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FADTINIVYEDEHEN I ZAH EB{=E 7 /31 R :Flux-Flow Oscillator (FFO)
J. Appl. Phys. 54 (6), pp.3302-3309 (1983) . f = Vdc/@, S Ac curent
: 483.6 GHz/mV
Flux-flow type Josephson oscillator for millimeter Load
and submillimeter wave region (100GHz~700GHz)
T. Nagatsuma, K. Enpuku, and F. Irie
Department of Electronics, Kyushu University, Fukuoka 812, Japan
K. Yoshida Superconductor
Department of Electrical Engineering. Nagasaki University, Bunky hi 1-14, Nagasaki 852, Japan
{Received 15 November 1982; accepted for publication 3 February 1983)
An oscillator which utilizes the effect of the vortex motion in long Josephson tunnel junctions, i.e.,
flux flow, has been presented in millimeter and submillimeter wave region. An electromagnetic Quantized ﬂUX
wave generated by the oscillator is detected with a small tunnel junction as a detector with a
refined coupling configuration. Quantitative evaluation of the detected power showed that the
detected power attained the value of 10 ° W in the frequency range between 100 and 400 GHz,
which is far superior to previous results. Frequency and magnetic field dependences of the present \' de . . .
system were also measured, which showed that the output power was able to be controlled by the Ap pl | ed mag netic f|e|d
dec magnetic field. The present oscillator will be promising as the local oscillator in the integrated
Josephson receiver systems.
PACS numbers: 74.50. + 1, 85.25. + k Superconductor
Insulator
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X ABERERDS “FFO” #*B#§L7=3M: Integrated MMW/THz Receivers

ot Lo¥ (1) = Integrated superconducting receiver for atmosphere monitoring
: - at 500-650 GHz (TELIS project: TErahertz and submm Limb Sounder)
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[1990FR : HHHI<L BTHZAED T LA 7 | | |
THz SLZEDERw A=V T HDRE
THz/ RS X))y 7 #IxEE(1996). UTC-PD (1996)

[2000%8R : THEOEERROHE | | |
RS (2002), THZEF A 27 — FL—+(2002)

DHY AT LOBEAL T TNV H 45 (2008)
[2010%8R : RAkIAY I F = RM | | |
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| GBOF I A N 7= Beb Rl (1)

Picosecond Electronics and Optoelectronics
Proceedings of the Topical Meeting Lake Tahoe, Nevada, March 13-15, 1985

Ultrafast Optical Electronics: From Femtoseconds to Terahertz

***D. H. Auston, K. P. Cheung, J. A. Valdmanis, P. R. Smith

Prospects of High-Speed Semiconductor Devices

***Naresh Chand, Hadis Morkog

The Role of Ultrashort Optical Pulses in High-Speed Electronics

***C. V. Shank

GaAs Integrated Circuit Technology for High Speed Analog and Digital Electronics
***R. Castagne, G. Nuzillat

Heterojunction Bipolar Transistor Technology for High-Speed Integrated Circuits
***P. M. Asbeck

Permeable Base Transistor

**R. A. Murphy

Two Dimensional E-Field Mapping with Subpicosecond Resolution

***K. E. Meyer, G. A. Mourou

| I80F MR I N 7= ButHilT (2)

Ultrashort Laser Pulses and Applications, 1988

Generation of Ultrashort Optical Pulses

***Charles V. Shank

Optical Nonlinearities with Ultrashort Pulses

*** Alfred Laubereau

Ultrashort Interactions in Solids

*** Dietrich von der Linde

Ultrafast Optoelectronics

*** David H. Auston

Ultrafast Coherent Spectroscopy

*** Wolfgang Zinth, Wolfgang Kaiser

Ultrashort Intramolecular and Intermolecular Vibrational Energy Transfer of
Polyatomic Molecules in Liquids

*** Alois Seilmeier, Wolfgang Kaiser

Ultrafast Chemical Reactions in the Liquid State

*** Kenneth B. Eisenthal

Biological Processes Studied by Ultrafast Laser Techniques
*** Robin M. Hochstrasser, Carey K. Johnson
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Measurement of
High-Speed Signals in
Solid State Devices

Velums Edites
Robart B, Martes

| 980FERICEIN-EetFHT (3)

Measurement of High-Speed Signals in Solid State Devices
(Semiconductors and Semimetals, Vol. 28, 1990)

Materials and Devices for High-Speed and Optoelectronic Applications
***Jeffrey Frey, Dimitris E. loannou

Electronic Wafer Probing Techniques

*Hermann Schumacher, Eric W. Strid

Picosecond Photoconductivity: High-Speed Measurements of Devices and
Materials

*** D.H. Auston

Electro-Optic Measurement Techniques for Picosecond Materials, Devices, and
Integrated Circuits

*** J.A. Valdmanis

Direct Optical Probing of Integrated Circuits and High-Speed Devices

*** J.M. Wiesenfeld, R.K. Jain

Electron-Beam Probing

*** Graham Plows

Photoemissive Probing

*** A.M. Weiner, R.B. Marcus
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[ 1990 : KB &L BTHZRED T LA 7 |
THz/ ILZEDERw AX—I 2T HDRE
THz/ 5 AN w7 %Rz 2R(1996), UTC-PD (1996)

1990 : AEMEDTLA 7D E->0 T8

THz/ L2 H(TDS) DR D/

“Far-infrared time-domain spectroscopy with terahertz beams of dielectrics
and semiconductors,” D. Grischkowsky, Soren Keiding, Martin van Exter,
and Ch. Fattinger, J. Opt. Soc. Am. B, 7, 2006-2015 (1990).

THzA A=Y > T DRI DX
“Imaging with terahertz waves, ”
B. B. Hu and M. C. Nuss, Opt. Lett., 20, 1716-1718 (1995).
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Hertz's 1887 apparatus for generating and detecting radio waves

A spark-gap transmitter (left) consisting of a dipole antenna with a
i i spark gap (S) powered by high voltage pulses from a caoil.

