6-0
DR

=

-0
C

X

I

L
o

63578
5M

.83~
CFP1

%

=

S

o
s

G

i

SBN 978
og No

EEE Cata

!

I

i

.
-

.

S




Proceedings of the 22" International Conference

MIXED DESIGN OF INTEGRATED
CIRCUITS AND SYSTEMS

MIXDES 2015

Torun, Polémd
June 25 - 27, 2015

Organised by:

Department of Microelectronics and Computer Science,
Lodz University of Technology, Poland
Institute of Microelectronics and Optoelectronics,
Warsaw University of Technology, Poland

ROS3D Consortium,
Institute of Science and Technology Stipendium, Poland

Military Institute of Aviation Medicine, Poland

in co-operation with:
Poland Section IEEE - ED & CAS Chapters
Section of Microelectronics
and Section of Signals, Electronic Circuits and Systems P N

of the Committee of Electronics and Telecommunication
of the Polish Academy of Sciences

Commission of Electronics and Photonics
of Polish National Committee
of International Union of Radio Science - URSI
} W7 NATIONAL
supported by: \@& INSTRUMENTS'

i

National Instruments Corporation




Edited by
Andrzej Napieralski

Lodz University of Technology

Department of Microelectronics and Computer Science
ul. Wélczanska 221/223

90-924 L.6dz, POLAND

Phone: +48 42 631 26 45

Fax:  +48 42638 03 27
E-mail: napier@dmcs.pl

Web:  http://www.mixdes.org

All rights reserved. No part of this publication may be reproduced, stored in retrieval system or transmitted in any form or by any

means, electronic, electrostatic, magnetic tape, mechanical, photocopying, recording or otherwise, without prior permission
in writing from the copyright owner.

Copyright © 2015 by Editor

National Instruments logo and materials:
©2015 National Instruments Corporation. All Rights Reserved

ISBN 978-83-63578-06-0
IEEE Catalog Number CFP15MIX-CDR




Organising Committee

Prof.  A. Napieralski (Chairman)

Dr. M. Orlikowski (Secretary)

Dr. M. Napieralska (Vice-Chairman)

Dr. G. Jablonski Department of Microelectronics and Computer Science,
Dr. M. Piotrowicz Lodz University of Technology, Poland

Prof. W.KuzZmicz Institute of Micro- and Optoelectronics,

Warsaw University of Technology, Poland




$1

Table of Contents

..................................................................................................................... 3
GOMMEEES v« 4 v 5 6 sroisiss 3 5 oiiess 5 6 50 & 5 WUHIES 5 K F6595 5 5 KRS ¥ £ rinlvie o o casaions & 4 ksbLd & o o smcace s » o osnia o o o aisdestn o 8 at4iate o o sominreie « 8 o n 3 S 5
T AD1E 0T OB couss 5 + cimmis 5 5 oM 5 £ AOUEES ©% 03 ¥ £ surckinus v o ssnsoons o o s o » o sovinre 5 5 BGEVE 0 5 aodi ' 5 o Ssfhir o o asvbbiren b o o okobmtEs & w sosista & . 4 8 oz 7
General Invited Papers

Challenges in Design-oriented MOAeling i BIOIOGY . . . . . ..o vvv et ettt ettt e e e e e e e e e e 17
C. Lallement, M. Madec (Univ. Strasbourg, France)

Energy Efficiency Optimization for Digital Applications in 28nm UTBB FDSOI TEChNOIOGY . ... ...ttt e e e e 23
A. Amara, N. Gupta, KA. Shaik, C. Anghel, K. Itoh (ISEP, France)

Formal Methods - Support or Scientific Decoration in Software Development?. ...ttt ettt et e 24
T. Szmuc, M. Szpyrka (AGH Univ. of Science and Techn., Poland)

Silicon PhotoMultipliers: Introducing the Digital Age in Low Light DEteCtion . ... ... .. ...vee e et 32
M. Caccia (Univ. Insubria, Italy)

Single-Event Effects in Advanced CMOS Technologies - Analysis and MIIGation .. .........uuure et 33
M. Turowski, K. Lilja (Robust Chip Inc., USA)

Biomedical Measurement Technologies

A CMOS System-on-Chip for Physiological Parameters Acquisition, Processing and MORIOMNG . . . ... o.vvv v e e e eeeee et e 37
K. Siwiec, K. Marcinek, T. Borejko (Warsaw Univ. of Techn., Poland), A. Jarosz (Institute of Electron Techn., Poland), J. Kopariski (Warsaw

Univ. of Techn., Poland), E. Kurjata-Pfitzner (Institute of Electron Techn., Poland), P. Narczyk, M. Plasota, A. Wielgus, W. Pleskacz (Warsaw

Univ. of Techn., Poland)

The BioSip System - HAardware SOIUIONS . . . .. ...ttt ettt ettt e e e e et e 43
A. Michnik, Z. Szczurek, B. Szuster, B. Kubik, P. Kowalski (Inst. of Medical Techn. and Equipment, Poland)

Inertial Sensor Location Analysis in Automatic Balance ASSESSMENL. . . ... .. ...ut ettt et ettt ettt e et 48
P. Badura, E. Pigtka (Silesian Univ. of Techn., Poland)

First Approach for Design of an Autonomous Measurement System to Aid Determination of the Psychological Profile of Soldiers ................. 53

K. Rézanowski (Military Inst. of Aviation Medicine, Poland), T. Sondej (Military Univ. of Techn., Poland), J. Lewandowski (Military Inst. of
Aviation Medicine, Poland)

Organization of Fast Biomedical Data Transmission in a Low-power, High-reliability Wireless Personal Area Network (WPAN) Dedicated to
Data: ACGUISTtON fTOM BIOSIPIMOUIES: sze:ic 5 5 s & 5 ssms 3 5 #5545 55 estinkos o' sosarascs o simcoShie 1 4 sibcois 4 & SASHEREALE o 3 acbibiecs 4 & FiSsRERLR & . o sikEnge o suREes FEkEwEn » 58
B. Kubik, Z. Szczurek, P. Kowalski, A. Michnik, B. Szuster (Inst. of Medical Techn. and Equipment, Poland)

