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Overview on incoherent photonics—assisted terahertz communication system
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Abstract: Terahertz communication has become one of the key candidate techniques for future 6G
mobile communication to realize "communication with full spectra" because of its rich spectrum
resources. Due to the unique advantages such as simple structure, easy integration, low cost and low
power consumption, the incoherent photonics—assisted terahertz communication system based on
envelope detection technique has been widely concerned and favored by the researchers. By summarizing
the structure, characteristics and key techniques of incoherent photonics—assisted terahertz communication
systems, current research status and outstanding achievements of the terahertz envelope detectors and
the incoherent photonics—assisted terahertz communication systems at home and abroad in recent years
are introduced. In addition, the incoherent photonics—assisted terahertz communication system based on
amplitude modulation and In-phase Quadrature(IQ) modulation are discussed in detail, and the
advantages and disadvantages of each system are also compared. Finally, the future development
directions of 6G-oriented incoherent photonics—assisted terahertz communication systems and the
crucial devices are expected.
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Tablel Research results of some terahertz envelope detectors in recent years

organization frequency/GHz sensitivity/(V/W) references
170~300 2400 [5]
VDI(Virginia Diodes Inc.) 500~750 1000 [5]
1 100~1 700 100 [5]
NICT 220~330 1400 [6]
Lillel University 0~220 1700 [7]
Southeast University 110~170 600 [8]
University of Electronic Science and Technology of China 220 1200 [9]
500~750 1500 [10]
Institute of Microelectronics of the Chinese Academy 260~280 1400 [11]
China Academy of Engineering Physics 315~357 1400 [12]

[ 4h VDI 2 FIAE by 4 5K fe i 0 AR B0 R 3 P Al B R R Ik i 22—, Bk B AT E 40T LU 4 50~1 700 GHz
BRI 2% o 7E 750 GHz ALBE N, VDI 2 w4 A5 7= & il 3k 5] 1000 V/W () HL A AR RERT . Py, 2017 4F A [ T2
Yy BRI 5 Be 5E B T 340 GHz 5 i B % P ARG P28 9 B8 11, 7 315~357 GHz 41 K5 Bl N 52 BL T 1 400 V/W Ay L8 R 4
FEUA L RACR U, 7E A 45 A I R X T A A 5T N S AR A R I B 25 B

2 ETHEESRERGHNIEETFAFHBDAHZESREHRER

FE W R/ R A R A O B R MR X RS R WK BT R, 7E & 3% U kT 3R B2 0 1 2% (intensity
modulator) X 4~ i O %% (External Cavity Laser, ECL)y= 4 (% P 5 30OG UEF7 8GR 6, M 25 77 15 5 (baseband
signal) P il 2 X5 BB, W (0 ITR o (5 SR UK G @ AL EF B, AR5 7 AT 20 O F I #F (Uni-
Traveling—Carrier Photo-Diode, UTC-PD)AbHATHAM , MIMI™ A Kk 2415 %, F95 @t R kM5 L ithm)m,
TE 35 WS 1) FH A 286 6 U 45 (SBD) 3 B 3R R 2% BL 3K Kbk 2% (55 T8 R A (5 5 . XK ARG BREGWEgR, A
S HRR R G 5 e Bk HE R 2, MIOERCRAL, H R G0 (F HR 55 52 132 2D 2F 6 8OR 3 40 H At 4% Fl 2k
FLARR G o 3R 2 S5 1 AR ok B A AR 0 5L T o B2 R TR A% A AR Ol B R B 2% 0 1E R R, Ry
error—free 3 7 JG 22 45 1% i o

AE 2009 45, FET 1R E5H, HARMREITAFNTT)SEH 1 0.25 THz N5 AL, HAE05 m
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MR S S HL T 8 Gbit/s 1Y KR 2% 5 5 M T AL ™ . Bl K bh 2% a5 0 S E He R & e, DR N RAEE 14
HE TR . KIS 2R R LS R A PERE . 2013 4F, FREITPRIE LM AL 515 B
ARSI L T Kk 2% B8 T BF R I 2% (Terahertz Quantum-Well Photodetectors, THz QWP)4& & (1) Ak AH T ' 7 4 B K bk
2505 ARG, TE4.1 THz 880 B S28E 1 1 Mbit/s 130 5 3R, JTCLAL MR R o 2.2 mP s [A]4F H A KRR % 5 T f
Pk & H (Polarization Division Multiplexing, PDM)#5 (% 35 AH T €0 ' -5l Bl Ak 2% 3 15 2 48 #F 300 GHz 1451 I
B ¥ o A = 21 48 Gbit/s, TG E 290 1 m, XACFR T Y B 5 T4 4540 I A AH T -l B R R 2% 08 15 R
ESINE =10 G S

