Experimental results: The devices were characterised using an
end-fire coupling set-up in which light is launched into the
waveguide using a microscope objective (x40, 0-6 NA)
focused on the entrance facet of the sample. Input light is TE
polarised. In the case of devices without integrated detectors,
light intensity in both output arms was measured using
another microscope objective (x 100) which imaged the near
field pattern either onto an IR video camera or onto a Ge
detector. For switches with detectors, we only measured the
photocurrent in each detector (which actually appears to be
casier). The light source was a Fabry-Perot InP/GalnAsP
laser at 4 = 1-52 um. Electrical measurements were performed
using probe needles brought in contact with the bonding pads.

Fig. 3 shows the reverse I/V curve of one detector, with and
without incoming light. It can be seen that reverse dark cur-
rents are very low (below 1nA at —5V). Photocurrents are
found to remain constant over the whole bias range, indicat-
ing low residual dopings with a detecting region fully depleted
at 0V. The capacitance of the detectors is of the order of 1 pF.
This rather high capacitance is because of the fact that, on a
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a Integrated photodetectors; length = 3 mm
b External photodetectors; length = 2 mm

n-doped substrate, bonding pads contribute to the global
capacity. We have shown that, for the same process on semi-
insulating substrate, very low capacitances could be
obtained.! This parameter could also be lowered by increasing
the thickness of the dielectric layer under the bonding pads.

Switching curves were recorded either with external detec-
tors as described above or with integrated ones. The results in
both cases, recorded for different switches on the same chip,
are shown in Fig. 4. The switching voltage is rather high,
(~14V) compared with our previous results.*> This is
because of a non-optimal etched depth. Indeed the etched
depth was a little too low, which decreased the coupling
lengths of the devices. The refractive index change necessary
for switching a directional coupler is inversely proportional to
its coupling length and not to its actual length.® Phase modu-
lation efficiency, can be deduced from the experimental
switching curves. It is of the same order of magnitude (12°/V/
mm) as in our previous work.

Conclusion: These results demonstrate for the first time the
successful integration of an optical switch based on InP with
detectors. The process used was not found to diminish per-
formances of devices previously demonstrated separately.
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CALCULATED CHIRP IN INTRACAVITY LOSS
MODULATED DFB LASERS

Indexing terms: Semiconductor lasers, Linewidth

Calculations of modulation induced line-width broadening in
1-55 um DFB lasers are reported. Voltage controlled intraca-
vity loss modulation has significant performance advantages
compared with conventional large signal current modulation
schemes.

Dynamic spectral broadening, or chirp, is of considerable
importance for long distance, high bit rate optical communi-
cations at 1-55 um. The limits placed on high bit rate commu-
nications by wavelength chirp of single mode DFB laser
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sources has recently been investigated.!'> Henmi et al.,! have
shown that when a laser is modulated from a bias point below
(or close to) threshold, significant amounts of optical power
feed into the short wavelength side of the main mode placing
a serious limitation on long haul, high bit rate fibre transmis-
sion systems. Their experimental results are successfully
explained by consideration of single mode laser carrier
dynamics. We calculate spectra of DFB lasers under both
conventional current modulation and with voltage controlled
intracavity loss modulation (ICLM).> Contrary to simplistic
expectations, voltage controlled ICLMs exhibit superior per-
formance at high bit rates compared with conventional
current modulation schemes.
The single mode rate equations may be written as

dn I;

dat ev )
dp 1

Z-|lr6-=p+r 2
at [ r;,]‘” * R @

where p is the photon density, n is the carrier density, R is the
charge carrier recombination rate, G is the gain function, R,
is the spontaneous emision coupling into the lasing mode, v is
the active region volume, I' is the confinement factor, 1/z,
describes the total losses in the laser and I is the gain section
current which is held constant in ICLM. We may model an
ICLM laser by writing*

i,=i[1 Tritr Vs + /(1 + 1] ()
TP rl’
where (1/7,)[ = (c/uXao + a,,)] describes the familiar internal,
o, and mirror, 2, losses. V is the voltage applied to the
absorbing segment, I = Igo(1 + x V) is the absorption satura-
tion intensity which increases with increasing reverse bias and
ry, r, and ry are parameters describing the dependence of
saturable and nonsaturable absorption on voltage for lasers of
different geometries. When the terms describing the absorp-
tion modulation (r,, r,, 3, Vs, and Iy) are set to zero and I; is
varied, eqns. 1-3 revert to the conventional form for a current
modulated laser.

