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Abstract— The authors investigate, the frequency
dependent RF power degradation in direct modulated
microwave photonic systems employing uniform period
fibre Bragg gratings (FBG) as reflective elemeftse
results have implications in terms of the availdRle
bandwidth and the stability requirements for thediBragg

gratings.
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l. INTRODUCTION
Optical fibre techniques for the distribution amahtrol of

microwave signals within both communications ardira
phased array antenna systems have incurred extensiv
research effort over the past decade [e.g. 1,. EiBie
optic based true time delay (TTD) elements fornommon
element in many microwave photonic signal control
architectures. Such TTD systems have been demtatstra
using switched lengths of fibre [1], and disperditbee [4]
or fibre Bragg grating (FBG) arrays with a tuneadyiical

carrier source [5]. The latter solution has advgedan
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terms of being directly fibre compatible, more catipand
simpler than the alternatives and is the one westaigying
here. The conventional discrete fibre Bragg gralimgp
line scheme is shown in Fig. 1. This optical sigsal
reflected from an array of Bragg gratings of diffigr
resonant optical wavelengths. Tuning of the optzatier
selects a particular Bragg grating and hence tire fength
traversed and the group delay of the signal. Titve fBragg
grating is however not an ideal device in thatis la limited
bandwidth and may introduce differing amplituded an
phase shifts between the sidebands of the sigdathen
optical carrier. Although this limitation induceg bhirped
fibre grating has been reported [6], the impaatroform
Bragg grating has not been studied in detail. i paper,
we investigate theoretically and experimentallyeffects
that these departures from the ideal have on theomave

signal.

Il. THEORY
An ideal amplitude modulated optical signal wiliveawo

sidebands of equal amplitude and opposite phaatveto



the optical carrier. Bragg gratings can give rise t
degradation in the received microwave signal annbitby
introducing changes in the relative amplitudes pimases of
the sidebands. In Fig. 2 we plot a measured réfleend
group delay responses for a uniform fibre Bragdigga
(UFBG) of high reflectivity and broad bandwidthwasuld
commonly be used in a true time delay applicafidre

grating length is 5 mm with a coupling coefficiat1300

m. Provided the entire signal spectrum lies in tae f
central reflectivity and time delay regions the roigave
signal at the receiver will suffer only a delayhtfwever
parts of the signal lie outside this central regtugre will
be a differential power loss and across the spegtru
resulting in a degradation of the detected RF pat¢hne

optical receiver.

After reflection from a Bragg grating, the receivaddctrical
RF amplitude, generated by this optical signalloan

expressed as
ARF (C()) D (Rl COS01 + R2 00592) COS@mt) (1)

where R, 6; and R, 6, are the reflectivity and phase shifts
corresponding to the upper and lower sidebands at
microwave frequencya,,. Thus, from the measured
reflectivity and group delay characteristics of gnating we
can calculate precisely the received RF amplitiga a
function of optical carrier frequency and microwade

frequency.

Il. EXPERIMENT
The microwave response calculated using the expregk)

above was verified by comparing with the measured
microwave amplitude spectral response for sevéifarent
optical carrier wavelengths. The calibrated RF
measurements were performed using a PhotonetidssFun
1550 external cavity tuneable laser as the opsicatce

with the HP8703A Lightwave component analyser (LCA)
which combines the RF modulation and detectiontfans.
The grating reflectivity spectra and group delay
measurements, given in Fig. 2 were used in expneg4)

to calculate the response for comparison. Bothafets
results are plotted for different carrier waveldrsgn Fig. 3.
As can be seen we have good agreement betweerthe R
frequency responses calculated from the gratingtspand

those directly measured.

Fig. 3(a) shows the results taken when the carrier
wavelength is 1541.3 nm, in the centre of flat tuheday
response area. The two sidebant.0lL6 nm at 20GHz
modulation) are all well within the response region
Therefore, the received RF response is flat aufaqgies up
to 20 GHz. In Fig. 3(b) the carrier wavelengthused to
1541.18 nm. As the RF modulation frequency is iasegl,
the lower sideband suffers an increasing delayivel¢o the
carrier. At a frequency of 19GHz, this delay copm@®ds to
aTtphase shift and there is a null in the received RF
spectrum. As the carrier wavelength is further dased the
RF frequency at which this null occurs moves todow

frequencies and the RF bandwidth of the gratingdsiced.



