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Digital Electronic System Design – VIVADO notes 

 

 Un ringraziamento speciale va ad Lucilla Bernardini e a Simone Messina che mi hanno aiutato nella 
scrittura e revisione di alcune parti del documento.  

 

In questo file abbiamo sbobinato ed integrato tutte le lezioni di Vivado dell’Anno Accademico 2024/2025, in 
modo da avere dei passaggi passo-passo (con anche i pulsanti da usare nella GUI ecc…) per sfruttare tutte le 
funzioni che offre Vivado e che vengono usate nel corso.  

 

NB: in questo file potrebbero esserci errori, imprecisioni, parti che potrebbero essere riscritte meglio 
etc. In caso vogliate contribuire in qualsiasi modo, contattatemi via la mail riportata.  

 

 

 A special thanks to Lucilla Bernardini and Simone Messina that helped me in the writing and in the review 
of this document 

 

In this file we have transcribed and integrated all the Vivado lectures from the Academic Year 2024/2025, so as 
to provide step-by-step instructions (including the buttons to use in the GUI, etc.) to make the most of all the 
functions offered by Vivado and used in the course 

 
Note: This file may contain errors, inaccuracies, or sections that could be written more clearly, etc. If you 
would like to contribute in any way, please contact me at the provided email. 
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01_Vivado_Basics  
• schematics of the board 
• Datasheet of the board  

Port 13: JTAG port to program the FPGA.  

Schematic description 

  

 

 

 

 

    𝑝𝑚𝑜𝑑 connectors  

 

            𝑝𝑢𝑠ℎ𝑏𝑢𝑡𝑡𝑜𝑛𝑠 connections 

 

 

Switches in the schematic 

Each of the labels on the schematic represent a connection to a specific pin, in detail to the one of the FPGA 

Example: quad SPI connection for SPI connection to the memory where the program is stored

 
Banks: pins of the FPGA. We can notice that they are grouped in couples.  

We can see that if we want to use H9 as 
digital single ended input it is D04 
otherwise if we want to use it as a 
differential couple, we have I/O L4P as 
positive input and L4N as negative input of 
the differential pair.  

 

As we can see from the schematic, all the pins are connected to a different peripheral, in the previous case it was 
connected to the VGA.  

We can see a transceiver here used for advanced features and we can notice that it is 
connected to ground, so it is turned off to avoid statical power consumption.  
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Power supply section of the FPGA, in 
particular we see that we have an ADC 
inside the FPGA and it has its own dedicated 
power supply and we see that we have a 
dedicated 𝑝𝑚𝑜𝑑 with ADC rails.   
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VIVADO Project Wizard creation 

Interesting things 

• Vivado can understand VHDL, Verilog and System Verilog, the only constraint is one language for each file  
• FPGA model: xc7a35tcpg236-1 

where each part stands for  
➢ xc: stands for Xilinx 
➢ 7: 28 nm technology 
➢ a: artix 
➢ 35: dimension of the board 
➢ t: logic of the transceivers  
➢ cpg236: package for the pinout  
➢ -1: speed grade, quality of Silicon 

• All the computations of the simulator go in the .sim folder 
• All the source files are in the .srcs folder 

 

 
Each command executed is reported in the console, every operation is reported here. The console keeps track of every 
operation executed.  

 
the report of the analysis and of the timing simulations are reported here  
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Status and progress of the execution, it’s the completed percentage etc  

Elaborated design and windows  

The RTL design is technology independent. Then the devices will be implemented in the FPGA we selected.  

If we selected the wrong FPGA 

 
𝑠𝑒𝑡𝑡𝑖𝑛𝑔𝑠 → Project settings → 𝑃𝑟𝑜𝑗𝑒𝑐𝑡 𝑑𝑒𝑣𝑖𝑐𝑒 

when we synthesize it is a strongly device-dependent process, so it’s mandatory to select the correct device. 

Synthesis 

When we synthesize the netlist becomes 𝑁 𝑡𝑜𝑝 that means that it is a post synthesis 
design while after the elaborated design we have 𝑅 𝑡𝑜𝑝 because that is a post RTL 
design.  

 

 

 

 

• by pressing 𝐹4 we can see the schematic of the synthetized design 

 
we can see that now we do not have the logic schematic as in the RTL design but we have switch, input buffer, lut, output 
buffer and led. If I have an input that is a switch, I need an input buffer that converts the electrical signal coming from the 
switch into a digital logic one that is in the core of the FPGA. We do not have a NOT inside our FPGA but we have a LUT 
that is programmed to implement the NOT logic function.  
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• to see what truth table is implemented in the LUT  
click on the LUT  

 

go into the 𝑐𝑒𝑙𝑙 𝑝𝑟𝑜𝑝𝑒𝑟𝑡𝑖𝑒𝑠  

 

 

 

 

 

go to 𝑡𝑟𝑢𝑡ℎ 𝑡𝑎𝑏𝑙𝑒 

 

 

 

 

 

 
After the synthesis we can move to the device and we can see  

 

 

 

by clicking on 𝑙𝑎𝑦𝑜𝑢𝑡 and 𝐼/𝑂 𝑝𝑙𝑎𝑛𝑛𝑖𝑛𝑔  

 

 

 

 

 

 

 

we can see the package of the device  
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while this is a representation of my FPGA and I can see 
the CLB where my logic function has been 
implemented.  

