
 

Optical routing of millimeter-wave signals with a new
frequency multiplication scheme
Citation for published version (APA):
Jung, H. D., Okonkwo, C. M., Tangdiongga, E., & Koonen, A. M. J. (2009). Optical routing of millimeter-wave
signals with a new frequency multiplication scheme. In European workhop on photonic solution (Iphobac) (pp.
4.5/ 37-38)

Document status and date:
Published: 01/01/2009

Document Version:
Publisher’s PDF, also known as Version of Record (includes final page, issue and volume numbers)

Please check the document version of this publication:

• A submitted manuscript is the version of the article upon submission and before peer-review. There can be
important differences between the submitted version and the official published version of record. People
interested in the research are advised to contact the author for the final version of the publication, or visit the
DOI to the publisher's website.
• The final author version and the galley proof are versions of the publication after peer review.
• The final published version features the final layout of the paper including the volume, issue and page
numbers.
Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above, please
follow below link for the End User Agreement:
www.tue.nl/taverne

Take down policy
If you believe that this document breaches copyright please contact us at:
openaccess@tue.nl
providing details and we will investigate your claim.

Download date: 16. Nov. 2023

https://research.tue.nl/en/publications/7fb17abd-06d7-42aa-80e4-14046417fdb8


Optical Routing of Millimeter-Wave Signals with a New 
Optical Frequency Multiplication Scheme 

Hyun-Do Jung,*, Chigo Okonkwo, Eduward Tangdiongga, and Ton Koonen 

COBRA Research Institute, Eindhoven University of Technology, 5600MB, the Netherlands 
* Corresponding author: Phone: +31 40 247 5627, Fax: +31 40 245 5197, E-Mail: jhd94@ieee.org 

 
Abstract – We demonstrate a new OFM configuration using XGM in SOA for simultaneous all-optical generation 
and routing of mm-wave signals for in-building networks. After routing, EVM of 4.5% is achieved for 20MS/s, 64-
QAM data at 39.6GHz.  
 
1. Introduction –The millimeter-wave (mm-wave) 
frequency band (26~70GHz) has raised much interest 
in broadband wireless access applications as it offers 
a large bandwidth, avoids the spectral congestion 
occurring in the lower microwave bands, and reduces 
interference by creating picocells, but the difficulties 
in millimeter-wave generation, transmission, and 
processing limit its wide usage. However, with the 
development of fiber-optic technologies, Radio-over-
Fiber (RoF) techniques can offer valuable solutions 
for these problems [1],[2]. Moreover, the 
combination of mm-wave technology with Radio-
over-Fiber (mm-RoF) has emerged as a key 
technology for in-building networks. By means of 
mm-RoF systems, picocells in a building can be 
extended to several rooms instead of having a single 
large wireless network, which covers the whole 
building and causes interference problems. Recent 
proposals have suggested that radio signals are 
broadcasted through the optical fiber link and the 
channel selection is done at each destination. With 
broadcast-and-select configurations, however, there 
are concerns regarding high power consumption and 
security. In this paper, we demonstrate a new optical 
frequency multiplication (OFM) configuration [3] for 
in-building networks shown in Fig. 1. Key 
functionalities of the proposed architecture are 
simultaneous all-optical mm-wave generation and 
selective routing of the mm-wave signals 

to individual rooms based on encoded header 
information [4]. This centralized optical routing can 
dynamically adjust the optical connectivity and RF 
frequency allocation. Hence the radio-cells can be 
dynamically adjusted in size and capacity, which 
improve the traffic handling capacities and network 
operational efficiency. As a proof of concept, we 
successfully demonstrated optical up-conversion of 
3.6GHz radio signal carrying 20MSymbols/s 64-
QAM data to 39.6GHz mm-wave frequency, and 
selective optical routing of mm-wave signals to the 
destination. At the destination, the detected signal 
showed error vector magnitude (EVM) of 4.5% at 
39.6GHz. 

