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Feasibility test of THz channel for high-
speed wireless link
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Increasing Mobile Traffic

 Increasing of digital information and changing from Wire to Wireless

Figure 1. Cisco Forecasts 6.3 Exabytes per Month of Mobile Data Traffic by 2015
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Source: Cisco Visual Networking Index: Global Mobile Data Traffic Forecast Update, 2010-2015
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WPAN In Future

 WHPAN exist for close wireless connections of electronics
« Advance of electronics requires faster connection
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Fast how much?

« Wireless throughput is rapidly increasing
100Ghit/s is a milestone for next generation wireless connection

Bits per second
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TELECOM RULES: Wireline, nomadic, and wireless technologies
improve in a manner reminiscent of Moore’s Law. Soon, even slower g
communications channels like cellphones and radio modems will eclipse ‘é: ~ -
the capacity of early Ethernet, thanks to upcoming standards known as UMTS =~ L
and MIMO, which will boost bandwidth by maximizing antenna usage. 2016 ~ -
[Time axis shows dates of first use.] 2024
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Channels for100Gbit/s (SG100G)

« Potential technologies in mmW, THz and IR for 100Gbit/s

mmW (60GHz) THz (0.3-1THz) Infrared
Channel BW 7 GHz 40-100GHz °0
for 100Gbit/s 4ch 16QAM-OFDM 16QAM to QPSK ASK
Issue Channel BW Device / IC tech. Channel Obstacles
62 ch anD """" | “Absorptions by 30-cm air path”
m Region for
S THz wireless
: Technology limitation than X
channel availability
0.2 THz 1THz 2 THz

Submission Slide 6 Kim Jae-Young, NTT



Attenuation (dB/m)

November 2013

doc.: IEEE 802.15-15-13-0679-00-0thz

THz channels for wireless

« Several frequency windows having attenuation less than 1 dB/m
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IS It possible?
« Feasibility test of THz channel - Trial of IC availability

« Channels and Modulation formats

/fc=7OOGHZ )
Ch. BW=100GHz
/fc=3OOGHZ )
BW=40GHz QPSK =» 100Ghit/s

I
r chann€ (roll off ~1)
ASK = 20Gbit/s pPe ~ -

PSK =» 40GDhit/s
2 Y,

p

M
fc=300GHz
H.

01l gy Ch. BW=40GHz
Q

16QAM =» 100Gbhit/s
\ (roll off ~0.5) /

~

Tests @ 300-GHz band
Wireless link feasibility

Wideband RF signaling over 10% BW

PSK modulation / demodulation
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Wireless link budget @ 300 GHz

» ~45-dBi antenna gain enables 20Gb/s ASK or 40Gb/s PSK link

Quantity S)grlnb Value
Transmitting power P, 10 dBm 100 ¢ 5
i < i S
Carrier frequency f, 300 GHz BER < 10 /
Wavelength A 1 '
aveleng . mm ol / /
Distance d 1 meter 0 i /
B/ 8— - Shannon's
Atmospheric attenuation |  a, 001 fB m e p Max. capacity
@ c 9 1L \/ \\\
_ _ 178 % without FEC
Noise spectral density N dBm/Hz Q /
/ BPSK / QPSK
Spectral efficiency 1 bps/Hz
Noise bandwidth B Data rate x /
spectral . : .
efficiency 20 40 60
Total noise figure NF 15 dB Antenna (Tx. + Rx.) gain (dBi)
System margin M 10 dB
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Feasibility test

Photonic technology : a good tool for feasibility test

Photonics-based Transmitter

2000-2002

Battery operation

+Qutput power: 10 mW, 2.2 km
*Power consumption: 60 W

Transmitter

| VVolume: 1/6
Weight: 1/2

Transmitter Core 2005/8

Data'Mddm;Lr

2004/7

Photonic M
_Generator

T

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

2008/5

Mobility, Portability
Easy set-up system
(NTT Technical Review, vol. 7, no. 3, Mar. 2009)
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Photonic-THz transmitter

« Simple THz-wave generation and broadband modulation
« UTC-PD output of max. -3dBm @ 350 GHz and -20dBm @ 1 THz

“optical heterodyning”
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Limitation of conventional PD

« Holes limit carrier transit time in photodiode
« Thin absorption layer increases capacitance

Conventional pin PD

“Surface illuminated”
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Uni-traveling carrier photodiode

