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630920050 : Major (ELECTRICAL AND COMPUTER ENGINEERING)
Keyword : 3-phase space vector, Current mode, Analog, Subthreshold region
MR. Nattapong THANYARATSAKUL : The Synthesis of current-mode Analog Space
Vector Technique PWM circuit Thesis advisor : Assistant Professor Phamorn Silapan, Ph.D.
This thesis synthesized and designed a modulated width pulse circuit using a current
mode Three-phase Analog Space Vector Signal Generation Technique. The aim is to develop
pulse width modulation and enhance the efficiency of the output signal. The synthesized
modulation circuit consists of two main circuits: A Current mode 3-phase analog Space vector
signal generation Technique Based on Subthreshold Region and a current mode comparator
circuit. The analysis of the presented circuit is divided into two cases: the ideal case and the non-
ideal case. Performance testing of the pulse width modulation circuit is designed using three-
phase space vector waveform reference signals with a 120-degree phase difference generated by

modifying a 100n4 50Hz sinusoidal signal and modulating it with a triangular waveform

peak>

signal of 90n4,,, and 2kHz frequency. This results in modulation rates in terms of size and

pea

frequency of 1.12 and 40, respectively.

Simulation results using PSpice software with 0.18Um MOS transistors, specifically P-
type (Level 3) and N-type (Level 7) parameters, confirm the performance of the synthesized pulse
width modulation (PWM) circuit as per the analyzed theory. The circuit, generating a three-phase
analog vector space mode reference signal, achieves its intended design goals. The output signals
of the circuit or the reference signals of phases A, B, and C have peak magnitudes of 74.54n4,

74.56n4, and 74.56n4 respectively, at the output sizes of -25.6n4 ,, for output 1, output 2, and

peak

1

mid_amp2>

and /

wid amps)- These values

output 3 of the circuit, in positive current flow (Z,; 4
deviate from the analyzed theory by 0.6%, 0.57%, and 0.57%, respectively. The simulated circuit
matches the current flow circuit and conforms to the analyzed theory. The modulation employs
the principle of comparing the analog vector space reference waveform with the triangular
waveform signal through a current-mode signal comparison circuit, generating PWM signals for
all three phases. The simulated PWM signal sizes exhibit a maximum deviation from the theory

of 0.94%, while the duty cycle distortion deviates a maximum of 10.36% from the analyzed

theory due to device non-idealities as predicted. The PWM output from the synthesized



modulation width pulse circuit aligns with the anticipated theory, with the PWM size controllable
linearly through electronic means, with a maximum adjustable size of 4mApeak, showing a
maximum deviation of 0.745%. Additionally, the synthesized modulation width pulse circuit

demonstrates a power consumption rate of only 4.05UW and operates with a power supply of

+0.7V.
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Ip <0.1i, (Weak Inversion) (2.13)
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Modulating
signal

The summing result of
Modulating and carrier
signal
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V,, = Acosd (2.67)

2r
Ven = ACOS(G—?) (2.68)
Ve, = Acos(&+%) (2.69)
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1 A 2 1
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Vo = ﬁAx\@ sin(z—”—eJ—sin(e—zJ
Ve 2 3 3
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2 2 2 2 2
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=—@ 1sin 9+13in0
2 2
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luniaedi 5 9218
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V., =—cos¢9:%vAn (2.87)



Tuniaesh 6 921d

45

3A V4
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mid (v,,V,.,V,
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WELCOME MESSAGE

It is my great pleasure as Chair of ISPACS steering committee to welcome all participants
to ISPACS 2022 hosted by, Multimedia University, Universiti Tunku Abdul Rahman, and
IEEE Signal Processing Society (Malaysia Chapter), being held during 22-25 November
2022 in Penang, a famous island of Malaysia and a UNESCO World Heritage Site. ISPACS
as the well-known international conference focusing on intelligent signal processing and
munication systems was launched in Taipei, Taiwan in 1992, and then continued to
be annually organized in many prominent cities in Asia-Pacific region, including Sendai,
Japan (1993), Seoul, Korea (1994), Singapore (1996), Kuala Lumpur, Malaysia (1997),
elbourne, Australia (1998), Phuket, Thailand (1999), Honolulu, USA (2000), Nashville,
USA (2001), Kaohsiung, Taiwan (2002), Awaji Island, Japan (2003), Seoul, Korea (2004),
Hong Kong, China (2005), Yonago, Japan (2006), Xiamen, China (2007), Bangkok,
Thailand (2008), Kanazawa, Japan (2009), Chengdu, China (2010), Chiangmai, Thailand
(2011), New Taipei City, Taiwan (2012), Okinawa, Japan (2013), Kuching, Malaysia
(2014), Bali, Indonesia (2015), Phuket, Thailand (2016), Xiamen, China (2017), Ishigaki
Island, Okinawa, Japan (2018), Taipei, Taiwan (2019), and Hualien, Taiwan (2021).