Artificial Neural Networks in Accelerometer-based Human Activity RECOGNItION . .. ... oot ettt e e et e 63
P. Lubina, M. Rudzki (Silesian Univ. of Techn., Poland)

NIR Finger Vascular System Imaging in Angiology APPIICALIONS . ... ...\t v vt ettt ettt e e e 69
M. Walué, K. Bernacki (Silesian Univ. of Techn., Poland), M. Nycz (Medical Univ. of Silesia, Poland), J. Konopacki (Silesian Univ. of

Techn., Poland)

Implementation of an Algorithm for Heart Rate Measurement in a Specialized Multi-core Processor . .. ....o.ooveeeeeeeiiiie e 74
T. Sondej, D. Tomaszewski (Military Univ. of Techn., Poland), K. R6zanowski (Military Inst. of Aviation Medicine, Poland)

Automatic Cysts Detection in Optical Coherence TOMOGraphy IMagES . . . . ..o v vttt ettt ettt et et 79
W. Wiectawek (Silesian Univ. of Techn., Poland)

Telemonitoring of Pregnat Women at Home - Biosignals Acquisition and Measurment . . .. .. ..vv v eee et ee et ee e e e eeeenns 83
A. Pawlak (Silesian Univ. of Techn., Poland), K. Horoba, J. Jezewski, J. Wrobel, A. Matonia (Inst. of Medical Techn. and Equipment, Poland)



S2

S3

Feature Vectors of the Cruciate Ligaments of the Knee Joint
P. Zarychta (Silesian Univ. of Techn., Poland)

Multimodal Biometric Database DMCSv1 of 3D Face and Hand SCaNS. .. .. ....ovintt e et
W. Sankowski, P.S. Nowak, P. Krotewicz (Lodz Univ. of Techn., Poland)

Computer Aided Diagnosis Workstation for Brain TUMOr ASSESSMENt. . . .. ...\ttt ettt et et et et
J. Kawa, M. Rudzki, E. Pigtka, P. Szwarc (Silesian Univ. of Techn., Poland)

Software Tool for the Analysis of Components Characteristic for ECG Signal
M. Bernat, Z. Piotrowski (Military Univ. of Techn., Poland)

Possibilities and Limitations of Automated Psychological Profiling . . . . . ...\ vttt e e e e e e
A. Tamowski, K. Lapkiewicz (Military Inst. of Aviation Medicine, Poland)

Wireless Medical Systems for Recording Biomedical Parameters Developed at ITAM in Light of Global Achievements in the Field and

Anticipated DeVElOPMENE TIONAS « i & & swis 5 & w5555 § 5 6555 5 & soriries o s siossss o » sssisssis & ¢ siesesars = « sismocois o o somiein o n 5 erebarais » o ot eiaiein o + sruiaiate s o o s steis
B. Szuster, Z. Szczurek, B. Kubik, P. Kowalski, A. Michnik (Inst. of Medical Techn. and Equipment, Poland)

Issues of Stereoscopic 3D Technologies and Image Acquisition in Current R&D

Methods of 3D Images Quality ASSESMENL. . . .. ...\ttt ettt ettt ettt et e
B. Sakowicz, M. Kamifski, R. Ritter, R. Kotas, P. Marciniak, J. Kupis, P. Sekalski, A. Napieralski (Lodz Univ. of Techn., Poland)

Stereoscopic Image Perception QUality FACIOTS ... ... .. vttt ettt e e e e e
K. Fomalczyk, P. Napieralski, D. Szajerman, A. Wojciechowski (Lodz Univ. of Techn., Poland), P. Sztoch (FINN, Poland), J. Wawrzyniak

(Inst. of Science and Techn. Stipendium, Poland)

Towards Automatic Calibration of Stereoscopic VIdeo SYSIEMS. .. ...\ u .ttt ettt e e
P. Perek, D. Makowski, A. Mielczarek, A. Napieralski (Lodz Univ. of Techn., Poland), P. Sztoch (FINN, Poland)

Calibration of Stereoscopic Camera Rigs Using Dedicated Real-Time SDI Vide0 ProGESSOr. . .. ...t e et eeeeeeeeeeee e e e e e e
A. Mielczarek, P. Perek, D. Makowski, A. Napieralski (Lodz Univ. of Techn., Poland), P. Sztoch (FINN, Poland)

Application of PCI Express Interface in High-Performance Video Systems
D. Makowski (Lodz Univ. of Techn., Poland)

Remote Control of 3D Camera Rig with EMbedded SYSEmM . .. ... v .ttt ettt e e
P. Plewinski, D. Makowski, A. Mielczarek, A. Napieralski (Lodz Univ. of Techn., Poland), P. Sztoch (FINN, Poland)

Mabile Application for Remote Control of Stereoscopic Images ACQUISIION SYStem . ... ...ttt
M. Whodarczyk, M. Borzecki, T. Pluciennik, A. Skwarna, M. Swiecznik, J. Sierocifiska, B. J6zwiak (Open-RnD, Poland)

A Simple Multithreaded C++ Framework for High-Performance Data Acquisition Systems
R. Ingles, P. Perek, M. Orlikowski, A. Napieralski (Lodz Univ. of Techn., Poland)

Open Source Compact/SPICE Modeling

Challenges for Analog Circuits in sub-100 nm CMOS Nodes
B. Landgraf (Infineon Technologies, Austria)

Integration of SBML Models for the Description of Biological System in a Lab-On-Chip
A. Rezgui, M. Madec, C. Lallement, J. Haiech (Strasbourg Univ., France)

Verilog-A, Compatt Space-dependent Modelfon Biologye:« <. i s« o o 5 st 35 ¥iisti'e § 5 tiss s § 50000 § 5 S50 5 § 1 005 & 4 ¢ Vi § § i § 2 3 5
E. Rosati, M. Madec, J.-B. Kammerer, A. Rezgui, C. Lallement, J. Haiech (Univ. Strasbourg, France)

The Future is MEMS Design Considerations of Microelectromechanical Systems at BOSCh . ... ... oovvvei it e
M. Schwarz, J. Franz, M. Reimann (Robert Bosch GmbH, Germany)