Spark gap Receiver

transmitter
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Optical and Quantum Electronics, Volume 28, issue 7, July 1996

Special Issue: Optical probing of ultrafast devices and integrated circuits
***Tadao Nagatsuma

1SN 2015

ODﬁCﬂl and Ultrafast electrical signal generation, propagation and detection
Quantum *+D_R. Dykaar, U. D. Keil
Electronics Full wave electromagnetic simulation of electrooptic high-speed probes
e i ***D. Conn, H. X. Wu, M. Zhang
Qe a0t Optoelectronic techniques for ultrafast device network analysis to 700 GHz
*** M. Y. Frankel
Two-dimensional field mapping of monolithic microwave integrated circuits
using electrooptic sampling techniques
***W. Mertin
Scanning probe microscopy for testing ultrafast electronic devices
***A. S. Hou, B. A. Nechay, D. M. Bloom
Ultrafast-ultrafine probing of high-speed electrical waveforms using a
) Springer scanning force microscope with photoconductive gating

*** J. Nees, S. |. Wakana, S. Hama

fis. 18D
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A Non<ontact Terahertz IC Prober
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T Electro-optic (EO) material o
Polarizer (LINbO3, GaAs, ZnTe, etc.) Circuit substrate
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IC Testert LTZEHA1L (90’s): “EOS Prober”

System Configuration Developed System

Amplifier Camera

Polarizer

Signal
generator

EO crystal
(probe)
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2 -BEHTATIA—FDE: 1996 BREREH (MWPI998)

MWP 1998 (Melbourne) “All Optoelectronic Generation and Detection of Millimeter-Wave Signals”:
Layer Structure Band Diagram Photonic generation of high-power MMWs with UTC-PD ( >10 mW @ 60 GHz)
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FIANNYLRT LG RREE GRS Page 29 27 June 2024 FINVYLRT LG RHEER S Page 30 27 June 2024

74b=v7 - IVETFIANNVY RV NI T F54Y

Q 'W i Stimulus pulse Sampling pulse
~ Fiber 1
Optical Fiber
p \ OE converter EO sensor
MLLD (O[ utc-pD | \NWO PC bras
Transmlssmn line
Optical Fiber DC B|as ]>

HEMERAWEI)IETINILVESORELIRE

Optical delivery for PD

Amplifier Antenna EO Sensor PhOtOdIOde
\\ Contact pad
Zk A UT DC b|as I
A ! Polarizati Stimulus  |[™\_ SN
RF Am olarization EO Sensor 1 ;
P Q +~——— Detection pulse \ Sampling X Optical delivery for EO sensor
: TR TR EO Module pulse LA
Synthesizer Increasing Signal p £ ]
v @otocurrent ] Electro-optic
v Pulse sampling system
BT Laser Ontical ol
Time (4.17ps/div.) (60 GHz) o Se!ﬁ:rgt%fe
- T Optical fiber cable
Time Base [

Top view Bottom view
FIANYYRT LGRS Page 31 27 June 2024 FINWYLRT LI AT Page 32 27 June 2024




@AM 5>V RIHEMT DA

Incident

T EH RS A A0 SR

IMS2002 Special Session on High-Speed/Non-Contacting Electrical Probing Reflected Banoo EOBMRMEL AT L saus-  wammasin
j\ eflecte
Conventional o o h/\ = = x
Photonic E AWaRY: HOERESZRAS.
\ | 2 Vv Ao -7,
20 = y R
i S21 < Transmitted

) e Time
E 0 —1 11
12
E S11 822 RRECTaT. G0N
[3] 2 WmANA L
1S = b TRLRRACBRERALLELR
®© -20 VI HEANS ¥ X EWAL T
(]
o =
(7)) S12 ok _.u‘u‘mle‘; el lr i

-40 - "

go Lawul vyl v vninnl i

1 10 100 R '
- —
Frequency (GHZ) ENACIEARITHARAEROUSHINERTUET YOKDGAWA 4
FIANNYLRT LG RREE GRS Page 33 27 June 2024 FINVYLRT LG RHEER S Page 34 27 June 2024

HIMRITFELY

23 A S S Y

1994 &EF
$:H Wz 2 A M L TR E BRI A, 2 TR L S S )

BEn, ﬁlmffzmﬂ:ﬂwﬂuu.ui-.. S etz REET L WA B A
SEZ MR 2 N, MO BRI S s T B,

M, :LS{ LA S e T ALV ERTH S,
WS BMAL, KA kA, B L AL 2,
MAEAE L vl e T, M AT S,

MR F LTI R D B Pl

Jif A 2 DSE, kT
winLMBTELw, A

=

IR 175

WEATHEN, Bid2

AN R
T EIRTEL Y, S AERIIE C o ER TS 2 o biz
i, M am B Tmm BUF, Fo4cb b, kb X ik o iz v Al T oy
Mtk L JOBRRTIRMEE 5 Wik L OBl 2 b, Ak
SEHCRE VI Edp SRR LT M b S TG 2 Wb B, kT
IERE o, Wi, RoRR ISR, GEATTREL EES R B, K

FROMEE L P B OB L TRIBE T2 LB hA S, FL I
132 23 5% (binary optics) OIFHITHS 5, 2 MEFR TR W Mo i ik
Ntz o 2MTE, KRERVES TS 7 7 4582409 & Ji._’]

THz# O HAHRS @ “H3HNR”

[20005R : THZEDEERANHSF |

WBERA (2002), THZE F A X7 — RL—+(2002)
DHYRTLDOERAL TI~ILYAAS(2008)

FINYYRT L A M Page 35 27 June 2024

FINWYLRT LI AT Page 36 27 June 2024




TINILYEMICET 3 TF X FOET

97 | Topics in Applied Physics
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(A1.A2)
EFM— (%) 2005 K. Sakai, ed, 2005 FARBE (BE) - TILYT7/
V-gEBEEEEL (fR) 2005
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w L ESR [JA 8/ SILR]

ZRBEEE(DFG) -/ 3TAN) v 7 54z [FECW: BB E T ]
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KIcLBERKA

w AR TTI-TA T AF—F (GaAs, InGaAs, InP,: )

KRS AR T Reires GBRER - BHEKRTF)

TINIVYEEREB=FRTHEARE — 7ARS—RE®REK

G B C AR
THz-wave
TPX cylindrical% 100-460um
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Nd:YAG ez — Ly RTR
laser w7 LA P 5%
attenuator seed for idler MgO:LiNbO,
N navle L0} -
tunable LD . '
1.067-1.075 um k5 o

=IENHERE . K. Murate, S. Mine and K. Kawase, "Terahertz Parametric Generators and Detectors for

Nondestructive Testing Through High-Attenuation Packaging Materials," in IEEE Journal of Selected Topics
in Quantum Electronics, vol. 29, no. 5: Terahertz Photonics, pp. 1-13, Sept.-Oct. 2023, doi:
10.1109/JSTQE.2023.3296989.
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Janos Hebling et al., “Velocity matching by pulse front tilting for large area THz-pulse generation,”

Optics Express, Vol. 10, No. 21 p.1161(2002).
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Appl. Phys. Lett. 109, 021105 (2016).

