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98 percent of the photons released since the big bang

[ PP\

reside in the submillimeterandgf@r-infrared bands 5

by astronomer David Leisawitz. SA Goddard Space
Flight Center. -
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http://alma.mtk.nao.ac.jp/j/multimedia/picture/alma/images/2009_alma_0004.jpg
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Fitted by Zigbee,Bluetooth,802.11b (GainSpan),802.119,802.11n, Wireless HD

preey e y= 2480613
a Ziabes Bluetooth y=248x
S 100 g e 9302.11b
S 802.11b® g
= 10 (GainSpan) 802:11g RATT
g- ok, THz WL Comm.
> 802.11n . ®
2 1 uws WirelessHD ‘,
8 \/ &
2 0.1 5
(e I0GbE e
o ?
| SO s el HE ol 2PN et g Ao v PR | Ay ol ’ 3
0.1 1 10 100 1000 10000

Bitrate [Mbps]
Bv Dr Tetzova Kawanich: of NICT
Dr. Tetsuya Kawanishi of NICT
http://www.soumu.go.jp/soutsu/kinki/studygroup/2010/THz/index.html
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100 Gb/s RF Backbone (100G)

e Federal Agency Name — Defense Advanced Research Projects Agency
(DARPA), Strategic Technology Office (STO)
e Announcement Type — Initial Announcement
e Funding Opportunity Number - Broad Agency Announcement (BAA) 13-15
e Dates o Posting Date January 3, 2013

o Proposers’ Day: January 9, 2013
e Concise description of the funding opportunity — DARPA is soliciting
innovative research proposals for developing a communications link capable of
transmitting data at a rate of 100 Gb/s within a single radio frequency
channel. The proposed program, 100G, should investigate innovative
approaches for using high-order modulation together with spatial multiplexing
to achieve spectral efficiencies greater than 20 bits-per-second-per hertz.
 Total amount of money to be awarded: $18,300,000 is currently available
for Phase 1

iR https://www.fbo.gov/spg/ODA/DARPA/CMO/DARPA-BAA-13-15/listing.html
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ﬂRPA 100G vision: fiber-optics-equivalent RF Backbone

Free-Space Optical (FSO) link at 100 Gb/s

Free-Space Optical (FSO)
— 100G Link
w w= w1 Gb/s Milimeter-wave Link
s | JHF Radios

Develop point-to-point link that uses high-order modulation and spatial multiplexing to chieve a
high capacnty (1OOGb/s) RF backbone wnth tactically-relevant ranges

H R https://www.fbo.gov/spg/ODA/DARPA/CMO/DARPA-BAA-13-15/listing.html
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Giga Korea - Field Trials Plan

A 4/‘ PyungChang 2018 - Winter Olympic Site

®
\
N :
- Info Servlce - Stadlum Navlgation
- AR Olymplc Game Experlenc - One-stop Service
- Safety Transportation |
By L —— Y
® — T

- - "l . v -
T
. . Lk =
= , - oa.
' 1 G i P g p— 5 3
T oy L y X o /
i R v, B A W~ 5 4
- y { - - 2.8 - A
] 7 v * “w A
L | \ Lo = j
‘ - SIimultaneous Translation - Personalized - Slmultaneous Translation

- Ticketing, Reservatlon Shopping/Sightseelng Info - 5-sense Game Experlence
- LBS. AR based Service - Realtime/Llve Game Info.

Giga Koreald, FE(EaYF+>/)T2018FICHEENZI A EY V& T71—IVRhF1T7 N EL
RKEDXHMBBRIRIRICHDELERE, 8B, Y—ERAGREENINIOAATLERICE TS
miBEXEITIHNBRENPFRIMNLERIDTOISTIM2012~2020%F),

1Gbps7 7 AN EF Y —EANEIR
tHER APMP2013 Keynote Speech Dr. Bongtae Kim (ETRI) , Korea

Title: Giga Korea Initiative & 5G Mobile Network
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nrr @ Toward 5G Mobile Network( 82 )

5G Mobile - Radio Tech.