FOSS EKV 2.8 Parameter EXIaCOr. . . ...ttt et ettt et ettt et e et et et e e e e e e e e e e e

W. Grabinski (GMC Research, Switzerland), D. Tomaszewski (Institute of Electron Techn., Poland), F. Jazaeri, A. Mangla, J.-M. Sallese,
M.-A. Chalkiadaki, A. Bazigos (EPFL, Switzerland), M. Bucher (Tech. Univ. Crete, Greece)

On the Modelisation of the Main Characteristics of SOI Hall Cells by Three-dimensional Physical Simulations
M.-A. Paun (Univ. Cambridge, UK)

Qucs Equation-Defined and Verilog-A RF Device Models for Harmonic Balance Circuit Simulation
M. Brinson (London Metropolitan Univ., UK), V. Kuznetsov (Bauman Moscow Tech. Univ., Russia)

Qucs-based Development of an Energy Harvester Compact MOGEL. .. ... ...\ v oottt e et e
D. Tomaszewski, K. Domariski, P. Prokaryn (Institute of Electron Techn., Poland)

Lung/Airway Dynamic Model Using ABM Elements and PSPICE
F. Masana (Barcelona Semiconductors, Spain)

Wavelet-Based Calculation of the Transmission Coefficient for Tunneling Events in Tunnel-FETS . ... ..o vt e
A. Farokhnejad (Tech. Hochschule Mittelhessen, Germany), M. Gréf (Tech. Hochschule Mittelhessen, Germany and Univ. Rovira i

Virgili, Spain), A. Klés (Tech. Hochschule Mittelhessen, Germany)

Channel Charge Model of a Dual-Gate Junctionless Transistor
D. Kasprowicz (Warsaw Univ. of Techn., Poland)

Simple Methods of Threshold Voltage Parameter Extraction for MOSFET Models
D. Tomaszewski, J. Malesifiska, G. Gluszko (Institute of Electron Techn., Poland)

Design of Integrated Circuits and Microsystems

A 130 nm Wideband Fully Differential Linear Low Noise AMPIfIEr. . .. ...\ttt ettt et e
A. Zokaei, A. Amirabadi (Islamic Azad Univ., Iran), M. Ghasemzadeh (Urmia Univ., Iran)

A 6-Bit 800MS/s Flash ADC in 0.351M CMOS . .. ..ottt ettt ettt et e e e e e e e e
M. Ghasemzadeh (Urmia Univ., Iran), A. Soltani (Urmia Graduate Institute, Iran), A. Akbari, K. Hadidi (Urmia Univ., Iran)

A 96 dB SNDR Current-Mode Continuous-Time AZ Modulator for Electrochemical Sensor Arrays
A. Laifi, M.A. Al Abaji, R. Thewes (Tech. Univ. Berlin, Germany)

A Comparison of Methods for Time-to-digital Conversion Based on Independent Coding Lines and Multi-edge Coding
D. Sondej, R. Szplet (Military Univ. of Techn., Poland)

A Deep-Submicron CMOS Flow for General-Purpose Timing-Detection INSertion . .. .......oooiiiiiee e
A. Dixius, D. Walter, S. Hoppner, H. Eisenreich, R. Schiffny (Tech. Univ. Dresden, Germany)

A High Spatial Resolution 64-Channel In-Vivo Neural Recording SYStem . . . .. ..o vv ittt ettt e
M. Masoumi, G. Bertotti, S. Keil, R. Thewes (Tech. Univ. Berlin, Germany)

A HYDFid VOltage REIEIENCE . . . ..ottt ittt e e e e e e
M. Hofer, C. Boehm, R. Kolm, A. Missoni (Infineon Technologies Austria, Austria)

A New Ultra High Speed 7-2 Compressor With @ NEW STTUCHUIE . . . . .« .. vt vttt e e e et
M. Ghasemzadeh, A. Akbari (Urmia Univ., Iran), A. Soltani (Urmia Graduate Institute, Iran), K. Hadidi (Urmia Univ., Iran)

An Advanced Software Model for Optimization of Self-Organizing Neural Networks Oriented on Implementation in Hardware
M. Kolasa, R. Diugosz (UTP Univ. of Science and Techn., Poland)

An Aging-Aware Transistor Sizing Tool Regarding BTl and HCD Degradation MOdeS . . .. ... oo et
N. Hellwege, N. Heidmann, M. Erstling, D. Peters-Drolshagen, S. Paul (Univ. Bremen, Germany)

An Ultra High Speed Booth Encoder Structure for Fast Arithmetic Operations
M. Ghasemzadeh, A. Akbari, K. Hadidi (Urmia Univ., Iran)

Analog Sorting Circuit for the Application in Self-Organizing Neural Networks Based on Neural Gas Learning Algorithm. .......................
T. Talaska, R. Diugosz (UTP Univ. of Science and Techn., Poland)




10

Analysis and Implementation of on the Fly Stopping Criteria for Layered QC LDPC DECOUBIS . . . ... ete et e eeeeiieeee e ee e
A. Hera, O. Boncalo, C.-E. Gavriliu, A. Amaricai (Univ. Politehnica Timisoara, Romania), V. Savin (CEA-LETI, France), D. Declercq, F. Ghaffari
(ETIS-ENSEA, France)

Charge Sensitive Amplifier for Nanaseconds Pulse Processing Time in CMOS 40 nm Technology
R. Kteczek, P. Grybos, R. Szczygiet (AGH Univ. of Science and Techn., Poland)

Choosing the Optimal HDL Model of Thermometer-to-Binary Encoder
Z. Jaworski (Warsaw Univ. of Techn., Poland)

Custom Method for Automation of Microbolometer Design and SIMUIBLION . . ... ...ttt e e e
M. Melnyk, A. Kernytskyy, M. Lobur (Lviv Polytechnic National Univ., Ukraine), M. Szermer, P. Zajgc, C. Maj, W. Zabierowski (Lodz Univ. of
Techn., Poland)

