o ProjectTitle: 2.5D Technology-based Integrated Antenna Array mm-Wave System For
a Z ) Non-Invasive Food Safety Scanner (TIAS)

Background :

NH,

Food safety should
be widely monitored
and improved

to increase apparent
protein content.

* 50% of dietary supplements are contaminated with melamine
MELAMINE e Found in baby milk in China, 2008; severe renal problems and
kidney stones in infants.

Targets:

a portable and cost-effective scanner for real-time detection of contaminants in staple foods
and/or animal feeds using non-invasive mm-Wave sensing with on-chip antenna-array system.

Speaker: | Dr. Tran Thi My Hanh, Nha Trang University, Vietnam
(Project leader)
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Project Title: 2.5D Technology-based Integrated Antenna Array mm-Wave System For

a Z ) Non-Invasive Food Safety Scanner (TIAS)

Project Members :

Name /Position/Institution

Nguyen Ngoc Mai-Khanh /Assist. Prof./ The
University of Tokyo, Japan

Tran Thi My-Hanh (Project Leader)/Vice-
Director/Department Research Affairs, Nha-
Trang University, Vietnam

Pooja Shivanand Breh /Assist.
Prof./Universiti Brunei Darussalam/Brunei
Darussalam

Gong Xiao /Tenure Prof./National University
of Singapore, Singapore

Vo Nguyen Quoc-Bao /Prof., Dean/PTIT,
Vietham

Tran Ngoc Le/ Nha Trang University,
Vietnam

Name /Position/Institution . - ;;;,' Sea of Japan
Padapxay Sayakhot /Deputy Director South Korea om.-&n_, UTokyo,
General/IICT, Laos L N B & Waseda,
: Shaaghai
Aromhack Saysanasongkham 'é'e._a...,.. Japan
/Deputy Director/IICT, Laos Aoy
. =
i 1 ; Taiwan
Bich-Yen Nguyer\ /Senior Fellow, IEEE mm.), 9“9 ." . PTIT, Vietnam
Fellow/Soitec, Singapore o g Sracpne ses > [ICT, Laos
‘I’halland South =
Ching Ses .
Sopheakmanith Chhuon i) C,Q,‘f:: AP > NTU, Vietham
/Researcher/Cambodia Academy Of w””'m ol o
Digital Technology (CADT), Cambodia ? s
Malaysia Brunei _ :
Tetsuya Kawanishi /Prof./Waseda i . T Cemtesses > UBD, Brunei
University, Japan “
, CADT, Cambodia

Project Duration : 2 years,

NUS, Singapore

extended to Apr. 30, 2024

PTIT: Posts and Telecommnucations Institute of Technology; IICT: Institute of Information and Communication Technology
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Various THz spectroscopy Applications for Farming

<vA4> —
; Drought Soil i : ‘-ig%!f&!
& monitoring o1l inspection *
Non-invasive Pesticide
defect defection detection
THz Spectroscopy for Farming
Farm product moisture Non-destructive
content detection seed inspection

YA

Microorganisms and
antibiotic detection

Food component
characterization
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Proposed System and Applications
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35 Project Activities: TIAS Meetings
Group#1 meetings Group#2 meetings

Kick-off meeting, May 2021, online
w— BT -

L_‘ LEQ/_S, O ” Japan O !,_wJapan ‘

’ o = 'm ™Y 4 =
(s . " $h

&w { T \/ Q
. US.A Singapore Brunei
\\‘5? ez :
Antenna chip m=mias .
: Chemical sample

NUS

-~ g
Suseite
fabrication —

Vietham IS Vietnam Y Cambodia
- . d “Giitucs |8
sl (v EADT = L7

- — y

Antenna design
Measurement

Field test
In-person

meeting.. time

May

2022

Collaborate with others: Field test/experiments:
U.S and Belgium NTU, Vietnam and NICT, Japan

2021 Antenna & chip fab.
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ZEDNO Project Activities: Field Test & Intl. Collaboration Expansion

