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In beyond-5G/6G mobile wireless communication network, wireless carrier frequency will be moved to the higher
frequency ranges (millimeter-wave (MMW) or THz) to realize high-speed data transfer with low latency and
massive connectivity. For the control and detection of these high-frequency wireless signals, the digital signal
processing technique with A/D conversion becomes rather challenging from the point of power consumption.
Then, we proposed a new high-speed signal processing technique using an optical phase modular driven by
multiple laser signals with different wavelengths combined with a RoF (Radio-over-Fiber) scheme [1]. By tuning
the wavelength separation between the two lights to generate an appropriate temporal delay, which can be set to
be one symbol in the wireless data signal stream, a delay detection operation of differentially coded signals is
obtainable. This detection technique is applicable in the MMW/THz frequency bands with low power
consumption. This paper report on tunable delay detection operation using the proposed technique.

Fig. 1 shows the experimental set-up. An electro-optic (EO) phase modulator using an array of antenna-coupled
electrodes designed around 30 GHz [2] was used. For the conversion of phase modulated light to intensity
modulated light, a single-mode standard silica fiber cable (D =16ps/nm * km) of 4 km long was used, which can
also be a delay line for the delay detection operation. Fig. 2 shows the obtained results of the DBPSK signals
when the data repetition frequency was changed from 0.4 to 2 GHz. By only controlling the wavelength difference
between the two lights supplied to the EO phase modulator, the delay time for the signal detection was changed
and the tunable delay detection operation was demonstrated successfully. This technique is also applicable for
wireless vector modulation signals like QPSK or QAM.

PPG X d; )
Data NRZ, 256 bit - @‘ High-speed
f3=0.4~2 GHz Differential coded =X sampling oscilloscope

= .E
Q0 o

Carrier
f. =30GHz
- O 1Q Mixer RF amplifier
%8 a-—-(X)
Optical High-speed
P Spectrum analyzer Photo-diode
DFB Laser oo
A~ 1550 nm a3
00 Q
| .y
DBPSK signal
L o e A A4 Single-mode
& & & & optical fiber
L = 4km
Antenna-coupled electrode D = 16ps/(nm + km)
EO modulator PM-AM conversion
(Wireless-optical signal converter)
Figure 1. Experimental set-up for tunable signal detection. Figure 2. Detected signal.

(a) fa=0.4 GHz (b) 0.5 GHz (c) 2 GHz.
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