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TOM TAT:

Ngay nay trén dudng di ra ga Tokyo dén tau vé nha, chiing ta c6
thé ndi chuyén va nhin thay truc tiép hinh anh nguoi than dang &
Viét Nam cach hon 4000 km chi v6i mot thiét bi nho gon trong
long ban tay, smart phone. Mot trong nhiing cong nghé cdt 16i
hién thyc hoa diéu ky diéu d6 1a truyén thong vo tuyén dua vao
song dién tir. Khoi ngudn cuia cong ngh¢ nay la nha Nobel vét ly
G. Marconi, ngudi da truyén tin hiéu vién thong dau tién Xuyén
qua bién Atlantic nam 1901. Véi su phat trién bung nd cua
internet va ung dung ctia né nhu VR/AR, autonomous driving,
IoT nhu ciu vé tdc do truyén thu dir liéu s& nhanh chong vuot qua
kha nang déap (mg ciia cong nghé 4G hay 5G. Trén dai tan séng
dién tur c6 mot vung dugc xem la khoang tréng chua duogc st dung
cho dén nhiing thap nién gn day: Terahertz (THz). Séng THz ¢6
tan 6 trong khoang 0.1-10 THz ¢6 tiém néng I6n dua cong nghg
truyén thong vo tuyén 1én mot tim méi vi bang thong rong hon
va 1a dai tAn chua dugc khai pha. THz wave ndm giita dai tn song
radio va anh sang, thira hudng déc tinh thi vi song hat cia ca hai
dai tn hang xom. Bai viét nay s& gidi thidu cai nhin tong quan va
tiém nang tmg dung ctia séng THz. M6t s6 lab va vién nghién ctu
tiéu biéu ¢ Nhat cling dugc gidi thicu.

T khéa: Terahertz wave, wireless communication, nondestructive
imaging, sensing

1. Gi6i thiéu

1.1 Song dién tir

Buc xa dién tir (electromagnetic radiation) dugc dinh nghia [a mét
dang dao dong cua dién trudng va tir truong c6 kha nang bang
qua khong gian ma khong can két ndi vat 1y. Buc xa nhiét, anh
sang, va séng radio déu 1a buc xa dién tir. Blc xa dién tir truyén
nang luong trong chan khong & tée do ¢ = 3.108 m/s. Quang phd
dién tur (electromagnetic spectrum) la tap hop tat ca cac buc xa
dién tir & tat ca cac tan sb (frequency, don vi 1a Hz) khac nhau.
Bén canh cac nguon tai nguyén tu nhién nhu dat, khoéang, nudc,
khong khi, dau mo, rimg, v.v... quang phd dién tir cling la mot
nguodn tai nguyén ty nhién [1]. Khac voi cac nguon tai nguyén
hiru han, quang phd dién tir duoc xem 1a ngudn tai nguyén vo han,

khong can kiét va co thé tai st dung ngay 1ap tirc. Vi du khi tat
mot thiét bj dang st dung & mot tin s6 nao d6 thi tan sé do 1ap
tac ¢6 thé dugce tai sir dung boi mot thiét bi khac. Khong gian,
thoi gian va tan s 1a ba dai luong vat ly lién quan dén nhau cta
song dién tur. Dé tranh hién tuong nhidu do giao thoa, cung mot
tan so va cung thoi gian phai sir dung ¢ dia diém khac nhau, cing
mdt tan s6 va cling dia diém phai str dung & thoi gian khéc nhau,
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& cling mot noi va ciing mot thoi diém hai tan s6 khac
nhau c6 thé sir dung. Hinh 1 gi6i thiéu tén ciia cac dai
tan dugc phan loai theo tan s hay budc song va mot
s6 tmg dung dién hinh trong thuc té. Cac séng dién tir
¢6 tan sb thdp hay budc séng dai co ning luong eV
thdp c6 biéu hién rd dic tinh song nhu 1a phén xa, giao
thoa, nhiéu xa, v.v... va thu phat diéu khién bing cong
ngh¢ dién tir (electronics). Tén s cao c6 budc song ngan
nang lugng eV cao biéu hién rd dic tinh hat nhu 1a truyen
thang, tan xa, hoi tu, photon, ion héa, v.v... va thu phat
diéu khién bing cong nghé quang tir (photonics).

