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The continuous increase of FPGA complexity requires new tools and design flows

Mathworks MATLAB/SIMULINK Design flow used since 2008
Xilinx System Generator (2008-2012)
 SIMULINK add-on with a kernel which permits to generate HDL Code
 The SIMULINK model is designed using Xilinx System Generator library
 Pros

• Wide set of DSP building blocks (more or less the ones in the Xilinx catalogue)
• A cascade of few components permits the implementation of quite complex systems

 Cons
• The generated code was not readable (more like a netlist than RTL)
• The generation time was too long (hours for big designs)
• If a small section of the design changed, the entire code had to be regenerated
• The generated code is FPGA dependent

 Conclusion: good tool for small designs with a cascade of DSP blocks, not versatile for complex FPGAs
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Mathworks MATLAB/SIMULINK Design flow used since 2008
Mathworks HDL Coder (2013-Now)
 SIMULINK toolbox
 RTL code technology independent
 The generation time is quite low (minutes for complex FPGAs)
 If a section of the project changes, it is possible to regenerate the code only in the updated sub-system

11/15/2023

Reasons to use MATLAB/SIMULINK and HDL-Coder design flow
Fully integrated platform from system to hardware level (i.e. hardware in the loop)

There is a direct translation of the binary strings to decimal

Speeds-up the debug since is easier to compare the FL-Point and FX-Point test vectors
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MATLAB floating point simulator “FPGA oriented”
Each sub-system that has to be implemented in VHDL is implemented as function
Reflects architecture on FPGA (datapath and interfaces)

SIMULINK fixed point model (data and control path)

Radiation Aspects
If the target FPGA requires TMR, the sensitive logic is grouped into few blocks (Control Paths)

The Test Bench is also implemented inside the SIMULINK model in order to have a unique model for testing the 
design
The SIMULINK model of the TB can be translated in HDL code 
Synthesizable TB for HW debug/tests

Testing Scripts

HDL Code generation with SIMULINK “HDL Coder” toolbox

RTL simulation with QuestaSim and comparison w.r.t. Simulink model output

Synthesis and Place&Route

Test on hardware (Breadboard with FPGAs)

11/15/2023
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The SIMULINK model is RTL synthesis of our design
FSMs, registers, counters, mathematical operators
Quantization and configuration defined with MATLAB 
script

HDL-Coder supplies a SIMULINK library
Basic blocks (adders, multipliers, relational operators,  
etc.)
DSP blocks (i.e. FFT)
Memories (RAMs, ROMs, FIFOs)

11/15/2023

Note: In the SIMULINK 
model, the colored blocks 
are the ones that will be 
translated into HDL code 
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Finite State Machines
Combinatorial Process (MATLAB Function)

State (z-1)

FSM outputs are sampled
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Datarate Detector
DSP element of the Integrated Deep 
Space & Radio-Science Transponder 
(ESA contract No. 4000125957/18/NL/FE)

System with heterogeneous elements
 FSM
 FFT
 DSP elements

Receives streams of samples and 
computes its datarate applying a 
dedicated algorithm

Test Bench
Supplies data to the Datarate Detector

Implements the interaction with the 
Upper Layer (Leon2FT)
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Datarate Detector FSM
Coordinates the operations

Manages the UL interface

IQ Interface
Manages the interface with other 
DSP blocks

256-Points FFT (Burst)

Datarate Computation 
Computes the final datarate 
using the FFT result
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To be more efficient, a MATLAB script is used for :

Quantizing the datapath 

Loading parameters/constants

Parametric quantization

Quantization

Rounding Method
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MATLAB Script
Run floating point simulator and save useful variables in 
“.mat” file

Clear the workspace

Run SIMULINK model

Create comparison matrixes 

Analyse results

Note: the solver type 
is configured in «Fixed-
step» with «Fixed-step 
size = 1»; in this way, 
each Simulink simulation 
point is a clock cycle
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Assign a name on every net
Makes the generated code more readable

Code generation general settings
Clock and Reset settings
Ports and coding style

Hierarchy definition

Black Boxes

Test points for debug
Preliminary code generation
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PARAMETER VALUE
Clock input port clk

Clock edge Rising/Falling

Reset input port reset

Reset Asserted Level Active-high/Active-low

Reset Type Synchronous/Asynchronous
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PARAMETER VALUE
Minimize clock enables On

Enable HDL DUT output port generation for test points On

Minimize intermediate signals On

Generate parameterized HDL code from masked subsystem On

Use «rising_edge/falling_edge» style for registers On

Code reuse Atomic and Virtual
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Define which blocks in the SIMULINK model have to be converted in a HDL file

HDL Coder generates a VHDL file for each SIMULINK Sub-System and MATLAB-Function

If a Sub-System or MATLAB-Function does not need to be converted in a HDL file, then the 
“Flatten” option must be enabled using the HDL Block Properties – in this way the sub-system 
is contained within the higher level of the hierarchy

SIMULINK IP (i.e. FFT/IFFT) can’t be “Flattened”
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SIMULINK Test Bench is converted into HDL code

HDL Coder generates also a “.do” file to help the design compilation

Check HDL code output
After a transient, the difference between both, SIMULINK and QuestaSim simulation must be ‘0’

Code Coverage 
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Pros
Low learning curve (SIMULINK) 

Low development time
 Graphical representation
 The debug is faster 

• Automatic data representation conversion from binary to decimal
• Test vectors generation, simulation and check are performed in the same environment 
• Quantization, rounding modes, hierarchy of an entire FPGA can be changed only updating a script

The designer’s experience has a key role

A good architecture results in better generated code and better performances 
(timing, resources)
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Cons
DSP blocks like FFT and IFFT generate (too) many files
 1024-Points streaming FFT generates more than 100 files

Even if is possible to reduce the number of generated signals, there are many “un-necessary” 
signals which are instantiated

HDL Coder doesn’t permit to insert attributes (useful for TMR)

The are still small bugs in code generation which have to be managed by the designer
 For example “Data Type Conversion” which inserts spurious multiplexer
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The presented design flow is used also for designing entire FPGAs (ex. OBP)
The same code is mapped in different technologies for Bread Boarding activities
 Xilinx Virtex 6
 Xilinx RFSoC ZU28DR (ZCU111 Board)
 Microsemi Polarfire MPF300
 Microsemi Polarfire RTPF500

A single designer can design and manage several FPGAs
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