 

 

 

 

 

 

 

 

The FPGA is composed of 6 blocks, each one of them is a clock region. The bigger 
the FPGA the more clock regions we have. We can see that the FPGA is organized 
as a matrix and we can zoom up to see the SLICE.  

Here we can see the slice properties and by zooming a little 
more we can see that each SLICE is composed of two CLBs.  

 

 

 

 

 

We can also see the difference between a SLICEM and a SLICEL module  

 
 

 

 

 

 

 

 

 

 

 

 

 

We can see that 
each CLB has 4 
LUTs and each 
LUT has 6 inputs 
and 4 outputs or 5 
inputs and 1 
output based on 
the choice of the 
synthetizer  

 

Here we can see 
the MUX that 
combines the 
results of the 
LUTs elaboration 

We can see the bit carry 
element  

And the 4 by 4 
registers 
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In the SLICEM we also have a memory inside the LUT, we have more pins because each 
LUT can be used as distributed memory.  

 

 

 

 

 

 

 

 

To see the complete routing of the FPGA we have to click on  and the routing of the FPGA is shown. We can see the 
real schematic of the FPGA  

SLICEM with its own routing  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

We can see that as we said in theory, the 𝑐𝑎𝑟𝑟𝑦 𝑜𝑢𝑡 signal of the CLB is connected 
directly between different blocks 

 
While all the other signals go to the switching matrix for signal moving.  
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We also have columns of RAM and columns of DSP 

 

 

 

 

 

 

 

 

 

 

 

 

At the edge of the clock region the are the input and output banks.  

 

We have here the input pin of the FPGA, with 
physical pin (the PAD), the input buffer, the output 
buffer and the input-output logic. We also have a 
FIFO for buffering input data.  

 

 

 

 

 

 

 

 

 

 

 

 

MMCM: block that can be used as frequency synthesizer. 

We also have a PLL.  

 

Spare in the FPGA we also have the global clock buffers.   
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In package we have the pad of the device. This means that the input 𝑈14 is connected to the pin 𝐼𝑂_25_14 

 
We can see the banks 

 

 

 

 

 

 

 

This corresponds to → 

 

 

 

 

 

 

 

 

We can see that we have various pins with distributed ground and powering for signal integrity.  

How can I map my pin on my FPGA?  

Using package view and I/O port overview.  

Let’s suppose that if switch zero is pushed I also see led0 on  

we see from the schematic that 𝑆𝑊0 is connected to the 𝑉17 of the FPGA  

 

so I want that my input, that is 𝑆𝑊0 is the 𝑉17 of the FPGA  
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We can see here that we have our pin that we selected, and then 
we can see the routing from the input block to the CLB.  

 

After that we have to specify the I/O standard  

 
we can see the 3.3𝑉 power supply. So we communicate it with the standard 𝐿𝑉𝐶𝑀𝑂𝑆3.3 

 
we can see that two points have been highlighted meaning that the I/Os have been set  

 
We can also mark from the synthetized view to see on the device the used buffer, LUT etc…  

 
corresponds to  
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After we set some constraints and we need to save them, maybe to use them again, I need to save them into an XDC file 

in this file we have all the informations that we imposed via the graphical user 
interface.  

 
 

 

 

 

Implementation  

If I click on 𝑟𝑢𝑛 𝑖𝑚𝑝𝑙𝑒𝑚𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛 the RTL and the synthetized design are implemented in our device  
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after the implementation we can open the reports and see how many resources we used, the timing constraints and the 
information about the utilization.  

ex 

 

 
 

 

In detail:  

IBUF and its connections 
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LUT and its connections 

 
OBUF and its connections

 

GENERATE BITSTREAM  

It’s procedure to upload the project to the FPGA 

We click 𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑒 𝑏𝑖𝑡𝑠𝑡𝑟𝑒𝑎𝑚  

The bitstream is the .bit file in the implementation folder  
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XDC file editing 

 

We can quickly switch the input pins by editing directly the XDC file  

Modify the specific LUT 

We can quickly change the LUT that is used, it can just simply drag-and-drop in another LUT but then we have to re-run 
the implementation because otherwise the connections to the LUT are broken.  

If we change the I/O ports we also have to re-run the synthesis and then the implementation. 

 

Correct procedure to share a project  

𝐹𝑖𝑙𝑒 > 𝑃𝑟𝑜𝑗𝑒𝑐𝑡 > 𝐴𝑟𝑐ℎ𝑖𝑣𝑒 

then we specify the archive name and the archive location. Oss: we can’t just compress the folder from our pc and send 
it because it could happen that it won’t work, while by doing this procedure Vivado creates some files etc. so that it 
works well.  

