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Global Interconnections Problems in FPGAS

Gate delay gets better, wire delay gets worse

« Technology scaling Gloval wie
— Long interconnection looks E Bk
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New Signaling Techniques

 Emerging techniques

— Interconnect wave-pipelining (Dobkin et al.,
Deodhar et al., Xu et al.)

— Phase-encoding (D’Alessandro and Yakovlev)
— LVDS (Lee et al.)

o Can these techniques be adapted to
FPGAS?
— (Bad news) Interconnection nightmare

— (Good news) Buffers were inserted in switching
points
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Previous Work (1)

o Sakural’'s Closed-Form Approximation

Buffer Interconnect
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Previous Work (I1)

e Deodhar and Davis’'s Method

Buffer Interconnect Buffer Interconnect Buffer Interconnect
—[>—| |——D—| F————= —[>—| —
S\ N

e Given the voltage (v) at the sink, we can compute the minimum
pulse width (PW)

v —
:PW:

e Throughput = 1/PW

e Assumption
— All interconnect segments and buffers are the same
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Interconnections iIn FPGAS

« Highly constrained routing network versus
flexible wire design in ASIC

— Interconnections constructed based on segments
of wires

— Buffered at switching points

— Interconnections are unknown until a circuit has
been downloaded

* A structure model to analyze
iInterconnection performance in FPGAS
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FPGA Global Interconnection Modeling

i i X
I F . I
Interconnect, Intereennes (a) Interconnect | Intercennect
Sht:ﬂ ?EELH_ ! Short _Sf'll_hih_ I ' ’
0 wire |f x £
A = {
_____ . Syt
| ;
] i
f |
I I
! !
| :
Rer, Cer  Ruux, Gz Ry, Cyux | R
AT AN [t
Raw, Csw I Raw Caw b R Cow
i \ [ I:
1 \ i \
| ] . A '
L *., (c) -
HS I:--: [ Rs |:"'= H Hs I:--:
A ﬁ.-—ﬂ - W‘M A
) th" |

| )
R, C* s R®, C° '! \
."n'j -."I".-'I".'_'r'-.-'r".-"".-
xR‘f |_n

AA—AAA m.r\.-—ﬂ ’u Rsﬁ Ce R
WO WV " W k i
PR 1 R j_ @r: 1 '
L =
T I 1 I; AT 419
Stage 1 .: Stage 2 II Stage 3-5

Page 8



Delay Derivation
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Throughput Derivation
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A Note About Throughput

« Throughput is function of v,, which can only

be com

outed backward from v,

o |f all Interconnect segments are the same

A more general expression Is
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Max Throughput versus Min Delay
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Throughput Ratio
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FPGA Virtex-5 Experiments
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Result (Freqguency-phase profile)
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FPGA Architecture Modification

« Adding more buffers to the long wires
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Conclusion

A FPGA global interconnection model
o Studied the delay and throughput
* Experiments on a Virtex-5 FPGA

e Implications

— Interconnect wave-pipelining can be realized in FPGA
for higher throughput

— On-FPGA serialization

— FPGA architecture modification for interconnect
wave-pipelining
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