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640920029 : Major (ELECTRICAL AND COMPUTER ENGINEERING)
Keyword : Schmitt trigger, Current-mode, Electronically controllable, Independent adjustment,
Commercially available ICs

MISS Arisara LUEWISUTICHAT : Synthesis and design of a Schmitt trigger
with independent/electronic control of upper and lower threshold currents Thesis advisor :
Assistant Professor Phamorn Silapan, Ph.D.

This thesis synthesizes and designs an electronically tunable current mode Schmitt Trigger
circuit. The circuit enables independent adjustment of the output amplitude and upper/lower threshold
current without affecting temperature stability. The Schmitt Trigger circuit is synthesized and designed
using commercial ICs, which include the AD844 and LT1228. The proposed Schmitt Trigger operates in
both clockwise (CW) and counterclockwise (CCW) functions simultaneously without needing any
structural modifications. The circuit's performance is validated through two methods: simulation using
PSpice software and practical testing. The performance evaluation of the synthesized Schmitt Trigger
circuit, the simulation results indicate a maximum deviation of 1.97% in output signal scaling, a
maximum deviation of 1.60% in the upper threshold current, and a maximum deviation of 8.55% in the
lower threshold current. In practical experimental results, the maximum deviation of output signal
scaling is 1.23%, while the maximum deviations of the upper and lower threshold currents are 5.48%
and 5.60%, respectively. From both evaluation methods, it is evident that the scaling of the output
signal, the upper threshold current, and the lower threshold current of the Schmitt Trigger circuit—both
in clockwise and counterclockwise adjustments—can be electronically controlled via bias current. This
behavior aligns well with theoretical predictions and prior analytical assessments. Additionally, PSpice
simulation results demonstrate that do not affect the output signal amplitude, upper threshold current, or
lower threshold current. Furthermore, the synthesized Schmitt Trigger circuit can be applied as a
triangular and square waveform generator, where both the frequency and amplitude of the output

waveforms can be independently adjusted through electronic tuning.
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Welcome to ECTI-CON 2024

With the great success of the International Conference on Electrical Engineering/Electronics,
Computer, Telecommunications, and Information Technology as the leading conference organized
by ECTI Association, we would like to invite all the researchers around the world to attend the 215
ECTI-CON 2024 to be hosted in Khonkaen, Thailand.

The conference aims to provide an international platform to present technological advances, launch

new ideas and showcase research work in the field of electrical engineering, electronics, computer,
telecommunicaitons and information technology.

The conference is open to researchers from all regions of the world. Participation from Asia Pacific

region is particularly encouraged. Proposals for special sessions are welcome. Papers with original

work in all aspects of electrical engincering, clectronics, computer, telecommunicaitons and

information technology are invited. Topics include, but not limited to, the followings.

Topic:

o Circuits & Systems
Communications
Control Systems
Medicine & Biology
Industry Applications

Robotics and Automation

Antennas, Electromagnetics, RF/Microwave
Components and Circuits

Computer & Computational Intelligence
Education

Geoscience & Remote Sensing

Energy & Power Electronics

Signal Processing



Message from ECTI President

Itis our great pleasure and delight to warmly welcome you to the 2024
21st International Conference on Electrical Engineering/Electronics,
Computer, Telecommunications and Information Technology (ECTI-
CON 2024). The flagship conference of ECTI is held on May 27-30,
2024 at Science Park, Khon Khan University, Khon Khan, Thailand.
ECTI-CON 2024 is  organized by  the  Electrical
Engineering/Electronics, Computer, Telecommunicadons —and
Information Technology Associaton (ECTI Association) and co-
hosted by Khon Khan University and Rajamangala University of
Technology Isan. Khon Kaen. We are thankful for a long-term partnership of Institute of Electronics,
Information and Communication Engineers (IEICE), The Society of Instrument and Control
Engincers (SICE), Institute of Control, Robotcs, and Systems (ICROS), and the Radio and
Electronics Association of Vietnam (REV). In addition, ECTI-CON 2024 is technically sponsored
by IEEE Thailand which enables the accepted regular papers to appear in the IEEE Xplore Digital

Library. The theme of the conference is Green Technologies and Innovations for a Sustainable
Future which aims to serve as an international platform for promoting technological advances,
launching novel ideas and showcase research work in the field of electrical engineering, electronics,
computer, telecommunications and information technology. It also provides academic faculty,
researchers, students, and engineers a forum to exchange research findings and expetiences. We
believe that ECTI-CON 2024 is well-attended by participants from academic institutions from
ASEAN countries and around the world. The conference provides plenty of opportunities of
engaging discussion among participants which can instrumentally initiate further collaborations in the
future.

We take this opportunity to express our sincere thanks to the keynote speakers, the contributed
authors, the technical program committee, the special session chairs, and anonymous reviewers for
their invaluable technical support and cooperation. We acknowledge strong support from the
organizing committee members and local staff for their very hard work to make the conference a

SucCcCess.

We are grateful to the financial sponsors and industrial exhibitors who enhance the conference
through the academic-industry network. It is hoped that this network shall bring tangible benefits to
your organizations.

With your active participation, we are confident that ECTI-CON 2024 will be successful as a major
event as well as a memorable journey as visitors to Khon Khan, Thailand. Wish you enjoy the

technical program of ECTI-CON 2024 and have a pleasant stay in Khon Khan, Thailand.

Professor Dr. David Banjerdpongchai
President of ECTI Association (2024-2025)
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Message from General Chair

On behalf of the Organizing Committee, we are delighted to welcome
all participants to the 2024 Electrical and Computer Engineering
Technology Conference (ECTICON 2024) in Khon Kaen, Thailand.
The conference will be held from May 27, 2024 to May 30, 2024 and
is jointly organized by the Khon Kaen University, Rajamangala
University of Technology Isan, Khon Kaen Campus, and the
Electrical Engineering/Electronics, Computet, Telecommunications,
and Information Technology Association (ECTI). ECTI-CON
returns for its twenty-first iteration, continuing its tradition of
fostering collaboration and knowledge exchange among researchers
and professionals in the field of clectrical and computer engineering,
ECTI-CON covers a broad spectrum of electrical and computer

engineering  disciplines, including electronics and controls, communications, computer and
information technology, digital signal processing, and related arcas. For ECTI-CON 2024, we have
a particular focus on electrical and computer engineering area. We have received a strong response
from the community, with over 140 high-quality papers undergoing rigorous review by at least three
reviewers each. Due to the ongoing COVID-19 pandemic, presentations will be offered in a hybrid
format, allowing for both in-person and online participation. This provides a valuable opportunity to

build research networks and explore potential collaborations.

We extend our sincere gratitude to all participants for their contributions, which are essential to the
success of the conference. We also recognize the invaluable support of the ECTI Association, the
IEEE Thailand Section, the IEEE Computer Thailand Chapter, and all our sponsors and volunteers.
Your dedication and assistance are truly appreciated.

Welcome to Khon Kaen!

We look forward to a stimulating and productive ECTI-CON 2024,
Assoc. Prof. Dr.-Ing. Kidsanapong Puntszi

General chair, ECTI-CON 2024
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Message from Technical Program

On behalf of the Technical Program Committee, it is a great honor to
welcome you to the 21st International Conference on Electrical
Engineering/Electronics, Computer, Telecommunications and
Information Technology (ECTI-CON 2024), Khonkaen, Thailand.
ECTI-CON 2024 brings together researchers predominantly from
Asia and the rest of the world to discuss and share their latest advances
in various fields, encompassing computer, communications, control
systems, circuit and systems, energy, power electronics, signal
processing, robotics, medicine and biology, geoscience and remote
sensing, education, metaverse and industry applications.

This year, the conference received 203 submissions into the 12 tracks
and 7 special sessions by 663 authors from 21 different countries. Each paper was assigned with at
least three experts chosen from our volunteer reviewer team of 279 members. After a careful review
process, 150 papers were accepted for presentation and all included in the conference program. The
program was organized into four parallel sessions across two days, totaling of 28 sessions. The
conference also features four interesting keynote speakers who will cover recent advances in wireless
communications, 5G and beyond, desctibe how a sustainable future can be empowered by Al-driven
technology and introduce atmospheric general circulation model, ie., cloud formation and
disappearance, ocean model, and land sutface and groundwater system model, to better understand
Earth system science, and poweting electronics innovation by the superpower of engineering
simulation,

This work would not have been successful if we did not have the full support and cooperation of the
General Chair, Prof. Kidsanapong Puntsri, General Co-Chairs, Prof. Chiranut Sa-ngiamsak and Prof.
David Banjerdpongchai. I would also like to express my sincere gratitude to the TPC secretary,
Prot.Pisit Vanichchanunt, all technical program committee members and external reviewers for their
dedication. Without the great volunteer efforts, the ECTI-CON technical program would not have
been possible. I would also like to thank the keynote speakers for the program.

We look forward to welcome you all in Khonkaen, Thailand for ECTI-CON 2024!
Lunchakorn Wuttisittikulkij

Technical Program Chair, ECTI-CON 2024
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Program at a Glance

Monday, May 27, 2024

Open Registration (soft drink will be provided)

330~ 16.00

0Oy

Tuesday, May 28, 2024

n Registration

Room

Room Mecting Room 2

Session Enhance Tech. | (Hybrid Room)

Chairs Dawi Karomati Baroroh (UGM)
10.15 - 10.30

Meeting Room 5 (Board Room)
$8. Carbon Neutral & RE100

Meeting Room § (Board Room)
Robotics and Automation | (Hybrid Room)
Assoc Prof Dr Ronnapee Chaichaowarat

Meeting Room |
58, Metverse
D Halim Budi Santoso (UKDW)

Mecting Roam 3
Circult 1

Assoc Prof Dr Krit Angkeaw (KMUTNER)

Session Break

Meeting Room 2
Energy and Power Electronics | (Hybrid

Meeting Room |

Meeting Room 3

Room

Meeting Room 5 {Board Room)

Meeting Room
Energy and Power Electronics 2 (Hybrid

Meeting Room 3

R )
Session (Hybrid Room) Roomm) 58, Metaverse 2 ‘Communication Systems |
Chairs a:’:"“:lf:‘;;ﬂ&fmm"" Asst.Prof Dr Ekkachai Chaidee (RMUTL) DrHalim Budi Santoso (UKDW) Assoc. Prof Dr Sarawuth Chaimeol (KKU)
12.00 - 13.00 Lunch

Meeting Room |

(RMUTT)

Session Computer | (Hybrid Raom) Koo Cireult 2 Computer 2 & Ed. & 5. Adv.Anomaly

- Asst.Prof, Dr. Witcha Fuengehan Assoc. Prof. Dr. Rongrit Chatthaworn Assoc.Prof.Dr. Montree Kuningern ol Dn P ’

Chairs ik foe e AsstProf Dr Panawit Hanpinitsak (KKU)
14.30 - 14.45 Session Break

Room Mecting Room 3 (Board Room) ‘Meeling Room 2 Meeting Room | Meeting Room 3

e Cireuit 3 & Indusiry App. | (Hybrid | Energy and Power Elec. 3 & Indusiry App. ) .

Session Room} 2 (Hybrid Room) Rohotics and Automation 2 ‘Computer 3

Chairs Assoz Prof.Dr. Nathabhat Phankang Asst Prof.Dr.Arak Bunmat (RMUTI) Asst.Prof D Piyapat Poungsri (PIT) Prof.Dr. Raman Paranjape

9.00 - 9.45

Wednesday, May 29, 2024

Open Cerein

Sust

tainability
Powering Eleetronics Innovation by the Superpower of Engincering Simul

Future Commut R&D Programme in Sinpapore: Prof ony Q.S

Earth System Scienee and System Constructi

11.30 - 1230

Dr Sudchai Boonio

Rosm Auditorium Reom
Session S8.Adv.Contral 1 (Hybrid Room)
Chairs Prof.Dr Kou Yamada and Asst. Prof.

Meeting Room 5 (Board Room)
§S5. Antenna for Smart Cities 1 (Hybrid
Room)

Assoc Prof Dr. Suramate Chalermwisutkul
(KMUTNB)

Now A Business Imperative That Changes Everything: Dr. Abu Baker, Master Technologi
Khun Fadsupa E‘ummnmm Technical Manager at CADFEM (Thailand) Ca., Ltd.
Quek, PhD. TEEE Fellos

ion: Professor Keiko Takahasl

Waseda University, Japan

. Hewleu-Packard

Lunch

Meeting Room 2

Med

e and Biology 1

Assoc Prof. Dr. Nopadol Uchaipichat (TU)

Meeting Room 3

Energy and Pawer Elec. 3

Assoc Prof.Dr. Razzaqul Ahshan (SQU)

14.00 - 14.15
Room ‘Auditorium Room
Session Computer 4 (Hybrid Room)
Chairs Prof, Dr. Wanida Kanarkard (KKU)

Meeting Room 5 (Board Room)
§5. Antenna for Sma
and Magnetics (Hybrid Room)

Dr. Nathapat Supreeyatitikul (RMUTK)

Cities 2 & Antennas

Session Break

Meeting Room |
$5. Adv.Control 2 & Control Systems

Prof.Dr.Kou Yamada and Asst. Prof,
Dr.Sudchai Boonto

Meeting Room 2

Computer §

Dr. Nawapak Eva-Anan (KKU)y

AS - 16.00

Session Break

|

Room Auditorium Raon ‘Meeting Room 5 (Board Room} Meeting Room 3 Meeting Room 2
Session Computer b (Hybrid Room) ;:fr‘f:‘y"“"“”"" 2 & Medicine (Hybrid 2?‘:"'.'. | & Geoscience and Remote Signal 2 & Communication 3
Chairs Asst. Prof, Chatkluw Jureanpon Assoc Brol D Poompat Sacngudorert AsstProf.De Montri Phothisonothai Assoc Prof Dr. Suchada Sitjongsataporn
MSU) (BU) Sriracha) MUT)
18.00 - 22.00 Banguet

Thursday, May 30, 2024

9.00 - 12.00

Meeting Room 5 {Board Room)

ECTI

Committee Meeting

12.00 - 13.00

13.00 - 17.00

City Tour

Circult (Circuits and System)

Energy and Power Elec. (Energy and Power Elecironics)

Communication (Communics

Signal (Signal Processing)

Computer (Computer and Computational Intelligence)
Medicine (Medicine and Biolagy

Industry App. (Indusiry Applications)

Ed. (Education)
S8,
S8
SS.
S, Adv. Anomaly |

Metaverse

jons )

17

Enhance. Tech. (Enhancing Technology Systems Through Service Design and Innovation)
Metaverse/AR/VRAD virtwal world)

Carbon Neutral & RE100(8S_Toward Carbon Neutsality and 100%
Advancements in Anomaly Detection: Bridging the Gap in Madern Surveillance Systems)
Adv.Contral (85_Advances in Control Engincering and Appl

§S. Antenna for Smar Citics (S5_Antenna, Microwave, and Electromagnetic Research for Smart Citics and Society)

Renewable Energy (RE100))



Technical Sessions (May 28, Morning)

Room

09.00 - 09.15

Meeting Room 2
Enhance Tech. | (Hybtid Room)

Gamilication for Manutacturing
{GIM) Towards Era Industry 5.0
(157099861 1)

Authors : Dawi Karomati

Baroroh; Halim Budi Santoso: Tran Hong
Van Nguyen

Meeting Room 5 (Board Room)
Robotics and Automation 1 (Hybrid

Title (Online) : Wrist Angle Estimation
Under Different Loads Condition Based
on Multi-Layer Perceptron Neural
Network and Surface Electromyography
Signals (1570985262)
Authors : Songpon Pumjam; Sarut
Panun; Tarinee Tonggoed: Anan
Suchsomran

Meeting Room |
S5, Metaverse

D Halim Budi Santoso (UKDW)

“Title : Virtual Horizons: Pioncenng the
Metaverse in Education and Industry
Across ASEAN and Beyond
(1570998038)

Authors : Itipon Yamyuan; Sushank
‘Chaudhary: Muhammad Saadi; Piva
Kuvmmr\u.\l Juthatip

unmongkol; La-or

Kum.mmm Mitsunori

Makino; Taweesak Sanpechuda; Kamal
Kaemarungsi; Lunchakom
Wutisitikulkij; Nithita

Chirdehoo: Petchpi

Tontiwinyoopong; Pisit
Vanichchanunt; Pruk

Sasithong: Suebphong Noisei: Avishi
Waidyaratne: Panithan La-aiddee: Rosa
Deliima

Meeting Room 3
Circult |

: Low-Noise and High Lincarity
tatfor Implantable Rumen pH
Sensor Using Current
With Chopper Tect
Authors  Siraporn Sakphrom: Thunyawat
rawuth Chaimool; Yootana
Kumsuwan

09.15 - 09.30

Title : The Future of E-Commerce:
Creating Immersive Experiences in Live
Streaming Commerce to Drive
Consumers' Impulse Buying
(1570998616)

Authors : Gumilang Widiatmo

Title (Online) : Feature-Based Next-
Best-View Selection for Scanning 3D
Objects (1370987007)

Authors : Sawakarn
Hiriwatanawong; Toshiaki

Kondo; Waree

Kongprawechnon; Teesid
Leelasawassuk

Title : Development of a Game Play in
Chulalongkom University Central
Library Metaverse (1570998271)
Authors : Aisha Munir Suehphong

Sangchanir: Jintavee Khlaisang: Pisit
Vanichchanuni

Title : Assessment of Self-Mixing
Interferometric Technique for
Displacement Sensing (1570998595)
Authors : Dulanjana Anuhas
Egodagamage; Suwit Kiravittaya

0930 - 9AS

“Title : Using VR to Bring Real-World
Engagement to Supplement Service
Design Process (1370999276)
Authors : Der-Jang Yu: Jyun-Cheng
Wang; Mu-Yun Tsai

Title {Online) : Antagonistic Parallel
Elastic Actuator Using Preloaded
Compaosite Spiral Torsion Springs
(1570967196)
\llllln“ Chatrin

Ronnapee Chaichaowarat

“Title : A VR System of Slide Position
Self-Learning With Controllers Position
Deiection and Tactile Feedback for
Trombone Beginners {1570998334)
Authors : Mitsunori Makino; Miki
Akiyama

Title : 0.5-V 16 nW Low-Pass Filter for
Bio-Signal Applications (1 570989450)
Authors : Montree Kumngern