 
2. Operational principle of the proposed system –
Figure 1 illustrates the in-building network scenario. 
An optical transparent gateway routes wired radio 
data signals from the central station (CS) to each 
room based on address information [4]. The proposed 
all-optical routing system for mm-wave signals 
consists of a tunable source, a phase modulator, a 3-
dB coupler, an SOA, a Mach-Zehnder Interferometer 
(MZI), and an optical router based on an arrayed 
waveguide grating (AWG). The continuous wave 

(CW) optical signal (λCW) from the tunable source, 
which are selected based on the address information 
extracted from the downstream optical signal, 
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Fig.  1 Concept and experimental setup (Radio signal from the central station: 20Msymbols/s, 64-QAM at 3.6GHz RF carrier) 



are phase-modulated (PM) by the RF sweep signal 
(fSW) to generate optical harmonics (the OFM 

technique [3]). These PM optical signal (λCW) is 
injected into the SOA together with the intensity-

modulated (IM) optical signal (λMOD) carrying the 
radio signal from the CS. By cross-gain modulation 
(XGM) in the SOA, the radio signal is duplicated 

onto the PM optical signal (λCW). In the MZI, PM-IM 
conversion allows the mm-wave carriers at the 
multiples of the RF sweep frequency (fSW) to appear 

at the optical wavelength (λCW) as illustrated in Fig. 1. 

Then, the converted optical signal (λCW) are routed by 
means of the AWG to the destination (room), where 
it is detected and the mm-wave radio signal is 
selected by a bandpass filter (BPF). 
 

3. Experimental results and discussion –To 
generate mm-wave carrier signal, the CW optical 

signal (λCW) from the tunable source was phase-
modulated with a 6GHz RF sweep signal (fSW). The 

CW wavelength (λCW) was selected by header 
processing based on the address information 

extracted from the modulated optical signal (λMOD) 
[4]. Figure 2 (a) shows the RF spectra of the multiple 
harmonics generated by the OFM technique. The 
proper adjustment of both the phase modulation 

index (β) and the center-wavelength (λCW) of the 
tunable source allows the amplitude of each harmonic 
signal to be tuned. In the experiment, the 6th order 

harmonic (36GHz) was optimized at 6.8 (β), 

1550.735 nm (λCW). This PM optical signal was 
inserted into the SOA with the IM optical signal 
carrying the radio data signal (fRF = 3.6GHz) shown 
in Fig. 2 (b). Then, the radio signal was duplicated 
(wavelength-converted) on the PM optical signal and 
optically up-converted along with the harmonics of 
fSW to fUP = nfSW ± fRF (where n is the order of 
harmonics) by XGM of the SOA; Fig. 2 (c) depicts 
the radio signal up-converted to fUP = 39.6GHz (6th 
harmonic of fSW). As shown in the figure, the SNR of 
the mm-wave signal is reduced by around 16dB and 

there is an EVM penalty of 2.5%, compared to the 
input RF signal. In addition, a nonlinear skirt slope 
appears at the edge of the signal band. This 
degradation comes from the ASE noise of the SOA, 
the wavelength-conversion penalty, and the 
nonlinearity of the SOA gain profile. Nevertheless, 
the performance of the routed signal at the destination 
meets the EVM requirements for the wireless 
standards. 
 

4. Conclusions –In this paper, we proposed a new 
configuration for all-optical generation and routing of 
mm-wave signals using the OFM technique for in-
building networks. By using XGM in an SOA, we 
can optically up-convert radio signals at low 
frequency to mm-wave frequency region and convert 
radio signals to different wavelength signal at the 
same time. In the experiment, we successfully 
demonstrated optical up-conversion from a 3.6GHz 
radio signal carrying 20MS/s 64-QAM data to a 
39.6GHz mm-wave frequency and optical routing of 
the mm-wave signal to different destination. At the 
receiver side, the routed signal showed the EVM 
performance of 4.5% for 20MS/s 64-QAM data at 
39.6GHz. 
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Fig. 1 RF Spectra of (a) multiple harmonics generated with RF sweep frequency (fSW = 6GHz), (b) input 64-QAM signal (20MS/s) at 3.6GHz,  
(c) received 64-QAM  signal (20MS/s) at 39.6GHz. (Inset : Constellation diagram) 


