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Abstract

The paper presents an analog ASIC design of inverse delayed function model of
a neuron. The inverse delayed model of neuron has superior optimizing
properties compared to conventional neuron model. Using the inverse delayed
function model of neuron a mean square error of the order of 107 of the neural
network has been obtained against a mean square error of the order of 107
using conventional neuron model for temperature drift compensation of the
MEMS based pressure sensor. This brings down the error from 9% for
uncompensated sensor to 0.1% only for compensated sensor using the delayed
model of neuron in the temperature range of 0°C to 70°C. Using conventional
neuron based ANN compensation, the error is reduced to 1%.. The CMOS
analog ASIC design of a feed forward neural network using the inverse delayed
function model of neuron for temperature drift compensation has been
presented. The entire design of the circuit has been done using AMS 0.35um
CMOS model and simulated using Mentor Graphics ELDO simulator

Keywords: CMOS ASIC, inverse delayed function model of neuron,
temperature drift compensation, ANN

1. Introduction:

Artificial Neural Networks are popularly used in soft computing systems for
pattern classification, signal conditioning and other intelligent data processing
applications. Neural network based computing techniques typically employ
software algorithmic approaches for computational purposes [1-3]. However,
software solutions to neural networks involve considerable delay due to fetch,
decode and execution of instructions. Using hardware for neural network would
considerably minimize its computational time. However, hardware
implementation of neural networks has not received much attention in the
scientific community till date. Botros and Aziz implemented a digital neural
network on a Spartan II FPGA in [4]. However, the CLB utilization factor was
only 27%, which means a large amount of silicon area is wasted on the FPGA.
Analog designs would be a natural choice for implementation of neural
networks as analog neural networks can be potentially implemented using few
transistors. Bhatt et al proposed an analog circuit for implementation of tan
sigmoid activation function of a neuron in [5]. Gatet et al implemented the
analog design of a neuron in [6]. However, in both these works, conventional
neuron model has been assumed.
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CLOCK-FREE TRANSMISSION GATE
MASTER-SLAVE LATCH WITH A
CENTRALIZED SLEEP SWITCH
STRUCTURE

Rahul Singh'

Abstract

Multi-threshold CMOS when applied to sequential structures requires circuit
implementations that can retain state during standby modes. MTCMOS flip-
flops based on a leakage feedback gate (LFBFF) is one such master-slave
implementation that enables state retention while maintaining high speed active
operation. However, it suffers from two limitations: it utilizes a localized sleep
switch structure causing large circuit area overhead and the functioning is
clock-dependent. This paper proposes design changes to the LFBFF to enable a
clock-independent operation using only two control signals while having a
centralized sleep switch structure. Furthermore, a new design is also introduced
which reduces the area overhead by 30% and the active-mode energy
consumption by over 60% when compared to a LFBFF, while having similar
delay and standby-energy profiles.

Keywords: flip-flop, MTCMQOS, multithreshold-voltage CMOS
1. Introduction

In order to reduce the overall power consumption of modern high-performance
integrated circuits, a well-known technique is to scale supply voltages. However, in
order to maintain performance, device threshold voltages must scale as well, which
cause an exponential increase in sub-threshold leakage currents. Reducing these
leakage currents is vital for burst-mode type circuits, where the system spends the
majority of time in an idle standby and a failure to control the leakage currents can
greatly reduce the battery life. MTCMOS, or multi-threshold CMOS logic, has been
proposed as a very effective technique for reducing the leakage power dissipation

during standby by utilizing high V¢ sleep devices to gate the power supplies of a low

V logic block [Mutoh et al. 1995]. However, if the MTCMOS technique is directly
applied to a sequential circuit (memory cells), the state of the circuit is lost during
the sleep mode. Therefore, it is critical that efficient MTCMOS flip-flop designs are
explored that maintain low-leakage sleep modes with a data-retention capability
without incurring significant energy and timing overheads.

