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• SystemVerilog has been used in FPGA and ASIC HDL 
design for more than 2 decades. It is now a mature 
and very popular language

• Compiler support is generally good though support 
for advanced language constructs varies among 
vendors

• While a very powerful language for HDL synthesis, 
some limitations in the SystemVerilog standard can 
cause HDL designers to expend significant work that 
would have been unnecessary had simple tweaks in 
the language's standard been adopted.

• In this presentation we deal with synthesizable 
SystemVerilog. Everything shown here has been 
implemented by the author in real systems 

SystemVerilog Overview
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• Repeating port names for signals from the top  
level module and connecting them all the way 
down to the bottom level in the hierarchy is 
tedious and error-prone

• Maintaining this is tedious, since every change in 
ports requires multiple changes in multiple files

• Solution: Use an interface to propagate signals 
down the hierarchy. Use a “define” to define 
both the interface and the top level pins

Hack #1: Connect pins effortlessly and 
without errors down the hierarchy
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• Step 1: Create a file 
with a define 
statement for the 
pins. 

• The pins are defined 
as TOP_LEVEL_PIN_DEFINITIONS

• The file is: 
top_level_pin_declaration_macros.sv

Step 1: Make a file where pins are defined
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• Define an interface for the pins, using the pin 
declaration defined in Step 1. This is done in 
top_level_pin_interface_defs.sv, shown in its 
entirety below.

• Note that the interface automatically adapts if 
the pin definitions change

Step 2: Define an Interface for the Pins
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• Step 3: Define top level module, “top.sv”. 
• This module is reproduced in its entirety below, and is not 

dependent on the FPGA design (i.e. same module for all 
designs)

• It instantiates the pin interface top_level_pin_interface, and 
the board dependent portion of the design 
“board_dependent_top_level”.

• Note usage of SystemVerilog “.*”

Step 3: Define Design-Independent Top Level 
Module
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• Step 4: Define board dependent top level.
• Note that while the contents of the module are board 

dependent, the module header is not board dependent, it simply 
instantiates the top level pin interface.

Step 4: Instantiate Board Dependent Top 
Level
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• Step 5: Propagate the top level pin interface down the 
hierarchy as needed by simply propagating the interface

• Here we see an example for the board dependent top level 
of the previous slide, which instantiated gp_top_level

• Access top level pins seamlessly as needed via the interface

Step 5: Propagate Top Level Pin Interface 
Down the Hierarchy as Needed
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• Pins are defined in only one place 
top_level_pin_declaration_macros.sv

• No possibility of mismatch of pins
• top_level_pin_interface_defs.sv and top.sv are 

invariant and common to all projects
• board_dependent_top_level.sv pin declaration is 

invariant and common to all projects and only 
has an interface declaration

• Pins propagated effortlessly to lower level 
hierarchy

Advantages of this method
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• Note that you will encounter issues in compilation if 
you have spaces after the “\” at the end of lines in a 
multi line macro, such as that which defines the pin 
names

• This is often hard to spot without enabling viewing of 
all symbols in your text editor

• This is related to the behavior of SystemVerilog and is 
not an issue specific to the methods shown here

• So, if you have compilation issues enable “view all 
symbols” in your text editor and make sure no such 
stray spaces exist

Important SystemVerilog issue: Spaces in 
Multi-line Macros

FDF'26 TRIUMF - Canada's National Laboratory for Particle and Nuclear Physics 10



Important SystemVerilog issue: Spaces in 
Multi-line Macros

FDF'26 TRIUMF - Canada's National Laboratory for Particle and Nuclear Physics 11

For example, here there is a stray space at the end of 
the line for the pin I2c_Sda but this cannot be seen in 
regular editing:

But it is visible when “show all symbols” is enabled:



• In many synthesis tools (including Vivado and 
Quartus) parameter values in interfaces cannot 
be referenced like nets

• This is problematic because sometimes you want 
your code to automatically adapt depending 
upon the parameters of the interface

• We note that some simulation tools do support 
directly extracting parameter values from 
interfaces, but the author has not yet 
encountered a synthesis tool that supports it

Hack #2: Extracting and Using Parameter Values 
from Interfaces
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Example of Unsupported Direct Interface 
Parameter Referencing

multiple_synced_st_streaming_interfaces_w_independent_controls x();
assign x.clk = clk_50MHz; //legal
assign y = x.num_data_bits; //unsupported by many tools 
module #(.p(x.num_channels)) m //unsupported by many tools 
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• The solution is to use 
functions defined 
within the interface

