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Novel Computing Technologies Group at Heidelberg University
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The FABulous Framework for Custom eFPGAS

* Fully integrated
framework for

eFPGAS

Uses many projects:

Yosys & nextpnr

OpenLane/

LibreLane

OpenRAM

Verilator

fabric description
(layout & wires)

primitive library

' FABulous | I_
(synthesis & mapping) .
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= ASIC RTL model

3 & contraints (architect. graph)
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or industry tools...

ASIC backend
(Cadence, OpenLANE)
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ASIC
(GDS)

Fab
(TSMC180, Sky130)

user Verilog
(benchmark)

Yosys and ABC
(syntheS|s & mapping)

jSOﬂ
(mapped netlist)

nextpnr
(place & route)

FASM
(routed netlist)

BitMan

(bitstream asembly)

1
% user bitfile )




What is FABulous offering?

* Fully integrated open-source FPGA framework with good quality of results

(area & performance) = we can achieve >95% core density
» Entirely open and free, including commercial use
= Supports custom cells (if provided), like passgate multiplexers, configuration cells
= Supports partial reconfiguration

= \/ersatile

= Different flows (LibreLane <-> Cadance)
= Easy to customize and integration of own IP (inside the fabric or attached)

= Silicon proven on TSMC 180, 130, 28; GF 180*;, SKY 130*; IHP 130* (*open)
In development: TSMC N16, GF 22, XFAB 180



Let's build a small eFPGA: Fabric Definition

term term term term
1O REG DSP LUT LUT CPU
Pin ||(mem) 10
DSP_top
o |[rRec I LUT |[LUT |/CPU
Pin ||(mem) 10
DSP_bot
1O REG DSP LUT LUT CPU
Pin |[(mem) 10
DSP_top
o |[[Rec || LUT |[LUT |/CPU
Pin ||(mem) 1O
DSP_bot
term term term term

= 4 x reqgister file, 2 x DSPs, 8 x LUT-tiles (CLB), I/Os left and right,
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Let's build a small eFPGA: Fabric Definition

term term term term
REG |/DSP LUT |[LUT |CPU
(mem) 10
— e A B C D E F
(mem) 1 |FabricBegin
psp | 2 [NULL [N_term |N_term |[N_term |N_term |NULL
REG |/DSP 3 |W_IO |RegFile |DSP_top |[LUT4AB |LUT4AB |CPU_IO
(mem) 4 |W_10 |RegFile |DSP _bot |[LUT4AB |LUT4AB |CPU_IO
bsP_1 5 'W_IO |RegFile |DSP top [LUT4AB |LUT4AB |CPU_IO
REG 6 |W_IO |RegFile |DSP_bot |[LUT4AB |[LUT4AB |CPU_IO
memyl 17 INULLS term [S term  [S_term  [S _term  [NULL
o =rm | 8 |FabricEnd

= 4 x reqgister file, 2 x DSPs, 8 x LUT-tiles (CLB), I/Os left and right,
= A fabric is modelled as a spreadsheet (tiles are references to tile descriptors)




Let's build a small eFPGA: Tile Definition

= Wires
= Switch matrix
= Configuration storage

=  Primitives (basic elements)

(can be just Verilog/VHDL

files)




The FABulous Ecosystem

= ASIC generation (GDS)

RTL, constraints, physical optimizations

» FPGA CAD tool adaptation

(for compiling user bitstreams)
= Simulation and emulation models

* Timing model generation

(for timing driven place & route)

» Factory test bitstreams (in progress)

» Fully reproducable and deterministic flow 8
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FABulous Users

« Stanford University  Indian Institute of Science, Bangalore
TSMC 130 & TSMC 28 - Analog FPGAs

 New York University  Indian Space Research Organisation
TSMC 180 & 2x TSMC 28 - GF 180 Testchip

 Fudan University (TSMC 28) « Université de Sherbrooke (Canada)

 University of Bristol (Sky130) - Cyrogenic FPGAs (Quantum
- Berkeley (TSMC 130) g Computer)

~— * Multiple FPGAs by Leo Moser
"=t » Plans with CERN on arad-hard FPGA

Outputs from eFPGA (16b counter)
probed with oscilloscope



Radiation-tolerant FPGAS
« Config bits are exported S TR
> can swap SRAM cells for DICE, TMR...
-2 we did a ReRAM FPGA
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« Easy to customize logic cells

- TMR latches, voters
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 New SAT-based mapper is ideal for
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- put in redundancy as required gy
Open_ReRAM_eFPGA
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See our projects under:

https://github.com/FPGA-Research
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