As discussed in [Liu and Kursun (2007)], one way of classifying previously
published MTCMOS flip-flop circuits that are capable of data-retention in the sleep-
mode is on the basis of sleep-switch structure. The first category of MTCMOS
[Mutoh et al. (1995), Kao and Chandrakasan (2001)] flip-flops utilizes a localized
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A 1.8mW, 320MHz SIGMA DELTA ADC
FOR WIRELESS APPLICATIONS

C.Harish! and H.S.Jamadagni®
Abstract

The need for Sigma Delta Modulators in Analog to Digital conversion is ever
increasing since they can provide very high resolutions given the speed of
operation increasing with technology. The reported ADCs which are used in
high bandwidth applications ranging from KHz to MHz consume about 10 to
70mW. The modulator designed in this work consumes 1.8mW from a 1.2V
supply and operates at 320MHz with an over-sampling ratio of 16 and a 4bit
quantizer. Excess loop delay compensation is done using a simple NRZ DAC.
The signal bandwidth is 10MHz and noise filter is of 3™ order. The ADC
achieves a peak SNDR of 56 dB and dynamic range of 65 dB.

Keywords: Sigma Delta, Over sampling, Excess Loop Delay
1. Introduction

The scaling in CMOS process technology has led to the development of high
speed processors and also very low power and robust digital signal processing
which necessitate the need for digitizing analog signals. Hence the need for high
performance analog to digital converters is increasing with the development of
high end processors. They also need to consume very low power and operate
under very low power supplies. Nyquist rate converters have their noise floors at
a higher level when compared to 3 A converters due to over-sampling. The
Continuous-time modulators have replaced the Discrete-time ones due to their
low power consumptions, inherent anti-aliasing property and relaxed bandwidth
requirements of components. The noise shaping property of the > A modulator
makes it an effective bid in such areas. The applications involving base band
receivers and IF transceivers which need pre-processing of signals to be done in
digital domain require high speed analog to digital converters to digitize the
signals. They also should be commendable for low power and good linearity.

In this work, we have implemented a 3" order Continuous-Time Delta Sigma
Modulator (CT DSM ) intended to be used for digitizing high bandwidth signals
of 10MHz using a 4 bit quantizer in the loop. A lot of papers have been
reported for this frequency range in the recent times [Mitteregger, Ebner,
Mechnig et al (2006), Paton, Antonio et al (2004) etc]. Since the signal
bandwidth is high enough, we are unable to operate at higher OSR (over-
sampling ratios) i.e. high clocking frequencies which make the design further
complex and prone to jitter effects. Thus a moderate OSR of 16 is chosen as a
trade-off between performance and speed.

! CEDT, Indian Institute of Science, Bangalore; Email: charish@cedt.iisc.ernet.in
2 CEDT, Indian Institute of Science, Bangalore; Email: hsjam@cedt.iisc.ernet.in

July 8-10 - Wipro Campus - Bangalore - Page 3



13th IEEE/VSI VLSI Design And Test Symposium

A High Performance Reference Circuit Using
Low Input Offset Operational Amplifier

Kapil K. Rajput* and Anil K. Saini**

Abstract: A high performance bandgap reference circuit with typical supply
voltage 3.3V in 0.35um CMOS technology has been proposed for high stability
and high PSRR, by optimizing the input offset voltage of operational amplifier
using Pelgrom's device mismatch model. This operational amplifier is used with
core bandgap reference circuit. The reference circuit gives Monte Carlo mean
output 1.219V with variation of 8.19 mV. Monte Carlo temperature coefficient
of reference circuit is 41.99 ppm/°C in temperature range of -40°C to 120 °C.

1. Introduction

In today’s SOCs, analog part of the ICs includes reference circuit, which has its
use in operational amplifiers (op-amps), comparators, data converters, etc. In a
mixed signal circuit like converter, the reference circuit needs both process
insensitivity and high power supply rejection ratio (PSRR) in order to reject the
noise from the digital block. Although various techniques are available to
develop supply and temperature independent references, bandgap reference
circuit remains the favorite choice [1, 2].