09.45 - 10.00

“Title (Online) : TrashTurtle: The
Autonomaous Waste Collection Robot
(1570998525)

Authors : Pongpol Srichart; Yossaphat
Kulvatunyou; Buddharaksa
Phatchatasaksakl

Title (Online) : Automated Objec
Keypoints Dataset Generation Using
Blender (1570987199)

Authors : Thanakorn Sappakit: Tinapat
Limsila; Kridbhume

“Title : Wat Arun Metaverse: A Viriual
Reality Based Approach for Digitization,
Education, and Exploration of Cultural
Heritage (1570698519)

Authors : Avishi

Wi

Chammanard; Nathampapop dyaratne; Suebphong
Jobsi; Suppakit Laomahamek; Tri Noisri; Kunanont Srisupakwong; Sanika
Ronnapee C| K

Ratchatakornrakoon; Bhadravama

Lunchakom

Wuttisittikulkij

Title : Scaling Error Verification of DCC
Bridges 6010C and 6020 (1 570990146)
Authors : Ploybussara
Gomasang: Pitchakorn Utsaha: Jutarat
Tanarom

10.00 - 10.15

'nue Tnteractive Learning Through the
averse and I|~Imp=|u on Primary

Fllut.nmn (157009857

At ¢ Chela Sharma: Basant

Agarwal; Lunchakom

Wnisitikulkij; Daksh Joshi; Akshat

Bhatnagar; Sushank Chaudhary; Pruk

Sasithon:

Title : A Schinitt Trigger
Independently/Electronically Controllable
Upper and Lower Threshold Curren:
(1570989186)

Authors : Arisara Luewisutichat; Pawich
Choykhuntod:

Rapeepan Keaw-on; Phamom Silapan

Pichetjamroen: Slavakis
Konstantinos; Ekkachan
Ratnalerdnusom; Nutthaw
Somakettarin: Nithiphat Teerakawanich

Donloei; Supapong
Nutwong; Noppanan

Wiangkham: Anusom Yodjaiphet: Anon
Nanmin

Ali; Chonlakom Penpinun; Tulatorn
Yongprayoon; Sunee
Boontavee; Lunchakom

10.15 - 10.30 Session Break
Room ting Room S (Board Room) Meeling Roos Mecting Room | Meeling Room 3
Session 58, Carbon Neutral & RE100 (Hybrid Energy and Power Electronics | (Hybrid S5 Metaverse 2 Commnication Systers 1
Room) Room)
- Assoc, Prof. Dr.Naehhoon Hoonchareon Asst.Prof.Dr.Ekkachai Chaidee e - N - "
Chairs o RMUTL D Halim Budi Santosa (UKDW) Assoc. Prof Dr.Sarawuth Chaimool (KKU)
“Title : Short-Term Sun Coverage “Title : Analysis. Design and “Title : The Virtual Serviee Center for Title : Optimization of Transmit
Prediction Using Cloud Movement Tmplementation of Class-E Inverter for Telecommuni n Business Beamforming Using Channel Cov:
Pattern Feature in PV System Wireless Charging Application Enhuncement Using Metaverse for MISO Downlink Assisted by
(1570987562) (1570998475) (1570998582 Reconfigurable Intelligent Surfaces
10301045 | Authors : Zan Khet Wai: Achara Authors : Ekkachai Chaidee; Chuchat Authors : Suebphong Noisri; Mazhar (1570992869)

Authors : Khin Thandar Kyaw: Wiroonsak
Santipach; Kriteada Mamat; Kamol
Kaemarungsi: Kazuhiko Fukawa

10.45 - 1100

Title : Energy Storage Valuation Toward
100% Renewable Electricity From
Reliability Perspective (1570998340)
Authors : Panida Jirutitijaroen; Wijam
Wangdee

Title : Current Control Design Based on
Dynamic Model of Vienna Rectifier for
Harmenic Mitigation (1570982951)
Authors : Sorawit

Surachaisatikul; Phonsit

5 Vasan

Wattisittikulkij, Pisit Vanichchanunt

Mini-Exhibition Hall: A Digital
Showcasc for Online Visitors
(1570998589)

Authors : Tulatorn

; Mazhar Ali; Taweesak

Sanpechudi; La-c
Ty i

Wattisittikulkij Pisit Vani

1100 - 1L1S

“Title : Low-Cost Sky Camers With
Centralized Storage Systems
{I5T0998570)

Authars : Suppakern
Boonprasert; Kittiphan

Techal : Nachboon Hoonchareon

1L15- 1130

“Title : Development of Lighting From.
LED Bulbs for Growing
Chrysanthemum Flowers (1570983063)
Authors : Tatchakom Thammapanya

Title : Design of Circularly Polarized
Rounded Corner Square Paich Antenna
With Shallow Slot for UHF RFID Reader
Applications (1570998074)

Authors : Chanwit Pimpison: Kanawat
Nuangwongsa

itle : Integrating XALin Metaverse for
Operator 5.0: An Analytical Review
n

S
2

(13
Authors : Halim Budi Santoso; Dawi
Karomati Baroroh; Tran Hong Van

Nguyen

Title : Effect of Limited Number of RF
Chains and Training Power on Massive
MIMO Downlink (1570998566)
Authors : Sunita Khichar; Wiroonsak
Santipach; Lunchakom Wutisittikulkij

Title : Enhanced Monte Carlo Simulation
fior PV Hosting Capacity Evaluation in
Low Valtage Distribution (1570998578)
Authors : Natthapat

Rapecarpukul: Naebboon Hoonchareon

Title : Water Pumping System Using
DC Motor Pump With Full Bridge
Converter {1570984439)

Authors : Phleam Jansuya

Title : Civil or Uncivil: Seeing the Role of
User Actors and Providing Comments on
Tweets on Twitter (1570999544

1130 - 1145

Title {Online) : Strategy to Prevent
Overload of Transformer in Distribution
System With High Penetration of Electric
Vehicle (1570994175)

Authars : Chonnathat Odthanu; Pisitpol

Chirapongsananurak

Title (Online) : Impacts of Electric
Vehicle Charging on Residential
Feeders (1570891674)

Authors : Samran Saleem; Pisitpol
Chirapongsananurak

Title : Designing A,-pmp. te k.mr
Walues for Surface Forest Jarm
Systems Using IoT { h7r199834f-\
Authors : Siraphop Tooprakai

18
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Technical Sessions (May 28, Afternoon)

Room Meeting Room 5 (Board Room) Meeting Room 2 Meeting Room 3 Meeting Room |
Session Computer 1 (Hybrid Room) and Power Electronics 2 (Hybrid Circult 2 Computer 2 & Ed. & $5. Adv.Anomaly
Chairs AsstProf. Dr. Wi Fuengchan (KKUy Assoc. Prof. Dr. Rongrit Chatthawomn (KKU) &‘;‘;{TEJD'M"""" Kumngem AsstProf Dr Panawit Hanpinitsak (KKU)

13.00 - 1315

“Title : SSVEP-BCI in Augmented Reality
in Realistic Environment (1570983082
Authors : Bhuwit Chaiyar
ngum; Pasin Israsena; Arpa
Suwannarat; Apit Hemakom

Tithe : WiFi Communications Delayed on
Primary-Side Buck Converter ack
Control for CC-CV Inductive less EV/
1z (1570998645)

Authors : Prapas Suwan; Tatapong
Phondee: Wuttikai T.lmmuwun' Orathai
Lueyos; Thanet Sriprom; Anusorn

Y phet; Uthen Kmmljarl\ Ekkachai

lee; Anon Namin

“Title : Low-Cost Technique for
Extracting the Cole-Cole Model
Parameters (1570992221)

Authors : Jirat Chimnoy; Khunanon
Karawanich; Pipat Prommee

“Title : Effects of SIEM Recovery Time
Case Study on Security Onion
(1570983312)

Authors : Wararit

Hongkamnerd: Withawat
Tangtrongpairoj: Pirawat
Watanapongse: Surasak Sanguanpong

13.15-13.30

“Title : System Development for Estimating

Geolocation, Direction, and Velocity of
Moving Objects in UAV Applications
Using Monacular Camera (1570983261 )
Authors : Mollarath

Likitvisetpong: Supaporn

Erjongmanee; Eakarat

Suwanagood; Chaiwat

KlumE Paveenruth Teeratuphong

“Title : Internal AC Heating for Enhancing
Lithium Battery Performance in Subzero
Temperatures Based on Charge Pump
Topology (1570985670}

Authors : Nirut Phattanarat; Punyapat
Arcerob; Chanon Khongprasongsiri: Kamon
Jitasereeamornkui; Pinit Kumhom

“Tile : 0.5-V Mixed-Mode Universal
Active Filter Using Multiple-Tnput
OTAs (1570992279)

Authors : Montree Kumngem

“Tithe : Study of Machine Learning
Algorithms for Detecting Web Bot
(1570998631)

Authors : Nannaphat Siribunyaphat: Thanu
Poptiphueng: Warattha

Sukpongthai: Onuma Moolwat

1330 - 1345

Titk “apacity Analysis With
Transformer-Based Length of Stay
Prediction and Erlang Loss Formula
(1570992482)

Authors : Wutiipong Kumwilaisak

“Title (Online) - A Modified Power Flow
Tracing Method for Voltage Impact
Mitigation in a Local Energy Market
(1570984956)
Authors : Pikkanate
Angaphiwatchawal: Nutdanai
Hassakhunpaisal; Aman

Surachai Chaitusan

Title : LVDT Read-Out Circuit Based
on Modified Wien Bridge Oscillator
(1570995217)

Authors : Krit Angkeaw; Preecha
Thongdit

“Title : Classification of Glaucoma Severity

Stages Using Deep Learning (15710019%0)
thors : Passawut Uttakit; Panawit

Hanpinitsak: Sukhumal

Thanapaisal: Pattarawit Polpinit

1345 - 14.00

“Title : Enhancing Mulli-Class Vehicle
Counting for Night-Time Scene Videos
Using AU-GAN (15T0996787)
Authors : Posathorn

Ploykaew: Kanokphan
Lertniphonphan; Punnarai Siricharoen

“Title (Online : A Distribution Use of System
Charge Calculation for Solar Photovoltaic
Systems in Thailand {1 570984958)
Authors : Pikkanate
Angaphiwatchawal; Noraphat
Ninpong: Surapad Larbwisuthiss

h:

“Title : MO-CCCII High-Order
Chebyshev Noich Filter {1570998287)
Authors : Natapong
Wongprommoon; Nanan Chomnak

“Title : Development of an 10T Web-Based

Water Temperaure Control System for

Nano Fish Tanks (157 1008947y

Anthors : Yotaka Tungtragul; Jaruswan

Wlmgkhdm Siravat Matarach: Atirarj
Suksawad; Kidsanapong Puntsri; Piyanuch

angkittipon

14.00 - 14.15

“Tithe (Online) : Empowering
Cybersceurity: Unveiling the Art of
Identifying and Thwarting Malicious
Tactics Within the Sandbox Environment
(1570987492)

Authors : Sanika K

Wijayasekara; Tharaniyawarni
Kumaralingam

Title (Online) : Improved Harmoni
Detection Dela) for Active Power Filter
(15709985

i Panpean; Phonsit
an: Jeerawan Homjan

"Title : Emulation of Novel and
Electronically Tunable Universal Mem-
ELoments Design (1570999437)
uthors : Niranjan Raj; Sagar
Surrmlr\,P.lr atam Deepthi

“Title : FuseFiction: Bridging Ideas to Plots
With Mobile Apps for Novice Writers
(I571007211)

Authors : Piyanuch

Tangkittipon; Kidsanapong

Puntsri: Chatdanai Kanpook: Salisa
Namseethan: Atintorn

Jesadamethakajorn; Yotaka Tungtragul

- 14.30

Title (Online) : Vision Based Human
Movement Matching for Muay Thai
Training Support System (1570987143)
Authors : Somkiat Wangsiripitak: Napong
Pipatbowornkul: Nawin

Wedsuwan; Bhattarabhom Wattanacheep

Title (Online) : Determination of Regulating
Reserve Power in Day-Ahead P2P Energy
Market With EV Charging and Discharging
for Managing PV System Uncertainty
(1570985627

Authors : Pikkanate

Title : Electronically Tunable Thiee-
Input Single-Output Fully Differential
Universal Filter Emplo
Commercially Available Ics
(1570998527)

Authors : Apiwat Tanthong; Sakrapee
P

“Title : High Performance Deep Learni
GPR Feature Detector Model for Potash
Mining (1570983149)

Authors : Kaveh Sadeghikhah; Raman
Paranjupe: Victor C Okonkwo

(RMUTT)

Angaphiwatchawal: Praipred ‘aisalnan; Rapeepan Keaw-on: Winai
Vangkuntod; Amon Teawnarong: Surachai Jaiklz; Fhamom Silapan
('h‘.ki{ll\lml:y
T30 - 1945 Session Break
Room Meeting Room 5 {Boand Room) Meeting Room 2 Meeling Room | Meeting Room 3
. ' ; 2
Session i 3 & Industy App 1 Hybrd d Pawer Elee. 3 & Industry App. 2 Robotics and Automation 2 Compuers
om) (Hybrid Room)
Chairs Assoz Prof.Dr. Nathabhat Phankang Asst.Praf.Dr. Arak Buamat (RMUTL) AsstProf D Piyapat Poungsti (PIT) Prof.Dr. Raman Paranjape

“Title (Online) : V CIl-Based
Transimpedance-Maode All Pass Filter
Using Single Grounded Capacitor
(1570999230

Authors : Montree Wiset

“Title : Power Management Control Sirategy
Based on Fuzzy Logic Algorithm for Parallel
Boost High Gain Converter (1570998365)
Authars : Thananchai Jinati; Thirawad

Saksiri; Winai Jaikla

15.00 - 15.15

“Title (Online) ; A Novel CCCCTA-Based
High Frequency Memrisior Emulator in
180nm CMOS Technology Process
(1571006398)

Authors : Rahul Ranjan; Shweta
Sanwani; Prashant Kumar; Rajeey Kuniar
Ranjan

“Title : Synthesis of High Step-Up Class
E/Push-Pull Resonant Converter With Lower-
Recovery Current Circulating (1570998587
Authors : Pussapol Prakaivichien; Sokhana
Lim; Hatta Sawachan: Worrapong
Wongphasuk; Anusak Bilsalan

“Title : Obstacle Risk Assessment for
Unmanned Surface Vehicle Using
C:lmcm.m\l Lidas moes_\z:m
Authors uasei; Kiti
T\mnmwmchanml Supachai
Vongbunyong; Weerawnt

Charubhun; Varunyou Buddhachan
“Title : The Prototypes of Classified
Products via Digital Image Correlation
(1570998533)

Authors : Piyapat Poungsri: Kritchanan
Charoensuk; Thawikan Sancewong Na
Ayuthaya; Kanchit Pawananont

“Title ; Plasmodium Vivax in Thin Blood
Smear Classification Using Fuzzy
Inference System With Automatic
Membership Functions and Rules.
Generution (1570998296)

Authors : Satanan Turakit; Sansanee
Auephanwiriyakul: Nipon Thee
“Title : Recommendation System for
Relational Data Using Relational Hard C-
Means (1570998297)

Authors : Pecrawich

Phaknonkul. Sansanee
Auephanwiriyakul, Nipon Theera-Umpon

15.15- 1530

Title {Online) : Open-Source loT-
Integrated SCADA System for Biomass
Power Plant Monitoring (1570957442)
Authors : Palakorn Yuratsmeechan

Title : From Stress to Growth: Plant
Hormonal and Physiological Responses to
Microwave Radiation (157097677)
Authors : Zia Nadir; Muhammad Mumitaz
Khan

1530 - 1545

“Title (Online) : Design of 3D-Cooling
System of 100 kW A/22 kV Distribution
Transformer (1570998591)

Authors : Nathabhat Phankong; Kitiikorn
Meesang: Promsak Apiratikul: Monthor
Nawang: Sirichai Dangeam: Wuthichai
Yuakthong

Title : Experimental Analysis of Aged XLPE
Cable Using Retum Voltage Measurement
(1570987035)

Authors : Suptiyo Das

Title : Leaming-Based Locomotion
Conrollers for Quadruped Robors in
Indoor Stair Climbing via Deep
Rmnlmm:mcn Learning (1 570998590y
Autl nawit

Sinsukudomehai; Chirdpong

Declertpaiboon

Je : Emotion Detcction From
Electroencephalography Signals Using
String Grammar K-Nearest Neighbors
(1570998299)

Authors : Kampanat Sutijirapan; Sansance
Aucphanwiriyakul: Nipon Theera-Umpan

Fully Automated Charging
System for Electric
Vehicles(1570983407)

Authors : Stefan Lippitsch DI; Mario
Hirz, Thomas Seebacher

On the Use of Image Masking
Techniques for Estimation Active
Ingredients in Holy Basil Leaves From
Hyperspectral Images (1570998319
Authors : Sitthakarn

Udomwongvattana; Tecrasit
Kasetkasern; Teera Phatrapornnant; Panita
Chutinnukul; Masahira Yamagushi

1545 - 16.00

“Title (Online) : Investigation and
Modeling of Solar PV: A Simulation
Method (1570966790)

Authors : Mirza Muntasic Nishat and
Fahim Faisal

“Title : Real Time Distnibution Grid
Visualization Using Smart Meters
(1570985360)

Authors : Phurba Tshering Sherpa

ithe : A Plant Disease Identification and
Localization Appm.u:ll Without Mask

Labeling (15709983
Authors. Thum.lph.n Deedetch; Terasi

16.00 - 16.15

Title : Study on Effect of Terminal Placement
in Low Voltage Li-lon 18650 Battery Pack
(1570998517)

Authors : Jedsada Tangmongkhansuk: Nisai
Fuengwarodsakul: Burin Kerdsup: Manop
Masomioh

“Title : Enhancing THAIlmdgeCinplwnmg
Performance Using CNN and Bidirectional
LSTM (1570998465)

Authors - Witchaphon Ticancho: Sopon
Phumecchanya
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Technical Sessions (May 29, Afternoon)

