Workshop: Next generation computing using FPGA’s
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Exercise 1 Creating a logic module:
1. Login to your hosted workstation. Open Vivado: 
2. Create a new Project using “Create Project”. Name the project “logicproject”
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3. Leave the default setting RTL Project
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4. Set the Target language on VHDL.
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5. Create a new vhdl file using the “Create File” button called logic
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6. Leave the default settings and go the next screen
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7. We will not be adding any constraints yet.
8. Use as part a pre-made board (select by double-click the “Boards option)”. The board we will be using is the Arty Z7-20
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9. At define module, add 3 ports; a,b, and c using the +. Mark a and b as in(puts), c as out(put).
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10. Run the simulation using the “Run Simulation” -> ”Run Behavioral Simulation” on the left. Look at the functional simulation. U means “Uninitialized”.
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11. In scope, click the logic (vhdl module). This should open the vhdl specification.
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12. Add the following vhdl behavior: “c <= a OR b;”
[image: ]
13. Rightclick a and force a 100ns clock on signal a, Edge values 1 and 0. [image: ] [image: ]
14. Also add a clock to B and force a 33ns clock on signal a, Edge values 1 and 0.
[image: ] [image: ]
15. Rerun the simulation using the restart button (|<) and run for 10us (>(t)). If you need to find the black screen (waveform), its under Window -> Waveform
[image: ]
16. Test around with multiple gates. Try to build a half adder yourself.
17. Also try the following: “c <= a when a = ‘1’ else b;”


Exercise 2: Clocks
1. Add a clk input signal to the port. Your VHDL should look like: [image: ]
2. Replace the “c <= …” by a process like this:
[image: ]
3. You now need to refresh the simulator to pick this up. Stop simulation mode by using the X in the blue corner. And start the simulator again (hint: exercise 1).
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4. If you force a clock on clk (21ns works well). You will see that the output is more synchronized with the clk clock now:
[image: ]
5. Zoom in on the 0ns. Can you explain what is happening there ?
6. Try using “rising_edge(clk) or falling_edge(clk)”. What behavior do you expect ?
Exercise 3: Constraints
1. “Add sources” to the constraint “constrs_1”, Add a new constraint file “logicboard”
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2. Add to logicboard.xdc  the content of: https://github.com/Digilent/Arty-Z7/blob/master/Resources/XDC/ArtyZ7_20Master.xdc Uncomment the; clock, switches, and a led. Replace “sw[0]” by ‘a’ and “sw[1]” to ‘b’. This will make the signals ‘a’ an ‘b’  be connected to the buttons. Replace “led[0]” by ‘c’. Comment out the rest.
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3. Make sure you only are using “rising_edge(clk)”. Start the synthesis, perform the implementation and open the implemented design:
[image: ]… Ok, Ok, Ok 
4. You should see the physical chip design. In the netlist, you can zoom to a connection:
[image: ] [image: ] [image: ]
5. Generate the bitstream. This will generate a firmware which can be flashed to the board. Flash this your own device or ask the tutor to show you a flashed one.
6. We are going to make the calculation a bit more exiting:
[image: ]
7. [bookmark: _GoBack]Simulate to check its behavior. Generate the design again and see that design becomes more and more complex.
8. Create the signals of  http://burnt-traces.com/?p=246 and see that the design starts becoming more complex and complex.
9. Congratulations you now can use FPGA’s to create projects
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Add Sources

‘Specify HDL, netiist, Block Design, and IP files, or directories containing those files, to add to your pr
file on disk and add itto your project. You can also add and create sources ater.

Index Name  Library HDL Source For Location
@ 1 logicvhd  xil_defaultiib ~ Synthesis & Simulation  ~  <Local to Project-
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Default Part
Choose a defaultXilin part or board for your project This can be changed ater.

Select @ Pans | Il Boaras
~ Fitertpreview
Vendor A
Display Name:  All

BoardRey | Latest

Reset Al Fiters,

Search: | Q-

Display Name. Vendor BoardRev  Part

Aty S7-50 digilentinccom B0 @ xc75500sga324-1
d Aty Z7-10 digilentinccom A0 @ 720100194001
Aty z7-20 digilentinccom | A0  xc72020c1g400-1

Aty digilentinc.com  C.0  xc7a35ticsg324-1L.
<

No Board Connectors
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Define a module and specify IO Ports to addto your source file.
For each port specified:
MSB and LSB values will be ignored unless its Bus column s checked.
Ports with blank names wil not be written.