M3di dai tin cua song dién tir déu dong goép vao tng
dung thuc té dya vao dic tinh ty nhién cia no. Séng
radio sir dung cho truyén hinh TV va dai radio véi
pham vi phu séng rong vi c¢6 thé truyén d& dang trong
khong khi khong bi hip thu béi nhiing phan tir nhu
nuoc Na, O,, CO», va c6 kha nang phan xa & bau khi
quyén. Microwave st dung cho néu an, dién thoai di
dong, truyén thong v€ tinh vi cac phén tr trong thuc an
dac biét 1a nudc hap thy nang luong cia song nay va
néng 1én, né ciing dé dang truyén qua bau khi quyén.
Song millimeter (millimeter wave) duge st dung cho
radar cua xe. Tia hdng ngoai (infrared light) ding de
sudi 4m, camera trong dém, do nhiét do, va truyén
thong cap quang (fiber-optic communication) vi mot
s6 phan tir hap thu song & tan s0 nay, moi doi tuong
déu phat ra song hong ngoai, va ton that duong truyén
trong cap quang ctia bude song nay nho. Anh sang kha
kién (visible light) gitip chung ta nhin thdy cac vat thé,
mau sdc qua sy phan xa cla sdng nay tir cac vat thé
vao mat, nd con duge ding trong truyén thong (visible
light communication). Tia cuc tim (ultraviolet light) c6
kha nang diét khuén, phuong phap kiém tra that-gia
bang kich hoat huynh quang (fluorescence) vi kha
nang ion héa cao nho nang lugong eV cao. lon hoa la
hién tuong danh bét electron & vé nguyén tir va chuyén
hod n6 thanh ion. Hién tuong nay c6 thé gy dot bién
trong té bao dan den ung thu. Tia X (X-ray) st dung
trong chup anh y té vi kha nang dam xuyén nhiéu vat
thé. Séng y (Gamma-ray) st dung dé diét khudn va trj
liéu trong y t vi nang lugng ion héa rit 16n.
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Trong lich sir, song radio dugc du dodn tir hé phuong
trinh Maxwell va duoc chimg minh bang thyc nghiém
dau tién boi nha vat 1y Heinrich Hertz vao nhitng nam
1880. Vao nam 1901, nha phat minh k¥ su Guglielmo
Marconi thyc hién truyén tin hiéu vién thong xuyén
qua bién Altantic 2000 dim mé& dau su bung nd trong
nghién ctru va (mg dung song radio [2]. Su ton tai dai
tan héng ngoai thi duogc tim ra bdi nha thién vén hoc,
nhac si Frederick William Herschel nam 1800 bing
nhiét ké va lang kinh [3]. Tia X dugc tim ra béi gido
su vat Iy Wilhelm Conrad Rontgen nam 1895 bang
cathode-ray tube [4]. Nhu vy ching ta c6 thé thay cac
dai tn & phan dau va phan sau clia quang pho dién tur
dugc tim thdy kha sém. Tur khi biét cac dai tin d6 nam
trén cung mot phd, cac nha khoa hoc tiéu biéu 1a gido
su Rubens va Nichols ghi nhan su ton tai ctia khoang
tréng (gap) dé ndi lién cac dai tan trén toan quang phf)
vao nam 1897 [5]. Manh ghép dé 1ap khoang tréng
cubi cing trong quang phd dién tir 1a dai tan Terahertz
(THz) va mai ¢én nam 1923 buic xa & tan sd nay moi
dugc ghi nhan béng thuc nghiém [6-9].

1.2 Song Terahertz

Soéng THz thuong dugc dinh nghia 14 song co tan sb
trong khoang 0.1-10 THz (1 THz = 10'2Hz) con dugc
goi la T-ray [9-11]. Viéc tiép can va sir dung song THz
da bi han ché mot thoi gian dai vi kho khan trong ki
thuét thu phat song nay. O tin s6 THz, ca cong nghé
electronics va cong nghé photonics déu bi han ché vé
d0 nhay (sensitivity) thap clia thiét bi thu (detector /
receiver) va cong sudt (power) phat thap cua thlet bi
phat (source/generator) vi mach dién tir & tan sd nay
phai van hanh qua nhanh, kich thudc cac thiét bi dién
tir phai ngay cang nhé vi budc séng cang ngén, va ki
thut quang hoc ngdy trudc khong phat cong suit du
16n [7, 8].

Nho nhitng budc phét trién dot phat trong ca linh vuc
dién tir, quang tir, vat liéu, va cong nghé ban dan
nhitng nam 1990-2000s, séng THz da bat diu chung
minh dugc tiém nang ctia minh cho céc (mg dung thuc
té [12, 13]. Hinh 2a chi ra ) lugng bai viét khoa hoc
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Hinh 1. Quang phé dién tir va mét sé iing dung ciia cdc ddi tan.

26



Tuyén tap KH & CN Nhét Bdn
Science and Technology in Japan

v

VAN]

vé chii dé “Terahertz” tir nhitng nam 1970 dén nay
tang so6i dong theo ham mii. Khao sat nay dugc thuc
hién trén trang web tim cac bai bao khoa hoc Microsoft
Academic (https.//academic.microsoft.com/home) v6i
tir khéa “Terahertz”. Piéu nay chi ra sy quan tim dén
cong ngh¢ THz ngay cang tang nhanh vi tiém nang to
16n ciia n6 trong cac ung dung thuc té ngay cang ro
hon. Hinh 2b 1a d6 thi Gartner hype cycle vé vong doi
phat trién cta cong nghé méi, cu thé & day 1a cong
nghé THz [14]. Nho nhiing d6t pha trong ki thudt cong
nghé, ki vong vé séng THz ting cao & nhirng nim
2000s va thoat ra khoi ki vong qua mirc ¢ nhitng nam
2010s va di vao giai doan phat trién dn dinh va truéng
thanh tir nhitng nam sap dén. C6 thé nhitng nam t&i
ching ta s& bt diu dugc chimg kién nhiing Gmg dung
thuc té cia song THz dan thanh hién thuc. Béo céo
nam 2019 cua tdp doan khdo sat thi truong Frost &
Sullivan da liét ké cong nghé THz la mdt trong 50 cong
nghé méi nbi [15].