Mai; Kotaro Hashikura; Md Abdus Samad
Kamal; Iwanori Murakami: Kou Yamada

Authors ; Mohammad Russel; Yang
Bingke; Suramate Chalermwisutkul

Bouyam; Theerat Saichoo; Nannaphat
Siribunyaphat; Manorat

Bol arawin: Yunyong Punsawad

13.00- 1315

Title : A Sparse Quadralic Programming.
Approach to Supervisory Control of Multi-

Title (online) : FMCW Radar-Based

Room “Avditorium Room Meeting Room 3 (Board Room) Meeting Room 2 Mecting Room 3
Session 55.Adv.Contral | (Hybrid Room) ;’\';‘;':"““ for Sman Cities 1 (Hybrid Medicine and Biology 1 Energy and Power Elec. 3
Chairs ;“;:" hK“Al“B::[;‘)'“ and Asst. Prof FE::L PI’;’:;?' Suramate Chalermwisutkul Assoc Prof. Dr. Nopadol Uchaipichat (TU) Assoc P:vf,Dr, Razzaqul Ahshan (SQU)
“Titl - Fault Signals Hand “Title TCP "Title - Apneallypoprca Detection Using Title - EV Charging Demand Estimation in
Kinematic Measurement Based on Sequential-Rotated Patch Antenna for Modified YOLOVSn Model on Non EEG Residential Areas; Workday Commute
Compressed Sensing (1570987437) Nanosatellite Technology (1570984368 Signals (1570993654) Case Studies (1570987016)
1230-1245 | Authors  Jiray Samkunta: Patinya Authors : Nuthapai Authors : Denphum Authors : Supachai Vorapoipisut; Tharmihip
Ketthong; Nghia Thi Mai; Kotaro Supreeyatitikul; Kittisak Aphimeteetamrong; Phunsak Panyasai; Jakkarin Palakawongnaayutiaya
Hashikura; Md Abdus Samad Phacbua; Chuwong Thicnnyiboon; Soraaut Intarawichian; Witaya
Kamal: Iwanori Muraksmi; Kou Yamada Phongeharoenpanich: Jessada Konpang Sungkarat: Jiraporn Laotharnatas
“Title - Identification of Unstable Lincar “Title - Impact of Iuprofen an Marine “Title - EEG-Based Brain-Computer Interface Title - Manitariag Awr Conditioner
Systems Using Data-Driven Koopman Algal Metabolites Investigated Using a System via Time-Locked Visual Attention for | Malfunctions Using Power Consumption
Analysis (1570993012)  Authors : Patinga. | Coplanar Microwave Sensing Probe and Assistive Device Conirol (1570994789 and Temperatre (1570987266)
1245- 1300 Ketthong; Jirayu Samkunta; Nehia Thi Machine Learning (15T0988786) Authors : Natjamee Tohkhwan; Charoenporn Authors : Damrongsak

Arunyagool; Kombkrit
Chooruung: Nutthapang Sonard

Enhancing Moving Target Positioning

Zone HYAC Systems With Ct
of Peak Demand Shaving and Thermal
Comfort (1570997299)

Authors : Pasimat Sasananand: David
Banjerdpongehai

Accuracy in Mapping
(1570957416

Authors : Seksan Eiadkaew: Akkarat
Boonpoonga; Krit

Athikulwongse: Suramate
Chalermwisutkul; Nattakarn

Shul ungson

13151330

Title (online) : Location Aware and Drift
Control Using a Smartphone On-Board an
Unmanned Acrial Vehicle(1 S70998654)
Authors : Adil Farooq

Title : pment of VOCs Mixture
Biomarker Classification System Based on
Preconcentrator With Embedded Sensing
Control (1570997063}

Authors : Ponpawit Sinsukudomchai: Isaya
Thaveesangsakulth
Teeramongkenrasmee; Chadin
Kulsing: Pakpum Somboon

Title : Analyzing Computational
Complexity and Footprint: A Comparative
Study of State of Charge Estimation Across
Various Equivalent Circuit Models for
Batteries (1570987669}

Authors : Siraphop

Vespaiboan; Wanchalerm Pora

Title (online) : A Surveillance System
Utilizing mmWave- FMCW Radar for
Restricted Control Area(1570987427)
Authors : Seksan Eindkaew; Akkarat

Boonpoonga; Kri
Athikulwongse; Suramate
Chalermwisutkul;
Shut ungson

13.30 - 1345

Title (online) : Innovative Culinary
Robotics: Pattern Dispensing Robots and
Web Interface( | S70995586)

Authors : Nutdanai Thipyophat: Pasin
Sukumalchan; Phudit Thaksinawong: Tak

Lertdumrongchoke: Napat Saiyasitpanich

Title : Temporal Analysis of ECG
Characteristics for Predicting Defibrillation
Success in Ventricular Fibrillation During
Resuscitation(| 570986309)

Authors : Nopadol Uchaipichat; Phasit
Phongsri; Pichaporn

Musikanam; Nutthaphong Tanthanuch

Title : Robust Flux-Weakening Control
Approach for Three-Phase Induction Motor
Drives (1570990714)

Authors : Panuwat Kaewma: Nuttapong
Pothi; Kreangsuk Kraikitrat; Chawasak
Rakpenthai; Jonglak Pahasa; Ahlam Luaby

2L

Title (online) : Transparent UHF-RFID Tag
Antenna for 1oT Applications
(1570989035)

Auihors : Masood Salik; Jawad

Aliz Muhammad Uzair, Abram

Marthew: Suramate Chalermywisutkul

Title : Development of an Autoscan
Motorized Microscope ng 1
OpenFlexure Architecture (1570987453
Authors : Pasawut Thongtade; Wanchalerm
Pora

Title : Optimal Placement and Sizing of
Photovoltaies o Supply Water Pumping
Stations (1570998332)

Authors : Razzoqul Ahshan; Alireza
Zakariazadeh; Mohammed Al-Abri; Rashid
Said Al-Abri

Title (online) : Tri-Beam UHF-RFID Tug
Antenna for Indoor Asset Tracking.
(15T0989670)

Authors : Abram Matthew; Jawad

Title : Development and Evaluation of a
Wireless System for Remote Monitoring of
Rumen Temperature in Dairy Caws
(1570987805

Title : Analysis of a ZVDS Class-DE
Current-Driven Full-Bridge Reciifier o
Compensation Network Capacitance
Design for WET System (1570998328)
Authors : Setthapong

Feungkeaw: Chainarin
Ekkaravardome; Kamon
Jirasereeamornkul: Yuttana Kumsuwan

1345 - 14.00 Al Mtharnmad Uzair, Masood Authors : Siraporn Sakphrom; Sarawuth
Saliki Suramate Chalermwisutkul Chaimool
[EXTEIRE Session Break
Room Auditorium Room Meeting Room § (Board Room) Meeting Room |
Computer 4 (Hybrid Room) $. Antenna for Smar Cities 2 & Antennas | 5. Adv.Control 2 & Conirol Systems
Session d
and Magnetics (Hybrid Room)
Chairs Prof. Dr. Wanida Kanarkard (KKU) Dr. Nathapat Supreeyatitikul (RMUTK) Prof.Dr.Kou Yamada and Asst. Prof,

D Sudchai Boonto

Mecling Room 2
Computer

Dr. Nawapak Eua-Anan (KKU)

14.15-14.30

“Title : Performance Assessment of
Supervised Machine Learning-Based
Approaches for Photovoltaic Diagnosis
(1570993492),

Authors : Emmanuel Ede Ogar; Surachai
Chaitusaney; Watit Benjapolakul

Title : A Dual Polarization Antenna on
Perpendicular Strip Line With Fractal
Narrow Slit for GPS, 4G LTE, and 5G
Network Applications (1570990552)
Authors : Norakamon Wongsin; Tan Jerome
‘witoon Rakluea: Thinnawat

Mahatthanajatuphat: Pray oot
Akkaraekthalin

“Title : The Dynamical Modelling of Four
Mecanum Wheel Mobile Robot an Typical
Unstructured Terrain (1570998311)

Authors : Chawannat Chaichumporn; Patinya
Keithong: Nghia Thi Mai: Kotaro

Hashikura; Md Abudus samal Kamal; Iwanori
Murakami; Kou Yamada

Fioneering Simphicity in Compuier
Vision: A First-Hand Account of
Developing a Low-Code OpenCYV Interface
(1570985153}

14.30 - 14.45

Title : A Simple Chaos-Based Compressed
Sensing With Encryption Scheme for
Wearable [T Devices(1570995461}
Authors : Chatchai Wannabaon; Patinya
Ketthong

Title : Experimental Results on FMCW
Radar Based Human Recognition Using
Only Doppler Information (1570998452)
Authors : Patipon Petchtone; Denchai
Worasawate; Tiwat

Pongthavomkamol: Kazuhiko

Fukawa: Yuyuan Chan

14.45- 1500

“Title : Deep Learning-Based Mango Fruit
Detection and Counting(1570996775)
Authors : Apisak Chanda; Paraneth
Voruseyanont; Punnari Siricharoen

Title : The Effects of the Grain Sizes and
the Heat Spot Geometry on the Transition
Jitter in HAMR Technology(1570993203)
Authors : Supakit Donchai: Chavakon
Jongj: ; Arkom Kaewrawan,

Title - 1 TTunable Pendulum Enery
Harvester Using Cone Continuously Variable
Transmission (1570995872)

Authors : Chattarika Uttachee; Surat
Punyakacw; Nghia Thi Mai: Kotaro
Hashikura; Md Abdus Samad Kamal: Twanori
Murakami: Kou Yamada

“Title : Robust Practical Fixed-Time Cantrol
and Application to DC-DC Buck Converter
(1570986116)

Title - Combination of U-Net &
Transformer Concept for Plant Area
Extmction of Time-Lapse
Images(1570985657)

Authors : Hnyot Myet Wann Shunn Le
Maung; Teerasit Kosetkasen: Teera
Phatrapornnant: Tsuyoshi Isshi

Title : Eye Landmarks Detection Using RT-
DETR With Rules

Authrs : Chatree

Authors : Napasool Varin
Cholahan; Worapang Tangsrirat

: Teetouch (1570986152)
Jaknamon; Rathachai Chawuthai

1500 - 15.15

Title (online) : A Graph-Based Data
Mining Approach for Template
Recognition Using Large Log Datasets in
Software Systems(1570989328)
Authors : Claudia Crespo Julio; Ahmed
Shaharyar Khwaja; Isaac

Woungang; Aligan Anpalagan

Title (anline) - A Planar Non-Destructive
Gilass Thickness Sensor Based on

Capacitance Measurement (1570993372)
Authors : Thanan Yantakanok; Apichart

Kaewch: 5
‘Chalermwisutkul; Thet Pai 0o

Title - A Modified Super-Twisting Shding-
Mode Control for Reducing Robot Arm
Dynamic Vibration()

Authors : Pubadee Bunjing: Bunlung
Neammanee:; Jirawut Benjanarasut

Title - Development of an Exercise Pasture
Monitoring System for Air Cadets by Using
MediaPipe and OpenCY (1570967413)
Authors : Puwadon Boonsit; Phuminun
Bua-ngam: Komchan

Jantachat; Witchayabot Boonkwang

Title (online) : Enhancing Clinical Activity
Recognition With Bidircctional RNNs and
Accelerometer-ECG Fusion(1570998553)
Authors : Sakom

Mekruksavanich; Ponnipa

Jantwong: Anuchit Jitpattanakul

1530 - 1545

Title (online) : A Binary Hexagon Stripe
Mctamaterial Antenna (1570997440)
Authors : Tanatorn Tantipiriyakul

“Title : Missing Data Imputation for Set
Index Forccasting Bascd on ARIMA Model
(1570987884}

Authors : Piyapan Suwannawach; Kunnika
Jakor; Narongrit Teeravech; Chinapratha
komchay

Title (online) : Developing a Treatment
Methed for Dementia and Delinum
Patients Using Virtual
Reality(1570983485)

Authors : Sanika K.

i inchakom

 Muhammad Saodi; Warsha
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Auditorium Room

Computer 6 (Hybrid Room)

Asst. Prof. Chatklaw Jareanpon (MSU)

Meeting Room § (Board Room)
Communication 2 & Medicine (Hybrid

Room)
Assoc Prof Dr Poompat Saengudomlert
(BU)

2 Room 3
Signal | & Geoscicnce and Remate Sensing

AsstProf_De.Montri Phothisonothai (KU
Sriracha)

Mecting Room 2
Signal 2 & Communication 3

Assoe Prof Dr.Suchada Sitjongsatapom
(MUT)

16.00 - 16.15

Title : Enhanced - Resolution
Epileptogenic Zone Detection in 15F-FDG
PET Imaging for Drug-Resistant Epilepsy
Using u Siamese Network(1570996789)
Authors : Peerawat
Watanachareekul; Wipu
Watcharakajorn: Pongsatron
Jaruratchatapan: Nattapat
lammelap: Nattakorn

nich; Maythinee
Chantadisai; Supatpom
Tepmongkal: Kitiwat Khamwan: Punnarai
Siricharoen

Title : Joint Position and Orientation
Estimation for Visible Light Positioning
Using Extended Kalman Filters
(1570995118)

Authors : Poompat Saengudomlert: Pakorn
Ubolkosold

Title : The Compaible Partial Response
Maximum Likelihood Detection Schemes for
Blu-Ray Discs (1570983223)

Authors : Ke Luo; Kezheng Zhang: Yufei
Wu: Yanzhe Liao: Hongyu Gao: Wei

: Yugen Jian; Zigian Liu; Yugian
Zhao: Jincai Chen: Ping Lu: Shaobing Wang

Tille : Crowied Scene PPE Detection
Using Attention Based YOLOVT and Alpha
Pose (1570985278)

Authors : Punyapat Arcerob: Tanawat
Matangkasombut; Krishadawut Olde
Monnikhof; Wuttipong Kumwilaisak

Title : Performance Comparison of
Convolutional and Transformer Neural
Networks in Defect Classification for
Industrial Images(1570998006)

Title : Coherent Detection Using SMF-
Coupled LED With a Polarization-
Insensitive Seli-Homodyne Receiver

(1570987597)

Title : Design and Implementation of
Multiphase Digital Oscillatar{ 1 570998474)
Authors : Thitaphan Jongsataporn: Poonna
Yospanya: Sorawat Chivapreecha

Title : Set-Membership Orthogonal
Gradient Adaptive Algorithm on Least
Mean Fourth Criterion (1570993025
Authors : Suchada

16.15 - 16.30 Authors : Mubammad Syuksi Mohd Authors : Budsara Boriboon; Ruben S Sitjongsatapoms Theerayod
‘Talib; Muhammad Hafiz Samsuri; Shang Lufs; Benjamin J Puttnam; Georg Wiangtong; Panavy Pookaiyaudon
Li Yuen; Nur Afigah Kamar Phooi Rademacher; Satoshi Shinada; Hideaki
Yee Lau; Chin Wee Wong: Hock Woon Furukawa
Hon
Title : Fuzzy Support Vector Regression Title : (Online) On Solving Area Coverage Title : Spring Rolls's Size Inspection System Title : Absence Seizure Detection Based on
With Grey Wolf Optimization in Stack for Heterogeneous Directional Sensor Using Deep Image Processing (1570998659} Embedded Machine Learning
Market Prediction (1570998295) Networks (1570981911) Authors : Pakpoom Patompak: Apisit Po- (1570894155)
1630 - 16.45 Auihors : Titimakan Sonsupap; Sansanee Auihors : Thaschakor Ngam; Tunyawat Somjaitaweeporm Authors : Pimehanok
Auephanwiriyakul; Nipon Theera-Unnpon Sungvormyothin; Mason Thammawichai Chatchavalvong; Apiwat Lek-
uthai; Krisnachai Chomtho; Pakpum
Somboon: Suree Pumrin
Title (online) : Comparison of Different Title (online) : Advancing In-Pipe Robot Title : ECG Signal Analysis Techniques “Title : Estimation of Suitable Low.
Deep Leaming Networks 1o Classify Communication With High-Speed OWC Using Digital Filter With Deep Leaming in Frequency Passhands of MMFs Using
Epilepsy Seizure Based on EEG Signals Transceiver Front-End Circuit: Unbiased Data { 1570997794) Neural Network (1571003752)
1645- 1700 (1570998555) Experimental Insights and Prospects Authors : Aekasak Insoak; Surachet Authors : Jaruwat Patmanee; Chairat
b Auihors : Sakom (1570998715} Kanprachar: Settha Tangkawanit: Jirarat Pinthong; Surachet Kanprachar
Mekruksavanich: Ponnipa Authors : Kaniol Boonlom; Jarun Teamsaard

Jantawong: Anuchit Jipattanakul

Khonrang; Suppat Rungraungsilp; Tim
msdon; Tan Robertson; Nutapong Somjit

17.00 - 17.15

Title (online) : Enhancing On-Device
Multiple Face Recognition for Class
Attendance Based on Flutter Platform
(1570999452)

Authors : Patrapee Sunantapet; Jedsada
Arunruerk: Pitchayapaichaya Srikram

Title (online) : A Robust Approach (o
COVID-19 CT-Scan Image Denoising
With Inception Residual Attention
UNET(1570982882)

Authors : Milan Tripathi; Toshiaki Kondo

Title : An Advanced Features Extraction
Module for Remote Sensing Image Super-
Resolution {1570985708)

Authors : Naveed Sultan; Amir

Hajian: Supavadee Aramvith

Title : Modified ChannelNet for Estimating
SISO OFDM Channels (1570998577)
Authors : Sunita Khichar; Wiroonsak
Santipach; Sanika K.

