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— 25nm InP HEMT, fmax=1.5THz, 9dB >1THz amp
— GaN, Fmax=0.58 THz
— InP-GaAsSb DHBT, Fmax=1.18 THz
- SiRFERERMERK
— CMOS bulk/SOI/FIinFETs, fmax=300-350 GHz
— SiGe BiCMOS/SiGe HBT, fmax=700GHz
s ATAVTREHE
— InP + SiGe
- BFREH
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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).

e 25-nm InP HEMT
* 10-stage common source

9 dB Gain demonstrated on wafer at 1 THz
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120-GHz Radio Using Continuous Waves | 20GHzFEZEDHAH (2000F1K)
T N P oo e e - P Photonics-based Transmitter
120 UTC-PD Chip Slot Antenna I Transmitter Core
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DC Bias Circuit
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*Output power: 10 mW, ~2 km
*Power consumption: 600W

Frequency
allocated

q

Trial use

in Japan

L Weight: 1/2 .
" \_ Controller

| Mobility, Portability

Easy set-up system

Max: 20 Gbit/s
> 5.8 km

Battery operation ‘

*Output power: 10 mW, 2.2 km
*Power consumption: 60 W
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< : N EWS from the Federal Communications Commission

Media Contact:
Neil Grace. (202) 418-0506
neil.grace(@fec.gov

ripe: fully matured and
ready to be used

For Immediate Release

FCC TAKES STEPS TO OPEN SPECTRUM HORIZONS FOR NEW
SERVICES AND TECHNOLOGIES

WASHINGTON, March 15, 2019—The Federal Communications Commission adopted new
rules to encourage the development of new communications technologies and expedite the
deplovment of new services in the spectrum above 95 GHz. This spectrum has long been
considered the outermost horizon of the usable spectrum range, but rapid advancements in
radio technology have made these bands especially ripe for new development. s
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Authors Frequency Modulation Data rate Signal processing
S. Koenig et al. - 16QAM . DS.P
e 200 ~400GHZ DD X ¥ )V 7 RA K EZH W (KIT, 2013) 240 GHz (25 Gbaud) | 100 Gbits (off-line)
. - ~ Y S i i 16QAM .
| 00Gbit/sDIEEEEHNFERINTVS v (Ifém',n;(;f;)al' ~280 GHz (25 Gbaud) | 100 Gbit/s (of?-slilr:e)
H. Shams et al. - QPSK 100 Gbit/ DSP
e Ltito g 1%, EWTEZzFABLE=DDOTHY ., (UCL, 2015) 200 GHz “i-ifr';’i:‘;g ) (4 chl) ° (off-line)
M2 4 4E= A S oo X.Yu etal. 300 GHz QPSK 160 Gbit/s DSP
AEMHATHzEBORAE 7O FEEFILTW5. (DTU, 2016) ~500 GHz (;%grtr’iae‘:g) @8 chl) (off-line)
. . X. Pang et al. 300GHz | (4,0 | 260 Gbis DSP
- EI100Gbit/sn#HELHY . TNILkXFHTZE (NETLAB, 2016) ~500 GHz oo (6 ch) (off-line)
N — - - - ™ A. Stoh I 64QAM ; DSP
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(o:g:asllf];o‘: 6? 320 GHz (50 Gbaug) | 00 GPiUs Real time
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V. K. Chinni et al., Electron. Lett., 54, pp. 638-640, 2018.
.AWG .
Carrier .
PRBS 2'1-1 I/PAM 4 Frequency Data Rate Distance Ref.
AWG
PRBS 2'1-1 i 10 Gbit/s
Q /PAM-4 100 Gbit/s 280 GHz link .
.......................................... 125GHz  (OOKireal 5.8 km B ez ot 2l
error b =
%HDQ 7 ".‘ : |EEE tlme)
EDFA | s
Pilot tone | RCE 802-l;>égd Ch 64 Gbit/s | Kallf al
(193.1 THz) UTC PD : . allfass et al.,
4968 Stie s LD (RS 850 m J. IRMMW/THz, 2015
\ o1 FH sm; line)
N 36 GHz
A W 70 Gbit/s K. lwamoto et al
28dB 280 GHz 320 GHz (QP§KlreaI 100 m MTSA 2017
/IF time)
36 GHz 100 Gbit/s
Analysis 300 GHz (QPSKJoff 110 m T. Harter et al.,
E 201
100 Gbit/s Q-eye 18 GHz 37
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QPSK 100m fziXEER (320GHz) =X 4F1E (320GHz)
PPG — : Electrical signal -1
— : Optical signal 10 ]
priver \/ \/ 7 : THz signal .
UTC-PD [ ° 1 70 Gbit/s
L -2 ° " d
Optical g 10 V4 A (] z
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Mirror = A L™
— - @ k- __gi____fE______ e _____J
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.................. 1 e L 3 ™ 4
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Ao & 9 28 24 20 -16 1 12
~N Na SM Transmitter Power (dBm)
50 uW