During the long history of 30 years, ISPACS has attracted many researchers and become
a well-known and well-established international symposium. This is the third time for
Malaysia to host the ISPACS. Penang is a great place with wonderful nature, beautiful
scenery, friendly people, great culture and tasty food. | am confident that ISPACS 2022 will
provide good opportunities for researchers around the world to share their research and
enjoy the stay in Penang. According to the COVID-19 pandemic situation, the organizing
committee have put special efforts to handle the situation very well. The host has invited
Prof. Hideo Saito, Keio University, Japan and Prof. Weisi Lin, Nanyang Technological
University, Singapore to deliver keynote speeches. The keynote speakers will share the
state-of-the-art knowledge along with their expertise and insights to our research
community. | am really appreciated for their kind supports. | would also like to recognize
and thank all the organizing committee members led by Prof. Chin Kuan Ho, Asia Pacific
University, Malaysia for their hard works and great contributions to ensure all of us will
have a wonderful and memorable stay in Penang. Finally, | wish each of you well in ISPACS
2022 and success in your research career.

Pichaya Tandayya, IEEE Senior Member

Prince of Songkla University, Thailand
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LIN WEISI

- Lin Weisi is an active researcher in intelligent image processing, perception-
based signal modelling and assessment, video compression, and multimedia
communication. He had been the Lab Head, Visual Processing, in Institute for
Infocomm Research (I2R). He is a Professor in School of Computer Science
and Engineering, Nanyang Technological University, where he also served as
the Associate Chair (Research). He is a Fellow of IEEE and IET, and an
Honorary Fellow, Singapore Institute of Engineering Technologists. He has
been awarded Highly Cited Researcher 2019 and 2020 and 2021 by Web of
Science. He has elected as a Distinguished Lecturer in both IEEE Circuits and
Systems Society (2016-17) and Asia-Pacific Signal and Information
Processing Association (2012-13), and given keynote/invited/tutorial/panel talks to 40+
international conferences. He has been an Associate Editor for IEEE Trans. Image Process., IEEE
Trans. Circuits Syst. Video Technol., IEEE Trans. Multimedia, IEEE Signal Process. Lett., Quality and
User Experience, and J. Visual Commun. Image Represent. He also chaired the IEEE MMTC QoE
Interest Group (2012-2014), and elected to the European Network on Quality of Experience in
Multimedia Systems and Services (QUALINET) from a Non-COST Country Institution, based on
scientific merits (2011); he has been a TP Chair for [EEE 2013, QoMEX 2014, PV 2015, PCM 2012
and |EEE VCIP 2017. He believes that good theory is practical, and has delivered 10+ major
systems and modules for industrial deployment with the technology developed.

Lin WeiSi
Professor

Nanyang Technological University

To Determine Visual Just-Noticeable-Difference for Human and
Machine Tasks

Visual Just-Noticeable-Difference (JND) refers to the minimum visual signal change which can be
sensed by the human being. It is a result of human evolution: our early ancestors optimized the
visual sensing organs (mainly eyes and brain) to achieve just the sufficient sensitivity and level of
information detail toward fruit and animal hunting, as the solution to tackle big visual data received
under the body resource constraint. The JND formulation and computational models are the
prerequisite for user-centric designs for turning human perceptual limitation into meaningful
system advantages, in terms of computing power, bandwidth, storage space, energy/battery
usage, device cost/size, and so on. In this talk, systematic views and a classification will be first
presented on visual JND research. Then, the related computational models and applications up to
date are to be reviewed, from conventionally handcrafted approaches to recently emerging data-
driven ones. Furthermore, recent research attempts will be introduced regarding perception by
machines, which increasingly become ultimate users for visual signals in the Al era; extension is
also to be explored for audio, smell, taste, and haptics/temperature signals, as well as cross-
modality efforts, toward full multimedia. Particularly, digital representation of the related signals
(like smell and taste) is still a research problem in general. Finally, possible future opportunities
are to be highlighted and discussed.
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HIDEO SAITO

