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60407204 : Major (ELECTRICAL AND COMPUTER ENGINEERING)
Keyword : Automatic gain control circuit, MOSFET, Subthreshold region, Current-mode

MR. NATTHAPANYA PICHETPIRIYA : THE SYNTHESIS OF CURRENT-MODE
AUTOMATIC GAIN CONTROL THESIS ADVISOR : PHAMORN SILAPAN, Ph.D.

The synthesis and design of a current-mode automatic gain control circuit are presented
in this thesis. The circuit structure is based on MOSFET technology in the subthreshold region.
The proposed circuit consists of 4 main circuits as follows: a current-mode exponential amplifier,
a current mode full-wave rectifier, and two current-mode lossless integrator. The analysis of the
circuit's efficiency is divided into two cases: The ideal case and the non-ideal case. In addition,
the circuit's performance is tested by simulating the operation of the PSpice program using the
MOSFET technology structure. The parameters of the MOSFET used 0.18um of TSMC (Taiwan
Semiconductor Manufacturing Company). Initially, the current-mode exponential amplifier
circuit is tested. The test revealed that the circuit could act as an amplifier circuit with an
exponential function and in accordance with the theory analyzed. Next, the current-mode full-
wave rectifier circuit, the current mode low pass filter, and the current-mode integrator circuit are
simulated. The simulation results show that these circuits are able to perform as expected as well.
Finally, it simulated the automatic gain control circuit by connecting all four circuits together,
which showed that the proposed circuit can control the amplitude of the output signal to have a
stable condition. While the input signal changes from the normal state. Moreover, the circuit has a

power consumption of only 1.27mW at a +0.9V DC power supply.
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Message from the General Chair

| It gives me great pleasure to all of the keynote/invite speakers, distinguished guests, and
ICVEE participants, welcome to 2020 the third International Conference on Vocational
Education and Electrical Engineering (ICVEE). Due to the COVID-19 ICVEE
conference which is organized by the Department of Electrical Engineering
and Departement of Informatics, Universitas Negeri Surabaya and technical
sponsorship IEEE Indonesia section hold the conference in the virtual event. The theme of
our conference is “ Strengthening the framework of Society 5.0 through Innovations in
Education, Electrical Engineering, and Informatics Engineering”.

This year we receive 134 articles and resulted in 71 articles that have been presented at this conference and
will be submitted to the IEEE explorer. The article comes from some domestics and international universities.
The International author and co-author come from Brazil, Jerman, Philippines, Japan, Taiwan, Singapore,
Malaysia, Thailand, Saudi Arabia, and Australia. We would like to appreciate all of the keynotes and invite
speakers, reviewers, committees, and participants for all the support and participation. We would like to give
gratitude to the Universitas Negeri Surabaya as the organizer and IEEE Indonesian Section as a technical Co-
sponsorship.

Finally, I wish all participants always successful and enjoy this conference. I hope this program will be
interesting and useful for all the ICVEE participants.

Prof. Dr. Bambang Suprianto., MT

General Chair
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General and Paralel Program Schedule
General Timetable ICVEE
Saturday, October 3-4, 2020
No Activity Time Duration PIC Necessity
Plenary Session Sat, Oct 3
et om0 | |
1 Preparation and On the 08_00 30 minutes Committee Laptop, internet
Spot registration) )
Opening and Rules 08.00
2 | Guidance for the Virtual - 10 minutes Committee Laptop, file, documentatior
Conference 08.10
Viewing Profile Video of
Universitas Negeri Surabaya, 08.10
Listening Indonesia National ) @ , <
3 Anthem, and Listening Mars - 20 minutes Committee Laptop, file, documentatior
2 5 % 08.30
of Universitas Negeri
Surabaya
Prof. Dr. Bambang
08.30 20 Yulianto., M.Pd
4 Welcoming Session - inGtes Vice Rector | of Laptop, file
08.50 Universitas Negeri
Surabaya
09.00 Prof. Takeshi
5 Keynote Speaker 1 - 20 minutes Fukusako, Professor Laptop, file
(ICVEE) 09.30 at Kumamoto
: University, Japan
Prof. Dr. Hadi
09.30 Susanto, Professor at
6 Keynote Speaker 2 - 30 minutes University of Essex, UK Laptop, file
10.00 and Khalifa University,
UAE
10.00 Prof. Johan Pion,
y £ Keynote Speaker 3 - 30 minutes Professor at HAN
10.30 University
. . . . 10.30
Live Discussion (Question 45
8 and Answer) 11'1 5 minutes Betatyiodetao