« Separation of hole and electron traveling
* Free from the transit time and capacitance trade-off
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SBD detector

« Antenna integrated SBD (on same epilayer with UTC-PD) and Si lens
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ASK transmission for SBD detector

« 20Gbps (BER=107) transmission over 0.5m with 74dBi antenna gain

o5gBi  190Bl 194pi UTC-PD output = -11dBm
LNA 4 A

utcrd ( sBD [ Bias-Tee ‘D—D_)TO ED

limiting

50 cm

s i ol 1, o
< 20ps/DIV 3 6 9

- H.-J. Song et al, Electron, Lett. 2012 Photocurrent (mA)
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Integrated ASK receiver

« Integrated antenna, amplifier (24-dB gain) and HBT detector

-gnu-
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ASK transmission for integrated receiver
« 20Gbps (BER=10") transmission over 0.3m with 45dBi antenna gain

W heT

Detector

25dBi 20dBi Limiting
UTC-PD output Amp.

=- ez To ED
10dBm g (J HeT-rx ©

_ -9
15 ps/DIV Q fact?r >6 (BER< 1@0 )

15 Gbhps 20 Gbps 22 Gbp.s —

-H.-J. Song et al, IEEE trans. THz sci. tech. 2013
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Budget vs Demo.

« Demonstrated 20Gb/s ASK transmission with 45-dBi antenna gain
using ASK receiver of ~15dB noise figure

100 ¢ S—
t BER < 10° Budaet Link Demo.
i / Quantity Symbol ge With HBT
[ > e — = * calculation .
/ receiver
10 |
3 HBT SBD Transmitting
L Shannon's / Receiver detector power P, 10 dBm -10 dBm
| max. capacity :
1 W/ N Distance d 1 meter 0.3 meter
E N .
ASK (noncoherent) Total noise NF 15 dB ~15dB
without FEC figure
01l / BPSK / OPSK System margin M (10dB) -
E / \ J
: / |
O'Olo | 20 | 40 | 60 | 80 Equivalent
. . link
Antenna (Tx. + Rx.) gain (dBi)
parameters
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RoF + THz wireless

« Photonic-based THz transmitter with UTC-PD
for THz RoF (Radio-on-Fiber) system
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Quadrature Signaling

« QPSK modulation and demodulation, for >40Gbps data throughput
@ 300-GHz band using MMICs

|

QPSK "« 1/Q Modulator Data R ;

@ 300GHz 0 90-hybrid
QVCO
Quadrature LO Covered with metal
QPSK —I
— | I

@ 300GH2 /Q demodulator > Data

250-nm InP HBT
f/fax > 350/650 GHz
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for THz MMICs

* Inverted microstripline (InvMSL) for low-loss core interconnections
 |solation of antenna and core parts by thru-substrate-Via

Isolated core from antenna

Antenna Top metal
Microstrip
and Antenn
Active. Active.
InP substrate
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Quadrature LO source

« QVCO to replace quadrature LO supply chains with lossy passives
of baluns and hybrids
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-J.-Y.Kim et al, IEEE Microw. comp. letts. 2013
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QPSK modem @ 300-GHz

I/Q modulator and demodulator BW is >40GHz
« Recently, >50Gbit/s back-to-back error transmission demonstrated.

Simulation results
Measured spectrum of 40Gbps QPSK
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% 20 IQ constellation
o of 40Gbps
d
=
Q) -50-
©
N’
S -40
%J 0. o« } Spectrum 40Gbps
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freq, GHz

- H.-J. Song et al, EuMIC 2013
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Toward 100 Gbit/s

« More spectral efficiency to double the throughput

/fc:SOOGHz > /fc:SOOGHz A
BW=40GHz Higher-order Ch. BW=40GHz
: modulation 16QAM =» 100Gbit/s
\QPSK = 40Gblt/SJ ) _ (rolloff-05) -
Feasibility checked for Issues
- 300-GHz wireless channel capacity - Phase noise of LO source
- MMIC availability for QPSK - Amplifier nonlinearity, ADC and DSP
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Summary

 THz-wave: potential candidate for PHY of broadband
WPAN over 100 Gbit/s

* Feasibility test of THz-wave with photonic and MMIC
technologies @ 300-GHz band

- 20Gbit/s ASK transmission has been demonstrated

- QPSK up to 50Gbit/s has been achieved
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