Design for the Testability of the Multichannel Neural Recording and Stimulating Integrated CirCuit. . .. ...........ovviiieiiieiiieiiiiiiinns
P. Kmon, P. Otfinowski, P. Grybo$, R. Szczygiet, M. Zotadz, A. Lisicka (AGH Univ. of Science and Techn., Poland)

Design of Building Blocks of an X-band Silicon Integrated Transceiver for FMCW Radar
R. Piesiewicz (SIRC, Poland)

Design of the Ultra Low Power, Low Area Occupied Amplifier for Recording Biomedical Signals in the Single Hz Bandwidth
P. Kmon, P. Grybos (AGH Univ. of Science and Techn., Poland)

Development of Low-power High Speed ( 10Gb/s) Drivers in CMOS 130 NM T&CHNOIOGY . + .+« v vt et et e ettt e e e e e aains
M. Kuczynska, S. Bugiel, M. Firlej, T. Fiutowski, M. ldzik, J. Moron, K. Swientek (AGH Univ. of Science and Techn., Poland)

Development of Radiation-hard Bandgap Reference and Temperature Sensor in CMOS 130 nm Technology . .........c.ooovveeeeeeeiininn.. ..
M. Kuczynska, S. Gozdur, S. Bugiel, M. Firlej, T. Fiutowski, M. Idzik (AGH Univ. of Science and Techn., Poland), S. Michelis

(CERN, Switzerland), J. Moron, D. Przyborowski, K. Swientek (AGH Univ. of Science and Techn., Poland)

Fast and Accurate Fractional Frequency Synthesizer in 0.181m TEChNOIOGY . . . . ... v ettt ettt et e e et e
M. Ghasemzadeh (Urmia Univ., Iran), A. Soltani (Urmia Graduate Inst., Iran), A. Akbari, K. Hadidi (Urmia Univ., Iran)

IF Polyphase Filter Design and Calibration with Back-gate Biasing in 28 nm FD-SOI Technology
M. Derlecki, T. Borejko, W. Pleskacz (Warsaw Univ. of Techn., Poland)

Investigation of Parallel Hybrid CMOS Envelope Amplifier Designed on AMS 0.35 pm Process
T. Brusev, I. Uzunov, G. Kunov, E. Gadjeva (Tech. Univ. Sofia, Bulgaria)

Leakage Current Compensation for a 450 nW, High-Temperature, Bandgap Temperature Sensor
J. Nilsson, J. Borg, J. Johansson (Lulea Univ. of Techn., Sweden)

Low Chip Area, Low Power Dissipation, Programmable, Current Mode, 10-bits, SAR ADC Implemented in the CMOS 130nm Technology
R. Dtugosz (UTP Univ. of Science and Techn., Poland), G. Fischer (IHP Microelectronics, Germany)

Low Voltage LNA Implementations in 28 nm FD-SOI Technology for GNSS Applications
A. Halauko, T. Borejko, W. Pleskacz (Warsaw Univ. of Techn., Poland)

Mixed Signal ASIC Controller for Satellite Medium Power DC/DC CONVEIETS . . ... v e vtee et et et e e e
K. Skup, P. Orleanski, W. Nowosielski (Space Research Center, Polish Academy of Sciences, Poland), M. Jankowski, G. Jabforiski, t. Starzak,
M. Szermer, A. Napieralski (Lodz Univ. of Techn., Poland), R. Darakchiev, M. Mroczkowski (Astri Polska, Poland)

Optimization of Capacitive Divider for 8-bit DAC Realized in 65 nm CMOS Process
Z. Jaworski (Warsaw Univ. of Techn., Poland)

Readout Interface for Capacitive MEMS Microphone in CMOS TECHhNOIOGY . . ..« ..o v vttt ettt e e e e e
D. Arbet, G. Nagy, M. Kovac, V. Stopjakova, L. Nagy (Slovak Univ. of Techn., Slovakia)

Reversible Circuit Synthesis with Particle Swarm Optimization Using Crossover Operator
K. Podlaski (Univ. Lodz, Poland)

Reversible Logic Synthesis of Boolean Functions Using Functional Decompasition
M. Rawski, P. Szotkowski (Warsaw Univ. of Techn., Poland)




Robust and Effcient Design Plan for Integrated Differential Negative-Gm LC VCOs
B. Raab, M. Kaufmann, A. Rauchenecker, T. Ostermann (Univ. Linz, Austria)

Test System of the Time-over-Threshold Based Chip Optimized for Linear Transfer Characteristics and Low Power for Particle Tracking
ADDICANONS 5 5 5 550 5 5 EH.5 5 5 545005 » % o wovorsn » « sxcacam » 3 ssaa2se @ o nspasans o . winersnss b iishon m o s aShenin & 8, SobSHRIEE . seaFicREs 0 & o FARBESS 3 0 o nEmSKEVE ® b BANSORD o 3 8L 8. oReES

K. Kasinski, R. Kteczek (AGH Univ. of Science and Techn., Poland)
The Complete Readout SyStem for THZ SPeCtiOSCODY . . ..o\ttt e e ettt et e e e e e e e e e e e
C. Kofacihski, D. Obrebski, M. Zbiec (Institute of Electron Techn., Poland), P. Zagrajek (Military Univ. of Techn., Poland)

The Modular FPGA-Based Hardware Platform for EMUIHON . . .. ... oo vttt ettt e et et
t. Matoga, A. Koczor, M. Gofek, P. Zadek, P. Penkala (Evatronix, Poland)

Wideband CMOS RF Front-End Receiver with Integrated FIErING . . ... ... vttt e
F. Aratjo, M. Fernandes, J. Pinto, L. Oliveira, J. Oliveira (Univ. Nova de Lisboa, Portugal)

Thermal Issues in Microelectronics

Application of the Electrothermal Average Inductor Model for Analyses of Boost Converters
K. Gérecki, J. Zarebski, K. Detka (Gdynia Maritime Univ., Poland)

Estimation of Heat Transfer Coefficient Temperature Dependence from Cooling Curve Measurements
A. Czerwoniec, T. Torzewicz, A. Samson, M. Janicki (Lodz Univ. of Techn., Poland)

