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Overview

Free Space Optoelectronic Information processing (FSOI) Systems.
[1 Simulation - Analysis - Synthesis - Interface

[1 Enable the modeling of FSOI systems without costly
prototyping
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What'’s the Problem?
(in O/E systems)

1 O/E information processing systems are hard to design
[1 Heterogeneous systems
[J Expensive to prototype ($’s and time)

] Hard to simulate
[1 Systems cross technology boundaries
[] optical - mechanical - electronic, more

[] Solution:
[] System level prototyping environment
[1 Heterogeneous tool integration
[] 1st order - trade offs (architecture vs. technology)
[ Interface to “point tools” for details
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Fiber bundle
SM @ 1300 nm,
810 nm lasers

dichroic mirrors
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“System 5 Functional Design
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Receiver

To other node '

From other node
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Design Issues

Electronics Opto- Optics Packaging Thermal
electronics Mechanics
Functional Analytic Image Area, Volume | Power density
models models formation
Logic, Timing Gaussian 15t order 15t order
beam layout thermal
propagation expansion
Circuit Physical Ray tracing, Tolerancing Finite
models, Data | Diffraction element
fitting analysis analysis

[1 How do these interact?

1 How do we evaluate designs to perform architectural vs.
technological (vs. cost, speed, power, etc.) trade-offs?
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[] Support heterogeneous implementation domains

[J Analog/digital electronics
[1 Optoelectronics

[1 Free space optics

[J Physical 3D layout

[J Thermal/power analysis

[] Support multiple design levels

[ Functional - high level
[] Signal - mid level
[] Physical - low level
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Approach

1 Build a system level modeling tool to predict performance
and analyze technology vs. architecture trade-offs

[ Develop 1%t order analytical models for optoelectronic
components (drivers, transmitters, lenses, detectors,
receivers, etc.)

[ Develop and integrate numerical/physical models for
optoelectronic devices (VCSELs, Modulators, etc.)

[] Develop a hierarchical & modular software tool using
Ptolemy engine

[J Provide interfaces to existing tools (Spice, Code V, etc.)

[J Integrate mechanical tolerancing and packaging models
as the technology evolves
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Chatoyant

[] System level modeling tool
[J Models for signals
[J Models for components

[1 Predict system performance
[] Speed, power, weight, volume, cost, error-rate

[] Understand and analyze trade-offs
[J Perform optimizations
[J Synthesize optics

[ Interface to/from “point” tools (e.g., Code V)

[] Provides a balance between accuracy and speed
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Chatoyant Stars in Ptolemy
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Modulators”
Pabs modeled with Lorentzian lineshape

Modulator Input -100MHz
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Modulator Output - 100MHz
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* C. Fan, et. al. “Digital free-space optical interconnections: a comparison of transmitter technologies”, Applied Optas 34(7)
3103-3115, 10 June 1995.
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Vertical Cavity Surface Emitting
Lasers(VCSEL)
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MQW/PIN Photo-diode Receivers
with Transimpedance Amplifiers”

C

[ R

oL
B 1

a

* A.V. Krishnamoorthy et.al. IEEE Photonics Technology Letters, 7(11), Nov 1995
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Ptolemy Simulations: 4f system
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Gaussian Beams
(good approximation for lasers)

Intensity - radial symmetry, propagation in z:
W, -2 2
I(r,z) =1 [W(O)} exp{— 22r }

o 22 1/2
Waist size: W(z) = Wo{l + EE(_)D }

’/ "M NS
i \\ \5

s

QQ
>

5

W
Rayleigh Range (~ depth of focus): z = —
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Optical Power Simulations

modulator volts) (integrate intensity)

20pm spot
Modulators (LW)
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906 | 906 | 771 | 422 | 360 | 360 | 826 | 703 | 703 | 905 | 771 | 771

10pum Detectors | 20pm Detectors | 35mm Detectors
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Dynamic Performance Analysis
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Time Domain Analysis

1 Method used for dynamic response of each of the modules
in the system.
[1 Example: transfer function for single stage
transimpedance amplifier:

R
_ f
Vo(s) - C I:F)optic(s‘)
1+ dﬁ__
OA

[1] Convert to time domain
[J Number of points in piece-wise linear approximation is
user defined variable
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Dynamic Simulations at 100 / 300 MHz

Modulator Output - 100MHz Modulator Output - 300MHz
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5um Detectors On-center v.s. 20um
Detectors Off-center

20pum Modulators 5um Detectors Misaligned Lens
771 771 906 113 133 133 193 227 227
771 906 906 133 133 113 227 227 193
906 906 771 133 113 113 227 193 193

Eye Diagram - 300MHz Eye Diagram - 300MHz
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VCSELs

20um Source Power (mW) | 35um Detectors(mW) | 20um Detectors(mW)

50 50 10 1420 | 158 | 158 | 1295 | 144 | 144
50 10 10 158 | 158 | 1420 | 144 | 144 | 12.95
10 10 50 158 | 1420 | 1420 | 144 | 12.95 | 12.95

VCSEL Output - 100MHz
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Gaussian Beam Clipping by a Circular
Aperture: Diffractive Effects

Power loss related to the size of the aperture:
_ —2k°g

Prew = PEL—€ O

ratio of diameter of aperture to waist size at aperture:

k=D, ./(2W

apt apt)
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Effective Waist and Resultant Intensity g,
Due to clipping :

12 —FP5 25 —PI5

/~\ —— P10

~N
o

EFFECTIVE WAIST
=
«

g
o

EFFECTIVE INTENSITY

0.7 1 1 J 05 1 1 J
1.0 15 2.0 25 1.0 15 2.0 25

K VALUES K VALUES

chatoyant

Conclusions

1 Optoelectronic devices and integration technologies are
available now

[] Tools are necessary to enable the transition from devices to
systems without costly and time consuming physical
prototypes.

[] A system level tool provides for performance analysis,
with extensions to/from “point tools”

[ Interactions with industry device and system designers is
critical
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