The recombination rate, R, is expressed explicitly in terms
of the carrier density

R =(A,, + Bn + Cn®n + Gp @

where A4,, B and C describe nonradiative and radiative
recombination processes in the semiconductor.’ We assume
that the laser gain is a linear function of carrier density but is
subject to gain saturation,® i.e, G = A(n — nX1 — &p) where
n, is the carrier density required for transparency, A is the
gain constant and ¢ (<1-0) is a gain saturation parameter.
Spontaneous emission coupling into the lasing mode is given
by R,, = BT Bn>. The linear dependence of refractive index, z,
on the carrier density and confinement factor,” ie., du/
dn = —T'p, where p is a constant of proportionality, leads to a
carrier density induced change in wavelength

A= ——L"An &)

Eqns. 14 are integrated with a fourth order Runge-Kutta
integrator using parameter values given in Table 1. Egn. 5 is
then used to calculate the refractive index and wavelength
change with time. The maximum and minimum of the wave-
length spectrum is divided into 500 intervals and the optical
power within each wavelength interval is determined. A
Gaussian  instrumental broadening function of waist
~0-007 nm is then passed over the array. To provide mean-
ingful comparison between the different modulation schemes,
currents and voltages are set such that 2mW of optical power
is switched in each case.

Figs. 1-3 show the emitted optical power, carrier density
variation and calculated spectral broadening for three laser
modulation schemes; (Fig. 1) digital (on-off) voltage con-

trolled ICLM, (Fig. 2) current modulation from below to
above threshold (on-off) and (Fig. 3) current modulation
where the total applied current remains above threshold (on—
on). In all cases the devices are modulated from ¢ = Ons with
a 1 Gbit/s 1010 ... data stream. The calculated light output in

Table 1 MODELLING

PARAMETERS
Parameter Value
A 107 %cm3s ™!
g 10'8cm 3
A, 108s7!
B 107 "%cm3s™!
C 8 x 107%°cm®s ™!
T, 184 x 1025
v 36 x 107" cm?®
U 4
8 2% 1075
A 1-5 ym
£ 4 x 107" cm?®
r 0-2
ry 015
ry —0-26 V™!
ry 3
I 30kWcem™?
K —12v!
p 45x 10" ' cm?
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Fig. 1 Calculated switching characteristics

2mW optical power per facet by application of 0 < Vg < 1V 1010
... 1 Gbit/s data stream to intracavity loss modulated DFB

I =45mA

a Optical power output

b Carrier density variation

¢ Time averaged optical spectra
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each case shows relaxation oscillations accompanying the
switching transient, ICLM showing the greatest relaxation
oscillation spike because of the large stored carrier number in

T f { T T
&
g Ar 7
=
E
>
w 2 - -
(=
2
£
£
=0 1 L ] 1 |
0 2 4
time, ns
a
T T T T
e L.
s 40 |- —
K=}
x
>
235 .
@
hel
g
5
G 30k | | ! =
¢ 2 4
time,ns
b
I T T T
. 10° _
2
=E
c D
L
£510 —
8%
A -
10 { 1 1 I
15498 15500
wavelength, ym
c B

Fig. 2 Calculated switching characteristics
2mW optical power per facet by application of 33mA current
pulses riding on a 20mA DC bias current
Laser threshold is 35 mA
a Optical output power
b Carrier density variation
¢ Time averaged optical spectra

the off state. With conventional on-on modulation, relaxation
oscillations are seen at both the 1 and the 0 state. Comparing
Figs. la and 2a a greater turn-on delay is associated with
conventional off-on modulation than with ICLM. This results
from a smaller carrier density in the off state of the conven-
tional scheme and a recombination time dependence on
carrier density. Of particular importance are the magnitude
and duration of the relaxation oscillation replicas in the
carrier densities and the carrier density recovery times.

It is apparent from Figs. 1-3 that the spectral shift caused
by the carrier density variations is of increasing importance as
the bit duration approaches that of the relaxation oscillation
spike. For the current modulated on—off scheme (Fig. 2c¢), in
addition to a broadening of the main mode (full width at half
maximum (FWHM) of 0-02nm) we find that a pronounced
shoulder is generated on the short wavelength side of the main
mode. Lesser broadening of the main mode (Fig. 1¢) is predict-
ed for ICLM (FWHM of 001 nm), arising from the rapid
carrier dynamics associated with the Q-switched process. The
brevity of the relaxation oscillation transient and the larger
carrier number excursion accompanying it also means that the
spectral power in the short wavelength shoulder extends over
a greater wavelength interval, leading to an enhanced
shoulder/main mode intensity ratio. With the conventional

on—on case (Fig. 3¢), two comparable spectral peaks separated
by 0-04nm are predicted corresponding to the mark and
space of the modulation cycle. Each of these peaks have
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Fig. 3 Calculated switching characteristics
2mW optical power per facet by application of 19mA current
pulses with a laser DC bias current of 43 mA
Laser threshold is 35mA
a Optical output power
b Carrier density variation
¢ Time averaged optical spectrum

associated spectral shoulders caused by relaxation oscillation
in carrier density.