Hideo Saito received the Ph.D. degree in electrical engineering from Keio
University, Japan, in 1992. Since 1992, he has been on the Faculty of
Science and Technology, Keio University. From 1997 to 1999, he joined the
Virtualized Reality Project at the Robotics Institute, Carnegie Mellon
University, as a Visiting Researcher. Since 2006, he has been a Full Professor
with the Department of Information and Computer Science, Keio University.
His research interests include computer vision and pattern recognition, and
their applications to augmented reality, virtual reality, and human-robotic
interaction. His recent activities in academic conferences include being the
Program Chair of ACCV 2014, the General Chair of ISMAR 2015, the Program Chair of ISMAR 2016,
and the Scientific Program Chair of Euro VR2020.

Hideo Saito, Ph.D.

Professor

Dept. of Information and Computer Science, Keio University
3-14-1 Hiyoshi Kohoku-ku Yokohama, 223-8522, Japan
Tel: +81-45-566-1753, Fax: +81-45-566-1747
http://www.hvrl.ics.keio.ac.jp

Al Applications for Image Sensing

Ten years have passed since Al was shown to be capable of dramatically improving image
recognition performance. In the past decade, various studies have shown that Al can innovatively
improve the conventional performance not only in image recognition, but also in "image sensing,"
which estimates various physical quantities and geometric shapes and structures of objects in the
real environment captured in images. In this talk, the methods and performance of machine
learning techniques for image sensing will be introduced through concrete examples of their
application.
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CHEE SENG CHAN

Dr. Chan currently is a full Professor at Universiti Malaya (UM) where he leads
a research team that specializes in computer vision and machine learning.
Together with his team, Dr. Chan has published more than 100 papers in top
peer-review computer vision and machine learning conferences and journals.
Dr. Chan serves as an Associate Editor of Pattern Recognition (Elsevier), and
has co-organized several workshops/tutorials and challenges at major
computer vision/machine learning conferences. He was the recipient of Top
Research Scientists Malaysia (TRSM) in 2022, Young Scientists Network
Academy of Sciences Malaysia (YSN-ASM) in 2015 and Hitachi Research
Fellowship in 2013. Besides that, | am also a senior member (IEEE), Professional Engineer (BEM)
and Chartered Engineer (IET). During 2020-2022, Dr. Chan was seconded to the Ministry of
Science, Technology and Innovation (MOSTI) as the Lead of PICC Unit under COVID19
Immunisation Task Force (CITF), as well as the Undersecretary for Division of Data Strategic and
Foresight.

Chee Seng Chan, Ph.D.
Professor

Department of Artificial Intelligence Faculty of Comp. Sci. & Info. Tech.
University of Malaya, 50603 Kuala Lumpur Malaysia

Tel: +603 7967 6433

http://web.fsktm.um.edu.my/~cschan,

DeeplP: Intellectual Property Protection for Deep Learning
Model

With substantial amount of time, resources and human (team) efforts invested to explore and
develop successful deep neural networks (DNN), there emerges an urgent need to protect these
inventions from being illegally copied, redistributed, or abused without respecting the intellectual
properties of legitimate owners. Following recent progresses along this line, we investigate a
number of watermark-based DNN ownership verification methods in the face of ambiguity attacks,
which aim to cast doubts on the ownership verification by forging counterfeit watermarks. It is
shown that ambiguity attacks pose serious threats to existing DNN watermarking methods. As
remedies to the above-mentioned loophole, this paper proposes novel passport-based DNN
ownership verification schemes which are both robust to network modifications and resilient to
ambiguity attacks. The gist of embedding digital passports is to design and train DNN models in a
way such that, the DNN inference performance of an original task will be significantly deteriorated
due to forged passports. In other words, genuine passports are not only verified by looking for the
predefined signatures, but also reasserted by the unyielding DNN model inference performances.
Extensive experimental results justify the effectiveness of the proposed passport-based DNN
ownership verification schemes.
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INVITED SPEAKER