Field Test:

mm

Vietnam, NTU Apr. 2022  Analysis using chemical methods

(HPLC method, FTIR method) 50|tec
UTokyo
Japan Apr. 2023 + Field test on chemical samples UTokyo
UTokyo including milk/rice/melamine NTU
Waseda Univ materials and their mixtures Waseda Univ.
NICT *  Making milk/rice powder pellets

for THz-based experiment
* Jounal preparation

Vietnam, NTU Sep. 2023 <« Prj. Review & Face-to-face NTU
meeting (1) Waseda Univ.
Soitec
UTokyo
2. Intl. Collaboration Expansion Range-Angle Heat Map RN B =

TIAS Project: Pha s 2D Maps

N

e e o

 UCDavis (U.S): 77GHz radar measurement Melamine
e UCLouvain (Belgium): chip design & fab. :
[ -
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@ R&D results: Field Testing at NICT, Japan

* Time: Jun., Aug. 2022
* Place: UTokyo and NICT, Japan
* Content:

e Sample preparation

* THz/Mm-Wave measurements:

e 220-330GHz; 330-500GHz
e 0.1-3THz
 Members:
Waseda Univ, UTokyo, & NICT

@UTokyo

.THz/Mm-Wave Measurement:
Waseda Univ.+UTokyo + NICT,

Sample Preparation

Wl anine

frove 10
e . - Samples of
o [ o - | Melamine/
-H B = ﬁ milk/rice/
I} 41 I=F mixtures
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Antenna Chip Fabrication
2 P

CMOS chip: Antenna Antenna design and fabrication team:

s, 1.
ack-side
. / \ UTokyo, Soitec, NUS (Singapore)
— flip 2
—\_

Fabrication at Cleanroom NUS, Singapore

BGA, :
golden ball ﬁ—&—-—m 3. lIssues:

S0 \ 2nd metal layer, Al * Machine broken
; * Dried etching

substrate 11t metal layer, Al

> >
CE S E NSNS

Al

Si =725 pm

Note: Substrate Si for 1 trial, then SiO,
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Food safety course IEEE Conference Journal: IEICE Special Section

l& Hore Conforence +  Authors +  About Genoa ~ Ve Amardy ~ Seecia . 3
e % R5-369 % 2023 IEEE CAMA -

& 7 3t

Mm-wave and THz Scanning
for Non-invasive Farm Product Safety

o

2023 [EEE CONFERENCE ON'ANTENNA
MEASUREMENTS AND APPLICATIONS

% 4 NguyenNgoc MaiKhanh

LA A 1¢ 4 H  H

Mm-Wave to Sub-THz Frequencies for Non-
B A RBANREL RSk Invasive Melamine Detection in Food Safety

Our project is 10 develop 2 poctable and cont-efiective scarner foe read-tisme detection of foreign conlarisants in

" . agricuinurad staples and ‘or sl feed with & erigue and sovel men-wirve THE setning capabiity. This paper presents
Niguyem Npoc Mae-Khash Shitaro Takads Ceiro gk
e Ngo: Mab-K0 Keizo 4 beth qualiative asd quarstative detection ethods for the harmfid wibstance melamine is & wide frequescy rarge. from

. Sysvoms Diosign Lab (d laby Waserka Lenwrsiy Natsanal fust, ¥ Infrmanion
H:%"*ﬁiﬂ‘g ﬁ D &ii é‘ 6} T L f: < & é‘ The Uintversity of Tokyo Tokyo Japas amd Commmarmeanions Technodony e wiwve o the TH2 range. Melarine has been ilegally forcily added 1o meals, including powdered mik of pet feed, in

Tokyo, Japan NICT) ordes 10 raise the protein leved. cne of the most crecial quality indicaters. A method foe quantiative detection of melamine

Tokyo, Japwn )
SEL £+ Absmad Alkawired Ash-\'s Pom " & presented i this paper. Vabdwion in boch mes-wany and THz ranges is performed usisg experiments. The
L Dvpartomont of Electrical nd Electricol and Compwier Engineering Alko Hige measaremen resalts how that the estimation of Mmamine coatentia mxtiees performed in several mm-wave asd
x“"“)\mw'ﬂ Univerity of Cabfoenia, Divis “l‘:'l‘ ”"'x"‘;‘ﬂ:"“ THz frequency Sands. induding 220-X0 GHz, 2 THz. 226 THx. and 4 THz. Especkily the peak aeound 4 THx of
ety y o
",:\u.h e \'::,ﬂ Califormia, US ,";":tw:_‘ . mebamine was found and 1o our knowledge this Is the frst study and THz measiuremest. To farther evabiate the properties
- A Tetvays Kawamaisks and response of melamine and £ mixtures B the infrared spectrum and other chromatography, the quantitative
wxesan TMSHF6A15A B Yen Ngwyen s 0 . I