Pham vi bai viét 1an nay khong tip trung vé mat ki
thuét nén chi liét ké tén mot s6 nhiing dot pha v& mat
ki thuat gitip cho viéc dem séng THz gin hon vao tng
dung thuc té. Cong nghé phat song THz dua vao quang
(optical-to-THz conversion) str dung vt li¢u phi myén
tinh quang (nonlinear optical material hay electro-
optic (EO) material) nhu CdTe, ZnTe, LiNbO3, DAST
v6i diém nhan 1a ki thuat “tilted-pulse-front pumping”
[16]; s dung gas plasma nhu ki thudt “THz air
photonics” [17]; va ki thuat “photomixing” st dung
photoconductor (PC) lam tir low-temperature-grown
GaAs hay sur dung photodiode (PD) dac biét la uni-
traveling-carrier photodiode (UTC-PD) [18]. Su phat
trién ctia laser phat xung curc nhanh femtosecond laser
va quantum cascade laser, mdt loai semiconductor
laser, da tao bude dot pha cho cong nghé thu phat song
THz dya vao quang [19-21].
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Hinh 2. (a) S6 lwong bai bdo khéa hoc gin voi tie khéa “Terahertz”
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Cong nghé phat song THz dya vao dién tir st dung ki

thuat nhan tan s (frequency multiplication) va mach
khuéch dai cao tan [22-24]; st dung resonant
tunneling diode (RTD) [25, 26]; s& dung transistor
cdng nghé cao dua vao Si, InP, III-V [27]. Cong nghé
thu song THz st dung electronics mixer nhu
bolometer, RTD, Schottky-barrier diode [28, 29]; hay
st dung photonic mixer nhu PD, PC, EO,
semiconductor quantum dot detector, semiconductor
charge-sensitive infrared phototransistor [30]. V& hé
thong thi ca free-space optics [31] va optical-fiber-
coupled [32] déu ¢ nhitng dot pha, v6i ¥ kién ca nhan
clia tac gia thi optical-fiber-coupled s& c6 tiém ning
ung dung thuc té nhanh hon vi hé théng co thé gon nhe
linh dong hon.

Nho dic thi ndm & giira song radio va anh sang trong
quang phé dién tur, song THz sé hitu nhiing dac tinh
song hat cta hai dai tn hang x6m cling nhu s¢ hitu
nhiing déc tinh doc nhét cua riéng dai tan nay [8-14].
Glong song radio, song THz c6 kha nang truyen xuyén
nhiéu vat liéu nhu nhua, glay, quan 4o, gd, gbm st ma
4anh sang kha kién va tia hong ngoai khong xuyén duoc
hogc bi tan xa [8, 10]. So v&i song radio, song THz ¢6
tan s cao hon mang lai bang thong (bandwidth) rong
hon nén tbc do truyén dit liéu (data rate) tinh bang bit/s
cao hon [33, 34]. Ngoai ra budc song ngin hon song
radio nén d§ phan giai (resolution) khi st dung song
THz trong ung dung anh (imaging) s€ cao hon [13].
Gibng 4nh sang, séng THz ¢6 dugc tinh truyén théng
(directivity) hon nén thich hop cho tmyen diém voi
diém, an toan hon vi tin hiéu khong de lan sang khu
vue khac [33]. So v6i cac song co tan s cao hon, séng
THz c6 miic nang luong eV thp khong ion hoa vat
liéu nén s& an toan hon nhét 1a trong linh vuc y té [35].
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. (b) D6 thi Gartner hype cycle vé s

phat trién cuia cong nghé méi THz [14] (Reprint permission from open access policy of MPDI).
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Theo US Federal Communications Commission
(FCC), song cd nang lugng photon 16n hon 10 eV
tuong duong budc séng nho hon 124 nm s€ gay ion
hoa. Budc song THz ngang ngira véi mot so kich
thudc phan tir nén c6 nhidu vat liéu s hitu phd nhan
dién (fingerprint spectra) thich hgp cho tng dung gidm
dinh va nghién cuou vat li€u khong pha hay
(nondestructive inspection) va chan doan [13, 14]. Déc
biét c6 mot sd bude song & dai tin THz duoc hip thu
manh bdi phan ti nude [8, 12].

Hinh 3 chi ra mot sb cong nghé quan trong dé phat
trién cong nghé THz ciing nhu linh vuc va tng dung
thuc té ma song THz ¢ thé mang lai. Cac cong nghé
d6 bao gdm nganh vat liéu nhu cong nghé nano, ban
dan, chat ran; nganh dién td nhu mach dién cao tan,
truyén tin hiéu, cong nghé vién thong; nganh quang
hoc nhu laser, quang-dién (optoelectronics), fiber
optics. Bén canh phan cung (hardware), nganh khoa
hoc may tinh, xir 1y s6 liéu ciing rit quan trong vi
luong thong tin thu thap tir cong nghé THz s& nhiéu
hon rat nhiéu so v&i truge day.

Ngay tir thoi diém so khai, song THz da thu hat sy cha
¥ 16n trong linh vuc vil try thién van hoc vi 98% tong
luong photo phat ra trong lich st ctia vii tru tir vu nd
Big Bang roi vao dai tan THz [12]. Ngoai ra nho
nhing dac diém ctia song THz dé cap 6 trén, ing dung
trong truyén thong khong diy bang thong siéu rong
(ultra-broadband wireless communication), iing dung
chan doan giam dinh trong khoa hoc sinh hoc va vét
liéu hay trong an ninh rat dugc ky vong. Trong phan 2
ctia bai viét nay mot s6 nghién ciru vé ung dung cua
song THz trong nganh wireless communication va
imaging-sensing s& dugc gidi thiéu.

