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FPGA Design Flow

] - Design
D Ent
esign Entry il Verification
_ Design
Design Entry —| Implementation |~

¢ Graphical tools or HDL
Simulation/verification:

+ Verify functionality of the design

+ Calculate timing, resource usage, etc.
Implementation:

¢ Place and route design in the target device

+ Create a configuration bit-stream file

¢ Download and verify configuration to hardware
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Design Entry

Two methods:

Text entry
+ Based on a HDL (VHDL, Verilog, System C...)

+ Compact format, no special editing tools required

¢ Good for high-level designs and control logic
Graphical entry

+ Block diagrams, state diagrams, waveforms, etc

+ Often combined with text entry

¢ Graphical diagrams are converted to HDL by
the design software
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Graphical entry:

block diagram

Start_Stop
|-

Hierarchical design .
+ Can navigate down to

! Debounce

Toggle

Stop_Go

block contents
Blocks can be designed -

with any method...

clkin .
» clkin
clkout

Y

go

Cc3

clkin

reset

¢ Block diagram .

reset  court_clk

divider

+ State diagram

reset

gqo

¢ HDL

Y

Clock _Gen

court_clk

Graphical connections

between blocks can be

easy to follow

¢ Which is a common

reason for choosing

counters

Hundredths
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Display
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Graphical entry:
state diagram

achine: synchronous

i}
Reset: reset - asynchronous - Lo
Clock: clo

“Bubble” diagram

States =—

—
Conditions =—

—
Transitions —
Outputs

Commonly used to specify
control modules
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Simulation

Example of a simulation waveform display
Test stimulus often defined in non-coding HDL (test bench)

Behavioral Semation Fusctonal sm_1-m
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Implementation

Go from HDL design to a working circuit

Two main phases:

¢ Synthesis

Convert HDL description to match the internal
FPGA (or ASIC) architecture

+ Implementation

Place components and interconnections in the
target device

Optimize component placement and signal
paths to meet timing/area constraints

Generate final design output files

Digital Systemkonstruktion - 1



FPGA design software

FPGA companies provide/sell development
software for their own products:

¢ Vivado (Xilinx)
¢ Quartus (Altera)
Some third-party software (general-purpose)
¢ Mentor Graphics HDL designer
+ Synopsis Synplify Premier
Open-source tools:
+ Editing: Emacs (good VHDL and Verilog support)
+ Simulation: GHDL, Verilator, ...

With third-party tools, proprietary software still
needed for final implementation
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Fully integrated

design tool:

Altera (Quartus ll)

*

*® & o o

*

Multiple design
entry methods

HDL
Built-in
graphical
editor
Logic synthesis
Implementation
Simulation
Timing & power
analysis

FPGA
configuration

T
@ Quartus T 32-bit - C:/Users/Pronem/Desktop; Power s ¥ o |[B %
= 2 = ® Search altera.com .
DEEH@ & & BE © & [PonerlayMeddas Y SV T PN BHER 2P0 5 09
[Project Navigator onx|| & - - ‘
% MegaWizard Plug-In Manager [page 6 of 8] L ? =
& Fies [ - —_—
359 RASoC/finput_buffer.vhd ; _/a RAM: 1-PORT =
i RASoC/input_channel.vhd A :
b8 RASeC/input_controller.vhd 3 —— g
k5 RASoC/input_flow_controller.vhd i 5 B
b8 RASeC/input_rd_switch.vhd 3
3bd RASOCjoutput_channel.vhd : Lookiin: v] QOO0
b8 RASCjoutput_controller.vhd 9
i3 pas p W myc.. || o
o oC/output_data_switch.vhd 10 1 e
55 RASeCjoutput_flow_controller.vhd b i; : R Pronem ‘: Gid -
|| & Herarchy | B Fies | ¢ DesionUnits | 13 I incremental_db
. 13 1 |, RASOC
Tasks @8 x 15 i |, simulation
186
Flow: [Compilation +) [costomzenn ) | 15 I J| S0C_SoCIN
i SoCIN
Task ig , Traffic_Generator
4 P Compile Design 20
p P oar 21
ap 22
; e 23
[T Edit Settings 23
EH view Report 25
& Chip Planner (Floorplan and Chip Editor) 26 =
27 < fam ] ¥
ﬁ Technology Map Viewer (Post-Fitting) 56
P Design Assistant (PostFitting) 29 File name: Open
7 > > ’,E 0 L Files of type: [HB(Files(‘.hex) VH Cancel ] =
[ n J * < [ N »
= - 05
| X|l X V¥ <<Search>> v
-
@ || Type Message -
(17049) : 120 registers lost all their fanou
> (16010) : Generating hard block partition "Hj | Sl || <Back ” Next > ” Einish |
(21057 Inplenented 6232 device resources
Quartus 32-bit Analysis & Synthesis was successful. 0 errors, 24 warnings 1
gl ¢ | m 3
gi System /\ Processing (70) /\ Extra Info /\_Info (33) /\ Warning (30) /\_Critical Warning (1) /\ Error /\ Suppressed /\ Flag /
2||Location: > Locate
100%  00:00:21
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Xilinx ISE (old)