02_Vivado_Simulation_Hardware_Debug 
Simulation is wrote in VHDL so it’s a file that has to be created in the . 𝑠𝑟𝑐𝑠 folder of the project, while the results of the 
simulations are saved into the . 𝑠𝑖𝑚 folder.  

 

Connecting the test bench to our entity  

Like when using a component we have to open our test bench file, and below the architecture section initialize our 
device under test as a component, in order to be able to test it.  
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and we import it as a port map device in our behavioral. We connect the component with the test signals inside the test 
bench  

oss: constant TB_BIT_COUNT : INTEGER RANGE 0 TO 32 := 8; is the dimension of the device under test that I 
want.  

In fact, while writing the device under test, if we have any generic, we have to initialize them and so we have to create a 
constant that will be the initialization value for the generic.  

 
 After that we have to create the signal to drive the simulation and the signals that we have to observe in the simulation.  

 
 

here we can see the component initialized in the device under test  
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we can also initialize the signals with a standard value  

 
by making the device as parametric as possible we have the possibility of quickly changing the dimension in the range 
that we defined, maybe to create different test benches in the begin in order to have different versions under test.  

 

clock generator implementation 

 
where we previously defined  

 
so that we obtain a square wave   

 
if I want a faster clock we can just change the constant initialization value.  

I might also initialize the initial value of the clock  just by putting  

 
 

reset process for simulation 

 
where we previously defined  
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in fact in the simulation wave we have  

 
 

how to change the scale of for how much time the simulation has to run  

 
while being in the simulation section, change this parameter and the simulation will run for that much time.  

If we change the time scale, what we have to do to see the different results is  

1.  

2.  

3.  
and we obtain the waveform of the new simulation 

 
 

 

 

 

 

 

 

 

 

mailto:alessandro1.lazzaroni@mail.polimi.it
https://www.paypal.me/alelazza02
mailto:alessandro1.lazzaroni@mail.polimi.it
https://www.paypal.me/alelazza02


DESD 2024/2025 – VIVADO notes – Alessandro Lazzaroni – alessandro1.lazzaroni@mail.polimi.it for feedback – here if you want to offer a me a beer 

DESD 2024/2025 – VIVADO notes – Alessandro Lazzaroni – alessandro1.lazzaroni@mail.polimi.it for feedback – here if you want to offer a me a beer 

How to personalize and save the waveform  

To create an understandable waveform create a divider and separate the various 
sections of signals.  

Then when I want to save  

 
and a file in . 𝑠𝑖𝑚 folder is created  

 
and from the project manager we can also see it in the 𝑤𝑎𝑣𝑒𝑓𝑜𝑟𝑚 𝑐𝑜𝑛𝑓𝑖𝑔𝑢𝑟𝑎𝑡𝑖𝑜𝑛 𝑏𝑖𝑡𝑠  

 
 

 How to create a new simulation set  

1. Create a new subfolder in the . 𝑠𝑟𝑐𝑠 folder  
2. Create there a new test bench with the new simulation set, new VHDL file with all the new simulation parameters 
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3. Import the test bench without 
modifying the previous so we go 
on the + button and then we add 
a simulation source  

 

 

 

 

 

 

 

 

 

 

 

 

 

4. Create the new simulation set 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

5. Add files   
6. Add the new simulation file  
7. Do not copy the simulation sources in the project  
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8. Now I have to 𝑑𝑒𝑎𝑐𝑡𝑖𝑣𝑎𝑡𝑒 simulation one and 𝑎𝑐𝑡𝑖𝑣𝑎𝑡𝑒 simulation two by clicking 𝑀𝑎𝑘𝑒 𝑎𝑐𝑡𝑖𝑣𝑒

 
 

Differences between “Behavioral”, “Post synthesis” and “Post implementation” simulation  

Since in the usual FPGA design we have three main steps  

1. RTL analysis: general purpose I/O schematic, valid for any FPGA  
2. Synthesis: the program is wrapped inside my device  
3. Post-implementation: the schematic is placed and routed  

then in the  

1. RTL behavioral simulation: all the components are ideal, so the propagation and contamination delay are zero 
2. Post-synthesis simulation: the components are not ideal anymore, propagation and contamination delays are 

considered, but here we consider the average value of these quantities 
3. Post-implementation simulation: since the devices have been placed, this means that we have the (𝑐𝑜𝑚𝑝𝑢𝑡𝑒𝑑) 

“real” delays  

𝑒𝑥𝑎𝑚𝑝𝑙𝑒 𝑓𝑜𝑟 𝑝𝑜𝑠𝑡 𝑠𝑦𝑛𝑡ℎ𝑒𝑠𝑖𝑠 

 
we can se here that in this implemented design the cable introduces that specific delay  

oss: obviously after I run the synthesis and the post-implementation the generics have to be fixed, otherwise I have to 
synthetize the new device with the new buffers, numbers of routes etc.  
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Uploading code on the FPGA  

After we wrote the code and we are sure that it works correctly we can use the button “Generate bitstream”, the 
synthesis and the implementation are run. 

oss: when we change the input and output ports the settings are saved into an 𝑥𝑑𝑐 file, usually is embedded in the 
project.  