For example in Fig 3(c) with a carrier wavelength o
1541.165nm has a null at a RF modulation frequeficy
16GHz. Similar results are achieved if the carrier
wavelength is shifted to longer wavelengths whbee t
opposite sideband suffers an increasing delayeiffces
between the two sets of curves are due to envirotahe

changes between their measurement.

The nulls achieved are only about 8dB deep and have
oscillatory features on them. The depth of thegwill
depend on the relative strengths of the two sidébarhen
they are out of phase. If the two sidebands aszjoél
amplitude, they will entirely cancel out. In thesuéis
presented here, as a sideband approaches thefatige o
grating spectrum its amplitude is reduced andetayd
increased. If the opposite sideband retains constan
amplitude then the sidebands will only partiallycal out
for amtphase change and the null depth will be reduced, a
shown in Fig. 3. Additionally, the group delay cheteristic
of the grating is not itself a smooth function, tmadarly at
the edges of the grating spectrum. Hence the veldglay
in the sidebands does not vary smoothly and the RF

spectrum demonstrates some oscillation.

Uniform gratings exhibit large sidelobes in thdeetion
spectra and oscillations in the group delay respohkese
features are undesirable in TTD applications amdbea
significantly suppressed by a suitable apodisatitthe
modulation depth of the Bragg grating along itgténin

Fig. 4 we show the measured response for a 4.5anqn |

grating with a raised cosine apodisation profilee Turves
are much smoother and, compared with unapodisethgra
the time delay between central wavelength and etltfee
grating has been greatly reduced. The microwaymreses
calculated from this profile and those directly swad are
given in Fig. 5. As we can see, they are mucheitattan

those of the unapodised grating

This effect will certainly degrade the performanck a

microwave photonics system employing such fibreigs.

If the unapodised fibre grating discussed abovgsed the

available bandwidth of the system may go downGd@&Hz.

The measurement of the microwave response of d@onabpt

fibre grating based notch filter was implementedskmw

the effect of the fibre grating on the filter's dugency

response. The measured spectra are shown in Rig.€an

be seen, Fig. 6(a) shows a normal notch resportbeting

bandwidth over 20 GHz where the unapodised gratiag

used and the carrier wavelength set at 1541.28 nm;

however, a distorted response is shown in Fig. 6fgre

the carrier wavelength was tuned to 1541.165 nnfidn

6(c) where the apodised grating was used and thréeica

wavelength was set as that in Fig. 5(b), one caicenthat,

the amplitude and the visibility of the filter'ssgonse are

slightly reduced as the microwave frequency in@sasd a

nearly flat spectral response was obtained.

An important concern for the practical use of Brggatings
in TTD elements is their sensitivity to temperaturke

Bragg grating spectra shift in wavelength with tengture



with a sensitivity of approximately Fonm/K. For the (4]
apodised grating, reflecting a 20GHz microwave aligine

bandwidth tolerated before there is a 3dB drojigisas is

0.29nm. Thus, the Bragg grating has a useable textope [5]

range of 29K for a 3dB change in signal power &EQ.

V. CONCLUSIONS
We have described the evaluation of RF power degjia [6]

in microwave systems using UFBG as TTD elements.
Directly measured results show good agreementtivitbe
calculated from the grating spectra. Thus we caraus
single measurement of the grating to determineigebcits
performance in a microwave system. Unapodised and
apodised gratings have been compared, with theisgubd
grating showing a significantly improved performaneve
have used these measurements to determine the
requirements on temperature stability for Bragdings

used in microwave photonics systems.
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FIGURE CAPTIONS

Fig. 1 An array of discrete uniform fibre Bragg gratiragsa

true time delay line.

Fig. 2 Measured reflectivity (a) and time delay respditge

of a uniform fibre Bragg grating.

Fig. 3 RF power against Microwave frequency. Solid lines
are measured, dashed lines are calculatedA£&0541.3
nm, (b)A=1541.18 nm (ch\:=1541.165 nm.

Fig. 4 A measured reflectivity and time delay responsarof
apodised uniform Bragg grating.

Fig. 5 RF power against Microwave frequency. Solid lines
are measured, dashed lines are calculatedA&0550.6

nm, (b)A=1550.75 nm.

Fig. 6 Measured frequency response of an optical fibre
grating based notch filter. (a) with unapodisedigta
Ac=1541.3 nm, (b) with unapodised grating=1541.18

nm, (c) with apodised grating=1550.75 nm
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