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Preface

This book contains extended versions of selected papessmied at th008 5th
International Conference on Electrical Engineering, Cartipg Science and Auto-
matic Control (CCE’2008)which took place in Mexico City, México during 12—-14
November, 2008.

This volume contains 28 chapters organized in four parts) eithem corres-
ponding to one of the major topics covered in CCE’2008. Net provide a short
description of each of these 28 chapters.

Part | contains the following 10 chapters related to autawaintrol and mecha-
tronics:

In chapter 1, Lu investigates mixed finite element methodsémnilinear opti-
mal control problems. The author derivariori error estimates for the coupled
state and control approximation, and presents a numexaahgle that confirms the
author’s theoretical results.

Robles-Aguirre et al. present in chapter 2, the design df dingl second order
sliding mode controllers for the synchronous generatoegdp®&nified Power Flow
Controller (UPFC) series power flows, UPFC voltage magmitaidd UPFC internal
DC link voltage. The authors use combinations of sliding madd block control
techniques to design these controllers, which are impléedan a small power sys-
tem. Digital simulations are adopted by the authors totilate the effectiveness of
the proposed approach.

Chapter 3, by Garrido and Miranda, presents a method for @s®tors work-
ing in a closed loop. They use a proportional integral cdlerado stabilize the ser-
vomotor, and another one to close the loop around a lineaehuddhe servomotor.
A laboratory prototype is used to validate the proposed oteth
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In chapter 4, Villafuerte and Mondié propose a new apprdacthe analysis of
the case of neutral and retarded type time delay systemse 8gamples and a case
study are adopted to illustrate the proposed approach.

Galvan-Guerra and Azhmyakov consider, in chapter 5, threafimuadratic im-
pulsive hybrid optimal control problem and apply to it theresponding Pontryagin-
type maximum principle. The aim of the authors was to ingedé the relation-
ship between such a maximum principle and the Bellman dyngmagramming
approach. They also formulate the necessary optimalitgitions for the problem
of their interest and derive the associated Riccati-typm#égn, which allows an im-
plementable numerical algorithm.

Chapter 6, by Garrido et al., presents a task-space camtfoll robot manipu-
lators, which uses two proportional actions at joint ané tegels. Such a topology
exploits the fact that, in general, measurements at theléaskare noisier than the
measurements at the joint level. A planar 2-link revolutatjoobot under visual
feedback is used by the author to assess the performance jfdposed approach.

Sanchez and Collado propose in chapter 7, a modified vedditine standard
truncated Carleman linearization, which reduces the énrtive truncation process.
This modified approach is applied to two Van der Pol oscititeith slightly diffe-
rent frequencies.

Arias-Montiel and Silva-Navarro present in chapter 8 a LQ@Rtool scheme for
unbalance compensation using an active magnetic bearagpitor-bearing system.
Simulation and experimental results are included in thetgrao show the transient
and steady-state behavior of the proposed closed-loograyst

In chapter 9, Cabrera-Amado and Silva-Navarro addressrtit@dgmn of unbal-
ance compensation in a rotor-bearing system. The auth@iy apsemiactive ba-
lancing control scheme based on two radial MR dampers mduntene of the
supports. Some numerical simulations and experimentaltsesn a physical plat-
form are presented to validate the dynamic and robust pagce of the proposed
control system.

Finally, in chapter 10, Silva-Navarro et al. present thegtesf a passive/active
autoparametric pendulum-type absorber to control thenaastoribrations in damped
Duffing systems. Some simulation results are included ircttegter in order to il-
lustrate the dynamic performance of the proposed system.

Part Il contains 3 chapters related to solid-state mateaiatl electron devices:
Chapter 11, by Juarez-Diaz et al., studies the effectstijpowth thermal anneal-

ing processes on the optical characteristics of the zindeogZnO) films grown on
(001) silicon substrates by DC reactive magnetron spatjeiihe main motivation
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for this work was to enhance the PL response and to iden#&fptlyin of deep-level
luminescence bands. Results indicate that the ZnO filmsadingehave potential
applications in optoelectronic devices.

Albarran et al. present in chapter 12 a description of theosfal decomposition
of the GaShNyAs; __y quaternary alloys lattice-matched to the GaAs as the result
of the internal deformation and coherency strain enerdies.authors show ranges
of spinodal decomposition of the GaBlAs; «_y alloys up toy < 0.035 with and
without coherency strain energy.

Finally, in chapter 13, Morales-Sanchez et al. inveséigla¢ properties of amor-
phous and fcc polycrystalline G8b, Tes phases as well as the crystallization kinet-
ics. The authors indicate that the various resistancesstateched by annealing at
different temperatures, suggest the possibility of ushy GeSh,Tes material as
the active layer in a multi-state memory device.

Part Il contains the following 7 chapters related to bioimablengineering, cir-
cuits and communication systems:

Vera et al., present in chapter 14, a study that comparedifoardelay estima-
tion methods, which relate temperature changes insidgetieplica (phantom) with
time shifts in ultrasound echo-signals. The simulatedagwere obtained from a
numerical phantom which is proposed by the authors, andrempetal signals were
acquired from a specially developed agar phantom with amifyp distributed scat-
terers.