 

once we connected the board with the computer we can see it in the hardware manager  

 
 

by going on the 𝑋𝐴𝐷𝐶 property we can see the temperature in real time of the board 
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the bitstream in the 𝑖𝑚𝑝𝑙  

To upload the bitstream on the board we have to use the 𝑃𝑟𝑜𝑔𝑟𝑎𝑚 𝑑𝑒𝑣𝑖𝑐𝑒 button  

 

 
 

03_Hardware_Debug  
Technique to use and see the signals inside the FPGA like in an debugger way? Yes using the hardware debug. It can be 
used via GUI and is a program that samples and moves data from the FPGA to our computer and vice versa.  

To do so we have to add the debugger in the synthetized design. 

 

Here we have to choose the nets that we want to have in the debugger 
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ex: if we want to see the counter that we have in our setup, we have to do "𝐹𝑖𝑛𝑑 𝑛𝑒𝑡𝑠 𝑡𝑜 𝑎𝑑𝑑" and then in finds nets we 
have to select our variable or signal  
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In the next section we can choose how many samples acquire in the acquisition window in the voice 
𝑠𝑎𝑚𝑝𝑙𝑒 𝑜𝑓 𝑑𝑎𝑡𝑎 𝑑𝑒𝑝𝑡ℎ  

 
we can see in the dashed line the 𝑑𝑒𝑏𝑢𝑔𝑔𝑒𝑟 implemented in the synthesis layout  

 
the debugger to sample the data uses a clock, in particular the 𝑐ℎ 0 
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the debugger is a synchronous module that uses that clock to sample data. We see that the 𝑥𝑑𝑐 file changes and in 
particular under the 𝑑𝑒𝑏𝑢𝑔 𝑐𝑜𝑟𝑒 we have the constraints set used by the debugger 

 
the first part is the I/O pins, in the second part we have the constraints of the debugger, as a matter of fact a part of 
hardware has to be set to use it. The code is human readable.  

A good idea might be to create a new constraint file exclusively for the debugger.  

 
If the pins are defined and we work on the pins, we set as target the 𝑝𝑖𝑛𝑠.𝑥𝑑𝑐 file, while if we modify the debugger 
properties or signal we have to set as target out 𝑖𝑙𝑎. 𝑥𝑑𝑐 file. By redoing both synthesis and implementation we can see 
the hardware dedicated to the debugger 
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(of course both synthesis and implementation take more time since the system to be implemented is more complex)  

Here we can see in the implementation 
our ILA file and resources that we 
previously wrote for the debugger.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

After that we generate the bitstream and load it on the device, we can see this window where we have the waveform of 
the debugger 

 
here we see the signals that are read out of the FPGA.  
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we can also insert triggers, to do so we have to drag and drop the signal in the trigger setup and for example we have to 
setup a trigger whenever out counter reaches a certain value  

 

 
If we want to remove the ILA just comment all the 𝑖𝑙𝑎. 𝑥𝑑𝑐 file and re-run the synthesis and implementation.  
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04_Vivado_IP_BD_BF 
Board files: files that completely describe the board.  

master xdc file: is a file where the mapping of GPIOs is already implemented, when we want to use a specific peripheral 
or device of the circuit, we can do so by uncommenting the corresponding line and putting it in an 𝑥𝑑𝑐 file inside our 
project.  

. 𝑥𝑙𝑚 𝑓𝑖𝑙𝑒𝑠: files that describe how a specific pin creates an interface. We have a part where a sort of translation of the 
𝑥𝑑𝑐 file while in the other part of the file we have all the information related to the specific interface.  

How to use board files in our projects:  

When Vivado asks which is the default Xilinx part or board that we want to use, do not use the parts selectors but go to 
𝐵𝑜𝑎𝑟𝑑𝑠 and search 𝑏𝑎𝑠𝑦𝑠 3.  

𝑜𝑠𝑠: 𝑜𝑏𝑣𝑖𝑜𝑠𝑙𝑦 𝑤𝑒 𝑝𝑟𝑒𝑣𝑖𝑜𝑢𝑠𝑙𝑦 ℎ𝑎𝑣𝑒 𝑡𝑜 𝑖𝑛𝑡𝑒𝑔𝑟𝑎𝑡𝑒 𝑜𝑢𝑟 𝑏𝑜𝑎𝑟𝑑 𝑓𝑖𝑙𝑒𝑠 𝑖𝑛𝑡𝑜 𝑣𝑖𝑣𝑎𝑑𝑜 𝑏𝑦 𝑢𝑠𝑖𝑛𝑔 𝑡ℎ𝑒 install/update boards 
By using the board model we can avoid setting some constraints, like the pinout.  

How is it possible to activate all the boards files?  

By default, only the FPGA model is used, we must use the block design. When for example we use a component that we 
previously wrote and we want to instantiate it in our VHDL module, we have to import it, do the port map etc… all these 
operations made with code can be performed via the GUI with block design, that is an abstraction of what we previously 
made.  