System Parameters (100 Gbps/cell)

@ How to achieve the max. data rate, 100 Gbps/cell (c.f. LTE Req. = 100 Mbps/cell)?
® Max. Spectrum Efficiency = 100 bps/Hz/cell € 20 times higher than LTE
(LTE Req. = 5 bps/Hz/cell)
® Bandwidth = 1 GHz Bandwidth € 50 times wider than LTE (LTE Req. = 20 MHz)

Bandwidth (except Guard Band) 1 GHz (0.9 GHz)

CP Overhead 12.5%

Control Channel Overhead
{Common Control Channels, Reference Signals)

Code Rate 5/6

20%

3.15 bps/Hz for 64QAM

Max. Spectrum Efficiency / beam
(4.2 bps/Hz for 256QAM)

36 Beams for 64QAM

# of Beams required
(24 Beams for 256QAM)

Max. Spectrum Efficiency / cell 100 bps/Hz/cell
Max. Data Rate / cell 100 Ghps/cell

HE APMP2013 Keynote Speech Dr. Bongtae Kim (ET'RI) , Korea
Title: Giga Korea Initiative & 5G Mobile Network




Slide 26

NTT © BEEREHEEORMTTEIR
R FI A

ZhEm L

802.11ac

100 . - — W
N I DARPA . r
B ; Coarea > s P
qQ s56) T | RS
S | N | .
R Y —— N T
B |sseo | § § Jl 802.11ad = [EIEREN
R ' ' PUSIE approach = EHBEEN
E | 1 (60 GHzZ) « PTTOIMNEYE
He AanXKEX:Bitrate
o ROBORE: ;’
"E% deeper =Longer =
li_'E 1 """"""""""" W R K (oE

° 3Cj$ . . .

10M 100M 1G 10G 100G

iR #w1EkE (Hz)



Slide 27

NTT ©) THz related national projects

" Terahertz room-temperature integrated |
~ 20183 Jan. 2010 ~ Feb. 2013

parametric source (EU): 2010
€ 2.3M (total)

UNIVERSITE PARIS DIDEROT (Paris

7), DANMARKS TEKNISKE

UNIVERSITET, JULIUS-MAXIMILIANS

UNIVERSITAET WUERZBURG

" THz electronics (USA, Phase [1):

2011 ~ 2014
$ 12.5M (total for 3 years)
1.03 THz compact, high-performance
electronic circuits
Northrop Grumman Space & Mission
Systems

MILLILINK (Germany):

€ 2.9M (total for 3 years)

40 Gbps over 1 Km in 200~260 GHz band
Karlsruher Institut fiir Technologie

(KIT), Siemens, Fraunhofer-Institut flir Angewandte
(IAF), KATHREIN-Werke, RPG Radiometer physics
GmbH

Multi-ten gigabit wireless
communications technology at
sub-terahertz frequencies :

2011~ 2016 (Japan)
JPY 200M / year
NTT, Fujitsu, NICT

“Towards Innovative
Development of Terahertz-wave
Technologies and Applications

: 2010 ~ 2020 ( by JST)(Japan)

JPY 300M / year 2018
Osaka Univ., Kyoto KRW 1200M (~$1M) / year

Univ.,RIKEN, etc SNU _KAIST POSTECH._ etc

Research on THZz Bio
system (Korea) : 2009 ~



NTT O

IEEE 802.15(WPAN)T® |IGthz

Slide 28

I562

=

| | [ earch |

WPAN Home Page

|IEEE Wireless

IEEE 80211 WLAM
IEEE 80216 WIMAM
IEEE 802.18 RR TAG

IEEE 802.19 Coex TAG

Zone

IEEE 802.20 MBWA
IEEE 802.21 MIHS
IEEE 202.22 WRAN
IEEE 802.23 ES
IEEE 802 L MSC

IEEE-2A

|IEEE-2A PAT COM
IEEE-ISTO
IEEE

>

UPDATE:Friday, July 27, 2012 &

IEEE 802.15 WPAN™
Terahertz Interest Group (IGthz)

| Agenda | Minutes

TOP | Overview | Status | Participation

@Qverview

The 802.15 THz Interest Groups focus is primarily concerned with THz communications and related network

applications operating in the THz frequency bands|between 275 — 3000GHz| Such THz communications
applications would include; component to component, board to board, machine to machine, human to machine

and human to human, (indoor and outdoor) wireless communications. THz communication applications cover

multiple categories with varying requirements. As envisioned, THz communications would overall employ

wireless modulation methods of limited complexity, omni and/cor directional antenna systems. and would typ ﬁ

offer very high data transfer rates in|multiples of 10 Gbps, and up to possibly 1 Tbps, for parity with future fiber

ptic capacities | THz wireless systems could support transmission distances ranging from the very short (few

