
The boundary conditions (eqns. 4 and 6) are then reduced
to a matrix form. The result is

- [K] (7)

[Z ]
= [[Z1] [0] 1

LCO] [z"]J

(8)

Bn

10]
CK"]

where (/I1, £') and (An, Bn) are the expansion coefficients of Ef
on F, and on F2, respectively, and [K11] is involved in Einc.

By means of the point-matching method (PMM), unknown
current vector [/] can be solved in a straightforward manner;
thereby the field Edi in region II is obtained.

Applying the boundary condition (eqn. 5a), the scattering
field Esc can be obtained from the solution to Edl and given
Einc

/V"l

i = 1

(9)

Therefore the problem of the electromagnetic scattering from
a dielectric coated cylinder can be analysed.

Numerical results: To check the accuracy of the suggested
method, some cases are considered for which exact solutions
are known. The suggested solution yields very accurate
numerical approximations to the scattering cross-section.
Figs. 3 and 4 show the case of a circular cylinder of ^ a , =
kobi = 1-57, koa2 = k0b2 = 6-28, er = 2-5+jl-0, nr = 10,
a = 90°, and elliptic cylinders of koax = 5024, fcofej = 1-256,
aj/fl, = 1. 25, b2/bl = 2-2, e, = 2-5, /xr = 10, a = 90°,
0 = a — 90°. These results show that this method may also be
applied to various geometries of conducting cylinders with
electrically larger smooth profile coated by a dielectric and the

1378/31

Fig. 3 Bistation RCS of dielectric coated concentrically circular cylin-
der

N = 24 solution

results are in good agreement with those in Reference 4 using
the classical method.

1 6 r

Fig. 4 Bistation RCS of dielectric coated confocally elliptic cylinder

N = 24 solution
N = 16 solution
exact solution

Obviously, the case of TE incidence can also be analysed in
a similar way.
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WIDE SPECTRUM SINGLE QUANTUM WELL
SUPERLUMINESCENT DIODES AT 0 8fim
WITH BENT OPTICAL WAVEGUIDE

A. T. Semenov, V. R. Shidlovski and S. A. Safin

Indexing terms: Diodes, Light emitting diodes, Semiconductor
devices and materials

An AlGaAs quantum well superluminescent diodes (SLDs)
with 68 nm spectral width at 5mW output power have been
developed. With 4/an mesa stripe angled at 7° with respect
to the output facet, the spectral ripple was less than 10% for
uncoated devices.

Introduction: Superluminescent diodes (SLDs) are optimum
light sources for optical sensors and short and medium dis-
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tance fibre optic links. It has been shown that the use of a
quantum well (QW) structure in SLDs allows the spectral
bandwidth of devices to be widened with respect to that of
bulk SLDs. Spectral bandwidths of 54 nm [1] and 170 nm [2]
have been realised at 800 and 1500nm in QW SLDs, respec-
tively.

In Reference 2, a wide spectrum was obtained due to ampli-
fication of intrinsic spontaneous emission by n = 1 and n = 2
transitions simultaneously. It was shown in Reference 3 that
the full width of the gain spectrum of the AlGaAs/GaAs QWS
at n — 1 and n = 2 transitions may be around 100 nm. Never-
theless simultaneous amplification of intrinsic spontaneous
emission by n = 1 and n = 2 QW transitions has not been
used to date to widen the 800 nm-band SLDs spectrum.

We report the development of \n = 1, 2) transition' AlGaAs
SCH-QW SLDs.

SLD structure: SLDs were based on an MOCVD-grown
separate confinement AlGaAs heterostructure with step-index
waveguide (total thickness 0-25 (xm) and 8nm-thick active
layer. A deep mesa 4/im-wide was then etched on-wafer to
provide lateral confinement. To prevent optical feedback in
the structure, the mesa ridge was bent near the outpur facet of
the device to obtain an angle of 7° with respect to the normal
to the facet. The total length of the bent part of the mesa was
250 nm. The rear side of the device ridge was perpendicular to
the facet. A schematic diagram of the top view of the device is
shown on Fig. 1. No facet coatings were used.

To obtain stable simultaneous amplification of spontaneous
emission by n = 1 and n = 2 transitions it is very important to
optimise the total length of the SLDs. It is known [4] that the
gain at the n = 1 transition flattens with an increase in current
(carrier) density and for some fixed current it becomes equal
to the gain at n = 2 transition, as schematically shown in Fig.
2. For high currents the n = 2 gain becomes higher than that
o f n = 1.

rear
facet

priate output power, 1 mW and more) was concentrated at an
n = 2 related wavelength. For long (more than 600 ^m)

light output

Fig. 1 Top view of SLDs

bent waveguide

__ '

/
I365/21 injection current density

Fig. 2 Modal gain against current density for QW structures

This means that if the current density is less than Jl = 2 then
spontaneous emission amplified by the n = 1 transition domi-
nates in the output spectrum. In turn, if the current density is
more than Jx = 2 then spontaneous emission amplified by the
n = 2 transition dominates. Therefore the length of the device
must be optimised to obtain maximum output power and
maximum spectral bandwidth at current densities around the
point J1 = 2 in Fig. 2.

SLD output characteristics: Our experiments/show that for
our structures, the optimum length of the SLDs was around
550 ̂ m. Figs. 3 and 4 show the light-current characteristic and
output spectrum at different pumping levels for a 550 [xm SLD
at 20°C. It is seen that for currents more than 230 mA, the
SLD emits stably at the n = 1 and n = 2 transitions simulta-
neously. For SLDs less than 450 /xm, the spectrum (for appro-

0 100 200
I365/3I J, mA

Fig. 3 Light-current characteristic of550um SLD

770 850810

wavelength, nm

Fig. 4 550 um SLD spectra at different injection currents

devices, the spectrum was concentrated around an n = 1
related wavelength at injection currents less then 300 mA. In
such long devices we did not obtain an amplified n = 2 related
spectrum. For short (<450/im) and long (>600/jm) devices,
the typical spectral bandwidth did not exceed 30 nm for more
than 1 mW output power.