Investigation of Localized Thermal Vias for Temperature Reduction in 3D Multicore Processors
P. Zajac, M. Galicia, C. Maj, A. Napieralski (Lodz Univ. of Techn., Poland)

Modelling Power LEDs with Thermal Phenomena Taken into Account
K. Gérecki, P. Ptak (Gdynia Maritime Univ., Poland)

Numerical Solution of 1-D DPL Heat Transfer EQUAtION . . . . ... ov vt e ettt ettt e e et ettt e et
T. Raszkowski, M. Zubert, M. Janicki, A. Napieralski (Lodz Univ. of Techn., Poland)

Stability Criteria of the Thermal Characterization of Discrete COMPONENLS . .. ...\ttt ettt ettt e e
G. Simon (Budapest Tech. Univ., Hungary), G. Farkas (Mentor Graphics, Hungary)

Static and Dynamic Losses vs. Temperature in Different CMOS Technologies
P. Kocanda, A. Kos (AGH Univ. of Science and Techn., Poland)

Analysis and Modelling of ICs and Microsystems

A Comparison of the Volterra Series-based Nonlinear S-parameters and X-parameters
C. Widemann, H. Weber, S. Schatz, W. Mathis (Leibniz Univ. Hannover, Germany)

A Study on Microbolometer Electro-thermal Cuircuit MOdelling . . ... ..o\ vttt e e et et e
J. Nazdrowicz, M. Szermer, C. Maj, W. Zabierowski, A. Napieralski (Lodz Univ. of Techn., Poland)

Analysis of a Noise Cancelling LNA Using a Si2 OpenAccess Based Tl - CADIT . ..o v v uiie ettt et e e e
J. Alarcéo, L. Oliveira, J. Oliveira, R. Santos-Tavares (Univ. Nova de Lishoa, Portugal)

Compact DC Model of a JVeSFET Transistor with Reduced Number of Empirical Parameters
M. Staniewski, A. Pfitzner (Warsaw Univ. of Techn., Poland)

Generalized SPICE Model of Photovoltaic Modules
E. Gadjeva, M. Hristov (Tech. Univ. Sofia, Bulgaria)

Method for 315/433 MHz Remote Keyless Entry Sensitivity and Range Statistical Analysis for Automotive Applications
M. Frankiewicz, M. Jabfeka, K. Boron, P. Urban, J. Guzdzik, A. Ryszko (Delphi, Poland), G. Jiang (Delphi, USA)

Madeling Parasitic:Vertical PNP i HVEMOS o ¢ s sriwns 5 5 s 5 5 7 sness 6.5 soimions ¥ 0 9w v & s 5 ¥ 8 404005 6 5 0 47000 3 3 o 408008 ¥ 5 4 S0islaii 3 3 PR 6 8 5 4 0
C. Stefanucci, P. Buccella, M. Kayal, J.-M. Sallese (EPFL, Switzerland)

11



12

Noise Optimization of the Time and Energy Measuring ASIC for Silicon Tracking SyStem. ... ...ttt e
K. Kasinski, R. Kleczek, R. Szczygief, P. Otfinowski, P. Grybos (AGH Univ. of Science and Techn., Poland)

Power Analysis for Two-Stage High Resolution Pipeline SAR ADC
K. Chen, Q.-T. Duong, A. Alvandpour (Linképing Univ., Sweden)

Spice Simulation of Passive Protection in SMart POWET 108 . ... .. ...t et e ettt et
P. Buccella, C. Stefanucci, J.-M. Sallese, M. Kayal (EPFL, Switzerland)

Strange History 0f aN OPerator 0 .. .. ...ttt ettt et
A. Borys (Gdynia Maritime Univ., Poland)

Microelectronics Technology and Packaging

Silicon-on-Insulator Technology for Bioluminescence Imaging and Application to a Switching Photodetector . ...
D. Sallin (EPFL, Switzerland), N. Abdo (ISAE-SUPAERO, France), A. Koukab (EPFL, Switzerland), M. Estribeau, P. Magnan

(ISAE-SUPAERO, France), M. Kayal (EPFL, Switzerland)

Use of Electric Energy Stored in a Textile-based PEDOT:PSS CaPAGHOT . . . . . ...ttt et et ettt e e e e

S. Odhiambo (Gent Univ., Belgium), P. Fiszer (Lodz Univ. of Techn., Poland), C. Hertleer, L. Van Langenhove, G. De Mey (Gent
Univ., Belgium), A. Napieralski (Lodz Univ. of Techn., Poland)

Testing and Reliability

Analog Testing Stimulus Optimization for Generating by Means of Sigma-Delta Modulation
T. Golonek (Silesian Univ. of Techn., Poland)

Design and Measurement Methodology for a Sub-picoampere Current DIGItSer . . . . .. ..o v
E. Voulgeri (EPFL and CERN, Switzerland), M. Noy, F. Anghinolfi (CERN, Switzerland), F. Krummenacher, M. Kayal (EPFL, Switzerland)
Methodology of Automation Process Of Wafer TEStS . . . ...ttt ettt ettt et et et e e e e e
P. Maj, A. Krzyzanowska, P. Grybos, R. Szczygief, A. Koziot (AGH Univ. of Science and Techn., Poland)

Probabilistic Reasoning in Practical System Analysis
t. Wojdowski (Lodz Univ. of Techn., Poland)

Power Electronics
A Simple Class-D Audio Power Amplifier Using a Passive CT £A Modulator for Medium Quality Sound Systems............o.oovviiieiiiinn..
J.L.A. de Melo, P.V. Leitdo, J. Goes, N. Paulino (Univ. Nova de Lishoa, Portugal)

An Improved Junction Termination Design Using Deep Trenches for Superjunction POwWer DEVICES . . .. .. ovvveeeei e eeennnns
S. Noblecourt, F. Morancho, K. Isoird, P. Austin (LAAS-CNRS and Univ. Toulouse, France), J. Tasselli (LAAS-CNRS, France)

Capacity Degradation of Lead-acid Batteries Under Variable-depth Cycling Operation in Photovoltaic System
W. Maranda (Lodz Univ. of Techn., Poland)