2. Mot s6 nghién ciru img dung ciia séng THz
2.1 Wireless communication
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Hinh 3. Nhiing cong nghé chu chét d@é phat trién cong
nghé THz ciing nhw mot so linh e va wng dung thuc
té ma song THz co thé mang lai.

Su ra doi cua internet vao ndm 1983 nhu mot cudc
cach mang trong thong tin va két ndi. Moi ngudi trén
khip Trai Pét duoc két ndi gan nhau hon va téc do
nguoi dung khong ngig tang 1én. Hinh 4(a) cho thdy
luong ngudi ding internet duoc biéu thi bang cot mau
xanh va ti 1& phan tram s& ngudi ding internet duoc
biéu thi bang dudng nét dit mau do tang gan nhu tuyén
tinh mdi nam. S liéu thdng ké dugc ldy tir The
international telecommunication union (ITU), co quan
chuyén mon vé ki thuat thong tin va truyén théng clia
the United Nations [36]. ITU danh gia dén cudi nam
2019 thi hon 51% dan sb thé giéi tuong duong 4 ti
ngudi st dung internet. Chiing ta c6 thé d& dang noi
suy ra tir biéu d6 nay vao nam 2038 gan nhu 100% dan
s6 thé gidi sé su dung internet. Véi sy xuét hién cua
céc thiét bi thong minh cAm tay nhu laptop, smart
phone, tablet, cling nhu cac ng dung trai nghiém méi
nhu virtual/augmented reality (VR/AR), xe tu lai
(autonomous driving), Internet of Things (IoT), nhu
cau st dung wireless communication toc do duong
truyen cao cling ngay cang tang va duoc dyu doan s&
dudi kip nhu cau sir dung wired communication vao
nam 2030 [34]. Hinh 4b biéu thi su két hop ctia wired
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Hinh 4. (a) S6 hwong va phan tram ddn s6 thé gidi sir dung internet theo ndm véi sé liéu tham khao [36]
thoi diém 12/2020. (b) Small cell networks cho cong nghé 5G va 6G twong lai [37] (Reprint permission
from open access policy of MPDI).
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Bing 1: Bang so sanh giita cdc mang tir 1G dén 5G va Wi-Fi, WiGig, Li-Fi tham khao [38—45].

16 | 6 | 6 | e | s | wm | wos | Lnm |

Year 1980 1990 2001 2010 2020 1997 2009 2011
Carrier 800 MHz 900 MHz 2.1 GHz 2.6 GHz 3.7 GHz, 4.5 GHz, 2.4 GHz, 5 60 GHz 4-8 THz
frequency 28 GHz GHz
Bandwidth 30 kHz 30-200 15-20 15-20 MHz 600 MHz 20— 40 MHz 2.16 GHz ~300 GHz
kHz MHz (Expected)
Speed 2 Kbps 64 Kbps 2 Mbps 0.2 — 1 Gbps > 1 Gbps 150 — 600 ~7 Gbps > 1 Gbps
Mbps (Expected)
Service Voice Voice, Voice, data, Voice, data, Voice, data, audio, Internet access  Internet access Restricted RF
only data audioand  audio, video video calls, HD TV, for devices and for devices and  place like
video calls  calls, HD TV, streaming, and UHD equipment equipment, HD  hospital,
and streaming video streaming underwater
communication  (duong  lién) va  wireless sang cho wireless communication. Loi thé 1a tiém

communication (dudng chiam) cho mang 5G va 6G
trong tuong lai v&i cong nghé két hop nhiéu small cell
networks (HetNet) [37]. Chung ta c6 thé thiy ngoai két
nbi gitra tram chinh véi tram trung gian hay toa nha,
cac két nbi gitra thiét bi véi nhau hay céc thiét bi voi
céc tram déu 1a wireless communication.

Bang 1 tém tat so sanh gita cac mang cellular tir 1G
dén 5G va mang Wi-Fi, WiGig, Li-Fi [38-45]. Trung
binh 10 nam s& xuét hién thé hé mang tiép theo cling
v6i the do truyén tai dir liéu tang 1én tir vai Kbps (1
Kbps = 10° bit/s) dén vai tram Mbps (1 Mbps = 10°
bit/s) va c6 tiém nang dat hon 1 Gbps (1 Gbps = 10°
bit/s). Cung véi d6 loai dich vu cung cép ciing da dang
va phuc tap hon tir chi ¢6 giong néi dén truyén tai dir
liéu, UHD video, hay live stream. Mdi thé hé cong
nghé s& c6 nhiing budce dot pha ki thuat quan trong nhu
chuyén dbi tir analog qua digital, cach thirc md hoa
diéu ché (modulation) phirc tap hon, nang cao ki thuat
xu ly tin hiéu so6 (digital signal processing). Tuy nhién
chung ta ciing ¢6 thé nhan thiy tdn sd song mang
(carrier frequency) ngdy cang cao hon gitip cho bang
thong dugc sir dung rong hon tir 30 kHz 1én dén 600
MHz. V& co ban, carrier frequency & tan s6 cao s& co
bang théng rong nén chd duge nhidu dir liéu di cing
mdt lic hon va hon nita tan sé cao 1a tai nguyén chua
dugc phan bo hay khai thac. D6i v6i mang Wi-Fi
chung ta ciing thdy diéu d6 duoc ap dung khi ning cap
1én WiGig, dai tan millimeter wave & 60 GHz d3 dugc
sir dung lam tang toc do 1én hon 10 1an Wi-Fi. Diéu gi
s& xay ra néu ta sir dung tan sd clia anh sang noi ma
bang thong 16n hon 1000 14n? Nam 2011, khai niém
Li-Fi (light-fidelity) dugc dua ra véi viée st dung anh

nang tdc do truyén tai dir liéu rat cao va c6 thé duge sur
dung & nhiing noi khéng dung dugc song radio nhu
bénh vién vi song radio co thé 1am nhifu céc thiét bi
dién tir nhay. Tuy nhién han ché cua Li-Fi 1a s& bj can
b6i cac vat dung thong thudng nhu quan 4o, gidy, nhya
va dé bi nhidu tir nguon sang khéc.

