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K thudt van vit két néi Internet (Internet of things - IoT) da
o phat trién nhanh chong va cé tam quan trong doi véi cdc
van dé cdp bach trén toan thé giéi bao gom xa héi ldo héa, méi
trueong, an ninh va nang hrong, trong dé hé thong vi co (MEMS/
NEMS) va vi cam bién nhiéu chire nang va co do nhay cao la
nhitng cong nghé then chot cho IoT. MEMS/NEMS la nhitng
hé théng thu nho co ddc tinh hoat dong cao va tiéu tén it nang
liwong duwoc ché tao bang cong nghé Micro va Nano bén canh
cdc cong nghé ban dan théng thuong. Bdi viét gidi thiéu so hegc
vé cong nghé MEMS/NEMS tai phong thi nghiém Ono-Toan,
Dai hoc Tohoku, Nhat Ban. Huong nghién ciru cua phong thi
nghién trdi rong tir tong hop vdt liéu, cong nghé ché tao, va img
dung trong cac linh viee cu thé.

Tir khéa: IoTs, MEMS, NEMs.

1. GIGI THIEU PAI HOC TOHOKU

Truong dai hoc Tohoku & mot trong nhitng truong dai hoc
hang dau & Nhat Ban, va thudc top truong dai hoc hang déu trén
toan thé gioi, 1a truong ludn di dau trong cac linh vuc nghién ctru,
dac biét 1a cac nganh khoa hoc vat liéu va ky thuat ché tao. Truong
duoc xép hang 1 trong sb cac treong dai hoc tiéu biéu ctia Nhat
Ban, theo danh gia cua Times Higher Education (THE) [1]. Truong
duoc thanh 13p vao nam 1907 va toa lac tai thanh phé Sendai, tinh
Miyagi, khu vuc Dong Béc, Nhat Ban. Nam 2017, truong dai
hoc Tohoku dugc chinh phu Nhat Ban chon vao nhém ba truong
“National designated universities” v6i mirc dau tu moi hang ti yén
dé thuc day phat trién khoa hoc cong nghé va qudc té hoa [2]. Theo
thong cdo bao chi dugc Bo Gido duc, Van hoa, Thé thao, Khoa hoc
va Cong nghé (MEXT) cong bd vao 01/09/2023, Pai hoc Tohoku
hién 1a tng vién duy nhét con co hoi duge chon 12 “Pai hoc cho Su
Xuét Sic trong Nghién Ctru Qubc Té” (University for International
Research Excellence) [3]. Py la chuong trinh nay dé nang cao kha
nang nghién ctru cua céac truong dai hoc Nhat Ban. Céc ing vién
thanh cong duoc ky vong s& co quyén truy cap vao ngudn tai chinh
tir quy tri gia 10 nghin ty JPY dugc chinh phu quan 1y, dé thuc day
hoat dong gido duc va nghién ctru.
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Hinh 1. Gioi thiéu dai hoc Tohoku [3].

Tir lac thanh 1ap cho dén nay, trudng ludn theo dudi
chinh sach “wu tién nghién ctru” va “mé cira”. SO lugng
sinh vién theo hoc khoang 20,000 va s lugng nhan vién
khoang 6,500. S6 lwong tién si tot nghiép mdi nam nhiéu
nhat Nhat Ban, khoang 500 ngudi dap tmg nhu cau phuc
vu x4 hoi. Pai hoc Tohoku ty hao 1a truong dai hoc dau
tién tai Nhat ban tiép nhan sinh vién nit va sinh vién quéc
té theo hoc [4]. Truong dai hoc Tohoku cé bdn co s6
chinh la: Aobayama, Katahira, Kawauchi va Seiryo [5].
Hé thong kién tuc xa dwoc trang bi day du tién nghi phuc
vu cho sinh vién va nhan vién véi hé théng giao thong vo
cung thuan loi, tao diéu kién t&i da cho hoc tép va nghién
ctru. Ngoai ra, trudng cé tuyén xe buyt riéng dé phuc vu
sinh vién di chuyén qua lai giita cdc co s hoc va trung
tam nghién ctru. Truong thuong xuyén to chirc cac hoat
dong ngoai khoa dé tang cudng hoat dong giao luu danh
cho sinh vién quéc té. Truong dao tao cac bac bao gdm
cao ddng, dai hoc, thac si, tién si v6i nhiéu nganh hoc
nhu sau:

- Co khi va cong nghé

- Giao duc va dao tao

- Khoa hoc x4 hdi va truyén thong

- Kién trac

-Y té va sic khoe

- Nhan van

- Luat

- Kinh doanh va quan tri

- Xay dung va quy hoach

- Khoa hoc irng dung va khoa hoc co ban.
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Ho6i Cuu Sinh vién Pai hoc Tohoku tai Viét Nam
(TUAAV - https://overseas-alumni.bureau.tohoku.ac.jp/
regional-activities/) dugc thanh lap 2019 dé tu hop cac
thé hé cyu sinh vién Viét Nam d3 va dang hoc tai Dai
hoc Tohoku, nhdm tao nén mot nén tang co s¢ dir licu
cho viéc trao ddi thong tin, hd trg 1dn nhau giita cyru sinh
vién, sinh vién hi¢n tai va cac hoat dong cua Hoi, ciing
nhu gidi thi¢u cac ca nhan thanh cong trong moi linh vuec.
Hoi Cuu Sinh vién Pai hoc Tohoku s& t6 chtrc cac hoi
thao va dién dan hang nam. Tai hoi thao, cic nghién ciru
va kinh nghiém s& duoc trinh bay, va béo céo téng két vé
cac hoat dong trudc day, hudng di va hoat dong cua Hoi
trong nhitng nam sap toi s& dugc thong qua. Ngoai ra,
din dan s& 1a nén tang dé trao ddi kinh nghiém chuyén
nghiép, trao ddi van hoéa, nghé thuat, hoat dong thé thao,
su kién... danh cho cuu sinh vién, nham tao ra su hiéu
biét, doan két va két ndi giita cac thé hé cyu sinh vién
Pai hoc Tohoku.” Bén canh do, dé duy tri moi quan hé va
hop tac thanh cong hon gittra TUAAV va Dai hoc Tohoku,
“Doi lién lac Viét Nam” (Vietnam Liaison Team) da dugc
thanh 1ap 2022 nham hd trg viéc trao doi thong tin mot
cach suon sé hon. Thém vao dé, doi ciing hd trg sinh
vién, nha nghién ctru mudn hoc tap va lam viéc tai Pai
hoc Tohoku. Dia chi Email lién hé: vietnamliaisonteam(@)
grp.tohoku.ac.jp

2.MOT SO NGHIEN CU'U TIEU BIEU CUA PHONG
THI NGHIEM ONO-TOAN

2.1. Giéi thiéu tong quan

Phong thi nghiém da va dang tién hanh nhiing nghién
ctru trén linh vuc vi co dién tir va cac cong nghé lién quan
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Hinh 2. Huong nghién ciru cua phong thi nghiém Ono-Toan [6].

dua trén k¥ thuat ché tao nano va micro huéng dén tng
dung trong linh vuc nhu cong nghé thong tin, y hoc, sinh
hoc, chuyén doi ning luong, va méi truong. Ngoai ra,
nhimng céng nghé va cam bién di dugc phat trién thanh
cong da va dang duoc sir dung trong nhirng linh vyc mai.
Gan day, ky thuat van vat két ndi Internet (Internet of
things - ToT) da duoc phat trién nhanh chong va c6 tim
quan trong dbi v6i cac van dé cip bach trén toan thé gioi
bao gdm xa hoi ldo hoa, mdi truong, an ninh va ning
luong, trong d6 hé thong vi co (MEMS/NEMS) va vi
cam bién nhiéu chirc ning va c6 do nhay cao la nhimng
cong nghé then chdt cho IoT. MEMS/NEMS la nhing
hé théng thu nho co6 dac tinh hoat dong cao va tiéu tn it
ning luong duge ché tao bang cong nghé Micro va Nano
bén canh cac cong nghé ban dan thong thuong. Hudng
nghién ctru ctia phong thi nghién trai rong tir tong hop
vat liéu, cong nghé ché tao, va ung dung trong cac linh
vuyc cu thé (Hinh 1).