Roundtable Discussion, Sat Oct 3, 2020 (ICVEE)

vii
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Activity

Welcoming session from
ICVEE chair

Invited Speaker |

Duration

12.00-12.10 | 10 minutes

12.10

- 25 minutes
12.35

UNESA

Prof Bambang Suprianto.,
MT

Prof. Madya. Ir. Dr. Abd
Kadir bin Mahamad

Universiti Tun Hussein
Onn Malaysia (UTHM)
(Malaysia )

INDONESIA SECTION

Necessity

Laptop, file

Laptop, file

1

Invited Speaker Il

12.35
- 25 minutes
13.00

Prof. Mingchang Wu.,
Ph.D.

National Yunlin
University of Science and
Technology

(Taiwan )

Laptop, file

11

Invited Speaker Il

13.00
- 30 minutes
13.30

Prof. Wisnu Jatmiko.,
Ph.D

Universitas Indonesia (UI)

(IEEE Indonesian Section
chair)

Laptop, file

10

Live Discussion (Question
and Answer)

13.30
- 45 minutes
14.15

Plenary Moderator

13

14

Rules Guidance for the
Roundtable Discussion

Session of Roundtable
Discussion

14.15
- 15 minutes
14.30

14.30

17.00

viii

Committee (IEEE-AP)
(IEEE for room 1-8)

Room 1 — Room 8
(14.30-14.45)
Room 1 — Room 8
(14.45-15.00)
Room 1 — Room 8
(15.00-15.15)
Room 1 — Room 8
(15.15-15.30)
Break (30 minutes)
Room 1 — Room 8
(16.00-16.15)
Room 1 — Room 8
(16.15-16.30)
Room 1 — Room 8
(16.30-16.45)
Room 1 — Room 8
(16.45-17.00)
Room 1 — Room 8
(17.00-17.15)
Room 1 — Room 8
(17.15-17.30)

Laptop, file

Laptop, file

64



Activity

Duration

UNESA

Break (30 minutes)

INDONESIA SECTION

Necessity

15

Announcement best

paper/presenter and 1800 30 mi
reviewer o minutes
Closing speech 1830

Room 1

Laptop, internet
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PARALLEL SESSION TIMETABLE ICVEE
Saturday, October 3, 2020
Room 1
Moderator 1 IGP Asto Buditjahjanto
2 Lilik Anifah
2 270 absent

The effect of changing the type of lamp, lighting
power and adding light points to the strength of the
4 294 lighting in the Classroom and Reading Room of 15.15-15.30
the Postgraduate Program at the Bung Hatta

Building, Jakarta State University

BREAK 14.45-15.15

6 362 absent 16.15-16.30

Effectiveness of Mobile Leaming Implementation
in Increasing Student Competence and Preventing 16.45-17.00

the Spread and Impact of COVID-19

Evaluation of Indonesian Technical and Vocational
10 412 Education in Addressing the Gap in Job Skills 17.15-17.30
Required by Industry
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Room 2
Moderator Hapsari P A Tjahyaningtijas
The impact of The COVID-19 Pandemic in
2 416 Indonesia (Face to face versus Online Learning) 144525100
DESIGN OF COMPETENCY TEST MODEL FOR
ELECTRICAL INSTALLATION AUTOMATION
4 459 BASED ON PROJECT LEARNING FOR 15:45:46:30
ELECTRICAL ENGINEERING STUDENTS
The Effect of the Android based Mobile-Learning
Models on Student Leaming Outcomes in
8 478 Research Methodology Courses in the 16:45:16:90,
Cosmetology and Beauty Department
8 507 absent 16.45-17.00
Measurement Model of Employability Skills of
10 347 Vocational High School Student in East Java Using 17.15-17.30

Structural Equation Model (SEM)

Xi
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Room 3
Moderator 1 Naim Rochmawati
2 Yeni Anistyasari

The Concept of Using TOLSYASUPI-EduMed
in Basic Programming Learning with 14.45-15.00
Problem-Posing Interaction Flow

Risk Analysis of Cloud Computing in the 5
! A Logistics Process 15.15-15.30
BREAKC 14.45-15.15