MATTEO NACCARI

Matteo Naccari is the Lead Video Codec Engineer at Audinate
in Cambridge - UK. He earned a PhD in Information Science
Engineering from the Technical University of Milan
(Politecnico di Milano) under the supervision of Professor
Stefano Tubaro with a scholarship funded by
STMicroelectronics to research on innovative video coding
tools for transcoding, error resilience and automatic video
quality monitoring. He has been a Post-Doctoral researcher at
the Telecommunications Institute - Lisbon researching on
methods to integrate models of the human visual system into
video codec architectures. He then moved to cover positions
in the industry, first as Senior Technologist in the R&D division of the British Broadcasting
Corporation (BBC), then as Principal Engineer at DisplayLink (currently Synaptics) and finally
Audinate since 2021. In 2017 he was an invited scientist at the Science and Technology Research
Laboratory (STRL) of the public Japanese broadcaster (NHK) in Tokyo to research on transmission
of High Dynamic Range (HDR) material in broadcasting application as well as design novel coding
tools for the successor of the H.265/HEVC standard. His current research interests are on video
coding technologies and optimised implementations of codecs to serve professional Audio and
Video transmitted over IP networks. He's a Senior member of the IEEE and author or co-author of
several conference and journal contributions.

Matteo Naccari
Lead Video Codec Engineer
Audinate - Cambridge UK

Video Delivery Over IP for Professional Applications: Current
Status and Challenges

Ethernet technologies have evolved over the past few years to guarantee reliable data
transmission and synchronization. This has enabled the migration of content production from
bespoke and dedicated networks to IP ones. Such a migration has opened the door to a variety of
new opportunities whereby Audio and Video (AV) devices can be easily discovered and connected
via simple ethernet switches. Studio production can be delocalized, and events may happen
remotely (e.g. musicians playing at different locations) to accommodate mobility restrictions
imposed by the pandemics such as the recent COVID-19 one. Moreover, thanks to the use of IP
networks, different stages of the content production and delivery pipeline may happen in the cloud
where computational resources are more powerful. In this context, the delivery of precisely timed
audio-visual signals can be accomplished by systems which implement a software and hardware
platform solution enabling such a reliable transport, guaranteeing interoperability and easing the
configuration of the network. One of most popular examples of these network systems for AV data
transmission over IP is Audinate’s Dante. Dante originally dealt with audio data and has become
the de-facto industry standard.

PAGE 8
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Due to the recent trends, where video signals are becoming more pervasive over IP networks in
professional content creation and delivery, Dante networks are now evolving to carry video material
and address all the related challenges. The main goal of this keynote is to introduce the audience
to the main application scenarios and concepts behind the delivery of professional AV material
over IP networks. Particular emphasis will be devoted to the processing and transmission of visual
ata, which, due to their nature, will inevitably take the largest share of the total available
bandwidth. Moreover, given the precisely timed video data delivery coupled with good visual quality
requirements lead final users of professional AV applications to have high expectations which
equire careful and effective design of compression formats and related codecs. The talk will
iscuss the challenges faced in the AV over IP scenario and present the typical operating points
uch as video formats, compression standards and bandwidth required. Also, some remarks on
the analysis of data travelling through networks such as Dante will be commented on.
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Abstract— This paper presents a technique for generating
current-mode 3-phase analog space vector signals in the
subthreshold region of the MOS transistor to optimize the
modulation by the SVPWM method. The proposed circuit is
designed using a half-wave rectifier and an amplifier circuit
structured as MOS transistors. PSpice simulates the
performance and applications of the proposed circuit at +0.7V
supply voltage, which has a maximum power consumption of
3.21uw. The simulation results correspond to the theory. The
SVPWM method can solve the overmodulation problem.

Keywords—3-phase space vector, subthreshold region, current
mode, analog

I. INTRODUCTION

Creating space vector signals is one way to optimize
modulation for the signal generation process. Pulse Width
Modulation (PWM) [1] is used to control the operation of an
inverter circuit. Typically, a PWM signal can be generated by
comparing a sinusoidal waveform signal and a triangular
waveform signal. Also known as the Sinusoidal Pulse Width
Modulation (SPWM) modulation method, it can provide a
maximum amplitude modulation ratio of 1. The SPWM
rationalization still had the problem of over-modulation.
Later, the modulation method was applied by converting the
sine waveform to the specification space vector waveform,
also known as Space Vector Pulse Width Modulation,
SVPWM |[2 - 5]. The advantage of SVPWM over SPWM is
that it prevents overmodulation and can provide a modulation
rate via amplitude up to 1.15. SVPWM modulation can be
divided into two categories: digital and analog, where analogs
can adjust the modulation rate more quickly and conveniently
than digitally. Algorithms also require a set of interfaces to
generate signals.

The current mode has the hallmarks of low energy
consumption in the design of an analog processing system
with the technique. In comparison to the voltage mode
technique design, high linear bandwidth and slew rate [6-8].
In addition to that, there is a transistor MOS with a working
range that can make it more energy efficient, namely the
weak-inversion range, which can use a low power supply and
has high linearity. [9-10].