Here, we have used band gap reference generation concept to develop a more
stable reference voltage. The components of proposed circuit are core bandgap,
supply independent biasing circuit, start-up circuit and an op-amp. Op-amp with
common mode input voltage equal to one diode drop is required for core
bandgap reference circuit to operate properly[3].The performance of reference
circuit not only depends upon components used in circuit, but also on process
variations and mismatches, which have large impact on the absolute value of
reference voltage [4]. Various sources of error are temperature coefficient of
resistors, mismatches in betas, base resistors of bipolar transistors, variation of
silicon bandgap voltage with temperature and most importantly input offset
voltage of op-amp [5].

Input offset voltage of op-amp contributes a significant error in the output of

reference circuit. Furthermore, the input offset voltage is temperature dependent
and deviate from its ideal behavior [6]. A lot of work has been done to improve
the performance of reference circuit by minimizing input offset voltage by
trimming, in which offset voltage is controlled by resistor array with the help of
a digitally controlled circuit [7,8]. This leads to an extra circuit which increases
the cost and power consumption [9].
In this work, offset voltage has been minimized at device level without
trimming. Impact of input offset voltage on reference voltage variation has also
been analyzed. In addition to this, PSRR of the circuit has been improved. This
helps to make the reference voltage more independent of supply variation. A
supply independent biasing circuit, which biases the op-amp and is capable of
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IMPACT OF PROCESS VARIABILITY ON
28nm ANALOG CMOS PERFORMANCE

Ajayan K.R., Navakanta Bhat
Abstract

In this paper, we present an in-depth analysis of the MOSFET in 45nm
technology node with 28nm gate length under process variability. The process
parameter variation effect is studied using process and device simulation. The
MOSFET is designed to meet the specification of low stand by power technology
of International Technology Roadmap for Semiconductors (ITRS). The NMOS
transistor has on-current of 370uA, off-current of 30pA and saturation threshold
voltage of 575mV and PMOS transistor has on-current of 190uA, off- current of
20pA and saturation threshold voltage of 400mV. The variation of device
performance parameters such as drain current, sub threshold leakage current,
transconductance and output resistance and intrinsic gain due to the variation
of process parameters like printed gate length, oxide thickness, super steep
retrograde channel (SSRC) dose, halo dose and title angle of halo implant are
examined.

Keywords: variability, process simulation, device simulation, intrinsic gain.
1. Introduction

Variability is a major challenge for the design of nano scale MOSFETs The
problem is not only the amount of variability, but also the analytical modeling
of deep sub micron device to handle the problem of variability turned into
uncertainty. The modeling of deep sub micron MOSFET is becoming difficult
as the device dimensions are scaled down, which will be a concern for analog
and mixed circuits design engineers[1-2]. Analog circuit performance exhibits
grater performance variability than digital circuits for a given fabrication process

[3].

The process variability problem can be classified as variation of device
performance between fabs, between batches of integrated circuits, between die
and in a single die. For nano CMOS technologies, the intra-die variations has
become prominent.

Analytical modeling with limited number of physically related parameters is not
adequate to encounter the process variability in nano regime. Statistical
modeling method is a potential solution for this problem. Statistical simulation
of the effect of process variances on device characteristics and circuit
performance can be differentiated as two approaches, process oriented
simulation and device oriented simulation.
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A 1.2-V 5.3-7.3 GHz Wideband Quadrature
LC Voltage Controlled Oscillator

Mohit Kumar Gargl, M Sultan M Siddiqui % and B Bhaumik®
Abstract

This paper presents the design of Wideband Quadrature LC Voltage Controlled
Oscillator (VCO) with tuning range of 5.3GHz to 7.3GHz and with low phase
noise designed in UMC 130 nm CMOS technology. The work aims at the overall
optimized design of integrated VCO providing quadrature outputs and fulfilling
the phase noise specifications for GSM and DCSI800 at low power
consumption. The proposed VCO uses two stage differential amplifiers with LC
tank circuit as the load. The tuning of oscillator is achieved through a PMOS
varactor operating in the inversion mode.