Bang 2 so sanh viéc sir dung cac dai tan khac nhau cho
mg dung wireless communication [34]. Mdi dai tan s&
¢6 uu nhuoc diém va pham vi tmg dung phi hop khéc
nhau. Ngoai nhiing uu diém vé& bandwidth, data rate,
directivity ctia song THz trinh bay & phan 1.2. Mot uu
diém nita 1a hiéu qua nang luong trén bit truyén tinh
theo don vi bps/W & tan sd cao s& cao hon [46, 47].
Luu y 13 hiéu qua ning luong truyén tin hiéu trong
thong tin truyén thong s& tré thanh chu dé quan trong
trong thoi gian sip dén vi tbe do truyén tin va lugng
nguoi dung khong ngung tang 1€n, bao céo [47] udc
luong 1000 ho sir dung internet vai tc do 1 Gbps sé
can 1 GW = 10? Watt ning lugng. Ngoai ra so v6i anh
sang, song THz khong bj nhiéu béi anh sang khac vi
tan s THz khac xa tin sb anh sang xung quanh, cling
nhu khong bi chin béi mot sb vat liéu thong thuong.

Céc thi nghiém vé wireless communication bang song
THz & mot sb truong dai hoc, cac vién nghién ciru, cac
cong ty tu nhan da va dang dat dugc nhiing két qua an
tugng [34]. Bang 3 tom tat mot s6 két qua nghién ciu
d6. Ca hai cong ngh¢ dua vao quang tr (cac hang mau
vang & trén) va dién tir (cac hang mau xanh 1a cay &
dudi) déu dat duoc téc do truyén tin & bac Gb/s &
khoang cach gin vai centimeters dén xa vai chuc
meters. O khoang cach xa sé gap khé khan hon vi yéu

Bing 2. Bang so sanh cdc ddi tan séng sir dung cho wireless communication [34] (Reprint permission from

open access policy of MPDI).

Technology Millimeter Wave Terahertz Infrared Visible Light Ultra-Violet
Data Rate Up 1o 10 Gbps Up to 100 Ghps Up o [0 Ghps Up o 10 Ghbps Few Gbps
Range Short range Short  range Short range — long range Short range Short range

Medium range
Power Consumption | Medium Medinm Relatively Tow Relatively low Expected o be low
Network Topology Point to Multi-point | Poiat to Multi-point | Point to Point Point 1o Point Point o Multi-point
Moise Source Thermal noise Thermal noise Sun Light + Ambient Light Sun Light + Ambient Light | Sun Light + Ambient Light
Weather Conditions | Robust Robust Sensilive Sensilive
Security Medium High High High To be determined
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Bing 3. Mot s6 két qua dat dwoc trong nghién cieu vmg dung song THz vao wireless communication.

Technology Fr:;'::wy Channel Speed Distance Bi:.::':or R:;i‘:;::i:n Reference
UTC-PD 200-GHz 4 100 Gb/s 2cm 103 QPSK [48]
UTC-PD 300-GHz 100 Gb/s 0.5m 10¢ 16QAM [49]
UTC-PD 300-GHz 1 I 100 m L 00K [50]

30 Gb/s 101
UTC-PD 300-500 GHz 6 260 Gb/s 0.5m 107 16QAM [51]
UTC-PD 600-GHz 1 10 Gb/s 1.5cm 10-1 OOK [52]
CMOS 130-GHz 1 11 Gb/s 3m 10° ASK [53]
MMIC 240-GHz 1 64 Gb/s 40 m 10 QPSK [54]
InP-HEMT 300-GHz 1 100 Gb/s 222m 107 16 QAM [55]
RTD 500-GHz 1 34 Gb/s lcm 103 ASK [56]

cAu cong suat ctia thiét bi phat va do nhay ctia thiét bi
thu cao hon. Truyén tin bing cong nghé quang tir c6
diém loi 14 c6 thé Gmg dung hé thong THz vao hé thong
optical fiber hién hanh, con cong nghé dién ti s& gitp
thiét bi nho gon tién lgi hon. Viéc két hop nhidu
channel con goi 1a multi-carriers giup dat duoc tong
toc do truyén nhanh hon nhu 260 Gb/s v6i 6 channels
[51]. Str dung tan s6 cao nhu dai tan 500-600 GHz ¢
tiém nang tang tbc do truyén nhanh nhung kho khan
trong viéc ché tao thiét bi ciing tang. Viéc sir dung cac
phuong phdp modulation phtc tap nhu QPSK, 16
QAM, 64 QAM, v.v... gitip tdc d6 truyén tang 1én 2, 4,
6, v.v... lan phuong phap modulation co ban OOK hay
ASK. Tat nhién modulation phirc tap hon s& yéu cau
signal-to-noise ratio cao hon. Cac dé tai nghién ciu
song THz cho wireless communication van sé tiép tuc
s6i dong trong thoi gian toi.

