for 1 MHz
(ns)
Power Dissipation 0.9 0.709 0.82 0.83 0.457 0.507
(mW)

also been reduced to +.9V.
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Corners analysis offers the performance outcomes generated from the most extreme variations
expected in the manufacturing process. In a real manufacturing scenario, process variables
fluctuate randomly around their ideal values. This random variation results in an uncertain yield
for the designed circuit.

The corner analysis ensures the largest possible yield of the circuit, in case all parameters
produce acceptable results. To ensure reliable outcomes under extreme conditions, a designer
must take into account the effect of process corner variations on the performance of circuit. In
order to observe circuit’s performance.

Besides one TT (typical NMOS typical PMOS) corner. The circuit is observed mainly at four
corners: SS (slow NMOS slow PMOS), FF (fast NMOS fast PMOS), SF (slow NMOS fast
PMOS) and FS (fast NMOS slow PMQS).

The SS corner is applied with lowest supply voltage (-10% Vsupply) and highest temperature,
thus it provides worst speed. FF corner is applied with highest supply voltage (+10% Vsupply)
and lowest temperature, thus it provides worst power. Table 4.2 and 4.3 shows the table of
corners to obtain simulation results for the proposed OTRA.

Table 4.2 Corners Simulation Table

Corner Supply voltage (V') Temperature (*C)
TT +.9 2!
SS +.81 125
FF +.98 -95
SF +.9 21
Fs +.9 21

The DC transfer characteristics and frequency response of proposed OTRA for the different

process corners are shown in Figure 4.9 and 4.10 respectively.
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Figure 4.9 DC transfer characteristics for various process corners
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Figure 4.10 Frequency response of proposed OTRA for various process corners

Table 4.3 presents the values of open loop gain and bandwidth of the proposed circuit for the
different process corners.
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Table 4.3 Gain and bandwidth of OTRA at various process corners

Parameters TT SS FF SF FS
Open loop 165.75 175.3 156 173.72 144.93
DC gain
(dbQ)
Bandwidth 663.24 418 1200 431 1150
(Khy)

From the table it is concluded that variations of gain and bandwidths for extreme parameters

are within the acceptable range.
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CHAPTER S

CONCLUSION AND FUTURE SCOPE

5.1 Conclusion

Circuits which operate on lower supply voltages and have larger bandwidth have become
essential requirement for electronics market. OTRA is low impedance, constant bandwidth
active analog building block because of use of current feedback technique. This thesis presents
a novel OTRA circuit in which cascode current mirror is used at the gain stage which improves
gain of the OTRA. The proposed circuit is simulated in Cadence Virtuoso Analog Design
Environment BSIM3V3 180 nm CMOS technology. Comparison with OTRAs available in
literature has been done and it is concluded that the proposed OTRA has high gain, high
bandwidth and reduced power supply requirement. To test the reliability of proposed circuit

for extreme parameters process corner analysis has also been performed and presented.
5.2 Future Scope

In the thesis OTRA, a most suitable analog building block has been presented. The proposed
work is most suitable for transresistance mode applications and can be used to implement

oscillators, filters, interface circuits, triangular and square wave generators etc.
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APPENDIX A
Model file of NMOS