Chapter 15, by Ramirez-Mireles and Almada, presents aoddtir assessing
the statistical nature of the multiple-access interfeegnavireless sensor networks.
The authors propose a low-complexity method to establisu&sianity regions” in
a two dimensional plane and determine the boundary of sugibne for three di-
fferent conditions: an ideal propagation channel with @errfand imperfect power
control, as well as a multipath channel with “perfect avefggpwer control.

In chapter 16, Cortez et al. present a family of hybrid coleeyvn ad.D STBC-
VBLASTcodes, along with a receiver architecture suitable for tmmplexity hard-
ware implementation. The authors also present a correMt®tD channel model
and explore the impact of correlation on code performanteyTshow that.D
STBC-VBLASTodes exhibit higher performance than other (recenthpased) hy-
brid codes.

Lozano et al. present in chapter 17 a numerical integratosidering shadowed
and illuminated currents in physical optics in order to aédte the radiation pattern
of antennas on complex structures modeled by NURBS. Thisoaph is adopted
for the case in which the antenna is placed at a distancelassohe wavelength of
the structure. The results are compared to measuremeis@tivith other physi-
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cal optics techniques, such as the stationary phase methadcherical integration
considering only illuminated currents.

Medina-Vazquez et al. show in chapter 18, the differencesaalvantages that
the multi-input floating gate MOS (MIFGMOS) transistor harsus the conven-
tional CMOS transistor. In order to illustrate such diffeces, the authors design
and implement both a voltage to current converter cell anceenany current cell
using MIFGMOS transistors. The development is based in emagttical and simu-
lation analysis as well as in experimental results.

In chapter 19, Aguirre-Hernandez and Linares-Aranda pitese8x 8-bits CMOS
pipelined multiplier built using a full-adder cell with awenternal logic structure
and a pass-transistor logic style that allow to get reduedalcand power consump-
tion. A test chip containing the multiplier was fabricatesing a 0.3%m CMOS
technology. The authors could confirm, through experimeneasurements, its op-
eration at 1.2GHz with a power consumption of 180mW, for godpipoltage of 3.3V.

Finally, chapter 20, by Medina Hernandez et al., presemtsvamodel for the
production of autowaves which is used for navigation cdrmifoa mobile robot.
Necessary analytic conditions based on linear theory dabléshed in such a way
that a reaction-diffusion system has an oscillating bedrawithe initial phase.

Part IV contains the following 8 chapters related to compstéence and com-
puter engineering:

Chapter 21, by Cazarez-Castro et al., introduces a typeZ/fiogic controller
whose intended task is to achieve the output regulation eneomechanism with
backlash. The design of this controller is optimized by aggieralgorithm aiming to
obtain the closed-loop system in which the load of the diiveegulated to a desired
position.

In chapter 22, Ferretti et al. presents what aims to be a geagproach to com-
bine autonomous robot navigation with high-level reasgnin their proposal, they
integrate vision-based motion planning with defeasiblegien making (using logic
programming) for differential-wheeled robots.

Galan Hernandez and Lebn Chavez present, in chaptear28pject-oriented
model of an open source software e-learning platform cdileddle. The model
was developed using the Unified Model Language, and incladesnalysis of its
security services and vulnerabilities.

In chapter 24, Algredo-Badillo et al., provide a study in eththey show how
the software radio paradigm can be used to implement in henelgeveral standard
security architectures within a single flexible platform.
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Chapter 25, by de la Fraga, presents a method to efficiently dmesh of trian-
gles from a contour map of a terrain. The proposed approathdas intermediate
points among contour lines to avoid the problem of flat trlasgThe intermediate
points are selected from the skeleton of the contour lined their heights are cal-
culated automatically.

Barilla and Spann present in chapter 26 an experimentaysisaif color-based
texture image classification in order to evaluate whethanatrthe color and tex-
ture information should be used jointly or separately. Thegults show that, indeed,
color and texture information should be treated separately

In chapter 27, Lopez-Garcia et al. report a software parémce comparison of
ten blind signature schemes that have been proposed bet®88runtil 2008. The
chapter provides a brief introduction to the basic concefitdind digital signatures,
and then provides an algorithmic description of the ten sasestudied along with
the corresponding main arithmetic building blocks.

Finally, in chapter 28, Hernandez Leb6n et al. propose aalgarithm for mining
frequentitemsets. The proposed approach compresses#helile maintaining the
necessary semantics for the frequent itemsets. This tigorvas found to be more
efficient than other approaches that use traditional cosspye algorithms.

We we wish to thank all the authors for their high-quality tdutions to this
volume.

Finally, we wish to express our appreciation to LOGOS Veftagheir accom-
plished handling of the manuscript, for their understagaind for their patience.

Carlos A. Coello Coello
Alexander Poznyak

Jos Antonio Moreno Cadenas
Vadim Azhmyakov

Editors

CINVESTAV-IPN, Mexico City, Mexico, March 2010






Contents

Part | Automatic Control and Mechatronics

1 Error estimates of mixed finite element methods for semiliear optimal
control problems
Zuliang LU, . ..o

2 Sliding Mode Control Approach combined with Block Control for a
Unified Power Flow Controller (UPFC) in a Small Power System
Fidel Robles-Aguirre, Alexander Loukianov, Leonid Fridmd.M. Cdiedo . . .