• Similar to “getter” 
functions in C++

• Then instead of 
directly referencing 
the parameter, call 
the corresponding 
function

Solution: Use Functions Within the Interface
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Call Functions to Extract Parameter Values
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(continued)
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• Now we can have code that is automatically 
parameterized based on the parameters inside 
the interfaces

• No need to explicitly declare and pass 
parameters down the hierarchy

Code Automatically Adapts to Parameters
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• All information is self-contained in the interface
• Port list of modules is significantly reduced
• Number of parameters in modules is significantly 

reduced
• Probability of making errors is significantly 

reduced

Advantages of this method
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• Struct types cannot be parameterized in 
SystemVerilog (you can define them once with  
parameters but not reuse the struct definition 
with other parameters)

• This is a very big omission in the SystemVerilog
standard (in my opinion)

Hack #3: Parameterizable Structs
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• For example:

• While it is possible to use the above parameter bits_per_component in the 
struct definition as shown above, there is no way to parameterize this struct 
type with another value for bits_per_component without defining an entirely 
new struct type

• For example we cannot do something like:
complex_data_struct #(.bits_per_component(12)) x;

• But many times we need the same struct structure just with different 
parameters (for example input and output of a module that uses different 
number of bits for quantization of the complex data in its input and output)

Example of Struct Parameterization Problem
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• For example, it would be nice to be able to 
compile the code below

• Alas, it is illegal SystemVerilog code and will not 
compile

Parameterizable structs – what we want
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• Instead, we have to 
define new typedefs 
for every parameter 
iteration

• This results in a huge 
amount of repetitive 
code, even more of a 
problem with 
multiple parameters

Parameterizable structs – what we have
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• One could theoretically parametrize a package and 
use that to parameterize the struct

• However, this creates name conflicts

Parameterizable packages – not a solution
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• We can import and parameterize the structs, but 
this creates a name conflict (complex_data_struct
now refers to four different types)

Parameterizable packages – name conflicts
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• To avoid this name 
conflict, we can create 
packages for each 
parameterized type, and 
then import those 
packages, but this is no 
less cumbersome than 
defining different types 
for each value of 
bits_per_component

Parameterizable packages – clumsy 
workaround
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Solution: define the struct within an interface. Interfaces can be parameterized. Pass the parameter to the struct inside the interface.

TRIUMF - Canada's National Laboratory for Particle and Nuclear Physics 26FDF'26



Interface Definition with Parameterizable Struct

TRIUMF - Canada's National Laboratory for Particle and Nuclear Physics 27FDF'26



Interface Instantiation – Structs Automatically Parameterized
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Usage of Parameterized Struct
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• SystemVerilog functions cannot be 
parameterized directly. For example the 
following is illegal and will not compile:

Hack #4: Parameterized Functions
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• This is a very big omission in the SystemVerilog
standard (in my opinion)

• We should not need to repeat code for a 
function just because we are using different 
parameters for it

• We can attempt the same workaround via 
packages as we did with structs, but this will 
cause the same name conflict issues

• Workaround: define a dummy interface with 
functions. Parameterize the interface and pass 
the parameters down to the functions.

Parameterized Functions
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Note “dummy_var” to 
avoid warning/error of  

empty interface



Instantiation of Parameterized Interface
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Usage of Functions Parameterized via Interface
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• These techniques are powerful but rely on advanced SystemVerilog support, which varies significantly across vendor toolchains.
• These hacks have been used successfully at TRIUMF for both Altera Quartus (16.1 and above) and Xilinx Vivado (2020.2 and above)
• Other compiler support may vary
• In particular, at TRIUMF we have found that the Lattice Diamond SystemVerilog compiler (which is based on Synplify) is very limited (does not support even more basic structures than those discussed here)

Compiler Support
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• Efficiency is the name of the game
• The more efficient you are at developing code, the 

more you get done
• There should be no need to repeat code 

unnecessarily, by repeatedly defining and connecting 
pins, repeatedly needing to pass parameters down the 
hierarchy, repeatedly defining identical struct types, 
and repeatedly defining identical functions

• Writing unnecessary code compounds the probability 
of errors

• Using the SystemVerilog hacks presented here, very 
big efficiency gains can be achieved, and errors can be 
minimized

Conclusions
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