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Overview

Focus: Course Introduction
Architecture: Logical Circuits
Textbook: LW Chapter 7
Core |deas:

1. VHDL, Binary Adder

2. Lab 1 Part 2: Adder-Subtractor



Verilog Hardware
Description Language



What is HDL

®* Programming Languages: e.g. Python, C, C++
®* Compiles/Interprets to machine code
®* Executed sequentially by a CPU
® Hardware Description Language: VHDL, Verilog
®* Describes hardware logic, how gates are connected

®* Loaded onto FPGA board, fully parallel (because it's a real circuit)




HDL IDE Platforms

* AMD Xilinx
® [Chipset] Spartan 6-: ISE Suite
® [Chipset] Spartan 7+: Vivado

® Intel Altera FPGA: Quartus Prime

® This is the industry standard, not as easy to get into




wm Previous: Register Transfer
Operations (VHDL Syntax)

Operator Example

Operator

Assignment ax <= 12h Bitwise AND ax and bx

Reg. Transfer <= ax <= bx Bitwise OR or ax or bx
Addition + ax + bx Bitwise NOT not not ax

Subtraction — ax — bx Bitwise XOR XOr ax Xor bx

Shift Left sll1 ax sll 2 Vectors ax (3 down to 0) ax(3 down to 0)

Shift Right srl ax srl 2 Concatenate & &aaxx((73 ddoowwnn ttoo 40))



=
Verilog

Assignment

Reg. Transfer
(cont' assign’)

Addition
Subtraction

Shift Left

Shift Right

Operator

Register Transfer Operations

(Verilog Syntax)

Example

wire [7:0] x
8'b10101010;

assign =

assign out =

a

& by
+ a + b
- a - b
<< a << 3
>> b >> 2

Bitwise AND

Bitwise OR

Bitwise NOT

Bitwise XOR

Vectors

Concatenate

Operator

Example




Previous: 16bit Adder

®* Create a new component in VHDL called

HalfAdderl X °
———

® Input: X, Y

* Output: S, C D

®* Don't use AFTER




Previous: 1-bit Half Adder

architecture archl of HalfAdder 1is

begin X ?
Y @

S <= X XOR Y;

end archl;




1.

LYLIVIIC 1V L

L@ New X
{g . .
New Quartus Prime Project
* Design Files Je
AHDL File

Block Diagram/Schematic File 0)

—rasaor— r— i

Working directory must be local, cannot be OneDrive or S
a network directory
Recommendation: no space in working directory g
Project name should begin with a letter, no space

Select File->New

1bit Binary Adder

I FTILICY LIVirAnA L INAVIALANPAANT WLl
& New Project Wizard

Directory, Name, Top-Level Entity

What is the working directory for this project?
C:\Users\|etic\nextCloud\Dokumente\FPGA\adderl6
What Is the name of this project?

adderlé

What is the name of the top-level design entity for this project? This
design file.

[adderl 6]

Use Existing Project Settings...
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‘| U New Project Wizard

Project Type

Select the type of project to create.

‘@ Empty project

) c new project by specifying project files an

) Project template

Create a project from an existing design templat
2 download design templates from the Design Stol

2. Select Empty Project, select Empty Project

1bit Binary Adder

ity 1lirvirvam. 1L ImavinlmamvirivmmrnantT Wit nm

nje

roj
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A New Project Wizard

Add Files

Select the design files you want to include in the project. Click Add All to add all de

Note: you can always add design files to the project later.

=

File name:

®
File Name Type Library Design Entry/Synthesis Tool

HDL Version




1bit Binary Adder
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& New Project Wizard X : G New Project Wizard

Family, Device & Board Settings -
y 9 EDA Tool Settings

Device Board

¢ _ _ o Specify the other EDA tools used with the Quartus Prime software to develop yc

Select the family and device you want to target for compilation.
)j You can install additional device support with the Install Devices command on the Tools menu. €