3 Closed-Loop Identification for a Velocity Controlled DC
Servomechanism: Theory and Experiments
Rulken Garrido, RogerMiranda. . ............ ... ... . i

4 Practical stability of neutral and retarded type time delay systems:
LMI’s approach
R. Villafuerteand S. Mon@i. . . .. ... o

5 Relationship Between Dynamic Programming and the Maximum
Principle for Impulsive Hybrid LQ Optimal Control Problems
R. Galvan-Guerra, V. Azhmyakov. . ............. .. ... ... . ..

6 Task Space Robot Control Using Joint Proportional Action
Ruken Garrido, E. Alberto Canul, Alberto Soria. .. ....................

7 Further Properties of Carleman Linearization
Irving Sanchez, Joaga Collado . . .......... .. .. .. .. .. . . i

8 Finite Element Modelling and Unbalance Compensation for a
Asymmetrical Rotor-Bearing System with Two Disks
M. Arias-Montiel, G. Silva-Navarro. ............ ... .. ... ..

21



XV Contents

9 Semiactive Control for the Unbalance Compensation in a
Rotor-Bearing System
A. Cabrera-Amado, G. Silva-Navarro. .. ......... .. ... ... .. o, 143

10 Design of a Passive/Active Autoparametric Pendulum Absber for
Damped Duffing Systems
G. Silva-Navarro, L. Macias-Cundapi, B. Vazquez-Gonzalez . .......... 159

Part Il Solid-State Materials and Electron Devices

11 Characterization of Nanocrystalline ZnO Grown on Silican

Substrates by DC Reactive Magnetron Sputtering

G. Juarez-Oaz, A. Esparza-Gatra, M. Brisdio-Garda, G. Romero-Paredes

R., J. Martnez-Jarez, R. PBa-Sierra. . ... ........... ... . .. 179

12 Thermodynamic Stability of A" BYC/DY , | Semiconductor Alloys
Salvador F. D. Albaran, Alicia G. G. Noguez, Patricia R. Peralta, Vyacheslav
A Elyukhin. .o 193

13 Electrical, Relaxation and Crystallization Propertiesof Ge,Sh,Tes

Alloys

E. Morales-@nchez, E. Prokhorov, G. Trapaga, M. A. Handez-

Landaverde, J. Goddez-Herandez. .. ........... ... ... .. ... 207

Part lll Biomedical Engineering, Circuits and Communicati on Systems

14 Suitability of Alternative Methods of Time Delay Measurements

for Ultrasonic Noninvasive Temperature Estimation in Oncdogy
Hyperthermia

Arturo Vera, Lorenzo Leija, Abraham Tellez, lvonne &azAntonio Ramos. . 223

15 Assessing the Statistical Nature of the MAI in a WSN basedro
IR-UWB for Cognitive-like Operation
Fernando Rarmez-Mireles, AngelAlmada . . .......................... 249

16 Hybrid Space-Time Codes for MIMO Wireless Communicatiors
Joaquin Cortez, Alberto Sanchez, Miguel Bazdresch, Omaghona, Ramon
Parra . .. 267

17 Calculation of the Radiation Pattern of On-Board Antennas

Placed over Complex Structures using Physical Optics Inclding the
Contribution of the Shadowed Areas

Lorena Lozano, Francisco Saez de Adana, Manuel Fel@e®@a .......... 289



Contents XV

18 Analisys of both a Voltage-to-Current Converter and a Menory

Cell Implemented using the Multiple-Input Floating Gate MO SFET
Transistor

A. Medina-\Azquez, J. Moreno-Cadenas, FoilBez-Castdeda, Luis
Martin-Flores, M. E. Meda-CamfieR . ... ..., 303

19 A CMOS Pipelined Multiplier Based on a New High-Speed
Low-Power Full-Adder Cell
Mariano Aguirre-Hernandez, Monico Linares-Aranda. .. ............... 323

20 A Reaction-Diffusion Model for the Production of Autowawes and its
Application to Navigation Control of Mobile Robots

Jo< Antonio Medina Herandez, Felipe @Gmez Castdeda, Joé Antonio

Moreno Cadenas. . . ...ttt 339

Part IV Computer Science and Computer Engineering

21 Optimization of a Type-2 Fuzzy Controller for Output Regulation of
a Servomechanism with Backlash via Genetic Algorithms
Nohe R. Cazarez-Castro, Luis T. Aguilar, Oscar Castilla............... 361

22 Integrating vision-based motion planning and defeasild decision

making for differential-wheeled robots

Edgardo Ferretti, Roberto Kiessling, Alejandro SilnikcRido Petrino,

Marcelo Errecalde. . ... ... 375

23 Moodle UML model and its Security Vulnerabilities
Juan Carlos Gan Herrandez, MigueAngel Lén Chavez. . .............. 397

24 Towards a Reconfigurable Platform to Implement Security
Architectures of Wireless Communications Standards Basedn the
AES-CCM Algorithm

Ignacio Algredo-Badillo, Claudia Feregrino-Uribe, Rei€umplido, Miguel
Morales-Sandoval. . ......... ... ... . 411

25 A Method to Generate Automatically a Triangulated Irregular
Network from Contour Maps
LuisGerardodelaFraga...........coo i 429