22 L JUARSE T IR A AR AR TOL TS B AR 2238 5 R WP R

Table2 Part of the research results of incoherent photonics—assisted terahertz communication systems based on intensity modulation in recent years

- wireless ﬁb.ef . . modulation format/ ~ bit error )
organization frequency transmission  transmission bit rate techni year references
distance/m distance/km cehnique rate
NTT 250 GH 0.5 - 8 Gbit/s ASK/UTC-PD 1070 2009 [13]
300 GHz 0.5 - 12.5 Gbit/s ASK/UTC-PD 1072 2010 [14]
300 GHz 0.5 - 24 Gbit/s ASK/UTC-PD 1071 2012 [15]
Osaka University & NTT 300 GHz 0.5 - 2 Gbit/s ASK/UTC-PD 107° 2009 [16]
300 GHz 0.5~1 - 30 Gbit/s ASK/UTC-PD 107" 2013 [17]
300 GHz 0.5~1 - 40 Gbit/s OOK/UTC-PD 107" 2013 [18]
300 GHz 0.5~1 - 48 Gbit/s PDM error—free 2013 [18]
Lillel University 400 GHz 2 - 22 Gbit/s UTC-PD - 2013 [19]
Shanghai Institute of Microsystem and .
4.1 THz 22 - 1 Mbit/s OOK/THz QWP - 2013 [20]
Information Technology
IMEP-LAHC 100 GHz - - 1 Gbit/s ASK - 2015 [21]
University of Duisburg-Essen 110 GHz 40 25 1 Gbit/s NRZ-OOK 10710 2015 [22]
B 2 25 ~
|/ ! (@)1 transmitter ! | terahertz signal : . \
;! | | | . | receiver |
| | . | | generation | 15U S |
by | |baseband signal | | | | | (d ! |
: [ Jo o ! | ! | ! : |
| =TT | fiber | : | | | |
: : : UTC-PD  aptenna | wireless : antenna : _LO B : :
|
I ECL1 intensity ! | | : :_ _________ ! :
: modulator | | [ | |
________ | ——————— [ |
! | ( 1o : | | : SBD (d) | electric BER |
: | [ 1 (c) | ! | amplifier analyzer |
| ECL2 | | | 1 | | | |
\ | n (. | | ! \ |
N Lo fe 1 T M 4

Fig.1 Incoherent photonics—assisted terahertz communication system based on intensity modulation
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Table3 Part of the research results of incoherent photonics—assisted terahertz communication systems based on IQ modulation in recent years

wireless e modulation format/
organization frequency/GHz  transmission transmission bit rate technique bit error rate year references
distance/m distance/km q

IMEP-LAHC 100.0 - - 400 Mbit/s QPSK - 2015 [21]

National Chiao Tung University 103.5 2.0 25 40 Gbit/s 16QAM <3.8x107° 2015 [23]

University of Duisburg—Essen 325.0 5.0 2 59 Gbit/s 64QAM <3x107° 2017 [24]

University College London 100.0 0.5 10 44 Gbit/s 16QAM/KK <3.1x107° 2018 [25]

300.0 110.0 - 100 Gbit/s QPSK/KK <2.6x107 2018 [26]

Karlsruhe Institute of Technology 300.0 110.0 - 110 Gbit/s 16QAM/KK <2x107 2019 [27]

300.0 110.0 - 115 Gbit/s 16QAM/KK <1.25x107? 2020 [28]

Zhejiang University 310.0 3.0 - 60 Gbit/s 16QAM/Volterra <2x107? 2020 [29]
I s T A Y e ~ T \
| transmitter | B [ | 18 | (©) 1 \ | receiver e ‘ I
| } } | | generation I } | | | (d) |
| | rol | - | | | ! SBI i |
| A Lo | U S [ | | | ! |
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| | AR I L777777777777J I
| | | ! | :
| o I N N b5 ||
| | | (b) i : : (KK, etc.) :
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I | | Lo I |
o _ L _ _ij_ s / \\ [ 7/

Fig.2 Diagram of incoherent photonics—assisted terahertz communication system based on IQ modulation
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