Complete design
package

¢ Design Entry
(Graphical, HDL)
Synthesis (XST)
Implementation
(Translate, Map,
Place & Route)
Simulation (iSim)

IMPACT Programmer
(Download cable,
PROM generation)

CORE Generator

Create customizable
design units

*

*

nXiIinx - Project Navigator - C:\apps\e.23a\lISEexamples\watchver\watchver.npl - [stopwatch.v¥]

|.0 File Edit View Project Source Process Macro Simulate Window Help

[ozme=wE 0@ E  BE|2e || ae| s -G 2|
1 I
Sources in Project: I Processes for Current Source: /4 synopsys translate off =
=B watchver 72l Desian Entry Utilities Iy Ny
B tenths.xco = X3e# Synthesize You m path o
B readme.tst 8 Launch Synplify . a/verilog
= £3 =cv50e-8cs144-Synplify Verilog (| Edit Constraint File

stopwatch [stopwatch. v]
stopwatch_tb.tf
C_ADDSUB_V1_0
C_REG_FD_¥1_0

= cntB0 [cntE0.v)

smallentr [smallentr.v)
decode [decode.v) £
hex2led (hex2led.v)
statmach (statmach.v)

=g Compile
o/ View Compile Report
5 Launch RTL Viewer
=G e# Mapping
o/ View Map Report
8
Implement Design

S
X3 Create Programming File

[+

Launch Technology Viewer

N B2 hodule.... l X Snhapsh... l Librar... I N B2 Process View ]

/7 synopsys
//Place the

Q,
CLE,

CE,
AINIT) ;

KNl

nodule tenths |

Q_THRESHO,

translate_on

CoreGen Module Decl

‘.|'0 stopwatch. v I

Xl scanning c:/apps/e.23a/data/simprin. 1st

2

I Scanning c:\appshe.23a/verilog/sre/iSE/unisinm_comp.v
Scanning stopwatch_th.tf

Writing stopwatch_th.jhd.

JHDPARSE complete -

0 errors, 0 warnings.

Done: completed successfully.

4
|4l4l>l>| JiConsolef FindIn Files /

For Help, press F1

|Ln 1, Cal1
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Actel Libero

r@ Libero -

D:\Microsemi\Demo\test\test.prjx*

4 o work -

Project File Edit View Design Tools SmartDesign Help

NEed2x« o

Design Hierarchy

StartPage || £ demo_top

B XTLOSC_FAB (osc_comps.vhd) 3 TETt
E=h XTLOSC (osc_comps.vhd)

B prncr 1IAH|7 FAR face ramne athdl
mn »

CLKD_PAD
COREI2C_0_0_SDA_IO
COREI2C_0_0_SCL_10
DEVRST_N

7= (@ [s

Design Hierarchy l Stimulus Hierarchy l Files I

Design Flow

demo_top

Ecorepwm_0_0_PINS
EICORESF2RESET_0_PINS

E 0

CORESF2CONFIG_0_PINS

12C_0_PADS
12C_1_PADS
SPI_0_PADS
SPI_1_PADS I
MMUART_1_PADS ¢
MMUART_0_PADS (¢
MDDR_PADS (14
SDIFG_PINS

I3 3

& |

Tool

4 ) Create Design
& System Builder
& Configure MSS
B3 Create SmartDesign
Create HDL
24 Create SmartDesign Testbench
Create HDL TestBench
& View/Configure Firmware Cores
4 ) Verify Pre-Synthesized Design
. Simulate
4 » Constrain Design
“%= Import I/O Constraints

oo
%
i
@
a
[
Q
A

AN
O

>

1

| [£] Messages | €3 Errors i, Warnings () Info

©inso:
Info:

Info:
eInfo:
eInfo:

PAD pin ‘demo_O0:MDDR_PADS® of “demo_0° is automatically connected to a top-level port.
PAD pin “demo_0:CLKO_PAD" of ‘demo 0" is automatically connected to a top-level port.
PAD pin ‘demo_0:COREI2C_0_0_SDA IO" of ‘demo 0' is automatically connected to a top-level port.
PAD pin “demo_0:COREI2C_0_0_SCL_IO" of "demo_0° is automatically connected to a top-level port.
PAD pin ‘demo_0:DEVRST_N' of ‘demo_0° is automatically connected to a top-level port.
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Xilinx Vivado (this course)

File Edit Flow Tools

Window  Layout

View Help

Q- Search comm.

