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Abstract 2 Basic approach and simulation strategy

To increase the bandwidth of high-performance intrasys- | general the optical system consists of several receivers
tem interconnections optical mulimode waveguides can be,ng one transmitter which are connected by a passive opti-
gsed. Since the'deS|gn proc.edure.of optical INterconnec-¢5| waveguide. A precise computation of the field distri-
tions has to be widely compatible with conventional design 1, tion of higher order modes would be very expensive and
processes, adequate simulation methods are required. Thigherefore only ray tracing methods [1] are applicable. This
paper presents an improved time domain method for simu-gjos it to represent the waveguide as a multiport. The
lating the signal transmission along optical multimode in- ansfer of a stimulating signat) along a path which is
terconnections. The improvements mainly result from the o4 acterized by its pulse resporigé) can be computed
more efficie.nt method for the piecewise approximqtion of by the convolution ok(t) andh(t). The pulse response is
the waveguides step responses by a few exponential funCgerived from the step response, which has been calculated
tions. The adapted seml—analyt.|cal recursive convolution by an extended ray tracing algorithm. For the time domain
method decreases the computation times. convolution, very efficient semi-analytical recursive convo-

lution algorithms can be applied if the pulse response is rep-
1 Introduction resented by exponentia_l functions. Finally, _the appli_cation
of a recursive convolution of the optical stimulus signals

enables a time efficient computation of the optical response
As the throughput rates of future computer- and signals.

communication-systems approach several Thit/s, the sys-

tem interconnects are becoming a major bottleneck for over- . . .

all performance. It is generally accepted that the use of3 Analytical approximation

light to transmit fast signals is currently the only realistic

approach to solve such problems. Beside reasonable costs, The application of the ray tracing method results in a nu-
the most important precondition for this new technology is merical representation of the step respom®d ). The effi-

its compatibility to existing design processes. This requires ciency of the time domain simulation is determined signif-
new simulation methods for an efficient design. To be com- icantly by the chosen approach for the approximation. The
patible optical multimode technology will be used. Those approximating function isd(t) : ideal step function):
waveguides support a high number of propagating modes o

and hence FEM/BPM methods aren’t applicable for simula- = =

tion of such interconnections. This pappeFr) deals with an im- at)~ 3 3p(t) - [0t ~tapegin) ~ Ot ~tpend)] - (1)
proved semi-analytical approximation method for the step

responses of an optical multimode waveguide. The work Thus the pulse response which is the derivative of the step
presented is the improvement of [2]. response will also be approximated piecewise by a sum of

p=1
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exponential functions. Due to the piecewise approximation Every arrangement left of the dashed line in Fig. 1 is
of the step responses, itis possible to use simple exponentiahpplicable because of the mixture between accuracy and a
functions in each approximation interval. small number of intervals.

_ 2D
New approximation algorithm,

o
=

a’vp(t) = ap70 + é/p’]_eap(titp'begin) . (2) 4\‘
)

Parametrization requires only the determination of the three
parameters per interval. The solution of the nonlinear equa-
tion system can be calculated analytically.
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The improved approximation algorithm calculates an op- _ _ ) ] lpsl—
timized approximation of the step response. The basic idea Figure 2. Relative differences (right Y-axis
is, that for all arrangements of intervals for this step re- ~and comparison of original and approximated
sponse the approximation will be calculated. To get the best ~ Step response (left Y-axis).
accuracy the approximation with the minimal relative ap-
proximation error should be used but this is the approxima-
tion with the highest number of intervalB & 30). To dis-
tinguish among approximations a cost function is defined:
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Conventional convolution .

Computing time [ s]

1E+2 |

C(Arp) = ER7min(Arp) -P. (3) 1E*1§
In fact the run time of the algorithm (s. Tab. 1) is of quadrat- "¢
ical order but it must be executed ordgetime. L L L L FE S|
1 for P =2t P _max do Figure 3. Computation timetgr?‘omeqm["s}
2 for all arrangements Ar _P.i do
3 Calc. app. error E- _R(Ar _P.i) The computation time for the conventional convolution,
4 it (E RArPH < E -Rmin) the recursive convolution witR = 10 andP = 3 (new app-
5: E _Rmin = E_R(Ar _P.) . ; " . : .
6 Ar P = Ar_Pi proximation algorithm) is shown in Fig. 3. The speed fac-
7 C(Ar P) = ERmin - P tor is of nearly 15..100 of recursive convolution opposite
g 'fc( ,\‘ii(?’_ (:_(PA)r <P§3-M'” ) to the conventional convolution. The recursive convolution
10- Min Ar = Ar P with the new approximation algorithm has a speed factor to
11:  return Min  _Ar the old algorithm of nearly 5.

Table 1. Algorithm outline. )
5 Conclusions

4 Example and results
The improved approximation algorithm decreases the

The very good agreement between the approximated and@mputation times significantly. The accuracy of the new
the original step response is shown in Fig. 2. The number@Pproximation algorithm is nearly the same as with the con-

of intervals was reduced from 10 to 3 with equal accuracy. Ventional approximation algorithm. There is a significant
improvement of computation times at the design process.
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