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Introduction

• Performance of FPGAs is limited by 
interconnection resource.

• 3-D integration of FPGAs overcomes 
interconnection limitation by locating 
instances in 3-D spaces.

• 3-D FPGA reduces total wirelength, 
improves speed and reduces power 
consumption by reduced switching 
capacitance. 
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3-D FPGA Block Diagram
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Total Wirelength (m)
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Critical Path Delay (ns)
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Wire Resource Prediction

• What is it?
– Wire resource prediction model predicts the 

number of wires per channel in FPGAs based 
on the estimation of total wirelength. 

• Where can we use it?
– Pre-determine of the routability of a circuit
– Planning FPGA architecture without running  

P&R repeatedly



3-D FPGA Wire Prediction Model
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ns for Routing Architecture 
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Extension of Wirelength Model 
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Channel Utilization Factor

Global router 
determines that 
net C can be 
routed but it is not 
possible in the 
detailed routing, 
“routing anomaly”
Channel is not 
fully utilized by the 
router. 
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Extended 3-D FPGA Wire 
Prediction Model
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Experimental Results

• 3-D FPGA CAD flow implementation
– Technology mapper and XDL generation with Xilinx 

tools. 
– 3-D placement and routing is implemented with C. 

• 3-D FPGA Architecture
– 40x40 tiles with 3 strata. 
– Intra-stratum wire segment of “DIRECT” and inter-

strata wire segment of “VDIRECT”
• Benchmark circuits from LGSynth93 and 

ISPD2001
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Prediction Results of 
Required # Wires/Channel 
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Error Sources

• Deviation in wirelength prediction is the 
error source.

• Variation of the utilization factor of routing 
tracks requires an equation for et .

• Sensitivity of ns is also an error source but 
it shows small variation around a fixed 
value.



Deviation in Total Wirelength
- Each net is routed 
sequentially with detours in 
global routing while the 
prediction model considers 
only point-to-point 
interconnection
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Variation of et
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Sensitivity of ns
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Conclusion

• We propose extended 3-D FPGA wire 
resource prediction model.

• 3-D FPGA architecture and a placement 
and routing tool are used to validate the 
prediction model. 

• The required number of wires per channel 
of prediction model shows an acceptable 
error compared with that of experimental 
results.
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Placed and Routed Result
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Total Wirelength (m)
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