Portland State University

PDXScholar

Maseeh College of Engineering & Computer

Undergraduate Research & Mentoring Program Science

2016

3D FPGA Cell Matrix by Self-assembly

Jeffrey Udall
Portland State University

Follow this and additional works at: https://pdxscholar.library.pdx.edu/mcecs_mentoring

b Part of the Computer Sciences Commons, and the Electrical and Computer Engineering Commons

Let us know how access to this document benefits you.

Citation Details

Udall, Jeffrey, "3D FPGA Cell Matrix by Self-assembly" (2016). Undergraduate Research & Mentoring
Program. 2.

https://pdxscholar.library.pdx.edu/mcecs_mentoring/2

This Poster is brought to you for free and open access. It has been accepted for inclusion in Undergraduate
Research & Mentoring Program by an authorized administrator of PDXScholar. Please contact us if we can make
this document more accessible: pdxscholar@pdx.edu.


https://pdxscholar.library.pdx.edu/
https://pdxscholar.library.pdx.edu/mcecs_mentoring
https://pdxscholar.library.pdx.edu/mcecs
https://pdxscholar.library.pdx.edu/mcecs
https://pdxscholar.library.pdx.edu/mcecs_mentoring?utm_source=pdxscholar.library.pdx.edu%2Fmcecs_mentoring%2F2&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/142?utm_source=pdxscholar.library.pdx.edu%2Fmcecs_mentoring%2F2&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/266?utm_source=pdxscholar.library.pdx.edu%2Fmcecs_mentoring%2F2&utm_medium=PDF&utm_campaign=PDFCoverPages
http://library.pdx.edu/services/pdxscholar-services/pdxscholar-feedback/?ref=https://pdxscholar.library.pdx.edu/mcecs_mentoring/2
https://pdxscholar.library.pdx.edu/mcecs_mentoring/2?utm_source=pdxscholar.library.pdx.edu%2Fmcecs_mentoring%2F2&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:pdxscholar@pdx.edu

3D FPGA Cell Matrix by Self-assembly
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Introduction

Methods

Three-dimensional architectures, currently implemented via wafer stacking, For this project, we worked to expand the Cell Matrix Using MATLAB place and route (PAR) program the
are one solution to the physical size limitations encountered in miniaturizing models and tools from 3D cubes to a 3D truncated shortest average path can be simulated and compared.

two-dimensional transistors.
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Flip flop circuit implemented in 2D, 3D cube and 3D TO cells (MATLAB)

Truncated Octahedron Interconnected TO cells

More significant gains in packing and speed can be achieved by CMOS

components with truly integrated 3D cellular architectures such as the Cell Using a Java simulator we can implement circuit designs
Matrix, a self-configurable defect- and fault-tolerant reconfigurable array of using the Cell Matrix architecture.

cells, ideally suited for ultra large-scale integration.
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Results

Because the efforts to implement the truncated octahedron
topologies in MATLAB PAR were unsuccessful the resulting
data is only from the shortest path calculations between
cells in different topologies.

Cell Matrix - Path Length Per Node
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Avg Shortest Path (in hops)

2D 3D 40
Topology

4D (TO) cell arrays have a shorter average path
between nodes in a cell matrix array

Because of issues with using the MATLAB PAR we
also created a program in MATLAB to calculate the
total connections in matrices with different topologies.

Flip flop circuit implemented in 2D, 3D cube and 3D TO cells (Java) _ ,
3D cube connections 3D TO connections

27 nodes - 54 connections 19 nodes - 40 connections

Conclusions

The shorter average paths in the truncated octahedron (4D)
arrays indicate that a speed increase could be achieved by using
a truncated octahedron topology over cube or square topologies.

Cell Matrix Shortest Path
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Further research will be needed to conclude if the advantages in
the truncated octahedron topology result in a greater overall com-
putational advantage versus total cost. 3

Future Research

For future research we are looking into improving the shortest
path program to place circuits in arrays to be closer to the
-~ MATLAB PAR. We are also looking into VR application to visual-

Nodes ize 3D circuit placement as well as other topologies

The average shortest path per node decreases faster with 4D
(TO) cells than 2D and (to a lesser extent) 3D cells
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Avg Shortest Path (in hops)

Comparing the path lengths connecting the nodes versus
the number of nodes in the matrices the truncated octahe-

dron (4D) matrices have a shorter total path length per

number of nodes. 3D circuit drawn in VR program  Alternate 3D topologies to explore
(Tiltbrush)
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