Wiiayasekara; Lunchakorn

Wattisitiikulkij: Sushank

Chaudhary; Imran A. Khoso: Ejaz Ul

Hag: Pisit Vanichchunu: sary Josiah

17.15-17.30

“Title (online) : A Traffic Monitoring
Method Using Accumulative Difference
Images (1570987070)

Authors : Komchanok

Krajangyao; Toshiaki Kondo: Waree
Kongprawechnon: Jessada

Kamjana; Atsushi Takahashi

Title : A Low-Complexity and Efficient
VR-Based System With Infrared Image
Processing for Assessing the Angle of
Ocular Misalignment in Strabismus
Patientsi 1 570991706)

Authors : Salisa Buapong: Worawalun
Honglermapakul; Rath

Inhipanichpong: Pakpum Somboon

of lonospheric Iregularities
Based on Spatiotemporal ROTI Keogram
Images (15709%4814)

Authors : Gleb Mutasov; Lin Min Min

oo

Budtho: Napat Tongasem; Michi Nishioka
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Keynotes

1" ECTI-CON 2024

EARTH SYSTEM SCIENCE AND
SYSTEM CONSTRUCTION

PROFESSOR KEIKO
TAKAHASHI, PHD

j SUSTAINABILITY IS NOW A BUSINESS
IMPERATIVE THAT CHANGES EVERYTHING
DR. ABU BAKER

POWERING ELECTRONICS INNOVATION BY THE
SUPERPOWER OF ENGINEERING SIMULATION

KHUN JADSUPA
PORANANONT
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EARTH SYSTEM SCIENCE AND SYSTEM CONSTRUCTION

PROFESSOR KEIKO TAKAHASHI

Waseda University

Abstract
The average global temperature in 2023 is certain to be the hottest in recorded observation history.
It has been scientifically clarified in the IPCC report that changes in the global environment, typified
by global warming, are the result of long-term effects of human activities on the global environment.
This suggests that global environmental changes are the accumulation of human activities, each on a
small scale, affecting the entire planet. These global environmental changes are linked to many global
issues in our society, such as energy, natural disasters, and food. The Earth can be considered a
system. The components of the Farth system are huge, and the relations among them are diverse.
Furthermore, it exhibits complex system behavior that is both nonlinear and nonequilibrium. We
need to consider from the standpoint of systems science what actions we should take to realize a
society that maintains balances with nature to build the earth system as a sustainable system. The
world’s water problems have become more serious in recent years. We focus on water circulation
system, which is one of the most important systems of the Earth system. We have been able to
perform large-scale/small-scale water circulations to clarify where water comes from, what it carries,
how it changes phases, and how it behaves and circulates over time and space scales. Our simulations
have explored what kind of actions we can take to create a sustainable water environment. In my
presentation, 1 will introduce the water general circulation model that we have been developed,
including an overview of atmospheric general circulation model which can explicitly express the
process of cloud formation and disappearance, ocean model, and land surface and groundwater
system model, and coupled method that interchanges the physical quantities among those models.
Furthermore, we will introduce the method for artificial use of water or artificial environmental
changes due to human actions into this water general circulation model. Case studies will be presented
to illustrate how states of the environment can be changed by altering anthropogenic actions. Based
on these results, I would like to introduce future perspectives on Earth system science.

Biography

Keiko Takahashi received Ph.D in engineering from Tokyo Institute of Technology in 1991. She
joined Kao Cotporation in Tokyo until 1993. She was an invited research scientist in Computer
Laboratory of University of Cambridge UK during 1993-1994 and in Tokyo Institute of Technology
during 1994-1998. She worked as a scientist and Director-General of Center for Earth Information
Science and Technology in Japan Agency for Marine-Earth Science and Technology until 2021. Since
April 2021, she has been a research professor of Waseda University. She had been a member of
Science Council of Japan during 2014-2020. Her current research interests are climate/weather
prediction and understanding response mechanisms to the global climate change with multi-scale
multi-physics simulations.
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SUSTAINABILITY IS NOW A BUSINESS IMPERATIVE THAT CHANGES
EVERYTHING

DR. ABU BAKER

Master Technologist, Hewlett-Packard

Abstract

The next generation of high-performance chips for Al big data, self-driving cars and IoT must use
low-power technology for the sake of the Earth. We are doing all we can to overcome the limits of
technology to perfect our green processes. Therefore, enterprises that want to make a positive impact
on the planet need the right combination of strategic partnerships and Al-infused technology to put
their sustainability goals into action. In the race to reduce emissions, consumption, and environmental
impacts, companies across sectors are looking to transform their business models by prioritizing
sustainability in their core operations and to meet the growing demands of key stakeholders and
conscientious customers. But organizations can’t do it alone. The pursuit of net zero can only truly
begin when an organization is able to monitor, track, and report on their carbon footprint, energy
transition goals, and environmental, social and governance (ESG) data. My presentation will talk
through how the transformation to a sustainable future empowered by Al-driven technology can
make an impact in the world.
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Abstract

Communications and connectivity have become the critical foundational technology that supports
Singapore’s economy. Singapore has invested close to $$70 million through the launch of Singapore’s
first national Future Communications Research and Development Programme (FCP), to jumpstart
cutting-edge communications and connectivity research. This grows local capability, to translate into
innovative products, services and companies. The programme is hosted by the Singapore University
of Technology and Design. FCP encourages collaboration between industry and research ecosystem.
It will provide easy access to testbeds to facilitate development of 5G and future communication
technologies. FCP seeks to collaborate with R&D partners both domestically and internationally to
explore different opportunities to advance capabilities in future communications.
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Abstract— This article presents a current-mode Schmitt
trigger circuit using commercial ICs and NOT gates. This
circuit can be electronically controlled and operated
independently to adjust the output amplitude and the threshold
current in the upper and lower levels. Performance testing of the
proposed circuit through PSpice simulations reveals that the
output amplitude upper and lower threshold currents can be
controlled  effectively using external bias  currents,
corresponding to the theoretical amalysis. Additionally, the
presented circuit illustrates stability to external variations in
temperature.

Keywords— Schmitt trigger, Current-mode, Electronically
controllable

I. INTRODUCTION

Schmitt trigger circuits, generally constructed using
operational amplifiers (Op-Amps), function as voltage
comparator circuits that operate on positive feedback
principles. It involves taking a portion of the output signal and
feeding it back to the input for comparison with the input
signal, creating a difference between the output signals in two
states (hysteresis). This circuit can be categorized into the
Counterclockwise Schmitt and Clockwise Schmitt triggers.
Schmitt triggers are widely used in both digital and analog
systems[ 1], aiding in noise reduction during analog-to-digital
conversion and serving various signal processing applications
such as triangular and square wave generators [2], pulse width
modulation circuits [3], and more.

The design of Schmitt trigger circuits can be categorized
into two types: transistor-level design and utilizing Building
Blocks. Recently, a design trend has been using MOS
transistors, as presented in [4-6]. The literature review found
that "An Ultra-Low-Voltage Sub-Threshold Pseudo-
Differential CMOS Schmitt trigger,” introduced in 2018 [4],
employed bulk-driven techniques and  sub-threshold
operation. This circuit provides low power and voltage.
Furthermore, the hysteresis is electronically adjustable.
However, there are still issues with hysteresis level and output
voltage, which are independent and electronically
controllable. In the subsequent years (2021 and 2023), Schmitt
trigger circuits utilizing MOS transistors and employing
clocked logic style, stacking, and self-bias principles have
been designed [5] and [6]. This design approach offers the
advantages of low power consumption, high speed, noise
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immunity, and tiny size. However, the amplitude and
hysteresis cannot be adjusted or controlled electronically.

Another popular design approach uses pre-built devices as
building blocks, utilizing the above advantages. From the
kinds of literature review, the Building Block has been used
to design Schmitt trigger circuits [7-11]. In 2017 and 2018,
Schmitt trigger circuits were established from LM324 and
ADB844 [7] [8]. Both amplitude and hysteresis circuits can be
adjusted and electronically controllable. The construction of
circuits in references [9-11] involved the utilization of
a current differencing transconductance amplifier (CDTA),
voltage differencing gain amplifier (VDGA) and an
operational transconductance amplifier (OTA), respectively.
Those circuits can be electronically, whereas the amplitude
and hysteresis cannot be adjusted independently. A limitation
arises from the issues as it is impossible to independently
adjust both the circuits' size and the high and low hysteresis.

The subject of this research proposes a current-mode
Schmitt trigger circuit that allows independent amplitude
control, and high/low hysteresis can be adjusted and
electronically controllable, The circuit's performance is
evaluated through simulation using PSpice software.

II. COMPONENT DESCRIPTION

A LMI3700

LM13700
- Vo

L e Vi Ve do Vi Via Vo

B omas
(a) (b)
Fig. 1. LMI13700, (a) the pin position, (b) the symbol

LM13700 [12] is a commercial integrated circuit
produced by Texas Instruments Limited. It has pin position
and electrical symbols illustrated in Fig. 1. Internally,
The device operates independently and consists of
operational transconductance amplifiers (OTAs) and two
high-impedance voltage buffers. The structure is designed
using bipolar junction transistor (BJT) technology. The
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relationship in the linear region between voltage and current
in each set of the LM 13700 circuit is demonstrated as follows :

1=,V =V ) Ve =Vioo ()
fﬂ

= ta 2

&=5, @

when g, is the transfer conductance can be adjusted by the
external bias current ( [, ), it varies with the thermal voltage
(¥, ) with a value of approximately 26 mV at a temperature
of 27 °C. The operating principle in the saturation region of
the OTA within the LM13700 device, where the output
current in (1) is derived from estimating the first-order term
of the Taylor Series in the function of Hyperbolic Tangent, as
given by

Ve =V
1,=1, tanh[ mzv, ] (3)

when V., -V, _>> 52mV or V,, -V, _ << -52mV at
27°C, from (3), the output current of LM 13700 will saturate

when the condition described to be

it V. -V ’ “

B> int in—

o

-1 << -52mV

{ I, if ¥V, -V, >> 52mV
I =

B AD&844

Fig. 2. AD844, (a) the pin position, (b) the symbol.

AD844 [13] is a commercial integrated circuit
manufactured by Analog Devices Limited. Internally, it is a
Current Feedback Amplifier (CFA) circuit structured with
Bipolar Junction Transistors (BJT). It has a broad bandwidth,
a high slew rate, a high-frequency response, and low noise.
The pin position and electrical symbols are illustrated in
Fig. 2. The relationship between the voltage and current of
the AD844 is demonstrated as follows :

V.=V, I =lyand IV, =V,,. (5)

The operating principle in the saturation region of the AD844,
when the TZ and V, are floating and grounded, respectively,

When a current is input to the terminal ¥ ([ ), it results in
the following voltage at the TZ terminal follow :

{V i 1 z0
V., = (6)

W i 1207

where V.. and V,, are the positive and negative supply
voltages, respectively.

C. Properties of NOT Gate

Vig
P-MOS

Vn °—|>0—0V Vi ot
aN-MOS

(a) (b)
Fig. 3. Not gate (a) clectronic symbol (b) schematic

NOT gate [ 14] is an inverter circuit that converts
electrical voltage from a high-input logic voltage to a low-
logic voltage. Its internal structure consists of P-MOS and
uses CMOS 180 nm technology from Taiwan Semiconductor
Manufacturing Company (TSMC) and N-MOS transistors.
The electronic symbol and schematic are illustrated in Fig. 3.

I, THE PROPOSED SCHMITT TRIGGER

The operation of this Schmitt trigger relies on the
principles of the LM 13700 and AD844 in both the linear and
saturation regions, as detailed in Section 2.

? 15

O Lo

LM13700-
m -

Fig. 4. The proposed Schmitt trigger circuit,

Fig. 4 depicts independently/electronically Controlled
adjustments of the upper and lower threshold currents in the
Schmitt trigger circuit. The circuit consists of the AD844-1,
LM13700-1/1, LM13700-1/2, and LM13700-2/1 ICs, using
the operational transconductance amplifier (OTA) within the
LMI13700. The input impedance is significantly high,
resembling a floating connection at the TZ terminal of
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AD844-1. Meanwhile, the input of ADS844-1
feedback currents ( /,,, 1,,). Consequently, the voltage at

receives

the Z terminal (Vz ) is approximately determined.
Ve it 1, >1
V, :{ (&8 lf in A . (7)
Vee i 1, <1y

From the property of NOT gate voltage ¥, and V, , there
are as follows :
iV, =V

0 SV if V, =V,
\ = i C and V‘n‘ - ‘q z oC
: SV V=V
when the voltages ¥, and ¥, have values as given by (8)
and the voltage is at 5 V, this results in the OTA of LM 13700
operating in the saturation region, according to the conditions
described in (4); therefore,

if V=V

0 -1 if V,=V,
I :{ - dl, :{ s U Ve=Ve ©
Iy if V=V

0 ifr= V.F.F.‘

From (9), the revised form of (7) can be expressed as follows :

Voo i 1, > 1y,
v, = ct 'f in> g2 ) 10y
B S AT PR P
Similarly, 7, can be calculated.
Iw” ={ ]HI ,f ‘rm > i!a’} i {l l)
Iy i <y
In (11), it can be observed that the amplitude of 1, changes

from 7, to -/, , depending on the amplitudes of 7,, and
I, . Therefore, it can be determined that the Lower

Threshold Current and Upper Threshold Current have the
following values :

Ly =1y and Ly =—1;. (12)

Hence, the output current of the proposed Schmitt trigger
circuit is defined by the following conditions :

f,,,‘, ={ "M ‘[ Iua > "J‘H {I 3)

Ly dif L<dy

It is found that (13) demonstrates that the amplitude of the
output signal adjusts with 7, , and the upper and lower
threshold currents can be adjusted by tuning /., and 7,
according to (12). Significantly, the amplitude of the output

signal and the values of the upper and lower threshold currents
are independent and electrically controllable. Additionally,
the operation of the proposed Schmitt trigger circuit can be
described using the signal waveform relationship shown in
Fig.5.

Ameflude I Loue

\ »Time >,
-l
'Iﬁl

I B o

(a) (b)
Fig. 5. (a) The relationship between the input and output signal waveforms.
(b) The transfer characteristics of the Schmitt trigger circuit

In Fig. 5 (a), it can be observed that the output current ( /)
will be switched 7, to —I, when the input current ( [, ) is
more than /,,. Similarly, Z. will be switched from =/, to
1, when [, becomes lower than —/y, . It is typical of the
transfer characteristic, as shown in Fig. 5 (b), representing the
clockwise Schmitt trigger characteristics.

IV. SIMULATION RESULTS

To prove the performance of the proposed Schmitt Trigger
circuit was confirmed by simulation through the PSpice
program, The P-MOS and N-MOS employed in the proposed
circuits were simulated using a W/L ratio (pm/pum) 4/0.25.
This circuit uses a power supply voltage of £9 V with an input
current ( /) is 100 pA. The input signal is a triangle

waveform with a frequency of 1 kHz.

10
—8— The Output Amplitude
««Cr++ The Lower Threshold Current
L] —a— The Upper Threshold Current
<
g6
=
E
£ 4
=
1
A -y

0 20 40 60 80 100
Temperature ( °C )
Fig. 6. The deviation rate of the output amplitude, both for upper and lower
threshold currents,

Fig. 6 depicts the deviation rate of the output signal amplitude,
both for upper and lower threshold currents, when temperature

varies from 0 to 100 °C in the proposed Schmitt trigger
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circuit, demonstrating when the temperature increases, the
amplitude values and the lower threshold current remain
relatively stable. The rates at which the upper threshold
current changes have increased slightly. As a result, it can be
defined in this circuit that temperature has a negligible impact
on changes in low threshold current and output signal
amplitude.

200|[= fu=50sA — #5=100pA = Ip=150pA |
=== =
%,
200 | [t0uA 1, ~305A ] 1
0 0.5 L0 L5 2.0 2.5
Time (ms)
(a)
200 [[=70=50uA = I, —1004A — L,,=150uA ]
<
20
<
(I
-100 -60 -20 20 60 100
Lin (nA)
(b)

Fig. 7. Adjustable amplitude output waveforms by I, (a) The output

signal (b) DC Transfer characteristic.

= 1n=20uA = lp=d0pA_= [ =60pA

% 0 /\\/LL

Ly =100pA I =40pA

0 0.5 L0 L5
Time (ms)

(a)

20 25

— 15=20pA_— [ —40pA_— [, =60pA

Iy =100uA , [, =40uA

-100 -60

220 20 60 100

Tin (&)

(b)
Fig. 8. Adjustable upper threshold current output waveforms by /I,
(a) The output signal (b) Transfer characteristic.
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Fig. 9. Adjustable lower threshold current output waveforms by [,
(a) The output signal (b) DC Transfer characteristic.

Fig. 7 shows the output signal and transfer characteristic
where the amplitude of 7, = 50, 100, 150 pA, while 7,,,
1,y = 40 pA. The output signal amplitude can be adjusted by
151 by the investigation in (13). Fig. 8 shows the output signal
and transfer characteristic when [, is adjusted when 7,
=100 pA, I,,=40pA, and I,,= 20, 40, 60 pA, it seems that
1,,, the upper threshold current can be controlled, which is
appropriate with the given in (12). Fig. 9 also shows the
output signal and transfer characteristic when 7, is adjusted.
Using [, = 100 pA, I, =40 pA, and /,; = 20, 40, 60 pA
demonstrates that 7, the low threshold current can be

adjusted according to (12). This indicates that the proposed
Schmitt trigger circuit offers electrical adjustment for
amplitude and threshold currents, allowing independence to
adjust upper and lower threshold currents by varied 7, , I, ,

7

and [y, , respectively.
800

N
S
-4

Tour (nA)
N
s
S

i
—o— Loy from (13)

O~ Simulated I,/

st

0
0 200 400 600 800
Ip1 (nA)

Fig 10 The output amplitude where is I, varied.
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Fig 11 The upper and lower threshold currents where are 1, and /,, varied.

Fig. 10, the test results depict the adjustment of the output
amplitude compared to the theoretical (13) from
I, =010 750 uA, with /., =30 pA and /,; =70 pA. From
the test results, it is observed that the output amplitude
increases relative to the 7, , that was according to the
theoretical. The maximum error is 1.28%, and the average is
1.19%. Fig. 11 shows how to adjust the upper and lower
threshold currents by comparing simulation results and
theoretical. For tuning the upper threshold current, vary /7,

from 0 to 90 pA, with the /,, = 100 pA and {,, = 70 pA. For
adjusting the lower threshold current, vary /,, from 0 to
90 pA with 7, =100 pA and 1, =70 pA. The test results

indicate a suitable operating range of 40 pA to 90 pA, with
1,,= 100 pA. This corresponds with (12).

