Conclusion: A novel time-division cell multiplexer that can
generate time-multiplexed ultrafast optical cells with minimal
hardware was presented. In the fundamental experiment, gen-
eration of a 40 Gbit/s optical cell was demonstrated. With its
ultrafast performance and minimal hardware, this cell multi-
plexer will play an important role in the future photonic ATM
cell switch.
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APPLICATION OF THE FD-TD METHOD TO
THE ANALYSIS OF H-PLANE WAVEGUIDE
DISCONTINUITIES

Indexing terms: Waveguides, Electromagnetic waves

A direct finite-difference time-domain (FD-TD) method is
applied to the analysis of waveguide discontinuities. Both the
validity and efficiency of the method are demonstrated in the
case of an H-plane right-angle corner bend with and without
dielectric loading. Comparisons of the present results with
those obtained using the spectral-domain methods are made
and they are shown to be in good agreement.

Introduction: Maxwell’s time-dependent differential equations
can be represented by a set of difference equations that can be
solved numerically using a digital computer. This procedure is
referred to as the finite-difference time-domain (FD-TD)
method. This approach for solving electromagnetic problems
is straightforward and can be easily adapted to complex
geometries. It has been applied to problems of scattering,’
microstrip components,* antenna radiation, etc. There has
been no application of the method to waveguide discontin-
uities analysis. This is because of the complexity of the disper-
sion relation and the fact that the waveguide has a high Q
factor. The FD-TD method is used to analyse the waveguide
discontinuities. The main issues are presented in the following:

Excitation choice: The excitation that will be used on the
excitation plane consists of a monochromatic dominant TE,
mode wave of unit amplitude

E, = sin (2nft) sin (”—J) 1

Here f is the source frequency which is chosen to lie in the

working band of the dominant mode and W is the width of
the waveguide port.

Boundary truncation: Boundary truncation must be used to
carry out numerical simulation of the out-going waves at the
end plane and the source plane. If the separation between the
end plane and the discontinuity is one waveguide wavelength,
A, only the dominant mode appears near the boundary. In
this case the wave will approach the end wall at normal inci-
dence with the dominant mode phase velocity, v,. This means
that the tangential fields on the outer boundary will obey the
one-dimensional wave equation along the direction normal to
the mesh wall, which can be written as

a 10
————)E,=0 2]
(5-55)em @
This equation is easily discretised using only field components

on and just inside the mesh wall, yielding the difference equa-
tion

n o _ g1 vat—Ax =1 n
M= EnC+ o, AT T Ax (Ey Ey-1) (3)
where E,, represents the tangential electric field components
on the boundary and E,,_, represents the tangential electric
field components a distance of one node inside the boundary.

For the source plane, the boundary treatment is different
from that of the end plane because, besides an out-going wave
being reflected from the discontinuity, there is a source inci-
dent wave. We treat this boundary using the following pro-
cedure: (1) the total field everywhere except on the source
plane is computed, (b) the scattered field on one node inside
the source plane is derived by subtracting the known incident
field from the computed total field, (c) the absorbing boundary
condition eqn. 3 is applied to the scattered field on the outer
boundary, and (d) the total field on the source plane is com-
puted by summing the known incident field and the scattered
field which was obtained in the third step.

Field component calculation and frequency parameter extrac-
tion: Yee’s FD-TD method® was employed to solve Maxwell’s
equations. Starting with the excitation eqn. 1 and assuming
that the initial field is zero, the fields within the computation
domain can be evaluated. After the ficlds on the reference
planes reach the steady-state, their amplitudes and phase are
determined directly from the time-domain waveforms. Once
the total field distribution across the reference plane is
obtained, the dominant mode component can be calculated
using the orthogonal property of the waveguide mode.

Numerical result: Using the above method, analysis was
carried out on a right-angle waveguide corner configured with
and without dielectric loading. In Fig. 1, the starts are the
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Fig. 1 Power transmission coefficient of right angle corner bend

1 without dielectric loading
2 with dielectric loading ¢, = 21
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FD-TD results. The results are in good agreement with that
obtained by the spectral-domain methods, shown by the solid
line' 1 and the solid line? 2, and experiment data,' presented
by the circular dots.

