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radio/fiber system. The external light injection greatly enhances Generator ) I

the frequency response of the laser, and thus, significantly improves Polarisation

the overall performance of the hybrid system. Experimental re- RF Solitt, Bias Controller

sults show a 14-dB improvement in system performance for the ex- pitter Current A

ternally injected laser in a hybrid radio/fiber communication link ®_°:
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|. INTRODUCTION Scope and Electrical Path ————
Error Analyser
S THE DEMAND for broadband mobile services such Mixer RF Amplifier

as video-on-demand and mobile computing increases, so
does the need to develop high-capacity mobile communicatiog- 1. Experimental setup for hybrid radio/fiber system using directly
. Lo . odulated laser with external injection.

networks, which are capable of delivering broadband S|gnalsr'fo

remote areas “over the air.” High-capacity mobile networks of

the future will probably use high frequency microwave signatsodulators or dual mode laser diodes. However, it has recently

as the access medium (15 — 60 GHz), as this offers a large bamelen shown [5], [6], that by using external injection into a laser

width for data transfer. These high-capacity microwave acceatisde, its modulation response can be significantly enhanced. In

networks are likely to employ an architecture in which signatsis letter, we demonstrate that this enhancement of the modu-

are generated at a central location and then distributed to remiatéon response allows us to greatly improve the performance of

base stations using optical fiber, before being transmitted ower optically fed microwave system based on direct modulation

small areas using microwave antennas [1], [2]. Such an arcbfdaser diodes. A 14-dB improvement in system performance is

tecture should prove to be highly cost efficient, since it allowsbtained with a hybrid radio/fiber system used for distributing

sharing the transmission and processing equipment (remot&Bb-Mb/s data signals on an 18-GHz RF carrier.

located in the central control station) between many base sta-

tions.

To develop an optically fed microwave wireless network of [l. EXPERIMENTAL SETUP

thlstype, requwesth(_a arnalg_amatmn ofmanyd|fferenttechnolo_—_|_he experimental setup to examine the use of a directly

gies. On the transmission side, the main technical challenge is ) . L T .
. ; . . Y modulated laser diode with external injection in a hybrid

to generate the microwave optical data signals using semicon-

ductor laser diodes. The simplest technique available to gerﬁglolflber system is presented in Fig. 1. An Anritsu pattemn

. . ] . . : nerator produces a 155-Mb/s nonreturn-to-zero (NRZ) data
erate optical microwave signals, involves direct modulation (gf
e

the laser with the microwave data carrier. However, the limit ream, which is initially mixed with an 18-GHz RF carrier to

bandwidth of laser diodes means that we are normally unablegt(?)ner.ate th'e binary phase-;hn‘t kpymg (BPSK) dgta signal. The
use high frequency RF carriers {0 GHz), which could be em- resulting microwave data signal is then used to directly modu-
ployed to transmit very broadband data signals. This difficul

ate a single-mode laser diode from NTT Electronics. The laser
with direct modulation has resulted in the use of more com

sed is a distributed feedback (DFB) multiple-quantum-well

plicated techniques for optical microwave signal generation iy e with a threshold current of 26 mA, a.central emission
hybrid radio/fiber systems [3], [4], such as employing extemwfavelength of 1543.2 nm, and a 3-dB electrical bandwidth of
TR 8 GHz. The 18-GHz RF data signal can be applied either to

the free-running laser, or it can be applied to the laser diode
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Fig.2. Modulation response of single-mode laser measured under free running

conditions, and with external injection levels-e8 dBm (dotted line), 0 dBm w5k

(solid line), and 3 dBm (dashed line) from ECL. The dc bias current was 55 mA Time, 2 ns/div
in all cases.

. . . Fig. 3. Received eye diagrams of 155-Mb/s data signal from the optically fed
signal from the laser is then passed through 5 km of disp&firowave system using (a) free running laser diode. (b) Laser diode with the

sion-shifted fiber (to minimize chromatic dispersion effectexternal injection level of 0 dBm. Received optical power (before photodiode)
that may cause severe RF power degradations in the sys¥é#—12dBm in both cases.
[8]) before being detected with a 50-GHz pin photodiode. In

a complete system, the output signal of the detector woug dispersion-shifted fiber does not greatly effect the system
be transmitted through an RF antenna to the mobile netwqskrformance, as the total dispersion in the transmission fiber is
stations, where the data is received by down converting th@gligible at the operating wavelength{ ps/nm). For trans-
incoming signal using a local oscillator. However, in our expemission over longer distances, or over standard single-mode
iment, we have concentrated on the optical part of the systefiper, chromatic dispersion may cause severe RF power degra-
hence, the down conversion takes place after the photodioggtions in the system [8], due to the double side-band nature
by mixing the data signal with an 18-GHz local oscillator. Thgf the signal from the directly modulated laser diode. However,
resulting 155-Mb/s data signal may then be displayed on tfea real system, we expect that this problem may be overcome
oscilloscope, or fed into the Anritsu error analyzer to determirﬂg, employing an optical filter to select out the optical carrier
the bit-error rate (BER) of the received signal. and one signal side-band, before the optical signal is detected.
Clearly, the transmission characteristic of this filter will need
to be as close to square shaped as possible, with a bandwidth
IIl. EXPERIMENTAL RESULTS slightly larger than the RF carrier frequency. Custom designed
fiber Bragg grating type filters should be suitable for this appli-
The improvement in the modulation bandwidth of a laseration.
diode that can be obtained by external injection has recentlyFig. 3 displays the received eye diagrams for the cases
been demonstrated both theoretically and experimentally [®]hen the directly modulated laser was 1) free running, and 2)
[6]. In our setup, we use external injection from an ECL into had an external injection level of 0 dBm from the ECL. The
single-mode laser to greatly enhance the bandwidth of the laseceived optical power (before the photodiode) in both cases
diode, the complete experimental set-up for the external injagas—12 dBm. The major improvement in system performance
tion is similar to that described in [7]. The wavelength of thevhen external injection is employed can be clearly seen. We
injected signal must be accurately tuned to ensure that the tdpen placed a variable attenuator before the photodiode and
timal enhancement in modulation response is obtained. Figm2asured the received BER as a function of received optical
displays the modulation response of the device under free rgower, with and without external injection. These results are
ning conditions, and also when the external injection level fropresented in Fig. 4, which shows that there is a 14-dB improve-
the ECL is set to-3, 0, and 3 dBm. The wavelength of the inment in system performance, for a received BER of,@vhen
jected light from the ECL was set to 1543.24 nm. By varying thexternal injection is applied to the directly modulated laser.
injected power level, we can optimize the lasers response at diys improvement in system performance is less than would
specific frequency (up to approximately 22 GHz). For this edbe expected (16 dB) from the enhanced electrical frequency
periment, we set the injection power level to 0 dBm, as this gauesponse shown in Fig. 3. This is attributed to the fact that the
us maximum response at 18 GHz, which is the frequency we a&dernal injection not only improves the laser bandwidth, but
using in our hybrid fiber/radio system demonstration. Propagalso reduces the laser threshold, thus, increasing the average
tion of the resulting optical microwave data signal over 5 kraptical output power from the device.
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-2 fiber distribution network is significantly improved. By varying
3l the power level of the external injection, we can also vary
the microwave frequency at which the modulation response
-4 is enhanced. We have demonstrated an overall improvement
5| in system performance of 14 dB when using this technique to
~ distribute a 155-Mb/s data signal on an 18-GHz RF carrier in
g -6 r an optically fed microwave system.
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