EDA tools:
To determine the version of the Quartus Prime software in which your target device is supported, refer to the Device Support List webpage. |
- = )} Tool Type Tool Name Format(s) Run”
Show in 'Available devices' list 2
5 Design Entry/Synt...  <None> v [ <None> Ri
| = Package: Any Y Simulation Questa Altera FPGA +  Verilog HDL * | | Rt
Device: |All - : s |
= Pin count: Any > S Board-Level Timing <None> v

g |

Target device Core speed grade: |Any v Symbol <None=> v

i Iter- J . :
) () Auto device selected by the Fitter Name filter: Signal Integrity <None= v
1 (@) Specific device selected in 'Available devices' list V| Show advanced devices . Boundary Scan <None> v
() Other: n/a

Available devices:

Name ~ Core Voltage LEs | Tntal I/Os GPIDs Memory Bits Embedded multiplier 9-bit elements *

6272 1276480
. 6272 276480
. EP4CE6U1417 1.2V 6272 180 180 276480 30 2
- P e —R A = e S S s N
Help < Back [ Next > ] Finish Cancel

3. lwilluse Cyclone IV E family, and device EPACE6F1717, as this is the board | have. For the class, this isn't important, any one should be OK



i New X

New Quartus Prime Project

v Design Files
AHDL File
Block Diagram/Schematic File
EDIF File
Qsys System File
State Machine File
SystemVerilog HDL File
Tcl Script File
VHDL File

v Memory Files

4. Goto Files -> Newforaverilog HDL File

module adderlo (

input (15:0]

input (15:0]

input
output [15:
output

) 7
assign {c,

endmodule

1bit Binary Adder

O]

S }

X + vy T Z3




1bit Binary Adder

module adderlo (
input ' 15:0]
input [15:0] ®* In Verilog, the syntax is very
similar to C/C++

input

output [15:0]

®* Every module (component) starts

with the name and its interface
definition

output

assign {c, s} = x + vy + z;

endmodule

5. This is what your Verilog code looks like



1bit Binary Adder

module adderlo (
input 15:0] x,

input ' 15:0] / . ' i
S - Y ® This is continuous assignment
input Zy

output [15:0] s, * The stuff you write this way is part

output C of a combinational logic circuit, and
) ; will be executed in full parallel

assign {c, s} = x + vy + z;

endmodule

5. This is what your Verilog code looks like



1bit Binary Adder

Tools Window Help Tasks Compilation v |

= |1 [T X
| &) Stop Processing Ctrl+Shift+C | Task

Start Compilation Ctri+L |« |~ P Compile Design
» P Analysis & Synthesis

» P Fitter (Place & Route)

I 7.7 Analyze Current File
Start » |l

» P Assembler (Generate programmin

lIndate Memarv Initialization File s B ihiin i

» P EDA Netlist Writer
B Edit Settings

SIS S

» Program Device (Open Programmer)

6. You will then compile, and wait for it to finish



Running Simulation

| G Simulation Waveform Editor - C:/Users/Jetic/nextCloud/Dokumente/FPGA/adder16/adder16 - adder16 - [Waveform1.... — O X
. _— : . . :
G New X File Edit View Simulation Help ‘Eearciﬂ. ’ .
- i X o 1 Z Vi Vg IN Ve VE Y9 YR P p¥Y 2 = | B
v Design Files -

AHDL File Master Time Bar: |0 ps Ll Pointer: |180.66 ns Interval: 180.66 ns Start: End:
Block Diagram/Schematic File | &
EDIF File T Valissat i[l ps lﬁl[]l.{] ns 32{];[1 ns 4BUI.{] ns 64{];0 ns BDCII.U ns QGD.IU ns

Qsys System File 0 ps L

State Machine File
SystemVerilog HDL File
Tcl Script File
Verilog HDL File
VHDL File

v Memory Files
Hexadecimal (Intel-Format) File
Memory Initialization File

v Verification/Debugging Files
In-System Sources and Probes File
Logic Analyzer Interface File
Signal Tap Logic Analyzer File
University Program VWF

v QOther Files |
AHDL Include File 1 [
Block Symbol File
Chain Description File

| Synopsys Design Constraints File

Text File L ]

licch |

OK Cancel Help

/. To run simulation, goto Files -> New, then select University Program VWE. You will then see the Simulation Waveform Editor



Running Simulation

Master Time Bar: |0 ps '/ 4 | » | Pointer: 180.6 & Insert Node or Bus )4
i
0 ps 160.0 ns
Value at ‘ | _ . .
Name i 0 ps Name: Use Node Finder to inser... | [ OK ]
i - .
Type: INPFUT v | Cancel

Value type: | 9-Level v
_ - " Node Finder...
> Delete Del | Radix: Binary v

Insert Node or Bus...