Generic PDK BSIM3V3 Spectre nmosl.scs

model nmos1_int bsim3v3

type=n Imin=0.18e-6 Imax=0.501e-6 wmin=0.4e-6 wmax=10.001e-6 minr=1e-60 tnom=25
+version=3.1 tox=toxn xj=1.6e-7 nch=3.9e+17 lIn=1 lwn=1 win=1 wwn=1 lint=1e-8 II=0
+lw=0 Iwl=0 wint=1e-8 wl=0 ww=0 wwI=0 mobmod=1 binunit=2 xl=-2e-8 dlxn xw=0
+dxwn dwg=0 dwb=0 Idif=9e-8 hdif=hdifn rsh=6.8rd=0 rs=0 vth0=0.48 dvthn Ivth0=1.18e-8
+wvth0=-7.08e-9 pvth0=-3.07e-15 k1=0.49 1k1=4.82e-8 wk1=-1.67e-8 pkl=-4.58e-15
+k2=0.03 Ik2=-2.01e-8 wk2=6.03e-10 pk2=5.87e-16 k3=0 dvt0=0 dvt1=0 dvt2=0 dvtOw=0
+dvtlw=0 dvt2w=0 nIx=0 w0=0 k3b=0 vsat=84638 Ivsat=-0.0002 wvsat=0.001 ua=-5.07e-10
+lua=-5.58e-17 wua=-4.34e-17 pua=2.42e-23 ub=1.98e-18 lub=4.99e-26 wub=-2.70e-26
+pub=-5.53e-32 uc=7.19e-11 luc=1.46e-17 wuc=-3.71e-19 puc=-1.43e-23 rdsw=170
+prwb=0 prwg=0 wr=1 u0=0.04 [u0=5.93e-10 wu0=-5.39e-10 pu0=5.68e-16 a0=0.54
+la0=7.71e-8 wa0=1.31e-7 pa0=-6.57e-14 keta=-0.027 lketa=1.75e-9 wketa=2.62e-9 al=0
+pketa=-9.24e-16 a2=0.99 ags=0.039 lags=-8.58e-9 wags=-1.49e-9 pags=6.84e-16 b0=0
+b1=0 voff=-0.13 Ivoff=1.25e-10 wvoff=5.07e-9 pvoff=-2.82e-15 nfactor=1 cit=0.0002
+lcit=1.32e-10 wcit=4.29e-11 pcit=-1.97e-17 cdsc=0 cdscb=0 cdscd=0 eta0=-0.0003
+leta0=1.93e-10  weta0=3.35e-11  peta0=-1.54e-17  etab=0.0014  letab=-6.99e-10
+wetab=4.11e-11 petab=1.89e-17 dsub=0 pclm=0.97 Ipclm=7.37e-8 wpclm=2.16e-7
+ppclm=-1.59e-15 pdiblcl=1e-6 pdiblc2=-0.0035 Ipdiblc2=4.38e-9 wpdiblc2=-1.24e-9
+ppdiblc2=5.71e-16 pdiblcb=0.01 drout=0 pscbel=4e+08 psche2=1e-6 pvag=0 delta=0.01
+alpha0=6.27e-8 beta0=11.60 kt1=-0.23 Ikt1=1.96e-9 wkt1=1.35e-9 pktl=1.97e-15 kt2=-
+0.027 1kt2=-3.83e-10 wkit2=-5.19e-9 pkt2=1.23e-15 at=20000 ute=-1.09 lute=-6.90e-8
+wute=-4.80e-7 pute=6.18e-14 ual=1.22e-9 ub1=-5.72e-20 lub1l=-1.26e-25 wubl=-1.61e-24
+pub1=2.31e-31 uc1=1.07e-10 lucl=-1.73e-17 wucl=-1.51e-16 pucl=3.17e-23 kt1l=0 prt=0

+cj=cjn pb=0.69 mj=0.36 cjsw=cjswn pbsw=0.69 mjsw=0.20 cjswg=cjswgn pbswg=0.69
+mjswg=0.44 cgdo=cgon cgso=cgon cta=0.001 ctp=0.0006 pta=0.0016 ptp=0.0016 js=8.38e-
+6 jsw=1.6e-11 n=1 xti=3 capmod=2 ngsmod=0 xpart=1 cf=0 tlev=1 tlevc=1 dic=3e-9
+noimod=2 noia=5.0e+19 noib=4.0e3 noic=-4.0e-13 em=3.0e+07 ef=0.883
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Model file of PMOS