FE L R R e X Ready
Flow Navigator «| | Project Manager - project_1 x|
QX o= Sources I TR |  project summary  x | £ IP Catalog X | O X
=9 pa p
‘ - ‘ QA= et R ESearch: Q-
4 Project ! - - &
i i ) Design Sources hg ~1 Y2 .
@ Project Settings (-1 Constraints (1) - Name Version AXI4 Status License
(5% Add Sources = | @[ Automotive & Industrial
& [#-(= AXI Infrastructure
{F 1P catalog
.| -5 BaselP
. ) & [#-(= Basic Elements
4 Simulation S| -7 Communication & Networking
ﬁ Simulation Settings {T [#-[= Debug & Verification
(@, Run Simiation ’,I [#-[ Digital Signal Processing
= e ) “ [#-(= Embedded Processing
] Open Static Simulation Y [=-[ FPGA Features and Design
[+ Clocking
4 RTL Analysis (51 ([ 10 Interfaces
I [g¥ Open Elaborated Design ﬁg I = . e I T
s [ [Pre-production)
4 Synthesis Libraries | Compile Order | i . & z r:c .
- = H [ Math Functions
i i Sources | '/ Templates & -
% Synthesis Settings Ll%l _________ E [#-[= Memories & Storage Elements
’ Run Synthesis IP Properties O x [+ Standard Bus Interfaces
3 ‘ Open Synthesized Design - (£ Video &Image Processing
Soft Error Mitigation
4 Implementation . & <
% Implementation Settings Version: 3.3 ol < =
[» Run Implementation Part status: Pre-production Details
b [ Open Implemented Desigr License: Included = Name: Soft Error Mitigation il
Vendor: Xilinx, Inc. Version: 3.3
4 Program and Debug P library: ip Description: The Xilinx Soft Error Mitigation IP solution provides a pre-verified design which can detect and optionally correct | =
@ Bitstream Settings Description: The Xilinx Soft Error Mitigation IP solution provides B and dassify soft errors in Configuration Memory. A soft error is an unintended change to the state of memory
3 i : a pre-verified design which can detect and bits caused by ionizing radiation. The solution does not prevent soft errors; rather, it provides users with a =
1] Generate Bitstream i e e e T method to better manage the system-evel effects of these events. Inteligent management of these events
B8 open Hardware Session Configuration Memory. A soft error is an can increase reliability and availability, and reduce system maintenance and downtime costs. I
L hiMPACT unintended change to the state of memory bits 2 Status: Pre-production
b aunent caused by ionizing radiation. The solution does not = L g =]
Design Runs — 0O X
Q| Name Part Constraints ~ Strategy Status Progress Start Elapsed
Z == synth_1 xc7k325tffg900-2 constrs_1 Vivado Synthesis Defaults (Vivado Synthesis 2012) Notstarted 0%
e =5 impl_1 xc7k325tffg900-2 constrs_1 Vivado Implementation Defaults (Vivado Implementation 2012) Notstarted 0%
7
4
4
»
«
L < | n =

PN e T— =

_ 5 Td Console [ (O Messages | B4 Log | [ Reports . [% Design Runs
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Many similarities between
different design suites

Overall layout similar to software development
tools

Same basic design flow

¢ Design entry

¢ Simulation

¢ Implementation

¢ Programming/debugging

Companies have different design philosophies,
ﬁnddhardware/software are different “under the
OO 7

Transitioning to different devices/software tools is
not always trivial, but basic design skills and code
are portable, espemally iIf you design in HDL

Digital Systemkonstruktion - 1 13



In this course we will use:

Device: Xilinx FPGA (Artix 7)
Design language: VHDL
Development environment: Xilinx Vivado

These are specific choices, but
¢ Other environments are not that different
¢ Not difficult to transfer skills

Digital Systemkonstruktion - 1
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Introduction to VHDL

VHSIC Hardware Description Language

¢ (VHSIC: Very high speed integrated circuit)
Both concurrent and sequential operations
International standard

¢ Revisions: 1987, 1993, 2002, 2008

¢ Pure language definition

Large standard, with multiple ways to code
the same behavior

¢ This course covers a “useful”’ subset of VHDL
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Describe circuits at different
levels of abstraction

Behavioral Level

+ Pure functional description
Register-Transfer Level (RTL)
+ Structures and timing

Logic (gate) level

Switch level

+ Physical elements of FPGA/ASIC
(LUTs, flip-flops, etc) and connections

between them
Digital Systemkonstruktion - 1 16



Design unit (library unit)

Inputs/outputs

tity)
/ (en

—

—

—

—

—

¢ Inputs/outputs (entity)
¢ Function of unit

\ In most basic form, defines:

(architecture)
Can be instantiated and

|1

|

Function
(architecture)

connected together in
higher level design units.
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VHDL design unit

Optional <

r

Package «

— Shared definitions

Configuration «

Specify which design
. entities or architectures
used in specific places

Entity -

Architecture +

Process |1

— Inputs and outputs

— Description of design

— Sequential statements

Digital Systemkonstruktion - 1
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Example: Multiplexer

Switches between inputs
Y = Awhen SEL = 1
Y =BwhenSEL=0

— A

SEL Y

Y_

0o | b B sEL

Digital Systemkonstruktion - 1
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Implementation in Iogic

(from previous lecture

Y=(A*S)+(B*YS)

gates

>

= (A nand S)+ (B nand S)

=

=(A*S)+(B*YS)
A B SEL Y
0 0 0 0
0 0 1 0 A
0 1 0 1 select
0 1 1 0
1 0 0 0
1 0 1 1
1 1 0 1
1 1 1 1 B

D

Digital Systemkonstruktion - 1

20



Basic steps for coding a
design unit in VHDL

Define the ENTITY

¢ Defines input and output ports
Write the ARCHITECTURE

¢ One (or more) for each entity

+ Describes the internal behavior

¢ Can be written at different levels
Behavioral, RTL, etc.