Fig. 2 shows the electric field time response on a reference
plane. From this Figure, we see that it takes a long time for
the fields in the waveguide to become steady. This is because
of the high Q property of the waveguide.
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Fig. 2 Time waveform of E,

Conclusion: The H-plane waveguide discontinuities have been
analysed using the FD-TD method. The results are in good
agreement with those from the spectral-domain analysis
methods'-? and the experimental data.

In our calculation, we choose a monochromatic wave as the
excitation. This method requires an individual FD-TD run for
every frequency of interest. An alternative approach is to
implement FD-TD using a non-monochromatic wave excita-
tion and take the Fourier transform of the time-domain wave-
forms to obtain the frequency response in a broad band from
a single FD-TD run. These two methods have different advan-
tages. The results obtained with the second excitation will be
published in a separate paper.
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CARRIER LIFETIME INCREASE IN SILICON
BY GETTERING WITH A MeV-IMPLANTED
CARBON-RICH LAYER

Indexing terms: Carrier lifetime, Silicon

The gettering efficiency of silicon implanted with carbon ions
in the energy range 0-33-10MeV was tested by carrier life-
time 1 After an i ional contamination of
the sample back side with gold as a lifetime killer, we found
values for the generation lifetime of the minority carriers on
the front side higher by 1-2 orders of magnitude as com-
pared with unimplanted silicon.

Introduction: The use of ion implantation to modify the
dopant distribution in single crystalline silicon and other
semiconductors is widely accepted in semiconductor tech-
nology. The implantation of nondopant elements has also
been paid much attention. The formation of silicon-on-insula-
tor structures by ion beam synthetis and the introduction of
damaged regions to perform gettering are examples of this
type.!?

Beyond high dose implantation and the use of nondopant
elements, much effort has been devoted to the use of high
implantation energies above 200keV up to several MeV to
produce materials with better and/or new properties. An inter-
esting new technique to produce a region in a silicon wafer
being able to getter metallic impurities very near to the active
device region was proposed by Wong et al.* High energy
implantation of oxygen or carbon with an energy of up to
4MeV and a dose in the range of 10'®cm~2 was used to
create a buried damaged region with a remarkable gettering
efficiency of the additionally introduced gold. Wong et al,
called this process ‘proximity gettering’. Up to now, this effect
was only proved by means of measuring the atomic profile by
secondary ion mass spectroscopy (SIMS).

We present a test of the gettering efficiency by measurement
of the carrier lifetime. Carbon implantation was used to

produce damage region because this type of MeV-
implantation was found to be more effective in gettering than
oxygen.*

Experimental: Silicon wafers ({100}, n-type, 3-5Qcm, 2")
manufactured from a Czochalski-grown crystal were annealed
at 1100°C for 4h in dry nitrogen to create a surface region of
4 um denuded in oxygen. A silicon dioxide layer was grown at
1000°C in dry oxygen to a thickness of 100 nm. After thinning
the oxide on the lapped backside of the sample to a thickness
of 30nm by chemical etching, gold was implanted into the
backside with an energy of 330keV and a dose of 10'*¢cm™~2.
In this manner gold was used as a lifetime killer to illustrate
the gettering effect of the carbon implanted layer.

Carbon was then implanted at energies of 0-33, 2-4 and
10MeV and a dose of 10'°cm ™2 at room temperature. The
implantation at 0-33 MeV was performed by a conventional
implanter. For the implantation at the higher energies the
Rossendorf tandem accelerator was used. Only the central
2 x 2cm? (0-33MeV) or 2 x 3cm? (2:4 MeV, 10 MeV) part of
the wafers were implanted allowing the investigation of get-
tered and non-gettered material on the same wafer. Post-
implantation annealing in dry nitrogen was performed by a
furnace at 1000°C for 1h (FA) and by rapid thermal annealing
for 30s at 1100°C (RTA1), 1250°C (RTA2) and 1350°C
(RTA3).

The gate oxide layer on the front side was then thinned to
about 70nm by chemical etching to remove that part of the
oxide layer which received most of the CH, and the other
impurities during vacuum processing. Aluminium contacts
were produced on the front side by photolithography (0-S mm
dots) and on the backside (full area). The contacts were subse-
quently annealed at 450°C for 30min in dry nitrogen.
Capacitance-voltage (C/V)- and capacitance-time (C/t}-mea-
surements were used to evaluate the doping density and the

* SKORUPA, W., KOGLER, R., SCHMALZ, K., and BARTSCH, H.: to be
published
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