2.2. Mt s6 nghién ctru tiéu biéu

- Cdc b dao dong cong huong ché tao bang cong
nghé Micro/Nano (Micro/Nanofabricated resonators)
Céac bo dao dong dugc gia cong siéu nho dong mot
vai trd quan trong trong nhiéu tmg dung khac nhau [7-
14]. Vi du nhu, st dyng cac b cam tng dao dong dé do
khéi lugng hép thu trén bé mit cua chung dya trén sy
thay d6i tan sé dao dong cta bo cam tmg. Céc g dung
lién quan dén tao tin hiéu dong hd trong hé thong dién tir
dd dwoc chimg minh qua nhidu nghién ctru. Cac bo dao
dong dugc gia cong siéu nho ciing dugc sir dung trong
cac tng dung loc séng, c6 thé hitu ich trong cac mé-dun
truyén va thu séng tan sb radio hién nay. Pa nghién ctru
nhiéu co ché chuyén dbi, bao gdbm co ché ap dién (piezo-
electric), ap tro (piezoresistive) va co ché dién dung (ca-
pacitive), dé kich thich va phat hién chuyén dong cua cac
bd dao dong. Tét ca cac phuong phap trén déu c6 wu diém

va nhugc diém riéng.

Phong thi nghiém tép trung vao phuong phéap do
dién dung, dua trén viéc do sy thay doi trong dién dung
gitta mot dién cuc cam Ung va co thé dao dong. Céc bo
dao dong dién dung thuong dugc su dung cho cac Gng
dung do va tao xung. Cac by dao dong dién dung c6é hé
s6 Q cao, dan dén tinh 6n dinh va ma sat noi bo thép. Tuy
nhién, nhugc diém cta chung 1a kha nhiéu tré khang dao
dong va ton that chén loc 16n, 1am cho viée dap tmg diéu
kién dao dong tré nén kho khan. Ngoai ra, tré khang dao
dong 16n dan dén nhidu pha dang ké trong bo dao dong;
do do, tro khang dao dong nén dugc giir thap nhat c6 thé.

Hinh 3 (a) m6 ta phan cit ngang cua b dao dong
silicon dién dung dugc dé xuét, c6 kha nang tich hgp LSI
cho tmg dung tao dao dong (timing device). Cau triic dao
dong nay, duoc tao ra bang cach két hop electron beam
lithography va conventional photolithography, cung vdi
qua trinh deep reactive ion etching trén mot wafer sili-
con on insulator, dugc chuyén sang mit nén LTCC thong
qua qué trinh lién két anodic bonding giira silicon va
LTCC (low temperature co-fired ceramic) dé két nbi dién.
Hinh 3(b) 1a két qua ché tao cua bo dao dong trén mat nén
LTCC. Két ndi dién dugc thyc hién bang Ti-Au dé két nbi
cac dién cuc silicon véi LSI thong qua cong dan kim loai
ctia LTCC (Hinh 3(a)). Cau trac bo dao dong dugc dong
g6i kin (Vacuum) théng qua qua trinh lién két anodic 1an
thtr hai gitra silicon va kinh Tempax, nhu dugc thé hién
trong Hinh 3 (c). Thiét bi da dwoc dong goi duoc gan trén
g06i dong dang dual in-line gdm tam chan va cubi cing 1a
qué trinh két nbi bang day vang (Hinh 3 (d)). Nhu vay,
phuong phap méi cho cac bd dao dong silicon dong goi
kin d4 dugc phat trién va chimg minh. Qua trinh déng goi
bang cach st dung LTCC da duoc thyc hién thanh cong,
va su dao dong vdi hé s6 Q cao da duoc quan sat. Chiing
t6i tin rang cac bo dao dong duge dé xuat duoc dong kin
bang LTCC c6 thé gitip don gian héa viéc tich hop LSI
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Hinh 4. Cira 56 quang hoc dé diéu khién viéc truyén dnh sdng.

(a) Cau truc dwoc deé xuat. (b) Két qua che tao va ket qua do. [15-21]
cho tng dung thiét bi tao dao dong. Chi tiét vé céu trac,
nguyén ly, va danh gia kha nang hoat dong c6 thé duogc
tim thay trong cong bo cua chung t6i [7-14].

- Cita s6 quang hoc dé diéu khién viéc truyén dnh
sang (Optical modulator window)

Mot trong nhitng co ché phé bién nhit dé didu chinh
anh sang khong gian 1a sir dung vat li¢u phan tu long
(liquid crystal). Mac du ty 1é tit sang ciia mo-dun diéu
chinh 4nh sang khong gian chit long thuc té 1a kha cao,
kha ning truyén sang cua né khong du cho cac tmg dung
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chup hinh do co ché chuyén d6i quang hoc sir dung su cit
sang dya trén cam ng anh sang va kho khan trong viéc
thu nho kich thude dé c6 ty 1¢ khau do 16n (large aperture
ratio). Ngoai ra, d bao céo vé viéc truyén sang thip cua
anh sang do hién tuong phan tan Rayleigh xdy ra gitra
truong dién cua anh sang chiéu vao va cac electron trong
phan tir chit 1ong tinh khiét. Hon nira, viéc tich hop vat
lidu phan tir 1ong 1én trén cam bién hinh anh dit ra thach
thirc cong nghé bd sung cho nganh céng nghiép ban dan
dé san xuat hang loat.