Hybrid LBDD PWM Modulator for Digital Class-BD Audio Amplifier Based on STM32F407VGT6 Microcontroller and Analog DLL . ...............
J. Jasielski (Higher Vocational School in Tarnow, Poland), W. Machowski (AGH Univ. of Science and Techn., Poland), S. Kuta, W. Kofodziejski
(Higher Vocational School in Tarnow, Poland)

Performance Analysis of a PMSM Drive with Torque and Speed COMTrol .. .. .. ..ot u ettt et ettt et
T. Rudnicki, R. Czerwinski, D. Polok, A. Sikora (Silesian Univ. of Techn., Poland)

Simulation and Characterization of lon Irradiated 4H-SIC JBS DIOGE . . . ..o ettt ettt et ettt
R.K. Sharma, P. Hazdra, S. Popelka (Czech Techn. Univ. Prague, Czech Republic)

Voltage Regulators for the Laptop's Power Supply Station with Photovoltaic MOAUIES . .. . ... v e
P. Gérecki (Gdynia Maritime Univ., Poland)



Signal Processing

Asphalt Surfaced Pavement Cracks Detection Based on Histograms of Oriented GradientS . . . .. .......vveeeeinireeeeiiiieeeaeiiieenns, 579
R. Kapela, P. Sniatata, A. Turkot, A. Rybarczyk, A. Pozarycki (Poznan Univ. of Techn., Poland), A. Bloch (Atrem S.A., Poland), P. Rydzewski,

M. Wyczatek (Poznan Univ. of Techn., Polana)

Differential-pair-based Current-mode Analog Signal PrOCESSING . . . ... .. e ettt ettt et e e et e e 585
R. Wojtyna (Univ. of Techn. & Life Sciences, Poland)

FPGA Implementation of 3-D Separable Gauss Filter Using Pipeling Rotation StruCtures . . ...........oouiuriiie e eeeeeeens 589
K. Wawryn, P. Poczekajto, R. Wirski (Koszalin Univ. of Techn., Poland)

Fractional Fourier Transform and Its Application to Engine Knock DEteCHON . .. ...\ttt et et e e 595
J. Fiotka (Silesian Univ. of Techn., Poland)

Embedded Systems

A Relational Database Environment for Numerical Simulation Backend SOrage . ..........vuuue e e 601
J. Nazdrowicz (Lodz Univ. of Techn., Poland)

An Efficient Post-Processing Method for Pipelined Pseudo-Random Number Generator in SOC-FPGA .. .. ..ovov'viieeeeiiiiieeeeeiiianns 607
P. Dabal, R. Pelka (Military Univ. of Techn., Poland)

Control and Monitoring System Prototype for Pulse Plasma Sintering ProCESS . . . ...\ v' vttt ettt eeeeee e e ee e e iiians 612
R. Kotas, P. Marciniak, B. Sakowicz, D. Makowski, M. Czarnecki (Lodz Univ. of Techn., Poland), J. Wachowicz, R. Zielinski, T. Truszkowski,

M. Rosinski, A. Michalski, R. Sobiecki (Warsaw Univ. of Techn., Poland), G. Skrabalak (Inst. of Advanced Manufacturing Techn., Poland),

R. Talar (Poznan Univ. of Techn., Poland), A. Napieralski (Lodz Univ. of Techn., Poland)

Custom Design of Galvanometric MOtor for Large MIITOr . .. .. ... u sttt ettt e ettt e ettt 618
D. Kacperski, M. Wiodarczyk, K. Grabowski (Lodz Univ. of Techn., Poland)

Logic Controller Design System Supporting UML ACtivity DIBgrams . .. .. ..o euu et tie ettt e e et e e et et e e e et eae e 624
M. Grobelny, I. Grobelna (Univ. Zielona Géra, Poland)

Mirror:Galvanometer-Based LaSSrPIOJBCION, , « wuwws o 5 viesin s s et s« 5immss 3 ¢ St § & waiessis § § 69500 & 7 VBT 6 & © KONINE 5 & HRE 4 § 5 000 5 5 0 § 508 628
t. Dykcik, D. Kacperski, P. Sekalski (Lodz Univ. of Techn., Poland)

The Monitoring Network for Novel Building ENVEIOPES . . . ... oottt ettt ettt et e 632
D. Obrebski, M. Zbie¢ (Institute of Electron Techn., Poland)

INAEITORAUTIONS:: 5 550 5 5 455555 5 5 5554 5 5 v o + sunubinen sosPb minse o Slaseo sl acxbtonis » o sonomi o b Siomsions 4 % aspswes 3 4 ¢ exsakcass 4 3 mavensnin 3 % & EPERAALE 3 3 svsmu 3 637

13




J Proceedings of the 22™ International Conference "Mixed Design of Integrated Circuits and Systems”, June 25-27, 2015, Toruf, Poland

Investigation of Parallel Hybrid CMOS Envelope
Amplifier Designed on AMS 0.35 um Process

Tihomir Brusev, Ivan Uzunov, Georgi Kunov, Elissaveta Gadjeva
Faculty of Telecommunications, Faculty of Electronic Engineering and Technologies
Technical University of Sofia
Sofia, Bulgaria
brusev(@ecad.tu-sofia.bg, iuzunov@tu-sofia.bg, gkunov@tu-sofia.bg, egadjeva@tu-sofia.bg

Abstract—Customer demands for battery powered portable
electronic devices have increased. Today high data rates could be
transmitted using fourth generation Long-Term Evolution (4G
LTE) wireless communications standard. To increase system run-
time proper envelope amplifier’s architecture has to be selected.
Using envelope tracking technique efficiency of the transmitter’s
power amplifier (PA) can be improved. In this paper different
circuit architectures of envelope amplifier are considered.
Parallel combined hybrid structure is designed using CMOS 0.35
pm technology. Switching-mode buck converter operates with
switching frequency f; up to 80 MHz to address the wide
bandwidth of LTE envelope. The maximum simulated efficiency
of the envelope amplifier is 79. 8 %.