26 Image classification with colour and texture using the Corplex
Wavelet Transform
Maria E. Barilla, Michael Spann ........... .. .. .. ... ... ... ... ... ... 445

27 A Software Performance Comparison of Blind Signature Scémes
Lourdes lbpez-Garta, Luis Marinez-Ramos, Francisco Rdguez-Heniguez 459



XVI Contents

28 A Compression Algorithm for Mining Frequent Itemsets
Raudel Herdndez Lén, Airel Perez Sarez, Claudia Feregrino-Uribe



18

Analisys of both a Voltage-to-Current Converter and a
Memory Cell Implemented using the Multiple-Input
Floating Gate MOSFET Transistor

A. Medina-Vazquez, J. Moreno-CadenésF. Gomez-Castafnetid_uis
Martin-Flore$, and M. E. Meda-Campafa

1 Department of Electrical Engineering, CINVESTAV-IPN, kéo City, Mexico
2 CUCEA, Guadalajara University, Zapopan, Jalisco, México

Summary. Differences and advantages that the Multi-Input Floatiage®10S (MIFGMOS)
transistor has versus the conventional CMOS transistorshosvn. In order to do this,
the design and implementation of both a Voltage to CurrentvE€der (VIC) cell and a
Memory Current Cell (MIC) using MIFGMOS transistors is peated. The development
is based in mathematical and simulation analysis as welhaxperimental results. Both
cells present good performance and linearity accordindnéoretical analysis and presents
low voltage operation and low power consumption, despiteltmg channel technology.
These characteristics are very important in analog anddvsignal applications, like mobile
communications systems. The cells presented here can beofparlow-voltage sample
and hold circuit but applications are not restricted. Aiddially, some comparison between
simulation and experimental results obtained when tesiteg3-input MIFGMOS transistor
are included in order to show the properties and behavidristtansistor.

18.1 Introduction: Multiple-Input Floating Gate MOSFET
Transistor

The floating gate MOSFET (FGMOS) transistor is a simple MOBEF&nsistor with
its gate completely insolated, that means, without metataui to the outside. The
gate is immersed in an oxide layer and the electric chargetin floating gate
does not flow to either side. For this reason, the floating garesistor was used
in implementing EPROM or EEPROM memories some decades dgbdgtause
the electric charge remain in the floating gate for a long tik@wever, currently
it is possible to implement a great variety of analog andtdigtircuits based
in FGMOS transistors [2] and [3], respectively. These kimdscircuits can be
applied in communications systems as shown in [4], neutalork [5], biomedical
systems, etc. In general, in all these applications, lovplwypltage and low power
consumption are desired.

Because the gate of the MOSFET in a FGMOS is floating, it is ss=ny
implement some mechanism to manipulate the electric chargeltage on the
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N C Conventional :
MOSFET
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e 133
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schematic

Fig. 18.1.Basic MIFGMOS transistor structure: (a) schematic, (b)@4t MIFGMOS layout,
(c) electric symbol

floating gate. The most popular techniques are: using udtietight [6], Fowler-
Nordheim tunneling [7], hot electron injection [8], qudkiating gate [9], and
capacitive coupling [10]. The approach presented here ¢sisied to using the
capacitive coupling in order to control the voltage on thatileg gate. It is necessary
to note that using this technique, multiple inputs are fassi

As shown in Fig. 18.1(a), Multi-input Floating Gate MOS (MBMOS) tran-
sistor has many input gate¥:( V-,..., V) coupled to the gate of a conventional
MOSFET trough capacitor€{, Cy,...,C,). Fig. 18.1(b) shows the layout of a three-
input MIFGMOS and part (c) shows the electrical symbol.

The coupling capacitors are formed by the polyl layer (thatifhg gate) and
poly2 layer. It is recommendable to use polyl-poly2 capasibecause the gate is
always built with polyl layer and furthermore, there is moapacitance per unit
area than using metall-metal2 capacitors. Hence, inptages Y1, Vo,. .., V) are
coupled through the capacitors to the floating gate to mabédrain-source current
[10Q]. In this manner, the input voltages can be coupled ankaddrithmetically to
the floating gate. This is because the floating gate voltagdusiction of the input
voltagesv; and the coupling capacito@. In general, the input voltag&s are called
control inputs. Thus, the floating gate voltage can be apprated by [11]:

CFGD QFG
Cr CT

wheren is the number of inputs coupled capacitively,are the coupling capac-
itances,V; are the input voltaged/s and Vp are the source and drain voltages,
respectivelyQrg is the initial charge in the floating gate, a@g is given by:

(18.1)

Vpg—zlc'vrf—CFGSV +

Cr= 'ZLQ +Crcp+Cras (18.2)

In (18.2),Crgp andCrgs are the floating-gate-drain and floating-gate-source
parasitic capacitances, respectively.
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In this way, the first approximation equation to determireedhain-source current
in sub-threshold regime, triode and saturation regionrasgectively:

W
Ips = Ipo—€exp

VEGgs— Vin
L

> if VEgs < Vih andVps < 4Viher (18.3)
thher

whereViher is the thermal voltage approximated %/(k is the Bolztman constant, T
is temperature and g the electron electric chaige)is a drain-source current when
Vees=Vih andn is a constant, usually 1, ang}, is the MOSFET threshold voltage.