1=

icall

et

centimeters or less) to relatively long distances of several kilometers.

http:/ /www.ieee802.org/ 15/pub/IGthz.html
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-I Transistor | CMOS I
—l Si-based SiGe I
—l II/V -based HEMT
—l IMPATT | HBT

H Diode |—
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—  sep |
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10Gbit/siRo) WEGEED=——X
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3D TV (>3 Gbps) d'. ‘;} / gy O
kil

-4K TV (6 Gbps)

-Super HiVison (8K) &
(>24 Gbps) EI e
N Sports events
(EEEGEE

B EE(S( backhaul)

» 10G Ethernet (10 Gbps)
» 40G Ethernet (40 Gbps)
» 100G Ethernet (100 Gbps)

\ Telecommunications 4G mobile ereless backhaulj
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Photonics-based system

2004/7 Transmitter:

10-Gbit/s wireless
transmission
(first in the world)

Tx'module Rx n‘i'o'dule

Outdoor

Transmitter Core

' Photonic MMW.
' ,Ge_nerator
.@E

Data Modul&tor

== Battery
! Avallable

—
B |

| 2008/5

o =i
BB L s Controller

Ly~

Mobility, Portability

) T e—— e 8 W Se—

Transmitter

All-electronic system
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Delay of real time
video transmission

120-GHz-band link
IBC —r (distance: 1 km) @ 120-GHz band
9 \ (Uncompressed)
4 )i i 1RF Tower . ==
‘ & | — TV station booth ' =
=
A A \\/ater Cube
‘ ST 1 >0 A B3 %
AR SpeC|aIIy bunt Ilve-
| Bird’s Nest broadcast studio
— : (BMC)
TV Station ' )
Beijing Olympic Park @ Microwaves

_(Japan).

(Compressed)

Bird's Nest \Vater Cube

iew fom BMC
ARRIE. ERERILKICRG-tARAR(EBEER ) ORE—iFIALEL .




i,
e
~

et GR—/N—NAED 32 OIFEMEBEREIEE
NHKRBLX 3% i it 575 P & D F [6] K 5%
Super Hi-vision: Ultra-high-definition television
& NEDIVD16{EDNRIFE
& {LEXEE: 24 Gbit/s (Far7NI)—-2F=, 16-ch HD-SDI )
- {GEXEpRE: 1.3 km
- VRIEDA: Rx OBfFmiEHE: 8 m
- V&H®KFA: Rx OBEFEIERE: <1 m

T. Nakatogawa, S. Okabe et al., IBC 2010 Conference

. 13km
Tx1 D V
om ,
om X2, Rx3 5o
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e QCL
YT INA AR Transmitter

Pulse Photo Conductive
Antenna

Solid-State

IM/V -based HEMT

-I Transistor | CMOS I
—l Si-based SiGe I
—

—| IMPATT | HBT

—| RTD |

—| Vaccum I : Gyrotron, Klystron, BWO, TWT




UTC-PDZRAL\/E300GHZHFHRIRZXRER sice 10
o - R -

UTC—IPD module

it oA odBYdens)

SBD detector

Max. output powels o Pe _° - k- ; S\ Coaxial connector
500 uW @ 300 G , ' : Hemispherical ~ for data output

silicon lens
Detector

Optical frequency
LNA Limiting AMP
LS1 >_ [:

PC [ UTCPD <l. NTT-SBD [—Bias-Tee To ED

LS2

O

50 cm

UTC-PD: Uni-Traveling—Carrier Photodiode SBD: Schottky Barrier Diode PPG: Pulse Pattern Generator
. ED: Error Detector EOM: Electro—Optic modulator PC: Phase Controller LS: Laser Source
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—
v al A} QCL
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Terahertz Communications Lab Prof. T.Kirner, TUB, Germany
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