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Effects of Intermodulation Distortion on the
Performance of a Hybrid Radio/Fiber System
Employing a Self-Pulsating Laser Diode Transmitter

A. Kaszubowska, L. P. BarpyMember, IEEEand P. Anandarajah

~ Abstract—A self-pulsating laser is used to generate a multicar- be used for greatly improving the performance of a single RF
rier (five radio frequency (RF) channels) microwave optical signal channel, and a dual RF channel, hybrid radio/fiber system [3],
for use in a hybrid radio/fiber system. The self-pulsation is achieved [4]. The enhancement in system performance is a result of the

by external light injection into the laser diode. By varying the RF . . .. . .
c%annel spacgi]ng, vlve have been able to estimateythe }(;egradation inlaser diode self-pulsating as we externally inject light into the

system performance due to intermodulation distortion (caused by diode, and we have completely characterized this self-pulsa-
the nonlinear dynamic response of the laser). The power penalty tion in [4]. As we only employed two RF data channels in this
on the central RF channel is found to be 3.2 dB for operation at the previous work, we were unable to ascertain how the nonlinear
RF band around the laser self-pulsation frequency of 18.5 GHz. dynamic response of the laser would affect the system perfor-
We have also characterized the performance of the multicarrier o . . : . . .
mance via intermodulation distortion (IMD) in the multicarrier

hybrid radio/fiber system in the frequency band corresponding to X
the inherent relaxation frequency of the laser. system [5]-[7]. In this letter, we have thus used the externally

o . . injected self-pulsating laser for the generation of a multicar-
Index Terms—External light injection, microwave photonics, . . L g
multicarrier system, optical communications, optical systems, rier microwave phOton'C signal with five RF data channels. By
self-pulsation, semiconductor laser diode. varying the spacing between these RF channels we have been
able to determine how the dynamic nonlinearity of the self-pul-
sating laser affects the system performance via IMD, and we
|. INTRODUCTION show a 3.2-dB power penalty for the central RF channel due to
IGH-CAPACITY mobile networks of the future will IMD. We have also examined the system performance of the hy-
probably use high-frequency microwave signals as thid/radio fiber setup when using the free-running laser (without
access medium (15-60 GHz), as this offers a large bandwigtiernal injection) at RF bands corresponding to 1) the laser’s
for data transfer. These systems are likely to employ an @elaxation oscillation frequency, and 2) the linear section of the
chitecture in which signals are generated at a central locati@ser's modulation response. This allows us to compare and con-
and then distributed to remote base stations over optical fiokgst how the different dynamic responses of the laser affect the
before being transmitted over small areas using microwaperformance of our microwave photonic system.
antennas [1], [2]. This type of architecture should prove to be
highly cost efficient since it allows sharing of the transmission II. MULTICARRIER RADIO-OVER-FIBER SETUP
and processing equipment between many base stations.

is also expected that these broad-band networks will divideLl-he laser diode used _for_ the experiments is a stan_dard
the available bandwidth into a number of radio frequen ultiple ‘quantum-well _distributed-feedback (DFB) device

(RF) channels for broadcasting data “over the air.” This u om NEL. The laser has a threshold current of 26 mA, and an

of multiple carrier distribution is required in high-c:’;\pacit))m“nSIC modulation bandwidth of around 8 GHz. By injecting

multipath environments to overcome multipath fading ef“fectsl.'ght from a Walveletnhgth :lrjlnagll:eBexte_rngl cavity :ase:,h aroun_d
On the transmission side of a radio over fiber distributiowe same wavelengin as the emission wavelengin, we sig-

network, it is necessary to generate the microwave optical d c_antly alter the modulation response_of the device and can
signal using semiconductor laser diodes. The simplesttechni(ﬂ? leve excellent response at frequencies from 14 to 25 G.HZ'
available involves direct modulation of the laser with the mic 1€ to the_laser beglnnlng to self-pulsate. The self-pulsation
crowave data carriers. However, the limited bandwidth of Iasfétl_aquency_ IS determ!ned b.y the power level of the externally
diodes means that we are normally unable to use high-freque cted S|gnal [4]. F.'g' 1 displays t_h_e m_odula_m_on response of
RF carriers 10 GHz). We have recently demonstrated the ué laser with and without external injection, (injection level of

of external injection to greatly improve the frequency respon edBm and laser biased at 60 mA, in both cases).

of a laser at RF bands well beyond the inherent relaxation fre-T0 investigate the use of the externally injected self-pulsating

quency of the laser, and we have shown how this technigue nLa er as the transmitter for a multicarrier radio-over-fiber distri-
' tion system, we have employed the experimental setup shown

_ _ . in Fig. 2. We initially couple together a 300- and a 600-MHz
Manuscript received December 16, 2002; revised February 12, 2003. local oscillator signal and then mix the combined signal with
The authors are with the School of Electronic Engineering, Dublin City Uni- 155-Mb/ d f Anri

versity, Dublin 9, Ireland (e-mail: liam.barry@dcu.ie). a - § nonreturn-to-zero data stream from an Anritsu pat-
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Fig. 1. Modulation response of free-running laser (dashed line), and laser ) )
with external injection level of 0 dBm (solid line) resulting in 18.5-GHz Time (2 ns/div)
self-pulsation. Laser biased at 60 mA in both cases.