To use block design we have to  

 click here on 𝑐𝑟𝑒𝑎𝑡𝑒 𝑏𝑙𝑜𝑐𝑘 𝑑𝑒𝑠𝑖𝑔𝑛 

we leave it in its default folder.  

In the board design we have the sources, signals and the board. By doing so we have activated our board file. To add an 
entity in our block design we have to disable our 𝑡𝑜𝑝. 𝑣ℎ𝑑 file if we instantiated some components, so then we drag and 
drop the entity in our diagram.  

 
this represent the device we wrote.  
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To create the connections in the diagram we have to perform 𝑟𝑖𝑔ℎ𝑡 𝑐𝑙𝑖𝑐𝑘 > 𝑐𝑟𝑒𝑎𝑡𝑒 𝑝𝑜𝑟𝑡 

 
ex: if we want a specific function to be performed, for example the concatenation of two vectors, we can create quickly 
our entity 𝑐𝑜𝑛𝑐𝑎𝑡 and instantiate it in our diagram.  

 

 

 

When we finished our block design, then we have to click on  to check if our design is correct, if the 
dimensions of the signals match etc. and then we must right click on design and click on 𝑐𝑟𝑒𝑎𝑡𝑒 𝐻𝐷𝐿 𝑤𝑟𝑎𝑝𝑝𝑒𝑟  that 

wraps our block design. We have two options to click and we use   . A VHDL file is generated that 
implements our block diagram.  

What’s the big advantage of the 𝑜𝑢𝑡 𝑜𝑓 𝑐𝑜𝑛𝑡𝑒𝑥𝑡 𝑚𝑜𝑑𝑢𝑙𝑒 𝑑𝑒𝑠𝑖𝑔𝑛? 

If we modify just on e module, the other modules are not modified, they still are synthetized, and I don’t have to do 
everything again each time.  

How to avoid writing constraints for our board  
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We can move into our IP INTEGRATOR sector and if we go into the board section, then we can directly drag them into the 
diagram spaces. 

IP cores 

Pre-designed blocks written by Xilinx that can be used in our diagram design.  

 

PLL IP core 

 
 

oss: when using GPIOs switches or leds we have see that an 𝑎𝑥𝑖_𝐺𝑃𝐼𝑂 module is introduced in the block diagram 

 
is an interface that maps leds/switches etc. into a memory, this is a memory mapped approach. To use them in the usual 
way we have to connect them with the contact.  
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Slice block implemented from Xilinx:  

 
 

A very useful function of the block diagram approach is that if we want to debug a specific signal in our design, it is not 
necessary to go and during the synthesis activate the debugger and add it in the synthetized space, but it is enough to 
right click and select “Debug”  
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and as we can see a probe and the debugger module is added.  

 

05_Vivado_Timing 
How to perform the timing computation and have a report that explains each timing constraint.  

Case study 

 
Approach #1 to timing analysis: Constraint Wizard 

 
It is a GUI that helps us to specify the timing constraints. In this circuit everything has a propagation delay that is 
measured by Xilinx and is inserted into Vivado. It can also happens that the lines introduce a skew. 

As we can see at the opening of the constraints wizard these are defined as a 𝑥𝑑𝑐 file. Via this GUI we can define the 
target where we put all the information 

 
oss: If we want to implement the I/O constraint or the debugger ones create different 𝑥𝑑𝑐 files.  

mailto:alessandro1.lazzaroni@mail.polimi.it
https://www.paypal.me/alelazza02
mailto:alessandro1.lazzaroni@mail.polimi.it
https://www.paypal.me/alelazza02


DESD 2024/2025 – VIVADO notes – Alessandro Lazzaroni – alessandro1.lazzaroni@mail.polimi.it for feedback – here if you want to offer a me a beer 

DESD 2024/2025 – VIVADO notes – Alessandro Lazzaroni – alessandro1.lazzaroni@mail.polimi.it for feedback – here if you want to offer a me a beer 

The timing constraint wizard then shows us all the types of timing constraints that we can add in the project 

 
oss: what does “clocks without synchronism” mean? We might have different oscillators that generate different clocks 
and have different floorplanning. If the clocks come from different sources 
(𝑒𝑥 𝑜𝑛𝑒  𝑖𝑛𝑡𝑒𝑟𝑛𝑎𝑙 𝑜𝑠𝑐, 𝑡ℎ𝑒  𝑜𝑡ℎ𝑒𝑟  𝑜𝑛𝑒 𝑓𝑟𝑜𝑚 𝑒𝑥𝑡𝑒𝑟𝑛𝑎𝑙 ) they do not have a phase relation.  

At the power up we have maybe 

 
or maybe at the power up we have this situation  
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and 𝛿𝑡 changes at each reset or power up of the system. This is the definition of clocks without phase relationship.  

We can also have locked in phase or synchronous clock, maybe we’re using a PLL that generates the clock. The PLL 
guarantees that the 𝛿𝑡 is constant. In that case we talk about synchronous clocks because we know the relationship 
between the two waves. We can also have the derivated clocks that are a subset of synchronous clocks in which we use 
just a single clock: maybe one domain works on the rising edge of the clock while the other one works on the falling edge 
of that clock. 