Trong chu dé nay, chung t6i da thuc hién viéc ché tao
cu tric try siu SiO, va kinh Tempax bang sw két hop ciia
pholithography, ma niken va qua trinh deep reactive ion
etching. Chiing t6i da nghién civu yéu t6 chinh anh hwong
dén hinh dang qud trinh dn mon. Cac cAu trac try kinh
Tempax dugc tao ra st dung k¥ thuat deep RIE béng cach
sir dung hon hop khi SF, va O,. Chiing t6i da ché tao cac
cAu tric try siu SiO, va Tempax vdi kich thudc twong tw
cam bién hinh anh va déanh gid tinh chdt quang hoc ciia
chiing c¢é va khong co sy thim nhép ciia chit long bang
cach st dung mot cam bién hinh anh.

Khéi niém linh kién diéu khién quang hoc dugc minh
hoa nhu Hinh 4 (a). Khu vuc cira s6 quang hoc ¢6 kich
thudce 7,2 mm x 9,6 mm bao gém céc cau trac tru sau
Si0, hogc kinh dugc lép rap vé6i bé chira chat 16ng (liquid
resorvoir). Cac dién cuc ¢ trén va dudi la cac vat liéu
trong sudt nhu indium tin oxide (ITO) hodc aluminum
doped zinc oxide (AZO). Thiét bi nay co6 thé duoc gin
tryc tiép 1én vi mach cam bién hinh anh va c6 mot pham
vi bién d6i quang hoc 16n cho cac mg dung cam bién
hinh anh chirc nang.

Cua sb quang hoc s& duoc van hanh béng cach thay
ddi goc do tiép xtic dao chidu cua chét long trén bé mat
cua cac micro-pillar. Khi mét dién ap duoc ap dung vao
cAu tric, chit 1ong di chuyén vao cac khoang trong giita
cac pillar. Viéc phan xa anh sang tai cac bé mit bén cua
pillar s& bi loai bé do su phit hop chi s6 khic xa tai giao
dién; do d6, mang pillar tro nén trong sudt. Do d6, mot
lwu lwong truyén sang quang hoc cao s& dugc thu dugc.
Trong truong hop khong co chit 1ong & giita cac pillar, do
truyén sang cua thiét bi thap hon so véi khi co chat long
do phan xa va phén tan anh sang boi bé mit cua pillar
va n6 hoat dong mot cach 1y tudng nhu trang thai khong
trong sudt. Do d6, bang cach di chuyén chat 1ong vao va
ra khoi mang pillar b.%mg cach su dung hién tuong dién
dong hoc, do truyén sang co thé duoc diéu khién dién tu.

Hinh 4 (b) minh hoa cho két qua ché tao cua linh
kién diéu khién quang hoc. Mot so sanh lugng hoa vé su
truyén sang cé va khong c¢6 sy tham nhap cta chét long
bang cach sir dung mot cam bién hinh anh di dwoc kiém
tra. Mot luong truyén sang thip cua cira sé quang hoc
da dugc quan sat khi do ma khong c6 su tham nhép cia
chat long. Su truyén sang thip trong truong hop nay la
do sy phan xa va phan tan anh sang boi cac bé mit ciia
cac pillar nhu da giai thich trude do. Anh sang truyén

\

qua rat cao, khoang 90%, c6 thé duoc dat duoc bang cach
sir dung chat 1ong phu hop. Nguyén nhéan cé thé 1a sy
phu hop chi sé khuc xa véi cac pillar SiO,. Do do, pham
vi diéu ché lon, khoang 65%, cho cé truong hop cod va
khong c¢6 dung dich da dat dugc. Chi tiét vé& ciu trac,
nguyén 1y, va danh gia kha ning hoat dong c6 thé duoc
tim thay trong cong bo ciia chung toi [15-21].