V. CONCLUSION

This research introduces a tunable Schmitt trigger circuit
capable of adjusting both the output amplitude and the upper
and lower threshold currents that can be adjusted
electronically and independently. The circuit utilizes ICs
LM13700 and AD844 in conjunction with two NOT gates.
The research reveals that the proposed circuit operates as a
clockwise Schmitt trigger circuit. The output amplitude and
the lower and the upper threshold currents can be controlled
independently by external bias currents unaffected by
temperature variations. The PSpice software simulation
results confirm that the output amplitude changes following
the bias currents, as established by theory. Adjusting the
lower and upper threshold currents follows the theoretical
expectations. Furthermore, external temperature variations
have no effect on the proposed circuit.
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LT1228

TECHNOLOGY

FEATURES
= Very Fast Transconductance Amplifier
Bandwidth: 75MHz
Om =10 x Isgr
Low THD: 0.2% at 30mVpys Input
Wide It Range: 1pA to TmA
Very Fast Current Feedback Amplifier
Bandwidth: 100MHz
Slew Rate: 1000V/us
Qutput Drive Current; 30mA
Differential Gain: 0.04%
Differential Phase: 0.1°
High Input Impedance: 25M&, 6pF
= Wide Supply Range: +2V to +15V
= |nputs Common Mode to Within 1.5V of Supplies
= Qutputs Swing Within 0.8V of Supplies
= Supply Current: 7mA

APPLICATIONS

= Video DC Restore (Clamp) Circuits
= Video Differential Input Amplifiers
m Video Keyer/Fader Amplifiers

u AGC Amplifiers

= Tunable Filters

100MHz Current Feedback

Amplifier with DC Gain Control

DESCRIPTION

The LT1228 makes it easy to electronically control the gain
of signals from DC to video frequencies. The LT1228
implements gain control with a transconductance amplifier
(voltage to current) whose gain is proportional to an exter-
nally controlled current. A resistor is typically used to
convert the output current to a voltage, which is then
amplified with a current feedback amplifier. The LT1228
combines both amplifiers into an 8-pin package, and oper-
ates on any supply voltage from 4V (£2V) to 30V (£15V). A
complete differential input, gain controlled amplifier can be
implemented with the LT1228 and just a few resistors.

The LT1228 transconductance amplifier has a high imped-
ance differential inputanda current source output with wide
output voltage compliance. The transconductance, gp, is
set by the current that flows into pin 5, IggT. The small signal
gmis equaltotentimes the value of Isgrand this relationship
holds over several decades of set current. The voltage at pin
5 is two diode drops above the negative supply, pin 4.

The LT1228 current feedback amplifier has very high input
impedance and therefore it is an excellent buffer for the
output of the transconductance amplifier. The current feed-
back amplifier maintains its wide bandwidth over a wide

= (scillators range of voltage gains making it easy to interface the
transconductance amplifier output to other circuitry. The
current feedback amplifier is designed to drive low imped-
ance loads, such as cables, with excellent linearity at high
frequencies.
TYPICAL APPLICATION S
Differential Input Variable Gain Amp 6 l l H]l] Voo
15V T 3 | -_-1 Ry = 1000
0 geT = TMA
R3A a
A 3 B
e g \
Vin E’ -9
— —aA 2 — Vot 3y, |- 300mA \\\
%VT- 15
< -18 ‘i
RIS SR2 3 Iser = 100uA hY
1000 1000 i HIGH INPUT RESISTANGE -2
* 109 EVEN WHEN POWER IS OFF _o4 [ H]]] \
- = - -18dB < GAIN < 2dB 100k m 10M 100M

Vin < 3Vams

FREQUENCY (Hz)

L1728 - TAD2

LY LN

]
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Supply VORAGE .vvovevcveviescrvcivceriissensssiins +18V T0P VIEW ORDER PART
Input Current, Pins 1, 2,3, 5, 8 (Note 7) ........... +15mA oo (T—e2s_Ja] s NUMBER
Qutput Short Circuit Duration (Note 1) .........Continuous 2k AN N v LT1228MJ8
Operating Temperature Range o 3] [67 vour LT1228CJ8
LT1228C oo 0°C to 70°C v @ e
o o LT1228CN8
LT1228M..... -55°C 10 125°C 18 PACKAGE N8 PACKAGE LT1228CS8
Storage Temperature Range.................. =65°C to 150°C 8-LEAD CERAMIC DIP  8-LEAD PLASTIC DIP
b 58 PACKAGE
Junction Temperature 8-LEAD PLASTIC 501 S8 PART MARKING
Plastic Package ... .150°C
. Ty e = 175°C. 8,4, = 100°C/W (J
Ceramic Package.... . 175°C L s bt 1228
Lead Temperature (Soldering, 10 S&C)..........c....... 300°C Tatan = 150°C, 044 = 150G (5)
Consult Factory for Industrial grade parts.
Current Feedback Amplifier, Pins 1, 6, 8. 5V < Vg < +15V, Iggr = OpA, Vo = OV unless otherwise noted.
SYMBOL | PARAMETER CONDITIONS MIN  TYP MAX UNITS
Vos Input Offset Voltage Ta=25°C 3 £10 mv
[ +15 mV
Input Offset Voltage Drift [} 10 uvreG
I* Noninverting Input Current Ta=25°C +03 43 uA
[ 10 nA
I~ Inverting Input Current Ta=25°C 10 65 uA
[ +100 pA
e Input Noise Voltage Density f=1kHz, Rr = 1k, Rg = 1022, Rg = 02 6 nV/vHz
in Input Noise Current Density f=1kHz, Rg = 1k, Rg = 1022, Rg = 10k 14 pVAHz
Rin Input Resistance Viy=+13V, Vg =+15V ] 2 25 MQ
Vin =13V, Vg = £5V ° 2 25 Ma
Ciy Input Gapacitance (Note 2) Vg =15V 6 pF
Input Voltage Range Vg=+15V, Ty = 25°C +13  #+135 v
e | 112 v
Vg =15V, Ty =25°C 3 135 v
e | 2 v
CMRR Common-Mode Rejection Ratio Vg =+15V, Vg = +13V, Ty = 25°C 55 69 dB
Vg=+15V, Vgy = £12V o 55 il
Vg =25V, Vgy = 23V, Ta = 25°C 55 69 dB
Vg =+5V, Vgy = +2V o 55 B
Inverting Input Current Vg =+15V, Vg =13V, Ta= 25°C 25 10 nAN
Common-Mode Rejection Vg =215V, Vg = 212V [ ] 10 uAN
Vg =25V, Voy = £3V, Ta = 25°C 25 10 nAN
Vg =+5V, Vg = 22V . 10 WAV
PSRR Power Supply Rejection Ratio Vg=+2Vto £15V, Ty = 25°C 60 80 dB
Vg=+3Vto 15V [ ] 60 dB
Noninverting Input Current Vg=+2Vto $15V, Ty = 25°C 10 50 nAN
Power Supply Rejection Vg=+3Vto +15V [ ] 50 nANV
Inverting Input Current Vg=+2Vto +15V, Ty = 25°C 0.1 5 nAN
Power Supply Rejection Vg=£3Vto +15V [} 5 uAN
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€LECTRICAL CHARACTERISTICS

Current Feedback Amplifier, Pins 1, 6, 8. £5V < Vg < +15V, Iser = 0uA, Vgm = OV unless otherwise noted.

SYMBOL | PARAMETER CONDITIONS MIN  TYP MAX | UNITS

Ay Large-Signal Voltage Gain Vg =+15V, Yyt = 10V, Ripap = 1k [} 55 65 dB

Vg =5V, Vgyr = £2V, R gap = 1502 LJ 55 65 dB

RoL Transresistance, AVgyr/Aly~ Vg =15V, Vour =10V, Rioap = 1k [ ] 100 200 kQ

Vg =5V, Vgyr = £2V, R gap = 1502 L] 100 200 kQ

Vour Maximum Qutput Voltage Swing Vg =115V, Rigap=400Q, Ty =25°C 2 #135 v

e | 0 v

Vg =45V, Ripap = 1508, Ty = 25°C 3 3.7 v

e | 25 v

lout Maximum Qutput Current RLoap =09, Ty =25°C 30 65 125 mA

[ ] 25 125 mA

ls Supply Current Vour=0V, lger = 0V [ ] 6 1 mA

SR Slew Rate (Notes 3 and 5) Ta=25°C 300 500 Vius

SR Slew Rate Vg =215V, R = 75002, Rg= 7500, R = 400Q 3500 Vius

tr Rise Time (Notes 4 and 5) Ta=25°C 10 20 ns

BW Small-Signal Bandwidth Vg =+15V, Rp=750Q, Rg=750¢, R =100 100 MHz

t Small-Signal Rise Time Vg =+15V, Re = 7500, Rg= 7500, Ry = 100© 35 ns

Propagation Delay Vg =%15V, R =750Q, Rg= 7509, R = 100Q 3.5 ns

Small-Signal Overshoot Vg =215V, Rp= 7500, Rg= 7500, R = 100Q 15 %

ts Settling Time 0.1%, Vour = 10V, Rg =1k, Rg=1k, R =1k 45 ns

Differential Gain (Note 6) Vg =+15V, Re = 7500, Rg= 7500, Ry = Tk 0.01 Y,

Differential Phase (Note 6) Vg =+15V, Rg=750Q, Rg= 750Q, R = 1k 0.01 DEG

Differential Gain (Note 6) Vg =215V, Re = 7500, Rg= 7500, Ry = 150Q 0.04 %

Differential Phase (Note 6) Vg =215V, Re =750, Rg= 75002, R = 150Q 0.1 DEG
Transconductance Amplifier, Pins 1, 2, 3, 5. +5V < Vg < +15V, Iggy = 100uA, Vg = OV unless otherwise noted.

SYMBOL PARAMETER CONDITIONS MIN  TYP MAX UNITS

Vos Input Offset Voltage Iser = 1A, Ty = 25°C +0.5 15 mv

[ +10 mV

Input Offset Voltage Drift [ ] 10 uvreG

los Input Offset Current Ta=25°C 40 200 nA

[ 500 nA

g Input Bias Current Ta=25°C 04 1 uA

[ 5 pA

[N Input Noise Voltage Density f=1kHz 20 nV/Hz

Ry Input Resistance-Differential Mode Viy=+30mV e | 30 200 kQ

Input Resistance-Common Mode Vg =15V, Vg = 12V e | 50 1000 MQ

Vg =£5V, Vo = +2V e | 50 1000 Ma

Ciy Input Capacitance 3 pF

Input Voltage Range Vg =115V, T4 =25°C +3  +14 v

Vg =415V e | 112 v

Vg =15V, Ta=25°C 43 + v

Vg =15V e | v
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ELECTRICAL CHARACTERISTICS

Transconductance Amplifier, Pins 1, 2, 3, 5. £5V < Vg < +15V, Iggr = 100uA, Vg = OV unless otherwise noted.

SYMBOL | PARAMETER CONDITIONS MIN  TYP  MAX | UNITS
CMRR Common-Mode Rejection Ratio Vg =415V, Ve = +13V, Ty = 25°C 60 100 dB
Vg =15V, Vpy= =12V e | 60 dB

Vg =25V, Voy = 13V, Ta=25°C 60 100 dB

Vg =25V, Vg = £2V e | 60 dB

PSRR Power Supply Rejection Ratio Vg=£2Vto 15V, Ty = 25°C 60 100 dB
Vg=+3Vto +15V ® | 60 dB

Om Transconductance Isgr = 100pA, lgyr = +30pA, Ty = 25°C 075 100 125 | pAmV
Transconductance Drift . -0.33 %/°C

lout Maximum Qutput Current Iggr = 100pA e | 70 100 130 uA
loL Qutput Leakage Current Isgr = OpA (+ly of CFA), Ty = 25°C 0.3 uA
. 10 uA

Vour Maximum Qutput Voltage Swing Vg=#15V Rl == e [+13 114 v
Vg=15V Rl =co ® 3 +4 v

Ro Output Resistance Vg =15V, Vgyr=£13V e | 2 8 MQ
Vg =5V, Vgyr=+3V o 2 8 MQ

Qutput Capacitance (Note 2) Vg =15V 6 pF

I Supply Current, Both Amps Isgr = TmA [ 9 15 mA
THD Total Harmonic Distortion Vi = 30mVpys at 1kHz, R1 = 100k 0.2 %
BW Small-Signal Bandwidth R1 =508, Iger = 500uA 80 MHz
tr Small-Signal Rise Time R1 =508, Isgr = 500uA, 10% to 90% 5 ns
Propagation Delay R1 =509, Iggr = 500uA, 50% to 50% 5 ns

The @ denotes specifications which apply over the operating temperature

range.

Note 1: A heat sink may be required depending on the power supply

voltage.

Note 2: This is the total capacitance at pin 1. It includes the input

Note 4: Rise time is measured from 10% to 90% on a +500mV output

signal while operating on +15V supplies with R¢ = 1k, Rg = 110Q and

Ry = 100<. This condition is not the fastest possible, however, it does

guarantee the internal capacitances are correct and it makes automatic

testing practical.

capacitance of the current feedback amplifier and the output capacitance
of the transconductance amplifier.

Note 3: Slew rate is measured at +5V on a £10V output signal while
operating on £15V supplies with Re = 1k, Rg = 110Q and R = 400Q. The
slew rate is much higher when the input is overdriven, see the applications
section

Note 5: AC parameters are 100% tested on the ceramic and plastic DIP
packaged parts (J and N suffix) and are sample tested on every lot of
the SO packaged parts (S suffix).

Note 6: NTSC composite video with an output level of 2V.

Note 7: Back to back 6V Zener diodes are connected between pins 2 and
3 for ESD protection.
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TYPICAL PERFORMANCE CHARACTERISTICS rransconductance Ampiifer, Pins 1,2, 3 & 5

Small-Signal Bandwidth vs

Small-Signal Transconductance

Small-Signal Transconductance
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T"PI(“L PERFOBITIHI'ICG CHﬂBHCTGBISTICS Current Feedback Amplifier, Pins 1, 6, 8

Voltage Gain and Phase vs
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TVPICHI. PERFOBITIHI'ICE CHHRHCTGHISTICS Current Feedback Amplifier, Pins 1, 6, 8
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WPICHL PERFOﬂm I'-InCG CHHBHCTGHISTICS Current Feedback Amplifier, Pins 1,6 & 8
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APPLICATIONS INFORMATION

The LT1228 contains two amplifiers, a transconductance
amplifier (voltage-to-current) and a current feedback am-
plifier (voltage-to-voltage). The gain of the transconduc-
tance amplifier is proportional to the current that is exter-
nally programmed into pin 5. Both amplifiers are designed
to operate on almost any available supply voltage from 4V
(+2V) to 30V (+15V). The output of the transconductance
amplifier is connected to the noninverting input of the
current feedback amplifier so that both fit into an eight pin
package.

TRANSCONDUCTANCE AMPLIFIER

The LT1228 transconductance amplifier has a highimped-
ance differential input (pins 2 and 3) and a current source
output (pin 1) with wide output voltage compliance. The
voltage to current gain or transconductance (g) is set by
the current that flows into pin 5, IggT. The voltage at pin 5
is two forward biased diode drops above the negative
supply, pin 4. Therefore the voltage at pin 5 (with
respect to V™) isabout 1.2V and changes with the log of
the set current (120mV/decade), see the characteristic
curves. The temperature coefficient of this voltage is
about —4mV/°C (-3300ppm/°C) and the temperature co-
efficient of the logging characteristic is 3300ppm/°C. Itis
important that the current into pin 5 be limited to less than
15mA. THE LT1228 WILL BE DESTROYED IF PIN 5 IS
SHORTED TO GROUND OR TQ THE POSITIVE SUPPLY. A
limiting resistor (2k or so) should be used to prevent more
than 15mA from flowing into pin 5.

The small-signal transconductance (gy) is equal to ten
times the value of Iggr (in mA/mV) and this relationship
holds over many decades of set current (see the character-
istic curves). The transconductance is inversely propor-
tional to absolute temperature (-3300ppm/°C). The input
stage of the transconductance amplifier has been de-
signed to operate with much largersignals than is possible
with an ordinary diff-amp. The transconductance of the
input stage varies much less than 1% for differential input
signals over a+30 mV range (see the characteristic curve
Small-Signal Transconductance vs DC Input Voltage).

Resistance Controlled Gain

If the set current is to be set or varied with a resistor or
potentiometer it is possible to use the negative tempera-
ture coefficient at pin 5 (with respect to pin 4) to compen-
sateforthe negativetemperature coefficientofthe transcon-
ductance. The easiest way is to use an LT1004-2.5,a 2.5V
reference diode, as shown below:

Temperature Compensation of gy, with a 2.5V Reference

A AT

¥ Ve

Ly
A LT1004-25

LTi2z8+ T4

The current flowing into pin 5 has a positive temperature
coefficient that cancels the negative coefficient of the
transconductance. The following derivation shows why a
2.5V reference results in zero gain change with tempera-
ture:

Since gy, =%x%=10xl557

n
andVy, =E, - T wherea =In| &1 | = 19.4at 27°C
be =Eg q Ic

(c=0.001n=3,lIc =100pA)
Eq is about 1.25V so the 2.5V reference is 2E;. Solving

the loop for the set current gives:

akT
%o _Q[Eg B J 2akT
IseT = Q@R

Ur'SET:Tq

Ly LN
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APPLICATIONS INFORMATION

Substituting into the equation for transconductance gives:

__a _10
“194R R

The temperature variation in the term “a” can be ignored
since it is much less than that of the term “T” in the
equation for Vie. Using a 2.5V source this way will main-
tain the gain constant within 1% over the full temperature
range of —-55°C to 125°C. If the 2.5V source is off by 10%,
the gain will vary only about £6% over the same tempera-
ture range.

Im

We can also temperature compensate the transconduc-
tance without using a 2.5V reference if the negative power
supply is regulated. A Thevenin equivalent of 2.5V is
generated from two resistors to replace the reference. The
two resistors also determine the maximum set current,
approximately 1.1V/Ryy. By rearranging the Thevenin
equations to solve for R4 and R6 we get the following
equations in terms of Rry and the negative supply, Ve

Ré=_ DT angRe= PHVEE
(1 E,SVJ 2.5V
Ve

Temperature Compensation of gy, with a Thevenin Voltage

1.03k R

.
Iser

‘: R4
o124k

Voltage Controlled Gain

To use a voltage to control the gain of the transconduc-
tance amplifier requires converting the voltage into a
current that flows into pin 5. Because the voltage at pin 5

is two diode drops above the negative supply, a single
resistor from the control voltage source to pin 5 will suffice
in many applications. The control voltage is referenced to
the negative supply and has an offset of about 900mV. The
conversion will be monotonic, but the linearity is deter-
mined by the change in the voltage at pin 5 (120mV per
decade of current). The characteristic is very repeatable
since the voltage at pin 5 will vary less than +5% from part
to part. The voltage at pin 5 also has a negative tempera-
ture coefficient as described in the previous section. When
the gain of several LT1228s are to be varied together, the
current can be split equally by using equal value resistors
to each pin 5.