Digital Systemkonstruktion - 1
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IEEE standard logic

Used in this course, and in most modern code

Start with this:

library 1leee;
use leee.std logic 1llo4d.all;

Standard data type introduced in late 1980s
Data can have nine different values

® & 6 6 O O o

‘0" ‘1" : Driven logic 0 or 1
‘L ‘H’ : Read logic (0 or 1)
'Z" : High impedance

‘W’ : Weak 1

‘U’ : Uninitialized

‘X" Unknown

‘" : Don’ t care

Digital Systemkonstruktion - 1
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Multiplexer entity

library 1leee;
use leee.std logic 11l64.all;

entity Mux 1s

port (a: in std logic;
b: in std logic;
sel: in std logic;
& out std logic
) ;
end Mux; / \ \
Port name  Direction Type

Digital Systemkonstruktion - 1

— A
Y_

B SEL

no semicolon
«—— after last port
declaration!
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You can declare signals
with one or many bits

std logic
+ Single bit
std logic vector (n downto 0)

¢ Vector with n+1 bits

+ Index range can be counted up or down:
Count down: (7 downto 4)
Count up:(0 to 9)

Digital Systemkonstruktion - 1 24



Mux architecture (example):

Name of architecture Associated entity — A

~ \ Y

architecture archl of Mux 1is — B SEL
|
signal ¢, d: std logic; -- Internal signals
. comment
begin
c <= a and sel; A

d <= b and (not sel); » Cconcurrent statements
y <= c or d;

end archl;
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Can use longer expressions
for more compact code

— A
—1B SEL
architecture arch?2 of Mux is |
—— Note: no internal signals needed!
begin
y <= (a and sel) or (b and (not sel));

end arch?;

Digital Systemkonstruktion - 1
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Behavioral example
(when...else)

— A
—|B SEL
architecture arch3 of Mux 1s |
begin
y <= a when sel='0' else b;
end arch3; "conditional signal assignment”

Digital Systemkonstruktion - 1



Example: ‘with..select’:

A

B SEL

Y

architecture arch4 of Mux 1is
begin
with sel select
y <= a when '0"',
b when OTHERS;

end archi4d;

Digital Systemkonstruktion - 1
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Note: single bit vs. vector
representation

Bits represented with single quotes

¢ a<="0"

e b<="Z;

Vectors represented with double quotes
¢ vector 1 <="00110";

e vector 2 <="ZZ72727",

Digital Systemkonstruktion - 1
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Processes are containers

for sequential code

Example: process (a, b, sel)

+ The process is sensitive to the signals
listed in the brackets.

structures used in processes include:
¢ if...then
¢ case

+ loop
+ Etc.

Digital Systemkonstruktion - 1
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case statement:

Y_

(Sequential)
— A
architecture archb of Mux 1s
begin — B SEL
process (a, b, sel) |
begin
case sel 1s
when '1' => vy <= a;

when others => y <= Db;
end case;
end process;

end archb;
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If...elsif...then

architecture archo of Mux 1is

begin
process (a, b, sel)
begin
1f (sel='1l"'") then
y <= a;
elsif (sel='0"'") then
vy <= b;
else
y <= 'Z"';
end 1f

end process;
end archo;

Digital Systemkonstruktion - 1
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Complete design

-— A 2 input multiplexer circuilt

library ieee;
use leee.std logic 1l64.all;

entity Mux 1s

port ( a: in std logic;
b: in std logic;
sel: in std logic;
& out std logic

) ;

end Mux;

architecture arch? of Mux 1is
begin

unit:

B SEL

y <= (a and sel) or (b and (not sel));

end arch?2;
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Entities can be instantiated

as components

a(3) 2y y(3)
b(3) b sel

a(2) a 2
b(2) o y y(2)
a(1) a 1
b(1) e y y(1)
a(0) a 0
b(0) b y y(0)

sel |
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Instantiating a component

Declare the component in the higher-level
architecture (before ‘begin’)

+ Not strictly required, but good practice

+ Syntax is almost identical to entity declaration, so
you can can usually cut-and-paste

Instantiate the component in the architecture:
+ Give each instance a unigue name
+ Follow with the entity name of the component

+ Map signals to the component’s ports
Possibly generics too (will get to that...)
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Example: 4-bit MUX using
four 1-bit MUXes

entity Mux42 1is

port (a: in std logic vector (3 downto 0);
b: in std logic vector (3 downto 0);
sel: 1in std logic;

& out std logic vector (3 downto 0)

