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Abstract Terahertz band (0.1 THz to 10 THz) with high carrier frequency and large available bandwidth has become a
promising candidate to meet the 100 Gbit/s or even 1 Thit/s data rate required by the future six-generation (6G) mobile
communication networks. Compared with the all-electrical methods to generate terahertz signals, the photon-assisted
technology can break the bottleneck of the bandwidth limit of the electronics devices, and generate the terahertz signal with
high frequency, large bandwidth, flexible tunability and easy integration with the large capacity fiber link. Based on the
photon-assisted technology and various key techniques, devices and advanced digital signal processing algorithms, we have
obtained many great achievements in different fields of broadband terahertz communication and sensing. In the field of
large-capacity terahertz transmission, we realize the large system capacity of over 1 Thit/s based on multidimensional
multiplexing techniques, and the largest capacity can be up to 6.4 Tbit/s. In the field of long-distance terahertz
transmission, we have designed a high-gain terahertz antenna module and realized 335 GHz THz wireless transmission of
up to 400 m. In the field of real-time terahertz communication, we achieve a record-breaking 100, 2X 100 GbE terahertz
real-time communication system based on the commercial digital coherent optics module. In the field of integrated sensing
and communication (ISAC), we generate the ISAC signal based on both time division multiplexing and frequency division
multiplexing schemes, and realize the communication in the terahertz band and the high-precision sensing function at the
same time. In the field of terahertz wired transmission, we realize the 1 m wired transmission of 300 GHz terahertz signal
based on the Ag-coated metallic hollow core fiber, and the net system capacity is over 140 Gbit/s. In this paper, the
experimental setups of the above systems have been demonstrated in detail and results have also been discussed.
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Table 1 Representative achievements of large capacity photon-assisted terahertz transmission

Reference Frequency /GHz Modulation format Capacity /(Gbit-s ') Fiber distance /km Wireless distance /m  Publication time
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Table 2 Representative achievements of photon-assisted terahertz transmission

Reference Frequency /GHz Modulation format Data rate /(Gbit-s ') Distance /m Publication time
[41] 300 16QAM 100 0.5 2019
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Table 3 Representative achievements of real time terahertz communication

Up-conversion

technique Frequency /GHz  Modulation format ~ Datarate /(Gbit-s ') Distance /m  Publication time  Reference
Electronics 625 Duo-Binary 2.5 0.2 2011 [7]
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Photonics 385 &. 435 QPSK 2x103.125 3 2022 [56-57]
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Fig. 1 Principle of Gaussian beam focusing by a dielectric

plano-convex lens™
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Fig. 3 Attenuation coefficient of poly tetra fluoroethylene™

0106001-5



B LR IR

1.6 THz, f TAES M i 2 A9 PERER LR/ . [ 4(a)
WoR T HA N 10 e B4 BF & Gi7E 140 GHz Tl
ARSI . & A(D) TR T A ) 6 S A
FKFR . BT PTFE B3T 59 25 F1 G I 78 A [R) 4 6

s 40 -
A
= 20
2

2
S 0
5

(]

-20 1 L . . L
-15 -10 -5 0 5 10 15
Boresight angle(deg)
(a)

F61EF1H/2024 F1 B/BAERBEFEHRHRE
T RERERFPE R TR, [ 4(b) Bif 7R B9 ) 1) PR g AS ] .
B 5 A BB IR o B A B PTFE
B LT O FF B A9 32 Gbit/s 335 GHz K24
W A5 5 E 400 m AR 20 390 Bl N A

42
%
= 41
z
>
S 40
2
a
39 L . L . .
110 120 130 140 150 160 170
Frequency (GHz)
(b)

B4 EEEE SR, (a) HAR R 10 em A HL A B0 0 B BE7E 140 GHz T A L4 565 1 5 (b) 00 fik 75 390 A O i o 5 001 % 6 R K

Fig. 4 Measurement result””. (a) Measured radiation patterns at 140 GHz for a dielectric plano-convex lens with a diameter of 10 cm;

(b) directivity versus Frequency by experimental measurement
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ECL: external cavity laser; PPG: pulse pattern generator; I/Q MOD: in-phase/quadrature modulator; EA: electrical amplifier;
Pol. Mux.: polarization multiplier; OC: optical coupler; DL: delay line; ATT: attenuator; PBC: polarization beam combiner;
EDFA: Erbium-doped fiber amplifier; SMF: single-mode fiber; PBS: polarization beam splitter; PD: photodiode;
RF: radio frequency; Pow. Div: power divider; LNA: low noise amplifier; OSC: oscilloscope
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Fig. 6 Experimental setup of the integrated optical wireless transmission system based on antenna polarization diversity and PDM"”
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Fig. 7 Experimental results™. (a) Offline digital signal processing at the receiver; (b) optical spectrum (0.02 nm resolution) after

polarization diversity splitting; (c) electrical spectrum after analog down conversion; received Y-polarization constellations

(d) before clock recovery, (e) after clock recovery, (f) after CMA equalization, (g) after frequency offset estimation, and

(h) after carrier phase estimation

BEBS R 2 m (% 2 X 2 MIMO Jt 46 % 8% 1 T B 4 1%
W % Bt PDM {5 5 B9 4& % . — XK (CHD AR A s LR
25— X H (V)AL A R L AHBE 0. 4 m AT
BB XS YA E RS R A asEh . AR SEET
B SE e 25 S H L S Vi fE K4k 2 A b B R T
33dB, R R L Z s X R Y M Ak A5 2 Tl ) R .