W Vi .
Ips= K'f <(VFGs—Vth) - %S) Vbsif 0 < Vps < (VFes— Vi) (18.4)
whereK’ = sCox andW/L is the MOSFET geometry

w .
Ips= K/f (Vegs—Ven)® if O < (Vegs— Ven) < Vbs (18.5)

In (18.3)-(18.5VMrgs is approximated by (18.1).

On the other hand, an important consideration is the ungtaule charge stored
in the floating gate when the MIFGMOS transistor is fabridafiéhis charge remain
on the floating gate for a long time, so it can changes the itiprformance.
To solve this problem, the technique presented in [12] iddusere, where the
undesirable electrical charge is removed during the matufag process using
switchs formed by metal contacts.Other methods to diseéhtirg initial charge in
the floating gate (do not used here) are: ulraviolest lightyIEr-Nordheim technique
and quasi-floating gate technique, all referenced above.

18.1.1 Simulation and d.c. results

To get the current-voltage simulation of the MIFGMOS tratmi and compare it
with the experimental results, some simulations modeldighdd in the literature
were considered [13], [14], [15]. All this models have pivgitand negative charac-
teristics and the search for better models continues. Hervéve model presented
in [15] was considered in this work, because it calculatesfitating gate voltage
based in the parameters provided for the manufacturer ssdPitCE implementation
is simpler. Then, to compare the d.c. simulation resultd wite experimental
results, five 3-input MIFGMOS coupled inputs were fabriddtel.2um technology.
Table 18.1 shows the values of the coupling capacitancesaindaspect as well
other important parameters of each MIFGMOS transistoes #iey were fabricated.
Additionally, Table 18.2 shows the capacitive parametétee 1.2 m process.

Thus, the three inpulés; = Vi = Ve of the MIFGMOS represented in Fig. 18.2
are connected toghether and they has been sweep Vgilas kept constant. In
Fig. 18.3, the experimental average results (measuringexperimental median
results of five transistors) are ploted whésp = 1.0V andVpp = 3.0V, respectively.
It is possible to see simulation results are according teergental results.
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Table 18.1.Coupling capacitances and ratio aspect of the 3-input MIB&EMransistor

Parameter Value Description

Cy 50.1984fF Coupling capacitor 1

C 40.9953 Coupling capacitor 2

Cs 96.6319 Coupling capacitor 3

Wh 6.0um Channel wide

Ln 3.6um Channel lenght

A 1.2um CMOS process technology
Uo 647.91cn?/V's Low-field Mobility (n-type)

K’ (HoCox) 21.1uA/V2 Transconductance parameter
Vin 0.59Vv n-type MOSFET sub-threshold voltage
tox 316A  Gate-oxide thickness

Table 18.2.Capacitance parameters in th@dm CMOS process

Parameter N+ P+ Polyl Poly2 Metall Metal2 Units
Area(sustrate) 290 304 37 37 24 16 @r?
Area(N+ active) - - 1094 696 52 27 ghf?
Area(P+ active) - - 1079 690 - - gEi?
Area(Poly1) - - - 581 46 23  afh?
Area(Poly2) - - - - 47 23 afn?
Area(metall) - - - - 38 afn?
Fringe(sustrate) 73 157 - - 30 26 aANh
Fringe(polyl) - - - - 60 43 afim
Fringe(metall) - - - - - 55 afim
Overlap(N+ active) - - 256 - - - ap/m
Overlap(P+ active) 256 - - - - - af/m

VDD = constant

qutl
Cl1
vG1 ——
VG2 —< 3-MIFGMOS
yG3 —<2

Fig. 18.2.Configuration to analyze d.c. curves of the 3-input-MIFGMOS

18.1.2 Programmable threshold voltage

As it was mentioned early, the MIFGMOS transistor has a typiroperty because
it can increase or decrease its relative threshold voltggamically using a single
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Fig. 18.3.Comparation between experimental and simulakiggvs. Vg1 curves

coupled input gate. This can be interpreted as a progranensgiparent threshold
voltage. To show this, an experimental test is done settiegnputs of the transistor
in Fig. 18.2 as follows: two inputd/g, andVe3) are connected together to apply a
sweep input voltage, and the inptg; will be used to control the relative threshold
voltage. TheVg; voltages take values of -5.0, -3.0, -1.0, 0.0, +1.0, +3.0 €00
volts. In this case, the supply voltagep is maintained constant with a value of 5.0V.
Fig. 18.4 shows thigys vs.Vg; curves, wherépgis the drain current of the transistor.
We can note a particular case whég=+5.0V, there is a small current flowing in
the transistor even if the input voltayye; is zero. This could be a disadvantage in a
circuit based on MIFGMOS transistor because is necessattihis current when
the transistor is not required, using additional transssés switches.

However, modifying the relative MIFGMOS threshold voltages can get pos-
itive consequence since the supply voltage and operatitiageocan be reduced,
e.g. in cascode configurations in a CMOS design, where totaiaithe transistor
working in the saturation region it is needed that each tstmssatisfyVps =
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400604
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Fig. 18.4.Drain-source current of MIFGMOS transistor when the appiatfereshold voltage
is varied (experimental results).

