
A Hexagon-Based Honeycomb Routing

Architecture for FPGA

Kaichuang Shi, Hao Zhou, Lingli Wang*

State Key Laboratory of ASIC and System

Fudan University, Shanghai, China

{19112020058, zhouhao, llwang}@fudan.edu.cn



Fudan University, China              1/6/2022 2

Outline

• Introduction

• Related work

• Honeycomb architecture

• Experimental result

• Conclusion & Future work



Fudan University, China              1/6/2022 3

Outline

• Introduction

• Related work

• Honeycomb architecture

• Experimental result

• Conclusion & Future work



Fudan University, China              1/6/2022 4

Introduction

Fig.1 Island-style FPGA architecture

LB: Logic Block

CB: Connection Block

SB: Switch Block
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Introduction

Fig.2 The CB-SB routing architecture

W: Routing Channel Width

L: Wire Length

fc: Connection Block Flexibility

fs: Switch Block Flexibility
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Fig.3 Hexagonal and Octagonal Tiling

➢ Efficient tiling patterns for FPGA [1]

⚫ Improved interconnect length with increased area. 
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Fig.4 Tile Composition with two new diagonal routing tracks

➢ Diagonal tracks in FPGAs [2]

⚫ Great improvement in wirelength and delay. 



Fudan University, China              1/6/2022 9

Introduction

Fig.5 The honeycomb networks [3] Fig.6 The honeycomb reconfigurable 

architecture [4]
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Honeycomb architecture

Fig.7 The proposed honeycomb architecture

⚫ Each tile is composed of an LB, an SB and six CBs,

⚫ Each SB has six sides,

⚫ Three kinds of routing channels: X channel, Y channel and Z channel.

Honeycomb FPGA routing architecture: 
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Honeycomb architecture

(a) Traditional rectangular architecture              (b) Honeycomb architecture

Fig.8 One routing path comparison

⚫ Eight length-1 wire segments. ⚫ Six length-1 wire segments.
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Honeycomb architecture

(a) Traditional rectangular architecture              (b) Honeycomb architecture

Fig.9 The hops distribution comparison with length-1 wires
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Honeycomb architecture

⚫ the honeycomb architecture can connect to 1.5 times 

as many LBs as the traditional rectangular architecture 

can connect to through the same hops.

Table I. comparison between the routing resources of the traditional

architecture and the honeycomb architecture
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Honeycomb architecture

➢Heterogeneous Blocks

(a) Traditional rectangular architecture         (b) Honeycomb architecture

Fig.10 The hard blocks comparison
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Honeycomb architecture

(a) Traditional rectangular architecture              (b) Honeycomb architecture

Fig.11 The Wilton SB pattern

➢SB enhancement
⚫ Fs = 3

⚫ No connections between the wires and its two neighboring sides.
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Honeycomb architecture

(a) a square with side length l                        (b) a regular hexagon with height l’

Fig.12 The comparison of a square and a regular hexagon
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Honeycomb architecture

(a)                                                   (b) 

Fig.13 The layout strategy of the honeycomb architecture. (a) The hexagon

becomes a rectangle with an aspect ratio of 2. (b) The possible layout.

➢ Layout Strategy
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Honeycomb architecture

Fig.14 The coordinate system used by VPR

➢Router lookahead enhancement  
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Honeycomb architecture

Fig.15 The new coordinate system

➢ Router lookahead enhancement  
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Experimental result

LB ten 6-input fracturable LUTs

DSP 36×36 fracturable multipliers

Memories configurable 32K block RAMs

SB Wilton

L 1

W 300

Fc,in 0.1

Fc,out 0.1

Fs 3

Table II. Baseline architecture parameters
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Experimental result

Table III. Comparison of Wmin between honeycomb 

architecture and rectangular architecture

⚫ Fc = 0.15,

⚫ Length-1 wires

⚫ HC: honeycomb architecture

⚫ REC: rectangular architecture
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Experimental result

Table IV. Result of honeycomb architecture compared with rectangular architecture

⚫ Fc = 0.15

⚫ W = 200

⚫ Length-1 wires
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Experimental result

Fig.16 The delay improvement of the honeycomb architecture with different

wire lengths.

⚫ The honeycomb architecture with length-1 wire segments improve 

delay by 11.5%.   
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Conclusion & Future work

Conclusion

• A hexagon-based honeycomb routing architecture is proposed and 

evaluated in VTR 8.

• The honeycomb architecture can improve the critical path delay by 

11.5% and achieve area-delay product savings by 12.4% on average.

Future work

• Explore the placement and routing algorithms.

• Explore the routing channel segmentation with different lengths and SB pattern 

design.

• Explore the fabrication effect of the honeycomb architecture.
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