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Abstract

FPGAs are a useful and flexible alternative to custom
design chips, but can suffer from severe interconnection de-
lay. The 3D-FPGA is an alternative to the two-dimensional
architecture that has been proposed to reduce these delay
problems [2]. Here we present Spiffy — the first tool specifi-
cally designed for the placement and global routing of 3D-
FPGAs. Spiffy produces some of the best results in the lit-
erature, and using Spiffy we can show that when mapped to
the 3D-FPGA architecture, circuits tend to have consider-
ably shorter net-length, making this new chip an improve-
ment over the standard architecture.

1 Introduction

Field-Programmable Gate Arrays (FPGAs) are re-
programmable chips that can be used to implement arbitrary
logic functions, leading to a far more efficient design cycle
than that of custom design chips. However, this flexibil-
ity often comes with a substantial performance cost. Re-
cently, the concept of a three-dimensional (3D) FPGA was
proposed [2] with the idea of reducing this cost and making
programmable gate arrays a more useful technology. In [1],
the first placement statistics were given for any 3D bench-
marks, but these were only crude estimates taken from stan-
dard 2D algorithms quickly adopted for the 3D architecture.

We have developed Spiffy: a new tool specifically de-
signed for the simultaneous placement and global routing
of 3D-FPGAs. The major contributions of this tool are:

e Spiffy is the first tool to produce complete, competitive
circuit mappings for the new architecture.

e The quality of solutions produced by Spiffy for the 2D-
FPGAs surpasses that of any tool in the literature.
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e Using Spiffy, we were able to experimentally verify
our claim that 3D-FPGAs are in fact superior to the
standard architecture — finding that the addition of only
three extra levels led to an average improvement of
over 10% in terms of both net-length and congestion.

2 3D-FPGAs

Our 3D-FPGAs will be constructed by placing a number
of 2D-FPGAs in layers, providing vertical interconnections
between adjacent switch-blocks through the use of solder
bumps. Hence the switch-block configuration is generalized
to the third dimension, while the structure of the individual
logic blocks remains unchanged.

We expect 3D-FPGAs to prove superior over the stan-
dard architecture in two categories: performance and logic
density. In terms of performance, we get a win because of
the decreasing average path length between points. In terms
of logic density, the increased number of paths between any
two points allow us to decrease the maximum number of
wires required in any one channel, hence allowing us to use
more of an individual layer’s area for logic.

The idea of three dimensional chip architectures is cer-
tainly not new; MVM-Vs have been studied in detail, and
other schemes for 3D architectures have also been pro-
posed. Since our initial proposal for a 3D FPGA architec-
ture [1, 2], others have since been proposed [5, 6].

Certainly there will be problems with such an architec-
ture, such as heat dissipation, and the difficulties associ-
ated with efficient construction. However, similar problems
have been encountered and explored for other 3D packag-
ing technologies. We believe that the 3D-FPGA architec-
ture will not pose any additional problems.

3 Spiffy

Spiffy is the first tool created for the physical design of
3D-FPGAs, using a divide and conquer approach to per-
form both placement and global routing simultaneously. It



begins by dividing the chip into a grid of some specified
size (2 x 2 x 2 in our experiments), and partitioning the
logic blocks between the grid blocks. When we consider an
individual net, we would like to place the logic blocks of
the net entirely within one grid block if possible, and fail-
ing that, we would like to keep them in neighboring grid
blocks. This preference is heuristically achieved by consid-
ering the thumbnail for each net: the minimum steiner tree
connecting the grid blocks the net occupies. By partition-
ing the logic blocks in such a way as to minimize the total
length of the thumbnails, we tend to achieve our objective
of keeping the logic blocks of a given net close together.

After this partitioning has been performed, Spiffy con-
siders those nets that have been assigned to multiple parti-
tions, and assigns them the exact spots at which they will
cross between grid blocks. It can then consider each grid
block recursively. Once we have placed and routed the logic
blocks within the grid block, we need only connect each net
with its “entry points” to the grid block, and are left with a
full placement and global routing upon termination.

The algorithm iterates between placement and global
routing decisions, allowing each to influence the other. By
allowing this interaction, and thus allowing the placement
phase to take routing issues into consideration, we believe
we will achieve better results than the traditional model
of fixing a placement and then computing a routing for it.
After Spiffy produces the placement and global route, the
graph-based tool of Alexander et al [3] determines the de-
tailed routing.

4 Results

To verify that quality of our tool, we first compared
it against Mondrian, a leading tool for the placement and
global routing of FPGAs[4]. Using a series of standard
benchmarks for 2D architectures, we found our tool pro-
duced mappings of better net length (an average improve-
ment of 20%) in considerably better time (running about
83% faster).

The true importance of Spiffy is its ability to map 3D-
FPGAs, thus allowing us to determine whether this new ar-
chitecture actually does bring about improvements over the
standard 2D-FPGA. We mapped each benchmark to four
different 3D architectures, ranging from one to four layers.
In Table 1 we see the results of these tests, and a clear im-
provement in each category as the number of layers is in-
creased.

5 Conclusion

In creating Spiffy, we achieved three goals. First, we cre-
ated the first tool suite to produce full circuit mappings for

[ [ Two Levels | Three Levels | Four Levels |

Congestion 3.97% 6.09% 11.9%
Net Length 3.27% 6.95% 10.7%
Run Time 23.8% 23.6% 20.0%

Table 1: The average percentage gains of the 3D architec-
ture over the 2D architecture.

the proposed 3D-architecture. Second, we created a tool
which performs placement and global routing simultane-
ously, and produces better results for the standard architec-
ture than the state-of-the-art in the literature. Third, we were
able to use this tool to produce the first actual circuit map-
pings for the 3D architecture, and hence empirically verify
that the extra layers would actually lead to more efficient
mappings.

At this point, we have a number of directions we are tak-
ing with Spiffy and the concept of the 3D-FPGA. With re-
gard to the tool, we are looking at ways to improve cer-
tain aspects of algorithm, as well as using a detailed router
currently being worked on by McCullouch at the Univer-
sity of Virginia, or possibly incorporating a detailed routing
method into the simultaneous paradigm.

In terms of the architecture, there are a number of ques-
tions we are investigating concerning its ideal structure.
Such as the necessity of including all possible vertical in-
terconnections between layers, and ideal ways to structure
the interconnection block to balance flexibility against con-
struction complexity and size.
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