These results have considerable implications for high bit
rate lightwave communications which generally make use of
digital (on—-off) modulation. Naively, one might expect the
large carrier density excursions accompanying ICLM to
induce prohibitive spectral broadening for long distance trans-
mission systems. Qur calculations show that the large carrier
density variation and giant relaxation oscillation spike co-
operate to produce a narrower spectrum and greater spectral
contrast than in conventional current modulated digital
schemes without external optical elements.® In the conven-
tional above threshold scheme (on-on) the spectral peak cor-
responding to the 0 state also produces, from a transmission
viewpoint, a substantial effective spectral width. It is apparent,
from the calculated carrier density variations, that a spectral
pattern effect caused by incomplete carrier recovery will place
constraints on bit rates and data formats in any digital on—off
modulation scheme.
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VELOCITY FIELD COMPUTATION USING
NEURAL NETWORKS

Indexing term: Neural networks

A new approach for optical flow (image velocity) fields com-
putation is presented using computational neural networks.
The computational procedure consists of three stages: esti-
mation of the parameters of the neural network model,
dynamic measurement of the perpendicular velocity com-
ponents of the contours or region boundaries and computa-
tion of the image velocity fields. The parameters are
estimated by comparing the energy function of the neural
network with a constrained error function. The nonlinear
velocity fields computation method is then carried out iter-
atively by using a dynamic algorithm to minimise the energy
function simultaneously with the dynamic measurement of
the perpendicular velocity components by a dynamic pro-
cedure. Experiments generate velocity fields that are mean-
ingful and consistent with visual perception.

Introduction: A popular approach to motion analysis of an
image sequence is optical flow or image velocity fields compu-
tation and interpretation. Computed optical flow fields are an
estimation of local velocities subject to certain constraints. In
most studies, local variations of grey-level values in consecu-
tive images are used to estimate local velocities. The grey
value variations do not provide sufficient information for
direct computation of the velocity field except at a corner or
other uniquely identifiable image point.!-2

It is also possible to compute the optical flow field from
moving contours or region boundaries. The motion and shape
changes of contours or region boundaries in an image
sequence can often be described by functions or transform-
ations. In particular, linear and quadratic transformations are
commonly used for 2D and 3D motion analysis and image
velocity fields can be generated indirectly from the transform-
ations.

A method has been developed to dynamically estimate
image velocity fields that satisfy certain functional forms.> The
linear and nonlinear transformations are regarded as objective
functions. These functions can serve as semi-global smooth-
ness constraints in place of conventional local smoothness
constraints.

Neural networks model containing redundant neurons was
used to compute image velocity fields.> The neural network
used here is not a conventional nonlinear discrete network but

a nonlinear continuous one. The velocity vector of each point
on the contour or region boundary is composed of two com-
ponents, one is the x-oriented component and the other is the
y-oriented component. The velocity component values are
represented by the simple sum of the neuron state variables
which can take any value between 0 and 1. We call this kind
of neural network a continuous neural network not a discrete
neural network.* ©

In the first stage, the parameters of the neural network are
estimated by comparing the energy function of the neural
network with the constrained error function. The nonlinear
image velocity field computation algorithm is then implement-
ed using a dynamic iterative algorithm to minimise the energy
function of the neural network. Meanwhile the velocity com-
ponent in the normal direction of each point on the contour
or region boundary is measured by a dynamic procedure.

The interconnection strengths (also called weights) of the
neural network for velocity field computation are known from
some parameters. The neurons input biases are also known
from some parameters as are the tentative velocity com-
ponents values. The whole structure of the neural network
used here is composed of some identical networks. The
number of these networks equals the number of points on the
contour or region boundary.

Linear objective function: Let X" = (x, y) be an image point
and

UT = UT(X) = [u(x, y), ox, )] (n

be the velocity vector, where the superscript T denotes trans-
pose. The image point X is moved to X' in one unit time, and
hence

U=X -X (2)

Consider an affine or linear transformation

U=4X +C ©)

where A is 2 2 x 2 matrix and C is a vector. After segmen-
tation the motion of an contour or boundary is measured by a
local motion detector. The local motion detector extracts the
component in the direction perpendicular to the local orienta-
tion of the boundary. Let n be the unit normal vector, and v*
be the component of U in the normal direction. Clearly

v-=U"n @)
Consider N points on a boundary of a region with velocity

vectors Ul =(u;, v), i =1,2,..., N. From eqns. 2 and 4, one
wishes to minimise

e=¢, + fe,

N N
= LWin— v}y + YU~ U )

i=1 i=1

where f is a weighting factor or regularisation parameter that
expresses the confidence in the linear objective function.

Dynamic estimation algorithms: The aperture problem is a
major theoretical difficulty as noted by Hildreth.” The moving
boundaries in consecutive frames allow measurement of a per-
pendicular velocity component, v, for the image point X,. If
there is a significant tangential component in the true velocity
U,; = U(X)), its perpendicular component is not exactly equal
to vf, as shown in Fig. 1. Strictly speaking, the velocity field
computed from measurements in the direction perpendicular
to the boundaries or contours will not be correct.

If the velocity field is computed by a relaxation algorithm, it
is possible to measure at the mth iteration, v;(m), and use it to
replace vi. The procedure for dynamic estimation of v'(m) is
illustrated in Fig. 1. A measured perpendicular component is
then defined

vi(m) = n] Um) (6
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