Keywords—envelope amplifier, Cadence, efficiency, 4G LTE,
CMOS technology

I INTRODUCTION

The handheld battery powered portable electronic devices
like smart phones and tablets are used everywhere in our life.
The new wireless communications 4G LTE standards is
already widespread used. Voice audio signal and large date
packages like broadband TV signal, mobile web browsing etc.,
could be transferred. This is possible, because OFDM
(Orthogonal Frequency-Division Multiplexing) modulation is
used in LTE. Power consumptions of the building blocks of
new generation mobile communication devices are incredibly
increased. New energy saving method needs to be developed
and used to increase the battery life. The most energy
consuming building block of the transmitter is the power
amplifier (PA). In LTE those circuit have to work with very
high peak to average power ratio (PAPR). This leads to
efficiency degradation, because in the majority of the
operation time power amplifiers have to work in the back-off
mode of operation. Increasing the system run-time is big
challenge for the designers. Another very important
requirement for PAs is the linearity, which is necessary for
LTE applications because it helps to avoid interference with
nearby users. Unfortunately, a disadvantage of the linear PAs
is their low efficiency.

Envelope tracking method is very good technique for
efficiency improving of linear power amplifiers, which is
reported in the literature [1], [3], [5], [7], [8], [10]. In Fig. 1 is
shown the basic block diagram of envelope tracking power
amplifier’s system. The envelope amplifier there is used to

deliver the drain or collector supply voltage of PA’s transistors
[2]. It dynamically changes this supply voltage according to
the variations of the PA input signal. When the linear PA is in
back-off mode of operation, this technique moves the PA
supply voltage closer to the envelope of the signal, which
improves the efficiency.

Envelope signal Envelope
Amplifier
RF Input RF Output

o— PA

Fig. 1. Envelope tracking power amplifier’s system.

An example of envelope amplifier designed on Austria
Microsystem (AMS) 0.35 um CMOS process is shown in this
paper. Its building blocks are combined from various sources
and modified appropriately according process requirements.
The presented simulation results confirm the basic design
concepts. The basic requirements for LTE transmitter’s PA
and the architecture of the envelope amplifier are discussed
briefly in Section II. The building blocks of the envelope
amplifier are described in Section III together with simulation
results, characterizing them.

II. ENVELOPE TRACKING POWER AMPLIFIER SYSTEM

A.  Power Amplifier

Linear PA’s have to work at large back-off, because
signals in LTE wireless communications standard have high
values of PAPR. The efficiency of the power amplifiers
decreases when they work in back-off mode of operation if
constant supply voltage is used. The linear power amplifier
consumes equal dc energy for large and low input signal and
its maximum efficiency is when it works with high input
signal. The PA input signals in the LTE standard are low in
the most of the operating time and the efficiency of PA is
unacceptable small during that time. As it is seen in Fig. 1 the
envelope tracking system includes a PA and an envelope
amplifier, delivering the supply voltage for the PA. The
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envelope amplifier tracks the PA input signal and controls the
PA supply voltage according the envelope of this signal. Thus
the efficiency npr ps of the whole system in Fig. 1 is defined
by the efficiencies of both amplifiers (PA and envelope)
according the formula [3].

Merea = Meatpas (1

where 7,4 is the efficiency of the envelope amplifier; 7p, is
respectively the efficiency of the PA. Evidently both stages
should have high efficiency in order to increase the battery
run-time efficiency of the mobile communication system.

The LTE standard includes signals with various
bandwidths (1.4; 3; 5; 10; 20; 40 MHz), i.e. the bandwidth
extends up to 40 MHz with a trend of further increase. In the
new mobile portable devices all available communication
standards have to be covered. This requirement makes the task
to design high efficiency power amplifier system more
complicated, because obviously more than one PA in the
transmitter is needed [4].

B.  Envelope amplifier’s architectures

The function of the envelope amplifier is to supply
dynamically changeable supply voltage to the RF PA. The
development of the LTE standard leads to increased signal
bandwidth, respectively increased envelope frequency, which
means that the envelope amplifier should have fast tracking
speed. This makes the choice of proper envelope amplifier’s
architecture a challenge and it is still difficult to define which
the best structure is. Some brief considerations are given
below.

If only standard switching-mode converter is used to
perform the functions of envelope amplifier (as it is in the
GSM transmitters), then its switching frequency f; have to be 5
to 10 times higher than the bandwidth of the LTE signal (when
standard pulse-width modulation (PWM) control is used) [6].
Then f; become very high and this high switching frequency
leads to unacceptable large power dissipation in the dc-dc
converter. The consequence is degradation of the converter’s
efficiency and respectively degradation the efficiency (y7xr p4)
of the whole PA system. On the other hand switching-mode
buck converters are good choice when relatively low-data rate
communication signal is transferred.

Another option is LDO (low drop-out) regulators having
wider bandwidth than switching buck dc-dc converter. They
have also small output ripples and this leads to very good out-
of-band spectral performance. The big disadvantage of LDO
regulators is their low efficiency, especially when the
difference between the output and the input voltage of its
linear regulator is large. Unfortunately during most of the time
the envelope amplifier works in this mode of operation.

The proper combination between linear amplifier and
switching regulator could be a good decision for envelope
amplifier structure. Different types of envelope amplifiers
architectures are proposed in the literature. In most of cases
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hybrid combination of switching type dec-dc converter and
linear amplifier are used [1], [4], [7], [10]. In Fig. 2 is shown
parallel combined switching and linear amplifier topology. An
example of such combination is the parallel combined
switching and linear amplifier topology in Fig. 2, which is
investigated here.

f— —— e — — [ e e - o — — — —
S /

I witching-Mode
Regulator

Drivers

Sense

RF Output
)

Fig. 2. Parallel combined switching and linear regulator topology of
envelope amplifier.