2.2 Imaging-sensing

Linh vuc ting dung séng THz vao imaging va sensing
da duogc quan tAm va nghién ctru hon 20 nam [57] véi
nhiing dot séng dot pha trong cong nghé dugc khoi
dau vao nim 1995 khi hé thong THz time-domain
spectroscopy (TDS) dugc st dung thanh cong cho ing
dung imaging [58]. Spectroscopy la ki thuat do dic
tinh nhu do hap thu (absorption) va/hodc do khuat xa

IF UNDELIVE

RIKEN
r o . 21H|rosaw=

' F BY AlRa)

(refractive index) cua vat lidu bién thién theo céc tan
s6 & mot dai tan. Ciing da dugc tom lugc & phén 1.2,
sy thu hat cia tng dung séng THz vao linh vuc
imaging va sensing la vi nhiing lgi ich sau day [57, 59,
60]: (1) d6 phan giai trong khoang micromere dén mm;
(2) xuyén nhiéu vt lidu; (3) buc xa khong gay ion hoa;
(4) ¢6 nhiéu vat liéu sé hitu dic tinh nhan dién; (5)
budc song d& bi hap thu boi cac phén tr phéan cuc
(polar molecules) nhu nudc; (6) co tan s6 gan voi tan
$0 dao dong ndi phan i (intramolecular vibration) ctia
mot s6 phan tir vo co va hitu co.

Nho nhiing dac diém liét ké ¢ trén, mot trong nhiing
tmg dung duoc ki vong nhét ciia song THz trong linh
vuc imaging-sensing 13 kiém dinh khong pha huy.
Hinh 5 1a mot vi du vé& su dung cong nghé THz
imaging va spectroscopy dé giam dinh cac loai thubc
bét hop phap véi khoang 20 mg mdi loai d& trong tai
nhya gidu trong phong bi thu [61]. Day 1a mot ung
dung dién hinh vé tiém ning cta song THz trong tng
dung kiém dinh vi viéc sir dung dai tan thap hon nhu
millimeter wave thi thiéu dic tinh nhan dién va do
phan giai thip; con sir dung dai tin cao hon nhu
infrared light thi c6 déc tinh nhan dién nhung bi tan xa
hodc khong xuyén dugc vat liéu bao boc; X-ray thi
khong nhéan dién duoc 1a chét gi va gy ion héa nguy

MDMA
4] methamphetamine
aspirin
3. /\

/
/

log attenuation [a.u.]
N

10 1.2 14 16 1.8 2.0
frequency [THz]

Hinh 5. Sir dung séng THz dé gidm dinh chat kha nghi trong phong bi thu, tir trai qua: MDMA (thuéc liic),
aspirin, va methamphetamine (chat kich thich), ca ba logi déu dwoc nhdn dién [63] (Reprint permission from
open access policy of OSA).
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hiém [61]. Trong hinh 5, hinh bén phai 14 biéu do
spectroscopy thé hién do absorption ctia song THz &
céc tan s6 doi vai tung loai chat. O mot sb tan sb c6 do
hap thu gan giéng nhau nhung & tan s6 khac thi khac
nhau. Sau khi do va két hop thong tin tir cac tan s &
ting diém anh ta c6 thé xac dinh duoc trong phong bi
¢6 chat gi & vi tri nao nhu hinh & giita trong hinh 5.
Kha ning nhan dién cic chat gay nd hay cac loai thudce
bét hop phap khac bing song THz ciing duoc nghién
curu [62—65]. Bén canh d6, ing dung nondestructive
inspection cta séng THz con duge ap dung vao nganh
néng nghiép thuc pham [66, 67] nhu kiém tra chét la
trong chocolate [68], bt [69], phan biét du an sach
va ban [70], x4c dinh ham lugng thudc bao vé thuc vat
[71], va bang cach két hop vé6i ki thuat machine
learning c6 thé xac dinh san pham bién ddi gene [72].

Trong cong nghiép, kiém dinh chat luong gidy vé do
day va do 4m bang song THz di dugc thir nghiém
trong day chuyén san xuit [73—75]. Trong nganh cong
nghiép nhua, da c6 nhiing nghién ctru xac dinh thanh
phan [76, 77], d6 4m [78], hay chat luong mdi han
nhua c6 1an kim loai, cat, khong khi hay khong [79,
80]. Trong cong nghiép ban dan, séng THz cling duoc
sir dung dé danh gia cac dac tinh vat 1y (mobility,
conductivity, carrier density, plasma oscillations) [81—
84]. Vé6i kha nang nhan biét duoc chét va do day, song
THz con dugc thtr nghiém véi cac tac phé\m nghé thudt
¢b nhu xac dinh mau vét liéu, timg 16p gidy cua tranh
[85, 86], hay giam dinh bén trong cac binh chdu ma
khong can mé ra [87, 88]. Ngoai ra viéc két hop song
THz véi ki thuét khac cho ra doi nhiing cong nghé méi
nhu laser Terahertz emission microscopy (LTEM) cho
biét thong tin vé phan tmg ctia séng THz véi mau vat
va hinh anh c¢6 d6 phan giai cao ctuia budc song laser
cht khong bi gidi han boi d6 phén giai thong thuong
cua budc song THz [57, 89-91]. THz-STM (scanning
tunneling microscopy) 1a mét vi du khac vé su két hop
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STM v6i song THz tao nén mdt cong nghé gitip quan
sat bé mat voi do phan giai khong gian & bac nguyén
tir (STM) va spectroscopy véi dd phan giai thoi gian
femtosecond (THz) [92-94].