For more accurate (and linear) control, a voltage-to-
current converter circuit using one op amp can be used.
The following circuit has several advantages. The inputno
longer has to be referenced to the negative supply and the
input can be either polarity (or differential). This circuit
works on both single and split supplies since the input
voltage and the pin 5 voltage are independent of each
other. The temperature coefficient of the output current is
set by R.

R3

R
™
Vi AV + RS
1k lour
R2 LT1006 N AAS TOPIN 5
vo AJ_’\'{_ _ OF LT1228
R4
™
Av‘v‘-
50pF
R1=R2 I
R3=R4 1
(Vi-v2) R3 )
lout = = - 1mAv
r= TRs KR T [E—

Digital control of the transconductance amplifier gain is
done by converting the output ofa DAC toacurrent flowing
into pin 5. Unfortunately most current output DACs
sink rather than source current and do not have output

10
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APPLICATIONS INFORMATION

compliance compatible with pin 5 of the LT1228. There-
fore, the easiest way to digitally control the set current is
to use a voltage output DAC and a voltage-to-current
circuit. The previous voltage-to-current converter will take
the output of any voltage output DAC and drive pin 5 with
aproportional current. The R, 2R CMOS multiplying DACs
operating in the voltage switching mode work well on both
single and split supplies with the above circuit.

Logarithmic control is often easier to use than linear
control. A simple circuit that doubles the set current for
each additional volt of input is shown in the voltage
controlled state variable filter application near the end of
this data sheet.

Transconductance Amplifier Frequency Response

The bandwidth of the transconductance amplifier is a
function of the set current as shown in the characteristic
curves. At set currents below 100uA, the bandwidth is
approximately:

-3dB bandwidth = 3 x 10" Iggy

The peak bandwidth is about 80MHz at 500pA. When a
resistor is used to convert the output current to a voltage,
the capacitance at the output forms a pole with the
resistor. The best case output capacitance is about 5pF
with £15V supplies and 6pF with £5V supplies. You must
add any PC board or socket capacitance to these values to
get the total output capacitance. When using a 1k resistor
at the output of the transconductance amp, the output
capacitance limits the bandwidth to about 25MHz.

The output slew rate of the transconductance amplifier is
the set current divided by the output capacitance, which is
6pF plus board and socket capacitance. For example with
the set current at 1mA, the slew rate would be over
100V/ps.

Transconductance Amp Small-Signal Response
Iggr = 500pA, R1 =500

CURRENT FEEDBACK AMPLIFIER

The LT1228 current feedback amplifier has very high
noninverting input impedance and is therefore an excel-
lent buffer for the output of the transconductance ampli-
fier. The noninverting input is at pin 1, the inverting input
at pin 8 and the output at pin 6. The current feedback
amplifier maintains its wide bandwidth for almost all
voltage gains making it easy to interface the output levels
of the transconductance amplifier to other circuitry. The
current feedback amplifier is designed to drive low imped-
ance loads such as cables with excellent linearity at high
frequencies.

Feedback Resistor Selection

The small-signal bandwidth of the LT1228 current feed-
back amplifier is set by the external feedback resistors and
the internal junction capacitors. As a result, the bandwidth
is a function of the supply voltage, the value of the
feedback resistor, the closed-loop gain and load resistor.
The characteristic curves of bandwidth versus supply
voltage are done with a heavy load (100<2) and a light load
(1k) to show the effect of loading. These graphs also show

LY LN
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the family of curves that result from various values of the
feedback resistor. These curves use a solid line when the
response has less than 0.5dB of peaking and a dashed line
for the response with 0.5dB to 5dB of peaking. The curves
stop where the response has more than 5dB of peaking.

Current Feedback Amp Small-Signal Response
Vg =+15V, Rp = Rg = 7502, R =100Q

At a gain of two, on 15V supplies with a 7502 feedback
resistor, the bandwidth into a light load is over 160MHz
without peaking, but into a heavy load the bandwidth
reduces to 100MHz. The loading has so much effect
because there is a mild resonance in the output stage that
enhances the bandwidth at light loads but has its Q
reduced by the heavy load. This enhancement is only
usefulatlow gain settings, ata gain of ten it does not boost
the bandwidth. At unity gain, the enhancement is so
effective the value of the feedback resistor has very little
effect on the bandwidth. At very high closed-loop gains,
the bandwidth is limited by the gain-bandwidth product of
about 1GHz. The curves show that the bandwidth at a
closed-loop gain of 100 is 10MHz, only one tenth what it
is at a gain of two.

Capacitance on the Inverting Input

Current feedback amplifiers want resistive feedback from
the output to the inverting input for stable operation. Take
care to minimize the stray capacitance between the output
and the inverting input. Capacitance on the inverting input
to ground will cause peaking in the frequency response
(and overshoot in the transient response), but it does not
degrade the stability of the amplifier. The amount of
capacitance that is necessary to cause peaking is a func-
tion of the closed-loop gain taken. The higher the gain, the
more capacitance is required to cause peaking. For ex-
ample, in a gain of 100 application, the bandwidth can be
increased from 10MHz to 17MHz by adding a 2200pF
capacitor, as shown below. Cg must have very low series
resistance, such as silver mica.

¢
.'A'.v
J— Rg

Boosting Bandwidth of High Gain Amplifier
with Capacitance On Inverting Input

LT1228  Ta08

49 ‘ |
16 Tt
Cp = 4700pF
o LA
L N\ = 2200p
g 37
34
Z Cs=0 N
S AN \\
28 \
25 \\ .
22 N
19
1 10 100
FREQUENCY (MHz)
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Capacitive Loads

The LT1228 current feedback amplifier can drive capaci-
tive loads directly when the proper value of feedback
resistor is used. The graph of Maximum Capacitive Load
vs Feedback Resistor should be used to select the appro-
priate value. The value shown is for 5dB peaking when
driving a 1k load, at a gain of 2. This is a worst case
condition, the amplifier is more stable at higher gains, and
driving heavier loads. Alternatively, a small resistor (10Q
to 20Q2) can be put in series with the output to isolate the
capacitive load from the amplifier output. This has the
advantage that the amplifier bandwidth is only reduced
when the capacitive load is present and the disadvantage
that the gain is a function of the load resistance.

Slew Rate

The slew rate of the current feedback amplifier is not
independent of the amplifier gain configuration the way it
is in a traditional op amp. This is because the input stage
and the output stage both have slew rate limitations. The
inputstage ofthe LT1228 current feedback amplifier slews
at about 100V/us before it becomes nonlinear. Faster
input signals will turn on the normally reverse biased
emitters ontheinput transistors and enhance the slew rate
significantly. This enhanced slew rate can be as much as
3500V/us!

Current Feedback Amp Large-Signal Response
Vs =+15V, Rg = Rg = 750 Slew Rate Enhanced

The output slew rate is set by the value of the feedback
resistors and the internal capacitance. At a gain of ten with
a 1k feedback resistor and 15V supplies, the output slew
rate is typically 500V/us and —850V/us. There is no input
stage enhancement because of the high gain. Larger
feedback resistors will reduce the slew rate as will lower
supply voltages, similar to the way the bandwidth is
reduced.

Current Feedback Amp Large-Signal Response
Vs =+15V, Rp =1k, Rg = 110Q, R = 400Q

Settling Time

The characteristic curves show that the LT1228 current
feedback amplifier settles to within 10mV of final value in
40ns to 55ns for any output step less than 10V. The curve
of settling to ImV offinal value shows thatthere is a slower
thermal contribution up to 20us. The thermal settling
component comes from the output and the input stage.
The output contributes just under ImV/V of output change
and the input contributes 300uV/V of input change.
Fortunately the input thermal tends to cancel the output
thermal. For this reason the noninverting gain of two
configuration settles faster than the inverting gain of one.

LY LN
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Power Supplies

The LT1228 amplifiers will operate from single or split
supplies from +2V (4V total) to +18V (36V total). It is not
necessary to use equal value split supplies, however the
offset voltage and inverting input bias current of the
current feedback amplifier will degrade. The offset voltage
changes about 350uV/V of supply mismatch, the inverting
bias current changes about 2.5uA/N of supply mismatch.

Power Dissipation

The worst case amplifier power dissipation is the total of
the quiescent current times the total power supply voltage
plus the power in the IC due to the load. The quiescent
supply current of the LT1228 transconductance amplifier
isequalto 3.5times the setcurrentatalltemperatures. The
quiescent supply current of the LT1228 current feedback
amplifier has a strong negative temperature coefficient
and at 150°C is less than 7mA, typically only 4.5mA. The
power in the IC due to the load is a function of the output
voltage, the supply voltage and load resistance. The worst
case occurs when the output voltage is at half supply, if it
can go thatfar, or its maximum value if it cannot reach half
supply.

For example, let’s calculate the worst case power dissipa-
tioninavariable gain video cable driver operating on £12V
supplies that delivers a maximum of 2V into 1502, The
maximum set current is 1mA.

Vi
Py = 2Vs (Ismax +3.5lser) + (Vs ~ Vomx) C;QTX

Py :2x12\.’x[I‘mA+(3.5x1mﬁ)]+(12\"_2v)%

=0.252 + 0.133 = 0.385W

Thetotal power dissipation times the thermal resistance of
the package gives the temperature rise of the die above
ambient. The above example in SO-8 surface mount
package (thermal resistance is 150°C/W) gives:

Temperature Rise = P,8,, = 0.385W x 150°C/W
=57.75°C

Therefore the maximum junction temperature is 70°C
+57.75°C or 127.75°C, well under the absolute maximum
junction temperature for plastic packages of 150°C.

TYPICAL APPLICATIONS

Basic Gain Gontrol

The basic gain controlled amplifier is shown on the front
page of the data sheet. The gain is directly proportional to
the set current. The signal passes through three stages
from the input to the output.

First the input signal is attenuated to match the dynamic
range of the transconductance amplifier. The attenuator
should reduce the signal down to less than 100mV peak.
The characteristic curves can be used to estimate how
much distortion there will be at maximum input signal. For
single ended inputs eliminate R2A or R3A.

The signal is then amplified by the transconductance
amplifier (gm) and referred to ground. The voltage gain of
the transconductance amplifier is:

Om x R1=10x Iggr x R1

Lastly the signal is buffered and amplified by the current
feedback amplifier (CFA). The voltage gain of the current
feedback amplifier is:

1+&

G
The overall gain of the gain controlled amplifier is the
product of all three stages:

R3 R
sz[m}xmxlsng1x(1+iJ

More than one output can be summed into R1 because the
output ofthe transconductance amplifier is a current. This
is the simplest way to make a video mixer.

14
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Video Fader

1k
Vi —AAA—g

L
000 < 1k
3

Vg = 5V

The video fader uses the transconductance amplifiers
from two LT1228s in the feedback loop of another current
feedback amplifier, the LT1223. The amount of signal
from each input at the output is set by the ratio of the
set currents of the two LT1228s, not by their absolute
value. The bandwidth of the current feedback amplifier
is inversely proportional to the set current in this
configuration. Therefore, the set currents remain high
over most of the pot’s range, keeping the bandwidth over
15MHz even when the signal is attenuated 20dB. The pot
is set up to completely turn off one LT1228 at each end of
the rotation.

Video DC Restore (Clamp) Circuit

NOT NECESSARY IF THE SOURCE RESISTANCE IS LESS THAN 50Q

LOGIC
INPUT

RESTORE

2N3906

LTz TATa

Thevideo restore (clamp) circuit restores the black level of
the composite video to zero volts at the beginning of every
line. This is necessary because AC coupled video changes
DC level as a function of the average brightness of the
picture. DC restoration also rejects low frequency noise
such as hum.

The circuit has two inputs: composite video and a logic
signal. The logic signal is high except during the back
porch time right after the horizontal sync pulse. While the
logicis high, the PNP is off and |ggt is zero. With Isgr equal
to zero the feedback to pin 2 has no affect. The video input
drives the noninverting input of the current feedback
amplifier whose gain is set by Rg and Rg. When the logic
signalis low, the PNP turns on and Iseygoes to about 1mA.
Then the transconductance amplifier charges the capaci-
torto force the output to match the voltage at pin 3, in this
case zero volts.

Thiscircuitcan be modified so that the videois DC coupled
by operating the amplifier in an inverting configuration.
Just ground the video input shown and connect Rg to the
video input instead of to ground.

LY LN
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Single Supply Wien Bridge Oscillator

1006
AAA
VWA

2N3906

v 6V TO 30V

10k

10k 0.1uF
510
Vo

AAA
VWA~

16002

+
10uF
T

1000pF
|1
A

f=1MHz

Vg = 64Bm (450mVgys)

2nd HARMONIC = -38dBc

3rd HARMONIC = -54 dBc

FOR 5V OPERATION SHORT OUT 1002 RESISTOR

In this application the LT1228 is biased for operation from
a single supply. An artificial signal ground at half supply
voltage is generated with two 10k resistors and bypassed
with a capacitor. A capacitor is used in series with Rg to set
the DC gain of the current feedback amplifier to unity.

The transconductance amplifier is used as a variable resis-
tor to control gain. A variable resistor is formed by driving
theinverting inputand connecting the output back toit. The
equivalent resistor value is the inverse of the gp. This
works with the 1.8k resistor to make a variable attenuator.
The 1MHz oscillation frequency is set by the Wien bridge
network made up of two 1000pF capacitors and two 160Q
resistors.

For clean sine wave oscillation, the circuit needs a net gain
of one around the loop. The current feedback amplifier has
a gain of 34 to keep the voltage at the transconductance
amplifier input low. The Wien bridge has an attenuation of

3 at resonance; therefore the attenuation of the 1.8k resis-
tor and the transconductance amplifier must be about 11,
resulting in a set current of about 600uA at oscillation. At
start-up there is no set current and therefore no attenuation
for a net gain of about 11 around the loop. As the output
oscillation builds up it turns on the PNP transistor which
generates the set current to regulate the output voltage.

12MHz Negative Resistance LC Oscillator

3302

S0k 0.1pF
b !

1
T

v

Vg = 1008

AT Vg = +5V ALL HARMONICS 40dB DOWN
AT Vg =212V ALL HARMONICS 50dB DOWN

This oscillator uses the transconductance amplifier as a
negative resistor to cause oscillation. A negative resistor
results when the positive input of the transconductance
amplifier is driven and the output is returned to it. In this
example avoltage divider is used to lower the signal level at
the positive input for less distortion. The negative resistor
will not DC bias correctly unless the output of the transcon-
ductance amplifier drives a very low resistance. Here it sees
an inductor to ground so the gain at DC is zero. The
oscillator needs negative resistance to start and that is
provided by the 4.3k resistor to pin 5. As the output level
rises it turns on the PNP transistor and in turn the NPN
which steals current from the transconductance amplifier
bias input.

16
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Filters

Single Pole Low/High/Allpass Filter

R3A

Viy
HIGHPASS

INPUT

<R?

10

ler  Rp+l B2

Sie T mX T R RZeRmh
= 1= 10% Isgr FOR THE VALUES SHOWN

Allpass Filter Phase Response

LTr228 - TATE

L]

=

ImA

£T CURRENT

A
&
7

L
=
&

PHASE SHIFT (DEGREES)
£

100uA SE[CURRENT\\

L
=
2

N\

10k 100k

M 10M

FREQUENCY (Hz)

Using the variable transconductance of the LT1228 to
make variable filters is easy and predictable. The most
straight forward way is to make an integrator by putting a
capacitor at the output of the transconductance amp and
buffering it with the current feedback amplifier. Because
the input bias current of the current feedback amplifier
must be supplied by the transconductance amplifier, the
setcurrentshould notbe operated below 10pA. This limits
the filters to about a 100:1 tuning range.

The Single Pole circuit realizes a single pole filter with a
corner frequency (fc) proportional to the set current. The

Lrizzs- Tar

values shown give a 100kHz corner frequency for 100pA
set current. The circuit has two inputs, a lowpass filter
input and a highpass filter input. To make a lowpass filter,
ground the highpass input and drive the lowpass input.
Conversely for a highpass filter, ground the lowpass input
and drive the highpass input. If both inputs are driven, the
result is an allpass filter or phase shifter. The allpass has
flat amplitude response and 0° phase shift at low frequen-
cies, going to—180° at high frequencies. The allpass filter
has —90° phase shift at the corner frequency.

LY LN

17

125



LT1228

TYPICAL APPLICATIONS

Voltage Controlled State Variable Filter

Ve 2N3906

BANDPASS
= qutpuT

LOWPASS
OUTPUT

fo = 100kHz AT Vg = OV
o = 200kHz AT Vg = 1V
fo = 400KHz AT Vg = 2V
o = B00KHz AT Vg = 3V
fg = 1.6MHz AT Vg = 4V

The state variable filter has both lowpass and bandpass
outputs. Each LT1228 is configured as a variable integra-
tor whose frequency is set by the attenuators, the capaci-
tors and the set current. Because the integrators have both
positive and negative inputs, the additional op amp nor-
mally required is not needed. The input attenuators set the
circuit up to handle 3Vp_p signals.

The set current is generated with a simple circuit that gives
logarithmic voltage to current control. The two PNP tran-
sistors should be a matched pair in the same package for

best accuracy. If discrete transistors are used, the 51k
resistor should be trimmed to give proper frequency
response with V¢ equal zero. The circuit generates 100pA
for Vi equal zero volts and doubles the current for every
additional volt. The two 3k resistors divide the current
between the two LT1228s. Therefore the set current of
each amplifier goes from 50pA to 800uA for a control
voltage of 0V to 4V. The resulting filter is at 100kHz for V¢
equal zero, and changes it one octave/V of control input.