- Chuyén doi sw thay doi nhiét nang thanh dién ning
s dung cho g dung loT (loT sensing systems driven by
daily ambient thermal energy fluctuations)

Trong thoi ky khing hoang toan cau, dich bénh hoanh
hanh, Internet of Things (IoT) déng mt vai trd rat quan
trong trong viéc chan doan sém nhiém virus, thoi gian
cach ly va sau phuc hoi. IoT cho phép tao két ndi gitra
nguoi va vat, thoi gian va khong gian dé mo ra mot ky
nguyén moi. Mot loat cac ing dung da va dang dugc
trién khai sir dung IoT, bao gdbm hé thdng cham soc sirc
khoe, giao thong van tai, co so ha tﬁng dan dung, toa nha
thong minh, gidm sat moi truong, va san xuit. Hau hét
tht ca céc thiét bi IoT déu duoc thiét ké dé tro thanh thiét
bi dién tur tieu dung nho, khong day va di dong. Ching
dugc cung cip ning lugng boi nhidu loai va kich ¢& pin
tiy thudc vao yéu cau tmg dung. That khong may, pin co
mot lugng niang luong hiru han va chung can duogc sac
lai hoac thay thé, didu nay to ra bét tién va ton kém. Viée
sir dung pin lam nguén cung cdp niang lugng cho IoT
¢6 nhing nhuge diém khac, bao gdm giam mat d¢ ning
lugng va hién tuong phong dién ngay ca khi n6 khong
dugce sir dung. Mot mdi quan tim khéc lién quan dén moi
truong vi pin ¢ chira cac hoa chit doc hai va chat doc
lam cho qua trinh xir 1y phirc tap hon. Mic du hau hét cac
loai pin co thé dugc tai ché, nhung cac phuong phép tai
ché rét tén kém va can duogc cai thién. Do nhiing 1y do
nay, van dé cap ngudn cho cac thiét bi IoT can phai dugc
giai quyét. Mot giai phap thay thé dé thay thé pin 1a thu
ning luong c6 sin trong méi truong xung quanh thiét b
IoT dé tao dién. Céach tiép can nay co tiém nang lam cho
thiét bi ToT khong can bao tri va dugc cung cép ning
luong vinh vién.

Khéng gidng nhu cac ngudn ning luvong xung quanh
linh kién IoT nhu co hoc, anh sang mit trdi va tan s6 vo
tuyén, ngudn nang luong nhiét da thu hat nhiéu su cha y
hon nhu mét su lwa chon kha thi dé hd trg cac thiét bi IoT
vi n6 ton tai & khip moi noi. Dé chuyén doi nhiét ning
thanh dién nang, may phat nhiét dién dya trén hi¢u ng
Seebeck thuong dugc st dung. Phong thi nghiém khong
chi tap trung vao nghién ctru phat trién vat liéu nhiét dién
méi va ché tao may phat nhiét dién, ma con tap trung viéc
sir dung no trong nhimng tng dung cu thé (hinh 5 (a)).
Chung t6i da ché tao thanh cong mot hé thong tich hop
bao gdm may phat nhiét dién (chuyén doi dao dong nhiét
& moi truong xung quanh thiét bi IoT thanh dién ning),
mach dién tr, by luu nang lugng, khéi tich trir va giai
phong nhiét ning (hinh 5 (b)). Linh kién ché tao da dwoc
van hanh thanh céng va co kha ning hoat dong & bat
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Hinh 5. (a) Nghién cti'u tir tong hop vit liéu, ché tao linh kién cho dén nhitng irmg dung cu thé.
(b) Thiét bi IoT sir dung nguon nang heong cia sy thay doi nhzet moi truong. (c) Dao dong nhiét moi truong
dwoc chuyén doi thanh dién nang va sir dung nhuw la mot nguon dién cung cdp cho thiét bi IoT. [22-35].

ky moi truong hay khong gian nao, hira hen mé ra mot
ky nguyén moéi cho linh kién IoT khong cin bao tri va
dugc cung cip nang lwong vinh vién. Chi tiét vé cu tric,
nguyén 1y, va danh gia kha ning hoat dong c6 thé dwoc
tim thdy trong cong bd gan day cia chung toi [22-35].
3.MOQT SO LAB NGHIEN CUU TIEU BIEU CUA PAI
HQC TOHOKU TRONG LINH VUC MEMS/NEMS

3.1 Lab nghién ctru vé MEMS/NEMS

Website: http://www.medmems.bme.tohoku.ac.jp/
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Gido su chu nhiém: Yoichi Haga

Dé tai nghién ctru chinh: Small, highly functional,
multifunctional ~ endoscopes,  catheters,
instruments based on Micro/Nano technologies

surgical

3.2 Lab nghién ctru vé MEMS/NEMS
Website: http://www.mems.mech.tohoku.ac.jp/
Gido su chu nhiém: Shuji Tanaka

Dé tai nghién ctru chinh: Research and Development
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of Micro/Nanosystems for Robot Control, Advanced
Communication, Healthcare, Safety, Energy Saving etc