Mbt tmg dung nbi bat khac clia imaging-sensing bang
song THz 1 biomedical science. Song THz cho thiy
tiém nang nhan dién ung thu da [35, 95], ung thu va
[96, 97], danh gia d6 sau vét thuong bong [98], do do
khé ciia mét [99], phan dinh khdi u ndo gliomas cap
II-I1I-IV ma khéng can chat tuong phan [100]. Ung
dung séng THz vao nganh dugc pham ciing dang duoc
ki vong vi nhiéu hop chét héa hoc va phan tmg c6 thé
nhan dinh dugc & dai tAn nay [101-104]. Tuy nhién
van con can nhidu nghién ctu co ban dé hiéu ban chét
su tuong tac clia cac chét nay véi song THz dé tang do
tin cdy cda ung dung cong nghé THz vao mdt nganh
quan trong va nhay cam nhu life science.

Dua vao mot s dic tinh quan trong cua song THz
dugc trinh bay xuyén suot tir phan mé dau nhu c6 thé
xuyén qua nhya, giy, quan 4o, nhiéu chit mang dic
tinh nhan dién & dai tn nay, ciing nhu kha ning duoc
st dung an toan ddi voi con ngudi vi song khong gay
ion hoa, tiém nang tng dung séng THz trong linh vuc
an ninh dugc ki vong 16n [57, 60]. Kha nang giam dinh
dugc vii khi trong vali [105—107] hay trong céc vat
chtra [108, 109] bang séng THz hay THz camera da
dugc thir nghi€m. Hinh 6a biéu thi mot vi du chup anh
bén trong vali & tin s6 0.2 THz [105]. Chiing ta c6 thé
nhan thdy rd rang su khac biét ctia hinh vali trong &
phia trén va hinh vali bén dudi chira dung mot s6 vat
nguy hiém nhu dao.

Mt sd thir thach ctia ing dung THz imaging-sensing
vao thuc t& c6 thé ké dén 1a cong sut song THz con
thap trung binh ¢ mic pW dén mmW va tan sb cang
cao cong sudt cang giam. Nhiéu ki thuat trong ca
quang tir va dién tir dang dugc nghién ctru dé cai thién

85mm

With enhancer
88 mm

56 mm

56 mm

Hinh 6. (a) Hinh dwoc do bang séng THz ¢ tan s6 0.2 THz vali trong & trén, vali dung dao va cdc vét khac ¢
dwoi [105] (Reprint permission of AIP Applied Physics Letters). (b) Hinh mach dién bén trong thé di tau o
Nhdt dwoce do & tan s6 0.125 THz bang ki thudt ting dé phan gidi Terajet [114] (Reprint permission from
open access policy of AIP APL Photonics).
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cong suat dugc tom tit trong 16 trinh cong nghé THz
2017 [110]. Bén canh d6 ki thuét tang d§ phan giai ma
khong can tang tin s6 THz bang cach sir dung nhiing
cong nghé quang tir [111-114] nhu near-field probe,
surface plasmon, va Terajet hay su dung cong nghé
tinh toan [115, 116] ciing cho thdy nhiéu trién vong.
Hinh 6b thé hién anh nondestructive mach dién bén
trong thé di tau & Nhat vai tin s6 0.125 THz nhung c6
d6 phan giai tot hon 2 1an thong thudng [114]. Mot thir
thach khac 1a t6n nhiéu thoi gian do dé c6 dugc anh
bang song THz. Mt sd nghién ciru vé phat trién array
detectors [117, 118] hay ki thudt do compressive
sensing [119, 120] dé giam thoi gian do ciing dan dat

Vét lidu

Materials

két qué kha quan. Video véi tbc do 25 hinh/gidy & tan
s0 0.35 THz ¢ khoang cach 5-25 m cho Ung dung an
ninh da duoc thir nghiém [121].

3. Mot b lab, vién nghién ctru, va cong ty tiéu biéu
ciia Nhét Ban nghién ciru vé séng THz

Bang danh sach du6i day tom tit mot s6 lab & truong
dai hoc, cac vién nghién ciru, va cong ty tiéu biéu dang
hodc da lam vé cong nghé song THz. Chu d& nghién
ctru dugc phan co ban thanh 3 loai: thiét bi (device),
hé thdng phan cung (system), va Ung dung
(applications).