Generic PDK BSIM3V3 Spectre pmos1.scs
model pmos1_int bsim3v3

type = p Imin=0.17e-6 Imax=0.501e-6 = wmin=0.4e-6 wmax=10.001e-6 minr=1e-60
+tnom=25 version=3.1 tox=toxp Xxj=1.7e-7 nch=3.9e+17 IlIn=1 Iwn=1 win=1 wwn=1
+lint=1.5e-8 11=0 Iw=0 Iwl=0 wint=1.5e-8 wl=0 ww=0 wwI=0 mobmod=1 binunit=2 dxlp
+xw=0 dxwp dwg=0 dwb=0 Idif=9e-8 hdif=hdifp rsh=7.2 rd=0 rs=0 vth0=-0.43 dvthp
+lvth0=-1.37e-8 wvth0=-8.48e-9  pvth0=5.43e-15 k1=0.75 lk1=-1.21e-8 wk1=-1.56e-7
+pk1=1.88e-14 k2=-0.04 1k2=6.06e-9 wk2=5.28e-8 pk2=-7.49e-15 k3=0 dvt0=0 dvt1=0
+dvt2=0 dvtOw=0 dvtlw=0 dvt2w=0 nIx=0 w0=0 k3b=0 vsat=130812 lvsat=-0.00036
+lua=6.66e-17 wua=9.31e-16 pua=-1.27e-22 ub=1.71e-18 lub=-7.86e-26 wub=-+1.10e-24
+pub=1.21e-31 uc=-2.69e-11 luc=5.12e-18 wuc=-1.38e-16 puc=7.55e-24 rdsw=530 prwb=0
+prwg=0 wr=1 u0=0.0063 lu0=2.97e-10 wu0=1.59¢e-9 pu0=-2.39e-16 a0=0.38 la0=1.91e-7
+wa0=6.28e-7 pa0=-1.11le-13 keta=0.016 lketa=-1.31e-9 wketa=7.53e-9 pketa=-1.55e-15
+al1=0 a2=0.4 ags=0.0068 lags=5.95e-9 wags=1.68e-8 pags=-7.56e-15 b0=0 b1=0 voff=-0.13
+lvoff=5.74e-10 wvoff=2.75e-9 pvoff=-2.44e-15 nfactor=1 cit=0.00013 Icit=4.80e-11
+pcit=3.58e-18 cdsc=0 cdscb=0 cdscd=0 eta0=-0.00047 leta0=2.56e-10 etab=0.00067
+letab=-3.47e-10 dsub=0 pclm=0.84 IpcIm=7.067e-8 wpclm=7.40e-8 ppclm=-3.33e-14
+pdiblcl=1e-6 pdiblc2=0.0096 Ipdiblc2=1.70e-10 wpdiblc2=-2.10e-9 ppdiblc2=9.45e-16
+pdiblcb=0.01 drout=0 pscbel=3.5e+08 pscbe2=5e-7 pvag=0 delta=0.01 alpha0=8.93e-7
+beta0=22.68 kt1=-0.22 lkt1=-4.41e-9 wktl=1.69e-9 pktl=4.61e-16 1kt2=-3.22e-9 at=10000
+wkt2=-9.67e-9 kt2=-0.017 pkt2=2.43e-15 ute=-0.58 lute=9.19e-9 wute=-5.58e-8
+prt=0pute=-3.93e-16 ual=1.22e-9 ub1=-1.64e-18 lub1=7.95e-26 wubl=1.12e-25 ef=1.064

+publ=-3.52e-32 ucl=-5.64e-11 luc1=1.18e-17 wucl=1.13e-16 pucl=-1.48e-23 kt1l=0 prt=0
+cj=cjp pb=0.89 mj=0.4476 cjsw=cjswp pbsw=0.89 mjsw=0.37 cjswg=cjswgp pbswg=0.89

+mjswg=0.37 cgdo=cgop cgso=cgop cta=0.001 ctp=0.0004 pta=0.0016 ptp=0.0016 js=4.92
+jsw=9e-10 n=1 xti=3 capmod=2 ngsmod=0 xpart=1 cf=0 tlev=1 tlevc=1 dlc=2e-9 +noimod=2
noia=7.0e+19 noib=8.0e3 noic=5.4e-12 em=3.0e+07
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