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Program Objectives

To develop a fully embedded Si-CMOS process-
compatible polymeric waveguide based optical
interconnects technology where transmitting and
receiving functions will be incorporated within
the embedded interconnection layers of 3-D
integrated multilayer boards and ASICs.
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Data rates as a function of interconnection length
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Board level Interconnects
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mm Thin-film VCSEL
(Vertical cavity surface

emitting laser) / Waveguide Coupler
mmm Polymer Waveguide

Interlayer Dielectric

Electrical Interconnects

mmm  Si Photodetector

Polymer Waveguide Electrical interconnect Layers
VCSEL Index Buffer Layers

To receiving IC

Section of Electrical/Optical Interconnects on a multilayer Board
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Channel
Waveguide
Polyimde(9120D)

Clading layer
(9020D)

4%5' Coupler

MSM Detector Array

»

Buffer layer

Via Micro-stripline  Qyjhstrate (5219)

Technical Issues:

Integration of VCSELSs and photodetectors
*Planarization while maintaining optical properties
*Packaging
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Polyimide Based 1-to-48 Fanout H-tree

Optical Waveguide on Si-substrate
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(c)

(d)
Components of a polyimide waveguide structure under microscope
(a) splitter, (b) end branch, (c) and (d) show the tapered and curved waveguides.
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Polymer Based Tilted-Profile Waveguide Grating Coupler

Surface-normal input light

Guiding mode ¢
U/

o P

(b)

632.8 nm light coupled into

) SEM micrograph of tilted gratings
planer waveguide
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Waveguide Micro-mirror Coupler

45-degree
micro-coupler

Waveguide

|_|

Substrate  10um 632.8 nm light coupled into planer
waveguide through micro-coupler

SEM micrograph of
mirror -coupler

Channel Waveguides with
Micro-mirror couplers —
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75 micron
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Polymer channel waveguide array aligned with
MSM photodetector array
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The frequency response of integrated GaAs MSM photo-
detector and polyimide waveguide with 45° TIR mirror
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VCSEL Epi-Layer Structure

3-QW Structure
Bottom DBR: 32.5 pairs

Top DBR: 21 pairs

GaAs(Sub)/Alo.aGaAs(40nm)/GaAs(50nm)/n-DBR/3-QW/p-DBR/Cap
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DBR Reflectance

Reflectance

FP-dip: 854 nm, DBR 80% left: 812.5 nm, DBR 80% right: 899.0 nm, DBR center: 855.8 nm, DBR width: 86.5 nm
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Integration on PWB
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PWB - Adhesive Layer Copper trace
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