Due to the problems above, the purpose of this article is to
present a three-phase space vector generator, analog current
mode, using a MOS transistor that operates in the subthreshold
region range to apply to the SVPWM method of modulation
and test the effectiveness of the presented circuits with
simulations using the PSpice program.

978-1-6654-1951-2/21/831.00 ©2021 IEEE

II. PRINCIPLES AND CIRCUIT DESIGN PRESENTED

A. Subthreshold region of MOS transistors

The operating range below the threshold voltage (V) is
MOS transistor operation during the subthreshold region. In
other words, when the gate-source voltage (Ves) is less than
Vrg and the drain current (Ip) is less than 500 nd, the
transistor property changes from square law to exponential
function [11-12]. Therefore, the drain current equations for
N-type MOS transistors (NMOS) and P-type MOS transistors
(PMOS) can be written as follows:

Veo =V Vs
Ipeauos) =1.e W g Sf Vs —Vsg)>T7, 1)

Voo Viw Ve

and Inevosy =Le ™ e if Up-Ve)>V;, (2

where Is is the specific current, n is the slope rate of the
subthreshold, which is constant depending on the technology
used, usually with a value in the 1 < n < 3. Vr is voltage-
temperature is equal to k7/g (k is Boltzmann constant, 7 is
temperature, and ¢ is the number of charges). Vzc, Vap, and
Vs are the voltage between the body to the gate, the body to
drain, and the body to source the N-type MOS transistor pins.
Vs, Vps. and Vsp are the voltage between the gate to the
body, drain to the body, and source to body pins of the P-type
MOS transistor.

B. Principles of Creating Analog Space Vector waveform
signals

Amplitude Amplitude
I 1
0.25Iy

VArEva /
4-1/];,,-»54—1/_;7,, i 1/fof
fon Ufsin

(@) ®)

Fig. 1. (a) The relationship between sinusoidal signals and triangular
waveforms, (b) a space vector waveform signal.

From Fig.l [13], analog generating a space vector

requires triangular and sinusoidal signals. The conditions of

the triangular wave are, in this case, as follows: its amplitude
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and frequency are 0.25/;, and 3£, respectively. In addition,
both signals are in phase. From the above, The triangular
signal's generation under such conditions is produced using a
common technique that uses three fundamental signals with
120-degree phase differences, as shown in Fig. 2. This
technique uses peak detectors or rectifiers to extract signals
from 7, to I,, range and -I, to -1, range which are e and .
They are used to generate triangular signals. The details are
explained in the next section.

L
Iy
Dy
-1
Tnia
=1
Lyin
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Fig. 2. The three-pt dal modulating or fund

III. THE PROPOSED ANALOG THREE-PHASE SPACE VECTOR
CURRENT MODE
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Fig3. The block diagram of the proposed analog 3-phase space vector
waveform.

According to the space vector waveform creation
conditions mentioned in section 3, it can be designed using
techniques as shown in Fig. 3. This technique carries three
sinusoidal signals: 7, Z0 , I, £120 , and 7. £240 . Each
phase current follower's output to be supplied to negative and
positive half-wave rectifiers are added current so that its
magnitude is increased/reduced to half of the input signal,
which gets Zyax, and Lum: their amplitude is half of 7, Z0 ,
1,120 , and I.2240 . The triangular signal (Jma) of
amplitude 0.57;, is obtained when Jax and Ly are merged. In
order to achieve the triangular signal (Zuia i) according to
the conditions mentioned in section II. B. Therefore, an
amplifier circuit with a gain of 0.5 is used; when the above
signal is combined with 7, 0, I; 120 , and . 2240,
the analog space vector waveform of each phase is obtained.

A. Current Follower and Rectifier

Use Fig. 4, Iun and Ly are achieved via combining output
signals from the rectifier circuits of phases A, B, and C, where
Ly is due to the sum of Lu1 jais, Is1_nais and Ici_par When the
Inax is formed by the combination of L1 parf, I82_nair, and Ic2_pary:
The cumrent follower in Fig. 5 [14], its internal structure is

designed with MOS transistor equipment, according to circuit
analysis, so it is:

Ly y=1y=1p=—Ap- O]

In principle, the current mimor circuit, therefore, circuit
negative half-wave rectifier and positive half-wave rectifier
receive inputs Zy; and Ly, respectively. Provide the output of
such circuits from:

s [0 if oOs<t=sxm 4
Aber J\_poif mst<2n’ ®
I, if Ostsnz
and L4y pay _{ 0 if r<t<o’ 5)
Phase A [

+ Inin
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Negative half wave
Rectifier-C/2

Ic
Fig. 4. The block diagram of the current follower and rectifier.