Fig. 3. Received eye diagram of the recovered 155-Mb/s data signal at the
300 and 600 MHz central RF carrier frequency when (a) the RF carriers are equally spaced
Sig. Generators ) (maximum IMD), and (b) the RF carriers are unequally spaced. Received
optical power (before photodiode) was8 dBm in both cases.

wavelength tunable source to facilitate the self-pulsation around
the 18.5-GHz RF band. The resulting optical microwave data
| signal from the laser is then detected with a 50-GHz pin pho-
todiode. In a complete radio/fiber system, the detector output
would be transmitted through an RF antenna to the mobile sta-
tions, however, in our experiment we have concentrated on the

Data
Generator

) optical part of the system, hence the down conversion of the
18.221}:;?5“1 RF carrier data signals takes place after the photodiode. To re-
Tom bl Extornal cover the central RF dgta channel, we have down-converFed it by

50 GHz Cavity Laser mixing the detected signal with the 18.5-GHz local oscillator.
Rise Time | Fetodiode The down-converted signal (central channel of the five-channel
Filter Optical Path === RF data signal) is then_ passed through_a Iow—pass fi_Iter to en-
E:::I:n:lll;ser X 4 Electrical Path sure that only th_e required base-band signal is examined using

Mixer RF Amplifier the 50-GHz oscilloscope and error analyzer.

Fig. 3(a) displays the received eye diagram of the down-con-

Fig. 2. Experimental setup for five-channel multicarrier hybrid radio/fibeverted 155-Mb/s data signal after propagation through the op-
system using self-pulsating laser diode. tical microwave link when the received optical power level is

—8 dBm. By varying the detected optical power level using an
filter (to minimize the bandwidth of the electrical data signaljoptical attenuator, and measuring the bit-error rate (BER) of the
The resulting signal is then coupled together with another paeiceived signals, we can plot system performance against re-
of the 155-Mb/s data signal from the pattern generator, and tteived optical power (Fig. 4). We then proceeded to vary the fre-
overall signal is then mixed with a 18.5-GHz carrier. This leadguency spacing of the five-channel RF system. The aim of this
to the generation of five binary phase-shift keyed RF data chdsto determine how the IMD due to mixing between Channels
nels centered at 18.5 GHz with 300-MHz spacing between theand 2, and Channels 4 and 5, affects the performance of the
channels. It should be noted that the two base-band data sigcaistral channel. Fig. 3(b) displays the received eye diagram for
from the pattern generator are propagated through cables vétreceived optical power 68 dBm, and Fig. 4 shows the BER
a length difference of 3 m before being mixed with the apprarersus received optical power, when the frequencies of Chan-
priate local oscillators. This ensures minimum correlation beels 1 and 5 are offset by a further 125 MHz from the central
tween the central RF channel (test channel), and the higher &féchannel. The result of this is to ensure the mixing products
lower frequency channels (interfering channels), as 3 m cor@-Channels 1 and 2, and Channels 4 and 5, are no longer at the
sponds to around 27 ns delay which is more than four bit slatame frequency as the central data channel. We can clearly see
for the 155-Mb/s data stream. that in this case the system performance is improved by 3.2 dB

The five-channel RF data signal is then used to directly mofbr a received BER of 107, and the improvement in the re-

ulate the DFB laser diode described above. The laser is biaseiled eye diagram for the same detected optical power level is
at 60 mA, and has an external injection level of 0 dBm from ery noticeable. The degradation in system performance, when
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using the linear portion of the laser modulation response around
2 GHz, the penalty due to IMD was only 0.2 dB.

I1l. D1scussiON ANDCONCLUSION

We have investigated the use of a self-pulsating laser diode
(achieved using external injection into a commercial DFB laser)
for the distribution of multicarrier RF data signals in a hybrid
radio/fiber communication system. By altering the frequency
spacing between the RF channels we have been able to ascertain
the performance degradation in the hybrid radio/fiber system
due to the nonlinearity of the modulation response around the
self-pulsation frequency of the laser. The power penalty on the
central channel of the five-channel data signal is found to be

Fig. 4. BER versus received optical power for the central RF data channels

using directly modulated self-pulsating laser for cases when (a) the RF carri

aiound 3.2 dB due to IMD. The significant power penalty is

are equally spaced (circles) and (b) the RF carriers are unequally spaeediesult of the large dynamic nonlinearity around the laser’s

(squares).
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self-pulsation frequency. The result would suggest that for a
multicarrier RF distribution system using a radio-over-fiber ar-
chitecture with a self-pulsating laser as the transmitter, it may be
necessary to employ unequal channel spacing to mitigate against
IMD effects [8]. We have also examined the performance of our
hybrid radio/fiber system when using the RF bands around the
laser’s relaxation frequency, and linear section of its modulation
response, and found that in these cases the degradations in per-
formance due to IMD are 0.6 and 0.2 dB, respectively, for the
central channel of the five-channel system. This result allows us
to contrast how the dynamic nonlinearities due to the self-pul-
sation, and the relaxation oscillation, effect the performance of
a multicarrier radio-over-fiber system.
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