BT O RDRE
(Advanced photonics Inc)

ITLYbDIA—TA>TRE
(Teraview)
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T. Kleine-Ostmann, K. Pierz, G. Hein, P. Dawson and M. Koch, “Audio signal transmission
over THz communication channel using semiconductor modulator,” Electron. Lett., vol. 40, pp.

124-125, 2004. ) o
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Hemispherical Si-Lens
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| 20GHzA# AR  EEHICKBHTEAVEAR

| 20GHz

S HA .

F-9LAB
—  BARS
EDFA
D i
HERB <}—{cor}—o/Ef—o0 5
FT=INN .
T—IHA

k_uﬂuﬁ_%ﬁfﬂtﬁ%%iﬁ
125 GHz
2338-2344, 2008.

A. Hirata et al., “Transmission characteristics of
120-GHz-band wireless link using radio-on-fiber
technologies,” J. Lightwave Technol. Vol. 26, pp.

| 20GHzF &R D5 (2000F4X)

Photonics-based Transmitter

Output power: 10 mW, ~2 km
Power consumption: 600 W

Transmitter ~ — Freq uency
: allocated
Trial use

> A
Controller

Mobility, Portability

Easy set-up system

Volume: 1/6
Weight: 1/2

in Japan

Max: 20 Gbit/s
> 5.8 km

Battery operation ‘

Output power: 10 mW, 2.2 km
Power consumption: 60 W

FINNYVRT LR NS Page 59

27 June 2024

FINWYLRT LI AT Page 60 27 June 2024




| 20GHzFHEMREEW: XM EAVWEARN InP MMICE il & 2 | 20GHZE BB X T L

Y = : 10 Gbit/s, >5 km, InP-HEMT MMIC with FEC
R < RKEZEHAICLIRG @
.. A. Hirata et al., 2010 IEEE Intern. Conf. on Wireless Information Tech. and Sys.(ICWITS), 207. 1, 2010.
- Antenna /\/\d Antenna
A Head 120-GHz-band Head
Wireless signal
MMW 40 mwW Rx | Power board I
SEEH AR Power board | | Amp, [~|_AMP: Module Controller
B | 25GHz rycyremre : 15.625 GHz —
2= I 16.5~133.5GHz _ : = : Module
iﬁﬁﬂz ) - L T
- ERAR ASKZE R " — )
- A | OmW ' E = l Controller P e Controller
%K{ﬁﬁgﬁ;‘gﬁ I.5km 2! S :;Lrﬁli:pﬂﬂfﬂiu:ll | . ::],(lel;pinpllcul
- TUFF HETLLTrTF | T YRS Controller - Controller
7T AR 49dBi .
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| 20GHZFEE DA (F L) RAX=9BFSAIIYHAS: NEC

2000 120-GHz band Transmitter (photonics-assisted) | EEOMEE S MEH3TT QO THZRIRE

10 Mbit/s transmission (tabletop) I
2001 3 Gbit/s transmission /
2002 10 Gbit/s transmission (<10 m)

wideband receiver
2003 Component & system for longer distance transmission

high-gain antenna (>100 m) ; / < Daereaw i3 by roik i3 Soraser 13ty ms-ebe's be
2004 First licensed system for experimental wireless unit (1 mW) HITIFL FOA—smm REM 23.5um pitch array  E(O¥L) DS
2005 Second licensed system with 10 mW

320x240 with 37 um pitch,

Tx: post-amplifier, Rx: MMIC 640x480 with 23.5 um pitch

6-ch HDTV transmission: meets needs NEP: 40pW@3. | THz ﬂ“ﬁ\?\‘

Seeds-oriented
research

g:s;'lzz‘;‘:g:t’ 2006 Demonstration at world-wide exhibitions | ~TTHz CRE R
InterBEE (Japan), NAB (Las Vegas), IBC (Amsterdam)

2007 Third licensed system with all electronics (MMIC) N. Oda et al., Proc. of SPIE Vol.
Exhibition at BIRTV 2007 (Beijing), >2 km 6940, 69402Y, (2008) IRV-TO83 | NECFHE N T B £ (LF)

2008 Broadcasting use at 2008 Beijing Olympic Game
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THz# i 0 HA#RS © “FaR”
| |

[20105/ : RAMICA 7 # A REM |
BF T/ MR- EHEBBEMOER (SITH)
HARMORE (RXT 3 bTF)
R EE % O

FINNYYRT LG AR S Page 65 27 June 2024

R DHERE /T —A—F

VDI Erickson “PM4/5”
75GHz"2THz, | uW~200mW
(RUIREHEBELH, BREHY
ZHEEILLILTREAL.

| W WORIEIIZ40H DB ERE)

Gentec-EO “THz-B” Ophir (#74—L) “3A-P-THZ”
0.1T730THz, 200nW~20mW

0.1T"3THz, 60 uW~3W
(BBHETFEHMALTVENDT (=T LB UK EE A
BN F 2w/ B R E) ¥ BHN3,PTBIRTRIE)

FINWYLRT LR A ETG S Page 66 27 June 2024

AR DER : ARI NS LT FHS544

VDI Mixer/Amplifier/Multiplier Chains (MixAMCs)

D IF ~40GHz
27+ M
gy ar
IN—4
(o)) ren
4 (THz)

/

. 75 GHz ~ 1.l THz®
gax—picgs 2 oHz~ 1 THzo
eNFToqy | SREOBSFEAS
AR 2 TR
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SRR OER XY TI—T T F54H

(BB T Rins

0y Ry

. . Anritsu
?g"c‘::'tz(fiyf'gﬁ)z + VDI Extender 70kHz ~ 110 GHz w/ coax.
: 7L, 226GHZE T (B H)

B T T Rohde & Schwarz
iz 'S.:E_!, B9 50GHz ~ 500 QHz
T % (0.5~1THz; option)
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FEAKBRERRMOERE

(9-dB >1-THz amp)
GaN, fmax=0.58 THz

A EEKWV )ICs
25nm InP HEMT, fmax=1.5THz,

InP-GaAsSb DHBT, fmax=1.18 THz

Si-$E{& ICs
CMOS bulk/SOI/FinFETs,
fmax=300-450 GHz
(20nm~60nm node,
3nm applicable recently)
SiGe BiCMOS/SiGe HBT,
fmax = 700GHz (100~150nm)

InP + SiGe
InP + SiC

ATAC—ZTFRER(BEFYTER)

BT HBA K

Ge photodiode/ on Silicon

Optical modulator/optical waveguide/

HI-VERL &M F BRI ZERBEBREMAEITL, 00TV AV (SHFEAERBERICE SOOI WVIEEI

LN

INPREFT/N1 ADfEH: | THZEE

X. Mei, et al., “First Demonstration of Amplification at 1 THz using 25-nm InP High
Electron Mobility Transistor Process,” IEEE Electron Dev. Lett., 36, pp. 327-329 (2015).