Module Definition

Entity name: logic

Architecture name: | Behavioral

10 Port Definitions
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€ : out STD_LOGIC);
£ end logic:

() architecture Behavioral of logic

begin
c<=a0Rb;
o

() end Behavioral;
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‘Show in Wave Window
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value. Assignments made from within HDL cods or any

Enter parameters below to force the signal to a constant
ovioush 3pplied constant of dockforce wil b0 reridgen. ¥ >

Signal name: Nogicla

Value radix: Hexadecimal

Leading edge value: 1

Trailing edge value: o

Starting after time offset | Ons
Cancel after time offset
Duty cycle (%):

Period:

@
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Signal name: Nogiclb.

Value radix:
Leading edge value:
Trailing edge value:
Starting after time offset
Cancel after time offset

Duty cycle (%):

Period:

@
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|/ entity logic is
Port (a : in STD_LOGIC;
in STO_L0GIC;
© : out STD_LOGIC;
clk: in STD_LOGIC);

&) end logics
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41 [J architecture Behavioral of logic

22 | pegin
43 () main: process(clk, a, b)
4 begin
8 if rising edge(clk) then
: c<=aorb:
a g end 15
42 () end process;

43 () end Behavioral:
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Implementation Complete
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Design Sources (1)
@2 logic(Behavioral) logicvhd)
~ = Constraints

constrs
Constraint Set Properties.

Hierarchy Update
Refresh Hierarchy
1P Hierarchy

Edit Constraints Sets.
Edit Simulation Sets.
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Add Sources
“This guides you through the process of adding and creating

) Add or create constraints

Add or create design sources.

Add or create simulation sources
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Add or Create Constraints

‘Specify or create consraint fles for physical and timing constraint to ad

‘Specify constraint set | & constrs_1 (active) v

+

ConstraintFile  Location
logichoardxdc  CAUsers\Developerliogicprojectiogicproject srcs!
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set_property -dict { PACKAGE PIN H16  IOSTANDARD LVCMOS33 } [get ports { clk }]; #I0 L1357 T2 MRCC 35 Sch=SYSCLK
create clock -add -name sys_clk pin —period 10.00 —waveform {0 5] [get ports [ clk }];fset
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set property -dict { PACKAGE PIN M20  IOSTANDARD LVCMOS33 | [get ports { a }]; #10 L7N Ti ADZN 35 Sch=si0
set_property ~dict { PACKAGE_PIN M19 IOSTANDARD LVCMOS33 } [get ports { b }]; #10 172 Ti AD2P 55 Sch=SWi
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set_property -dict { PACKAGE_PIN R14  IOSTANDARD LVCMOS33 } [get ports { c }]; #I0 LEN T0 VREF 34 Sch=LEDO
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in STO_L0GIC;
in STO_L0GIC;

out. STD_LOGIC;
in STD_L0GIC)

‘end logic;
frchicacture Behavioral of logic 1z

STD_LDGIC_VECTOR(3 downto 0)

isignal SWITCH : STD_LOGIC := '0';
begin
main: process(clk, a, b)
begin

if rising_edge(clk) then

1% (COUNTER = "1111") then

1£(SWITCH = '1') then
aorb;

else
end if;

end if;

COUNTER <= COUNTER + "1";

a and by

end if;
end process;
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Project Name
Enter aname for your project and specify a directory where the project data files will be stored. ﬂ‘

Projectname: | logicprojec]

Projectlocation: | C/Users/Developer [-]

/| Create project subdirectory

Project will be created at C:/Users/Developeriogicproject
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Project Type
‘Specify the type of project to create.

© RTLProject
You will be able to add sources, create block designs in P Integrator, generate IP, run RTL analysis, syntnesis,
implementation, design planning and analysis.

Do not specify sources at this time.
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Targetlanguage:

VHDL.

‘Simulator language:

Mixed
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Create anew source file and add it to your

project

Eile type:

File name:

@ VHDL.

logic

File location: | & <Local to Project>

@

Create File.
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