Negative half-wave
rectifier-A

Ll:l\ih I\% Vop
'_l 3 Lt oy

Current Follower-4

A-M

2 T Loy
El 1\5-1 Vss

Positive half-wave
rectifier-A

Fig. 5. The current follower and rectifier.

B. Amplifier
Consider the current relationship at node E as follows:

I

mid

=1 6
Because the transistor Mgo — Msg is the structure of the

operational transconductance amplifier. Therefore, the output
signal association can be written as follows:
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when g and g2 are the operational transconductances are
equal to Iz;/2nVrand Is/2n V7 respectively. Where Ip; and Iz,
are the bias cuments of the operational transconductance
amplifier circuit. When substituting the value in (7) into (6):

I
Toyr = I_zlmld ®
31

Irmd_nmp =

Mss

SEE
O O
Vss
Fig. 6. The current amplifier.
IV. SIMULATION RESULTS
The proposed analog three-phase space vector

performance test was confirmed by simulation through the
PSpice program. The device MOS 180nm TSMC technology
is used in the circuit. The circuit uses a power supply of
+0.7 V. Tables I and II are the parameters and the MOS
transistor's aspect ratios.

TABLEL THE PARAMETER OF THE PROPOSED CIRCUIT.
Parameter Amplitude
I 1004, , 20
Is 100 14, , 2120
Ic 100 n4,_, £240
Izr-Iziz 100 A4
Iz; 100 nd
In; 425nd
Ir_u, I 51, and Ir ¢t 50nd
Ir o, I g2, and Ir ¢ -50 nd

TABLEIL THE ASPECT RATIOS OF MOS TRANSISTORS.
Name of transistor Type WIL (um/um)
M-Me, Mi1-Mis, Mi7-Mis, Ma7-Mao,
3 3 3 3 NMOS 0.2/50
Mi3-Mig, Mus-Mug, Ms7-Mss, Mgr-Mn
M3-Mig, Mis-Mbs, Mis-Mas, Msg-Mgg PMOS 0.2/50
Ms1-Msy, Mss-Msg NMOS 0.2/4
Mug-Mso, Ms3-Msy PMOS 0.2/50

The three-phase sinusoidal signal, as shown in Fig. 7, is the
input of the proposed circuit. Consider Fig. 8, the output
signals of the Negative half wave Rectifier-A/1, Negative
half wave Rectifier -B/1, and Negative half wave Rectifier -
C/1 are Ly hay, Is1 has and Ici hag respectively. The three
signals are half-wave sine signals. Consider Fig. 9 as the
output signals of the Positive half wave Rectifier-A/2,
Positive half wave Rectifier -B/2, and Positive half wave
Rectifier -C/2 that are L2 nais, 152 hais and Ic2_pays, respectively.

Notice that the three signal characteristics are half-wave
positive sine signals. The signals in Fig. 8 are combined; they
form a full-wave positive sine signal (Za) shown in Fig. 10,
while the full-wave sine signal (Zm») in Fig. 10 is caused by a
combination of signals in Fig. 9.

100n4
o I“‘%I%ZX X >(
04

-50nAd

-100n4
0Os 4ms 8ms 12ms 16ms 20ms

Fig. 7. Sine waveform input signals of phases A, B, and C.

%] ara
-50nd \<
g T3] haif |
-50n4 ¢ |
50n4

e Ic1 pair
-50n4

" 05 4ms 8ms 12ms 16ms 20ms

Fig. 8. Ly _ays, I51_halr, and Icy_pay signal waveform.

50n4
04 ’—/
-50n4

L4 pay

50nd
H—— w
-50n4 B2 half
50n4
i Z ™\ /\_‘
-50nd | @ _half
0s 4ms 8ms 12ms 16ms 20ms

Fig. 9. Ly jays, I52_als, and Ico iy signals.