This envelope amplifier’s architecture = combines
advantages of switching and linear stages of step-down
converters. Basically the switching stage has to supply the
average power to PA. On the other hand the linear amplifier
has to filter the current ripples generated from switching type
of converter and also to deliver the rest part of the power to
PA, when switching regulator cannot respond quickly.
Therefore linear amplifier should have low output impedance
at the frequency of the ripples of the switching-mode regulator
and also wide bandwidth in order to cover the envelope
frequency [8]. Most of the energy (between 70 % and 80 %) to
power amplifier is delivered by the switching-mode stage of
the envelope amplifier, which improves its overall efficiency
[2]. The rest of the energy necessary for PA is supplied by the
linear stage. Overall efficiency of the envelope amplifier is a
ratio between average powers at its input (taken from the
battery) and its output (delivered to PA):

POUI av;
771:;4 =208 bl (2)

in,avg

Recently was proposed a new solution for envelope
amplifier architecture without linear stage [6]. It is based on
interleaved two-phase switching buck converter architecture,
and uses relatively complicated control technique.

III. INVESTIGATION OF PARALLEL HYBRID ENVELOPE
AMPLIFIER TOPOLOGY

Parallel combined envelope amplifier architecture is
analyzed and investigated. The block diagram shown in Fig. 3
is designed using CMOS 0.35 um process. The circuit’s
topology consisting of linear amplifier and switching buck
converter stage has been presented in Section II. The
simulations of the envelope amplifier are performed by
Cadence on AMS technology. This structure of the hybrid



amplifier uses the advantages of both stages respectively: high
possible efficiency of the switching type of converters and
broadband characteristics of linear regulators.

e
Linear Vpp

Amp. M;
iy

Drivers

Fig. 3. Simulated block diagram of CMOS envelope amplifier.

Hysteresis control is used to regulate switching buck
converter’'s modes of operation. Supply voltage Vpp is chosen
to be equal to 3.6 V, which a standard output voltage of
lithium-ion battery. The load resistance R, of envelope
amplifier represents the current load of RF PA. The output of
the linear amplifier is formed by transistors M1 and M4.
Current mirroring ratio N:1 is defined between the ratio of
transistors sizes of MI1-M4 to M2-M5, which in the
investigated topology is equal to 250. The value of the
inductance, which is inversely proportional to switching
frequency f; is equal to 250 nH. Increasing the inductor’s
value leads to decreasing of the output current ripple of buck
converter.

In Fig.4 is presented the used circuit of comparator with
hysteresis.

Vip

Fig. 4. Simulated circuit of comparator with hysteresis.

The switching frequency f; of buck converter when
hysteresis control is used can be calculated by the formula [1],

[2]:

N Rsen Vou/ (VI)D . Vou/ ) (3)

! 2V, NLV, ’

hys

where Rgpy is a sense resistor; V,,, is the output voltage of the
envelope amplifier; V7, is the supply voltage; N is current
mirroring ratio; L is the filter inductance in Fig. 3 and Vj,
hysteresis of comparator. Both stages, linear amplifier and
switching-mode buck converter, have been investigated
separately in order to evaluate their performance limit. The
maximum switching frequency f£; of the buck converter is 80
MHz to address the wide bandwidth of LTE envelope. The
switching frequency f; is selected to be high in order to

evaluate whether envelope amplifier can meet a possible
future bandwidth increase.

The input signals of the comparator with hysteresis, when
input signal frequency is equal to 20 MHz, are presented in
Fig. 5. The sinusoidal signal shown in Fig. 5 is I".; while 17,
is output voltage signal of the transistors M, and M. The
sinusoidal signal emulates fast changing LTE envelope and it
is used in this simulations as a test signal to evaluate the
tracking speed of the buck converter. This test signal does not
represent the shape of the real envelope signal, but it is used
nevertheless because of its simplicity for circuit simulation.

- VT("Asen”
1.60 o VT Nref''y
155
T 158
1.45
1.4@ L ! )
358n 440@n 45@n S5a@n

time (s )
Fig. 5. Input signals of the comparator with hysteresis.
The schematic of the driver used in switching-mode
regulator is presented in Fig. 6 [9]. This topology prevents the

short-circuit losses, providing a short gap time when NMOS
and PMOS transistors are both switched-oft.

N DD

N M,
Driver IN ————-{ ~
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Fig. 6. Schematic of the switching-mode buck convertre’s driver [9].

Simulations results of control pulses VCP and VCN, which
regulate respectively PMOS and NMOS output transistors of
the buck converter, are shown in Fig. 7.
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Fig. 7. Driver’s output control sygnal.

The pulse width of VCP is larger than VCN signal, thus
the PMOS transistor is switching-off before switching-on of
the NMOS transistor. The obtained simulations results show
that maximum efficiency of the switching-mode buck
converter stage is 88%.

341



The circuit of the investigated linear amplifier is shown in
Fig. 8 [10], [I11]. This stage includes source-coupled

differential amplifier and class-AB output stage formed by
transistors M5 and M18. The linear amplifier is optimized for
resistance load of 10 €, which is practical equivalent value of
PA used as a load [1], [10].

\/DI)

O
]

Fig. 8. Sumulated linear amplifier cicuit’s topology[7].

Simulation results show that this stage could deliver output
power up to 1.5 W, with maximum efficiency of 47%. The
linear amplifier is used as an active filter to suppress the
output ripple formed by switching-mode regulator. This is
achieved thanks to the low output impedance of the linear
amplifier. The bandwidth of the linear amplifier should be
wide — around 6 times of the signal bandwidth [10].
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Fig. 9. Simulated resuls of envelope signal, which is the upper sinusoidal
signal in the figure and linear amplifier’s output signal.

In Fig. 9 are shown simulation results of linear amplifier’s
output signal, when the frequency of the envelope signal is 20
MHz. The output power delivered to the load by the linear
amplifier itself is equal to 270 mW. The maximum simulated
efficiencies of the stand alone linear amplifier and stand alone
dc-dc converter are respectively: 47% and 88%. Switch-mode
converter delivers approximately 80% of output power, while
the rest is supplied by the linear amplifier [2]. Using simple
calculation based on obtained efficiency data, the estimated
efficiency of the presented envelope amplifier is 79.8%.

IV. CONCLUSIONS

In this paper are presented investigation results of parallel
hybrid topology of envelope amplifier, designed on AMS
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CMOS 0.35 pm process. Possible circuit’s architectures of
envelope amplifiers for LTE applications are discussed.
Maximum simulated efficiency of the envelope amplifier is
79.8%. The obtained results are similar to those reported in
other literature.
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