) 7

end Mux42;
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Schematic of 4-bit MUX:

a(3) I ymux3 (3
b(3) b gl
a(2) a mux2 2
b(2) o y y(2)
|
a(1) d muxl 1
b(1) e y y(1)
a(0) a mux0 0
b(0) b y y(0)
sel |
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Architecture (example)

architecture arch of Mux4?2 1is

component Mux -- Declare our 1l-bit Mux component
port ( a: in std logic;
b: in std logic;
sel: in std logic;
& out std logic

)

end component;

for all : Mux use entity work.Mux;
begin
mux0: Mux
port map (a=>a(0), b=>b(0), sel=>sel,
muxl: Mux
port map (a=>a(l), b=>b(l), sel=>sel,
mux2: Mux
port map (a=>a(2), b=>b(2), sel=>sel,
mux3: Mux
port map (a=>a(3), b=>b(3), sel=>sel,

end arch;

Digital Systemkonstruktion - 1

—-— Configuration

y=>y (0));
y=>y (1)) ;
y=>y(2));
y=>y (3));
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VHDL has a generate statement
for repetitive structures

architecture archl of Mux42 is

component Mux —-- Use our Mux component
port ( a: in std logic;
b: in std logic;
sel: in std logic;
& out std logic
) ;
end component; Index (|)

begin

genO: for 1 in 0O to 3 generate
muxl: Mux

port map (a=>a (i), b=>b (i), sel=>sel,

end generate gen0;
end archl;

y=>y (1))
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Generics in VHDL

Pass parameters to a component.
Contain static information to define:

¢ Structure
E.g. size/width of a generic component

¢ Behavior

E.g. initialization values, whether to use
rising/falling clock edge, etc.

Only used to direct synthesis
Must be declared with a default value

Digital Systemkonstruktion - 1
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Why use a generic?

Example: add a time delay to the output
¢ (Only useful in simulation!)

architecture arch?2 of Mux is

begin

y <= (a and sel) or (b and (not sel)) after 2 ns;

end arch?2;

Problem: this is a fixed value!

What if you want to be able to change it
for different instantiations?

Digital Systemkonstruktion - 1
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Declaring and using a generic

library ieee; ___/\
use leee.std logic 1l64.all; Y
entity Mux 1s ] B SEL
generic (mux delay: time := 2 ns); |
port( a: in std logic; K\ _

b: in std logic; Declare generic

sel: in std logic; ' '

Ve out std logic In entlty
) ;
end Mux;
architecture arch2 of Mux is Use in architecture
begin 1

y <= (a and sel) or (b and (not sel)) after mux delay;

end arch?;
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Instantiating the component

architecture archl of my entity 1is
component Mux

generic (mux delay: time := 2 ns);
port ( a: in std logic;

b: in std logic;

sel: in std logic;

v out std logic

)
end component; . _ _
Instantiate with different delay

begin 1/////
muxl: Mux
(generic map (mux delay => 4 nsD -- no semicolon yet
port map (a => A, b => B, sel => SEL, y =>Y);
end archl;
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More useful generic example

architecture archl of my entity 1is
component inverter

generic (width: integer := 4); -- default parameter
port ( 1in: in std logic vector (width-1 downto 0);
out: in std logic vector (width-1 downto 0);

end component;

signal input, output: std logic vector (7 downto 0);

begin Instantiate with a different width
invl: inverter .///’
(generic map (width => 8))-- no semicolon yet

port map (in=>input, out=>output):;
end archl;
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Test benches in VHDL

Used to simulate and test design at multiple
stages:

¢ VHDL code

+ Post-synthesis translation

¢ Detailed post-implementation timing model
Usually written in non-synthesizable VHDL

Main parts:

¢ Unit under test (UUT) instantiated as a component
+ Stimulus (input signals) to UUT

+ Optionally, compare UUT outputs to expected
results

Usually instantiate UUT in TB architecture,
Implement stimulus/testing using processes
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Test bench: entity

-—- VHDL template for creating test benches

-- Library declarations: Add/change as needed
LIBRARY ieee;

USE ieee.std logic 1164.ALL;

USE ieee.std logic unsigned.all;

-- entity declaration for your testbench (blank)

ENTITY test tb IS
END test tb;

Digital Systemkonstruktion - 1
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UUT and signal declaration

ARCHITECTURE behavioral OF test tb IS
—— Component Declaration: Unit Under Test (UUT)
COMPONENT Mux
PORT (
a: in std logic;
b: in std logic;
sel: in std logic;
y : out std logic);
END COMPONENT;

—--Signal definitions:
signal a, b, sel, y: std logic := ‘0';
—— Clock definitions (for clocked designs)

signal clk: std logic := '0';
constant clk period : time := 10 ns;

Digital Systemkonstruktion - 1
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UUT instantiation and
clock generation

BEGIN

—— Clock process (toggle clock after each half period)
clk process : process
begin
clk <= not(clk);
wait for clk period/2;
end process;

—-- Instantiate the Unit Under Test (UUT).
uut: Mux
port map (a => a, b => b, sel => sel, y => v);

Digital Systemkonstruktion - 1
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Simple stimulus