3.3 Lab nghién ctru vé cam bién luc tir
Website: https://www.nme.mech.tohoku.ac.jp/

Gido su chu nhiém: Masaya Toda

beé tai nghién ctu chinh: Magnetic Resonance Force
Sensors Based on Nanomechanical Cantilever

3.4 Lab nghién ctru vé future light manipulation tech-
nology

Website: https://web.tohoku.ac.jp/
Giao su chu nhiém: Yoshiaki Kanamori

Pé tai nghién ctu chinh: Future technologies
and applications of optical manipulation by fusing
“nanophotonics, metamaterials, biomimetic optics” and
“microfabrication, optical MEMS”.

3.5 Lab nghién ctru vé renewable energy conversion
engineering

Website: https://www.renewable.energy.mech.tohoku.
ac.jp
Gido su chu nhiém: Hiroo Yugami

Pé tai nghién ctu chinh: Energy systems by
controlling thermal radiation, Energy conversion devices
based on solid-states Ionics.

3.6 Lab nghién ciru vé biomedical engineering

Website: http://www.lbc.mech.tohoku.ac.jp/
Giao su chu nhiém: Tetsu Tanaka

Dé tai nghién ctru chinh: Intelligent Si neural probe,
fully-implantable retinal prosthesis, 3D-IC technology
and analog/digital LSI design.

3.7 Lab nghién ctru vé Molecular robotics

Website: http://www.molbot.mech.tohoku.ac.jp/
Giao su chu nhiém: Satoshi Murata

Pé tai nghién ciru chinh: DNA nanostructure, DNA
computing, Molecular robotics, and Artificial cell.

3.8 Lab nghién ciru vé advanced material systems

Website: https://web.tohoku.ac.jp/
Gi4o su chu nhiém: Hironori Tohmyoh

Dé tai nghién ctru chinh: Thermoelectric generator
based thin plate, ultrasonic materials, and micro/nano
materials.

4. HQP TAC NGHIEN CUU GIUA PHONG THi
NGHIEM ONO-TOAN VA PAI HQC KHOA HQC
TU NHIEN TP.HCM, VIET NAM

\

Phong thi nghiém Ono-Toan va Khoa Vat Ly-K§y
Thuat, Pai Hoc Khoa Hoc Ty Nhién thudc Pai Hoc Qubc
Gia Thanh phé HO Chi Minh, dang hop tac trong viéc
dao tao nguén nhan lyc, trao ddi va trién khai nghién ctru
trong linh vouc MEMS/NEMS. Phong thi nghiém Ono-
Toan da tiép nhan nhiéu sinh vién Viét Nam cho chuong
trinh hoc thac si va tién si. Hoi thao khoa hoc cong nghé
thuong nién duogc to chirc hang nam. Thong tin vé hoi
thao c6 thé tim thiy tai duong link: https:/phys.hcmus.
edu.vi/ICEBA2024. Phong thi nghiém Ono-Toan luén
chao dén hop tac va trao d6i nghién ciru cling nhu dao
tao nguf)n nhan lyc trong linh vuc MEMS/NEMS véi cac
truong dai hoc, vién nghién ctru va trung tam nghién ctru
& Viét Nam. Hay lién hé tryc tiép voi ching toi vé van
dé nay.
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MOQT SO THUAT NGU TIENG ANH

- Microelectromechanical
thong vi co

system (MEMS): H¢

- Nanoelectromechanical system (MEMS): Hé thong
vi co siéu nho

- Piezoelectric materials: Vat li¢u ap dién — la vat
liéu c6 thé san sinh ra dién do bién doi co hoc hodc
nguoc lai

- Thermo-electric materials: Vat liéu nhiét dién — la
vat liéu co thé san sinh ra dién do nhiét do chénh
léch hai dau vat liéu hodc nguoc lai

- Capacitive resonator: By dao dong dua trén hi¢u
ung dién dung

- Transparent state: Trang thai trong su6t — anh sang
¢6 thé truyén qua véi cuong do cao

- Opaque state: Trang thai mo - anh sang khong thé
truyén qua hodc truyén yéu

- Ambient temperature fuctuation energy harvesting:
Tao nang luong dién tur sy thay doi nhiét d6 moi
truong