Bdng 4. Danh sdach cdc truong dai hoc va vién nghién ciru tiéu biéu

TT | Truwong Dai hoc/ Lab Linh vue Puong link
Vién nghién ciru
1 Osaka University Nagatsuma Devices & | http://ipg-osaka.com/en/research.html
systems
2 Tonouchi Devices & | https://www.ile.osaka-
systems u.ac.jp/research/ THP/HPE/index.html
3 Ashida Devices https://laser.mp.es.osaka-
u.ac.jp/en_research.html
4 Yoshimura/ Devices https://www.ile.osaka-
Nakajima u.ac.jp/research/ths/index.html
5 Tohoku University | Otsuji Devices & | http:/www.otsuji.riec.tohoku.ac.jp/english/ind
systems ex_en.php?page=research
6 THz and Bio | Systems & | https://www.agri.tohoku.ac.jp/thz/index3.html
Engineering Application
s
7 Tokyo Institue of | Suzuki Devices http://www.pe.titech.ac.jp/Suzukil ab/index.ht
Technology ml
8 Asada Devices http://www.pe titech.ac.jp/Asadal.ab/study.ht
ml
9 Kawano Devices http://diana.pe.titech.ac.jp/kawano/eng/index.h
tml
10 | Keio University Monnai Devices https://www.hz.appi.keio.ac.jp/index.php/rese
arch-jp/
11 Watanabe Systems http://www.phys.keio.ac.jp/guidance/labs/wat
anabe/english/index_e.html
12 | Kyoto University Solid state | Systems http://www.hikari.scphys.kyoto-
spectroscopy w.ac.jp/en/index.php?Solid%20State%20Spect
roscopy%20Group
13 Integrated Devices http:/sk kuee.kyoto-u.ac.jp/ja/
function engineer
14 | Hokkaido Condensed Systems http://phys.sci.hokudai.ac.jp/L ABS/hikari/inde
University matter dynamics x.html
15 | The University of | Yasui/ Systems https://femto.me.tokushima-
Tokushima Minamikawa u.ac.jp/eng/research/index.html
16 | Kobe University Sato Application | http://www2.kobe-
s u.ac.jp/~hsato/research E.html
17 Tominaga Application | http:/www?2.kobe-
s u.ac.jp/~tominaga/index_e.html
18 | Shinshu University | Optical Physics Devices http://science.shinshu-u.ac.jp/~thz/index.html
19 | Osaka City | Wave  Physics | Systems http://www.a-phys.eng.osaka-cu.ac.jp/hosoda-
University Engineering g/index.html
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TT | Truwong Dai hoc/ Lab Linh vuc Puong link
Vién nghién ciru
20 | The University of | Shimano Application | http://thz.phys.s.u-tokyo.ac.jp/index_en.html
Tokyo s
21 Hirakawa Devices https:/thz.iis.u-tokyo.ac.jp/en/
22 | Tokyo University | Suzuki Devices http://web.tuat.ac.jp/~suzuki-lab/index-e.html
23 | of Agriculture and Zhang Devices http://web.tuat.ac.jp/~zhang/indexe.html
Technology
24 | Okayama Advanced Electo | Systems https://www.ec.okayama-
University Measurement u.ac.jp/~sense/index.html
Technology
25 | Waseda University | Kawanishi Systems http://www.f.waseda.jp/kawanishi/index-
e.html
Bing 5. Danh sdch cdc cong ty tiéu biéu
TT Cong ty Pon vi Linh vuc Puwong link
1 NTT Laboratories | Device and | Devices & | https://www.ntt.co.jp/dtl/e/
technology systems
laboratories
2 NICT Frontier research | Devices & | http://www.nict.go.jp/frontier/
laboratory systems
3 Terahertz Devices & | https://www2.nict.go.jp/ttre/
technology systems
research center
4 RIKEN Center for | Devices & | https://rap.riken.jp/en/labs-list/
advanced systems
photonics
5 Photon Devices & | https://www.riken.jp/research/labs/rap/index
engineering systems .html
research center
6 Rohm R&D Devices https://www.rohm.com/r-and-
d/coretechnologies
7 QST Advanced photon | Systems https://www.gst.go.jp/site/kansai-
research adprenglish/2879.html
8 Hamamatsu Centeral research | Devices https://www.hamamatsu.com/jp/ja/our-
laboratory company/business-domain/central-research-
laboratory/index.html
9 Advantest Terahertz system | Systems https://www.advantest.com/ja/products/tera
hertz-spectroscopic-imaging-systems
10 | Fujitsu Security Devices & | https://www.fujitsu.com/jp/group/labs/busin
Laboratories laboratory systems ess/
11 | Furukawa Electric | R&D Devices & | https://www.furukawa.co.jp/en/rd/profile/
systems
12 | SpectraDesign R&D and | Systems http://www.spectra-
commercial dsn.co.jp/english/teraherts.html
4. Loi két trién vuot bac vé toc do truyén tai dir li€u ma cé ca su

Bai viét nay gi¢i thiéu so luge vé song THz, mot dai
tAn nam gitra song radio va anh sang, sé hiru nhiing
dic tinh doc ddo. Trai qua nhiéu thap nién nghién ciru
va phat trién cting vé6i nhitng dot pha trong cac cong
nghé vat li€u, dién ti, va quang ti, nhiing ing dung
tiém nang cua song THz khong con dimg lai trén mat
gidy. Theo y kién clia tac gi, trong tuong lai gan song
THz s& c6 nhiing dong gop ndi bat trong tng dung
truyén thong thé hé moi, noi ma khong chi c¢6 su phat
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thay doi ca vé khai niém va phuong thirc truyén, ciing
nhu trong Gmg dung kiém dinh khong pha huy trong
nganh néng nghi¢p, cong nghi€p, an ninh, va life
science. Cac nha nghién clru, k¥ su, chuyén gia, sinh
vién Viét Nam lam viéc trong cac Iinh vuc trén c6 thé
b4t dau tim hiéu vé& cong nghé nay, biét dau s& co
nhing y tudng dot pha thic day su phat trién cta dat
nudce va thé gisi.
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