Ves— Vi, thus, if the threshold voltagé;, or the gate-source voltagéss can be
manipulatedVps can be reduced, [16] and [17] and, consequently, we can eeduc
the supply voltagd/pp. Moreover, decreasing the supply voltage, the total power
dissipation of the circuit is decreased.

18.1.3 Other properties of the MIFGMOS

The MIFGMOS transistor has another propierty, that is, thesgbility of a feedback
loop to improve the linearity in a particular desing and twif be shown later.
More even, using MIFGMOS transistors the circuit complexét reduced, signal
processing is simplified and the quiscient point in a circait be shifted [13]. All
advantages mentioned above are very important both in g@ad in mixed signal
circuits design, particularly in applications which reguow supply voltage and low
power dissipation, as used in [18] and [19].

However, the MIFGMOS has some disadvantages when is coohpéte the
conventional MOSFET. The mostimportant disadvantagesaver effective transcon-
ductance, lower output resistance, and lower frequengyorese. If we define the
effective MIFGMOS transconductance (in saturation repieapect to a single input
V, as

ol
Omi = —6\'23 (18.6)
from (18.5) and (18.6) we get the expression:

s 3 (1
Imi =5 T v

w(c, &c
zuocoxr <a\/l +XZZ avx—vth>> (18.7)

and



18 Analisys of both a Voltage-to-Current Converter and a MgnCell 309

Omi = %gm (18.8)

wheregn is the transconductance of the conventional MOSFET tramrsiSote than
the transconductance of the MIFGMOS respect to a singletiisplower than the
conventional MOSFETE- < 1).

18.2 Voltage to current converter based on MIFGMOS

The \oltage-to-current converter (VIC) cell based on thé=BMOS transistor is
presented and analyzed here to show the properties of th& MBS such as: low-
power operation, good linearity at low voltage operatiod aonfigurable threshold
voltage. The advantages mentioned above are very impdrtaintn analog and in
mixed signal circuits design, particularly in applicatomhich require low voltage
operation and low power dissipation.

The main function of the VIC is to convert an input voltage tocaitput current.
We are interested in a VIC designed with MIFGMOS transistorske advantages
about its properties mentioned above.

This cell consists of a linear transconductor and a p-typesctimirror as a load,
both implemented with MIFGMOS transistors, as shown in E&5. In this cell M1
is the transconductor with M6 as a triode load. The p-typestumirror (M8-M11)
operates as a load in order to reduce the channel-lengthlatmiuand improve the
circuit gain. M1 transistor has a feedback loop betweerrésicand the floating gate
throughC; capacitance to improve the linearity of the cell. Howevethé cell has
aVpprg Voltage applied, it will be a voltagé; coupled to the floating gate through
Ct, thus, we have a current IM6, even§ is null. This could be an undesired effect.
To cut this undesired current when the cell is not needed,seghe transistors M3,
M5 and M7 as switches.

In the next subsection each part is analyzed and it is showedthe VIC
cell proposed here requires less supply voltage maingigiood linearity than
conventional MOSFET version.

18.2.1 Transconductor stage

Now, it is showed how the transconductor stage in the VIC o EB.5, proposed
here, has better linearity than conventional MOSFET versio

Analyzing M1 transistor and based in (18.1), the floatingegattage is calcula-
ted by:

Cinvin
Cr

ignoring Cep, Cas, Cos and Cox effects in order to facilitate hand calculations
without losing generality.

VFGl ~ (189)
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Fig. 18.5. Voltage to current converter implemented with MIFGMOS #iators. M1
MIFGMOS is compared with a conventional MOSFET

Taking M6 triode load, M7 switch, and p-type current mirrogéther shown in
Fig. 18.5 as a load calld&p, the drain voltag®/; of M1 in saturation region is:

HoCox W1 [ C o 2
Vi =V, - — | =2Vin+ =—Vi — V4 18.1
t =Voore —Ro— ™ (CT |n+CT t —Vih (18.10)
where L, is the mobility of charge carrier€oy is the MOSFET gate oxide capaci-
tance by unit aredj is the threshold voltage for n-type MOSFET, dndndW are
the large and width of the MOSFET transistor, respectively.
Developing the squared term in (10), we get:

Cox W 2 2C
Vi =Vppre — Ro EZ (2 - v - vy, (18.10)
2 L Cr Cr
2CinC C2 c?
+ Cg% foVin‘f'éVi%"‘c_%sz)
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Fig. 18.6.1oyt VS. Vin in MIFGMOS transconductor (simulation)

In (18.11) there are three squared terms. In this cdgds constant4 0.7V,
according tg the 2umtechnology), but we can have control in the two last terms:
CCT—'EViﬁ and V2.

So, linearity improves increasin@Gr since (Ct = G, + Cs), it means, it is
necessary to increas&, or C;. We opted arbitrary to increase the valueGf
to increaseCrt. It should be noted this property is not possible using cotigeal
MOSFET transistor.

Fig. 18.6 shows the IM6 current (drain of M6 transistor), whige input voltage
of the VIC (Vin) is swept, alscCs is varied. Note the good linearity with 2.0V voltage
supply ¥pprc) using a resistor as a loa4 = 10kQ) . Also, note that the output
current IM6 is different to zero whevj, = 0V. This is because the feedback voltage
V; is present wheNpprg is applied. This current means static power consumption
but it can be cut using the switches mentioned above. Kgye; 100fF.