 
We can also find all these informations described in the timing wizard.  

single clock domain  

 
vivado knows which signal is a clk because it knows which signal is connected to the oscillator of the FPGA, it could be 
named whatever name.  
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generated clocks  

Generated clocks is the wizard for the setup of asynchronous clocks or other clock domain. If we use a PLL here we have 
to insert our constraint, if we use the IP core it automatically manages all the constraints.  

 
additional I/O delays  

 
We said that Vivado knows all the delays of the circuit, that is true only for the input to output pin.  
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This means that we have our FPGA and Vivado knows it 

 

let’s suppose that our Q output is connected to an external flip flop that is connected to the same clock of the FPGA. 
Vivado can’t know the propagation delays (𝑡𝑝1 , 𝑡𝑝2, 𝑡𝑝3, 𝑡𝑠 𝑎𝑛𝑑 𝑡ℎ) of the external circuit  

 

using this wizard we can specify all these constraints for the I/O signals. These constraints are mandatory 
𝑓𝑜𝑟 𝑒𝑥𝑎𝑚𝑝𝑙𝑒𝑠 for communication interfaces.  
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How to perform the timing analysis – Synthetized Design 

We click on 𝑅𝑒𝑝𝑜𝑟𝑡 𝑇𝑖𝑚𝑖𝑛𝑔 𝑆𝑢𝑚𝑚𝑎𝑟𝑦  

 

• 𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑎𝑡ℎ𝑠 𝑝𝑒𝑟 𝑐𝑙𝑜𝑐𝑘𝑠 𝑜𝑟 𝑝𝑎𝑡ℎ 𝑔𝑟𝑜𝑢𝑝: reports the worst 𝑛 cases of the timing  

all the other parameters can be left on default  

Then the 𝑇𝑖𝑚𝑖𝑛𝑔 𝑟𝑒𝑝𝑜𝑟𝑡 opens  

 
here we can see the 𝑠𝑒𝑡𝑢𝑝 and ℎ𝑜𝑙𝑑 analysis  

 
here Vivado let us know that we did not setup the external constrains for other signals so probably it is not a general 
timing analysis.  
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The most interesting part is 𝐼𝑛𝑡𝑟𝑎 𝑐𝑙𝑜𝑐𝑘 𝑝𝑎𝑡ℎ𝑠  

 

 
this is the timing analysis of the internal clock of the FPGA.  

NB: this analysis is made on the synthetized design, not on the implemented one. If we want to know the exact delay of 
all the paths we have to previously perform the floorplanning inside the board. By the way, the synthesis analysis is 
performed in a worst case scenario, so usually the implementation one is less restrictive than the synthetized one. 

To be accurate we have to run the implementation and we obtain the report.  

 

Slack and timing equations 

When performing the timing analysis we do not see the equation that we used at lesson, so  

 

 

but the equation we see is  

 
the slack represents the time required to respect the timing constraints  

We realize that the stuff that helps us to respect the timing is 𝑡𝑗𝑖𝑡𝑡𝑒𝑟 ,𝑡𝑝𝑎𝑡ℎ, 𝑡𝑆𝐸𝑇𝑈𝑃 while the 𝑐𝑙𝑜𝑐𝑘 𝑝𝑒𝑟𝑖𝑜𝑑 and the 𝑠𝑘𝑒𝑤 
increase the required time.  

It the slack is positive it means that our setup time is lower than 𝑡𝑗𝑖𝑡𝑡𝑒𝑟, 𝑡𝑝𝑎𝑡ℎ ,𝑡𝑆𝐸𝑇𝑈𝑃 so in this input to output connection 
we have margin to make a slower path or increase the clock frequency, while if the slack is negative we are not 
respecting the timing constraints.  

 

How to perform the timing analysis – Implemented Design 

After running the implementation, we can click on 𝑅𝑒𝑝𝑜𝑟𝑡 𝑇𝑖𝑚𝑖𝑛𝑔 𝑆𝑢𝑚𝑚𝑎𝑟𝑦 and see all the reports  

 

 

 

here we have all the accurated timings.  

mailto:alessandro1.lazzaroni@mail.polimi.it
https://www.paypal.me/alelazza02
mailto:alessandro1.lazzaroni@mail.polimi.it
https://www.paypal.me/alelazza02


DESD 2024/2025 – VIVADO notes – Alessandro Lazzaroni – alessandro1.lazzaroni@mail.polimi.it for feedback – here if you want to offer a me a beer 

DESD 2024/2025 – VIVADO notes – Alessandro Lazzaroni – alessandro1.lazzaroni@mail.polimi.it for feedback – here if you want to offer a me a beer 

The report is kind of complicated to read the first time, so in the slides is reported a detailed analysis  

 
we can see the 𝐶𝑙𝑜𝑐𝑘 𝑃𝑎𝑡ℎ 𝑆𝑘𝑒𝑤  and the 𝐶𝑙𝑜𝑐𝑘 𝑈𝑛𝑐𝑒𝑟𝑡𝑎𝑖𝑛𝑡𝑦. Note that we have a negative skew so this clock is in 
advance with respect to the reference clock. We can see that also the equations both for clock uncertainty and for the 
slack are reported. Note that we can speed up a little our circuit if the slack is positive. 

oss: note that sometimes like in this case it would look like we could speed up our circuit up to  

 1

𝑎𝑐𝑡𝑢𝑎𝑙 𝑐𝑙𝑜𝑐𝑘−𝑠𝑙𝑎𝑐𝑘
=

1

(10−8.967)𝑛𝑠
= 968 𝑀𝐻𝑧  

but the clock buffer has a bandwidth up to 600 − 700𝑀𝐻𝑧 so it would act like a low pass filter.  