Deep Learning Implementation of Facemask
6 433 and Physical Distancing Detection with 16.15-16.30
Alarm Systems

An Enhanced Cryptographic Algorithm in

5 462 Securing Healthcare Medical Records d6:0100
Integration
10 554 of FAHP and COPRAS Method for New Student 17.15-17.30

Admission Decision Making
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Room 4
Moderator

1
2

Salamun Rohman Nudin
Ricky Eka Putra

A New Adaptive Online Learning using Computational
Intelligence

High Availability in Software-Defined

14.45-15.00

4 427 Networking using Cluster Controller: A 15.15-15.30
Simulation Approach
'BREAK 14.45-15.15
354 What's in a Caption?: Leveraging Caption
6 Pattern for Predicting the Popularity of Social 16.15-16.30
Media Posts
The Identification of the Apples (Malus
8 411 Sylvestris) Skin Wax Coating Using the Edge | 16.45-17.00
Detection Method
10 484 EnORS: An Enhanced Object Relationship 17.15-17.30

Schema

Xiii

69



s
oy q»
~e= Qi
| CV E E ’UNESA‘ INDONESIA SECTION
Room 5
Moderator 1 Reza Rahmadian
2

Rifqi Firmansyah

Texture Analysis of Knee Osteoarthritis Using
Contrast Limited Adaptive Histogram Based Gray
Level Co-occurrent Matrix

Hydrothermal Growth Temperature Dependence
of Nanostructured Nickel Oxide Transparency

14.45-15.00

15.15-15.30

370

401

BREAK

Design and Implementation of loT System for
Aeroponic Chamber Temperature Monitoring

Design of Fire Detection Equipment Due to the
Arc-Fault Series on Low Voltage Networks Based
on Internet of Things (loT)

14451515

16.45-17.00

17.15-17.30

Xiv
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Room 6
Moderator 1
2

480

Arif Widodo
Unit Three K

Optimization of Water Level Control Systems Using

ANFIS and Fuzzy-PID Model 14.45:15.00

SIMULATION AND PERFORMANCE
EVALUATION OF FIBER OPTIC SENSOR FOR
DETECTION OF SALINITY IN PRAWN POND
APPLICATION

15.15-15.30

491

374

485

Management of Empty Parking Spot Based On
Computer Vision

16.15-16.30

A current mode ACG base on Sub-threshold MOS

Translinear Principle 16:45:17.00

A Neuro-Fuzzy Approach for Cacao Bean Grading

Classification Process 17151230

XV
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Room7
Moderator

1
2

Mahendra Widyartono
Widi Aribowo

293

SETTING COORDINATION RELAY
PROTECTION ON MULTYLOOP MODEL
DISTRIBUTION ELECTRICAL POWER SYSTEM
SISTEM USING FIREFLY ALGORITHM

14.45-15.00

Partial Shading Effect on I-V Characteristic and

4 402 Maximum Power of a Photovoltaic Array 15.15-15.30
6 267 absent 16.15-16.30
DESIGN OF AERIAL ROBOT AS TEACHING
8 442 MEDIA WITH EDUCATIONAL ROBOTIC BASED 16.45-17.00
LEARNING SYSTEM
10 17.15-17.30

Xvi
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Room 8
Moderator 1 Eppy Yundra

2 Nurhayati

Impact of Nonlinear Distortion with the

Rapp Model on the GFDM System 14:45:15.00

A Vivaldi Antenna Palm Tree Class with Koch
4 327 Square Fractal Slot Edge for Near-Field Microwave 15.15-15.30
Biomedical Imaging Applications

Design of X-Band Microstrip Antenna for
6 349 Circularly Polarized Synthetic Aperture Radar (CP- 16.15-16.30
SAR) System

Comparison Study of Hilbert Sierpinski and Koch
8 376 Fractal on Coplanar Vivaldi Antenna for L and S 16.45-17.00
band application

Potentials of metasurface technology on antennas

and propagation 17.15-17.30
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Abstract— This paper presents a current mode of
automatic gain control (AGC). The proposed AGC is designed
based on the principle of sub-threshold MOS translinear. It
consists of a current-mode exponential amplifier, a precision
rectifier, a low pass filter, and an integrator. The AGC’s
performance is demonstrated by PSPICE simulations in 0.18
pm TSMC CMOS technology. The simulation results of the
proposed circuit at the supply voltage of +1.2V show that the
settling time is 4ms and the maximum power consumption is
1.27mW

Keywords—curr le, AGC, sub-threshold

L. INTRODUCTION

The main function of a closed-loop AGC is to maintain
output consistency by adjusting its gain. Therefore, wireless
communication systems [1-4], hearing aids [5-6], and optical
communication systems [7-10] with large dynamic range
require the AGC as shown in Fig.1.