Fig. 18.7 shows a simulated comparison between the draireruflowing
through M1 transistor working as the transconductor showrrig. 18.5, both
MOSFET and MIFGMOS version. In these cases, the supplygelit3.0V. We can
see better linearity in MIFGMOS version but better dynaraitge (RD) in MOSFET
case.

18.2.2 Low-supply voltage p-type current mirror

Now, it is showed how the p-type current mirror proposed anglémented with
MIFGMOS transistors (Fig. 18.8(a)) will require less syppbltage than conven-
tional MOSFET version (Fig. 18.8(b)). So, we demonstrat: th

Vboc > Voore (18.12)
Each version is analyzed and compared.
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Fig. 18.8. (a) P-type current mirror implemented with MIFGMOS tratsisand (b)
implemented with MOSFET transistors only

a. Current mirror implemented using conventional MOSFET tr ansistors only

Analyzing the circuit showed in Fig. 18.8(b), the supplytagkeVppc is:

Vboc = Ves +Ves +Vioad (18.13)
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whereVpaq is the voltage provided for the current soudgg . In this case, we
consider all the transistors working in the saturationaeghence the source to gate

voltage of M1 or M2 is:
2|ref Ll
Vsaq = = +V 18.14
sa ”Uocox W, Mo ( )

whereViy, is the threshold voltage for p-type MOSFET transistor.
Now, combining (13) and (14) we obtain:

2|ref ( LZ Ll>
Vooc = 2Vinp+ Vo T/ o |tV 18.15
DDC thp Hocox Ws W, load ( )

The result obtained in (18.15) is very important becaus@dins the way the
supply voltage depends ¥f,aq and both the aspect ratio akg,. Also, we will use
(18.15) to demonstrate (18.12).

b. Current mirror implemented using the conventional MOSFET transistor

Similar analysis is realized for the current mirror MIFGMQ@8&rsion. In Fig.
8(a), the current through M2 transistor in saturation redgso

Cox Wo
lret = “02 XL_Z (Voor — Vre2 —Vthp>2 (18.16)
where the floating gate voltage of MZHs>) is given by:
C1Vi+CpV
Vrg2 = “chb (18.17)

In (18.17) V4 is a small bias voltage applied to the p-type MIFGMOS transss
in order to decrease the relative threshold voltage of M2cam$equently to reduce
the supply voltageMpprs). C1 andC,, are coupling capacitors. Later, ignoring the
parasitic capacitancéssp, Cgs, andCgg and combining (18.16) and (18.17), the
supply voltage is:

2|ref I-2 Cb Cl
\Y/ = 1/ — 4+ —Vp+=—V1+ V4 18.18
DDFG IJoCoxW2+CT b+CT 1+ Vthp ( )

where the voltage in nod4 is given by:

V1 =Vsa + Vioad (18-19)
Finally, combining (18.14), (18.18), (18.19):

C Cb 2|ref ( Lo C ] )
Vi =Vihp+ =—Vihp+ =Vioad + Voo T =7 18.20
DDFG thp Cr thp Cr load Uocox W CrVwy ( )
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Equation (18.20) calculates the minimum supply voltageleddor the current

mirror transistors working in the saturation region. Fi§.9 shows the curves of
Vbprg Voltage versusyy:. In this case, a current oftBA is applied as a target and
C1 =C, = 100fF.

It is possible to watch that modifying the ratio aspect ofttlamsistor the supply

voltagesVpprg ca be reduced. This is shown in the simulation results in FgO
for different values ofV, maintainingL = 3.6um. WhenW is increased, less supply
voltageVpprg is required to copy the target current maintaining the istoss in
saturation region (see poirasandb). However, a tradeoff exists between low supply
voltage and linearity and this must be taken into accourtténdesign process.

In order to analyze the effect of the bias voltaggin the current mirror in

Fig. 18.8(a), Fig. 18.10 shows the current mirror operatiaryingV,,. We can see
that applying a very small or negative voltage @) the supply voltag&pprg is
reduced maintaining the transistor in the saturation re¢gsee points andd). In
this caselyef = 5uA andC; = C, = 100fF.

Now, it is demonstrated than (18.12) is true. First, not¢Waac in (18.15) and

Vppra in (18.20) are always positive. Then subtracting (18.2@)@8.15), we have:

C C
Vboc — Vopre = Vioad <1 — C_1> +Vr <1 - C—1> (18.21)
T T
2|ref Ll ( Cl) Cb
L(1- 2 )4 22y
HoCox W1 Cr Cr°
Since 0< C; < Cy:
0<(1-y<1 (18.22)

Cr
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Hence, all terms in (18.21) are always positivég ¢Could be zero), so we
conclude tha¥ppc > Vbopre.

18.3 VIC implementation

The VIC cell was fabricated in a.2um CMOS technology, double poly, double
metal. Fig. 18.11 shows the experimental results when wesuaned the linearity of
the VIC. To do this, an input voltage is sweptpR input and the output currebhdy:

is measured. Note the good linearity of this cell with a vgpétaupply of 1.7V.

