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FPGA design process Overview

Figure 1: Steps to convert a design described with a HDL to a bitstream. [1]
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Synthesis



Synthesis

� Convert RTL description to gate level description

� Translation of the design described with a HDL to a netlist according to the

specification of the used hardware description language.

� For example in SystemVerilog the following construct should become a flip-flop.

1 a l w a y s f f @( posedge c l k ) beg in

2 i f (˜ r e s e t )

3 r e g f f <= ’ 0 ;

4 end
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Synthesizer Example

Figure 2: Intermediate steps of a HDL synthesizer like yosys. [2]
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Netlist

� Describes how certain modules are connected

� Can be technology dependent or independent

� After the tech-mapping process it is technology dependent (A gate level netlist)

� Only makes use of the Gates that are available on the targeted architecture

� The gate level netlist can be simulated

[3]
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Gate level netlist

A post-synthesis gate level netlist consists of:

� Technology-dependent logic elements(std cells) or LUTs

� Technology-dependent storage elements: e.g. flip-flops

� Hardened IP Blocks like DSPs, Block Ram

[4]
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Gate Level Netlist Example

Figure 3: Example of a gate-level-netlist after synthesizing - created with yosys
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LUT configuration

� The contents of the LUTs are also stored in the gate level netlist

Figure 4: LUT4 initialized with defparam in a gate level netlist created by yosys

I0 I1 I2 I3 O

0 0 0 0 0

0 0 0 1 0

0 0 1 0 0

. . . . .

1 1 1 1 1

Table 1: Look-up-table initialized with 16’h8000 = 16’b1000000000000000 and represents

therefore an and of all four inputs 8



Timing analysis

� Dynamic Timing Analysis

� Apply certain input vectors and estimate the timing behaviour of the circuit

� Quality depends on input vectors

� Hard to check every possible path of the design

� Long run times [5]

� Static Timing Analysis

� No input vectors are applied only statically analysed to determine if certain timing

violations specified by vendor libraries occur

� Define timing requirements

� Check every topological path of the design but only for one cycle if timing

requirements are fulfilled [5]
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Static timing analysis(STA)

� Net delay: time it takes to charge the parasitic

capacitance via the parasitic resistances

� Cell delay: depends on input transition

time(slew), output capacitance, temperature

� Path delay = net delay + cell delay

� Timing constraints: Setup time, hold time, in-

output delay specified by technology file

Figure 5: Block-diagram of an

exemplary digital circuit [5]

[5]
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The FPGA design process

Figure 6: Steps to convert a design described with a HDL to a bitstream [1]
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Place and Route (PNR)



Blocks of an FPGA

Figure 7: Basic FPGA Layout-Blocks(GOW1N-1 reverse engineered) [6]

� PLL for clock frequency scaling

� Most larger memory descriptions in HDL are mapped to Block RAM

� CFU (Configurable logic blocks)

� IOB IO Buffers
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General FPGA layout with switch-boxes

Figure 8: Basic FPGA Layout and the connection matrix via switch-boxes. [7]
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Place vs Route

Place:

� Place modules such that wire length is minimized, given a netlist and a

technology file of the FPGA

� Input: Netlist and technology file

Route:

� Assign all module in- and outputs to the switch-boxes in such a way that the

placed modules are connected as specified by the netlist

� Input: Netlist and placed circuit netlist

[7]
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Analytical Placement

� Global placement - ignoring

non-overlapping constraint

� Legalization - moving those

modules that overlap

� Detailed Placement - improve

solution further

Figure 9: Exemplary analytic placement algorithm [7]

15



Route

2 Major steps:

� Path searching

� Congestion Removal

Figure 10: Exemplary Graph model: blue node is a CLB, sX are

sources, tX are sinks and the orange nodes are switch-boxes [7]
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Placed and routed design stored as JSON file by nextpnr

Figure 11: HDL Design to bitstream file
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Bitstream

Contains:

� Logictables that are written into the LUTs of the CLUs

� Configuration of the switch-boxes

� BRAM content

� Other configurations for the PLL and other hardened blocks of the FPGA ...
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Thank you for Listening!

Figure 12: Steps to convert a design described with a HDL to a bitstream [1]
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