From some review articles, it has been found that the
research paper presented in [12] is the optical receiver's
AGC. Its strength is to operate in wide-bandwidth. However,
it has a weakness for high power consumption. The AGC
proposed in [14] has some strengths: a large input dynamic
range, a low gain error, and wide bandwidth. Although the
AGC has many strengths, its high-power consumption is
28mW. In [15], it is an AGC using CMOS technology. The
strength of the circuit is low settling time. Nevertheless, this
circuit does not achieve a large input dynamic range and low
power dissipation.

From the above, this paper presents a current-mode AGC.
In this system, a full-wave rectifier, a lowpass filter, an
integrator, and an exponential amplifier are used to design a
closed-loop system. The circuits are designed by CMOS
operating in the sub-threshold region. They provide a larger
dynamic range, low power consumption and settling time,
and wide bandwidth. Besides, the output gain can be
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Fig. 1. Applications of the AGC [11-13]

clectronically tuned by IM . It is therefore easy to apply the AGC to

automatic systems.
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Fig, 2. The block diagram of the proposed AGC [16]

1L CIRCUIT DESCRIPTION

a. The architecture of Proposed AGC

Fig. 2 demonstrates the core diagram of the current-mode
AGC. It comprises an exponential amplifier, a full-wave
rectifier, a lossless integrator, and a lowpass filter. The
principle of the AGC. It depends on the current gain of the
exponential amplifier. The amplifier’s current gain is
controlled by 7, . The peak detector (full-wave rectifier

and lowpass filter) officiates to change from /,,, to DC level
(75) . Whereupon 75 will be a sum —I,,, in which the
result is the integrator’s input current. The output of the
integrator is /. It is employed to adjust the exponentially
gain of the system.

b.  Principle of Sub-threshold MOS

The operation of MOS elements in the sub-threshold or
weak inversion region is used in this paper. As shown below,
Vs is lower than V7 and the drain current does not equal
zero. The drain current can be approximated as follows:

Vas-Vm  Vss  Vos
e " (e if
VasVm Ve
Iy={Ie ™ " i
VasVru Vo
-Ige e if

|VDB 'VSE|:VT

(Vos -Vsg) > Vr(l)

by

(VSB'VDB)>>VT

where /g is the specific current, V. is the thermal voltage,
Vip is the gate-to-body voltage, Vpp is the drain-to-body
voltage, Vg is the source-to-body voltage, and 7 is the sub-

threshold slope. The following is the equation for thermal
voltage.

Vp=— (2)

where k is Boltzmann’s constant (14380651><10’23), T is
the temperature in Kelvin, ¢ is the electric charge magnitude
(1.602177><10"°C) From (1), it can be seen that 7,

depends on Vg,V and V.

Fig. 3 Exponential amplifier

c.  Exponential Amplifier

Fig.3 shows the exponential amplifier. The properties of
CMOS in sub-threshold mode are described in section B,
Vs Vo Vo
Iy=Ie " %
much greater than V. Then, /p ;. and Vg, can be written
as:

, under the condition that Vjp -Vp is

Yoty Vo
Ipan =1Ly +1p =1Ige M gl (3)
and
Ve, =V, = ¥y In| 222
G2 =Va=nVrln| = +Vy - 4)
s
Substituting (4) into (3) 7}, ,, can be:
Ipya=(In+1g)e'™ . (5
From Fig.3, V, becomes:
Ve =IppR. (6)
So, Ip s canbe rewritten as:
IR
/,
Iy =T +1g)e ' . @)
Similarly, the drain current of My can be shown as:
Ripy
Ipys=1ge " . ®)

The overall current outputs (/py,/r, and 1,,) of the

exponential amplifier are generated by the properties of the
current mirror circuits, which is written as:

Ry,
Im=Ipyo—Ipmr=-Iwe " , )]
Ripy
Iy =Ipsie—~Ipwma=lne " (10)
and
BRIy,
Lu=Ipsr=Ipps=Te " . (11
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Fig. 4. Full-wave rectifier
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Fig. 6. Output current when 7, is abruptly changed.