EOPM: Electro-Optic Phase Modulator, PPG:Pulse Pattern Generator -




InP vs. Si-CMOS

fmax - Unity-power-gain frequency
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InP-HEMTIC & % 300GHZHEMR(NTT)

H. Hamada et al., NTT Technical Review, Vol. 19 ,No. 5, 74(2021).

Lensed horn antenna

20 GHz 20 GHz
= RFPA RF RF LNA Mixer IF.
O ' ’I‘ O
LO LOPA LOPA 290 GHz LOPALOPA LO
<I<—°
270 GHz BPF ™ RX BPF 270 GHz

BPF: band-pass filter

80-nm InP HEMTI2 L3
IXHrT7UTORHE
290+24 GHz

| 6QAM, 30Gbaud

| 20Gbit/s, 9.8 m

9.8 m (Fixed)
VATT
Ant.

50 dBi|
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Channel Ch.49 Ch.50
Center freq. 257.04GHz 265.68GHz 265.68GHz :
Modulation 16QAM 16QAM 16QAM
TX  |Constellation ;gut Lol [, ::?i 10 /MHW“ ;::3
spectrum | (Equalized) nEE | % e 1o NEZEES
B > 4% [Samamg ¥ PBlamamn 2 * S
EVM 10.9%rms (-19.3dB) 11.3%rms (-18.9dB) 12%rms (-18.4dB)
Symbol rate 7.04Gbaud 7.04Gbaud i 20Gbaud :
Data rate 28.16Gb/s 28.16Gb/s 80Gh/s

BW- Ch.49, 50 : 8.64GHz, Ch.66 : 25.92GHz
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SiGe-HBTIC & 524 0GHzw &%

3.35 mm

110 Gbit/s (OPSK)REZ =

P. Rodriguez-Vazquez et al., "A QPSK 110-
Gb/s Polarization-Diversity MIMO Wireless
Link With a 220-255 GHz Tunable LO in a
SiGe HBT Technology," IEEE Trans. MTT,
pp. 3834-3851, September 2020.
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B # % B AT Ls: 48 Gbit/s (24 Gbit/s x 2) for full 8K

8K Ultra HD Video Wireless Transmission using Terahertz Waves

by JST CREST "Development of terahertz integrated technology platform
through fusion of resonant tunneling diodes and photonic crystals"
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IEEE Standardization: Oct. 2017

IEEE Std 802.15.3d: Channels

it 252~325 GHz
e ARARRRRNANTNN 252.72GHz 5 16GHz 321.84GHz
= e T [ 50 [ e Ch1? 8.64GHz f
g =r=inig) | B RN
= |y [80215 g 25.92GHz
= Ch66 Ch67 f
Tor wes casoe such as Kook downicaclig, Intes-chiptorboard cammunicadons, data conter - 260 280 300 320(GHz)
communications, and mobile fronthaul/backhaul. 53 54
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World Radio-communication Conference 2019
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% 3 U 7 BARE EHA OE . ERERIH ST
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AR VT (Vv L TV AD) ‘-WRC20 19T RREsE=E
1625 E. £94000&40°E M
T IREE & 252~296 GHz
275 -450GHz ORESER TERAT IR LBB R VB EE PSR 274 GHz
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