Fig. 18.12 (scope image) shows the operation of the VIC cékmwis used
as a code detector in a signal processing. In this cdsds a binary sequence
”10011100", with amplitude of @ to 500mV at 50kHzand a supply voltagésprc
of 1.7V. For reason of easy, the output voltage was measure usiri@ tesistive
load between the drain of M9 transistor and ground, whichstdamaximum value of
8.0mV. Now, the maximum output current of the VIC will ben®//1.0KQ = 8uA.
Meanwhile, if this cell operates with a higher supply vokdagf 30V, a speed
operation of 2MHz is possible; but, it must take into account the load (digcret
resistor of 10kQ) in the drain of M9 used in the experimental measures bedause
will be a limiting factor. As we can see, this cell has a lirdisgpeed operation, thus,
it is necessary to consider this characteristic in the aegsigcess.

18.4 Memory current cell (MIC)

In this section, a current memory cell implemented using GNFOS transistor is
introduced. This cell is formed by n-type transistors catreirror. In previous
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Fig. 18.11 linearity of the MIFGMOS VIC (experimental results)
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Fig. 18.12.0peration of the VIC at 1.7 V supply voltage (experimentslito.

A

section the low-voltage operation of the current mirrorliempented with MIFGMOS
transistor was shown. Thus, the memory current cell showfign18.13 stores an
analog current as a charge and, connecting both the VIC agddélls in a cascade
array, a low-voltage sample and hold circuit in current meale be implemented.

The MIC implemented with MOSFET transistor is shown in Fi§.13(a) and
the MIFGMOS version proposed here is shown in Fig. 18.13[bg MIFGMOS
MIC is a current mirror (M2, M4 and M5) used as a memory, whede M3 and M6
operate as switches.

This cell operates as follows: when M1 and M3 switches arsedoand the
M6 switch is openedl, generates a voltage in the gate of M4. Later, cutting M1
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Fig. 18.13.Memory Current Cell (a) conventional MOS, (b) MIFGMOS versi

and M3, a charge is stored in the gate-source parasitic itapee Ci) inherent
to the MIFGMOS transistor M4. This stored charge will be pajnal to thel,
amplitude, representing the memory. When the M6 is clo$edvoltage stored iG
will generate a current through M4, M5 and M6. In this case lifas voltageShiag
andViae decrease the relative threshold voltage to get a minimallgwoltage in
cascode configuration.

The MIC implemented with MIFGMOS transistors will have ateetinearity
with a minimal supply voltagd/ppx because transistors M4-M6 are working in
saturation region with less voltage thanks to the applied toltages to the floating
gate. Thus, we take advantages from the properties of th&MIBS transistor to
build a low-voltage MIC with a good linearity.

18.4.1 MIC implementation

The MIC shown in Fig. 18.12(b) using MIFGMOS transistors waplemented in
al2umCMOS technology, double poly, double metal. In order to bedihearity of
this cell, Fig. 18.15 shows a swept input currgntersus the output current through
the transistors M4-M6 of the MIC. Here, the current is readlicgentionally with
a rate of 3:1. The output current was measured between theafr®16 andVppx
voltage.

Finally, Fig. 18.17 shows the operation of the MIC with a dypmltageVppx
of 1.7V (scope image). In this case, a low frequency sinwddadnal of 500Hz is
sampled using a 500 kHz sampling pulsed signal (0-3V). Fasaoe of easy, the
output is read in voltage mode usingRa load of 22K Q to get an observable
signal. Again, the speed of the cell is limited for high freqay applications because
the high value of the resistor and the RC constant involvedllithe measuring
process. In order to enhance the bandwidth of the cell, a slab®rate I/V converter
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Fig. 18.15.0peration of the MIC with a voltage supply of 1.7V (experirt@mesult).

is recommended. However, both cells are recommended foerumode circuit
design.

18.5 Conclusions

This document shows than MIFGMOS transistor is an importdtgrnative to

implement analog circuits with low voltage operation anddbnearity based in the
advantages of this transistor. To demonstrate this, thigsiaand implementation of
two cells using MIFGMOS transistors were presented: a gelta current converter
cell and a memory current cell. Two important properties dF@MOS transistors
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Fig. 18.16.Mlcrofotography of the VIC

were shown: variable threshold voltage and feedback piissikkombining these
properties, a voltage to current converter with good liftgat low supply voltage
was implemented. We compare the performance of the VIC in &NEX version
versus a MIFGMOS version and we demonstrated with analydivé experimental
results than MIFGMOS has a better linearity applying a lopsy voltage, but with
a low frequency operation. This must be taken into accouthtérprocess design.

On the other hand, a MIC using the MIFGMOS transistor was émgnted in
order to obtain good linearity with low supply voltage. Wet gatisfactory results
despite the long-channel technology.

Both cells were implemented in a&2um CMOS technology, double poly, double
metal. The VIC operates satisfactory with 1.7V supply vpdtat 0.5MHz with a
power consumption of 20W. Also, the MIC can operate with a supply voltage of
1.7V with 12uW power consumption at 0.5MHz.

Finally, these cells can be used to implement a sample anicciralit operating
in current mode, but theirs applications are not limited. Ai8.16 and 18.17 show
the micropotography of the VICand the MIC, respectively.
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