So we always have to compare the timing analysis result with the effective capability of the hardware.  

 

The 𝑖𝑛𝑐𝑟 column tells us the contributions to the 𝑠𝑜𝑢𝑟𝑐𝑒 𝑐𝑙𝑜𝑐𝑘 𝑑𝑒𝑙𝑎𝑦  
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Vivado also performs the same computation from source to destination 

 
After that we also see the clock jitters etc.  
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This is the datapath, so from the source flip flop to the destination flip flop, we have all the propagation delays. 

We can see a summary here with the computed constraints 
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If we want to see it directly from the circuit, we have to highlight the specific path and then press 𝐹4. By double clicking 
we go to the previous node.  

If we change the clocking, 𝑒𝑡𝑐 we have to re-run the implementation to verify again all the constraints. If a timing 
constraint is violated, an error is generated 

 
usually when we have errors, it is enough to slow down the clock.  

What happens if we have a setup violation? We have to slow down the clock. If we do not want to do so, we have to split 
the logic with pipeline. By doing so we reduce this 𝑝𝑟𝑜𝑝𝑎𝑔𝑎𝑡𝑖𝑜𝑛 𝑑𝑒𝑙𝑎𝑦 

 
(we can’t apply it in this case because the 𝑛𝑜𝑡 cannot be split) 

 

06_Vivado_Power_Reports  
Vivado has a tool that has the possibility to study static and dynamic power 

• static power: Vivado computes the static power considering also all the leakage currents that can flow in our 
circuit and considers also the fully differential peripherals that consume static power  

 
• dynamic power: usual dynamic power so ∑𝑓𝐶(𝑉𝑂𝐻 − 𝑉𝑂𝐿)𝑉𝑑𝑑 where 𝑓 is the switching activity of the circuit 
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The total power is the sum, so 𝑃 = 𝑃𝑆 + 𝑃𝐷. In the report, the power consumption is also split between signals, so we 
know the contribution for each signal, furthermore this power data is also used to estimate the working temperature of 
the FPGA, Vivado does so by using the formula  

𝑇 = 𝑃 ∗ 𝜃 
where  

• 𝑇 [°𝐶] is the operating temperature of the FPGA 
• 𝑃 [𝑊] is the power consumed 

• 𝜃 [
°𝐶

𝑊
] is the thermal resistance of the circuit  

in reality the computation is a bit more complex because we have these parameters  

 
We start by using the implemented design and we move to the 𝑅𝑒𝑝𝑜𝑟𝑡 𝑃𝑜𝑤𝑒𝑟 function 

 
we can see these parameters 
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then we have the power supplies of the board 

 
if we want a power budget, we can limit the power and if the total power is more than what we set we have an alert.  

 
here we have the settings for the switching activity of the device under the voice 𝐷𝑒𝑓𝑎𝑢𝑙𝑡 𝑡𝑜𝑔𝑔𝑙𝑒 𝑟𝑎𝑡𝑒 and we can set the 
parameters of the power analysis  

Here we have the power report  
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we do realize that most of the power dissipated is static power by devices that we are not using.  

If we go in the ℎ𝑖𝑒𝑟𝑎𝑟𝑐ℎ𝑖𝑐𝑎𝑙 voice, we can see the power used by each single VHDL module. In clocks we have the power 
consumption of each clock of the FPGA.  

 
we can also see the specific power absorbed by each power line, in particular we know that  

 

 
each connector or line has a maximum operating temperature and power dissipation, here we can see the estimate.  
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UART – PC FPGA Communication 
UART stands for Universally Asynchronous protocol. We study it because we implement an application in our FPGA, then 
we need a way to communicate from the board to the outside world. One of the most known standards is in fact UART. It 
is a really standard protocol and are very cheap in terms of connections and area.  

Since it is asynchronous it does not use a dedicated clock line, we have two lines, TX and RX for the duplex version of the 
protocol and it’s a serial protocol, so the bits of our data will be transmitted one by one. The bus is an electrical line, we 
have an high line and when something has to be transmitted the line is lowered 

 
we have eight bits of information and a stop bit, that will rise back the line.  

 
so the start and stop bits are used.  