== Stimulus process

stim proc: process

begin
wait for clk period;
a <= "'1";
b <= '0";
y <= '0';
wait for clk period
y <= '1";

wait for clk period;
a<= IOI;

wait;
end process;

END;
Digital Systemkonstruktion - 1
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FPGA Design Flow

Design entry
Simulation

+ Create stimulus/test bench

¢ Compile and run in simulator
Implementation

+ Synthesis,

+ Translation, Place & Route
¢ Generate bitstream
+ Analyze timing, etc
Download to hardware




Vivado desigh environment

File Edit Flow Tools Window Layout View Help

g2 oo

Flow Navigator «

=]
QA2

|4 Project Manager \
ﬁ Project Settings
5% Add Sources
{F 1P catalog

[N

Simulation
@ Simulation Settings
(il Run Simulation
] Open Static Simulation

[N

RTL Analysis
mb Open Elaborated Design

[N

Synthesis
@ Synthesis Settings
9 Run Synthesis
u’ Open Synthesized Design

[N

Implementation
% Implementation Settings
[» Run Implementation
¥ Open Implemented Desigr|

[N

Program and Debug
@ Bitstream Settings
lm Generate Bitstream
B open Hardware Session
B LaunchiMPACT

« m | » @

BX| P D ¥ & K| L G | S oefaultLayout

| N ®

Ready
‘ Project Manager - project_1 X ‘
Sources —Owe x ‘ ¥ Project Summary X | iF IP Catalog X ‘ [ m T ‘
Bl pi ~
== wet R \Ok Search: | Q-
- Design Sources = =1 v
B8 Constraints (1) Name Version AXI4 Status License

Hierarchy | Libraries | Compile Order\

&5 Sources ‘ < Templates ‘

5.9 e A5 WEE b
=B

= Automotive & Industrial

= AXI Infrastructure

) BaselP

[ Basic Elements

[ Communication & Networking
[+ Debug & Verification

[+ (& Digital Signal Processing

=) Embedded Processing
FPGA Features and Design
([ Clocking

(- 10 Interfaces

53 ] [Pre-productioninduded |

([ XADC
[ Math Functions
[+-[ Memories & Storage Elements

IP Properties —Owe x ([ Standard Bus Interfaces
[+-(= Video & Image Processing
« +BI]
{F Soft Error Mitigation
Version: 3.3 = <1 N | » O
Part status: Pre-production Details
License: Included = Name: Soft Error Mitigation [l
Vendor: Xilinx, Inc. Version: 3.3
IPlibrary: ip Description: The Xilinx Soft Error Mitigation IP solution provides a pre-verified design which can detect and optionally correct E
Description: The iinx Soft Error Mitigation IP solution provides hn and dassify soft errors in Configuration Memory. A soft error is an unintended change to the state of memory
: a pre-verified design which can detect and bits caused by ionizing radiation. The solution does not prevent soft errors; rather, it provides users with a m
N method to better manage the system-level effects of these events. Inteligent management of these events
optionally correct and dassify soft errors in
Configuration Memory. A soft error is an can increase reliability and availability, and reduce system maintenance and downtime costs.
unintended change to the state of memory bits 2 Status: Pre-production A
caused by ionizing radiation. The solution does not = g =]
Design Runs — 0w X
O\ Name Part Constraints  Strategy Status Progress Start Elapsed U
X | == synth_1 xc7k325tffg900-2 constrs_1 Vivado Synthesis Defaults (Vivado Synthesis 2012) Notstarted C— ]0%
=) = impl_1 xc7k325tffg900-2 constrs_1 Vivado Implementation Defaults (Vivado Implementation 2012) Notstarted 0%
=
»
|
»
«
"’ < | [

15 Td Console | () Messages ‘ [ Log ‘ £ Reports™, (% Design Runs ‘

So, how do you use it?
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Create a new project

.~ Vivado 2015.1 -
fe Fos Tock Wedos ep

VIVADO’ Productwl

Dt aasly Pt
Choots & defadt Wi st o beoard for pour progect. T o be Shavged leie

47 ,“ ‘hd: Srxn il tors

ERiEE

Bk @ C
s iy i
e wE n »
‘ O T T
B e w19 1,158 3 X0 wavme B 0 -
@ 1152 LI o X000 @ e ) 200 -
@ scheaiiefiy | 1982 L1 e NN e mm S0 -
: B PR 15 115 ) w20 Qe s 200 -
Coxumpistion sy Seloriss Quick Talee Ytens B schesitiofg N5-Y 1.3 %6 ey ware =X 0 = -
il ot e = = = i = == = -
B | s cane
o Vo Corenie

Define HDL project, target device, source files (if desired)

Digital Systemkonstruktion - 1 52



Vivado IDE layout

p
¢ modulator - [E:/Projects/EDK/temp/Vivado-2015.4/modulator/modulator.xpr] - Vivado 2015.4