: Bus width: |1
Grouping > |
Reverse Group or Bus Bit Order i Start index |0
Radi | - |
i . Display gray code count as binary count
@ properties... | ._
J T e e P e Y — ————

8. Right click here to add the IO, then select Node Finder



Running Simulation

| | | - 1 = 1 1 il 1 [ =l i - | i ] 4 L

{1 : 4 - V [‘ b . e — z - . " = . g :
| (U Node Finder X ' | (O Node Finder X | | (G Node Finder X
Named: H Filter: ' Pins: all - [ 0K ] - Named: |* Filter: ' Pins: all v OK ] " | Named: '* Filter: | Pins: all = (,
Look in: |* o Cancel ' Look in: |* List Cancel ' Look in: * | List . Cancel
Nodes Found: Selected Nodcs® Nodes Found: Selected Nodes: Nodes Found: Selected Nodes:
Name - Type | _ Name ke Type Name Type = __Name bl Type . Name | Type - ~Name b Type 3
= C Output out iy Output oalt g Output
%"‘- S Output Group % S Output Group q“"'t- S Output Group
= S S[0] Output | oui s[0] Output S | ‘s sl0] Output
S s[1] Output out a1 Output gt ofy] Output
e I S[2] Output ol gf7] Output & cut qf2] Output
= S S[3] Output < | o si3) Output _— S S[3] Output
t = = :
= e S[4] Output = S S[4] Output — e S[4] Output
S s[5] Output ) out gf5] Output el 51 Output
s S[6] Output ot s[6] Output it -of6] Output
o S[7] Output SR Output ot s[7] Output
S S[8] Output oui s[8] Output 3] Output
I s[9] Output ot s[9] Output ot s[9] Output
it ~rani Muakeaat = it ~F1n1 Muke b it ~F1n Maakeo 2

Master Time Bar: .0 ps

T Value at |
0 ps
e C B X
s B XXXXXXX...
B > X B 00000000...
B by B 00000000...
L BO

9. Click L.ist, here to add the IO, then >>, then OK



Running Simulation

elulIEILLE Help Uk Simulation Options

Simulation Settings Caution: Improperly modifying these settings can cause the simulation to fall

HDL Language: (® Verilog ( ) VHDL (The language used for the testbench and netlist)

{E: Run Functional Simulation

Functional Simulation Settings | Timing Simulation Settings

Testbench Generation Command (Functional Simulation):
'quartus_eda --gen_testbench --tool=modelsim _oem --format=verilog --write_settings files=0off adderl6 -c adt

Netlist Generation Command (Functional Simulation):

On the line where it begins with vsim, do

'quartus_eda --write_settings_files=off --simulation --functional=on --flatten_buses=off --tool=modelsim_oem

this:

1 after vsim. remove —l'lOVOpt Option ModelSim Script (Functional Simulation):
| : , onerror {exit -code 1}

2. after vsim, add -voptargs="+acc" B | viib work

3 save J vlog -work work adderl6.vo

VIUY =WUITK WUITK WaVCIulin.vwi.vi , ! ,
: v : _ ved ac!d -l_nternal adderl6 vig vec tst/il/*
vsim -voptargs="+acc" -c -t 1ps -L || proc simTimestamp {} {

¢ : . : _ echo "Simulation time: %$::now ps"
ved file -directinn adder1 /A msim if { [string equal running [runStatus]] } {

after 2500 simTimestamp

}
¥

after 2500 simTimestamp
run -all
quit -f

10. Goto Simulation Settinas.in Functional Simulation Settinas. on the line where it beains with vsim. do some chanages



P2

ModelSim

Running Simulation

- .
U@ Simulation Waveform Editor - C:/Users/Jetic/nextCloud/Dokumente/FPGA/adder16/adder16 - adder16 - [Waveform.vwi] = O X
File Edit View Simulation Help — e