=y aveda Lenersvy determiration of mebsmine was performed by both Fourser transform infrared spectroscopy (FTIR) method and ultra
'\:1‘" Tokyo, Japen performance Squid cheomasograpgty (HPLC), These frequency Sands of mebsmine property are usefid Sor smglementing 3
portable detection sysiem with a0 integrated antensa array o THz pulse trassceiver snce the sise of the components and

=7 Abstvact— This paper prosents he exploration of the npples, with a loss of approxamately 80 88 ot 470 Gz Abo, the surpling resclation exsestially depend on the cperating frequency bund or wavelength
ABRERA FE R & iy of -l-':-h' -""--“--I: we propose a method for quantiative desection of melamine Keywords © Mm wave, Thz, Sond nafety ymebenne, detectxn, waritg, wosng, ton ovasive, samart farmisg

= experiment investigates the presence of melamine imparities in 11 CONCLUSI0NS etagrated snteans, aystecrir SIEN
rher and milk puwiers. Measurements are perfornud nilag buth The paper shows that the extimation of melamine content in

e cosnesied ¢o s satensss s Trequescy handsc 320.330 mixtures can be performed in several mm-wane and seb-THe
» K { ﬁt 3 ,'m?% umu»;no(uubwu':hu.-hm..’um froquency bands. Thess results are useful for designing an
” m k % 35 mixtures. The revalts & the p of negraned S system and THz astennas, especially in manage their crop productica using advanced technolo
; clamine content in mivteres wing varkous mm-wave and sub.  developmag 2 prototype for 3 portable device 1o sean mckesine 1. Introduction R i o ol R
4 THz frequency basdh. nd quntitatincly evsmate gies to increase the quantity and quality of agricdtural

Course fee: 10,000yen, self-support Accepted, to be presented, Nov. 2023 Published, Oct. 2023

November 7, 2024 at Phnom Penh ASEAN IVO Project Review 2024 8



(\Ye)

Pl Societal Impact

1. Broad Impact: Research, Practice, Education
2. Tech Advancement: Enhancing Food Safety via Semiconductor Integration
3. Global Connectivity: Affordable mmW Systems for Developing Nations,

Creating AloT Library for mm-Wave/THz Sensing & Consumer Database

A,

s
c)/-rin’)r;

NH,
Yo B
)\ Z | Scannér

Deep learning
Beap, ,
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1. Chip fabrication:

. On-glass fabrication : antenna design, chip fabrication

2. Publication

Aw'ication/ / Jedaued -" J z
Case study - g
WU | | Todai | | NUs | | pTiT .

Todai NUS
IC chiplet design and simulation
Chemical/melamine analysis
2.5D packaging m m
Device/chiplets technology

Sub-systems _

Mm-wave Chemical analysis Food safety/biotechnology
measurement/sensing
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1. Scientific and technological
« Sucessfully designed an on-glass Vivaldi antenna for the purpose of sensing

* Melamine sample preparation Vald

Antenna 510,
Aluminium
2. Experiment Results meia g
* Measurement in 10 —500GHz and THz ranges oo i, ¥ o—
* Infrared spectrum and other chromatography substrate : |||H ”ll(
* Field test: Vietham & Japan Simulated Radiation -7
Pattern 75GHz 90GHz
3. Antenna chip design & fabrication first study and THz
*  Finish antenna design: slot and Vivaldi 6} 7 measurement
*  Fabrication: on-glass and 22nm FD-SOI

4. Publications
* |EEE conf. paper & IEICE journal

— 0.16mm
| 0.25mm

5. Intl’ Collaboration { J—o02mm

. . . | e (). 36 mm
e UCDavis (U.S) and UCLouvain (Belgium) 2t '\ [=03mm
I 2 A 6

Frequency (THz)
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Thank you for your support, collaboration,
and attention!
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