Keywords (Index): Voltage Controlled Oscillator (VCO), phase noise,
quadrature, varactor, differential tuning, LC- tank.

1. Introduction

The growing demand for higher data transfer rates and lower power
consumption has a major impact on the design of RF communication systems.
One of the most critical components in modern communication devices is VCO.
Being at the heart of frequency synthesizer, VCO perform indispensible
functions in the transmission and reception of data. VCOs are frequently used
for local clock generation in the communication transceivers for the frequency
synthesis applications. Although ring and relaxation type oscillators can be
found in some applications like serial data links, but their poor noise
performance disqualifies them for RF applications. For higher quality RF
receivers, a cross-coupled LC oscillator topology has shown better phase noise
performance, easier implementation, and differential operation than a relaxation
or ring oscillator. The reason can be attributed to the band-pass nature of the
resonant tank in the LC oscillator that provides the lowest phase noise for a
given amount of power. Wide tuning range of the oscillator is another stringent
requirement for multi-band/ultra-wideband communication applications. The
oscillator tank circuit is a parallel combination of inductor (L) and capacitor (C),
which is not purely reactive in nature and do have ohmic losses in inductor and
capacitor. To compensate for these losses an active element is introduced with
LC tank circuit which provides the negative resistance and cancels out the ohmic
losses of inductor and capacitor. The oscillation frequency of LC tank circuit is
given by
1
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SURFACE POTENTIAL BASED CURRENT
MODELING OF THIN SILICON CHANNEL
DOUBLE AND TRI-GATE SOI FINFETS

Robin Paul Prakash®, Rohit Yadav?, S.C. Bose®

Abstract

In this paper, we present a drain current model for undoped thin silicon channel
double gate (DG) and tri-gate (TG) silicon-on-insulator (SOI) MOSFETSs.
Although, different drain current models are available, they fail for channel
widths less than 20nm as they do not take charge coupling effect into account.
The resulting errors go beyond 20 percent in the case of silicon channel
thickness of 5nm. Therefore, a modified drain current model, based on the
surface potential model proposed by Ortiz-Conde for Double Gate, is presented.
Charge-Coupling is taken into account by considering the effect of Vgsin the
surface potential along the channel. The model is extended for modeling Tri-
Gate FIinFETs by taking the effect of the top gate width. Taurus-Davinci has
been used as the simulation tool for verification of the models presented. The
error percentages lie within 5 percent even in the regime of 5nm for both DG
and TG SOl MOSFETs. Simulations for channel widths below 5nm, where
quantum mechanical effects become prominent, have been avoided.

Keywords: Short Channel Effects (SCE), Double Gate (DG), Tri-Gate (TG),
Silicon on Insulator (SOI), Undoped Channel, Charge Coupling Effect.

1. Introduction

In order to realize high speed and high packing density MOS integrated circuits,
the dimensions of MOSFETS have continued to shrink according to the scaling
law proposed by Dennard et al.[1]. Double Gate (DG) Silicon-on-Insulator
(SOI) FinFETs with undoped channels embody perhaps the most promising
structures for scaling CMOS devices down to nanometer sizes [2]. The use of
DG MOSFETS with ultrathin bodies and ultrathin gate oxides allows to suppress
short-channel effects (drain-induced barrier lowering and subthreshold slope
degradation), making unnecessary the conventional use of high channel doping
densities and gradients. This absence of dopant atoms in the channel decreases
mobility reduction by scattering and eliminates random microscopic dopant
fluctuations inherent to ultra-small dimensions devices which give rise to
unwanted dispersion in the “turn-on” characteristics. When the channel length
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