* 25-nm InP HEMT
10-stage common source

2-finger 8-um wide

devices

On-wafer measurements

(B

[E25um)

9 dB Gain demonstrated on wafer at 1 THz

15 5 ‘ ‘ \gdBaH.OTHzf’

r,»i,,%';ﬂ I

' i

0.75 0.80 0.85 090 095 1.00 105 1.10
Frequency (THz)

S-Parameters (dB)

) ik

-20
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CMOSOf,r57/ay¥—/)—F

Normalized cutoff frequency of CMOS devices

Si-CMOSTTHzO R EHTTHEIS

Courtesy of Prof. K. Sengupta (IMS-WS 2017).

7 1

; A 10 1SCC 2015 On-Chi
& : / i isscczoi @ M L4 n-_ P

F 0 lﬁscc 2015 gmissec 2018 m Radiated
5= — MTT 2013

-o- Intrinsic ; N IS Rrc20g Com | ] ‘]SSC 2011
i Extrinsic , / D @ _qQ fes a-sscon g O l.| S'S'Vzi‘;ii
- ' o

' ~ MTT 2015 155€12013

H g ssec zor -.EJI;I;E ;gﬁ 1SSCC2011  JssC 2017
33—

Normalized CE -20 @ ViTT2013 B Visi2nis 1SSCC 2016
) to 130 nm 5 B ‘mTT2013
o
s -30 "13;’:’2611: Wisscezont
14 (@] Issc 2014
M visi2011
———————————— ! _ MAssce 2015
L T T T T = 40
130 90 40 28 20} | 16 :
(nm)y 77 : 50 ‘ ASSCC 2015
planar CMOS | AnFET i 200 400 600 800 1000 1200 1400
M.H. Wakayama, “Nanometer CMOS from a mixed-signal/RF perspective,” Tech Dig. IEEE Frequency (GHz)
International Electron Devices Meeting (IEDM) Technical Digest, pp. 17.4.1-17.4.4, 2013.
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CMOSIc& 57 L— 3RS

260GHz |mW 7L —%iR%E 280GHz 4x4 7L —%1R%
(45nm)

R. Han and E. Afshari,
ISSCC 2013. (Cornel Univ.)

K. Sengupta and A. Hajimiri,
ISSCC 2012. (Caltech)

70U —REIRSDOERENX: ZHEHE K

K. Sengupta and A. Hajimiri (Caltech)
4x4 Beam-steering architecture at 0.28 THz

DARS @ 0.28 THz
N X ‘ Injection-
¥ |ocked Triplers
g |2
e Divide-by-2,
Phase Shifting

Central Frequency
Reference at ~ 94 GHz

+ Central frequency
reference.

+ Sub-harmonic signal
distribution

+ Local phase-shifting.
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CMOS-way: Ix8 7z —XF7 LA

100 uW output quadrupler

F. Golcuk, et al., ‘A 0.39-0.44 THz 2x4
Amplifier-Quadrupler Array With Peak EIRP
of 3-4 dBm’, IEEE T-MTT, vol. 61, no. 12,
pp.4483-4491, Dec. 2013

—_— 7 d
e . . .
W v High-efficiency on-chip antenna
L

0-90° Vector Modulator

Si-CMOSI< & % | 30GHz % {5

<———886pm——> D/ F :110-170GHz
1 EEEEE
g £ = Rx: 132mW
™ m
Qo Modulator PA
\l/ ERE NN X TRx:
'T [3M 209mw
£3 :
®m A Tx: 77TmW
T : ‘

IEREEEEEEREEN
11 Gbit/s @ 130 GHz

19 pJ/bit @ 3m

<« 225 ym—m8 >

M. Fujishima, ICSICT 2014. (A B KX %)
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#EE2S . InP/GaAs vs. Si (>300 GHz)

Si-CMOS (2L 5THzAAS

ISSCC2012KkY)
W ey @ A 1kPixel CMOS Camera Chip for 25fps Real-Time Terahertz Image
4:%% Tr’l\iﬁg El *%ﬁk App||cat|ons
Skt — (STMicroelectronics, )
N B, Chi=:]
RF . . . .
IF/ [ RE 2 280GHz and 860GHz Image Sensors Using Schottky-Barrier Diodes in 0.13um
InP/GaAs | frr < fmax BB‘@ | Digital CMOS (U. Florida th) 420
oD St MM paleh antenna
LO E { ;E
£ : =i
S ERee 2 1 3
IF - :
Si frE > fmax BB XN RF s -
LO 1§ " i
£ [ i R e R B
i
1024 Pixcels (900 GHz) —— 29 PWNHZ @283 GHz =
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HIERNRLITLA—F “TOFERH>S>DHAFOE”
KR KETIT2010FEISEEFERI—F

RTD €Y a—

Top view 1cm  Side view 1cm
I RTD C{'lip

Silens Connector

Sign
al
line

[

RTD | MIM

Schematic diagram
of RTD chip

~ Signal line

Shunt
resistor

Y. Nishida, et al., Scientﬁic Reports 9, 18125, 2019.
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v F#iE vs. BERI-ViE