Fig. 5. Lowpass filter and lossless integrator

Ripy
It notes that the current gain illustrated in (11) is e '7 . So,
the gain can be electronically controlled by 7,

d. Full-wave Rectifier

This section explains the full-wave rectifier as presented
in Fig. 4. According to Fig. 4, this schematic comprises two
current mirror circuits. The current mirrors are typically used
for converting the output currents produced by the
exponential amplifier (IFI and I, ) into the full-wave

current. Hence, /), y,9 and /), y,,, are shown as:

0 if I;, >0
Ip o= Rlpp (12)
Le'" if I, <0
and
RIUIJ
Ip oy =11n¢ if 1, >0 (13)
0 if I, <0
From (12) and (13), 7, is given by
Ry
Li=Ipyo+Ipma=|l,e " |. (14)

a. Lowpass Filter and Lossless Integrator

The last two schemes are a lowpass filter and a lossless
integrator as shown in Fig.5. In the AGC, the full-wave

signal (IA) is initially filtered by the first-order lowpass

020 40 6) 80 100 120 140 160 180 200 220 240 260 280 300
Tio (uA)

Fig. 7. The current transfer characteristic of the proposed AGC.

The goal of AGC is to keep the output magnitude at a
steady state. It does not change although the input amplitude
varies. From the goal mentioned, the DC gain should be as
large as possible to keep the output current constant. Thus,
the lossless integrator is commonly used because its ideal DC
gain is infinite. So, /- and the results of the output current

are the following:

Ip=Iy-1 an

ref

and

Jz
Iy =—=5-. 18)
op GCys {

111, SIMULATION RESULTS
The AGC performance and the mathematical analysis are
confirmed by simulation results. The proposed circuit is
demonstrated by the PSPICE simulation program. The
CMOS model 0.18um of Taiwan Semiconductor
Manufacturing Company (TSMC) technology is used for
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Fig. 8. Output current against In_/ variations
designing the process. The simulation of AGC is operated
with 1.2V DC supply voltage. I =30uA, I;=200uA,
and 7,,, =5044 are the given bias currents. The selected
passive devices are the capacitors: C; =C, =0.54F , and
the resistor: R=50Q . A 2kHz 20ud,_,

input current is generated. Its amplitude is abruptly changed
and reduced to 10uA and increased to 3014

sine stepwise

p-p p-p
respectively. It has been found that the AGC settling times
are about 4ms as illustrated in Fig. 6.

From the simulation result shown in Fig.7, the AGC
output current slightly changes although the input current
varies from 1044 to 300uA . It is confirmed that the output
remains constant. Moreover, the proposed AGC provides an
input dynamic range of 29dB. The plot of the output and the
current reference variations curve are presented in Fig.8. The
curve shows the proportional relationship between 7, and

out

I,.,. From Fig9, it is the last simulation result. The result
presents the frequency response of the AGC. It proves that
the circuit can operate in wide bandwidth which is
approximately 135MHz at —3dB

IV. CONCLUSION

In this paper, it proposes the current-mode automatic gain
control using the principle of weak inversion region. the
proposed AGC is simulated using the PSPICE program.
From simulation results, they show that the AGC system can
operate in wide bandwidth (135MHz at —3dB ), low DC
supply voltage (+1.27 ), input dynamic range ( 29dB), and
low settling time (4ms). At £1.21 DC supply voltage, the

maximum power consumption is about 1.27mW.
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+XL =0 XW.  =-1E-8 DWG . =2.754317E-9

UNITS

UA/N?

+DWB =-3.690793E-9 VOFF =-0.0948017 - NFACTOR = 2.1860065

+CIT =0 CDSC =24E-+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 KTl =-0.11

+KTIL =0 KT2 =0.022 UAl =431E-9
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+UB1 =-7.61E-18 UCl =-5.6E-11 AT =33E4

+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 MJSWG =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 DVT2W =0

+DVTO =0.6234839 DVT1 =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 BO =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
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+CIT =0 CDSC =2.4E-4 CDSCD =0

+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 =43I1E-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

+CJISW  =2.165642E-10 PBSW._ =0.8 MJSW . =0.3202874
+CISWG =4.22E-10  PBSWG =023 MISWG =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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