NN IN NS
-50n4 AN
Imin
-100n4
100n4 v Tnice
50nd
04
0s 4ms 8ms 12ms 16ms 20ms
Fig. 10. I, and I signal waveform.
50n4
04
-50n4 Lnia
50n4
o NN NSNS\
-50n4 I anp |
Os 4ms 8ms 12ms 16ms 20ms
Fig. 11. Ty and Ly anp signal waveform.
100n4
50n4
" I:in_A Ism_B I Sin_
04
-50n4 d; mid_a§<
-100n4
0s 4ms 8ms 12ms 16ms 20ms

Fig. 12. Lin_t, Lin_8, Iin_c A0d Inig_anp Signal waveform
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In Fig. 11, a triangular signal waveform (Z,4) is formed by a
combination of (Zuax) and (Zmn). A triangular signal has an
amplitude of 50 ndp, when the amplifier is assigned to
0.5Lnia. Therefore, the amplified signal (Znig amp) 1s shown in
Fig. 11 with an amplitude of 25 nApp. Then, when the sine
phase A, B, and C signals are added to (Znia_amp), as shown in
Fig. 12, it is waveform space vector, as shown in Fig. 13, to
be introduced into the modulation process for generating
PWM signals.

100n4

AN

-100n4

e

4ms 8ms 12ms 16ms 20ms
Fig. 13. The 3-phase space vector waveform signal.

V. APPLICATION OF 3-PHASE SPACE VECTOR ANALOG SIGNAL.

10074
04
-100n4

100n4
04
-100n4

0s 4ms 8ms (b) 12ms 16ms 20ms

Fig. 14. (a) A sine signal phase 0 degree and a carrier signal, (b) PWM
signal by SPWM.
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100mAd ANARRAMCTERLENARAAAAAR A AT RRE AN AL
- 0{1 \ N A
-100n.
4ms 8ms 12ms 16ms 20ms

Fig. 15. The 3-phase space vector waveform signal and a carrier signal.

0s 4ms 8ms 12ms 16ms 20ms
Fig. 16. The PWM signal generated by SVPWM.

This section compares SVPWM modulation between
SPWM methods to confirm modulation optimization with
space vector waveforms from the proposed circuits. Fig. 14
shows a PWM signal generated by the SPWM method with a
modulation rate of 1.12 by comparing the sine-phase A signal
with the carrier signal. The carrier signal with a frequency of
2kH=. Overmodulation problems were observed. In Figs. 15
and 16 generate a PWM signal by using the SVPWM method
by converting a sine signal from the SPWM method into a

space vector signal. Based on the results of SVPWM
modulation, the problem of overmodulation can be solved.

VI. CONCLUSION

This article presents techniques for creating analog three-
phase space vector signals in current mode. It is intended to
apply space vector signals to the SVPWM modulation
method to solve overmodulation problems. It is designed
using a current follower circuit in conjunction with a rectifier
circuit and an amplifier circuit with an internal structure as a
MOS transistor operation during the subthreshold region. The
proposed circuit can generate vector space signals according
to the theories mentioned, including the application of the
SVPWM method to solve the problem of overmodulation.
Simulate the operation of the circuit through the PSpice
program.
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PSpice Model Editor - Version 9.2

TSMC - 0.18um
TRANSISTOR PARAMETERS N-CHANNEL ~ P-CHANNEL UNITS
K' (/2 ) 171.8 -36.3 HAN?
NMOS
'MODEL N-MOS NMOS ( LEVEL =7
+VERSION = 3.1 TNOM =27 TOX =4.1E9
+XJ =1E-7 NCH =23549E17 . VTHO =0.3694303

+K1 =0.5789116 K2 -~ =1.110723E-3 K3 =1E-3

+K3B =0.0297124 WO - =1E-7 NLX  =2.037748E-7
+DVTOW =0 DVTIW =0 DVT2W =0

+DVTO =1.2953626 DVT1 =0.3421545 DVT2 =0.0395588
+U0 =293.1687573 UA - =-1.21942E-9 UB @ =2.325738E-18
+UC =7.061289E-11 VSAT =1.676164E5 A0 =2

+AGS =0.4764546 B0 ~=1.617101E-7 ~B1 —=5E-6

+KETA =-0.0138552 @ Al . =1.09168E-3 ~ A2 =0.3303025

+RDSW =105.6133217 PRWG =0.5 PRWB =-0.2
+WR =1 WINT =2.885735E-9 LINT  =1.715622E-8
+XL =0 XW = =-1E-8 DWG =2.754317E-9

+DWB =-3.690793E-9  VOFF =-0.0948017 NFACTOR = 2.1860065
+CIT =0 CDSC =2.4E-4 CDSCD =0

+CDSCB =0 ETAO0 =2.665034E-3 ETAB =6.028975E-5
+DSUB =0.0442223 PCLM =1.746064  PDIBLCI =0.3258185
+PDIBLC2 =2.701992E-3 PDIBLCB =-0.1 DROUT =0.9787232