Result: |BandsﬂransmissiomCurfenIDensilwIV

-
|

SREARIR EN(F

- JEESGN B (o . (1) m) (Im) A. Oshiro et al., IEICE Electronics Express 19 (2),
PRI e | B T 20210494-20210494, 2022.
° 03] = —_
: : |
ANFLTKBEFOIRLF -4 4 % <l | Amplification by NDG - —~,
TNURDZRILF—r —E LB, e § :é"n's i : | :
53R
EEEEIBYIRITATE, g | E So4 | | : ;‘ I : :
= | -
ZOFER D BRI SR Son - E 3 02 } : inputsignal ~____________" /
ns, & Z |
| = o 0 A i L Data signal —
; —__/ ¥ = 0 02 04 06 08 1 — Data |
J £ RTD f
| ‘E Voltage (a.u.) + Envelope detection - - $
g I-V characteristic | :
T T T T c
: : s. 3' T8 | s L,
Composite Plot Axis & } |
Bands+Transmission+ CurrentDensity+IV = 1_Bias=0¥ . 1 mmmmm——————=
D ] Optio Amplified detection  Gain: >13 dB.
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o o =% y— o8 & - B .
RN RTORKRBOMA  RRIXKZE RRABIRD 53R F 5 Bk : 200GHz~320GHz
) 325 GHz
AN Bismuth 240 :
antenna resister 2 i%-}v L— H,0
______________ 610uW @624GHz I H,0
(S. Suzuki et al., 200
IEEE J. Select. QE, o
2012) =
4 el. amay @ 160
Resistance to suppress parasitic osc. (Bi) -
Upper e\el:trnd.e:.-x S “g
SHNPy BAREF = 120 FSPL:
Slot antenna -~ ~1 OHW @1 4 THz gl:aece
(H. Kanaya et al., 80 Propagation
IPRM 2012) _70GHz 120 GHz 1km Loss
MIM reflector | - PR T R SO S N PR
0 200 400 600 800 1000
DC Bias Lower electrode Frequency (GHZ)
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T. Schneider et al., “Link budget analysis for terahertz fixed wireless links,”

BRRnEE

IEEE Trans. THz Science and Tech., Vol. 2, No.2 , pp. 250-256 (2012).

ZX(bNFHA - IEEE Standardization: Oct. 2017

22 12} 1 IEEE Standard for High Data Rate
[ Wireless Multi-Media Networks
€ 20 Amendment 2: 100 Ghis Wireless
é 18- Switched Point-to-Point Physical
% Layer
= 164
£ 14
3
12—
Z 10
£
@ B
o
g o
Eé_ o]
@ L]
1 Standardization of the PHY and MAC layers of wireless systems at frequencies from 252 GHz to 325 GHz for use cases such
Frequency (GHz) as kiosk downloading, inter-chip/inter-board communications, data center communications, and mobile fronthaul/backhaul.
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- - = ~ v Y
TINIVYEBORREFEMTER IEEE Std 802.15.3d: Channels (—B)
i ENMEIRIR A(ZEEHE =R EH 7T AERD
memg | V7N mioom~ | maLme GiEm 252~325 GHz
N V> = a: I2V=7H
(FWA) % B Ftkm RABRDE LB
EAAUNWO wAL R | AmE-am 252.72GHz 9 16GHz 321.84GHz
THz+/t1L —& <100m BL(EER) | BROVLE - —
B E5 1 m Ch32
FIRAFAVL Ak aE | -
WLAN/WPAN ~NDEE <10~100m g B
/ ity Cch1? 8.64GHz f
A
427 - RiEL Rt Ch\[/Ch\|/Ch} [Ch} [Ch)| [Ch\ /Ch\ [Ch
gova-k Br-B8 | <O.I~Im| o opseRst | (FBLT) 49 Y5051\ 52\53)54\55)56| f
ST B <o.im il . 25.92GHz
IS EILFR7 ’ 2ILFIRR 8 {
| cnes | cher | f
 LRRE (2 arvEa—-% - L& RHEE
H— KA i <0.1m AL A 260 280 300 320(GHz)
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RUREEY 8 T o - tHRERAE2EHZ (WRC2019)

R nR#R: B> YR

World Radio-communication Conference 2019 5|° T 1°|° T 1?0 T 2?0 T 2?0 T 30,0 T 35,0
B8y : REECHEREORRA A ZFICHT 5 ERALEURD |
EHE L - ERBERA ORIE RIESA TS/ VE H HH H UH D D [ E
HARA : 20195 10A288~11A228 3 Bo | Identified at
SME, R “Z7n
B - BRI H H H D D D D HH

N . BLHBVEHEESNT !
#REI.15: X X RY VIS 102 151.5 209 252 1275 306 318
275 -450GHz O EREER CERAT 2ELBHRVEEE ~109.5 ~164 ~226 ~2751~296 ~313~333
B7 7V r—Yar~ofROBREICAT LI LY ROR oo G

23 \w a4 ER Rt 0 NS (= F ' 75 110 170 |
% (RHERS COHORMTH 34 WO TARCHAOR - — H band (WRE) :
HINH - (EHEEE) 60 80 110 170 220 ' 325

#%%:275-296 GHz (21 GHz) 306-313 GHz (7 GHz) | Ebandt  ~"Dihand(WR6) L and (WRS) !

318-333 GHz (15 GHz) 356-450 GHz (94 GHz) 50 100 150 200 250 300 350
K% (GHz)
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BOEDTINIVYEBRIIHF AT

201451 A308: 1 20GHzFw D AREEIHE T
AEHE L EO—PEEEY HERR &

~120GHZ B X B EREGRD (FPU) DBA IS F 55| R E~
OZEHE
a 116GHZ)§\B134GHZ¥T.‘ [116-119. 98GHz*, 119. 98-122. 25GHz*, 122. 25-123GHz, 123-1306Hz*, 130-134GHz]
- BHRBIRKBOEN BEFRAIEHCHE. (w1206H T HERERMMR S 27 4 (FPU) OFALZ
i?glt@a‘gffEin%ﬁjﬁ%‘ﬁéhrum\lﬁ;‘&ﬁ%t:m\rmm;‘imsuiﬁLt:ixﬁﬁtLTﬁR

O 915-930MHz
s —REBOERICBVLTERRERNRATORELHER,
HEETE)
O 710MHzAS770MHzZE T (710-7140Hz, 714-7500Hz, 750-770MHz]
< SEREARTLETHOITLE Sav MR IR ABE DN,

8BRS | 25GHZ

(W AR — Y BREGER A O AR > AT AOBFAIR

4

R w3k | 8GHz

| 20GHz%H O BEEEI S T

FEEE 114.5~116 |116~122.5 122.5~123| 123~130 130~134 | 134~136
B 120 GHz band R
) (center: 125 GHz / 18 GHZ bandwidth) -
waRE | semen | BEESR | @EEE | ERER | 7ora7
TEAX | =HEE BEER |rer—var| BEER HEBE
Rk SuRE meEE | @axx |WEMEER | Smxx
TRFaT EIRRX

60GHzH TIZR A TIGHzH B L e 2Z D33 |
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KENEIN 20195128

2019528 DFCCREE LY

FCC FACT SH‘EET'
KFCCHSUREBA DT I L YHERRALL THMA B

First Report and Order — ET Docket 18-21

Background: Airwaves above 95 GHz have long been considered at or beyond the outermost edge of