There are various implementations of the protocol 

• based on the baud rate so is the total number of bits that can be transmitted per second, we will use the 115200 
so we transmit this number of bits each second (taking into account the start and stop pin) 

• number of databits 
• parity: it may be implemented like the number of ones or of zeros in the packet are counted and then at the end 

of the packet the number of bits counted is attached to the data packet 
• number of stop bits 
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so this chip implements both the UART and the JTAG programming communication.  

oss: the RX and TX are related only to the USB communication  

IP core that converts from UART to AXIS 
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Every interface here has a different clock so we have to take into account it and connect it to the correct pin  
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How is the IP core inside:  

 
we have these three clock domains that are interfaced one to the other via asynchronous FIFOs.  

 

mailto:alessandro1.lazzaroni@mail.polimi.it
https://www.paypal.me/alelazza02
mailto:alessandro1.lazzaroni@mail.polimi.it
https://www.paypal.me/alelazza02


DESD 2024/2025 – VIVADO notes – Alessandro Lazzaroni – alessandro1.lazzaroni@mail.polimi.it for feedback – here if you want to offer a me a beer 

DESD 2024/2025 – VIVADO notes – Alessandro Lazzaroni – alessandro1.lazzaroni@mail.polimi.it for feedback – here if you want to offer a me a beer 

these software are required to open a virtual serial port and implement it with our parameters. 
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A first way to check if the device is working well we usually have a loopback configuration, so we send and receive the 
same data in a loop. 

To use the given IP the first thing to do is 𝑆𝑒𝑡𝑡𝑖𝑛𝑔𝑠 > 𝐼𝑃 > 𝑅𝑒𝑝𝑜𝑠𝑖𝑡𝑜𝑟𝑦                                                                 and add the IP 
repository. Then we create the board design and we will see how the board file helps us.  

And then the system clock is selected.  

Another IP core that is needed is the 𝑃𝑟𝑜𝑐𝑒𝑠𝑠𝑜𝑟 𝑆𝑦𝑠𝑡𝑒𝑚 𝑅𝑒𝑠𝑒𝑡and helps synchronizing the reset interfaces of the board 

 
Then we must add the AXI4Stream IP core 

How does the USART protocol works? 

We need the board to sample the data because we need to understand where the transition is. By sampling it at higher 
rate than the baud rate we are able to know that value is a 1 or a 0  

 
so in our IP core works for 100 𝑀𝐻𝑧 but it is not guaranteed that it works with other frequencies due this sampling 
constraint.  

 
Then we have to create our HDL wrapper this will take our block design and bound it into our design into our HDL file. 

mailto:alessandro1.lazzaroni@mail.polimi.it
https://www.paypal.me/alelazza02
mailto:alessandro1.lazzaroni@mail.polimi.it
https://www.paypal.me/alelazza02


DESD 2024/2025 – VIVADO notes – Alessandro Lazzaroni – alessandro1.lazzaroni@mail.polimi.it for feedback – here if you want to offer a me a beer 

DESD 2024/2025 – VIVADO notes – Alessandro Lazzaroni – alessandro1.lazzaroni@mail.polimi.it for feedback – here if you want to offer a me a beer 

 

Debouncer, AXI4stream_data_sampler and edge_detector 
With the debouncer we have to clear the spurious bounces of the pressing of the button 

 
this is the input coming to the IP core and this is the signal that will come out  

 

 

 

 

 

 

 

so it basically senses a rising edge and a falling edge to decouple the module.  
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 file that contains all the I/O ports constraints 

to use the constraint file we have to put the same as the one 
the 𝑥𝑑𝑐 file, so like      → 

 

analysis of the .vhd files  

 

Joystick + SPI 
oss: we have to add an ILA for each clock domain that we have inside the design.  

 

SPI 
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How to use the protocol  

 
we can imagine that out Master is the FPGA and the Slave is the joystick. The idea is that we have a shift register inside 
the two modules (it’s a shift register in most of the cases) and being a serial protocol what happens is that when we want 
to write something to the slave we will push out of the master register one bit at a time, it is pushed clock cycle by clock 
cycle out. This is a timing diagram of a SPI communication  

 

 
both polarities and phase of the signal are represented.  

To understand how to communicate with the joystick, we have to read the Digilent documentation for the joystick.  

 
we will use the standard 5 bytes data packet. 

In the first byte we have to put the command described in the documentation to perform the specific operation, then in 
the other 5 bytes we can put either parameters or dummy bytes 

Why do we need dummy bytes? 

Because maybe we want to send just a command not all the parameters and so we need some dummy data, some 
unuseful data to complete the data packet.  

mailto:alessandro1.lazzaroni@mail.polimi.it
https://www.paypal.me/alelazza02
mailto:alessandro1.lazzaroni@mail.polimi.it
https://www.paypal.me/alelazza02


DESD 2024/2025 – VIVADO notes – Alessandro Lazzaroni – alessandro1.lazzaroni@mail.polimi.it for feedback – here if you want to offer a me a beer 

DESD 2024/2025 – VIVADO notes – Alessandro Lazzaroni – alessandro1.lazzaroni@mail.polimi.it for feedback – here if you want to offer a me a beer 

 
the only command that we will use it is  

 
A very important part is that we have timing constraints to respect for the SPI 
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