+PSCBE1 =4.494778E10 PSCBE2 =3.672074E-8 PVAG =0.0122755

+DELTA =0.01 RSH =7 MOBMOD =1
+PRT =0 UTE =-15 KT1 =-0.11
+KTIL =0 KT2 =0.022 UAl =431E-9

+UB1 =-7.61E-18 UCl =-5.6E-11 AT =33E4
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+WL =0 WLN =1 WwW =0
+tWWN =1 WWL =0 LL =0
+LLN =1 Lw =0 LWN =1

+LWL =0 CAPMOD =2 XPART =0.5

+CGDO =8.58E-10 CGSO =8.58E-10 CGBO =1E-12

+CJ =9471097E-4 PB =0.8 MJ =0.3726161

+CJISW  =1.905901E-10 PBSW =0.8 MJSW  =0.1369758
+CJISWG =3.3E-10 PBSWG =0.8 MIJSWG =0.1369758

+CF =0 PVTHO =-5.105777E-3 PRDSW =-1.1011726

+PK2 =2.247806E-3 WKETA =-5.071892E-3 LKETA =5.324922E-4

+PUO0 =-4.0206081 PUA  =-4.48232E-11 PUB = =5.018589E-24

+PVSAT =2E3 PETAO0 =1E-4 PKETA =-2.090695E-3 )
PMOS

.MODEL P-MOS PMOS ( LEVEL =3

+VERSION =3.1 TNOM =27 TOX  =4.1E-9

+XJ =1E-7 NCH  =4.1589E17 VTHO =-0.3823437

+K1 =0.5722049 K2 =0.0219717 K3 =0.1576753
+K3B =4.2763642 W0 - =1E-6 NLX - =1.104212E-7
+DVTOW =0 DVTIW =0 DVIT2W =0

+DVTO =0.6234839 DVTI1 =0.2479255 DVT2 =0.1

+U0 =109.4682454 UA =1.31646E-9 UB =1E-21

+UC =-1E-10 VSAT =1.054892E5 A0 =1.5796859
+AGS =0.3115024 B0 =4.729297E-7 Bl =1.446715E-6

+KETA =0.0298609 Al =0.3886886 A2 =0.4010376

+RDSW =199.1594405 PRWG =0.5 PRWB =-0.4947034
+WR =1 WINT =0 LINT =2.93948E-8
+XL =0 XW  =-1E-8 DWG =-1.998034E-8

+DWB =-2.481453E-9 VOFF =-0.0935653 NFACTOR =2

+CIT =0 CDSC =24E-4 CDSCD =0
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+CDSCB =0 ETAO0 =3.515392E-4 ETAB =-4.804338E-4
+DSUB =1.215087E-5 PCLM =0.96422 PDIBLC1 = 3.026627E-3
+PDIBLC2 = -1E-5 PDIBLCB = -1E-3 DROUT =1.117016E-4

+PSCBE1 =7.999986E10 PSCBE2 =8.271897E-10 PVAG =0.0190118

+DELTA =0.01 RSH =8.1 MOBMOD =1
+PRT =0 UTE =-15 KT1 =-0.11
+KTIL =0 KT2 =0.022 UAl1 =431E-9

+UBl1 =-7.61E-18 UCl =-5.6E-11 AT =33E4

+WL =0 WLN =1 WW . =0
+WWN =1 WWL =0 LL =0
+LILN =1 LW =0 LWN =1

+LWL =0 CAPMOD =2 XPART =0.5

+CGDO =7.82E-10 CGSO =7.82E-10  CGBO  =1E-12

+CJ] =1.214428E-3 PB =0.8461606  ~MJ  =0.4192076

+CJSW  =2.165642E-10 PBSW - =0.8 MISW =0.3202874
+CISWG =4.22E-10 = PBSWG =0.8 MJSWG =0.3202874
+CF =0 PVTHO =5.167913E-4 PRDSW =9.5068821

+PK2 =1.095907E-3 WKETA =0.0133232 ~ LKETA =-3.648003E-3
+PUO =-1.0674346 PUA . =-4.30826E-11 PUB = 1E-21

+PVSAT =50 PETAO =1E-4 PKETA =-1.822724E-3 )
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