‘ NEWS from the Federal Communications Commission usable spectrum. However, the Commission has seen an uptick in interest in _cgndncm.l_s_z experiments
using such spectrum and the inclusion of these frequencies in mlemaking petinons. We presently have no
rules to permut licensed or unlicensed communications in this region of the spectrum, other than by

Media Contact: amateur operators or on an experimental basis. As a result, the Commussion has been studying ways to
-\'-:‘I] Grace "10;] 118-0506 provide attractive opportunities for technology development that will promote the deployment of new
I ace, (202) 418-07 . 7 R e iz : S i . :
neil erace@fec.gov ripe: fully matured and services and devices mn this spectrum and keep the Umited States at the forefront of wireless inovation.
. .7 ready to be used I BACKGROUND
] 5 . N I
For Immediate Release ) ) ) )
3 Both industry and academia have expressed interest in the bands above 95 GHz, as
FCC TAKES STEPS TO OPEN SPECTRUM HORIZONS FOR NEW e\'idellcg(i by the wide range of L‘l.l_EO.II?_Q research and expel‘imeulﬂlio?l. hlstilutiops such as Brown
SERVICES AND TECHNOLOGIES University and the New York University Tandon School are conducting propagation measurements at
frequencies as high as 400 GHz. Companies such as Boeing and Raytheon have undertaken testing of
e . e X o antennas and radar receivers at frequencies near 100 GHz.* Frequencies above 95 GHz have also been
WASHINGTON, March 15, 2019—The Federal Communications Commission adopted new ; i ; 2 F ‘
rilés to \ncroumoc the :1 svelopmest of l: \\\'Lc;|1||111|:1i csitions techislogies _:"d o k‘(;il = Ih‘L identified as optimal for instantaneous temporary data links that can enable the transmission of large
{ = < dg i { = {4 L 2105 § > < an . . . ~ -
deployment of new «en'icc: i:l the spectrum above 95 GHz IL'Ins spectrum 111: 1(1\[10 hcct; bandwidth uncompressed high-definition (HD) video signals and other high-speed data for other types of
considered the outermost horizon of the usable spectrum range, but rapid advancements in 1|)|_)h”“0""" For example, 19_"008' J'\pa_u g used wireless links in the 120 GH; band O proY ide ]“. 5
radio technology have made these bands especially ripe for new development TV coverage of the 2008 Beijing Olympics.® Further. the shorter wavelengths associated with frequencies

above 95 GHz may be particularly well-suited for non-communication sensing applications such as
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v)ary (B) TTHzX vy 7%886H 5 | THzF¥ vv 7 “UAHDB” $BEYO2H5  KIRHETF
Laser-Driven Strong-Field Terahertz Sources
TINVYEMIE VAT LADEREBRFOERICE>T LY /MR —orew orGincuse Plasma (o)
TEREIRY FEOFOEY TEPNDLI TR B2 G ! =

SODOD‘ I [158] Y Y 1 10000f I [98] DSTMS : s : 4
000} . : (93] DSTMS 3 —=158] OH1
[TalppLNe L (157 _ 93] DSTMS ol
= [63) [50] [148] E p_— ! (4]
f : . » £ = ' 3 3
“Opening Terahertz for Everyday Applications,” K. — 3 100 fr— wes (98] DSTMS 3 "
. . . 9 * 1 v [60]
K. O et al., IEEE Communications Magazine, vol. u g (98] o1 mse { 2 S 160] (156] 1e— go((:)!fil\%\f%r‘_?&g
@ 91] DAST S : [[0F %
57, no. 8, Aug. 2019. 2 . _l _] e . é 100 3@ 163 0 - e ol B
N e LSS e — R
£ pam {3 '
~ . o 0E 3
W 1F 7l E — -|c1is
“Filling the Gap with Sand,” S. Naghavi et al., l {143) =
IEEE Solid-State Circuits Magazine, Summer . L L . 1 Lo " L .
2019 ‘ 0.1 1 10 100 01 1 10 100
. Frequency (THz) Frequency (THz)

Advanced Optical Materials, Volume: 8, Issue: 3, First published: 03 December 2019, DOI: (10.1002/adom.201900681)
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THz¥ v v 7

“bHhoa” $1BFY-o-H5
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-
O == =4 - > > >y S - -
INGAM) Y IREBERBBICIY . FM4F3IvILIUH>120dBIC ewvode | | blop
1000 :':i,” i .
400 mW 0.7 mi/fpulse 0.7/ pulse mmmmmmmm e — (a) Packaging materials t‘ 4y " “.. P
CW, 1068-1074nm D28 mijpubie 1., S00PS1IHZ 4 MR detector | 55 uheets of copy paper §~ R e
® m profiler or 1 * ‘e *
EC0e Ame. apitier [ LEPH noag faser | # photodetector) | S E = 9 ;’. g 8,0 Ty
_______________ il 1 - £ - !
[!—Ir\dalur _-;“ : _ ' _—— . - "“:f.‘: ". b
s "'::M—_" ' — I g 10 DAL e s i Y
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' I I ' ' 1 *le . * .
! 1 I ) . ] i ¥
: e comriion piit i H 0.1 TRy
|18 i p i " [wgoitineo, \\\\‘“ i §os "3 &
' 1B Ihim =1 — ’I 2 2 « 3 b
' BE I OHWPS N mem Broadband noise 11 o {5 ] Tr— i *
1|8 fiserem | rurvave o to70- 30720} ¥ Fombiench TV e o ‘ ‘
I ™y Lactose 5 ¥
N P Maswalf i o " 10 - e
AN * \ Cemsee e e et s et H £ Frequency (GHz)
] ‘} Q E \: s - o
:J::_',,:T_',:G_'_'E_ b b oy entoce i ? 2“ ‘/\WI « Amplifiers + Multipliers + QCLs (Cooled) + Oscillators
L o g 7 O
Fregaency [THz] Freguency [Tha|
. . https://www.vadiodes.com/images/AppNotes/ApplicationNote-SummaryofSolid-StateSources.pdf
K. Murate, et al., IEEE Journal of Selected Topics in Quantum Electronics, vol. 29, no. 5,pp. 1-13, Sept.-Oct. 2023. P 9 pp pp ry p
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|2020FK : “B5#R” -4 FOImAN |
ILZFO=IRETH4 =TI DERI