LY, 12 GHz 1E 7% RF {55 &0t — 505 ,
M I35 BU 2 o M B, SR F X 5 Y RS 5 1
SRR T, X BE S & =AW Z )5 RF
=5 B R Ry 72 GHz, R HTR 391 2% 77 4 1Y TF {5
SRR A 28 GHz, H B B35 an 18 7(c) Fi7R o 4ead fik
M 75 5 KA (LNA) S M K5, A IF 155 th B A7
fitt 78 P (DSO) AT RAE R N 160 GSa/s, B4k

DSP {45 95 65 GHz, AR W& 7(a) frs o Bk
BT LB AR 2 R CMA 8 5 B R e B 3T
(FOE) J& K 8 A0 AL Al 1H (CPE) J5 i #2 0 Y i Ak A&
JRE 3 AN ] 7(d) ~ (h) I 7

K 8(a) B/R T TEH ML R AL g LT,
23t 2 m T AL 5 128 Gbit/s{Z5 1 BER 565 W
(OSNR) Z B KL R . W LLEH , BER MERERE &
OSNR A3 A $2 55 , 3F H 453 80 km SMF-28 14 4 i
JLT- %A OSNR it 2k o 5 &2 JF 45 20% B9 SD-FEC
BRAS R 2. 0X 107 fr 7% A9 OSNR Ky 27 dB, 1M i /&
7% HD-FEC [#{H 3. 8X 10 i) OSNR H 29 dB.

8 (b) /" T 80 km SMF-28 5 2 m L4k & i J
BER 5155 W Hs R Z A1) ¢ & . BER MR8 bl & I H¢

0106001-7



F61EF1H/2024 F1 B/BAERBEFEHRHRE

1E-34 128Gbis 1E-3-
= 2m wireless, no fiber
1B il dp b 0. 30 Wireless, 30km fiber | 1E4) Lo 2m wireless. 80km fiber |
18 20 22 24 26 28 30 32 34 36 38 32 34 36 38 40
OSNR (dB) Baud rate (Gbaud)

(@) (®)

B8 Sgh 4R, (a) FOBE 5 L LM T, 20t 2 m AL MG 128 Gbit/s 5 51215 R 5 e fF M LA A5 R
(b) 223 80 kmSMF-28 15 2 m oL %4 = 15 i 4 5 i < 18] 14 56 3%
Fig. 8 Experimental results””. (a) Relationship between BER and OSNR of 128 Gbit/s signal after 2 m wireless with and without fiber

transmission; (b) relationship between BER and baud rate after 80 km SMF-28 and 2 m wireless transmission
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Fig. 9 Experimental results™”. (a) Experimental setup of the 6-channel terahertz signal wireless transmission system; optical spectra of

(b) multiple-channel signal after PM, (c) LO, and (d) coupled PDM signal; photos of (e) wireless transmitter and (f) wireless

receiver
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Fig. 10 Experimental results™”. (a) Electrical spectrum of the sampled IF signal of Ch6; recovered QPSK constellations of (b) X-

polarization and (c¢) Y-polarization; (d) relationship between BER and input power into each AIPM after 142 cm wireless

transmission for the six channels
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Fig. 11 Experimental results””. (a) Experimental setup of the wireless transmission in the 80-channel WDM system; optical spectra of

80-channel 20 Gbaud 16QAM signals (b) before and (c¢) after 20 km fiber transmission; optical spectra of 20 Gbaud 16QAM
signal (d) before and (e) after WSS
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Fig. 12 Relationships between BER and the input power into PD for 20 Gbaud 16QAM and QPSK signals with and without fiber
transmission before wireless transmission at the wavelengths of (a) 1553. 33 nm, (b) 1563. 05 nm, and (c) 1531. 51 nm; (d) BER for
20 Gbaud 16QAM terahertz signal after 20 km fiber and 54 m wireless transmission in all 80 channels"”
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Fig. 13 THz low noise amplifier””. (a) Gain and noise factor curves; (b) photograph of the high gain terahertz lens antenna;

(¢) comparison of direct detection scheme and heterodyne detection scheme at the receiver
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Fig. 16 Experimental setup of the 100/200 GbE real-time photon-assisted THz-wireless transmission system'"”
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Fig. 17 Experimental results ™.

(a) Optical spectra of the optical baseband signal after OUT; (b) optical signal with tunable optical LO

after optical coupler; (c) spectra before and after filtering; (d) setup of THz 2 X2 MIMO 3 m wireless link
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