It is seen from Fig. 4 that the maximum spectral width 5X is
nearly 68 nm for a 550 jxm device. The corresponding coher-
ence length of the output beam, calculated as A2/5A, is 9-2 fxm.

It is also seen from Fig. 4 that an angled mesa allows the
spectral ripple to be reduced to 7% without any antireflection
coatings on the crystal facet.

For practical applications, coupling of SLD light to optical
fibres is important. With 4/«n core diameter, a coupling effi-
ciency of a tapered microlensed fibre of 17% was obtained in
our experiments.

It is known that double-path amplification of spontaneous
emission is very attractive for increasing the output power of
an SLD [5]. In the QW SLDs presented here, only 30% of
light at the rear facet was then 'double-path amplified' and
70% of the rear facet output was lost. A high reflectivity
coating on the rear facet together with an antireflection
coating on the output facet may lead to a further increase in
the SLD output power.

Conclusions: Single quantum well SLDs with 68 nm spectral
bandwidth and 5 mW CW output power at 0-8 fxm have been
developed. Through the use of a curved active waveguide and
angled mesa ridge, the spectral ripple was reduced to 7%
without any coating of the cleaved facets.
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where Oj*1 is the initial phase of the current frame. To smooth
the phase function at the frame boundaries, the phase at the
beginning of the current frame should satisfy

(3)

2nMlk] is used for phase unwrapping (integer Mm will be
examined in the following Section). The measured parameters
are used to set the phase at the end of the two frames in
accordance with the following equations.

(4)

(5)

QUADRATIC PHASE INTERPOLATION FOR
VOICED SPEECH SYNTHESIS IN MBE
MODEL

H. Yang, S.-N. Koh and P. Sivaprakasapillai

Indexing term: Speech synthesis

A new phase unwrapping algorithm for phase interpolation
in voiced speech synthesis is proposed. Computer simulation
results show that the new algorithm outperforms the original
phase unwrapping method proposed by Griffin and Lim in
terms of the number of instances of wrongly unwrapped
phase.

Introduction: A speech signal is to a great extent quasi-
stationary and therefore it is usually analysed on a short time
frame basis with the assumption that the signal characteristics
are stationary within each analysis frame. Parameters such as
linear predictive coefficients and pitch period are estimated for
each frame. Usually, these parameters are not continuous
from frame to frame. To obtain high quality synthesised
speech, some of these parameters are made to vary from
sample to sample within each individual frame during synthe-
sis. The variation is performed using an interpolation process
which matches the parameters between adjacent frames.

In the multiband excitation (MBE) model [1, 2], harmonic
frequencies and phases are smoothed under certain conditions
in order to obtain a continuous waveform in the time domain.
Griffin and Lim [2] suggested the representation of the
instantaneous frequency as the sum of the linearly inter-
polated value between the measured frequencies of two neigh-
bouring frames, and a frequency deviation term, which was a
constant within a frame. We note that the result of such a
representation is that the phase becomes a quadratic function
of time. In this Letter, a new phase unwrapping method is
proposed. It is compared with the method which minimises
the absolute value (AFD) of the frequency deviation term. Our
simulation results show that this new method, when used for
quadratic interpolation in voiced speech synthesis with the
MBE model, is better than the method that minimises the
AFD term.

Phase interpolation based on quadratic polynomial: Griffin and
Lim [2] suggested an expression for the instantaneous fre-
quency, which may be written in the form

r[k]
(1)

where/1* l\fw are the measured frequencies of the previous
and current frame, 5 is the frame length, and A/1*1 is a fre-
quency deviation to be discussed below. In this expression, the
instantaneous frequency F[k\t) is a [linear function of time t.
We then find that the phase, which is the integral of F[k\t)
with respect to t, will be a quadratic function of t and will be
given by

Combining 6[k\0) = Q>%], which is the direct result of eqn. 2 at
t = 0, with eqns. 3 and 4, the initial phase of the current frame
can be expressed in terms of the measured parameters f[k~l]

and <plk~l] as

(6)

Substituting for 0lk\S) from eqn. 5 in eqn. 2 at t = S and
substituting for O[

0
fc] from eqn. 6, the frequency deviation of the

current frame is given by

= $(f» - 3/*'l 2nM[k]) (7)

By substituting eqns. 6 and 7 into eqn. 2, the phase function of
the current frame becomes

+ 1- f +
2nMlk]\

(8)

The key problem is to choose M[k], for the purpose of phase
unwrapping. Two unwrapping algorithms, designated as
Quad! and Quad!, are studied in the following Section. Simu-
lation results based on the two algorithms are presented in the
'Simulation results' Section.

Phase unwrapping algorighms for phase interpolation:

(i) QuadJ: This algorithm involves the minimisation of the
AFD term, i.e. | A/tkl |. Defining a new term A"1*1 by the equa-
tion

= — ( /w - 3/[k"1]) + -?-
471 271

we may rewrite eqn. 7 as

= — (X[k] + M[kI)

(9)

(10)

Suppose X[k] = X, + XF, where Xt is the integer nearest to
X[k] and —0-5 < XF< 0-5. We then have for minimum

= -X, (11)

(ii) Quad2: This second algorithm is based on the argument
that the interpolated instantaneous frequency F[k](t) should
deviate as little as possible from the measured average fre-
quency y™ for the whole frame. Therefore, M[k] is chosen so as
to minimise | T[k] |, which is expressed as

s

= [= [(Fw(t)-flk])dt (12)
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