Beyond 5G(6G/7G)IcRHSNB{miXEE

2010 | 2020 | 2030

100M
bit/s

3G

100G 1T
bit/s bit/s

10G

b|t/s bit/s

LTE/

4G 7G

5G 6G

FINYYRT L A M Page 99 27 June 2024

FINWYLRT LI AEE G

Page 100

27 June 2024




BBYRITI7ANIY P I7 =7 L D@L

T. Harter et al., Optica, vol. 6, 1063(2019).

300 GHzEF TR IRTOEBBEHEBATES!

. S HEEIER->TVBDIRICILLEE
Arbitrary Waveform

Generator (DAC) / \
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Output Power (dBm)
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L. John et al., IEEE Trans. THz Science
Tech., vol. 10, no. 3, pp. 309-320, 2020

mca R oy
WR-3.4 WG flange

D/ FEROHI: Keysight/

t Upconverter =4 BP filter

https://www.temcom.com/6g-keysight-and-Ig-implement-high-speed-transmission-at-sub-
thz-frequencies/ (2022/2)
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| 44 GHz BRiER 0B

128 QAM at 144 GHz, 10 GHz occupied bandwidth 8.8 Gbaud - 61.6 Gb/s

22nm Fin FETIC& 3D/ FZ{EEIC (Intel)

A. Agrawal et al., “A 128-Gb/s -Band Receiver With Integrated PLL and ADC Achieving 1.95-pJ/b Efficiency
in 22-nm FinFET,” IEEE Journal of Solid-State Circuits, vol. 58, no. 12, pp. 3364-3379, Dec. 2023.
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SRR K & 312 ]
_ Vel il (SRS
| s ie 4] BB ]
https://www.keysight.com/jp/ja/assets/7120-1082/white-papers/A-New-Sub- :
EVM:-25dB EVM:-18.3dB EVM:-15.2dB
Terahertz-Testbed-for-6G-Research.pdf @4Gbls @64Gbls @128Gbls
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S~ > = B8 - S =
D/ R R(EBICICL BBEEER (BRTA/NICT)
C.Liu etal., “A640-Gb/s 4x4-MIMO D-Band CMOS Modulation | 16GAM | 320AM EVM /s Dala Rato
Transceiver Chipset,” 2024 IEEE Symposium on VLSI Symbol Rate | 40Gbaud | 40Gbaud
Technology & Circuits, June 2024. DataRale: | 160Gbis |~ 200Gbfs ]
EVM (RMS) | -19.3dB 19.7dB | B
a ey (L2
(a) @@  65nm CMOS Constellation| ¢ % ¢ éﬂf‘: &
(Equalized) TR tidvae ;
e - - . kw £ ]
: p e[ 3
(Single-Carrier) = G m‘, 250 40 80 120 160 200
Freq. (GHz) | Freq.(GHz) Data Rate [Gb/s]
*36cm distance & 25dBi Antenna |
RX Detalls

120Gbit's @15m 77}
0,

43dBl Antenna

NTT docomo/NTT/NEC/Fuijitsu 1= & % 7°L 2 1) 1) — Z (April 2024)

Press Releases

décomo NEC  FUfiTsu

® NtT

DOCOMO, NTT, NEC and Fujitsu Develop Top-level Sub-terahertz 6G Device
Capable of Ultra-high-speed 100 Gbps Transmission

[ 100 GHz outdoor verification test ] [ 300 GHz indoor verification test }

Over 100 Gbps
verification test

[

-
100 GHz band 300 GHz band Frequency

MIMO antenna

2x2 antenna
for alignment
Heat
spreader
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AEMERAWET 7O —F: EISEESR
Arbitrary
Waveform
Generator (DAC)
Laser Source ) Optical N . | .
) Modulator Photodiode Amplifier

-

Laser Source
(A2)

A
F = Ay - Ll 2y)

Real-time
Digital -
coherent

Module A,

K—T I3~

=) > 7 DHERG

Real-time
Digital -
coherent
Module

J. Zhang, M. Zhu, M. Lei, B. Hua, Y. Cai1, Y. Zou, L. Tian, A. Li, Y. Huang, J. Yu, and X. You1,

“Demonstration of real-time 125.516 Gbit/s transparent fiber-THz-fiber link transmission at 360
GHz~430 GHz based on photonic down-conversion,” Tech. Dig. Optical Fiber Communication
Conference, M3C. 2, 2022.
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B EERALE-ZES RS EERERLIIL I F/Q RIESBD
R. Igarashi et al., OptoElectronics and Communications Conference (OECC2022).
Coherent
Optical
Transmitter Driver
- o 0 b=
Optical THz waves
Laser . Digital Coherent Optical Photo-
A, THz Optical p i .
Optical frequency Optical diode
Modulator . —
Receiver comb filter
Laser generator
Ay

Y. Horst, T. Blatter, L. Kulmer , B. I. Bitachon , B. Baeuerle, M. Destraz, W. Heni , S. Koepfli, P.
Habegger, M. Eppenberger, E. D. Leo, C. Hoessbacher, D. L. Elder, S.R. Hammond, L. E. Johnson,
L. R. Dalton, Y. Fedoryshyn, Y. Salamin, M. Burla, and J. Leuthold, “Transparent optical-THz-
optical link at 240/192 Gbit/s over 5/115 m enabled by plasmonics,” J. Lightwave Tech., vol. 40. no.
6, pp. 1690-1697, 2022

Receiver

SHM: sub-harmonic mixer pumped by frequency multiplier
LO =26.5 GHz x 6 = 159 GHz RF =318 GHz (26.5 GHz x 12)

Real- Simple ‘” ‘ .

time L_J ot line *n 128 Gbit/s has
oscllo- DSP it been achieved
scope CREY
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Carrier-aggregated MIMO Offers > 1-Tbit/s Capacity

Hongqi Zhang et al., “300 GHz photonic-wireless transmission with aggregated 1.034 Tbit/s data rate over
100 m wireless distance,” OFC2024.