[ESREEE )
File Edit Flow Tools Window Layout View Help rch commands
PlaoRlX ® DN S K T G [Soemutiapon TeN® Ready
Flow Navigator « Project Manager - modulator X ‘
& Z =Flow Navigator]| | sources — o x O x
] e o) A
— A= wet R = Project Settings Edt 2 |
+) Design Sources % .
ﬁ Project Settings = Constraints Project name: modulator
C R -
‘(ﬂ' Add Sources [=)-{7 Simulation Sources Project location: E: /Projects/EDK /temp/Vivado-2015.4/modulator Project Sum mal’y VleW
-l sim_1 ily: -
\f‘) Language Templates sim_ Product family: Zyng-7000
Q: 1P Catalog Project part: ZedBoard Zyng Evaluation and Development Kit (xc72020dg484-1)
Top module name:  Not defined
4 1P Integrator Target language: VHDL
i;'l_-‘ Create Block Design Sources View Simulator language: Mixed
‘ Open Block Design Board Part 2 ||
& Generate Block Design T
Display name: ZedBoard Zyng Evaluation and Development Kit
4 Simuation Libraries | Compile Order | Board part name: em.avnet.com:zed:part0: 1.3
ﬁ Simulation Settings B £ Sources \ ) Templates ‘ Repository path:  C:/Xilinx/Vivado/2015.4/data/boards/board_files —
: _— .
([l Run Simulation Properties —0OoC x URL: VW .
Board overview: ZedBoard Zynq Evaluation and Development Kit
4 RTL Analysis
ﬁ Elaboration Settings ——
b Eﬁ" Open Elaborated Design
+ e Properties View e (e L
@ Synthesis Settings Select an object to see properties Status: Not started Status: Not started
‘ Run Synthesis Messages: No errors or warnings Messages: No errors or warnings
b ¥ Open Synthesized Desian Part: xc72020clg484-1 Part: xc72020clg484-1
Strategy: Vivado Synthesis Defaults Strategy: Vivado Implementation Defaults
4 Implementation Incremental compile: None
ﬁ Implementation Settings =
[» Run Implementation Design Runs = 1arE
> @ Open Implemented Design & | Name Constraints  Status WNS TNS WHS THS TPWS FaledRoutes LUT FF BRAM URAM DSP  Start Elapsed  Strateqy
i d Deb Z [E-=p synth_1 constrs_1 Not started Vivado Sy
Fogrem snclexy [ = impl_1 constrs_1 Not started Tcl Console Vivado Im}
{f5 Bitstream Settings =~
ﬁ Generate Bitstream »
-~ e ¢ | ] »
p ‘.E’* Open Hardware Manager = — — -
|5 Td Console ‘ (O Messages |7EQ Log | '3 Reports~, 3> Design Runs
e —
vy
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File  Edit

44_}' £

P Tools dow

BwvoRb
Flow Alavigator
5 pag
g A
Project Manager

45 Project Settings

3% Add Sources

/ Language Templates

1F 1P catalog

'modula

or/modulator 1pi/mo

‘ 4 TP Integrator

;;"'g Create Block Design
jb Open Block Design
S’:.g Generate Block Design

4 Simulation
@ Simulation Settings
@ Run Simulation

4 RTL Analysis
@ Elaboration Settings
[§|3 Open Elaborated Design

4 Synthesis
@ Synthesis Settings
@ Run Synthesis
@ Open Synthesized Design

4 Implementation
@ Implementation Settings
[» Run Implementation

Program and Debug

@ Bitstream Settings

ﬁ Generate Bitstream

M Open Hardware Manager

_‘ Open Implemented Design

Flow navigator

| & D %6 % X (G |23 efaultLayout P & Y
Block Design - modulator_ipi
Design —Oe X
Q Bz
X modulator_ipi

AP

&

)

L)
)&
-
Nt
=2
&5 Yources . F] Design | [ Signals | [l Board ﬁ
Prcperﬁs(— — O e x &
« »|% k &
Select an object to see properties @
el
<+
Td Copsole
= close_project
iy create_project modulator_ipi D:/temp/modulator/modul
G 3
- i INFO: [IP_Flow 19-234] Refreshing IP repositories
ﬂﬂ . INFO: [IP_Flow 19-1704] No user IP repositories speci

INFO: [IP_Flow 19-2313] Loaded Vivado IP repository
set_property board part xilinx.com:kc705:part0:1.2 [
set_property target_language VHDL [current_project]
create_bd_design "modulator_ipi"

i

:Wrote : <D:/temp/modulator/modulator_ipi/modulator_j

RTL Design

O

i Layout View Help C

Behavioral Simulation

Synthesize

'

Post Synthesis Simulation

Implement (Place&Route)

Post Implementation Simulation

< | i

Type a Tcl command here
/5 Tcl Console | ) Messages | [4 Log \ /%) Reports | =» Design Runs

'

Debug

Ready
X
O X
button to add IP.
— 0O 2 X
~

v
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User I/O planning

. tst_out_inv - [C:/Subcases/EC/impl/tst_out_inv/tst_out_inv.xpr] - Vivado 2013.2