R QX% & A& XL )ER K@ IZ R R R A (B
! Master Time Bar: 0 ps 1 » | Pointer: 80.54 ns Interval: 80.54 ns Start: |0 ps End: 0 ps
' At i0 ps 10{];0 ns ZUUI.G ns 300;0 ns 400;0 ns SUUI.O ns 600;0 ns 700;0 ns SUUI.O ns 900;0 ns 1.0 us 3
Name Ops  Op+500ns ] " | "

= C B X 99 09 999999.9.9.9.9.9.99.9.9.99.99999.9.9.9.99.99999.999.9999.999.999.99.99.999.99999.99.9.99
B s B XXXXXXX... | XOOOOOXKXXXX XX j
B > x H 0001 {0001)@(0021)( 0001 X 0002 X 0003 X 0004 X 0005 X 0006 X 0007 X 0008 ¥ 0009 X 000A X 000B X 000C X 000D X 000E X 000F X 0010 X 0011 X 0012j
By H 0000 0000 X 0021 X 0000 X 0002 X 0004 X 0006 X 0008 X 000A X 000C X 000E X 0010 X 0012 X 0014 X 0016 X 0018 X 001A X 001C X 001E X 0020 X 0022}
B Z B O

My recommendations:

1.
2.
3.

set Grid Size to 50ns
set End Time to 1us

use Count to increase the value of X and Y every 50ns, and then double

click every grid to change the values.

. change the value of 7z as well

5. You are ready to Run Functional Simulation, which will generate a
readonly .vwf file for you under simulation/gsim

11. Setting Values



Running Simulation

' G Simulation Waveform Editor - C:/Users/Jetic/nextCloud/Dokumente/FPGA/adder16/adder16 - adder16 - [adder16_20260519132807.sim.vwf (Read-Only)] — O X
| File Edit View Simulation Help -7 e l—
] & % o N EXEXE WO T R R R = B |
' Master Time Bar: |0 ps 4 » | Pointer: 15.72 ns Interval: |15.72 ns Start: |0 ps End: 0 ps
T AR iII] ps 1(}0;[] ns ZOUI.D ns BDDI.D ns 4[}{];[] ns SDDI.D ns 6[}{];[] ns ?D{JI.[] ns SDUI.D ns QD{JI.[] ns 1.0 us =
Name 0 ps 0 p+5 0.0 ns ~ g i
- H 0001 (0001 X 0021 X 0001 X 0002 X 0003 X 0004 X 0005 X 0006 X 0007 X 0008 }{ 0009 X 000A X 0008 X 000C X 000D X 000E X 000F X 0010 X 0011 0012)
B )y H 0000 {UDUUXDUH}( 0000 X 0002 X 0004 X 0006 X 0008 X 000A X 000C X 000E X 0010 X 0012 X 0014 X 0016 X 0018 X 001A X 001C X 001E X 0020 X m}zzj
(I 4 BO |
| s H 0001 {0091X0043}(m:ml){unus){unn?){ﬂnua){uﬂun}(ﬂﬂn){ 0013 X 0017 X 0019 X 001D X 001F X 0023 X 0025 X 0029 X 002B X 002F X 0031 X m:r35j
wt | B 0 '
L | 2 4 ; b w

0% 00:00:00

12. Run



LAB 1 Part 2
A Verilog Exercise



LAB 1 Part 2
A Verillog Exercise

P3
LAB 1

® Task 1: Implement adderl16.v

® You must show adder16 working
IN adderl6.sim.vwt




LAB 1 Part 2
A Verillog Exercise

P3
LAB 1

® Task 1: Implement adderl6.v
® 1obit X, Y 1nput; 1lbit Z 1nput
® lobit S output; 1lbit C output

® You must show adderl16 workingin adderl6.sim.vwf




LAB 1 Part 2
A Verillog Exercise

P3
LAB 1

® Task 2: Implement addsubl6.v
® 1obit X, Y 1nput; lbit AS 1input
® lobit O output; 1lbit C output

®* You must show addsubl6 working in addsubl6.sim.vwf