18
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RF AGC Amplifier (Leveling Loop)
15V

RFINPUT 10k

0.68Vpys 101.3Vs
25MHz
oUTPUT
Npp
<
24700 “Zo00nF
3 10k
q:10k )
0.01pF N
(|} A PR
L W Je
18v ; :
ok 100k . : -
T
A8 AMPLITUDE e
L1008 ADJUST N4148's
+ COUPLE THERMALLY LT1004

I12V

=15V 3 L1228 - TA2D

Inverting Amplifier with DC Output Less Than 5mV

+
v,

RS

Vg = +5V, R5 = 3.6k

Vg = £15V, R5 = 13.6k

Vpyr MUST BE LESS THAN

200mVp_p FOR LOW OUTPUT QFFSET Vi

= ||
BIY = 30Hz T0 20MHz meLuts o E——

Amplitude Modulator

Vout
p— 0dBm(230mV) AT

CARRIER MODULATION = QV

wpuT ()
30mv

MODULATION )
INPUT < 8¥p_p = crizzn Taze

Information furnished by Linear Technology Corporation is believed to be accurate and reliable
‘ ’ Llnw Hoviever, no responsibility is assumed for its use. Linear Technology Corporation makes no represen- 1
TECHNOLOGY tation that their ion of its circuits i inwill notinfringe on existing patent rights.
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60 MHz, 2000 V/ps,

Monolithic Op Amp with Quad Low Noise

AD844

FEATURES

Wide bandwidth
60 MHz at gain of -1
33 MHz at gain of -10
Slew rate: 2000 V/ps
20 MHz full power bandwidth, 20 V p-p, R.=500Q
Fast settling: 100 ns to 0.1% (10 V step)
Differential gain error: 0.03% at 4.4 MHz
Differential phase error: 0.16° at 4.4 MHz
Low offset voltage: 150 pV maximum (B Grade)
Low quiescent current: 6.5 mA
Available in tape and reel in accordance with
EIA-481-A standard

APPLICATIONS

Flash ADC input amplifiers

High speed current DAC interfaces
Video buffers and cable drivers
Pulse amplifiers

GENERAL DESCRIPTION

The AD844 is a high speed monolithic operational amplifier
fabricated using the Analog Devices, Inc., junction isolated
complementary bipolar (CB) process. It combines high band-
width and very fast large signal response with excellent dc
performance. Although optimized for use in current-to-voltage
applications and as an inverting mode amplifier, it is also suitable
for use in many noninverting applications.

The AD844 can be used in place of traditional op amps, but its
current feedback architecture results in much better ac perfor-
mance, high linearity, and an exceptionally clean pulse response.

This type of op amp provides a closed-loop bandwidth that is
determined primarily by the feedback resistor and is almost
independent of the closed-loop gain. The AD844 is free from
the slew rate limitations inherent in traditional op amps and
other current-feedback op amps. Peak output rate of change can
be over 2000 V/us for a full 20 V output step. Settling time is
typically 100 ns to 0.1%, and essentially independent of gain.
The AD844 can drive 50 (2 loads to +2.5 V with low distortion
and is short-circuit protected to 80 mA.

The AD844 is available in four performance grades and three

package options. In the 16-lead SOIC (RW) package, the AD844]
is specified for the commercial temperature range of 0°C to 70°C.
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FUNCTIONAL BLOCK DIAGRAMS

NULL [T]* AD844 [s]NuLL
-IN 2] [7]+vs
+IN I‘].} [¢]ouTpPuT
-vs [} [5]1z

TOP VIEW
(Not to Scale)

Figure 1.8-Lead PDIP (N) and 8-Lead CERDIP (Q) Packages
Ne [} [16] NC

OFFSETNULL [ [15] OFFSETNULL

-IN [3] [1a] v+
Ne [1] H>_L [3] Ne
+IN 5] ([12] ouTPUT
Ne [} AD844 [11] 1z

V-l vopview [ NC
NC [2]|(Not to Scale)f[ 3] NC

NC = NO CONNECT
Figure 2. 16-Lead SOIC (R) Package

0a7001

wasr-m2

The AD844A and AD844B are specified for the industrial
temperature range of —40°C to +85°C and are available in the
CERDIP (Q) package. The AD844A is also available in an 8-lead
PDIP (N). The AD844S is specified over the military temperature
range of —55°C to +125°C. It is available in the 8-lead CERDIP
(Q) package. A and S grade chips and devices processed to
MIL-STD-883B, Rev. C are also available.

PRODUCT HIGHLIGHTS

1. The AD844 is a versatile, low cost component providing an
excellent combination of ac and dc performance.

2. Itis essentially free from slew rate limitations. Rise and fall
times are essentially independent of output level.

3. The AD844 can be operated from +4.5 V to 18 V power
supplies and is capable of driving loads down to 50 ©, as
well as driving very large capacitive loads using an external
network.

4. The offset voltage and input bias currents of the AD844 are
laser trimmed to minimize dc errors; Vos drift is typically 1
uV/°C and bias current drift is typically 9 nA/°C.

5. The AD844 exhibits excellent differential gain and
differential phase characteristics, making it suitable for a
variety of video applications with bandwidths up to 60 MHz.

6. The AD844 combines low distortion, low noise, and low
drift with wide bandwidth, making it outstanding as an
input amplifier for flash analog-to-digital converters (ADCs).

One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106, U.S.A.
Tel:781.329.4700  ©1989-2017 Analog Devices, Inc. All rights reserved.
Technical Support www.analog.com
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AD844
SPECIFICATIONS
Ta=25°Cand Vs = £15 V dc, unless otherwise noted.
Table 1.
AD844J/AD844A AD844B AD844s
Parameter Conditions Min  Typ Max | Min Typ Max | Min Typ Max | Unit
INPUT OFFSET VOLTAGE' 50 300 50 150 50 300 | pv
T to Twax 75 500 75 200 125 500 Hv
vs. Temperature 1 1 5 1 5 uv/rC
vs. Supply 5Vto 18V
Initial 4 20 4 10 4 20 WwnN
Twm to Tiax 4 4 10 4 20 HVNV
vs. Common Mode Vam=+£10V
Initial 10 35 10 20 10 35 WV
Twin to Tmax 10 10 20 10 35 WV
INPUT BIAS CURRENT
Negative Input Bias Current’ 200 450 150 250 200 450 nA
Twn t0 Thax 800 1500 750 1100 1900 2500 | nA
vs. Temperature 9 9 15 20 30 nA/C
vs. Supply 5Vto 18V
Initial 175 250 175 200 175 250 nAN
Twin 10 Tmax 220 220 240 220 300 nAN
vs. Common Mode Vam=+£10V
Initial 90 160 90 110 90 160 nAN
Thm to Tmax 110 110 150 120 200 nAN
Positive Input Bias Current’ 150 400 100 200 100 400 nA
T to Tmax 350 700 300 500 800 1300 | nA
vs. Temperature 3 3 7 7 15 nA/°C
vs. Supply 5Vto 18V
Initial 80 150 80 100 80 150 nAN
T to Tmax 100 100 120 120 200 nAN
vs. Common Mode Vam=£10V
Initial 90 150 90 120 90 150 nAN
Thn 10 Tiax 130 130 190 140 200 | nAV
INPUT CHARACTERISTICS
Input Resistance
Negative Input 50 65 50 65 50 65 Q
Positive Input 7 10 7 10 7 10 MQ
Input Capacitance
Negative Input 2 2 2 pF
Positive Input 2 2 2 pF
Input Common-Mode Voltage +10 +10 +10 v
Range
INPUT VOLTAGE NOISE f=1kHz 2 2 2 nV/VHz
INPUT CURRENT NOISE
Negative Input f>1kHz 10 10 10 pV/VHz
Positive Input f>1kHz 12 12 12 pV/VHz
OPEN-LOOP TRANSRESISTANCE Vour=+10V
R.=5000Q 22 3.0 28 3.0 22 3.0 MQ
Twn t0 Tiax 13 2.0 16 2.0 13 1.6 MQ
Transcapacitance 4.5 4.5 4.5 pF
DIFFERENTIAL GAIN ERROR? f=4.4 MHz 0.03 0.03 0.03 %
DIFFERENTIAL PHASE ERROR? f=4.4 MHz 0.16 0.16 0.16 Degree
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AD844J/AD844A AD844B AD844s
Parameter Conditions Min Typ Max | Min Typ Max | Min Typ Max | Unit
FREQUENCY RESPONSE
Small Signal Bandwidth**
Gain =-1 60 60 60 MHz
Gain =-10 33 33 33 MHz
TOTAL HARMONIC DISTORTION f=100 kHz, 0.005 0.005 0.005 %
2V rms®
SETTLING TIME
10V Output Step +15V supplies
Gain =-1,t0 0.1%° 100 100 100 ns
Gain =-10,100.1%° 100 100 100 ns
2V Output Step +5V supplies
Gain =-1,t0 0.1%° 110 110 110 ns
Gain =-10,t0 0.1%° 100 100 100 ns
OUTPUT SLEW RATE Overdriven 1200 2000 1200 2000 1200 2000 V/ius
input
FULL POWER BANDWIDTH THD =3%
Vour=20V p-p° Vs=+15V 20 20 20 MHz
Vour= 2V p-p° Vs=+5V 20 20 20 MHz
OUTPUT CHARACTERISTICS
Voltage R.=5000Q +10 +11 +10 +11 +10 +11 A
Short-Circuit Current 80 80 80 mA
Twin to T max 60 60 60 mA
Output Resistance Open loop 15 15 15 Q
POWER SUPPLY
Operating Range +4.5 +18 | +45 +18 | 45 +18 |V
Quiescent Current 6.5 7.5 6.5 7.5 6.5 75 mA
Than 10 Tmax 7.5 8.5 75 8.5 7.5 8.5 mA

' Rated performance after a 5 minute warm-up at Ta = 25°C.
?Input signal 285 mV p-p carrier (40 IRE) riding on 0 mV to 642 mV (90 IRE) ramp. R. = 100 Q;R1,R2=300 Q.
3 For gain =—1, input signal = 0 dBm, C. =10 pF, R. = 500 O, R1 =500 Q, and R2 = 500 Q in Figure 29.

*For gai

*C.=10pF, R =5000Q, R1=1k0,R2=1kQ in Figure 29.
¢C =10pF, R =5000Q, R1=5000Q, R2 =50 Qin Figure 29.
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ABSOLUTE MAXIMUM RATINGS

Table 2.
Parameter Ratings
Supply Voltage +18V
Power Dissipation’ 11w
Output Short-Circuit Duration Indefinite
Input Common-Mode Voltage +Vs
Differential Input Voltage 6V
Inverting Input Current
Continuous 5mA
Transient 10 mA
Storage Temperature Range (Q) —65°Cto +150°C
Storage Temperature Range (N, RW) —65°Cto +125°C
Lead Temperature (Soldering, 60 sec) 300°C
ESD Rating 1000V

' 28-lead PDIP package: 6 = 90°C/W.

8-lead CERDIP package: 61 = 110°C/W.

16-lead SOIC package: 6:x = 100°C/W.
Stresses at or above those listed under Absolute Maximum
Ratings may cause permanent damage to the product. This is a
stress rating only; functional operation of the product at these
or any other conditions above those indicated in the operational
section of this specification is not implied. Operation beyond
the maximum operating conditions for extended periods may
affect product reliability.

METALLIZATION PHOTOGRAPH
Contact factory for latest dimensions.

Dimensions shown in inches and (millimeters).
-IN NULL NULL +Vg

SUBSTRATE CONNECTED TO +Vg

00857003

Figure 3. Die Photograph

ESD CAUTION
ESD (electrostatic discharge) sensitive device.
Charged devices and circuit boards can discharge
A without detection. Although this product features

patented or proprietary protection circuitry, damage

‘z \ may occur on devices subjected to high energy ESD.

Therefore, proper ESD precautions should be taken to
avoid performance degradation or loss of functionality.
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TYPICAL PERFORMANCE CHARACTERISTICS

Ta=25°C and Vs = £15 V, unless otherwise noted.

n 20
Ta=25°C
= 6 15
H s /
E P ¢ N
E] 510
@ 2 /
$ 40 5 /
A
k) 0
0 5 10 15 F 0 5 10 15 20 %
SUPPLY VOLTAGE (V) § SUPPLY VOLTAGE (+V) H
Figure 4. -3 dB Bandwidth vs. Supply Voltage, R1 = R2 = 5000 Figure 7. Noninverting Input Voltage Swing vs. Supply Voltage
2
v R, = 5000
Ta=25C
-0
g 15 Z
z % s L
2 8
& _g9 <
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a8 >
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A E
110 y zafl 5
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-120 ot
11
i L~T"| THIRD HARMONIC o
100 1k 10k 100k 3 0 5 10 15 20 %
INPUT FREQUENCY (Hz) H SUPPLY VOLTAGE (sV) H
Figure 5. Harmonic Distortion vs. Input Frequency, R1 =R2 = 1kQ Figure 8. Output Voltage Swing vs. Supply Voltage
5 T 10
R =
. /’_T/ )
. = / -
g / T R.=5000 E o
g 3 e L =
b4 y o —T
< 4 — r
2 / - 3 7 T _1—
g 2 S Ve - ;15)/‘ //
3 3 i /Q/
[ i Ry =500 > Vg = 45V
5
//_/
o —1 4
-50 ) 50 100 150 % 60 -4 -20 0 20 40 60 80 100 120 140 3
TEMPERATURE (°C) H TEMPERATURE (-°C) H
Figure 6. Transresistance vs. Temperature Figure 9. Quiescent Supply Current vs. Temperature and Supply Voltage
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’ : | |
35 Vg =15V
g1 5 ~~
= lsp £
g — £
g =}
5 0 B Vg =a5V
g I —
[t -
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2 T~ g
z ~ T
{ 15
2 x5 10 3
-50 [ 50 100 150 2 60 40 -0 0 20 40 6 80 100 120 140 g
TEMPERATURE (°C) g TEMPERATURE (-°C) ]
Figure 10. Inverting Input Bias Current (I:x) and Noninverting Input Bias Figure 12. -3 dB Bandwidth vs. Temperature, Gain = -1, R1 =R2=1 kQ

Current (Iss) vs. Temperature

OUTPUT IMPEDANCE (Q)

e
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FREQUENCY (Hz)
Figure 11. Output Impedancevs. Frequency, Gain =1, R1=R2=1kQ
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INVERTING GAIN-OF-1 AC CHARACTERISTICS

O +Vg E .y
02 3470 :
PSS IO ISR FUUUUS INUUNS SO NV IR I
L
OUTPUT \\ I/
Co \\
(S, SR Se) I S P e e e e
2 E ©
2 e
50 § E e i
Figure 13. Inverting Amplifier, Gain of -1 (R1=R2) Figure 16. Large Signal Pulse Response, Gain=—1, RT =R2=1 kQ
6 T
[Tl Y
R1=R2 = 5000 | 7] 3
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= 6 it N{ I
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z
3 -12
_18 S o e S ) i i i
E 20ns £
f g
oo ™ 10M 100M 2 ) . )
FREQUENCY (H2) H Figure 17. SmallSignal Pulse Response, Gain = -1, R1 =R2 =1 kQ

Figure 14. Gain vs. Frequency for Gain = —1,R. = 500 (, C, = 0pF
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Figure 15. Phase vs. Frequency for Gain = -1, R. = 500 0, C, = 0 pF
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INVERTING GAIN-OF-10 AC CHARACTERISTICS
0 Vg
a70

Figure 18. Gain of —10 Amplifier
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Figure 19.Gain vs. Frequency, Gain = -10
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Figure 20. Phase vs. Frequency, Gain =-10
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INVERTING GAIN-OF-10 PULSE RESPONSE

A"
[{ERPRS CRTTSS FRRRRE CEREER SRR SRRRS SRS AEDTNS ARRERS REPES ERR s [EAREE RTERS FRRRES SRRU) SRR SRS FERES R
L N L .
| e | 2
Figure 21. Large Signal Pulse Response, Gain =10, R. = 5000 Figure 22. Small Signal Pulse Response, Gain = -10, R. = 500
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NONINVERTING GAIN-OF-10 AC CHARACTERISTICS
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Figure 23. Noninverting Gain of +10 Amplifier Figure 26. Noninverting Amplifier Large Signal Pulse Response, Gain = +10,
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Figure 24. Gain vs. Frequency, Gain = +10 Figure 27. Small Signal Pulse Response, Gain = +10, R.= 50002
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Figure 25. Phase vs. Frequency, Gain = +10
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UNDERSTANDING THE AD844

The AD844 can be used in ways similar to a conventional op
amp while providing performance advantages in wideband
applications. However, there are important differences in the
internal structure that need to be understood to optimize the
performance of the AD844 op amp.

OPEN-LOOP BEHAVIOR

Figure 28 shows a current feedback amplifier reduced to essen-
tials. Sources of fixed dc errors, such as the inverting node bias
current and the offset voltage, are excluded from this model.
The most important parameter limiting the dc gain is the
transresistance, Ry, which is ideally infinite. A finite value of R
is analogous to the finite open-loop voltage gain in a conventional
op amp.

The current applied to the inverting input node is replicated by
the current conveyor to flow in Resistor R.. The voltage developed
across R is buffered by the unity gain voltage follower. Voltage
gain is the ratio R/Ru. With typical values of Ri = 3 MQ and
Rux = 50 Q, the voltage gain is about 60,000. The open-loop
current gain, another measure of gain that is determined by the
beta product of the transistors in the voltage follower stage (see
Figure 31), is typically 40,000.

r Cy

I

wy| ®  iw

Rin hn
& .

08s7-28

Figure 28. Equivalent Schematic

The important parameters defining ac behavior are the
transcapacitance, Cy, and the external feedback resistor (not
shown). The time constant formed by these components is
analogous to the dominant pole of a conventional op amp and
thus cannot be reduced below a critical value if the closed-loop
system is to be stable. In practice, Ci is held to as low a value as
possible (typically 4.5 pF) so that the feedback resistor can be
maximized while maintaining a fast response. The finite Rev
also affects the closed-loop response in some applications.

The open-loop ac gain is also best understood in terms of the
transimpedance rather than as an open-loop voltage gain. The
open-loop pole is formed by R: in parallel with Ci. Because Ciis
typically 4.5 pE, the open-loop corner frequency occurs at about
12 kHz. However, this parameter is of little value in determining
the closed-loop response.

RESPONSE AS AN INVERTING AMPLIFIER

Figure 29 shows the connections for an inverting amplifier.
Unlike a conventional amplifier, the transient response and the
small signal bandwidth are determined primarily by the value of
the external feedback resistor, R1, rather than by the ratio of
R1/R2 as is customarily the case in an op amp application. This
is a direct result of the low impedance at the inverting input. As
with conventional op amps, the closed-loop gain is —R1/R2.