——

i = 0|0 3 X
Flow Navigator «
QA I =
4 Project Manager

@ Project Settings

3% Add Sources

{F 1P Catalog

4 IP Integrator
& Create Block Design

10

4 Simulation
@ Simulation Settings
@Q Run Simulation

4 RTL Analysis

m

@3 Open Elaborated Design

4 Synthesis
@ Synthesis Settings
& Run Synthesis
@3 Open Synthesized Desigr.

4 Implementation
@ Implementation Settings
[» Run Implementation
4 Implemented Design

@, Edit Timing Constrain
C/} Report Timing Summz
W, Report Clock Networl
&1 Report Clock Interac
Q Report DRC
[/} Report Noise

File Edit Flow Tools Window

Layout View Help

® > ¥

Device Constraints
QA X = |ED
v Internal VREF

Implemented Design - xc7k410tfbg676-2 (active)

—Owe x i Package X @ Device X |?7]Schematic X |@htop.vhd X

X

) 0.6V

0.675V

) 0.75V

0.9v

=1-{=> NONE (8
~-mm 1O Bank 12
“m» IfOBank 13
Lem» IO Bank 14
“m» IfOBank 15
~mm IfOBank 16
m» IfO Bank 32

=k

Drop I/O banks on voltages or the "NONE™ folder to setfunset

Internal VREF.

&5 Sources | [ Netlist, & Device Constraints

Source File Properties

= B

A
B
C
D
=
F
G
H
J
K
L
M
N
P
R
T
i}
v
W
Y
AL
AB
AC
AD

+ %
Y top.xdc
-

Location: C:/Subcases/EC/impl/tst_out_inv/t _

< m »
; = AE

General | Properties AF

= Properties Clock Regions

1/O Ports
& | Name Direction Neg Diff Pair Site Fixed Bank 1/O Std Vcco vref Drive Stre...  Sley
X | = Al ports (4
= =I-(s% Scalar ports (4
; - CLK Input AB2 V] 34 LVCMOS18 1.800

E - DIN Input AD1 7| 34 LVCMOS18 1.800
E3 < QN Output AE1 ] 34 LVCMOS18 1.800 12 v SLO
Pell QP Output AE3 7| 34 LVCMOS18 1.800 12 ¥ SLO
-y
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4 Project Manager
@ Project Settings
5% Add Sources
Language Templates
{F 1P Catalog

.

IP Integrator
& Create Block Design

4 Simulation
@ Semulation Settings
(& Run Smulation

4 RTL Analysis
@ Baboration Settngs
&2 Open Elaborated Design

4 Synthesis
@ Synthess Settngs
P Run Synthesss
4 [ Synthesized Design

& Constrants Wizard
£, Edt Timing Constraints
2¥ setUpDebug
(@ Report Timing Summary

B, Report Clock Networks
¥ Report Clock Interactior
(D Report ORC
I Report Noise
| Report Utiization
€ Report Power
Schematic

4 Imglementation
@ implementation Settings
P Run Implementation

4 Program and Debug
@ Bitstream Settings
¥ Generate Bitstream
1° Open Hardware Manager

| Scdation Obiact: my ok

Run  Hep

X X3

Default Layout

Post Synthesis Smulation - Functional - sim_1 - Sybox

Scopes

A Sl S e T I

Narme Design Unit

@ Sybox Sybox(Sybox)
U Sylo_i Syl0(Sy10)
@ Sy SysM(SysM)
@ SyTm_J SyTim(SyTm)
Scope | Sources
Td Console
> -

] /0 GG
Block Type:
VHOL Entity
VHOL Entity
VHOL Entity
VHOL Entty

Simulation

B Untitled 1* X @ SySMhd X

1 Trigger Y

i shift_n

' shift_out 0

fBRd_F

B wr_Fi
+ ) Bk_Counter(;
X I_Ff_Data[
28 PSR_down v
B T_asktiv
) Sweep

£
&
&
=
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WU

*Sybox_func_synth'

. Mezory

i
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5 Td Console Messages | (] L
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Hardware manager

Programmer
Hardware It X
AZS|E K PH»E
MName Status
= B localhost (1) Connected
=@ e xilinx_tcf/Digilent/210248445895 (2) Open
& arm_dap_0 (0) N/A
=@ xc72020_1 () Programmed

() Idle

Device(s) in chain
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Target to your hardware

i. X|LINX

; | UNIWERSIT n:ramv
i1k T: (6
LSO = g ! - (-
- I'_:Q.A-
o [
BASYS 3 i, ]: o (ess

i - e
l"l-=‘l"l‘l ‘l"lf“
. ._] : :
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Lab 1: Cominatorial logic

Introduction to Xilinx Vivado:

Implement simple logic gates (AND, OR, XOR)
¢ VHDL entry

+ Simulation

¢ Implement/test in FPGA

-Half-adder
~ull-adder
~our-bit parallel adder
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Full adder (review)

Includes carry bit from previous

summation
A a sum S
b C
B — a sum [—

Cin —b c _D Cout
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4-bit parallel adder

Carry
Full C1 Half Cin
Adder Adder
Sl So

AB:0)+B(3:0)+Cin=35(3:0)+ Cout
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