72 Gbit/s (12 Gbaud x 6bit) x 4 ch x 4 (MIMO) - >1 Tbit/s

B.-:u bmld’ signal generation and apﬂmp‘ mm"m'mmn

' | ¥ei = o EDFAL
| EcLs (RN (D — e ? R
'ECL4 u| % w| (v NKT
= Sl o
; LIS Yo CaD=
- P

D-band (125 GHz) 200-Gbit/s 4.6-km Transmission

Yi Wei et al., “Demonstration of 200 Gbps D-band Wireless Delivery in a 4.6 km 2 x 2 MIMO system,” OFC2024.
100 Gbit/s (25Gbaud x 4bit) x 2 (MIMO) -> 200 Gbit/s

Transmitter
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D LO-1
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Bit sequences Down-conversion

= A AM mapping Resampling
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-1 Up-sampling Matched filter
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{—) L g Rc fuse | T2 MIMO-CMA
l I r—"
== 1 ' -‘i..-‘ I ?o"? Resampling FOE+CPR
Clock rrestor i :|_1 —
(:lz‘ 1im 4 Tas MIMO-VNLE
[ Chammal equatraivan | 1 2esom) 1) %\-1 B3 g DD-LMS
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H )| & : S "téa BER Cal,
ﬁ | Lo Lows | i S
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J-band (226 GHz) 160-Gbit/s 1.4-km Transmission

Tobias Blatter et al., “Dual-Sideband Receiver Enabling 160 Gbps Direct subTHz to-optical Conversion over 1400 m,”

OFC2024. 8 FDM channels are aggregated - Total counts > 184 Gbit/s (line rate) @226 GHz.
f; c - D +f; D @400 2]
‘EE Sc‘t'ﬁf ‘ TS ‘:.:' % E 300 E I‘1315 This \,!-.'{_‘-r:\'(n
Tg,. F S | Z200fkdnl o«
fre fre [ e f | 8100 e X514 p3 16l
0 S——
f),~B 2 %0 051 455558
Plasmonic = Distance [km]
Modulator

rar eIy,

Remote Tx
Anten na Unit

Remote Rx
Ante nna Unit

Dual Sideband Rx

@E.lﬂ] 88

Tributary:

6

oM 2383 sk 3472 1783 1.781

BER: 6.10%102  3.88x 102 420:(102 361x102  286x102  287x102 285:;102 292“02
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THz constellations diagrams are still poor due to lack of SN
*

PS:256QAM
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Stimulated Brillouin Scattering
Fiber Cavity
(cavity length: 75 m)

7L 7 EIR@ 300 GHz

DFB laser 2 Linewidth
(f,) ~1MHz
DFB laser 1

() .

| -

Injection lock

-—

120~320 GHz

~106HA |

Freq.

EZEIC “K720v7” TtHVWEER

K. Maekawa et al., “300-GHz-band Wireless Link Using Photonics-based Ultralow-noise
Transmitter and Receiver,” OFC2023, Mar. 2023.

122.5 GHz
~130 GHz

275 GHz

o Output Brillouin freq. shift:~10 GHz - ; —
Linewidth narrowing: ~500 Hz TYILT> )TILGA L .
EO modulator IR Fom2a—7
The frequency can be adjusted arbitrarily by adjusting the central wavelength of the continuous
wave light source (LD). (120-320GHz) qM RA
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> d— - N
ITEERERIX RBRAE R
A: Ch1 2560AM Meas Time = - x| CCh1 2560AM Kl Meas Time Interpolated - =
32QAM/47Gbaud 64QAM/42Gbaud 128QAM/25Gbaud 256QAM/15Gbaud i
235 Gbit/s 252 Gbit/s 175 Gbit/s 120 Gbit/s ipiaatiag
B: Ch1 Spectrum D Ch1 2560AM 1Q Meas Time interpolatec = X
A
| \
I
EVM: 11.1% EVM: 11.1% EVM: 3.33% EVM: 2.47% ‘ "
BER: 1.7x103 BER: 3.22x103 BER: 1.87x10-3 BER: 1.62x103 ‘
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200-””” 4: 4: . — N3 S N
« 100 Gbit/s DIEEEH, 100-400GHz D F+")7
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B ilTeRRE ¥ HhEk BIED=—a2—2H5
c AVEKR—2 > T Ericsson to ment of
BEHHDEK 6G radio mi
FF O FIE
%ﬂéﬁi&?ﬁ +Ericsson particip n Interest
RERE/FATIVILIINDEK on Microelectroni CT)
KIEBES A A — +Ericsson will be ogy
Tera-FET(plasma-wave FET) development of ¢ logies for
7xz—ZXAR7L—({itBBME) t7>57F energy-efficient
= " 2 s 4 2k o 3 *Massive MIMO | rast energy
%#)E%EOD‘{EH.\L#’E‘?E B CERIOZN) consumption and tworks
- BRI L BEET
TS5 k74— LORIR: £BERE vs. FEREESE NEWS SEP 19, 2
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radio-microelectronics
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SiGe BIiCMOS7'0tR12&% | 20GHzHEFMCWL—%': < 5 K€
(Bifi, 240GHz#%, 300GHz ¥4 51> 7v7)

BB IRIE: 20GHz > RiTHEEEE: 7 mm
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SiGe BiCMOSL—9E®Ya2—ILIZHIRIN TV 3!

@n.u::l:lN radar

TRA_120_045:113.9 GHz ~134.1 GHz

5 x5 mm2 (QFN 32)

SiGe BiCMOS D/s>FL—% (126~ 182GHz)

¥4 2pi-Labs GmbH

ABS —

T™™king Radar

‘E@Laes

(240 GHz Integrated Transceiver - TRA_240 091 £HY: R;UBUZN‘GJ)S”Y Boc;?um
45GHz/ > FHg) https://www.youtube.com/watch?v=QO7KDNXHPEA (2021) 2(0 : 82 >@spin=o
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fAehd BENER (ZE) RERE

TeraCota (HTeraView)

https://www.youtube.com/watch?v=DWveOEyD5wc

(2022)

Thickness Accuracy*
Minimum Thickness*

Sampled Area

Measurement Time

Sensor Positioning

1.5 um

5 um

Spot diameter of
approximately 2 mm

Typically 4 seconds per
point (excluding
alignment)

Working distance to
painted surface of 88 mm
(£ 0.15 mm)

JTINIALL2RTAA—V 7  Lytid: TeraEyes-HV

THzAAS
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........

G FREAHIE i ;
SO w =vh B

https://lytid.com/imaging-system/
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VTILIAL L2 RTTAFX+ T : TeraSense
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Number of pixels:

256 (256 x 1)
1.5x 3 mm?

384 x 3 mm’

450 x 160 x 44 mm’
5000 fps (5 kHz)

Pixel size:

Imaging area:

Dimensions

Image acq. rate: https://terasense.com/products/thz-scanner/

B ARTORRS ZRAAICHAWETHZAA-I VT 120 />

36EDRTDHFHiRZDH hERPSETER — >10mW@450 GHz

3.2mm
BREREL EEEEEE U AR EREAE

[TITTTATITTTI i trrnl

https://global.canon/ja/news/2023/20230116.html https://www.youtube.com/watch?v=iPdv4yYm_4g
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