The closed-loop transresistance is the parallel sum of R1 and R..
Because R1 is generally in the range of 500 Q to 2 kQ and R: is
about 3 MQ, the closed-loop transresistance is only 0.02% to
0.07% lower than R1. This small error is often less than the
resistor tolerance.

When R1 is fairly large (above 5 kQ) but still much less than R,
the closed-loop HF response is dominated by the time constant
R1 Ci. Under such conditions, the AD844 is overdamped and
provides only a fraction of its bandwidth potential. Because of
the absence of slew rate limitations under these conditions, the
circuit exhibits a simple single-pole response even under large
signal conditions.

In Figure 29, R3 is used to properly terminate the input if desired.
R3 in parallel with R2 gives the terminated resistance. As R1 is
lowered, the signal bandwidth increases, but the time constant
R1 Ci becomes comparable to higher order poles in the closed-
loop response. Therefore, the closed-loop response becomes
complex, and the pulse response shows overshoot. When R2

is much larger than the input resistance, Ruy, at Pin 2, most of
the feedback current in R1 is delivered to this input, but as R2
becomes comparable to Ruy, less of the feedback is absorbed at
Pin 2, resulting in a more heavily damped response. Consequently,
for low values of R2, it is possible to lower R1 without causing
instability in the closed-loop response. Table 3 lists combinations
of R1 and R2 and the resulting frequency response for the circuit
of Figure 29. Figure 16 shows the very clean and fast +10 V
pulse response of the AD844.

R1
R2
i AD844 =g
our
OPTIONAL *

Re =C
§
1 f

Figure 29. Inverting Amplifier
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Table 3. Gain vs. Bandwidth

Gain R1 R2 BW (MHz) GBW (MHz)
-1 1kQ 1kQ 35 35
-1 5000 5000 60 60
-2 2kQ 1kQ 15 30
-2 1kQ 5000 30 60
-5 5kQ 1kQ 5.2 26
-5 5000 100Q 49 245
-10 1kQ 100Q 23 230
-10 5000 500 33 330
-20 1kQ 500 21 420
-100 5kQ 500 3.2 320

RESPONSE AS AN I-V CONVERTER

The AD844 works well as the active element in an operational
current-to-voltage converter, used in conjunction with an
external scaling resistor, R1, in Figure 30. This analysis includes
the stray capacitance, Cs, of the current source, which may be a
high speed DAC. Using a conventional op amp, this capacitance
forms a nuisance pole with R1 that destabilizes the closed-loop
response of the system. Most op amps are internally compensated
for the fastest response at unity gain, so the pole due to R1 and
Cs reduces the already narrow phase margin of the system. For
example, if R1 is 2.5 k€2, a Cs of 15 pF places this pole ata
frequency of about 4 MHz, well within the response range of even
a medium speed operational amplifier. In a current feedback amp,
this nuisance pole is no longer determined by R1 but by the
input resistance, Rix. Because this is about 50 (2 for the AD844,
the same 15 pF forms a pole at 212 MHz and causes little
trouble. It can be shown that the response of this system is:

¥ i KRI1
our =% [s 1 +55,)

where:

K is a factor very close to unity and represents the finite dc gain
of the amplifier.

Td is the dominant pole.

Tn is the nuisance pole.

K= L
R,+RI
Td=KR1G
Tn = RinCs (assuming R << R1)
Using typical values of R1 = 1 kQ and R = 3 MQ, K = 0.9997; in
other words, the gain error is only 0.03%. This is much less than

the scaling error of virtually all DACs and can be absorbed, if
necessary, by the trim needed in a precise system.

In the AD844, Ry s fairly stable with temperature and supply
voltages, and consequently the effect of finite gain is negligible
unless high value feedback resistors are used. Because that
results in slower response times than are possible, the relatively
low value of Ry in the AD844 is rarely a significant source of error.

Figure 30. Current-to-Voltage Converter

CIRCUIT DESCRIPTION OF THE AD844

A simplified schematic is shown in Figure 31. The AD844 differs
from a conventional op amp in that the signal inputs have
radically different impedance. The noninverting input (Pin 3)
presents the usual high impedance. The voltage on this input is
transferred to the inverting input (Pin 2) with a low offset voltage,
ensured by the dose matching of like polarity transistors operating
under essentially identical bias conditions. Laser trimming nulls
the residual offset voltage, down to a few tens of microvolts. The
inverting input is the common emitter node of a complementary
pair of grounded base stages and behaves as a current summing
node. In an ideal current feedback op amp, the input resistance
is zero. In the AD844, it is about 50 Q.

A current applied to the inverting input is transferred to a
complementary pair of unity-gain current mirrors that deliver
the same current to an internal node (Pin 5) at which the full
output voltage is generated. The unity-gain complementary
voltage follower then buffers this voltage and provides the load
driving power. This buffer is designed to drive low impedance
loads, such as terminated cables, and can deliver +50 mA into a
50 Q load while maintaining low distortion, even when operating
at supply voltages of only +6 V. Current limiting (not shown)
ensures safe operation under short-circuited conditions.

v
p—{©] output
]
{g-v §

Figure 31. Simplified Schematic
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It is important to understand that the low input impedance at
the inverting input is locally generated and does not depend on
feedback. This is very different from the virtual ground of a
conventional operational amplifier used in the current summing
mode, which is essentially an open circuit until the loop settles.
In the AD844, transient current at the input does not cause
voltage spikes at the summing node while the amplifier is
settling. Furthermore, all of the transient current is delivered
to the slewing (TZ) node (Pin 5) via a short signal path (the
grounded base stages and the wideband current mirrors).

The current available to charge the capacitance (about 4.5 pF) at
the TZ node is always proportional to the input error current,
and the slew rate limitations associated with the large signal
response of the op amps do not occur. For this reason, the rise
and fall times are almost independent of signal level. In practice,
the input current eventually causes the mirrors to saturate.
When using +15 V supplies, this occurs at about 10 mA (or
+2200 V/ps). Because signal currents are rarely this large,
classical slew rate limitations are absent.

This inherent advantage is lost if the voltage follower used to
buffer the output has slew rate limitations. The AD844 is
designed to avoid this problem, and as a result, the output
buffer exhibits a clean large signal transient response, free from
anomalous effects arising from internal saturation.

RESPONSE AS A NONINVERTING AMPLIFIER

Because current feedback amplifiers are asymmetrical with
regard to their two inputs, performance differs markedly in
noninverting and inverting modes. In noninverting modes, the
large signal high speed behavior of the AD844 deteriorates at
low gains because the biasing circuitry for the input system (not
shown in Figure 31) is not designed to provide high input
voltage slew rates.

However, good results can be obtained with some care. The
noninverting input does not tolerate a large transient input; it
must be kept below +1 V for best results. Consequently, this
mode is better suited to high gain applications (greater than
x10). Figure 23 shows a noninverting amplifier with a gain of 10
and a bandwidth of 30 MHz. The transient response is shown in
Figure 26 and Figure 27. To increase the bandwidth at higher
gains, a capacitor can be added across R2 whose value is
approximately (R1/R2) x C.

NONINVERTING GAIN OF 100

The AD844 provides very clean pulse response at high
noninverting gains. Figure 32 shows a typical configuration
providing a gain of 100 with high input resistance. The feedback
resistor is kept as low as practicable to maximize bandwidth,
and a peaking capacitor (Crx) can optionally be added to
further extend the bandwidth. Figure 33 shows the small signal
response with Cex = 3 nE Ru = 500 €2, and supply voltages of
either +5 V or +15 V. Gain bandwidth products of up to

900 MHz can be achieved in this way.

The offset voltage of the AD844 is laser trimmed to the 50 uV/
level and exhibits very low drift. In practice, there is an
additional offset term due to the bias current at the inverting
input (Isv), which flows in the feedback resistor (R1). This can
optionally be nulled by the trimming potentiometer shown in
Figure 32.

Wy

_Vs
Figure 32. Noninverting Amplifier Gain = 100, Optional Offset Trim Is Shown
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Figure 33. AC Response for Gain = 100, Configuration Shown in Figure 32
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USING THE AD844

BOARD LAYOUT

As with all high frequency circuits considerable care must be
used in the layout of the components surrounding the AD844.
A ground plane, to which the power supply decoupling capaci-
tors are connected by the shortest possible leads, is essential to
achieving clean pulse response. Even a continuous ground plane
exhibits finite voltage drops between points on the plane, and
this must be kept in mind when selecting the grounding points.
In general, decoupling capacitors should be taken to a point
close to the load (or output connector) because the load
currents flow in these capacitors at high frequencies. The +IN
and —IN circuits (for example, a termination resistor and Pin 3)
must be taken to a common point on the ground plane close to
the amplifier package.

Use low impedance 0.22 pF capacitors (AVX SR305C224KAA
or equivalent) wherever ac coupling is required. Include either
ferrite beads and/or a small series resistance (approximately
47 Q) in each supply line.

INPUT IMPEDANCE

At low frequencies, negative feedback keeps the resistance at the
inverting input close to zero. As the frequency increases, the
impedance looking into this input increases from near zero to
the open-loop input resistance, due to bandwidth limitations,
making the input seem inductive. If it is desired to keep the
input impedance flatter, a series RC network can be inserted
across the input. The resistor is chosen so that the parallel sum
of it and R2 equals the desired termination resistance. The capacit-
ance is set so that the pole determined by this RC network is
about half the bandwidth of the op amp. This network is not
important if the input resistor is much larger than the termination
used, or if frequencies are relatively low. In some cases, the
small peaking that occurs without the network can be of use in
extending the -3 dB bandwidth.

DRIVING LARGE CAPACITIVE LOADS

Capacitive drive capability is 100 pF without an external net-
work. With the addition of the network shown in Figure 34,
the capacitive drive can be extended to over 10,000 pE limited
by internal power dissipation. With capacitive loads, the output
speed becomes a function of the overdriven output current limit.
Because this is roughly +100 mA, under these conditions, the
maximum slew rate into a 1000 pF load is 100 V/us. Figure 35
shows the transient response of an inverting amplifier (R1 =
R2 = 1 kQ) using the feedforward network shown in Figure 34,
driving a load of 1000 pE.

TR DREEY JERRY MRS SEETS) JTUNE) WS NRuen) peren) I
L

t 500ns

00897-035

Figure 35. Driving 1000 pF C. with Feedforward Network of Figure 34

SETTLING TIME

Settling time is measured with the circuit of Figure 36. This
circuit employs a false summing node, clamped by the two
Schottky diodes, to create the error signal and limit the input
signal to the oscilloscope. For measuring settling time, the ratio
of R6/R5 is equal to R1/R2. For unity gain, R6 = R5 = 1 k2, and
Re = 500 Q. For the gain of ~10, R5 = 50 02, R6 = 500 2, and R:
was not used because the summing network loads the output
with approximately 275 . Using this network in a unity-gain
configuration, settling time is 100 nsto 0.1% fora-5Vto +5V
step with C. = 10 pE

0 SCOPE
|” (TEK 7A11 FET PROBE)
RS R6
D1 D2
R1
Vin O
2 AD844 b—> Vour
A
4 R, =C

i

00897036

NOTES
1.D1, D2 IN6263 OR EQUIVALENT SCHOTTKY DIODE.
Figure 36. Settling Time Test Fixture
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DCERROR CALCULATION

Figure 37 shows a model of the dc error and noise sources for
the AD844. The inverting input bias current, Isy, flows in the
feedback resistor. Isr, the noninverting input bias current, flows
in the resistance at Pin 3 (Re), and the resulting voltage (plus
any offset voltage) appears at the inverting input. The total
error, Vo, at the output is:

Vo =(IgpRp + Vs + IBNR,N{l +%) +1 4RI

Because Isvand I are unrelated both in sign and magnitude,

inserting a resistor in series with the noninverting input does

not necessarily reduce dc error and may actually increase it.
R1

Vi
R_ley-
47 &
.MI
e
Rp

0089707

Figure 37. Offset Voltage and Noise Model for the AD844
NOISE

Noise sources can be modeled in a manner similar to the dc bias
currents, but the noise sources are Inx, Ine, V, and the amplifier
induced noise at the output, Vo, is:

oY, LRIy
Vox =J((INP RP)Z*'V.\"{]“‘E) +(].\'.\' Rl)z

Overall noise can be reduced by keeping all resistor values to a
minimum. With typical numbers, R1 =R2 = 1 kQ2, Re =0 0,
Vi =2 nV/VHz, Inp = 10 pA/VHz, I = 12 pA/NHz, and Vox
calculates to 12 nV/VHz. The current noise is dominant in this
case, because it is in most low gain applications.

VIDEO CABLE DRIVER USING +5 V SUPPLIES

The AD844 can be used to drive low impedance cables. Using
+5 V supplies, a 100 Q2 load can be driven to +2.5 V with low
distortion. Figure 38 shows an illustrative application that
provides a noninverting gain of +2, allowing the cable to be
reverse-terminated while delivering an overall gain of +1 to the
load. The -3 dB bandwidth of this circuit is typically 30 MHz.
Figure 39 shows a differential gain and phase test setup. In video
applications, differential-phase and differential-gain characteris-
tics are often important. Figure 40 shows the variation in phase as
the load voltage varies. Figure 41 shows the gain variation.
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Figure 39. Differential Gain/Phase Test Setup

IRE = 7.14mV
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Figure 40. Differential Phase for the Circuit of Figure 38
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Figure 41. Differential Gain for the Circuit of Figure 38
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Figure 42. High Speed DAC Amplifier

HIGH SPEED DAC BUFFER

The AD844 performs very well in applications requiring current-
to-voltage conversion. Figure 42 shows connections for use with
the AD568 current output DAC. In this application, the bipolar
offset is used so that the full-scale current is +5.12 mA, which
generates an output of +5.12 V using the 1 kQ application resistor

on the AD568. Figure 43 shows the full-scale transient response.

Care is needed in power supply decoupling and grounding
techniques to achieve the full 12-bit accuracy and realize the
fast settling capabilities of the system. The AD568 data sheet
should be consulted for more complete details about its use.

Y

50ns
I

00857043

Figure 43. DAC Amplifier Full-Scale Transient Response

20 MHZ VARIABLE GAIN AMPLIFIER
The AD844 is an excellent choice as an output amplifier for the
AD539 multiplier, in all of its connection modes. (See the
ADS539 data sheet for full details.) Figure 44 shows a simple
multiplier providing the output:

VXVY

G o

Vi =

where Vyis the gain control input, a positive voltage from 0 V
to 3.2 V (maximum), and Vv is the signal voltage, nominally
+2 V full scale but capable of operation up to 4.2 V.

The peak output in this configuration is thus +6.7 V. Using all
four of the internal application resistors provided on the AD539
in parallel results in a feedback resistance of 1.5 k(), at which
value the bandwidth of the AD844 is about 22 MHz, and is
essentially independent of Vx. The gain at Vx = 3.16 V is 4 dB.

0#Vs
wo w] D
0.22yF = 0.224F
INPUTS " )
i
wtow o1 ‘_3‘—1
—z| Per
,va's 3 [} 2
4| ADS533 [u ADS844
3nF TOP VIEW [— OUTPUT
5| (Not to Scale) 12} 14— Vi
6 1" = VoV,
weur T = L o.zzt; e
G = | ol D 100
0.22F I oV -6V
T 100 AT 150A

“Vy AND Vy INPUTS MAY OPTIONALLY BE TERMINATED;
TYPICALLY BY USING A 50Q OR 750 RESISTOR TO GROUND.

Figure 44. 20 MHz VGA Using the AD539
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Figure 45 shows the small signal response for a 50 dB gain control
range (Vx =10 mV to 3.16 V). At small values of Vx, capacitive
feedthrough on the PC board becomes troublesome and very
careful layout techniques are needed to minimize this problem.
A ground strip between the pins of the AD539 is helpful in this
regard. Figure 46 shows the response to a 2 V pulse on Vy for
Vx=1V,2V,and 3 V. For these results, a load resistor of 500
was used and the supplies were +9 V. The multiplier operates
from supplies between +4.5 Vand +16.5 V.

Disconnecting Pin 9 and Pin 16 on the AD539 alters the
denominator in Equation 1 to 1V, and the bandwidth is
approximately 10 MHz, with a maximum gain of 10 dB.
Using only Pin 9 or Pin 16 results in a denominator of 0.5V,
a bandwidth of 5 MHz, and a maximum gain of 16 dB.

GAIN (dB)
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OUTLINE DIMENSIONS
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REFERENCE ONLY AND ARE NOT APPROPRIATE FOR USE IN DESIGN.
CORNER LEADS MAY BE CONFIGURED AS WHOLE OR HALF LEADS.

Figure 47.8-Lead Plastic Dual-in-Line Package [PDIP]
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Figure 48. 8-Lead Ceramic Dual In-Line Package [CERDIP]
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Figure 49. 16-Lead Standard Small Outline Package [SOIC_W]
Wide Body
(RW-16)
Dimensions shown in millimeters and (inches)
ORDERING GUIDE
Model Temperature Range Package Description Package Option
AD844AN —40°C to +85°C 8-Lead Plastic Dual In-Line Package [PDIP] N-8
AD844ANZ' —40°C to +85°C 8-Lead Plastic Dual In-Line Package [PDIP] N-8
AD844ACHIPS —40°C to +85°C Die
AD844AQ —40°C to +85°C 8-Lead Ceramic Dual In-Line Package [CERDIP] Q-8
AD844BQ —40°C to +85°C 8-Lead Ceramic Dual In-Line Package [CERDIP] Q-8
AD844JRZ-16' 0°Cto 70°C 16-Lead Standard Small Outline Package [SOIC_W] RW-16
AD844JRZ-16-REEL7' 0°Cto 70°C 16-Lead SOIC_W, 7"Tape and Reel RW-16
AD844SCHIPS —55°Cto +125°C Die
AD844SQ -55°Cto +125°C 8-Lead Ceramic Dual In-Line Package [CERDIP] Q-8
AD8445Q/8838B —55°Cto +125°C 8-Lead Ceramic Dual In-Line Package [CERDIP] Q-8
5962-8964401PA? —55°Cto +125°C 8-Lead Ceramic Dual In-Line Package [CERDIP] Q-8

' Z = RoHS Compliant Part.

? Refer to the DESC drawing for tested specifications.
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